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(57) ABSTRACT

Apparatus is provided for use with a native valve of a heart of
a subject, the apparatus including (1) an annular upstream
support portion, configured to be transluminally placed
against an atrial surface of the native valve; (2) a tissue-
engaging element that includes a coupling portion configured
to be transluminally coupled to tissue in a ventricle of the
heart; (3) an elastically-stretchable holding element, config-
ured to secure the upstream support portion against the atrial
surface by elastically coupling the coupling portion to the
upstream support portion; and (4) a prosthetic valve, config-
ured to be transluminally delivered to the native valve and
intracorporeally coupled to the upstream support portion sub-
sequently to the securing of the upstream support portion
against the atrial surface. Other embodiments are also
described.
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[0003] U.S. 61/525,281 to Gross, filed Aug. 19, 2011;
[0004] U.S. 61/537,276 to Gross, filed Sep. 21, 2011,
[0005] U.S. 61/555,160 to Gross, filed Nov. 3, 2011,
[0006] U.S. 61/588,892 to Gross, filed Jan. 20, 2012; and
[0007] U.S. Ser. No. 13/412,814 to Gross, filed Mar. 6,

2012, all of which are incorporated herein by reference;
and
[0008] this application is a Continuation-In-Part of U.S.
Ser. No. 13/412,814 to Gross, filed Mar. 6, 2012.
[0009] This application is related to a PCT application to
Gross, entitled, “Percutaneous mitral valve replacement and
sealing,” filed on even date herewith.

FIELD OF THE INVENTION

[0010] Some applications of the present invention relate in
general to valve replacement. More specifically, some appli-
cations of the present invention relate to prosthetic valves for
replacement of a cardiac valve.

BACKGROUND

[0011] Ischemic heart disease causes regurgitation of a
heart valve by the combination of ischemic dysfunction of the
papillary muscles, and the dilatation of the ventricle that is
present in ischemic heart disease, with the subsequent dis-
placement of the papillary muscles and the dilatation of the
valve annulus.

[0012] Dilation of the annulus of the valve prevents the
valve leaflets from fully coapting when the valve is closed.
Regurgitation of blood from the ventricle into the atrium
results in increased total stroke volume and decreased cardiac
output, and ultimate weakening of the ventricle secondary to
a volume overload and a pressure overload of the atrium.

SUMMARY OF THE INVENTION

[0013] For some applications of the invention, a prosthetic
valve support is provided for facilitating transluminal implan-
tation of a prosthetic valve at anative valve (e.g., anative heart
valve) of a subject. The prosthetic valve support is configured
to be placed at the native valve, such as by placing an
upstream support portion (e.g., an annular portion) of the
prosthetic valve support against an upstream surface of the
native valve (e.g., against a native valve annulus). The pros-
thetic valve is subsequently implanted at the native valve by
coupling the prosthetic valve to the prosthetic valve support,
such as by expanding the prosthetic valve in an opening
defined by the prosthetic valve support. For some applica-
tions, the prosthetic valve support is couplable to the native
valve, independently of the prosthetic valve. The implanta-
tion of the prosthetic valve at the native valve replaces native
check valve functionality of the native valve with substitute
check valve functionality of the prosthetic valve. For some
applications, the prosthetic valve support and/or the pros-
thetic valve comprise tissue-engaging elements (e.g., sup-
port-anchoring elements, and valve-anchoring elements,
respectively), such as anchors or clips.
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[0014] Typically, the prosthetic valve is expanded within
one or more openings defined by the prosthetic valve support,
and coupling of the prosthetic valve to the prosthetic valve
support is facilitated by radially-expansive force applied by
the prosthetic valve against the prosthetic valve support. For
some applications, additional coupling techniques, such as
support-engaging elements, coupling leads, ratchet mecha-
nisms, protrusions, and/or pockets are used.
[0015] For some applications, the prosthetic valve support
is configured to receive, at different periods, more than one
prosthetic valve. For example, a first prosthetic valve may be
removed from the prosthetic valve support, and replaced with
a second prosthetic valve. Alternatively, the first prosthetic
valve may be left in place when the second prosthetic valve is
implanted. For example, the prosthetic valve support may
define more than one lumen, each lumen configured to receive
a respective prosthetic valve. Alternatively, the prosthetic
valve support may define a lumen that is configured (e.g.,
shaped) to receive a first valve at a first period, and a second
valve at a second period.
[0016] For some applications, the prosthetic valve support
comprises support-anchoring elements that are flexibly-
coupled to the upstream support portion. For some such appli-
cations, the support-anchoring elements are configured to
anchor the prosthetic valve support to the native valve, while
allowing the leaflets of the native valve to continue to func-
tion, at least in part. For some applications, the prosthetic
valve support comprises support-anchoring elements whose
length is variable (e.g., adjustable).
[0017] For some applications of the invention, a cross-sec-
tional area of the opening defined by the prosthetic valve
support is adjustable.
[0018] For some applications of the invention, delivery
apparatus for implantation of a medical device (e.g., a pros-
thetic valve and/or a prosthetic valve support) is provided, the
delivery apparatus and/or the medical device being config-
ured to allow retrievability of the medical device during one
or more stages of delivery and/or deployment of the medical
device.
[0019] There is therefore provided, in accordance with an
application of the present invention, apparatus for use with a
first prosthetic valve and a second prosthetic valve at a native
heart valve of a subject, the apparatus including:
[0020] a prosthetic valve support, shaped to define at least
one lumen, and configured:
[0021] to be implanted at the native valve,
[0022] to facilitate, at a first period, implantation at the
native valve of the first prosthetic valve, and
[0023] to facilitate, at a second period, implantation at
the native valve of the second prosthetic valve without
removal of the first valve.
[0024] In an application, the prosthetic valve support is
configured to facilitate the implantation of the first prosthetic
valve by being configured to receive the first prosthetic valve
in the at least one lumen.
[0025] In an application, the prosthetic valve support
includes a seal, which:

[0026] does not cover at least a first region of the at least
one lumen,
[0027] covers at least a second region of the at least one

lumen, and

[0028] is configured to be openable at at least the second
region,



US 2014/0324164 Al

and the prosthetic valve support is configured:

[0029] to facilitate the implantation of the first prosthetic
valve by being configured to receive the first prosthetic valve
in the first region, and

[0030] to facilitate the implantation of the second pros-
thetic valve by being configurable, by opening of the seal, to
receive the second prosthetic valve in the second region.
[0031] Inan application, the at least one lumen is shaped to
define at least a first lumen and a second lumen, and the seal
covers the second lumen.

[0032] In an application, the first region and the second
region are defined by the same lumen.

[0033] Inan application, the apparatus includes a covering
that covers the prosthetic valve support, and the seal is defined
by a portion of the covering.

[0034] In an application, the prosthetic valve support is
configured to receive the first prosthetic valve in the lumen,
and is configured to facilitate the implantation of the second
prosthetic valve by being configured to receive the second
prosthetic valve in the same lumen.

[0035] In an application, the apparatus further includes the
first and second prosthetic valves, the first prosthetic valve
defines a lumen therethrough, and the second prosthetic valve
is configured to be implanted in the lumen of the first pros-
thetic valve.

[0036] In an application:

[0037] the second prosthetic valve defines a lumen there-
through,

[0038] after the first period, and before the second period,

the lumen of the first prosthetic valve has a first diameter, and
[0039] the prosthetic valve support is configured such that,
after the second period, the lumen of the second prosthetic
valve has a diameter that is at least as great as the first diam-
eter.

[0040] In an application, the prosthetic valve support is
configured such that, after the second period, the lumen of the
second prosthetic valve has a diameter that is greater than the
first diameter.

[0041] In an application, the prosthetic valve support
includes a weak zone that circumscribes and defines the
lumen, and is configured to facilitate enlarging of the lumen.
[0042] In an application, the prosthetic valve support is
configured to facilitate enlarging of the lumen by being con-
figured to be deformed by a radially-expansive force applied
from within the lumen.

[0043] In an application, the prosthetic valve support
includes a cylindrical element:

[0044] shaped to define the lumen,

[0045] configured to receive the first prosthetic valve at a
first portion of the lumen, and

[0046] configured to receive the second prosthetic valve
support at a second portion of the lumen.

[0047] In an application, the cylindrical element is config-
ured to receive the first prosthetic valve at a first longitudinal
portion of the lumen, and to receive the second prosthetic
valve at a second longitudinal portion of the lumen.

[0048] There is further provided, in accordance with an
application of the present invention, apparatus for use with a
prosthetic heart valve for implantation at a native heart valve
of a subject, the apparatus including:

[0049] a core, shaped to define at least one conduit there-
through; and
[0050] one or more control filaments, slidable through the

conduit, and reversibly couplable to the prosthetic valve,
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[0051] the apparatus being configured such that sliding the
control filaments in a first direction through the conduit facili-
tates expansion of the prosthetic valve, and sliding the control
filaments in a second direction through the conduit facilitates
compression of the prosthetic valve.

[0052] In an application, the apparatus is configured such
that sliding the control filaments in the first direction through
the conduit facilitates radial expansion of the prosthetic valve
away from the core.

[0053] In an application, the apparatus further includes the
prosthetic valve, a delivery tube and a pushing member, and:
[0054] the prosthetic valve has an expanded configuration
and a compressed configuration,

[0055] the delivery tube is configured to be transluminally
delivered to the native valve,

[0056] the pushing member includes the core,

[0057] the pushing member is configured:

[0058] to be disposed within the delivery tube,

[0059] to be fixedly coupled, within the delivery tube, to
the prosthetic valve in the compressed configuration
thereof,

[0060] when fixedly coupled to the prosthetic valve, to
facilitate movement of the prosthetic valve with respect
to the delivery tube, and

[0061] to be decouplable from the prosthetic valve.

[0062] Inan application, the apparatus further includes one
or more release wires, configured to facilitate decoupling of
the control filaments from the prosthetic valve.

[0063] Inan application, the apparatus further includes one
or more guide elements, radially extendable from the core,
and configured to guide expansion of the prosthetic valve
away from the core.

[0064] Inan application, the guide elements are configured
to automatically radially retract when the control filaments
are decoupled from the prosthetic valve.

[0065] There is further provided, in accordance with an
application of the present invention, apparatus for use at a
native heart valve of a subject, the apparatus including:
[0066] a prosthetic valve, configured to be transluminally
delivered to, and implantable at, the native valve of the sub-
ject;

[0067] a prosthetic valve support, configured to be translu-
minally delivered to the native valve of the subject, and to
facilitate implantation of the prosthetic valve;

[0068] at least one coupling lead, extending between the
prosthetic valve and the prosthetic valve support; and
[0069] a ratchet housing, slidably coupled to the coupling
lead, and configured to be slidable over the coupling lead in a
first direction, and inhibited from sliding over the coupling
lead in an opposite direction,

[0070] the apparatus being configured such that sliding of
the ratchet housing over the coupling lead in the first direction
facilitates coupling of the prosthetic valve to the prosthetic
valve support.

[0071] Inanapplication, the coupling lead extends between
a proximal portion of the prosthetic valve, and the prosthetic
valve support.

[0072] In an application, the prosthetic valve support
includes one or more support-anchoring elements, configured
to couple the prosthetic valve support to the native valve, and
the coupling lead extends between the prosthetic valve and
the support-anchoring elements.
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[0073] There is further provided, in accordance with an
application of the present invention, apparatus for use with a
native heart valve of a subject, the apparatus including:
[0074] a first expandable prosthetic valve component,
including a crimpable frame, and configured to be transcath-
eterally advanceable toward the native valve while the first
prosthetic valve component is in a crimped state thereof;
[0075] a second expandable prosthetic valve component,
including a crimpable frame, and configured to be transcath-
eterally advanceable toward the native valve, placeable in the
native valve while the second prosthetic valve component is
in a crimped state thereof, and couplable to the first prosthetic
valve component, expansion of the second prosthetic valve
component facilitating coupling of the second prosthetic
valve component to the first prosthetic valve component; and
[0076] one or more tissue-engagement elements, coupled
to at least one of the prosthetic valve components, the tissue-
engagement elements configured, when the prosthetic valve
component is in an expanded state thereof, to extend from the
prosthetic valve component, and to inhibit a proximal move-
ment of the prosthetic valve component.

[0077] There is further provided, in accordance with an
application of the present invention, apparatus for use with a
prosthetic valve for implantation at a native valve of a subject,
the native valve (1) defining an orifice, (2) including at least
one native leaflet, having a native beating, and (3) having a
native blood flow regulation functionality, the apparatus
including:

[0078] a prosthetic valve support, including:

[0079] an upstream support portion, configured to be
placed against an upstream side of the native valve, to
have an inner perimeter that defines an opening that is
configured to receive the prosthetic valve, and
[0080] at least one clip, configured to be coupled to a

native leaflet of the native valve, the clip including a
plurality of clip arms, at least one clip arm coupled to
a clip-controller interface; and

[0081] a clip controller, couplable to the clip-controller
interface, and configured to control a relative angular
disposition between the clip arms.

[0082] For some applications, techniques described herein
are practiced in combination with techniques described in one
or more of the references cited in the Background section and
Cross-references section of the present patent application.

BRIEF DESCRIPTION OF THE DRAWINGS

[0083] FIGS. 1A-H are schematic illustrations of sequen-
tial steps in the implantation of an implant comprising a
prosthetic valve and a prosthetic valve support, in accordance
with some applications of the present invention;

[0084] FIG. 2 is a schematic illustration of a prosthetic
valve support, comprising adjustable prosthetic valve sup-
port, in accordance with some applications of the invention;
[0085] FIG. 3 is a schematic illustration of a prosthetic
valve support, comprising an adjustable prosthetic valve sup-
port, in accordance with some applications of the invention;
[0086] FIG. 4 is a schematic illustration of a prosthetic
valve support, comprising an adjustable prosthetic valve sup-
port, in accordance with some applications of the invention;
[0087] FIG. 5 is a schematic illustration of a prosthetic
valve support, comprising a graduated prosthetic valve sup-
port, in accordance with some applications of the invention;
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[0088] FIG. 6 is a schematic illustration of a prosthetic
valve support, comprising a flexibly-anchored prosthetic
valve support, in accordance with some applications of the
invention;

[0089] FIG. 7 is a schematic illustration of a prosthetic
valve support, comprising a flexibly-anchored prosthetic
valve support, in accordance with some applications of the
invention;

[0090] FIGS. 8A-B are schematic illustrations of a pros-
thetic valve support, and a prosthetic valve, the prosthetic
valve comprising an integrally-anchoring prosthetic valve, in
accordance with some applications of the invention;

[0091] FIGS. 9A-E are schematic illustrations of delivery
apparatus, used to deploy a medical device, in accordance
with some applications of the invention;

[0092] FIG. 10 is a schematic illustration of a prosthetic
valve support, comprising a multi-lumen prosthetic valve
support, in accordance with some applications of the inven-
tion;

[0093] FIG. 11 is a schematic illustration of a prosthetic
valve, comprising an extended-lumen prosthetic valve sup-
port, in accordance with some applications of the invention;
[0094] FIGS. 12A-B are schematic illustrations of a pros-
thetic valve support, comprising an adjustable-lumen pros-
thetic valve support, in accordance with some applications of
the invention;

[0095] FIGS. 13A-D are schematic illustrations of a pros-
thetic valve support, comprising an asymmetric prosthetic
valve support, in accordance with an application of the inven-
tion;

[0096] FIG. 14 is a schematic illustration of a prosthetic
valve support, in accordance with some applications of the
invention;

[0097] FIGS. 15A-E are schematic illustrations of the
implantation of a prosthetic valve support and a prosthetic
valve, in accordance with some applications of the invention;
[0098] FIG. 16 is a schematic illustration of a prosthetic
valve support being deployed in a native heart valve, in accor-
dance with some applications of the invention;

[0099] FIGS. 17A-D are schematic illustrations of pros-
thetic valve supports, comprising tissue-engaging elements,
which comprise support-anchoring elements, comprising
length-adjustable holding elements, in accordance with some
applications of the invention;

[0100] FIGS. 18A-B are schematic illustrations of pros-
thetic valve supports, comprising tissue-engaging elements,
which comprise support-anchoring elements, comprising
length-adjustable holding elements, in accordance with some
applications of the invention;

[0101] FIG. 19 is a schematic illustration of a prosthetic
valve support, comprising tissue-engaging elements, which
comprise support-anchoring elements, comprising length-
adjustable holding elements, in accordance with some appli-
cations of the invention;

[0102] FIGS. 20A-F are schematic illustrations of pros-
thetic valve supports, comprising tissue-engaging elements,
which comp support-anchoring elements, comprising flex-
ible support-anchoring elements, in accordance with some
applications of the invention;

[0103] FIGS. 21A-C are schematic illustrations of a pros-
thetic valve support, comprising an inflatable support-engag-
ing element, in accordance with some applications of the
invention;
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[0104] FIGS. 22A-C are schematic illustrations of sequen-
tial steps in the implantation of an implant, comprising a
prosthetic valve and a prosthetic valve support, coupled via
coupling leads;

[0105] FIGS. 23A-B are schematic illustrations of a pros-
thetic valve support, shaped to define at least one pocket, and
the coupling thereto of a prosthetic valve, in accordance with
some applications of the invention;

[0106] FIG. 24 is a schematic illustration of a prosthetic
valve support, shaped to define at least one pocket, and the
coupling thereto of a prosthetic valve, in accordance with
some applications of the invention;

[0107] FIGS. 25A-E are schematic illustrations of a
retrieval device, and sequential steps in the use thereof, in
accordance with some applications of the invention;

[0108] FIGS. 26A-C are schematic illustrations of a pros-
thetic valve support comprising a braided structure, and the
deployment thereof, in accordance with some applications of
the invention;

[0109] FIGS.27A-D are schematic illustrations of delivery
apparatus, in accordance with some applications of the inven-
tion;

[0110] FIGS. 28A-D are schematic illustrations of the
deployment of a prosthetic valve in the lumen of another
prosthetic valve, in accordance with some applications of the
invention;

[0111] FIGS. 29A-F are schematic illustrations of the
deployment of a prosthetic valve in the lumen of another
prosthetic valve, and of a prosthetic valve support configured
to facilitate such deployment, in accordance with some appli-
cations of the invention;

[0112] FIGS. 30A-B are schematic illustrations of the
deployment of a second prosthetic valve in the lumen of a
prosthetic valve support, in which a first prosthetic valve is
already disposed, in accordance with some applications of the
invention;

[0113] FIGS. 31A-C are schematic illustrations of a flex-
ible delivery tube, configured to facilitate removal thereof
from a subject, in accordance with some applications of the
invention;

[0114] FIGS. 32A-C are schematic illustrations of a com-
pressible delivery tube, configured to facilitate removal
thereof from a subject, in accordance with some applications
of the invention;

[0115] FIGS. 33A-C are schematic illustrations of a dis-
mantling delivery tube, configured to facilitate removal
thereof from a subject, in accordance with some applications
of the invention;

[0116] FIG. 34 is an schematic illustration of a prosthetic
valve, comprising a leaflet-engaging element, in accordance
with some applications of the invention;

[0117] FIGS. 35A-C are schematic illustrations of a pros-
thetic valve support comprising temporary valve compo-
nents, and sequential steps in the coupling of a prosthetic
valve to the support, in accordance with some applications of
the invention;

[0118] FIGS. 36A-D are schematic illustrations of a pros-
thetic valve support, comprising support-anchoring elements
and stabilizing legs, in accordance with some applications of
the invention;

[0119] FIGS. 37A-H are schematic illustrations of a pros-
thetic valve support, comprising support-anchoring elements
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and stabilizing legs, and sequential steps in the implantation
thereof, in accordance with some applications of the inven-
tion;

[0120] FIGS. 38A-H are schematic illustrations of a pros-
thetic valve support, comprising support-anchoring elements
and stabilizing legs, and sequential steps in the implantation
thereof, in accordance with some applications of the inven-
tion;

[0121] FIGS. 39A-D are schematic illustrations of a medi-
cal device, comprising one or more coupling tabs, in accor-
dance with some applications of the invention;

[0122] FIGS. 40A-C are schematic illustrations of a pros-
thetic valve, comprising tissue-engaging elements, in accor-
dance with some applications of the invention;

[0123] FIGS. 41A-B are schematic illustrations of a pros-
thetic valve, and a prosthetic valve support, comprising sup-
port-anchoring elements that are couplable to the prosthetic
valve, in accordance with some applications of the invention;
[0124] FIGS. 42A-B are schematic illustrations of a pros-
thetic valve, and a prosthetic valve support, comprising sup-
port-anchoring elements that are couplable to the prosthetic
valve, in accordance with some applications of the invention;
[0125] FIGS. 43A-C are schematic illustrations of a pros-
thetic valve, and a prosthetic valve support, comprising sup-
port-anchoring elements that are couplable to the prosthetic
valve, in accordance with some applications of the invention;
[0126] FIGS. 44A-B are schematic illustrations of a pros-
thetic valve support, comprising support-anchoring elements,
and a prosthetic valve, comprising valve-anchoring elements
that are couplable to the tissue-engaging elements of the
prosthetic valve support, in accordance with some applica-
tions of the invention;

[0127] FIGS. 45A-C are schematic illustrations of a lock
for facilitating delivery of a medical device, in accordance
with some applications of the invention;

[0128] FIGS. 46A-B are schematic illustrations of a pros-
thetic valve support, comprising one or more support-anchor-
ing elements, coupled to a stabilizing strip, in accordance
with some applications of the invention;

[0129] FIGS. 47A-C are schematic illustrations of sequen-
tial steps in the implantation of an implant, comprising a
prosthetic valve and a prosthetic valve support, in accordance
with some applications of the invention;

[0130] FIGS. 48A-C are schematic illustrations of sequen-
tial steps in the implantation of an implant, comprising a
prosthetic valve and a prosthetic valve support, in accordance
with some applications of the invention;

[0131] FIG. 49 is a schematic illustration of the prosthetic
valve support, in accordance with some applications of the
invention;

[0132] FIG. 50 is a schematic illustration of a step in the
implantation of the implant, in accordance with some appli-
cations of the invention;

[0133] FIGS. 51A-B are schematic illustrations of the pros-
thetic valve support, in accordance with some applications of
the invention;

[0134] FIG. 52 is a schematic illustration of the prosthetic
valve, in accordance with some applications of the invention;
[0135] FIGS. 53A-C are schematic illustrations of the pros-
thetic valve, comprising tissue-engaging elements, in accor-
dance with some applications of the invention;

[0136] FIGS.54A-D are schematic illustrations of the pros-
thetic valve, comprising tissue-engaging elements, in accor-
dance with some applications of the invention;
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[0137] FIGS. 55A-E are schematic illustrations of the pros-
thetic valve, comprising tissue-engaging elements, in accor-
dance with some applications of the invention;

[0138] FIGS.56A-D are schematic illustrations of the pros-
thetic valve, comprising tissue-engaging elements, in accor-
dance with some applications of the invention;

[0139] FIGS. 57A-D are schematic illustrations of the pros-
thetic valve, comprising tissue-engaging elements, in accor-
dance with some applications of the invention;

[0140] FIGS. 58A-D are schematic illustrations of the pros-
thetic valve support, comprising tissue-engaging elements, in
accordance with some applications of the invention;

[0141] FIGS.59A-B are schematic illustrations of the pros-
thetic valve support, comprising tissue-engaging elements, in
accordance with some applications of the invention;

[0142] FIGS. 60A-B are schematic illustrations of the pros-
thetic valve support, comprising tissue-engaging elements, in
accordance with some applications of the invention;

[0143] FIGS. 61A-C are schematic illustrations of the pros-
thetic valve support, comprising tissue-engaging elements, in
accordance with some applications of the invention;

[0144] FIGS. 62A-D are schematic illustrations of a deliv-
ery device for the delivery and deployment of an expandable
medical device, in accordance with some applications of the
invention;

[0145] FIGS. 63A-B are schematic illustrations of the
delivery device for the delivery and deployment of an expand-
able medical device, in accordance with some applications of
the invention;

[0146] FIGS. 64A-C, 65A-B, 66A-B, and 67A-B are sche-
matic illustrations of a locking mechanism for delivery of an
expandable medical device, in accordance with some appli-
cations of the invention;

[0147] FIGS. 68A-B and 69A-E are schematic illustrations
of' a retrievable prosthetic valve support, and sequential steps
in the retrieval of the retrievable prosthetic valve support, in
accordance with some applications of the invention;

[0148] FIGS. 70A-C are schematic illustrations of the pros-
thetic valve, comprising tissue engaging elements, in accor-
dance with some applications of the invention;

[0149] FIG. 71 is a schematic illustration of an implant
comprising a prosthetic valve and a prosthetic valve support,
in accordance with some applications of the present inven-
tion;

[0150] FIGS. 72A-D are schematic illustrations of an
implant, comprising a prosthetic valve support and a pros-
thetic valve, in accordance with some applications of the
invention;

[0151] FIG. 73 is a schematic illustration of a prosthetic
valve support, for use with a prosthetic valve, in accordance
with some applications of the invention;

[0152] FIGS. 74A-L are schematic illustrations of steps in
the implantation of an implant, comprising a prosthetic valve
and a prosthetic valve support, in a native valve of a subject,
in accordance with some applications of the invention;
[0153] FIGS. 75A-D are schematic illustrations of an
implant, comprising a prosthetic valve support and a pros-
thetic valve, and steps in the implantation thereof, in accor-
dance with some applications of the invention;

[0154] FIGS. 76 A-F are schematic illustrations of steps in
the implantation of an implant, comprising a prosthetic valve
and a prosthetic valve support, in a native valve of a subject,
in accordance with some applications of the invention;
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[0155] FIG. 77 is a schematic illustration of an implant,
implanted at the mitral valve of a subject, in accordance with
some applications of the invention;

[0156] FIG. 78 is a schematic illustration of an implant,
implanted at the tricuspid valve of a subject, in accordance
with some applications of the invention;

[0157] FIG. 79 is a schematic illustration of an implant,
implanted at the pulmonary valve of a subject, in accordance
with some applications of the invention; and

[0158] FIG. 80 is a schematic illustration of an implant,
implanted at the aortic valve of a subject, in accordance with
some applications of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0159] Reference is made to FIGS. 1A-H, which are sche-
matic illustrations of sequential steps in the implantation in a
native heart valve 23 of the heart 22 of a subject 20 of an
implant 30, comprising (1) a first prosthetic valve component,
i.e., prosthetic valve support 40, and (2) a second prosthetic
valve component, i.e., a prosthetic valve 42, in accordance
with some applications of the present invention. For such
applications of the present invention, native valve 23 includes
a native mitral valve 24 by way of illustration and not limita-
tion; the scope of the present invention includes implanting
implant 30 in other valves of the heart (e.g., the tricuspid
valve, the pulmonary valve, or the aortic valve). FIG. 1A
illustrates a cross-section through heart 22 of the subject
whichisused throughout FIGS. 1B-G to illustrate the implan-
tation procedure. As shown in the cross-sectional illustration,
native mitral valve 24 includes native leaflets 82, which are
supported by native chordae tendineae 80.

[0160] FIG. 1B shows prosthetic valve support 40 being
deployed in a left atrium 26. Prior to deployment, support 40
is percutaneously (e.g., transcatheterally) advanced into left
atrium 26, typically via overtube 44. In some applications of
the present invention, the advancement of overtube 44 toward
heart valve 23 is preceded by advancement of a guidewire 45
through vasculature of the subject. Typically, guidewire 45 is
used to guide overtube 44 through the vasculature. During its
deployment, support 40 is moved distally (e.g., by a pushing
coupling element, not shown for clarity of illustration and
described hereinbelow), such that support 40 emerges from
the distal end of overtube 44. Support 40 is typically expand-
able, and typically comprises a wire frame which comprises a
shape-memory material such as, but not limited to, nickel
titanium (nitinol). For some applications of the invention,
support 40 comprises nickel cobalt, stainless steel and/or
titanium. As support 40 gradually emerges from overtube 44,
it gradually expands to assume an expanded configuration.

[0161] FIG. 1C shows support 40 reversibly coupled to one
or more holding members 46, which exert a distal pushing
force that causes support 40 to emerge from within overtube
44. Once fully exposed from within overtube 44, support 40
expands to assume the expanded configuration, as shown. In
its expanded state, support 40 is annular and is shaped so as to
define a lumen therethrough. Typically, prosthetic valve sup-
port 40 is shaped to define an outer edge 69 and an inner edge
68 (see FIG. 1H). Outer edge 69 typically defines the diameter
of the annular prosthetic valve support, and inner edge 68
typically defines the diameter of the lumen in which pros-
thetic valve 42 is typically disposed. As shown in FIG. 1C,
once support 40 is fully exposed from within overtube 44,
holding members 46 continue to push support 40 distally (i.e.,
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in the direction as indicated by the arrows) until support 40 is
positioned against an annulus of native heart valve 23.
[0162] Support 40 is held against the annulus of native
valve 23 (e.g., by holding members 46) such that the lumen of
support 40 aligns with the lumen of the native valve, and such
that atrium 26 and ventricle 28 remain in fluid communica-
tion.

[0163] Following the positioning of support 40 against the
annulus of the native valve, prosthetic valve 42 is percutane-
ously (e.g., transcatheterally) advanced and delivered toward
the native valve, typically along guidewire 45, as shown in
FIG. 1D.

[0164] Prosthetic valve 42 is typically expandable, and
typically comprises a wire frame which comprises a shape-
memory material such as, but not limited to, nickel titanium
(nitinol). For some applications of the invention, prosthetic
valve 42 comprises nickel cobalt, stainless steel and/or tita-
nium. During the advancing, prosthetic valve 42 is disposed
in a distal portion of a delivery tube 60, which holds the
prosthetic valve in a compressed (e.g., crimped) configura-
tion. Delivery tube 60 is slidably advanceable within tube 44.
Prosthetic valve 42 is typically delivered through the native
valve and into ventricle 28, as shown in FIG. 1D. Typically,
prosthetic valve 42 is delivered to the native valve while
support 40 is held against the annulus of native valve 23 by
holding members 46.

[0165] FIG. 1E shows prosthetic valve 42 being partially
deployed from within delivery tube 60. As prosthetic valve 42
expands, prosthetic valve 42 expands toward assuming an
expanded configuration. Prosthetic valve 42 comprises a pri-
mary structural element 130, which is typically cylindrical,
prismatic, or any other suitable shape, and is shaped so to
define a lumen. Prosthetic valve components (e.g., leaflets;
not shown for clarity of illustration) are typically disposed
within the lumen of the prosthetic valve, are coupled to a
surface of structural element 130 defining the lumen, and
regulate blood flow therethrough.

[0166] Typically, a plurality oftissue-engaging elements 62
are disposed at a distal portion of the primary structural ele-
ment 130 of prosthetic valve 42. For applications in which
prosthetic valve 42 comprises tissue-engaging elements 62,
tissue-engaging elements 62 comprise valve-anchoring ele-
ments 64. For such applications of the present invention,
primary structural element 130 of prosthetic valve 42 is gen-
erally cylindrical (e.g., shaped so as to define a right circular
cylinder), and anchoring elements 64 protrude radially from a
surface of the cylinder. It is to be noted that although pros-
thetic valve 42 is shown comprising tissue-engaging elements
62, the scope of the present application includes prosthetic
valves with no tissue-engaging elements 62.

[0167] FIG. 1F shows prosthetic valve 42 being moved
proximally, such that at least part of primary structural ele-
ment 130 is disposed in the respective lumens of native valve
23 and prosthetic valve support 40, and such that valve-
anchoring elements 64 contact the ventricular side of the
native valve. Such contacting of elements 64 with the ven-
tricular side of the native valve restricts further undesired
atrial (i.e., proximal) movement of the prosthetic valve. Typi-
cally, the contact between valve-anchoring elements 64 and
the ventricular side of the native valve occurs by valve-an-
choring elements 64 protruding between chordae tendineae
80 and capturing leaflets 82 of the native valve. Responsively
to the capturing by valve-anchoring elements 64, leatlets 82
are typically pushed proximally and/or outward by the pros-
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thetic valve. In some applications of the invention, leaflets 82
are held against the outer surface of primary structural ele-
ment 130 by valve-anchoring elements 64, so as to reduce
blood flow between native leaflets 82 and prosthetic valve 42.
In an alternative application of the invention, rather than
being partially deployed in the ventricle and subsequently
moved proximally (as described with reference to FIGS.
1E-F), prosthetic valve 42 is deployed directly in the lumen of
the native valve.

[0168] Following the capturing of native leaflets 82, pros-
thetic valve 42 is then fully exposed from within delivery tube
60 (by pushing valve 42 relative to delivery tube 60 or by
retracting delivery tube 60 with respect to valve 42) and is
allowed to expand further. FIG. 1G shows prosthetic valve 42
in a deployed and expanded configuration after being fully
exposed from within delivery tube 60. The expansion of pros-
thetic valve 42 exerts a radial force against support 40,
thereby facilitating coupling of prosthetic valve 42 to support
40. Implant 30, comprising prosthetic valve 42 and support
40, is secured in place by sandwiching the native valve by the
components of implant 30. That is, (1) implant 30 is inhibited
from ventricular (i.e., distal) movement by support 40 and the
radial force of prosthetic valve 42 exerted on support 40, and
(2) implant 30 is inhibited from atrial (i.e., proximal) move-
ment by valve-anchoring elements 64.

[0169] For some applications of the present invention, sup-
port 40 prevents valve 42 from expanding to assume a fully-
expanded configuration (i.e., a configuration to which valve
42 would otherwise expand without being impeded by sup-
port 40 or tissue). In such applications, the radial force
exerted by support 40 on valve 42 facilitates coupling and
sealing between support 40 and valve 42 (for example, by
increasing friction between support 40 and valve 42), and
facilitates implantation of implant 30 at native valve 23.
[0170] FIG. 1H shows implant 30 following implantation
in the mitral valve of the subject. This figure is a transverse
atrial cross-section, showing prosthetic valve support 40 in
contact with the atrial side of the native valve. Prosthetic
valve 42 is expanded, and is disposed in, and coupled to,
prosthetic valve support 40. Tissue-engaging elements 62,
comprising valve-anchoring elements 64, are disposed on the
ventricular side of the native valve (as described hereinabove
with reference to FIGS. 1F-G), and are therefore illustrated in
phantom. Valve-anchoring elements 64 are typically arranged
in two clusters, each cluster being disposed on opposite sides
of prosthetic valve 42.

[0171] Typically, when deployed as shown, prosthetic
valve 42 is configured to be aligned with the native valve such
that valve-anchoring elements 64 protrude toward, and
engage leaflets 82 of the native valve. In some applications of
the present invention, valve-anchoring elements 64 protrude
toward, and engage, commissures 84 of the native valve. In
some applications of the invention, a single valve-anchoring
element 64 is disposed on each side of the prosthetic valve. It
is to be noted that the scope of the present application includes
any other suitable arrangement of valve-anchoring elements
64 with respect to valve 64. Typically, valve-anchoring ele-
ments 64 capture leaflets 82 of the native valve, holding them
clear of the flow of blood through the prosthetic valve and the
left ventricular outflow tract (LVOT).

[0172] Forclarity ofillustration, the lumen defined by pros-
thetic valve 42 is shown as being empty, such that ventricle 28
is visible. However, as described hereinabove, prosthetic
valve 42 typically comprises valve components (e.g., pros-
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thetic valve leaflets, not shown in FIG. 1H), that are disposed
in the lumen of prosthetic valve 42, coupled to structural
element 130, and configured to regulate blood flow through
prosthetic valve 42.

[0173] Reference is again made to FIGS. 1A-H. For some
applications, as described hereinabove, valve-anchoring ele-
ments 64 function so as to (1) prevent proximal migration of
prosthetic valve 42 into the subject’s atrium, while (2) creat-
ing a seal between the native valve 23 and prosthetic valve 42
by generally clamping native leaflets 82 between valve-an-
choring elements 64 and primary structural element 130,
valve support 40, and/or native valve annulus.

[0174] For other applications, prevention of proximal
migration of valve 42 is maintained, while movement of
native leaflets 82 with respect to prosthetic valve 42 is
allowed. For example, valve-anchoring elements 64 may
have the aforementioned functionalities by having lengths of
less than 5 mm, and/or by having a total width of each cluster
of valve-anchoring elements (corresponding to respective
leaflets of the native valve) being less than 5 mm. For
example, the valve may include a single valve-anchoring
element 64 corresponding to each leaflet of the native valve,
the width of each of the single valve-anchoring elements
being less than 1 mm. Thus, the valve may be stopped from
proximally migrating into the atrium by the valve-coupling
elements preventing the distal end of the valve from migrating
further proximally than edges of native leaflets of the valve.
Furthermore, the valve-anchoring elements may allow move-
ment of the native leaflets with respect to the prosthetic valve
by not generally squeezing the native leaflets between the
valve-coupling elements and primary structural element 130
of'the prosthetic valve. In other applications of the invention,
prosthetic valve support 40 comprises support-anchoring ele-
ments (such as clips), and is directly coupled to the native
valve. For some such applications, no valve-anchoring ele-
ments are used; rather, implant 30 is coupled to the native
valve via prosthetic valve support 40 (e.g., as described here-
inbelow, such as with reference to FIGS. 37A-H and 38 A-H).
For some applications, both valve-anchoring elements and
support-anchoring elements are used. For some applications,
by allowing movement of the native leaflets with respect to
the prosthetic valve, sealing of the native leaflets against the
outer surface of the primary structural element of the pros-
thetic valve is facilitated, in accordance with the techniques
described herein.

[0175] For some applications of the invention, the implan-
tation of implant 30 follows an alternative order to that
described with reference to FIGS. 1A-H. For these applica-
tions of the invention, prosthetic valve 42 is initially delivered
to ventricle 28. Subsequently, prosthetic valve support 40 is
deployed within atrium 26. In these applications of the inven-
tion, following deployment and positioning of prosthetic
valve support 40 against the annulus of native valve 23, pros-
thetic valve 42 is moved atrially (i.e., proximally) into the
respective lumens of the native valve and prosthetic valve
support 40, and is deployed, as described hereinabove.
[0176] For some applications of the invention, valve-an-
choring elements 64 anchor prosthetic valve 42 to the native
valve in a manner that restricts both proximal and distal
movement of the prosthetic valve. For such applications of
the invention, deployment of prosthetic valve 42 may occur in
the reverse orientation, such that, following positioning in the
native valve of prosthetic valve 42 compressed in delivery
tube 60, the delivery tube is moved distally (i.e., ventricu-
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larly) as prosthetic valve 42 is deployed from the delivery
tube. Delivery tube 60 is then removed from the subject via
the lumen of the deployed prosthetic valve. It is hypothesized
that this approach facilitates maneuvering of implant compo-
nents and delivery apparatus, both for delivery of implant 30
and for withdrawal of delivery apparatus. For example, this
approach is hypothesized to require less space on the proxi-
mal side of the native valve (e.g., in the atrium), compared to
techniques whereby the prosthetic valve is deployed from the
proximal side of the native valve. An example of this
approach is described with reference to FIGS. 15A-E.
[0177] For some applications of the invention, surfaces of
one or more components of implant 30 are covered at least in
part with a covering (not shown). For example, surfaces of
prosthetic valve support 40 and prosthetic valve 42 may be
covered so as to direct substantially all blood flowing through
the valve, to flow through the lumen of prosthetic valve 42.
For some applications, the surface of prosthetic valve support
40 (or another component) that is placed in contact with the
native valve is covered; the covering is configured to facilitate
coupling of support 40 to the native valve, by enhancing
fibrosis at the interface between the prosthetic valve support
and the native valve.

[0178] The covering may comprise polyethylene tereph-
thalate (e.g., polyester), polytetrafiuoroethylene (e.g., Tetlon,
ePTFE), or pericardial tissue. Typically, a thickness of the
covering is less than 0.2 mm, e.g., less than 0.1 mm, or less
than 0.05 mm.

[0179] For some applications, one or more dimensions of
native valve 23 (e.g., of leaflets 82, and/or of the annulus of
the native valve) is measured (e.g., by using imaging tech-
niques) prior to deployment of valve 42. Taking this measur-
ing into account, a suitably-sized prosthetic valve is chosen to
be placed in the annulus, in a manner in which a cross-
sectional area of the prosthetic valve in its deployed state is
less than 90% (e.g., less than 80%, or less than 60%) of the
area defined by the annulus.

[0180] For some applications, the cross-sectional area of
the prosthetic valve in its deployed state has a longest length
ofless than 25 mm, e.g., less than 20 mm, and/or more than 15
mm, e.g., 15-25 mm. For some applications, placing a pros-
thetic valve inside the native valve, with the dimensions of'the
native valve annulus and the prosthetic valve as described,
facilitates sealing of the prosthetic valve with respect to the
native valve, by the native valve leaflets closing around the
outer surface of the prosthetic valve. In such applications,
prosthetic valve 42 is implanted directly within native valve
23 (i.e., without support 40).

[0181] For some applications, prosthetic valve support 40,
that is shaped to define a lumen, is placed against the annulus
of native valve 23 (e.g., as described with reference to FIGS.
1A-H). The lumen of support 40 has a cross-sectional area
that is less than 90% (e.g., less than 80%, or less than 60%) of
an area defined by native valve 23 (e.g., area A1, FIG. 71). As
described hereinabove, prosthetic valve 42 is typically
coupled to prosthetic valve support 40 and, thereby, to native
valve 23, at least in part by expansion of the prosthetic valve
such that primary structural element 130 exerts a radial force
against inner edge 68 of prosthetic valve support 40. The
cross-sectional area defined by the primary structural element
130 of the prosthetic valve, upon expansion of the prosthetic
valve, is limited by the cross-sectional area of the lumen of the
prosthetic valve support 40 to less than 90% (e.g., less than
80%, or less than 60%) of the area defined by the annulus of
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the native valve. For some applications, placing a prosthetic
valve support 40 at the native valve, as described, facilitates
sealing of the prosthetic valve with respect to the native valve,
by the native valve leaflets closing around the outer surface of
the prosthetic valve.

[0182] Typically, placing a prosthetic valve inside the
native valve with the dimensions of the native valve annulus,
the prosthetic valve 42, and/or valve support 40 as described
in the above paragraphs, facilitates sealing of the prosthetic
valve with respect to the native valve. For some applications,
the sealing is facilitated by the native leaflets being pushed
against, and closing against, the outer surface of the frame of
the valve during systole, in a similar manner to the manner in
which native valve leaflets coapt during systole, in a healthy
mitral valve.

[0183] Typically, as the diameter of the prosthetic valve is
increased, the proportion of the native leaflets that is pushed
against the outer surface of the valve during systole is
increased, thereby enhancing the sealing of the native leaflets
with respect to the frame of the prosthetic valve. However,
beyond a given diameter, as the diameter of the prosthetic
valve is increased, the native valve leaflets are pushed apart at
the commissures, thereby causing retrograde leakage of
blood through the commissures. Therefore, in accordance
with some applications of the present invention, prosthetic
valve 42, and/or valve support 40 are chosen such that the
cross-sectional area of the prosthetic valve (when expanded
inside the valve support) is less than 90% (e.g., less than 80%,
or less than 60%) of the area defined by the annulus of native
vale 23. Thus the valve support facilitates additional sealing
of' the prosthetic valve with respect to the native valve, by the
native valve leaflets closing around the outer surface of the
prosthetic valve, while not causing retrograde leakage of
blood through the commissures.

[0184] For some applications, in order to facilitate the seal-
ing of the native valve around the outer surface of the pros-
thetic valve, a material is placed on the outer surface of the
prosthetic valve in order to provide a sealing interface
between the prosthetic valve and the native valve. For
example, a smooth material that prevents tissue growth (e.g.,
polytetrafluoroethylene (PTFE), and/or pericardium) may be
placed on the outer surface of the prosthetic valve. Alterna-
tively or additionally, a material that facilitates tissue growth
(such as polyethylene terephthalate; PET) may be placed on
the outer surface of the prosthetic valve, in order to (a) act as
a sealing interface between the native valve and the prosthetic
valve, and (b) facilitate tissue growth around the prosthetic
valve to facilitate anchoring and/or sealing of the prosthetic
valve.

[0185] For some applications, one or more dimensions of
native valve 23 (e.g., of leaflets 82, and/or of the annulus of
the native valve) are measured (e.g., by using imaging tech-
niques) prior to deployment of prosthetic valve 42 and/or
prosthetic valve support 40. Taking this measuring into
account, a suitably-sized and/or suitably-configured pros-
thetic valve and/or prosthetic valve support is selected for
implantation. For example, a prosthetic valve or prosthetic
valve support comprising tissue-engaging elements 62 with
appropriate configurations and/or dimensions may be
selected.

[0186] Reference is made to FIG. 2, which is a schematic
illustration of prosthetic valve support 40, comprising adjust-
able prosthetic valve support 40e, which comprises tissue-
engaging elements 62, comprising support-anchoring ele-
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ments 66e, in accordance with some applications of the
invention. Each support anchoring element 66e comprises, or
is coupled to, a holding wire 522, which is slidably coupled to
an upstream support portion 41 (e.g., an annular portion) of
support 40e. During implantation, support 40e is anchored to
native valve 23 via support-anchoring elements 66e. For
example, elements 66¢ may engage commissures 84 or leaf-
lets 82 of the native valve, as described hereinabove. The
distance between upstream support portion 41 of support 40e
and a coupling portion 70 of anchoring element 66e, is adjust-
able by adjusting the length of the portion of holding wire 522
that couples the upstream support portion to the coupling
portion. Some examples of techniques for adjusting this
length are described hereinbelow, with reference to FIGS. 3
and 4.

[0187] For some applications of the invention, at least part
of holding wire 522 is disposed in a connector 540, which
further couples coupling portion 70 to upstream support por-
tion 41. Holding wire 522 may be slidable through connector
540. For some applications, connector 540 is more rigid than
holding wire 522.

[0188] Reference is made to FIG. 3, which is a schematic
illustration of prosthetic valve support 40, comprising adjust-
able prosthetic valve support 407, which comprises tissue-
engaging elements 62, comprising support-anchoring ele-
ments 66f, in accordance with some applications of the
invention. Each support anchoring element 66/ comprises, or
is coupled to, a holding wire 522/, which is slidably coupled
to upstream support portion 41 of support 40f. During implan-
tation, support 40fis anchored to native valve 23 via support-
anchoring elements 66f. For example, elements 66/ may
engage commissures 84 or leaflets 82 of the native valve, as
described herein. The distance between upstream support
portion 41 of support 40fand a coupling portion of anchoring
element 66f, is adjustable by adjusting the length of holding
wire 522f. Typically, holding wire 522fs slidably coupled to
upstream support portion 41 of support 40fvia a ratchet 526,
wherein holding wire 522f7is slidable through a ratchet hous-
ing 524, and comprises a plurality of teeth 523 which allow
the holding wire to slide through the ratchet housing in one
direction, and restrict such sliding in another direction. Such
adjustment of holding wire 522f may be performed while
support 40f71s partially deployed, or after the support has been
fully deployed.

[0189] FIG. 3 shows ratchet housing 524 being slidable
over holding wire 522f; such that the ratchet housing is mov-
able with respect to upstream support portion 41 of support
40f. For this application of the invention, a controller tube 528
is typically used to slide (e.g., push) ratchet housing 524 over
holding wire 522f, so as to adjust the distance between
upstream support portion 41 of support 40/ and the coupling
portion. For other applications of the invention, ratchet hous-
ing 524 is substantially stationary with respect to upstream
support portion 41 (e.g., ratchet housing 524 is attached to
and/or embedded in portion 41), and holding wire 522 is slid
(e.g., pulled) through housing 524, so as to adjust the distance
between upstream support portion 41 of support 40f and
coupling portion 70.

[0190] As described with reference to FIG. 2, for some
applications of the invention, at least part ot holding wire 522
(e.g., wire 522f) is disposed in a connector 540 (e.g., connec-
tor 540f), which further couples coupling portion 70 to
upstream support portion 41 of support 40f. Holding wire
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522f'may be slidable through connector 540f. Connector 540f
is typically more rigid that holding wire 522f.

[0191] Itis hypothesized that adjusting the position of cou-
pling portion 70 of support-anchoring elements 66/, with
respect to upstream support portion 41 of prosthetic valve
support 40, allows prosthetic valve support 40fto be adapted
to the anatomy of the subject during and/or subsequent to the
implantation procedure.

[0192] Reference is made to FIG. 4, which is a schematic
illustration of prosthetic valve support 40, comprising adjust-
able prosthetic valve support 40g, which comprises tissue-
engaging elements 62, comprising support-anchoring ele-
ments 66g, in accordance with some applications of the
invention. Each support anchoring element 66g comprises, or
is coupled to, a holding wire 522, which is slidably coupled to
upstream support portion 41 of support 40g. During implan-
tation, support 40g is anchored to native valve 23 via support-
anchoring elements 66g. For example, elements 66g may
engage commissures 84 or leaflets 82 of the native valve, as
described herein. The distance between upstream support
portion 41 of support 40g and a coupling portion 70 (not
shown) of anchoring element 66g, is adjustable by adjusting
the length of holding wire 522g. Holding wire 522g is
coupled to a spool 460, such that operation (e.g., turning) of
spool 460 withdraws and/or ejects portions of the holding
wire, thereby adjusting the length of holding wire 522g that
couples the upstream support portion to the coupling portion,
thereby adjusting the distance between upstream support por-
tion 41 and coupling portion 70. Such adjustment of holding
wire 522¢ may be performed while support 40g is partially
deployed, or after the support has been fully deployed.
[0193] As described with reference to FIG. 2, for some
applications of the invention, at least part ot holding wire 522
(e.g., wire 522¢) is disposed in a connector 540 (e.g., connec-
tor 540), which further couples coupling portion 70 to
upstream support portion 41 of support 40g. Holding wire
522¢g may be slidable through connector 540g. In some appli-
cations, connector 540g is more rigid that holding wire 522g.
[0194] Itis hypothesized that adjusting the position of cou-
pling portion 70 of support-anchoring elements 66g, with
respect to upstream support portion 41 of prosthetic valve
support 40g, allows prosthetic valve support 40g to be
adapted to the anatomy of the subject during and/or subse-
quent to the implantation procedure.

[0195] Reference is made to FIG. 5, which is a schematic
illustration of prosthetic valve support 40, comprising gradu-
ated prosthetic valve support 40/, which comprises tissue-
engaging elements 62, comprising support-anchoring ele-
ments 66/, in accordance with some applications of the
invention. Each support-anchoring element 66/ is coupled to
upstream support portion 41 of support 40/ via a graduated
connector 542. Graduated connector 542 comprises a plural-
ity of coupling points 543, to which coupling portion 70 of
element 66/ is couplable. Prior to implantation of prosthetic
valve support 404, the distance between upstream support
portion 41 of support 40/ and coupling portion 70 is adjust-
able, by selecting the coupling point 543 to which each cou-
pling portion 70 is coupled.

[0196] Itis hypothesized that adjusting the position of cou-
pling portion 70 of support-anchoring elements 66/, with
respect to upstream support portion 41 of prosthetic valve
support 40/, allows prosthetic valve support 402 to be
adapted to the anatomy of the subject during and/or subse-
quent to the implantation procedure.
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[0197] Reference is made to FIG. 6, which is a schematic
illustration of prosthetic valve support 40, comprising flex-
ibly-anchored prosthetic valve support 40i, which comprises
tissue-engaging elements 62, comprising support-anchoring
elements 66/, in accordance with some applications of the
invention. Each support-anchoring element 66/ is coupled to
upstream support portion 41 of support 40i via a connector
540, such as flexible connector 544. Flexible connector 544
typically comprises a flexible material which typically, but
not necessarily, comprises polyethylene terephthalate (e.g.,
polyester), polytetrafluoroethylene (e.g., Teflon, ePTFE),
silicone (e.g., silicone rubber), and/or or pericardial tissue.
Flexible connector 544 facilitates movement of coupling por-
tion 70 of elements 66i/ to move with respect to upstream
support portion 41 of support 40i. It is hypothesized that this
flexibility allows elements 66i to anchor prosthetic valve
support 40i to the native valve (e.g., by coupling to leaflets
82), whilst allowing leaflets 82 to continue to function, at least
in part.

[0198] Reference is made to FIG. 7, which is a schematic
illustration of prosthetic valve support 40, comprising flex-
ibly-anchored prosthetic valve support 407, which comprises
tissue-engaging elements 62, comprising support-anchoring
elements 66/, in accordance with some applications of the
invention. Coupling portion 70 of each element 66/ is coupled
to upstream support portion 41 of support 40; via at least one
connector ring 548. Connector ring 548 typically facilitates
movement of coupling portion 70 with respect to upstream
support portion 41. Each support-anchoring element 66 typi-
cally comprises a connector 540, such as flexible connector
546. Flexible connector 546 typically comprises a flexible
material which typically, but not necessarily, comprises poly-
ethylene terephthalate (e.g., polyester), polytetrafluoroethyl-
ene (e.g., Teflon, ePTFE), silicone (e.g., silicone rubber),
and/or or pericardial tissue. Flexible connector 546 typically
further facilitates coupling portion 70 to move with respect to
upstream support portion 41 of support 40;. Itis hypothesized
that this flexibility allows elements 66; to anchor prosthetic
valve support 405 to the native valve (e.g., by coupling to
leaflets 82), whilst allowing leaflets 82 to continue to func-
tion, at least in part.

[0199] Reference is made to FIGS. 8 A-B, which are sche-
matic illustrations of prosthetic valve support 40, and pros-
thetic valve 42, the prosthetic valve comprising an integrally-
anchoring prosthetic valve 42a, which comprises support-
engaging elements 422 comprising a plurality of integral
support-engaging elements 424, in accordance with some
applications of the invention. For some applications of the
invention, support-engaging elements 422 comprise other
valve-anchoring elements described herein, such as valve-
anchoring elements 64.

[0200] Reference is now made to FIG. 8A. Prosthetic valve
42a comprises a lattice structure, comprising a plurality of
struts which typically collectively define a tessellation of
shapes and voids. In some regions of the prosthetic valve,
there is a separation between adjacent shapes. This separation
allows a portion of the shape to move or be moved out of the
plane of the lattice, thereby protruding from primary struc-
tural element 130 of prosthetic valve 42a when the prosthetic
valve is expanded. The protruding portion of the shapes
thereby form integral support-engaging elements 424, which
are typically configured to anchor prosthetic valve 424 to the
distal side of prosthetic valve support 40.
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[0201] Reference is made to FIG. 8B, which shows implant
30, comprising prosthetic valve 42a and prosthetic valve sup-
port 40, implanted in native valve 23. FIG. 8B shows implant
30, comprising prosthetic valve support 40 and prosthetic
valve 42a, implanted in native valve 23, comprising mitral
valve 24. Prosthetic valve support 40 typically comprises a
plurality of tissue-engaging elements 62, comprising sup-
port-anchoring elements 66, which engage leaflets 82 and/or
chordae tendineae 80, and/or commissures 84, thereby
anchoring support 40 to the native valve. Prosthetic valve 42a
is compressible (e.g., crimpable) and expandable, and typi-
cally comprises a shape-memory material, as described here-
inabove with reference to prosthetic valve 42. Prosthetic
valve 42a is configured (e.g., shape-set) such that support-
engaging elements 422, comprising integral support-engag-
ing elements 424, are biased to protrude from the surface of
primary structural element 130. In this application of the
present invention, primary structural element 130 of pros-
thetic valve 42a is generally cylindrical, and integral support-
engaging elements 424 protrude radially from the surface of
the cylinder. Because integral support-engaging elements 424
are formed from the regular repeating structure of the lattice
that forms prosthetic valve 42a, support-engaging elements
424 fit back into the plane of structural element 130 when
valve 424 is crimped into delivery tube 60, prior to and even
during implantation. Integral support-engaging elements
424, thereby typically do not increase the length nor the
transverse cross-sectional longest dimension of the crimped
configuration of prosthetic valve 42, as compared to those of
any other prosthetic valves that do not comprise support-
engaging elements 422, or that comprise elements 422 at a
proximal end thereof.

[0202] As described hereinabove, prosthetic valve 42 is
deployed by distal movement out of delivery tube 60. FIG. 8B
shows prosthetic valve 42a in a fully-deployed state, such that
integral support-engaging elements 424 have emerged from
delivery tube 60, and have assumed an unconstrained,
expanded, resting configuration in which the integral support-
engaging elements 424 protrude radially from the surface of
primary structural element 130 of the prosthetic valve. In an
expanded state of at least the proximal portion of valve 42a, as
shown in FIG. 8B, integral support-engaging elements 424
typically protrude up to and including 110 degrees (e.g.,
between 10 and 60 degrees, such as between 15 and 30
degrees) from the surface of primary structural element 130,
in a resting state of support-engaging elements 424. That is, in
the protruded state, the proximal portions of support-engag-
ing elements 424 are distanced further from structural ele-
ment 130 than the distal portions of support-engaging ele-
ments 424 which function as the pivot joints 74 between
support-engaging elements 424 and structural element 130,
as shown in FIG. 8A.

[0203] Inthe expanded state of support-engaging elements
424, the radially-protruding proximal portions thereof typi-
cally define a cross-sectional area, the longest dimension of
which is typically longer than a transverse cross-sectional
longest dimension of the lumen defined by prosthetic valve
support 40. That is, in the expanded state, support-engaging
elements 424 increase a longest transverse cross-sectional
length of prosthetic valve 42a, such that the longest transverse
cross-sectional length is longer than a longest transverse
cross-sectional length of the lumen defined by prosthetic
valve support 40. Thereby, the radially-protruding support-
engaging elements 424 restrict proximal movement of pros-
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thetic valve 42a with respect to prosthetic valve support 40,
thereby anchoring prosthetic valve 42q to the distal side of
prosthetic valve support 40, and to native valve 23.

[0204] Reference is made to FIGS. 9A-E, which are sche-
matic illustrations of delivery apparatus 438, used to deploy a
medical device 150, in accordance with some applications of
the invention. Delivery apparatus 438 comprises a delivery
tube 154 and a pushing member 140. Pushing member 140
comprises a support 142 and one or more coupling tabs 146,
extending from the support. Inthe application of the invention
shown in FIG. 9A, support 142 comprises a core 144, and
coupling tabs 146 extend radially from the core.

[0205] Insome applications of the invention, support 142 is
shaped to define a plate 148 at the proximal end of support
142. The dimensions and relative positions of support 142,
tabs 146, and plate 148 may be adjusted for the specific
medical device 150 to be deployed using delivery apparatus
438. Support 142 is shaped to define a plurality of conduits
492 (e.g., holes). Delivery apparatus 438 further comprises
one or more control filaments, such as retrieval wires 490,
slidably disposed in conduits 492. Typically, conduits 492
provide communication between a proximal side of support
142 and a circumference of the support, such that a proximal
end of each retrieval wire 490 is disposed at a site proximal to
delivery tube 154, and a distal end of each wire is reversibly
coupled to medical device 150, retrieval wires 490 extending
through conduits 492.

[0206] For some applications of the invention, retrieval
wires 490 are coupled to medical device 150 by being looped
around parts of the medical device (e.g., looped around a strut
of'the lattice structure, as shown in FIG. 9D), and are uncou-
plable from the medical device by being unlooped. For some
applications of the invention, retrieval wires 490 are coupled
to medical device 150 via a lock, such as a lock comprising a
plug disposed in a tubular member (e.g., as described with
reference to FIGS. 45A-C and/or 64A-C, mutatis mutandis).
It is to be noted that the scope of the present application
includes other techniques for coupling retrieval wires 490 to
medical device 150, and decoupling the retrieval wires. In the
application of the invention described with reference to FIGS.
9A-E, medical device 150 comprises prosthetic valve 42.
[0207] FIG. 9B shows prosthetic valve 42 in a compressed
(i.e., crimped) configuration for delivery and deployment
using delivery apparatus 438. Prosthetic valve 42 typically
has a lattice structure that defines a plurality of shapes, and
respective voids 126 (FIG. 9C), and has shape memory (de-
scribed in more detail hereinbelow, such as with reference to
FIGS.53A-C and 62A-D, mutatis mutandis). Prosthetic valve
42 is shown in a compressed (e.g., crimped) configuration,
and as shown in the enlarged image, a proximal portion of
valve 42 is disposed around (e.g., against) core 144 of pushing
member 140 such that each of coupling tabs 146 is disposed
within a respective void 126 defined by the lattice structure of
the prosthetic valve.

[0208] Prosthetic valve 42 and pushing member 140 are
disposed within the lumen of delivery tube 154. Delivery tube
154 restricts expansion of prosthetic valve 42, thereby hold-
ing the proximal portion of prosthetic valve 42 around core
144 of pushing member 140, in the configuration described
herein. Coupling tabs 146 restrict movement of prosthetic
valve 42 with respect to pushing member 140. Delivery tube
154 therefore facilitates coupling of prosthetic valve 42 to
pushing member 140 via coupling tabs 146. In applications of
the invention where pushing member 140 is shaped to define
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plate 148, the plate typically further facilitates this coupling
by restricting proximal movement of prosthetic valve 42 with
respect to the pushing member (i.e., by functioning as a cap).
Thereby, in the compressed configuration thereof, prosthetic
valve 42 is configured to be fixedly coupled to pushing mem-
ber 140.

[0209] A control tube 152 is typically coupled at a distal
end thereof to pushing member 140 (e.g., control tube 152 is
coupled to support 142). Control tube 152 is shaped so as to
define a lumen through which a guidewire tube 153 passes,
and control tube 152 is slidable with respect to and along
guidewire tube 153. Guidewire tube 153 houses guidewire 45
described hereinabove. Control tube 152 is slidably disposed
within a lumen of an overtube 155.

[0210] FIG. 9C shows prosthetic valve 42 partially
deployed from delivery tube 154. Pushing member 140, and,
thereby, prosthetic valve 42, are moved distally through deliv-
ery tube 154.

[0211] Reference is again made to FIG. 9C. Pushing mem-
ber 140 is pushed distally by pushing control tube 152 along
guidewire tube 153 such that pushing member 140 pushes
prosthetic valve 42. As pushing member 140 pushes valve 42
distally, distal portions of the prosthetic valve expand toward
the expanded configuration as they become exposed from
delivery tube 154, while the proximal end of valve 42 remains
coupled to pushing member 140 via tabs 146.

[0212] FIG. 9D shows prosthetic valve 42 having been fully
deployed from within delivery tube 154. Pushing member
140 and prosthetic valve 42 are moved further distally
through delivery tube 154 by control tube 152. When the
proximal portion of prosthetic valve 42 emerges from within
delivery tube 154, expansion of the proximal portion of pros-
thetic valve 42 uncouples the prosthetic valve from coupling
tabs 146 by expanding voids 126 away from tabs 146, thereby
releasing the prosthetic valve from pushing member 140. For
some applications, retrieval wires 490 are generally loose,
such that expansion of prosthetic valve 42 pulls the wires
through conduits 492, and radially outward from core 144.
For some applications, retrieval wires 490 are under tension,
and are released gradually, so as to control expansion of
prosthetic valve 42. That is, for some applications, the expan-
sion of prosthetic valve 42 is restricted (e.g., controlled) by
the distal advancement of retrieval wires 490.

[0213] Should it be necessary and/or desirable during
deployment, until medical device 150 (e.g., prosthetic valve
42) is released from pushing member 140 (i.e., while the
proximal portion of medical device 150 is crimped within
delivery tube 154), the deployed, expanded portions of medi-
cal device 150 (i.e., the portions of medical device 150 that
are exposed from delivery tube 154) may be drawn back into
delivery tube 154 (e.g., for repositioning or withdrawal of the
medical device).

[0214] Subsequent to deployment of prosthetic valve 42,
should it be necessary and/or desirable, the prosthetic valve
may be drawn back against support 142 (e.g., radially inward)
by proximally pulling retrieval wires 490. Subsequently,
prosthetic valve 42 may be drawn back, along with pushing
member 140, into delivery tube 154. That is, for some appli-
cations, prosthetic valve 42 is recompressible (i.e., the expan-
sion of prosthetic valve 42 is at least in part reversible) by
proximal retraction of retrieval wires 490.

[0215] FIG. 9E shows retrieval wires 490 having been
pulled proximally (e.g., by a user), such that wires 490 pull at
least part of prosthetic valve 42 into a compressed configu-
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ration around and against support 142. Prosthetic valve 42 is
thereby recoupled to pushing member 140. Pushing member
140 and prosthetic valve 42 are moved proximally and drawn
into delivery tube 154. Prosthetic valve 42 may subsequently
redeployed, or removed from the subject along with delivery
tube 154.

[0216] That is, (1) retrieval wires 490 are slidable through
conduits 492 of core 144, and reversibly couplable to pros-
thetic valve 42, and (2) delivery apparatus 438 is configured to
control and/or facilitate (a) expansion of prosthetic valve 42,
by the retrieval wires being advanced distally through the
conduits, and (b) recompression of prosthetic valve 42, by the
retrieval wires being retracted proximally through the con-
duits.

[0217] Reference is now made to FIGS. 9A-E and 1D-F. It
is to be noted that delivery tube 154 of FIGS. 9A-E is similar
to, and/or may comprise, delivery tube 60 of FIGS. 1D-F.
[0218] Reference is made to FIG. 10, which is a schematic
illustration of prosthetic valve support 40, comprising multi-
lumen prosthetic valve support 40, in accordance with some
applications of the invention. As described hereinabove, pros-
thetic valve support 40 is generally annular and shaped to
define a lumen, in which prosthetic valve 42 is deployed and
expanded. In the application of the invention illustrated in
FIG. 10, prosthetic valve support 40, comprising multi-lumen
prosthetic valve support 40a, is shaped to define two or more
lumens. That is, the wire frame of support 40a defines two or
more lumens. Prosthetic valve support 40q is typically cou-
plable to the native valve using techniques described herein
for coupling other prosthetic valve supports to the native
valve. For example, prosthetic valve support 40a may com-
prise tissue-engaging elements (e.g., support-anchoring ele-
ments). Similarly, other prosthetic valve supports described
herein may comprise prosthetic valve support 40a.

[0219] Prosthetic valve support 40qa is typically covered
with a covering 440, such as a fabric. Covering 440 may
comprise polyethylene terephthalate (e.g., polyester), poly-
tetrafluoroethylene (e.g., Tetflon, ePTFE), or pericardial tis-
sue. Typically, a thickness of covering 440 is less than 0.2
mm, e.g., less than 0.1 mm, or less than 0.05 mm. When
support 40a is supplied and/or implanted, covering 440 typi-
cally covers support 40a such that only a first lumen 444 is
open and configured to receive a prosthetic valve, and the
second lumen 446 is closed. That is, the wire frame of support
40a defines two or more lumens but the covering defines only
one lumen, thereby covering 440 functions as a seal 442.
[0220] In some applications of the invention, covering 440
is not disposed over second lumen 446; rather a different
element functions as seal 442. For example, a weaker and/or
softer material (e.g., pericardial tissue) or a removable plug
may be coupled to prosthetic valve support 40qa, and disposed
over second lumen 446 to function as seal 442.

[0221] Implant 30, comprising prosthetic valve 42 and
prosthetic valve support 40a, is implanted in native valve 23
(e.g., as described with reference to FIGS. 1A-H, mutatis
mutandis), whereby prosthetic valve prosthetic valve 42 is
deployed in first lumen 444 of the support. At a later time, a
second prosthetic valve may be introduced by deploying the
second prosthetic valve in second lumen 446. That is, at a first
period, prosthetic valve support 40q facilitates implantation
of a first prosthetic valve at the native valve, and at a second
period, the prosthetic valve support facilitates implantation of
a second prosthetic valve at the native valve. In some appli-
cations of the invention, seal 442 is opened, and thereby
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configured to receive a prosthetic valve (e.g., by being bro-
ken, cut and/or torn) by the introduction of the second pros-
thetic valve. In other applications, seal 442 is opened with a
cutting tool (not shown) prior to deployment of the second
prosthetic valve. In some applications of the invention, seal
442 is uncoupled from support 40q, prior to deployment of
the second prosthetic valve.

[0222] For some applications of the invention, following
the deployment of the second prosthetic valve, the first pros-
thetic valve (i.e., prosthetic valve 42) is disabled (e.g.,
sealed). For example, an expandable plug may be expanded in
the lumen of the first prosthetic valve.

[0223] Prosthetic cardiac valves typically require replace-
ment after several years (e.g., after 2-20 years, such as after
5-10 years). For example, the condition of the subject may
change and/or components of the prosthetic valve (e.g., pros-
thetic valve leaflets) may suffer fatigue. It is hypothesized that
multi-lumen prosthetic valve support 40a allows a second
prosthetic valve to be implanted in the native valve, the sec-
ond prosthetic valve being supported by the originally-im-
planted prosthetic valve support 40a. The first prosthetic
valve may be sealed, for example, if the original prosthetic
valve allows, or is predicted to allow, retrograde leakage.
Implantation of a second prosthetic valve is hypothesized to
increase the lifespan of implant 30.

[0224] Reference is made to FIG. 11, which is a schematic
illustration of prosthetic valve 40, comprising extended-lu-
men prosthetic valve support 40¢, in accordance with some
applications of the invention. As described hereinabove, pros-
thetic valve support 40 is generally annular and shaped to
define a lumen, in which prosthetic valve 42 is deployed and
expanded. Extended-lumen prosthetic valve support 40¢ is
shaped to define a lumen 448, which has an extended dimen-
sion. That is, the wire frame of support 40e typically defines
lumen 448, which has (1) a primary region 447, and (2) a
secondary region 449 that is generally not filled by expansion
of prosthetic valve 42 in the lumen. Typically, lumen 448 has
a first length that is longer than, and generally orthogonal to,
a second length, and has one or more concave portions. For
example, lumen 448 may be generally shaped to define an
oval or ellipse with one or more concave portions generally
midway along the first length (e.g., a Cassini oval or a hippo-
pede). Prosthetic valve support 40e is typically couplable to
the native valve using techniques described herein for cou-
pling other prosthetic valve supports to the native valve. For
example, prosthetic valve support 40e may comprise tissue-
engaging elements (e.g., support-anchoring elements). Simi-
larly, other prosthetic valve supports described herein may
comprise prosthetic valve support 40e.

[0225] Prosthetic valve support 40¢ is typically covered
with a covering 440, such as a fabric. Covering 440 may
comprise polyethylene terephthalate (e.g., polyester), poly-
tetrafluoroethylene (e.g., Tetlon, ePTFE), or pericardial tis-
sue. Typically, a thickness of covering 440 is less than 0.2
mm, e.g., less than 0.1 mm, or less than 0.05 mm. When
support 40¢ is supplied and/or implanted, covering 440 typi-
cally covers support 40e such that secondary region 449 is
closed. That is, the wire frame of support 40e defines a gen-
erally elongated lumen 448, whilst covering 440 defines a
generally round primary region 447. In this manner, covering
440 functions as a seal 442 over secondary region 449.
[0226] In some applications of the invention, covering 440
is not disposed over secondary region 449; rather a different
element functions as seal 442. For example, a weaker and/or
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softer material (e.g., pericardial tissue) or a removable plug
may be coupled to prosthetic valve support 40e, and disposed
over secondary region 449, so as to function as seal 442.
[0227] Implant 30, comprising prosthetic valve 42 and
prosthetic valve support 40e¢, is implanted in native valve 23
(e.g., as described with reference to FIGS. 1A-H), whereby
prosthetic valve 42 is deployed in primary region 447 of the
support. At a later time, a second prosthetic valve may be
introduced by deploying the second prosthetic valve in sec-
ondary region 449. That is, at a first period, prosthetic valve
support 40e¢ facilitates implantation of a first prosthetic valve
atthe native valve, and at a second period, the prosthetic valve
support facilitates implantation of a second prosthetic valve at
the native valve. In some applications of the invention, seal
442 is opened (e.g., broken, cut and/or torn) by the introduc-
tion of the second prosthetic valve. In other applications, seal
442 is opened with a cutting tool (not shown) prior to deploy-
ment of the second prosthetic valve. In some applications of
the invention, seal 442 is uncoupled from support 40e, prior to
deployment of the second prosthetic valve.

[0228] Typically, expansion of the second prosthetic valve
during deployment deforms the first prosthetic valve (i.e., a
radially-expansive force of the second prosthetic valve is
stronger than that of the first prosthetic valve). For example,
following deployment of the second valve, the first valve may
assume a lune shape or a generally semicircular shape. In
some applications of the invention, the second prosthetic
valve is shaped to fit into secondary region 449 without
deforming the first prosthetic valve.

[0229] Prosthetic cardiac valves typically require replace-
ment after several years (e.g., after 2-20 years, such as after
5-10 years). For example, the condition of the subject may
change and/or components of the prosthetic valve (e.g., pros-
thetic valve leaflets) may suffer fatigue. It is hypothesized that
extended-lumen prosthetic valve support 40 allows a second
prosthetic valve to be implanted in the native valve, the sec-
ond prosthetic valve being supported by the originally-im-
planted prosthetic valve support 40. The first prosthetic valve
may be sealed, as described hereinabove, for example, if the
original prosthetic valve allows, or is predicted to allow, ret-
rograde leakage. Implantation of a second prosthetic valve is
hypothesized to increase the lifespan of implant 30.

[0230] Reference is made to FIGS. 12A-B, which are sche-
matic illustrations of prosthetic valve support 40, comprising
adjustable-lumen prosthetic valve support 405, in accordance
with some applications of the invention. As described here-
inabove, expansion of prosthetic valve 42 is restricted by the
lumen of prosthetic valve support 40. As further described
hereinabove, the optimum lumen size may depend on the
individual subject and/or condition being treated. Adjusting
the size of the lumen of prosthetic valve 42 is hypothesized to
alter the flow of blood through the prosthetic valve, and the
sealing of leaflets 82 of the native valve against the outer
surface of the prosthetic valve. In some applications of the
invention, the size of the area defined by the annulus of the
native valve is measured (e.g., using a measuring ring and/or
using imaging techniques), and appropriately-sized pros-
thetic valve 42 and prosthetic valve support 40 are selected for
implantation. FIGS. 12A-B show adjustable-lumen pros-
thetic valve support 405, which comprises a spool 461 and a
tightening wire 462. Tightening wire 462 typically forms a
loop around a central portion of support 405 (e.g., threadedly
coupled around an inner edge 68), and is coupled to spool 461
such that the tightening wire can be tightened (i.e., shortened)
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via spool 461. FIG. 12A shows support 406 with a larger
lumen (i.e., when tightening wire 462 is relatively loose) and
FIG. 12B shows support 405 with a smaller lumen, following
tightening of tightening wire 462 with a tightening tool 464.
[0231] For some applications, prosthetic valve support 405
and prosthetic valve 42 are implanted as described herein
(e.g., with reference to FIGS. 1A-H), and tightening wire 462
is subsequently tightened. For some applications, the annulus
of the native valve is measured, and tightening wire 462 is
responsively adjusted, prior to implantation. For some appli-
cations, following measurement of the native valve, and prior
to implantation, a support 405 of appropriate size is selected
from a range.

[0232] Reference is made to FIGS. 13A-D, which are sche-
matic illustrations of prosthetic valve support 40, comprising
asymmetric prosthetic valve support 40c, in accordance with
an application of the invention. As described hereinabove,
support 40 is generally annular, and shaped to define a lumen.
FIG. 13 A shows that the lumen defined by support 40c¢ (i.e.,
oblique lumen 480) is typically not central with respect to the
support. That is, support 40c¢ is typically rotationally asym-
metric. Support 40c typically defines a total cross-sectional
area of between 16 cm™2 and 38 cm"™2 (e.g., between 22 cm"2
and 28 cm"2). Typically, the cross-sectional area of lumen
480 is less than 70% (e.g., less than 60%, or less than 40%) of
the cross-sectional area of area of support 40c. For example,
for some applications, the cross-sectional area of lumen 480
has a longest length of less than 25 mm, e.g., less than 20 mm,
and/or more than 15 mm, e.g., 15-25 mm. As described here-
inabove, for some applications, surfaces of prosthetic valve
support 40 are covered with a covering so as to direct sub-
stantially all blood to flow through the lumen of prosthetic
valve 42. Asymmetric prosthetic valve support 40c¢ is typi-
cally not covered, i.e., the lattice structure of which the sup-
port is comprised, is exposed.

[0233] FIG. 13B shows prosthetic valve support 40c having
been deployed to the annulus of native valve 23, as described
herein (e.g., with reference to FIGS. 1A-H). For the applica-
tions of the invention described with reference to FIGS. 13 A-
D, prosthetic valve support typically comprises a plurality of
tissue-engaging elements (e.g., support-anchoring elements),
such as those described herein (not shown in FIGS. 13A-D).
Support-anchoring elements 66 are typically configured and
oriented to engage commissures 84 of the native valve, so as
to anchor support 40 to the native valve whilst allowing leaf-
lets 82 to continue to function. Prosthetic valve support 40c is
typically deployed to native valve 23 such that lumen 480 is
positioned over (i.e., proximal to) a place of coaptation of the
two leaflets 82 of the native valve. Subsequently, prosthetic
valve 42 is deployed in lumen 480 (as described hereinabove;
e.g., with reference to FIGS. 1A-H), such that, in the
expanded state, prosthetic valve 42 is disposed between leaf-
lets 82.

[0234] FIG. 13C shows implant 30, comprising prosthetic
valve support 40c and prosthetic valve 42, implanted in native
valve 23, in accordance with an application of the invention.
Typically, but not necessarily, prosthetic valve 42 does not
comprise valve-anchoring elements 64. Rather, prosthetic
valve 42 is typically anchored to native valve 23 by being
coupled to support 40c, which is, itself, anchored to the native
valve, as described hereinabove. Prosthetic valve 42 is posi-
tioned between leaflets 82 of the native valve, due to the
oblique position of lumen 480 of support 40c. Typically,
leaflets 82 are generally free to move with respect to the
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prosthetic valve, and move proximally and distally with the
beating of the heart, coapting and sealing around prosthetic
valve 42. This movement of leaflets 82 is facilitated by sup-
port 40¢ being uncovered and fluid communication being
maintained between atrium 26 and ventricle 28 through the
lattice structure of support 40c. For example, when native
valve 23 comprises mitral valve 24, during diastole, leaflets
82 open, and left atrial blood moves into the left ventricle,
both through and around prosthetic valve 42 (i.e., through the
lumen of prosthetic valve 42 and through the exposed lattice
structure of support 40c¢). During systole, leaflets 82 close,
i.e., coapt together, and seal around prosthetic valve 42,
restricting retrograde movement of blood.

[0235] It is hypothesized that over a period of time (e.g., a
week, e.g., a month, e.g., a year) following implantation of
implant 30 comprising support 40c, movement of leaflets 82
is reduced (e.g., due to tissue growth and/or calciferous
deposits), such that the functionality of native valve 23 is
gradually reduced, and the proportion of blood that flow
through prosthetic valve 42, relative to that which flows
around the prosthetic valve, is increased. That is, over time,
prosthetic valve 42 takes over the function of native valve 23.
[0236] Reference is made to FIG. 14, which is a schematic
illustration of prosthetic valve support 40, comprising pros-
thetic valve support 40d, which comprises tissue-engaging
elements 62, comprising a plurality of support-anchoring ele-
ments 66a, in accordance with some applications of the
invention. Typically, support 40d comprises two elements
664, typically coupled to inner edge 68, and positioned gen-
erally opposite each other. Elements 66a typically comprise
two or more (e.g., three) coupling portions 70, which extend
radially from a structural component 71. FIG. 14 shows ele-
ments 66a comprising three coupling portions 70, arranged in
a T-shape. Support 404 is typically deployed in the native
valve such that elements 66a are oriented toward commis-
sures 84 of the native valve, and engage both the commissures
and the closest regions of leaflets 82. It is hypothesized that
this structure and positioning of elements 66a anchor support
40d to the native valve, whilst allowing leaflets 82 to move,
thereby allowing native valve 23 to continue to function, at
least partly, until prosthetic valve 42 is deployed.

[0237] Reference is made to FIGS. 15A-E, which are sche-
matic illustrations of the implantation of prosthetic valve
support 40 and prosthetic valve 42, in accordance with some
applications of the invention. Prosthetic valve 42 is compress-
ible (e.g., crimpable) and expandable, and typically com-
prises a shape-memory material, as described hereinabove.
FIG. 15A shows prosthetic valve support 40 having been
deployed to the annulus of native valve 23, and prosthetic
valve 42 having been delivered, in the crimped configuration
thereof, within delivery tube 60q, to the native valve. Pros-
thetic valve 42 and delivery tube 60a are disposed in the
lumen of native valve 23. Leaflets 82 of the native valve
typically coapt and seal around delivery tube 60a. The proxi-
mal end of delivery tube 60a is shown open.

[0238] FIG. 15B shows delivery tube 60a being moved
distally while prosthetic valve 42 remains relatively station-
ary, thereby exposing the prosthetic valve from the delivery
tube. As portions of prosthetic valve 42 are exposed, they
expand from the crimped configuration to an expanded con-
figuration. Typically, expansion of the proximal portion of
prosthetic valve 42 facilitates coupling of the prosthetic valve
to prosthetic valve support 40. In the application of the inven-
tion illustrated by FIGS. 15A-E, prosthetic valve 42 is shaped
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to define a widened proximal end, which facilitates coupling
of prosthetic valve 42 to prosthetic valve support 40. Itis to be
noted that the scope of the present application includes other
configurations of prosthetic valve 42, such as those included
herein.

[0239] FIG. 15C shows delivery tube 60a having been
removed entirely from prosthetic valve 42, and prosthetic
valve 42 having expanded to its expanded configuration, the
expansion facilitating coupling of the prosthetic valve to sup-
port 40 and, thereby, native valve 23. Delivery tube 60a is
shown in left ventricle 28 of the heart.

[0240] FIGS. 15D and 15E show delivery tube 60a being
withdrawn proximally, through the lumen of prosthetic valve
42. Delivery tube 60a is subsequently removed from the
subject. Typically, delivery tube 60a is withdrawn between
leaflets of prosthetic valve 42 (not shown), which are typi-
cally disposed in the lumen of the prosthetic valve. Typically,
delivery tube 60a is withdrawn into overtube 44 prior to
removal from the subject. It is to be noted that the scope of the
present application includes deployment of the prosthetic
valve from the distal (i.e., ventricular) side of native valve 23,
and the withdrawal of the delivery tube via the lumen of the
prosthetic valve. It is hypothesized that this approach facili-
tates maneuvering of implant components and delivery appa-
ratus, both for delivery of implant 30 and for withdrawal of
delivery apparatus. For example, this approach is hypoth-
esized to require less space on the proximal side of the native
valve (e.g., in atrium 26), compared to techniques whereby
the prosthetic valve is deployed from the proximal side of the
native valve.

[0241] Reference is made to FIG. 16, which is a schematic
illustration of prosthetic valve support 40 being deployed in
native valve 23, comprising mitral valve 24, in accordance
with some applications of the invention. Support 40 is typi-
cally delivered to the native valve in a compressed (e.g.,
crimped) configuration, within overtube 44. In the com-
pressed configuration, support 40 typically assumes a tubular
shape, having a proximal end and a distal end. Typically, the
distal end is defined by inner edge 68 (described herein-
above), and tissue-engaging elements 62, comprising sup-
port-anchoring elements 66, extend distally from the distal
end. To deploy support 40, the support is moved (e.g., pushed)
through overtube 44, such that support-anchoring elements
66 emerge from the overtube. Support-anchoring elements 66
engage native valve 23, typically by grasping leaflets 82,
commissures 84, and/or chordae 80 of the native valve. Sub-
sequently, the remaining portions of support 40 (e.g.,
upstream support portion 41) are moved out of overtube 44,
and support 40 expands to assume its expanded, generally
annular, shape. Prosthetic valve support 40 is thereby
anchored to the native valve, typically with upstream support
portion 41 held against the annulus of the native valve, by
support-anchoring elements 66 (e.g., as described herein-
above).

[0242] In some applications of the invention, support-an-
choring elements 66 are configured and/or arranged so as to
anchor prosthetic valve support 40 to the native valve (e.g., by
engaging leaflets 82, and/or commissures 84, and/or chordae
tendineae 80), whilst allowing leaflets 82 to continue to func-
tion, at least in part.

[0243] In some applications of the invention, should it be
necessary and/or desirable, support 40 is retrievable before it
is fully deployed, by withdrawing the support proximally,
back into overtube 44.
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[0244] In some applications, should it be necessary and/or
desirable, support 40 is retrievable after it has been fully
deployed. For example, support 40 may be drawn back
around and against a pushing member of delivery apparatus,
recompressing support 40 for withdrawal into a delivery tube,
in a similar way to the technique described with reference to
FIGS. 9A-E, mutatis mutandis. Prosthetic valve support 40
may subsequently be removed from the subject, and/or repo-
sitioned, and/or redeployed.

[0245] Reference is made to FIGS. 17A-D, which are sche-
matic illustrations of support 40, comprising tissue-engaging
elements 62, which comprise support-anchoring elements 66,
comprising length-adjustable holding elements 600, in accor-
dance with some applications of the invention. Native heart
valves vary naturally in various dimensions, such as, but not
limited to, the length, width and/or thickness of leaflets 82,
the distance between commissures 84, and/or the distance
between fibrous trigones. In this context, in the specification
and in the claims, these varying parameters are referred to as
“dimensions.” Length-adjustable holding elements 600 are
configured such that the distance between coupling portion
70 and upstream support portion 41 of prosthetic valve sup-
port 40 is adjustable. This adjustability typically facilitates
placement (i.e., implantation) of the prosthetic valve support
at native valves of different dimensions, such that (1)
upstream support portion 41 is placeable against the proximal
(i.e., atrial) side of the prosthetic valve, and (2) coupling
portion 70 is placeable on the distal (i.e., ventricular) side of
the native valve (e.g., to engage the native leaflets and/or
commissures, as described hereinabove).

[0246] For some applications, coupling portions 70 engage
(e.g., are coupled to) leaflets 82 and/or commissures 84 of
native valve 23 while prosthetic valve support 40 is still in a
partially-deployed configuration (e.g., as described with ref-
erence to FIGS. 1B and 16). For some applications, support
40 is first expanded, upstream support portion 41 is then
placed against the annulus of the native valve, and coupling
portions 70 subsequently engage (e.g., are coupled to) the
leaflets and/or commissures.

[0247] In the applications of the invention described with
reference to FIGS. 17A-D, holding elements 600 are typically
biased to assume a contracted configuration, and are typically
expanded (e.g., stretched) so as to couple portions 70 to the
native valve. This bias thereby provides a pulling force, which
is hypothesized to facilitate coupling of prosthetic valve sup-
port 40 to native valve 23 by sandwiching the native valve
between upstream support portion 41 and coupling portion
70, in some applications of the invention.

[0248] Typically, adjustment and/or other manipulation of
support-anchoring elements 66, comprising length-adjust-
able holding elements 600, may be performed prior to the
implantation procedure, e.g., following imaging-based sizing
of'one or more dimensions of native valve 23 (e.g., of leaflets
82, and/or of the annulus of the native valve), and/or during
the implantation procedure (e.g., when the prosthetic valve
support is at the site of implantation).

[0249] FIG. 17A shows prosthetic valve support 40, com-
prising prosthetic valve support 40z, which comprises sup-
port-anchoring elements 66, comprising support-anchoring
elements 66n. Each support-anchoring element 66z com-
prises a coupling portion 70, coupled to upstream support
portion 41 of support 40% via a length-adjustable holding
element 600, comprising a stretchable holding element 6007.
Stretchable holding element 6007 comprises a tension spring,
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typically comprising a coil spring. Stretchable holding ele-
ment 6007 facilitates adjusting the distance between coupling
portion 70 and upstream support portion 41 such that, for
native valves of different dimensions, (1) upstream support
portion 41 is placeable against the proximal (i.e., atrial) side
of the prosthetic valve, and (2) coupling portion 70 is place-
able on the distal (i.e., ventricular) side of the native valve
(e.g., to engage the native leaflets and/or commissures, as
described hereinabove).

[0250] FIG. 17B shows prosthetic valve support 40, com-
prising prosthetic valve support 40p, which comprises sup-
port-anchoring elements 66, comprising support-anchoring
elements 66p. Each support-anchoring element 66p com-
prises a coupling portion 70, coupled to upstream support
portion 41 of support 40p via length-adjustable holding ele-
ment 600, comprising a stretchable holding element 600p.
Stretchable holding element 600p comprises a tension spring,
typically comprising a zigzag-shaped piece of material, such
as a shape-memory material, e.g., nitinol. Stretchable holding
element 600p facilitates adjusting the distance between cou-
pling portion 70 and upstream support portion 41 such that,
for native valves of different dimensions, (1) upstream sup-
port portion 41 is placeable against the proximal (i.e., atrial)
side of the prosthetic valve, and (2) coupling portion 70 is
placeable on the distal (i.e., ventricular) side of the native
valve (e.g., to engage the native leaflets and/or commissures,
as described hereinabove).

[0251] FIG. 17C shows prosthetic valve support 40, com-
prising prosthetic valve support 40g, which comprises sup-
port-anchoring elements 66, comprising support-anchoring
elements 66g. Each support-anchoring element 66g com-
prises a coupling portion 70, coupled to upstream support
portion 41 of support 40¢ via length-adjustable holding ele-
ment 600, comprising a stretchable holding element 600g.
Stretchable holding element 6004 comprises a tension spring,
typically comprising an elastic tube 602, such as a tube of
elastic silicone. Stretchable holding element 6004 facilitates
adjusting the distance between coupling portion 70 and
upstream support portion 41 such that, for native valves of
different dimensions, (1) upstream support portion 41 is
placeable against the proximal (i.e., atrial) side of the pros-
thetic valve, and (2) coupling portion 70 is placeable on the
distal (i.e., ventricular) side of the native valve (e.g., to engage
the native leaflets and/or commissures, as described herein-
above).

[0252] For some applications of the invention, stretchable
holding element 6004 further comprises a limiting wire 604,
typically coupled to upstream support portion 41 and cou-
pling portion 70. Limiting wire 604 is generally non-elastic,
and is configured to limit the expansion (i.e., stretching) of
holding element 600g. For example, limiting wire may be
configured to prevent overstretching of holding element
600g, e.g., to prevent failure of the holding element. Typi-
cally, limiting wire 604 is longer than the length of elastic tube
602 in the relaxed (i.e., contracted) configuration thereof, and
is shorter than the length of elastic tube 602 in a maximally-
expanded (i.e., maximally-stretched) configuration thereof.
In the relaxed (i.e., contracted) configuration of elastic tube
602, limiting wire 604 is typically loose (e.g., generally bent,
crumpled, flexed). When elastic tube 602 is expanded (i.e.,
stretched), limiting wire 604 typically becomes taut (e.g.,
generally straight), thereby limiting the expansion of elastic
tube 602 to generally the length of limiting wire 604.
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[0253] It is to be noted that the scope of the present inven-
tion includes the use of limiting wire 604 in combination with
other length-adjustable holding elements including, but not
limited to, stretchable holding element 6007, described with
reference to FIG. 17A.

[0254] FIG. 17D shows prosthetic valve support 40, com-
prising prosthetic valve support 40w, which comprises sup-
port-anchoring elements 66, comprising support-anchoring
elements 66u. Each support-anchoring element 66u# com-
prises a coupling portion 70, coupled to upstream support
portion 41 of support 40u via a length-adjustable holding
element 600, comprising a stretchable holding element 600z.
Stretchable holding element 600« facilitates adjusting the
distance between coupling portion 70 and upstream support
portion 41 such that, for native valves of different dimensions,
(1) upstream support portion 41 is placeable against the
proximal (i.e., atrial) side of the prosthetic valve, and (2)
coupling portion 70 is placeable on the distal (i.e., ventricu-
lar) side of the native valve (e.g., to engage the native leaflets
and/or commissures, as described hereinabove). Stretchable
holding element 600« comprises a tension spring, typically
comprising a coil spring 610. For some applications of the
invention, coil spring 610 is generally similar to the coil
spring of stretchable holding element 600%, as described
hereinabove. Stretchable holding element 600 further com-
prises, or is coupled to, a restrictor 612. Restrictor 612 typi-
cally holds spring 610 in an expanded (i.e., stretched) con-
figuration. Typically, restrictor 612 is decouplable from
spring 610. For some applications, restrictor 612 may be
mechanically removed by the user. For some applications,
restrictor 612 may comprise a material that disintegrates in
the body (e.g., a material that is at least in part soluble and/or
biodegradable and/or bioresorbable). For these applications,
restrictor 612 typically disintegrates over a predictable period
oftime e.g., between 15 minutes and 1 week, such as between
30 minutes and 3 days, for example, between 1 h and 1 day.
For some applications, restrictor 612 is configured to
decouple from (i.e., release) spring 610 gradually, e.g., in
stages. For some applications, restrictor 612 is coupled to
spring 610 and/or another part of prosthetic valve support
40u, such that, following the release of spring 610, the restric-
tor is retained so as not to enter the vasculature of the subject.
[0255] When spring 610 is released from restrictor 612, the
spring relaxes (i.e., contracts), and provides a pulling force
that sandwiches the native valve between support 40 and
coupling elements 70, e.g., as described hereinabove, mutatis
mutandis.

[0256] Reference is made to FIGS. 18A-B, which are sche-
matic illustrations of prosthetic valve support 40, which com-
prises support-anchoring elements 66, comprising length-
adjustable holding elements 600, in accordance with some
applications of the invention.

[0257] FIG. 18A shows prosthetic valve support 40, com-
prising prosthetic valve support 407, which comprises sup-
port-anchoring elements 66, comprising support-anchoring
elements 66r. Each support-anchoring element 667 com-
prises a coupling portion 70, coupled to upstream support
portion 41 of support 407 via length-adjustable holding ele-
ment 600, comprising a telescopic holding element 6007.
Telescopic holding element 600 comprises a plurality of
portions, typically cylinders, which are slidable over and/or
through each other. FIG. 18A shows telescopic holding ele-
ment 6007 comprising two externally-threaded cylinders con-
nected by an internally-threaded cylinder, and configured



US 2014/0324164 Al

such that rotation of the internally-threaded cylinder with
respect to the externally-threaded cylinders adjusts the dis-
tance between the externally-threaded cylinders. Thereby,
rotation of the internally-threaded cylinder adjusts the dis-
tance between coupling portion 70 and upstream support
portion 41. Adjustment of this distance may be performed
prior to implantation of prosthetic valve support 407, and/or
during the implantation procedure (e.g., after deployment of
support 407).

[0258] Reference is again made to FIGS. 17A-D, and 18A-
B. The applications of the invention described with reference
to FIGS. 17A-D, comprise support-anchoring elements 66
that comprise length-adjustable holding elements 600, such
as stretchable holding elements 6007, 600p, and 600g. In
addition to being axially stretchable, these holding elements
are typically laterally flexible. This flexibility is hypothesized
to be advantageous in some applications of the invention. For
example, in some applications, leaflets 82 of the native valve
may continue to function, at least in part, after support-an-
choring elements 66 are coupled to the leaflets. In contrast,
the adjustable holding elements 600 described with reference
to FIGS. 18A-B (i.e., elements 6007 and 600¢) are typically
laterally rigid.

[0259] Reference is again made to FIG. 18B, which shows
prosthetic valve support 40, comprising prosthetic valve sup-
port 40z, which comprises support-anchoring elements 66,
comprising support-anchoring elements 66¢, in accordance
with some applications of the invention. Each support-an-
choring element 667 comprises a coupling portion 70, coupled
to upstream support portion 41 of support 407 via length-
adjustable holding element 600, comprising a telescopic
holding element 600¢. Telescopic holding element 6007 com-
prises a plurality of portions, typically cylinders, which are
slidable over and/or through each other. FIG. 18B shows
telescopic holding element 6007 comprising two overlapping
cylinders. Sliding of the cylinders over each other adjusts the
distance between coupling portion 70 and upstream support
portion 41. Adjustment of this distance may be performed
prior to implantation of prosthetic valve support 40z, and/or
during the implantation procedure (e.g., after deployment of
support 407).

[0260] Typically, telescopic holding element 6007 further
comprises another element (not shown), which controls and/
or adjusts the sliding of the cylinders described hereinabove.
For example, element 6007 may comprise a tension spring,
such as those described with reference to FIGS. 17A-D, typi-
cally disposed inside the lumen defined by the overlapping
cylinders. The combination of the tension spring with the
overlapping cylinders combines the stretchability described
with reference to FIGS. 17A-D, with the rigidity described
with reference to FIGS. 18A-B.

[0261] Reference is made to FIG. 19, which is a schematic
illustration of prosthetic valve support 40, comprising pros-
thetic valve support 40v, which comprises support-anchoring
elements 66, comprising support-anchoring elements 66v, in
accordance with some applications of the invention. Each
support-anchoring element 66v comprises a coupling portion
70, coupled to upstream support portion 41 of support 40v via
length-adjustable holding element 600, comprising length-
adjustable holding element 600v. Element 600v comprises a
strap 630 and a strap adjuster 632 (e.g., a buckle, a ladder
lock, a tri-glide). Strap 630 and adjuster 632 are configured
and arranged such that the distance between coupling portion
70 and upstream support portion 41 is adjustable by sliding
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adjuster 632 along strap 630, and/or by sliding at least part of
strap 630 through adjuster 632. That is, strap 630 and strap
adjuster 632 are generally similar to the strap and adjustor of
a bag, such as a backpack. Adjustment of element 600v may
be performed prior to implantation of prosthetic valve support
40v, and/or during the implantation procedure (e.g., after
deployment of support 40v).

[0262] Non-limiting examples of materials which strap 630
and/or strap adjuster 632 may comprise, include polyester,
PTFE (e.g., ePTFE), nylon, cotton, nitinol, stainless steel,
nickel cobalt, and cobalt chrome.

[0263] Reference is made to FIGS. 20A-F, which are sche-
matic illustrations of prosthetic valve support 40, comprising
support-anchoring elements 66, comprising flexible support-
anchoring elements 720, in accordance with some applica-
tions of the invention. Elements 720 comprise a coupling
portion 70 and a connector 540, which comprises (1) a flex-
ible material 722, such as a fabric (e.g., covering 440), peri-
cardial tissue, and/or a polymer, and (2) one or more stiffen-
ing filaments 724. Filaments 724 typically comprise a
material that is stiffer and/or more resilient than flexible mate-
rial 722. For example, filaments 724 may comprise a metallic
or plastic wire. Filaments 724 are coupled to material 722,
such as by weaving and/or by gluing. The absolute and rela-
tive quantities and configurations of material 722 and fila-
ments 724, may be generated and/or selected so as to provide
adesired stiffness of'an element 720. For example, an element
720 that comprises more and/or more densely-woven fila-
ments 724 may be selected for applications that require a
stiffer element 720. Conversely, an element 720 that com-
prises fewer and/or less densely-woven filaments 724 may be
selected for applications that require a more flexible element
720. FIGS. 20A-F show elements 720 comprising flexible
support-anchoring elements 720a-f, comprising various rela-
tive quantities of material 722 and filaments 724, in accor-
dance with respective applications of the invention. These
figures are not intended to limit the scope of the invention but,
rather, to illustrate the variability of the invention as a whole,
and of elements 720 in particular.

[0264] For some applications, a kit is provided, containing
a plurality of prosthetic valve supports 40, each prosthetic
valve support comprising a flexible support-anchoring ele-
ment 720 having a different configuration of material 722 and
filaments 724, and thereby a different flexibility (e.g., ele-
ments 720a-720f). A user typically selects a support 40 that
comprises a support-anchoring element 720 of a desired con-
figuration for a particular application.

[0265] For some applications, a kit is provided, containing
(1) at least one prosthetic valve support 40 (i.e., upstream
support portion 41), and (2) a plurality of flexible support-
anchoring elements 720, each element 720 having a different
configuration of material 722 and filaments 724, and thereby
a different flexibility. A user typically (1) selects a support-
anchoring element 720 of a desired configuration for a par-
ticular application, and (2) couples the selected element 720
to the upstream support portion 41.

[0266] For some applications, a kit is provided, containing
(1) at least one prosthetic valve support 40 (i.e., upstream
support portion 41), (2) at least one coupling portion 70, and
(3) a plurality of connectors 540, each connector 540 having
a different configuration of material 722 and filaments 724,
and thereby a different flexibility. A user typically (1) selects
a connector 540 of a desired configuration for a particular



US 2014/0324164 Al

application, and (2) couples the selected connector 540 to the
coupling portion 70, and to the upstream support portion 41.
[0267] Reference is made to FIGS. 21A-C, which are sche-
matic illustrations of prosthetic valve 42, comprising pros-
thetic valve 42/, in accordance with some applications of the
invention. Prosthetic valve 42 comprises at least one support-
engaging element 422, comprising inflatable support-engag-
ing element 426, disposed on the outer surface of primary
structural element 130 of prosthetic valve 42/. FIGS. 21A-B
show prosthetic valve 42 comprising one annular inflatable
support-engaging element 426, disposed circumferentially
around primary structural element 130. Typically, prosthetic
valve support 40 comprises one or more support-anchoring
elements (not shown; e.g., support-anchoring elements 66, as
described herein) which anchor the prosthetic valve support
to native valve 23.

[0268] FIG. 21A shows prosthetic valve 42j and prosthetic
valve support 40. Following the deployment of prosthetic
valve support 40 against the annulus of native valve 23, pros-
thetic valve 42/ is passed through the lumen of the prosthetic
valve support as described hereinabove (e.g., with reference
to FIGS. 1A-H). As described hereinabove, prosthetic valve
42jis typically less than fully expanded (e.g., prosthetic valve
42jis partially expanded) when it is passed through the lumen
of the prosthetic valve. Accordingly, FIG. 21A shows pros-
thetic valve 42; in a partially-expanded configuration.
[0269] FIG. 21B shows prosthetic valve 42/ having been
expanded in the lumen of prosthetic valve support 40, such
that inflatable support-engaging element 426 is disposed dis-
tal (e.g., ventricularly) to prosthetic valve support 40. Ele-
ment 426 is inflated (e.g., with saline) and thereby expands,
thereby increasing a longest transverse cross-sectional length
of prosthetic valve 42, such that the transverse cross-sec-
tional length is longer than a longest transverse cross-sec-
tional length of the lumen defined by prosthetic valve support
40. Thereby, inflatable support-engaging element 426
restricts proximal movement of prosthetic valve 42; with
respect to prosthetic valve support 40, thereby anchoring
prosthetic valve 42j to the distal side of prosthetic valve
support 40, and to native valve 23.

[0270] Inflatable support-engaging element 426 is typi-
cally coupled to prosthetic valve 42 such that the prosthetic
valve is compressible (i.e., crimpable) for delivery, as
described hereinabove. For some applications, inflatable sup-
port-engaging element 426 is coupled to the prosthetic valve
using sutures. Typically, such sutures are arranged in a single
circumferential suture line, so as to facilitate deformation
(e.g., flattening) of element 426 during crimping of the pros-
thetic valve for delivery. For some applications, element 426
is coupled to the prosthetic valve using an adhesive.

[0271] FIG. 21C shows implant 30, comprising prosthetic
valve support 40 and prosthetic valve 42/, implanted at native
valve 23, comprising mitral valve 24. Support 40 is deployed
against the proximal (i.e., atrial) surface of the annulus of the
native valve, and is typically coupled to the valve via support-
anchoring elements 66 (not shown). Prosthetic valve 42/ is
deployed in the lumen of support 40 such that, when inflated,
element 426 restricts proximal movement of the prosthetic
valve with respect to support 40. This restriction, combined
with the coupling of support 40 to the native valve, couples
implant 30 to the native valve.

[0272] For some applications of the invention, prosthetic
valve 42/ is deployed in the lumen of support 40, such that
element 426 is disposed on the proximal side of support 40. It

Oct. 30, 2014

is hypothesized that, when in this position and inflated, ele-
ment 426 restricts distal movement of the prosthetic valve
with respect to the support.

[0273] For some applications of the invention, prosthetic
valve 42 is deployed in the lumen of support 40, such that
element 426 is planar with upstream support portion 41 of the
support, and such that at least part of element 426 is disposed
proximal to portion 41, and at least part of element 426 is
disposed distal to portion 41. It is hypothesized that, when in
this position and inflated, element 426: (1) applies a radially-
expansive force on support 40 (i.e., supplements radially-
expansive forces applied by prosthetic valve 42 on support
40), and (2) restricts proximal and distal movement of the
prosthetic valve with respect to the support.

[0274] Reference is made to FIGS. 22A-C, which are sche-
matic illustrations of the implantation of implant 30, com-
prising prosthetic valve support 40 and prosthetic valve 42,
coupled by one or more (e.g., 2 or more, such as 4) coupling
leads 840 (e.g., coupling wires), in accordance with some
applications of the invention. For delivery, coupling leads 840
are coupled to prosthetic valve support 40 and prosthetic
valve 42. For some applications, coupling leads 840 are slid-
ably coupled to support 40 and/or prosthetic valve 42. For
example, within overtube 44, prosthetic valve 42 may be
disposed proximally to support 40, and coupled to support 40
by being slidably coupled to coupling leads 840.

[0275] FIG. 22A shows prosthetic valve support 40, having
been coupled to native valve 23, comprising mitral valve 24.
For example, support 40 may be coupled to the native valve
using techniques described herein (e.g., via support-anchor-
ing elements 66). Support 40 is coupled to coupling leads 840,
which extend from support 40 to at least prosthetic valve 42,
which remains disposed within overtube 44.

[0276] FIG. 22B shows prosthetic valve 42 having been
deployed in the lumen of support 40, and in the lumen of
native valve 23, as described herein, mutatis mutandis. Cou-
pling leads 840 extend from support 40, through a proximal
portion (e.g., an upstream portion and/or proximal portion
110) of prosthetic valve 42, and into overtube 44. Typically,
coupling lead 840 comprises a plurality ofteeth 846, typically
disposed at a distal end of the coupling lead. A controller tube
844 is typically used to slide (e.g., push) ratchet housing 842
over coupling lead 840, and over teeth 846, such that the
proximal portion of prosthetic valve 42 is pushed against
support 40. Teeth 846 allow ratchet housing 842 to slide over
coupling lead 840 in one direction, and inhibit (e.g., restrict)
such sliding in another (e.g., the opposite) direction. Pushing
prosthetic valve 42 against support 40 using controller tube
844 and ratchet housing 842, thereby facilitates coupling of
prosthetic valve 42 to support 40. Thereby, sliding of ratchet
housing 842 over coupling lead 840 facilitates coupling of the
prosthetic valve to the prosthetic valve support.

[0277] Reference is made to FIG. 22C. Following the cou-
pling of prosthetic valve 42 to prosthetic valve support 40, and
thereby the implantation of implant 30 in native valve 23,
coupling leads are typically cut at a point proximal to ratchet
housing 842, and overtube 44 is withdrawn from the subject.
[0278] Reference is made to FIGS. 23A-24, which are
schematic illustrations of prosthetic valve support 40, com-
prising prosthetic valve support 40w, which is shaped to
define at least one pocket 640, in accordance with some
applications of the invention. Prosthetic valve support 40 (i.e.,
support 40w) typically comprises a wire frame, such as an
expandable wire frame. For some applications, the wire frame
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of support 40w is shaped to define pocket 640. For some
applications, the wire frame of prosthetic valve support 40
(i.e., support 40w) is generally covered with a covering (such
as a fabric, e.g., as described herein). For some applications,
the covering may form at least one wall of pocket 640.
[0279] FIG. 23A shows an application of support 40w,
comprising upstream support portion 41 that comprises a
wire frame 642, generally covered with a covering 644. In this
application, pocket 640 is generally annular, and circum-
scribes the lumen defined by support 40w (i.e., the lumen
defined by upstream support portion 41 of support 40w). That
is, the lumen defined by support 40w can be considered to be
defined by two holes: (1) a proximal (i.e., upper) hole defined
by a proximal (i.e., upper) wall of pocket 640, and (2) a distal
(i.e., lower) hole defined by a distal (i.e., lower) wall of pocket
640. FIGS. 23 A-24 show both walls of pocket 640 as having
a generally similar depth. That is, a longest dimension of the
distal hole is generally equal to the longest dimension of the
proximal hole. For some applications, the two holes are gen-
erally not equally dimensioned. For example, to facilitate
deployment of prosthetic valve 42 and/or coupling of pros-
thetic valve 42 to support 40w, one of the holes that defines
the lumen of support 40w may have a smaller longest dimen-
sion than the other hole.

[0280] FIG. 23B shows prosthetic valve 42 comprising
support-engaging elements 422 (e.g., prosthetic valve 42a
comprising integral support-engaging elements 424, as
described with reference to FIG. 8A), coupled to prosthetic
valve support 40w. Elements 422 typically define a cross-
sectional area, the longest dimension of which is typically
longer than a transverse cross-sectional longest dimension of
the lumen defined by prosthetic valve support 40w (i.e., of the
upper and/or lower holes described with reference to FIG.
23A). During deployment, elements 422 are placed within
pocket 640. Thereby, in addition to the radially-expansive
force that typically couples prosthetic valve 42 to support 40,
the radially-protruding support-engaging eclements 422
restrict axial (i.e., proximal and distal) movement of pros-
thetic valve 42 with respect to support 40w, thereby anchoring
prosthetic valve 42 to support 40w, and to native valve 23.
[0281] For some applications, prosthetic valve is provision-
ally expanded (1) sufficiently such that elements 422 protrude
into pocket 420 and prevent axial movement of prosthetic
valve 42, but (2) insufficiently for radially-expansive forces to
fixedly couple the prosthetic valve to prosthetic valve support
40w. In this configuration, a user may rotate the prosthetic
valve to a desired orientation, before finally allowing the
prosthetic valve to expand and become coupled to support
40w

[0282] FIG. 24 shows prosthetic valve 42, configured to
comprise an expanded proximal portion 110 of primary struc-
tural element 130. Proximal portion 110 defines a cross-
sectional area with a longest length that is longer than a
transverse cross-sectional longest dimension of the lumen
defined by prosthetic valve support 40w (i.e., of the upper
and/or lower holes described with reference to FIG. 23A).
During deployment, portion 110 is placed within pocket 640.
Thereby, in addition to the radially-expansive force that typi-
cally couples prosthetic valve 42 to support 40, portion 110
restricts axial (i.e., proximal and distal) movement of pros-
thetic valve 42 with respect to support 40w, thereby anchoring
prosthetic valve 42 to support 40w, and to native valve 23.
[0283] Reference is made to FIGS. 25A-E, which are sche-
matic illustrations of sequential steps in the use of a retrieval
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device 800, in accordance with some applications of the
invention. Retrieval device 800 comprises a plurality of struts
804, and typically comprises a shaft 802, with which struts
804 are axially aligned, and around which the struts are cir-
cumferentially disposed. A coupling element 805, such as a
hook 806, is coupled to a middle portion of each strut.
[0284] Reference is made to FIGS. 25A-B. At some time
subsequent to implantation of a prosthetic valve (i.e., pros-
thetic valve 42), it may be necessary and/or desirable to
retrieve the prosthetic valve (i.e., to remove the prosthetic
valve from the subject). Typically, retrieval device 800 is
delivered to the site of the prosthetic valve (i.e., to the native
valve) in and/or using an overtube 808. Retrieval device 800
is advanced toward prosthetic valve 42, and into the lumen
defined by the prosthetic valve.

[0285] FIG. 25C shows middle portions of struts 804 being
extended radially outward from shaft 802. Typically, one or
more middle portions of struts 804 are extended radially
outward by reducing the distance between the proximal end
and the distal end of each strut. For example, struts 804 may
be bent and/or folded. In the application of the invention
shown in FIGS. 25A-E, retrieval device further comprises a
cuft 810, coupled to the proximal ends of struts 804, and
slidably coupled to shaft 802. Movement of cuff 810 distally,
reduces the distance between the proximal and distal ends of
struts 804, thereby extending the middle portions of struts 808
radially outward.

[0286] FIG. 25D shows two, respectively orthogonal,
cross-sectional views of retrieval apparatus 800 in the lumen
of'prosthetic valve 42. The middle portions of struts 804 have
been extended radially outward, and typically make contact
with prosthetic valve 42. Prosthetic valve 42 is typically cov-
ered with a covering, which facilitates the desired flow of
blood through the prosthetic valve. The covering may com-
prise polyethylene terephthalate (e.g., polyester), polytet-
rafluoroethylene (e.g., Teflon, ePTFE), pericardial tissue, or
any other suitable material. Hooks 806 protrude through wire
frame 812 of prosthetic valve 42, and typically do not extend
through covering 814. Following the extension of the middle
portions of struts 804, coupling element 805 is coupled to
(e.g., hooks 806 are hooked around) wire frame 812 of pros-
thetic valve 42. For example, hooks 806 are arranged to point
in the same direction as each other (e.g., such that all hooks
point clockwise, or all hooks point anticlockwise). Following
extension of the middle portions of struts 804, retrieval appa-
ratus 800 is rotated, such that hooks 806 hook around wire
frame 812, between the wire frame and covering 814.
[0287] Reference is made to FIG. 25E. Following coupling
of coupling elements 805 (i.e., hooks 806) to wire frame 812
of prosthetic valve 42, the middle portions of struts 804 are
retracted radially inward, i.e., toward shaft 802. For example,
the distance between proximal and distal ends of struts 804 is
increased, e.g., by sliding cuff 810 proximally. Because struts
804 are coupled to the wire frame, prosthetic valve 42 is
drawn radially inward. That is, prosthetic valve 42 is com-
pressed (i.e., re-crimped). Retrieval apparatus 800 and pros-
thetic valve 42 are drawn into overtube 808, and subsequently
removed from the subject.

[0288] FIGS. 25A-E illustrate each strut 804 having two
outwardly-extendable middle portions, in order to couple to,
and compress prosthetic valve 42 at/from two sites (i.e., a
proximal site and a distal site). It is hypothesized that the use
of apparatus 800 comprising struts 804 with different num-
bers and/or configurations of outwardly-extendable middle
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portions, allows the compression and/or retrieval of pros-
thetic valve of different dimensions and/or configurations.

[0289] Reference is again made to FIGS. 25A-E. For some
applications, a hem 820 is disposed within, and slidable
through overtube 808. Hem 820 is advanced out of the over-
tube during or after the advancement of retrieval apparatus,
and expands, such that a distal portion of the hem defines a
lumen that has a longer transverse cross-sectional area than
that of overtube 808 (e.g., as shown in FIGS. 25B-C). When
retrieval apparatus 800 and prosthetic valve 42 are drawn into
overtube 808, at least proximal portions of the retrieval appa-
ratus and prosthetic valve are first drawn into hem 820. Hem
820 facilitates the drawing in of the retrieval apparatus and
prosthetic valve, by widening the effective open end of the
overtube, and/or by reducing resistance between the pros-
thetic valve 42 and overtube 808. Although hem 820 is
described herein with respect to the use of retrieval apparatus
800, it is to be noted that the scope of the present invention
includes the use of hem 820 in combination with any retrieval
apparatus.

[0290] Reference is made to FIGS. 26 A-C, which are sche-
matic illustrations of prosthetic valve support 40, comprising
a braided prosthetic valve support 860, in accordance with
some applications of the invention. As described herein-
above, support 40 is typically expandable, and typically com-
prises a shape-memory material. Support 860 typically fur-
ther comprises a braided structure, comprising a plurality of
intertwining strands 862. At least some regions of strands 862
are slidable past (e.g., over, under) each other. Typically,
strands 862 comprise a shape-memory material such as, but
not limited to, nitinol. In an expanded state (i.e., uncom-
pressed), support 40 is annular, and is shaped to define a
lumen therethrough. For delivery, support 860 is typically
advanced through the vasculature of the subject in a com-
pressed configuration, e.g., within an overtube 44. FIG. 26 A
shows support 860 being deployed from overtube 44 at native
valve 23 (i.e., proximal to the native valve). Typically, support
860 is deployed proximal to the native valve.

[0291] FIG. 26B shows sequential illustrations of the
expansion of support 860 as it is deployed from overtube 44.
Support 860 is typically coupled to a restricting element, such
as drawstring 864, in a manner that at least partly restricts
expansion of the support. FIG. 26B shows drawstring 864
threaded through a plurality of rings 866, disposed at the
proximal end of support 860, whereby both ends of draw-
string 864 are disposed proximal to the open distal end of
overtube 44 (e.g., within overtube 44, and/or outside the body
of the subject). Drawstring 864 thereby forms a closed loop
that is coupled to rings 866 and, thereby, to support 860. Once
support 860 has been fully ejected from overtube 44, tension
on drawstring 864 typically restricts expansion of support
860. Subsequently, at least one end of drawstring 864 is
moved distally (i.e., the drawstring is at least partially loos-
ened), such that support 860 moves toward its uncompressed,
expanded shape. When support 860 is successfully positioned
(i.e., when a user determines that the support is in the desired
position), one end of drawstring 864 is released, typically in
combination with drawing (i.e., retracting) the other end of
drawstring 864 proximally, thereby releasing support 860
from the drawstring.

[0292] FIG. 26C shows prosthetic valve support 860 in its
fully-expanded configuration, against the proximal (i.e.,
atrial) side of the annulus of native valve 23. One end of
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drawstring 864 has been released, and the drawstring is
shown being retracted proximally.

[0293] Throughout the deployment of prosthetic valve sup-
port 860, until the release of one end of drawstring 864,
support 860 may be retrieved by moving drawstring 864
proximally (i.e., pulling the drawstring). Pulling the draw-
string (1) tightens the loop formed by the drawstring, thereby
bringing rings 866 closer to each other, and compressing the
proximal portion of support 860, and (2) draws support 860
into overtube 44. Thus, a user can determine if and/or when to
release support 860, throughout the deployment procedure.
[0294] Reference is made to FIGS. 27A-D, which are sche-
matic illustrations of delivery apparatus 880, and the use
thereof, in accordance with some applications of the inven-
tion. FIGS. 27A-D show apparatus 880 being used to deliver
and deploy a medical device 150, comprising prosthetic valve
42, to native valve 23. Apparatus 880 comprises a plurality of
control filaments 882, disposed and slidable within respective
guide elements, such as rail-pairs 884 (e.g., between indi-
vidual rails thereof). Rail-pairs 884 are typically extendable.
For example, rail-pairs 884 may comprise sections that are
slidable over and/or through each other, such that the rail-
pairs are telescopically extendable. Apparatus 880 typically
comprises a core 886, from which rail-pairs 884 typically
protrude radially, such that extension of rail-pairs 884 com-
prises outwardly-radial extension of the rail-pairs from core
886.

[0295] Apparatus 880 has a contracted configuration and an
extended configuration, is typically reversibly movable
between these two configurations, and is further typically
movable into continuous configurations between the con-
tracted and extended configurations. FIG. 27A shows appa-
ratus 880 in the contracted configuration. In the contracted
configuration, rail-pairs 884 are typically telescopically
retracted, such that apparatus 880 is disposable in delivery
tube 60. That is, in the contracted configuration, a longest
length of a transverse cross-section of apparatus 880 is
smaller than a longest length of a transverse cross-section of
delivery tube 60.

[0296] FIG. 27B shows medical device 150, comprising
prosthetic valve 42, being deployed from delivery tube 60, at
native valve 23, using apparatus 880. Apparatus 880 is
coupled to a portion (e.g., a proximal portion) of prosthetic
valve 42, and is disposed within delivery tube 60. Apparatus
880 is thereby not visible in FIG. 27B. A distal portion of
prosthetic valve 42 has been exposed from delivery tube 60,
and has begun to expand toward its expanded configuration.
Typically, prosthetic valve 42 is moved with respect to deliv-
ery tube 60 (e.g., is pushed out of the delivery tube) by core
886, which thereby acts as a pushing member.

[0297] As described hereinabove, prosthetic valve 42 typi-
cally comprises a shape-memory material, and expands
toward its expanded configuration as it is exposed from deliv-
ery tube 60. In the application of the invention described with
reference to FIGS. 27A-D, apparatus 880 typically controls
this expansion. Control filaments 882 are typically coupled
(e.g., slidably coupled) to prosthetic valve 42, e.g., viarespec-
tive coupling pins 888, which are couplable to prosthetic
valve 42, and slidably couplable to control filaments 882.
Release wires 892 facilitate the coupling of control filaments
882 to prosthetic valve 42, e.g., by facilitating the coupling of
coupling pins 888 to prosthetic valve 42.

[0298] Control filaments 882 (e.g., proximal portions
thereof) are distally advanceable, and proximally retractable,
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through a control tube 890, e.g., using a control unit external
to the subject. Control filaments 882 are slidably couplable to
core 886 and/or control tube 890, such as being slidable
through respective conduits (e.g., holes) in the core or the
control tube. The expansion of apparatus 880, and thereby
that of prosthetic valve 42, is restricted and/or facilitated (e.g.,
controlled) by the distal advancement and/or proximal retrac-
tion of control filaments 882. In the application of the inven-
tion illustrated in FIGS. 27A-D, control filaments 882 form
respective loops. The size of the loops is increased when the
control filaments are distally advanced, and reduced when the
control filaments are proximally retracted. When the loops
are small, control filaments 882 restrict expansion of pros-
thetic valve 42. Distal advancement of control filaments 882,
and the resulting enlargement of the loops formed thereof,
facilitates the expansion of prosthetic valve 42.

[0299] FIG. 27C shows apparatus 880 in its expanded con-
figuration. FIG. 27D shows apparatus 880 in its expanded
configuration, coupled to prosthetic valve 42, during the
deployment of the prosthetic valve. Rail-pairs 884 protrude
radially from core 886, and control filaments 882 remain
coupled to the prosthetic valve, facilitated by release wires
892, as described hereinabove. Rail-pairs 884 typically facili-
tate (e.g., guide) the expansion of prosthetic valve 42.
[0300] When prosthetic valve 42 is successfully positioned
(i.e., when a user determines that the prosthetic valve is in the
desired position), prosthetic valve 42 is released from control
filaments 882, e.g., by pulling release wires 892 proximally.
Release of prosthetic valve 42 allows (1) the prosthetic valve
to expand further (e.g., until it couples to, and is restricted by,
support 40), and/or (2) control filaments 882 to be retracted,
and rail-pairs 884 to be telescopically retracted, such that
apparatus 880 is retractable into delivery tube 60.

[0301] For some applications, rail-pairs 884 are biased
toward moving into the contracted configuration thereof, are
pulled radially outward by the expansion of prosthetic valve
42, and automatically return to the contracted configuration
upon release of the prosthetic valve. For example, the rail-
pairs may provide a contractive force, and the prosthetic valve
may provide an expansive force that is sufficient to overcome
the contractive force, and thereby to pull the rail-pairs radially
outward. Upon release of the prosthetic valve, the contractive
force automatically returns the rail-pairs to the contracted
configuration thereof. Alternatively or additionally, rail-pairs
884 may be actively controllable (e.g., extracorporeally) by a
user.

[0302] For some applications of the invention, proximal
portions of control filaments 882 are coupled to each other
(e.g., fixedly coupled to each other, such as adhered and/or
welded to each other), such that the plurality of control fila-
ments are synchronously distally advanceable, and synchro-
nously proximally retractable, e.g., via a control rod and/or
control unit.

[0303] For some applications of the invention, proximal
portions of release wires 892 are coupled to each other (e.g.,
fixedly coupled to each other, such as adhered and/or welded
to each other), such that the plurality of release wires are
pullable synchronously, e.g., via a control rod and/or control
unit, thereby facilitating synchronous release of control fila-
ments 882.

[0304] Throughout the deployment of prosthetic valve 42
using apparatus 880, until the release of the prosthetic valve
from control filaments 882, prosthetic valve 42 may be re-
compressed (e.g., for repositioning and/or retrieval into deliv-
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ery tube 60) by proximally retracting control filaments 880.
Thus, a user can determine if and/or when to release pros-
thetic valve 42, throughout the deployment procedure. That
is, prosthetic valve 42 is recompressible (i.e., the expansion of
prosthetic valve 42 is at least in part reversible) by proximal
retraction of control filaments 882.

[0305] That is, (1) control filaments 882 are slidable
through conduits of core 886, and reversibly couplable to
prosthetic valve 42, and (2) delivery apparatus 880 is config-
ured to control and/or facilitate (a) expansion of prosthetic
valve 42, by the control filaments being advanced distally
through the conduits, and (b) recompression of prosthetic
valve 42, by the control filaments being retracted proximally
through the conduits.

[0306] Reference is made to FIGS. 28A-30B, which are
schematic illustrations of techniques for replacement of a
prosthetic valve, in accordance with some applications of the
invention. It is noted that in the context of the present patent
application, the term “replacement” with respect to a pros-
thetic valve includes both (a) placement at a valve site of a
new prosthetic valve while removing or disabling a prosthetic
valve that was already at the valve site, as well as (b) place-
ment of a new prosthetic valve at the valve site without
removing or disabling a prosthetic valve that was already at
the site.

[0307] Prosthetic cardiac valves typically require replace-
ment after a duration (e.g., after between 1 month and 10
years, such as after between 1 and 5 years). For example, the
condition of the subject may change, components of the pros-
thetic valve (e.g., prosthetic valve leaflets, sutures, frame)
may suffer fatigue, and/or tissue growth may block blood
flow or otherwise interfere with prosthetic valve function.
[0308] The prosthetic valve supports described with refer-
ence to FIGS. 28A-30B are typically couplable to the native
valve using techniques described herein for coupling other
prosthetic valve supports to the native valve. For example, the
prosthetic valve supports described with reference to FIGS.
28A-30B may comprise tissue-engaging elements (e.g., sup-
port-anchoring elements), such as those described herein.
Similarly, other prosthetic valve supports described herein
may comprise the upstream support portions and/or the cylin-
drical elements of the prosthetic valve supports described
with reference to FIGS. 28A-30B.

[0309] Reference is now made to FIGS. 28A-D. FIGS.
28A-B show implant 30, comprising prosthetic valve 42
coupled to prosthetic valve support 40, such as described
hereinabove with reference to the implantation of implant 30
(e.g., with reference to FIGS. 1A-H). FIG. 28 A shows a side
view and FIG. 28B shows a top view. At such a time that it is
deemed necessary and/or desirable to replace prosthetic valve
42, a second prosthetic valve 42' is delivered to the lumen of
the first prosthetic valve, and deployed therein. Generally,
delivery and deployment of prosthetic valve 42' is performed
using similar techniques to those used to deploy prosthetic
valve 42.

[0310] FIGS. 28C-D show second prosthetic valve 42'inan
expanded configuration within the lumen of prosthetic valve
42. FIG. 28C shows a side view and FIG. 28D shows a top
view. Both prosthetic valve 42 and prosthetic valve 42' com-
prise valve components, typically valve leaflets 660, disposed
in the lumen of the prosthetic valve. As it expands, prosthetic
valve 42' typically pushes aside leaflets 660 of prosthetic
valve 42. Prosthetic valve 42' exerts radially-expansive forces
against the inner surface of prosthetic valve 42, thereby cou-
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pling prosthetic valve 42' to prosthetic valve 42. In some
applications, leaflets 660 are sandwiched between prosthetic
valve 42 and prosthetic valve 42' (i.e., between the primary
structural elements 130 of the prosthetic valves). In some
applications, leaflets 660 facilitate sealing between the two
prosthetic valves. Following the deployment of prosthetic
valve 42, leaflets 660" of prosthetic valve 42' begin to func-
tion, thereby replacing the function of leaflets 660. Typically,
diameter d2 of deployed prosthetic valve 42' is smaller than
diameter d1 of deployed prosthetic valve 42. Typically, the
difference in diameter is caused at least in part by prosthetic
valve 42 restricting the expansion of prosthetic valve 42'.
[0311] Reference is now made to FIGS. 29A-F. FIGS.
29A-B show implant 30, comprising prosthetic valve 42
coupled to prosthetic valve support 40, comprising prosthetic
valve support 40x. FIG. 29A shows a side view and FIG. 29B
shows a top view. As described hereinabove, prosthetic valve
support 40 is generally annular, and typically comprises a
wire frame and/or a shape-memory material. For some appli-
cations, the wire frame of prosthetic valve support 40 (i.e.,
wire frame 672 of support 40x) is generally covered with
covering 440 (such as a fabric, e.g., as described herein).
Support 40x typically comprises a weak zone 670 that cir-
cumscribes the lumen defined by the support (i.e., the lumen
defined by upstream support portion 41 of support 40x).
[0312] For some applications, wire frame 672 does not
extend into weak zone 670; rather the weak zone only com-
prises covering 440. For some applications, a stretchable
and/or breakable reinforcing-wire 674 is disposed at or near
inner edge 68 of upstream support portion 41 of support 40x.
For some applications, wire frame 672 has a different struc-
ture in weak zone 670 than in other regions of upstream
support portion 41 of support 40x. For example, wire frame
672 may comprise fewer struts in weak zone 670.

[0313] FIG. 29C shows an expanding device, such as a
balloon 678, having been delivered to the lumen of prosthetic
valve 42, and being used to expand (e.g., to enlarge) the lumen
of the prosthetic valve and the lumen of prosthetic valve
support 40x. FIG. 29D shows a transverse cross-sectional
view of support 40x and prosthetic valve 42, following the
expansion of the lumen of the prosthetic valve with balloon
678. At such a time that it is deemed necessary and/or desir-
able to replace prosthetic valve 42, balloon 678 is delivered to
the prosthetic valve and inflated (e.g., using saline), such that
it applies a radially-expansive force, from within the lumen of
prosthetic valve 42, to the prosthetic valve and support 40x.
Typically, the radially-expansive force applied by the balloon
is greater than the radially-expansive force applied by pros-
thetic valve 42 on support 40 (i.e., support 40x), that typically
couples prosthetic valve 42 to support 40. For some applica-
tions, balloon 678 is shaped to define a lumen, so that blood
can continue to flow while the balloon is expanded. For some
such applications, balloon 678 comprises a temporary pros-
thetic valve (i.e., one or more temporary prosthetic valve
leaflets), disposed in the lumen of the balloon, and configured
to further facilitate continued blood flow while the balloon is
expanded.

[0314] Theradially-expansive force applied by balloon 678
increases the lumen of prosthetic valve 42, typically by
increasing the lumen of support 40x by deforming (e.g.,
crushing) weak zone 670. For example, a material which
weak zone 670 comprises may be compressed, broken, bent,
stretched and/or torn (e.g., reinforcing wire 674 may be bro-
ken and/or covering 440 may be stretched and/or torn). Bal-
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loon 678 is subsequently removed from the subject. Typically,
leaflets 660 continue to function at least in part until second
prosthetic valve 42' is deployed.

[0315] For some applications, leaflets 660 are disposedin a
portion of prosthetic valve 42 that is distal (i.e., ventricular) to
the portion of prosthetic valve 42 that is coupled to prosthetic
valve support 40x. For these applications, balloon 678 is
typically disposable in a proximal portion of valve 42, and
thereby may be used to increase the lumen of prosthetic valve
42, without damaging (e.g., crushing) leaflets 660.

[0316] FIGS. 29E-F show second prosthetic valve 42' in an
expanded configuration within the lumen of prosthetic valve
42. FIG. 29E shows a side view and FIG. 29F shows a top
view. Prosthetic valve 42' exerts radially-expansive forces
against the inner surface of prosthetic valve 42, thereby cou-
pling prosthetic valve 42' to prosthetic valve 42. Because the
lumen of prosthetic valve 42 is initially expanded, as
described hereinabove, a diameter d3 of the lumen defined by
prosthetic valve 42' may not be smaller than the diameter d1
of'the lumen originally defined by prosthetic valve 42 (i.e., d3
may be at least as great as d1). For example, diameter d3 may
be equal to, or larger than, diameter d1.

[0317] Reference is again made to FIGS. 28A-29F. For
some applications of the invention, prosthetic valve 42' com-
prises a second prosthetic valve 42. That is, a second (i.e.,
new) prosthetic valve 42 is used to replace a first prosthetic
valve 42. Alternatively, prosthetic valve 42' may be different
to prosthetic valve 42. For some applications, prosthetic valve
42' may comprise a sealing element, such as a circumferential
seal (e.g., a soft material and/or a balloon), that facilitates
sealing and/or coupling between prosthetic valve 42' and
prosthetic valve 42. For some applications, prosthetic valve
42' comprises protruding barbs, which facilitate coupling
between the two prosthetic valves.

[0318] For some applications, a distal portion of prosthetic
valve 42' defines a cross-sectional area with a longest length
that is longer than a transverse cross-sectional longest dimen-
sion of the lumen defined by prosthetic valve 42 (i.e., defined
by primary structural element 130 of prosthetic valve 42).
During deployment of prosthetic valve 42', the distal portion
is placed distal to the open distal end of prosthetic valve 42
(i.e., in the ventricle). Thereby, in addition to the radially-
expansive force that typically couples prosthetic valve 42' to
prosthetic valve 42, the distal portion restricts proximal
movement of prosthetic valve 42' with respect to prosthetic
valve 42, thereby anchoring prosthetic valve 42' to prosthetic
valve 42, and to native valve 23.

[0319] Reference is made to FIGS. 30A-B, which are sche-
matic illustrations of implant 30, comprising prosthetic valve
42 and prosthetic valve support 40y, being restored by the
addition of a second prosthetic valve 42', in accordance with
some applications of the invention. Prosthetic valve support
40y comprises upstream support portion 41 coupled to a
cylindrical element 690 that is typically configured to extend
distally through native valve 23. Alternatively, cylindrical
element 690 may be configured to extend away from the
native valve. Prosthetic valve support 40y is typically cou-
plable to the native valve using techniques described herein
for coupling other prosthetic valve supports to the native
valve. For example, prosthetic valve support 40y may com-
prise tissue-engaging elements (e.g., support-anchoring ele-
ments). Cylindrical element 690 is typically configured to (1)
facilitate coupling of prosthetic valve support 40y to the
native valve, and/or sealing therebetween, (2) to facilitate
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coupling of prosthetic valves to prosthetic valve support 40y,
and/or sealing therebetween, and/or (3) to push aside native
leaflets 82 of native valve 23.

[0320] FIG. 30A shows prosthetic valve 42 having been
deployed in the lumen of prosthetic valve support 40y. Typi-
cally, prosthetic valve 42 is deployed in a distal (i.e., more
ventricular and/or downstream) portion of the lumen.

[0321] FIG. 30B shows prosthetic valve 42' having been
deployed in the lumen of prosthetic valve support 40y. At
such a time that it is deemed necessary and/or desirable to
perform a replacement of prosthetic valve 42, prosthetic valve
42' is delivered to, and deployed in, another portion of pros-
thetic valve support 40y. Typically, prosthetic valve 42' is
deployed in a portion of the lumen that is proximal to (e.g.,
upstream of) prosthetic valve 42. That is, prosthetic valve
support 40y is configured to receive, at a first period, a first
prosthetic valve at a first longitudinal portion of the lumen of
cylindrical element 690, and to receive, at a second period, a
second prosthetic valve at a second longitudinal portion of the
lumen.

[0322] For some applications, prosthetic valve 42 contin-
ues to function at least in part, and at least temporarily. That is,
prosthetic valve 42 and prosthetic valve 42' operate generally
simultaneously. For some applications, prosthetic valve 42 is
disabled in conjunction with deployment of prosthetic valve
42'. For example, leaflets 660 of prosthetic valve 42 may be
disabled, removed and/or restrained, by using a separate
device (not shown) and/or by using a part (e.g., an extending
element; not shown) of prosthetic valve 42'.

[0323] For some applications, the primary structural ele-
ment 130 of prosthetic valve 42' is longer than the primary
structural element of prosthetic valve 42, and the leaflets of
prosthetic valve 42' are disposed in a proximal portion of the
primary structural element thereof. A distal portion of the
primary structural element of prosthetic valve 42' is deployed
in the lumen of prosthetic valve 42, such that the leaflets of
prosthetic valve 42 are crushed upon expansion of prosthetic
valve 42'.

[0324] Reference is made to FIGS. 31A-33C, which are
schematic illustrations of delivery tube 60, in accordance
with some applications of the invention. Deployment of a
medical device 150, such as prosthetic valve 42, as described
with reference to FIGS. 1A-H, typically comprises proximal
movement of delivery tube 60 relative to prosthetic valve 42,
as described hereinabove. Immediately prior to the release of
prosthetic valve 42 from the delivery tube, the length of the
delivery tube-plus-prosthetic valve may be double or more
than that of the delivery tube or prosthetic valve alone. For
some applications, this extra length can hinder the movement
of, and removal of, the delivery tube from the body. A delivery
tube that takes up less room during and/or following deploy-
ment of prosthetic valve 42 would thereby be advantageous.

[0325] FIGS. 31A-C show delivery tube 60, comprising a
flexible delivery tube 606 being used to deliver prosthetic
valve 42, in accordance with some applications of the inven-
tion. Delivery tube 605 comprises a flexible material, such as
a fabric or polymer. FIG. 31A shows prosthetic valve 42 in a
compressed (i.e., crimped) configuration within delivery tube
605. Prosthetic valve 42 exerts an expansive force on tube
605, and tube 605 provides a reciprocal compressive force on
prosthetic valve 42. Delivery tube 6056 is typically not rigid;
rather prosthetic valve 42 provides (i.e., dictates) the shape to
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which the delivery tube conforms. That is, prosthetic valve 42
functions as a scaffold on which delivery tube 605 is dis-
posed.

[0326] FIG. 31B shows prosthetic valve 42 partially
deployed from delivery tube 605. For example, prosthetic
valve 42 may be pushed distally out of the delivery tube using
a pushing member (e.g., pushing member 140). FIG. 31C
shows prosthetic valve 42 fully deployed from delivery tube
605. Prosthetic valve 42 has expanded toward its expanded
configuration. The reciprocal expansive and compressive
forces are thereby no longer exerted, and delivery tube 605 no
longer conforms to a rigid shape. That is, delivery tube 605
becomes flaccid, facilitating its removal from the subject. For
example delivery tube 605 may be moved around corners
and/or into an overtube such as a catheter.

[0327] FIGS. 32A-C show delivery tube 60, comprising a
compressible delivery tube 60c¢ being used to deliver pros-
thetic valve 42, in accordance with some applications of the
invention. Delivery tube 60c comprises a flexible material,
such as a fabric or polymer, and one or more pulling wires
740. Delivery tube 60c typically further comprises an aper-
ture ring 742. FIG. 32A shows prosthetic valve 42 in a com-
pressed (i.e., crimped) configuration within delivery tube 60c.
Prosthetic valve 42 exerts an expansive force on tube 60c, and
tube 60c provides a reciprocal compressive force on pros-
thetic valve 42. Delivery tube 60c is typically not rigid; rather
prosthetic valve 42 provides (i.e., dictates) the shape to which
the delivery tube conforms. That is, prosthetic valve 42 func-
tions as a scaffold on which delivery tube 60c is disposed.
Pulling wires 740 extend from a proximal site (e.g., outside
the subject) and are coupled to a distal portion of delivery tube
60c (e.g., to aperture ring 742).

[0328] FIG. 32B shows prosthetic valve 42 partially
deployed from delivery tube 60c. Typically, following place-
ment of delivery tube 60c (and thereby prosthetic valve 42) in
the lumen of native valve 23, pulling wires 740 are pulled,
drawing the distal portion of the delivery tube (e.g., aperture
ring 742) proximally. Delivery tube 60c is thereby com-
pressed (i.e., shortened) and a distal portion of prosthetic
valve 42 is exposed, and typically expands at least in part
responsively. For example, a proximal end of delivery tube
60c may be generally closed, such that compressing (i.e.,
shortening) of the delivery tube, exposes the distal portion of
prosthetic valve 42 from the distal end of the delivery tube.
FIG. 32C shows prosthetic valve 42 fully deployed from
delivery tube 60c. Prosthetic valve 42 has expanded toward its
expanded configuration. Delivery tube 60c is generally com-
pressed such that it has a length of less than 50% (e.g., less
than 30%, such as less than 10%) of its length when contain-
ing prosthetic valve 42, thereby facilitating its removal from
the subject. For example delivery tube 60c¢ may be moved
around corners and/or into an overtube such as a catheter.
[0329] FIGS. 33A-C show delivery tube 60, comprising a
dismantling delivery tube 604 being used to deliver prosthetic
valve 42, in accordance with some applications of the inven-
tion. Delivery tube 604 comprises a flexible material, such as
a fabric or polymer, and a pullstring 750. FIG. 33A shows
prosthetic valve 42 in a compressed (i.e., crimped) configu-
ration within delivery tube 60d. Prosthetic valve 42 exerts an
expansive force on tube 604, and tube 604 provides a recip-
rocal compressive force on prosthetic valve 42. Delivery tube
604 is typically not rigid; rather prosthetic valve 42 provides
(i.e., dictates) the shape to which the delivery tube conforms.
That is, prosthetic valve 42 functions as a scaffold on which
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delivery tube 60d is disposed. Pullstring 750 is coupled to the
flexible material of delivery tube 60d, typically along the
length of the delivery tube. Typically, delivery tube 604 com-
prises a sheet of the flexible material, held in a generally
cylindrical shape by pullstring 750. For example, pullstring
750 may weave between two parts of the flexible material,
stitching them together. Alternatively, pullstring 750 may be
coupled to the two parts of the flexible material via a weak-
ened (e.g., perforated) join.

[0330] FIG. 33B shows prosthetic valve 42 partially
deployed from delivery tube 60d. Typically, following place-
ment of delivery tube 60d (and thereby prosthetic valve 42) in
the lumen of native valve 23, pullstring 750 is pulled, decou-
pling the two parts of the flexible material, and thereby open-
ing delivery tube 60d. Typically, regions of prosthetic valve
42 expand as regions of delivery tube 60d are opened. FIG.
33C shows prosthetic valve 42 fully deployed from delivery
tube 60d. Prosthetic valve 42 has expanded toward its
expanded configuration. Pullstring 750 has been pulled suf-
ficiently, such that the flexible material of delivery tube 604
becomes a generally open sheet. That is, delivery tube 604
typically loses its cylindrical shape and becomes flaccid,
thereby facilitating its removal from the subject. For example
delivery tube 604 may be moved around corners and/or into
an overtube such as a catheter.

[0331] Reference is made to FIG. 34, which is a schematic
illustration of prosthetic valve 42, comprising a tissue-engag-
ing element 62, comprising a leaflet-engaging element 760,
coupled to a distal portion of primary structural element 130
of' the prosthetic valve, in accordance with some applications
of'the invention. For some applications, leaflet-engaging 760
is similar in structure to a valve-anchoring element 64, such as
a loop-shaped valve-anchoring element 200. Element 760 is
positioned and configured so as to engage a single leaflet,
typically the anterior leaflet, of native valve 23. The engage-
ment of the leaflet is hypothesized to reduce undesired inter-
ference with blood flow. Specifically, holding the anterior
leaflet clear of the LVOT is hypothesized to reduce interfer-
ence with blood flowing from the left ventricle into the aorta.
[0332] Although element 760 is described with reference to
FIG. 34 as being coupled to the primary structural element of
prosthetic valve 42, it is to be noted that the scope of the
present invention includes an element 760 being additionally
or alternatively coupled to prosthetic valve support 40.
[0333] Reference is made to FIGS. 35A-C, which are sche-
matic illustrations of sequential steps in the implantation of
prosthetic valve 42, and prosthetic valve support 40, compris-
ing prosthetic valve support 40z, in accordance with some
applications of the invention. As described hereinabove, sup-
port 40 comprises an upstream support portion 41 which is
shaped to define a lumen. During implantation of implant 30,
prosthetic valve 42 is deployed in this lumen. As described
herein, for some applications of the invention, support 40 is
coupled to native valve 23 prior to delivery and/or deploy-
ment of prosthetic valve 42. For example, support 40 may
comprise tissue-engaging elements 62, comprising support-
anchoring elements 66 (not shown in FIGS. 35A-C). In some
applications, support 40 and/or the coupling thereof to native
valve 23, interferes with the functioning of leaflets 82 of the
native valve. For example, in some applications, support 40 is
coupled to the native valve via support-anchoring elements 66
engaging (i.e., coupling to) leaflets 82, thereby disrupting
native valve function. For further example, in some applica-
tions, elements 66 move leaflets 82, so as to sandwich the
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leaflets against prosthetic valve 42. For applications such as
these, there is typically a period after the coupling of support
40 to the native valve, and before deployment of prosthetic
valve 42, that the native valve has significantly reduced func-
tionality. Prosthetic valve support 40z comprises one or more
temporary valve components, such as temporary leaflets 700,
and advantageously provides temporary valve functionality
during this period.

[0334] FIG. 35A shows prosthetic valve support 40z, which
comprises one or more temporary valve components, such as
temporary leaflets 700, typically disposed in the lumen
defined by support 40z. Leatlets 700 provide temporary valve
functionality to support 40z, thereby facilitating pumping of
blood by the heart in the absence of native valve function.
Temporary leaflets 700 may comprise a biological material,
such as pericardial tissue, and/or a synthetic material, such as
silicone, polyethylene terephthalate (e.g., polyester), and/or
polytetrafluoroethylene (e.g., Teflon). Temporary leaflets are
typically coupled to upstream support portion 41 using
sutures. It is noted that, although prosthetic valve 40z is
illustrated in FIGS. 35A-C as not comprising tissue-engaging
elements such as support-anchoring elements 66, prosthetic
valve 40z typically does comprise support-anchoring ele-
ments 66, such as those described elsewhere herein.

[0335] FIG. 35B shows prosthetic valve 42 being deployed
in the lumen of support 40z. For some applications, prosthetic
valve 42 is deployed as described with reference to FIGS.
1A-H, mutatis mutandis. For some applications, prosthetic
valve 42 is deployed as described with reference to FIGS.
15A-L, mutatis mutandis. As it expands, prosthetic valve 42
typically pushes aside temporary leaflets 700.

[0336] FIG. 35C shows prosthetic valve 42 having been
fully deployed (i.e., expanded) in the lumen of support 40z. In
some applications, leaflets 700 are sandwiched between pros-
thetic valve 42 and support 40z. In some applications, leaflets
700 facilitate sealing between prosthetic valve 42 and support
40z. As prosthetic valve 42 is deployed, it begins to function,
thereby replacing the temporary valve functionality of leaflets
700. Thereby, the techniques described with reference to
FIGS. 35A-C provide ongoing valve functionality throughout
the implantation of a prosthetic valve.

[0337] Reference is made to FIGS. 36 A-D, which are sche-
matic illustrations of prosthetic valve support 40, comprising
a prosthetic valve support 1040, in accordance with some
applications of the invention. For some applications of the
invention, prosthetic valve support 1040 is analogous to other
prosthetic valve supports described herein. For some appli-
cations of the invention, prosthetic valve support 1040 com-
prises prosthetic valve support 40. Support 1040 comprises
upstream support portion 41, which is shaped to define a
lumen. Support 1040 comprises one or more support-anchor-
ing elements 900 and one or more stabilizing legs 910. Typi-
cally, support 1040 comprises two support-anchoring ele-
ments 900 and two stabilizing legs 910. Typically, support-
anchoring elements 900 and stabilizing legs 910 are coupled
to inner edge 68 of upstream support portion 41. For some
applications of the invention, support-anchoring elements
900 are embodiments of support-anchoring elements 66,
which are embodiments of tissue-engaging elements 62, as
described hereinabove. For some applications of the inven-
tion, stabilizing legs 910 are embodiments of support-anchor-
ing elements and/or of tissue-engaging elements 62, as
described hereinabove.
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[0338] FIG. 36A shows a lower side view of support 1040.
Typically, support-anchoring elements 900 comprise clips
and/or clip functionality. Elements 900 are illustrated in FIG.
36A as generic clips, and may comprise any of the clips
described herein, and/or any other clips that are couplable to
the leaflets of the native valve (e.g., support-anchoring ele-
ments 900a and 9005 and the clip functionalities thereof,
described hereinbelow with reference to FIGS. 37A-H, and
38A-H). For some applications of the invention, support-
anchoring element 900 comprises two clip elements, (1)
coupled at a coupling point, and (2) between which, during
implantation, leaflets 82 of the native valve are typically
clamped. Clamping of a leaflet between the two clip elements
couples element 900 to the leaflet. Typically, one clip element
is substantially immobile, and the other clip element is (1)
biased to assume a first configuration, and (2) movable
between the first configuration and another configuration.
[0339] Element 900 typically has (1) an open configura-
tion, in which leaflets 82 of the native valve may be moved
between the two clip elements, and (2) a closed configuration,
in which the clip elements typically clamp (i.e., couple to) the
leaflets. Element 900 is typically moved between the open
and closed configurations thereof (i.e., is opened and closed)
by moving at least one clip element between the first configu-
ration thereof, and the other configuration thereof.

[0340] Typically, the clip elements are disposed at a distal
portion of each support-anchoring element 900, and a proxi-
mal portion (e.g., a proximal end) of each element 900 is
coupled to upstream support portion 41. Typically, support-
anchoring elements 900 have a length (i.e., a distance from (1)
the point of coupling of the element 900 to upstream support
portion 41, to (2) a distal end of the element 900) of between
3 and 20 mm, (e.g., between 5 and 12 mm). Typically, the
proximal portion has a length (i.e., a distance between (1) the
point of coupling of element 900 to upstream support portion
41, and (2) a clip element) of between 2 and 10 mm, (e.g.,
between 2 and 8 mm)

[0341] Support 1040 typically comprises two support-an-
choring elements 900 and two stabilizing legs 910. Typically,
elements 900 and legs 910 are disposed at inner edge 68 in an
alternating manner, i.e., such that each leg 910 is between two
elements 900, and each element 900 is between two legs 910.
[0342] Typically, stabilizing leg 910 is longer than support-
anchoring element 900. That is, a distance between (1) a
coupling point 911 of upstream support portion 41 and a
stabilizing leg 910 and (2) a distal end of the stabilizing leg, is
typically greater than a distance between (1) a coupling point
of upstream support portion 41 and an element 900 and (2) a
distal end of the element 900. Typically, stabilizing leg 910
has a length of between 5 mm and 30 mm (e.g., between 5 mm
and 20 mm), and a width of between 0.4 mm and 5.0 mm.
[0343] For some applications of the invention, each stabi-
lizing leg 910 comprises a proximal portion 912 and a distal
portion 914, whereby the proximal portion is coupled at cou-
pling point 913 between the stabilizing leg and the distal
portion. For some such applications, stabilizing leg 910 com-
prises a bend, such that an axis defined by distal portion 914
is divergent to an axis defined by the proximal portion. Typi-
cally, proximal portion 912 has a length of between 5 mm and
20 mm.

[0344] Typically, stabilizing legs 910 have a stabilizing
configuration, in which they stabilize prosthetic valve support
1040 at the native valve. Typically, in the stabilizing configu-
ration, the proximal portion 912 of each leg 910 is disposed on
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a plane between (1) a plane that is orthogonal to a plane
defined by upstream support portion 41, and (2) a position in
which the leg touches a part of upstream support portion 41
that is peripheral to inner edge 68. That is, in the stabilizing
configuration, proximal portion 912 typically forms an acute
angle with a portion of upstream support portion 41.

[0345] Stabilizing legs 910 are hypothesized to increase the
stability of prosthetic valve support 1040 at the native valve.
For example, legs 910 are hypothesized to at least partly
inhibit (1) lateral rotation (i.e., rotation around an atrial-
ventricular axis) of the prosthetic valve support, and/or (2)
movement of the parts of upstream support portion 41 that are
disposed against the proximal (e.g., atrial) side of the native
valve, from moving away from, or through, the native valve.
Following deployment (e.g., implantation) of prosthetic valve
42, legs 910 are further hypothesized to reduce rolling move-
ment (e.g., movement around a lateral axis, e.g., an axis
between two elements 900, such as an axis that is generally
orthogonal to an axis between the stabilizing legs) of the
prosthetic valve and/or implant 30, including inversion (e.g.,
“flipping’) of the implant.

[0346] For some applications of the invention, support
1040 is configured such that legs 910 and/or elements 900 are
biased to reside in a particular (e.g., a pre-selected) configu-
ration. For example, legs 910 and/or elements 900 and/or a
coupling point (e.g., coupling point 911) may comprise a
shape-memory material (e.g., nitinol, stainless steel, nickel
cobalt, cobalt chrome, and/or titanium) or a spring mecha-
nism. For some applications of the invention, the pre-selected
configuration of legs 910 comprises the stabilizing configu-
ration of legs 910.

[0347] For some applications of the invention, legs 910
and/or elements 900 are rotatable around coupling point 911.
For example, legs 910 and/or elements 900 may be coupled to
upstream support portion 41 via a hinge point (e.g., a hinge
element), which may comprise a flexible material and/or
moving components. For some applications of the invention,
legs 910 and/or elements 900 rotate freely around coupling
point 911 as far as their shape and juxtaposition allows.
[0348] For some applications where elements 900 rotate
freely, following the coupling of elements 900 to leaflets 82 of
the native valve, the leaflets continue to function, at least in
part.

[0349] For some applications where stabilizing legs 910
rotate freely, the stabilizing legs have (1) a floating configu-
ration, in which the stabilizing legs rotate freely, and (2) a
stabilizing configuration, in which the stabilizing legs assume
the pre-selected configuration, and are movable from the
floating configuration to the pre-selected configuration. For
some such applications, stabilizing legs assume the floating
configuration when support 1040 is implanted, and are moved
to the stabilizing configuration when the prosthetic valve is
deployed in the lumen of the support.

[0350] FIG. 36B shows a top (i.e., atrial side) view of
implant 30, comprising support 1040 and prosthetic valve 42,
following implantation in native valve 23, comprising mitral
valve 24, in accordance with some applications of the inven-
tion. Zones (scallops) P1, P2 and P3 of posterior leaflet 82p,
and zones Al and A3 of anterior leaflet 824 are labeled. As
described hereinabove, elements 900 and legs 910 are dis-
posed at inner edge 68 in an alternating manner. For the
applications of the invention illustrated in FIG. 36B, elements
900 and legs 910 are typically arranged such that (1) the two
elements 900 are disposed opposite each other, (2) the two
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legs 910 are disposed opposite each other, and (3) each leg
910 is generally midway between the two elements 900. That
is, inner edge 68 is typically elliptical (e.g., circular), and each
leg 910 is disposed at edge 68 generally between 80 degrees
and 100 degrees (e.g., 90 degrees) to an element 900.

[0351] Typically, support-anchoring clements 900 are
coupled to leaflets 82, i.e., one element 900 is coupled to
anterior leaflet 82a, and one element 900 is coupled to pos-
terior leaflet 82p. Typically, stabilizing legs 910 are oriented
toward zones (scallops) P1 and P3 of the posterior leaflet.
This configuration and orientation of elements 900 and legs
910 with respect to each other, and with respect to the native
valve, is hypothesized to facilitate the stable placement and
coupling (i.e., implantation) of prosthetic valve support 1040
at/to the native valve, and thereby is hypothesized to facilitate
the stable implantation of implant 30 at the native valve.
[0352] FIG. 36C shows a top (i.e., atrial side) view of
implant 30, comprising support 1040 and prosthetic valve 42,
following implantation in native valve 23, comprising mitral
valve 24, in accordance with some applications of the inven-
tion. Zones (scallops) P1, P2 and P3 of posterior leaflet 82p,
and zones Al and A3 of anterior leaflet 824 are labeled. As
described hereinabove, elements 900 and legs 910 are dis-
posed at inner edge 68 in an alternating manner. For the
applications of the invention illustrated in FIG. 36C, support-
anchoring elements 900 are coupled to leaflets 82, i.e., one
element 900 is coupled to anterior leaflet 82a, and one ele-
ment 900 is coupled to posterior leaflet 82p. Elements 900
and legs 910 are typically arranged such that (1) the two
elements 900 are disposed opposite each other, and (2) each
leg 910 is disposed between 30 degrees and 120 degrees (e.g.,
between 60 degrees and 120 degrees) from the element 900
that is coupled to the posterior leaflet.

[0353] Stabilizing legs 910 are thereby typically oriented
toward parts of posterior leaflet 82p. This configuration and
orientation of elements 900 and legs 910 with respect to each
other, and with respect to the native valve, is hypothesized to
facilitate the stable placement and coupling (i.e., implanta-
tion) of prosthetic valve support 1040 at/to the native valve,
and thereby is hypothesized to facilitate the stable implanta-
tion of implant 30 at the native valve.

[0354] FIG. 36D shows a top (i.e., atrial side) view of
implant 30, comprising support 1040 and prosthetic valve 42,
following implantation in native valve 23, comprising mitral
valve 24, in accordance with some applications of the inven-
tion. Zones (scallops) P1, P2 and P3 of posterior leaflet 82p,
and zones Al and A3 of anterior leaflet 824 are labeled. As
described hereinabove, elements 900 and legs 910 are dis-
posed at inner edge 68 in an alternating manner. For the
applications of the invention illustrated in FIG. 36D, support-
anchoring elements 900 are coupled to leaflets 82, i.e., one
element 900 is coupled to anterior leaflet 82a, and one ele-
ment 900 is coupled to posterior leaflet 82p. Elements 900
and legs 910 are typically arranged such that (1) the two
elements 900 are disposed opposite each other, and (2) each
leg 910 is disposed between 30 degrees and 120 degrees (e.g.,
between 60 degrees and 120 degrees) from the element 900
that is coupled to the anterior leaflet.

[0355] Stabilizing legs 910 are thereby typically oriented
toward parts of anterior leaflet 82a. This configuration and
orientation of elements 900 and legs 910 with respect to each
other, and with respect to the native valve, is hypothesized to
facilitate the stable placement and coupling (i.e., implanta-
tion) of prosthetic valve support 1040 at/to the native valve,
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and thereby is hypothesized to facilitate the stable implanta-
tion of implant 30 at the native valve.

[0356] Reference is made to FIGS. 37A-H, which are sche-
matic illustrations of prosthetic valve support 1040, compris-
ing a prosthetic valve support 1040q, and the implantation
thereof in a native valve, in accordance with some applica-
tions of the invention. For some applications of the invention,
support 1040aq is an embodiment of prosthetic valve support
40, described hereinabove. FIG. 37A shows a lower side
view, and some detailed views, of support 1040a. Support
10404 comprises two support-anchoring elements 900, com-
prising support-anchoring elements 900a, and two stabilizing
legs 910. Typically, elements 900a and legs 910 are disposed
at inner edge 68 such that (1) the two elements 900a are
disposed opposite each other, (2) the two legs 910 are dis-
posed opposite each other, and (3) each leg 910 is generally
midway between the two elements 900a. That is, inner edge
68 is typically elliptical (e.g., circular), and each leg 910 is
disposed at edge 68 generally at a right angle (e.g., between
80 degrees and 100 degrees, such as 90 degrees) to an element
900a.

[0357] Support-anchoring element 900a comprises two
clip elements, such as plate 920 and plate 922, (1) coupled at
acoupling point, and (2) between which, during implantation,
leaflets 82 of the native valve are clamped. Typically, plate
920 is substantially immobile, and plate 922 is (1) biased to
assume a first configuration, and (2) movable between the first
configuration and another configuration. Typically, the first
configuration of plate 922 is a closed configuration. Typically,
the other configuration of plate 922 is an open configuration,
whereby a portion of plate 922 that is furthest from the cou-
pling point is disposed (1) further from plate 920 than is the
same portion in the first, closed configuration, and (2) further
from plate 920 than a portion of plate 922 that is closest to the
coupling point. When plate 922 is in the closed configuration
thereof, element 900« is in a closed configuration thereof.
When plate 922 is in the open configuration thereof, element
900q is in an open configuration thereof. That is, element
900a is movable between open and closed configurations
thereof, by plate 922 moving between open and closed con-
figurations thereof. FIG. 37A shows detailed illustrations of
support-anchoring element 900« in the open and closed con-
figurations, and further shows an exploded view of the com-
ponents of element 9004.

[0358] Support-anchoring element 900a further comprises,
or is coupled to, an actuator, typically comprising a pull-wire
924, which facilitates movement of plate 922 between the
closed and open configurations. Pull-wire 924 is typically
coupled to plate 922, and controlled from outside the subject.
For example, pull-wire 924 may be coupled to plate 922, and
extend to a control unit outside the body of the subject, foruse
by a physician. Typically, pull-wire 924 is coupled to the
portion of plate 922 that is furthest from the coupling point,
such that movement of the pull-wire proximally (e.g., by
pulling) moves plate 922 toward the open configuration. For
some applications of the invention, pull-wire 924 is slidably
coupled to another part of element 9004, such as plate 920,
and/or to another part of support 10404, and/or to a part of
delivery apparatus, such as core 926, as shown in FIGS.
37C-E. That is, plate 922, and thereby element 900a, are
configured to be biased toward assuming a closed configura-
tion, such that the user (1) actively opens element 900a to
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envelop a leaflet 82, and (2) releases element 900« to couple
the element to the leaflet (i.e., to clamp the leaflet between
plates 920 and 922).

[0359] For some applications of the invention, both sup-
port-coupling elements 900a are controlled simultaneously
by a user (e.g., support-coupling elements 900a are config-
ured to operate simultaneously). For some applications, each
element 900q is controllable independently. For some appli-
cations, element 900a further comprises one or more grips,
such as teeth 928, which facilitate the clamping of leaflets 82
when element 900q is closed.

[0360] FIG. 37B shows a top side view of prosthetic valve
support 1040a. Support-coupling elements 900a are shown in
their closed configuration.

[0361] FIG. 37C shows prosthetic valve support 1040a
being delivered to native valve 23, comprising mitral valve
24. Support 1040q is shown in a partially deployed configu-
ration, whereby upstream support portion 41 is compressed
within an overtube 1044, and support-anchoring elements
900q and stabilizing legs 910 are exposed from the distal end
of'the overtube. Support-anchoring elements 900a are shown
in the closed configuration thereof. Typically, prior to deploy-
ment, at least part of support 10404 is coupled to (e.g., dis-
posed around) a scatfold, such as a core 926. For some appli-
cations of the invention, core 926 is configured to facilitate
the opening of elements 900a (i.e., movement of elements
900a and/or plate 922 to the open configuration), and/or to
facilitate the enveloping of leaflets 82 of the native valve by
elements 900qa. For example, and as shown in FIG. 37C, core
926 may support elements 9004 at an angle that facilitates the
movement of plate 922 by pull-wire 924.

[0362] FIG. 37D shows, in cross-section, support 1040a in
a partially-deployed configuration within native valve 23.
Annular portion 41 of support 1040a is in a compressed
configuration thereof, and is partially disposed within over-
tube 1044. Support-anchoring elements 900a and stabilizing
legs 910 are exposed from the distal end of the overtube (i.e.,
have been deployed from the overtube). Arrows indicate the
movement of pull-wire 924, caused by proximally pulling the
pull-wire. Support-anchoring elements 900q are shown hav-
ing been moved to the open configuration thereof, by the
movement of pull-wire 924. A part of each leaflet 82 is shown
within the “dip’ of a respective element 900a (i.e., enveloped
by and/or disposed between plate 920 and plate 922 of a
respective element 900a). For some applications, the entry of
leaflets 82 between the plates is facilitated by the movement
of the leaflets caused by the beating of heart 22. For some
applications, the entry of leaflets 82 between the plates is
facilitated by movement of support 1040a, and/or iterative
opening and closing of elements 900a.

[0363] FIG. 37E shows support-anchoring elements 900a
having moved to the closed configuration thereof, following
the release of pull-wire 924. Arrows indicate the movement of
pull-wire 924 following the release thereof. The part of each
leaflet 82 that was previously disposed between plate 920 and
plate 922 is thereby clamped between the two plates. That is,
elements 900a are coupled to leaflets 82 of the native valve.
Once elements 900a have been successfully coupled to leat-
lets 82 (e.g., once a physician is satisfied with the position and
coupling of support 1040a), the remainder of the support
(e.g., upstream support portion 41) is typically deployed.
[0364] FIG. 37F shows prosthetic valve support 1040a in a
fully-deployed configuration thereof. Following coupling of
elements 900aq to leaflets 82, overtube 1044 is retracted proxi-
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mally, and/or support 1040q is moved distally, such that the
support emerges from the overtube, and expands to its
expanded configuration. For some applications, the expan-
sion of support 1040a automatically decouples the support
from the scaffold (e.g., core 926), which is subsequently
removed from the subject. Annular portion 41 of support
10404 is shown disposed against the proximal side (e.g., the
atrial surface) of the native valve, as described hereinabove
with respect to upstream support portion 41 of other pros-
thetic valve supports. FIG. 37D shows native valve 23 in an
open configuration thereof, whereby leaflets 82 generally
extend into ventricle 28. As described hereinabove, mutatis
mutandis, with reference to elements 900, illustrated in FIGS.
36A-D, for some applications, elements 900a are configured
to allow leaflets 82 to continue to function, at least in part. For
such applications, FIG. 37F illustrates a snapshot of the posi-
tion of leaflets 82 during diastole. As also described herein-
above, mutatis mutandis, with reference to elements 900,
illustrated in FIGS. 36 A-D, for some applications, elements
900a are configured to be biased to assume a pre-selected
position with respect to upstream support portion 41. For such
applications, FIG. 37F illustrates leaflets 82 being held in the
open configuration thereof, by elements 900a that are config-
ured to be biased to assume the position shown.

[0365] For some applications, following deployment of
support 1040a, pull-wire 924, or a portion thereof, is
decoupled from the support, or a portion thereof, (e.g., from
element 900q). For example, the pull-wire may be coupled to
element 900¢ using a lock described herein (e.g., with refer-
ence to FIGS. 45A-C and/or 64A-C, mutatis mutandis), and
decoupled from element 900a by moving the lock to the open
configuration. Alternatively, the pull-wire may be coupled to
element 900a by being looped around the element, and
decoupled from the element by being unlooped from the
element, e.g., by subsequent to a portion of the pull-wire
being cut and/or released.

[0366] FIG. 37G shows prosthetic valve 42, having been
deployed (e.g., delivered and expanded) in the lumen of pros-
thetic valve support 1040a, and coupled thereto, as described
herein (e.g., with reference to other prosthetic valve sup-
ports).

[0367] FIG. 37H is a top (e.g., atrial) view of prosthetic
valve 42, having been deployed (e.g., delivered and
expanded) in the lumen of prosthetic valve support 1040a,
and coupled thereto, as described herein (e.g., with reference
to other prosthetic valve supports). Support-anchoring ele-
ments 9004 are coupled to leaflets 82, i.e., one element 900a
is coupled to anterior leaflet 824, and one element 900a is
coupled to posterior leaflet 82p. Elements 900a and legs 910
are typically arranged such that (1) the two elements 9004 are
disposed opposite each other, and (2) each leg 910 is disposed
between 60 degrees and 120 degrees from the element 900«
that is coupled to the posterior leaflet.

[0368] Reference is made to FIGS. 38A-H, which are sche-
matic illustrations of prosthetic valve support 1040, compris-
ing a prosthetic valve support 10405, and the implantation
thereof in a native valve, in accordance with some applica-
tions of the invention. For some applications of the invention,
support 10404 is an embodiment of prosthetic valve support
40, described hereinabove. FIG. 38A shows a lower side
view, and some detailed views, of support 10405. Support
10405 comprises two support-anchoring elements 900, com-
prising support-anchoring elements 9005, and two stabilizing
legs 910. Typically, elements 9005 and legs 910 are disposed
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at inner edge 68 such that (1) the two elements 9005 are
disposed opposite each other, (2) the two legs 910 are dis-
posed opposite each other, and (3) each leg 910 is generally
midway between the two elements 9005.

[0369] Support-anchoring element 9005 comprises two
clip elements, such as plate 940 and plate 942, (1) coupled at
acoupling point, and (2) between which, during implantation,
leaflets 82 of the native valve are clamped. Typically, plate
940 is substantially immobile, and plate 942 is (1) biased to
assume a first configuration, and (2) movable between the first
configuration and another configuration. Typically, the first
configuration of plate 942 is an open configuration, whereby
a portion of plate 942 that is furthest from the coupling point
is disposed further from plate 940 than a portion of plate 942
that is closest to the coupling point. Typically, the other con-
figuration of plate 942 is a closed configuration, whereby a
portion of plate 942 that is furthest from the coupling point is
disposed closer to plate 940 than is the same portion in the
first, open configuration. When plate 942 is in the closed
configuration thereof, element 9005 is in a closed configura-
tion thereof. When plate 942 is in the open configuration
thereof, element 9005 is in an open configuration thereof.
That is, element 9005 is movable between open and closed
configurations thereof, by plate 942 moving between open
and closed configurations thereof.

[0370] FIG. 38A shows detailed illustrations of support-
anchoring element 9005 in the open and closed configura-
tions, and further shows an exploded view of the components
of element 90056. As shown in the exploded view, for some
applications, plate 942 comprises more than one element,
including a spring element 942a, and a face element 9425.
Spring element 942a typically comprises a strip of shape-
memory material (e.g., nitinol, stainless steel, nickel cobalt,
cobalt chrome, and/or titanium), that is configured such that
plate 942 is biased to assume the open configuration. Spring
element 9424 is typically configured to provide a force that is
(1) sufficiently strong to provide this bias, but (2) sufficiently
weak so as to facilitate (e.g., to not inhibit) sliding of cuftf 944
over plate 942. Typically, this configuration is provided by
selecting an appropriate thickness of the strip of shape-
memory material of spring element 9424. Face element 9426
is typically configured to increase the rigidity of at least part
of plate 942, thereby facilitating clamping of the native leat-
lets when cuff 944 is slid over plate 942.

[0371] Support-anchoring element 9005 further comprises
an actuator, typically comprising a restraint, such as cuff 944,
which facilitates movement of plate 922 between the closed
and open configurations. Cuff 944 is typically coupled to
plate 940 and/or plate 942, and controlled from outside the
subject (e.g., controlled from outside the body of the subject
by a physician, such as via a control unit). Typically, cuff 944
is coupled to plate 940 via a spring 950, and is slidable over
(e.g., onto and oft of) at least a portion of plate 942. Support-
anchoring element 9005 is configured such that (1) spring 950
applies a force (i.e., a first force) to cuff 944, that slides cuff
944 over plate 942, and (2) sliding of cuff 944 over plate 942
moves the portion of plate 942 that is furthest from the cou-
pling point closer to plate 950 (i.e., moves plate 942, and
thereby element 9005, into the closed configuration). A user
typically opens element 9005 (e.g., so as to clamp leaflets of
the native valve, e.g., as described hereinbelow with reference
to FIGS. 38D-E) by sliding cuff 944 off of plate 942. For
example, a control rod 952 may be used to slide cuff 944 off
of'plate 942 (e.g., by distal movement of the control rod), and
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may be controlled, by a physician, via a control unit outside
the body of the subject. That is, (1) plate 942 itself is config-
ured to be biased toward assuming an open configuration, (2)
cuft 944 and spring 950 are configured to move plate 942
toward a closed configuration, and (3) the user (a) actively
opens element 9005 by sliding cuff 944 off of plate 942, so as
to envelop a leaflet 82, and (b) releases cuff 944 to couple the
element to the leaflet (i.e., to clamp the leaflet between plates
940 and 942).

[0372] For some applications of the invention, both sup-
port-coupling elements 9005 are controlled simultaneously
by a user (e.g., support-coupling elements 9005 are config-
ured to operate simultaneously). For some applications, each
element 9005 is controllable independently. For some appli-
cations, element 9005 further comprises one or more grips,
such as teeth 948, which facilitate the clamping of leaflets 82
when element 9005 is closed. For some applications, control
rod 952 is moved distally using a pusher (not shown), dis-
posed within delivery apparatus (e.g., overtube 1044), and
typically not fixedly coupled to the control rod.

[0373] FIG. 38B shows a top side view of prosthetic valve
support 10405. Support-coupling elements 9005 are shown in
their open configuration.

[0374] FIG. 38C shows prosthetic valve support 10405
being delivered to native valve 23, comprising mitral valve
24. Support 10405 is shown in a partially deployed configu-
ration, whereby upstream support portion 41 is compressed
within overtube 1044, and support-anchoring elements 9005
and stabilizing legs 910 are exposed from the distal end of the
overtube. Support-anchoring elements 9005 are shown in the
closed configuration thereof. Typically, prior to deployment,
at least part of support 10405 is coupled to (e.g., disposed
around) a scaffold, such as a core 946. For some applications
of'the invention, core 946 is configured to facilitate the open-
ing of elements 90054 (i.e., movement of elements 9005 and/or
plate 942 to the open configuration), and/or to facilitate the
enveloping of leaflets 82 of the native valve by elements 9005.
For example, and as shown in FIG. 38C, core 946 may sup-
port elements 9005 at a pre-selected angle.

[0375] FIG. 38D shows support 10405 in a partially-de-
ployed configuration within native valve 23. Annular portion
41 of support 10405 is in a compressed configuration thereof,
and is partially disposed within overtube 1044. Support-an-
choring elements 9005 and stabilizing legs 910 are exposed
from the distal end of the overtube (i.e., have been deployed
from the overtube). Arrows indicate the movement of cuff
944, caused by distal movement (e.g., pushing) of control rod
952. Support-anchoring elements 9005 are shown having
been moved to the open configuration thereof, by the move-
ment of cuff 944. A part of each leaflet 82 is shown within the
‘clip’ of a respective element 9005 (i.e., enveloped by and/or
disposed between plate 940 and plate 942 of a respective
element 9005). For some applications, the entry of leaflets 82
between the plates is facilitated by the movement of the
leaflets caused by the beating of heart 22. For some applica-
tions, the entry of leaflets 82 between the plates is facilitated
by movement of support 10405, and/or iterative opening and
closing of elements 9005.

[0376] FIG. 38E shows support-anchoring elements 9005
having moved to the closed configuration thereof, following
the release of cuff 944 (e.g., caused by the release of control
rod 952). Arrows indicate the movement of cuff 944 follow-
ing the release thereof. The part of each leaflet 82 that was
previously enveloped by (i.e., disposed between) plate 940
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and plate 942 is thereby clamped between the two plates. That
is, elements 9005 are coupled to leaflets 82 of the native valve.
Once elements 9005 have been successfully coupled to leat-
lets 82 (e.g., once a physician is satisfied with the position and
coupling of support 10405), the remainder of prosthetic valve
support 10405 (e.g., upstream support portion 41) is typically
deployed.

[0377] FIG. 38F shows prosthetic valve support 10405 in a
fully-deployed configuration thereof. Following coupling of
elements 9005 to leaflets 82, overtube 1044 is retracted proxi-
mally, and/or support 104056 is moved distally, such that the
support emerges from the overtube, and expands to its
expanded configuration. For some applications, the expan-
sion of support 10405 automatically decouples the support
from the scaffold (e.g., core 946), which is subsequently
removed from the subject. Annular portion 41 of support
10405 is shown disposed against the proximal side (e.g., the
atrial surface) of the native valve, as described hereinabove
with respect to upstream support portion 41 of other pros-
thetic valve supports. FIG. 38D shows native valve 23 in an
open configuration thereof, whereby leaflets 82 generally
extend into ventricle 28. As described hereinabove, mutatis
mutandis, with reference to elements 900, illustrated in FIGS.
36A-D, for some applications, elements 9005 are configured
to allow leaflets 82 to continue to function, at least in part. For
such applications, FIG. 38F illustrates a snapshot of the posi-
tion of leaflets 82 during diastole. As also described herein-
above, mutatis mutandis, with reference to elements 900,
illustrated in FIGS. 36 A-D, for some applications, elements
9005 are configured to be biased to assume a pre-selected
position with respect to upstream support portion 41. For such
applications, FIG. 38F illustrates leaflets 82 being held in the
open configuration thereof, by elements 9004 that are config-
ured to be biased to assume the position shown.

[0378] As described hereinabove, for some applications,
control rod 952 is moved distally using a pusher, disposed
within delivery apparatus (e.g., overtube 1044), and typically
not fixedly coupled to the control rod. For such applications,
the pusher remains within the delivery apparatus, and is
removed with the delivery apparatus, following full deploy-
ment of prosthetic valve support 10405. FIG. 38F thus shows
a proximal end 953 of each control rod 952, previously dis-
posed within overtube 1044, now exposed and not in contact
with the pusher, following removal of the overtube.

[0379] FIG. 38G shows prosthetic valve 42, having been
deployed (e.g., delivered and expanded) in the lumen of pros-
thetic valve support 10405, and coupled thereto, as described
herein (e.g., with reference to other prosthetic valve sup-
ports).

[0380] FIG. 38H is a top (e.g., atrial) view of prosthetic
valve 42, having been deployed (e.g., delivered and
expanded) in the lumen of prosthetic valve support 10405,
and coupled thereto, as described herein (e.g., with reference
to other prosthetic valve supports). Support-anchoring ele-
ments 9005 are coupled to leaflets 82, i.e., one element 9005
is coupled to anterior leaflet 82a, and one element 9005 is
coupled to posterior leaflet 82p. Elements 9005 and legs 910
are typically arranged such that (1) the two elements 9005 are
disposed opposite each other, and (2) each leg 910 is disposed
between 60 degrees and 120 degrees from the element 9005
that is coupled to the posterior leaflet.

[0381] Reference is again made to FIGS. 36 A-38H. Typi-
cally, support-anchoring elements 900 (e.g., elements 900a
and 9006) and stabilizing legs 910 are configured to be mov-
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able independently from each other, and to be at least in part
flexible and/or movable with respect to annular element 41.
That is, elements 900 and legs 910 are typically positionable
according to the individual anatomy of the subject in which
the implant is implanted. For some applications of the inven-
tion, this is conferred at least in part by the connection
between (1) the element 900 and/or leg 910, and (2) upstream
support portion 41. For some applications of the invention,
this is conferred at least in part by the composition of the
element 900 and/or leg 910 itself. For example, for some
applications, techniques and/or elements described with ref-
erence to FIGS. 2-7 and 17A-20F, may be used in combina-
tion with those described with reference to FIGS. 36A-37H
(e.g., in combination with support-anchoring elements 900,
900a, and/or 9005, and stabilizing legs 910).

[0382] For some applications of the invention, during the
deployment (e.g., implantation) of prosthetic valve support
1040 (e.g., support 1040a, and/or support 10405), the user
(e.g., physician) may determine the quality (e.g., strength) of
coupling of support-anchoring elements 900 (e.g., elements
900a, and/or 9005) by applying a force (e.g., pushing, pull-
ing, twisting) to the device, and/or using imaging techniques
to visualize the device in situ.

[0383] Typically, support-anchoring elements 900 (e.g.,
elements 900a and/or 9005) are operable (i.e., openable, and/
or closable) repeatedly. Should coupling of elements 900 to
leaflets 82 be determined to be suboptimal, elements 900 may
be opened (e.g., decoupled from the leaflets) and reclosed
(e.g., re-coupled to the leaflets), until optimal coupling has
been achieved.

[0384] Should it be necessary and/or desirable during
deployment, until prosthetic valve support 1040 (e.g., support
10404, and/or support 10405) is fully deployed (e.g., from
overtube 1044), the deployed, expanded portions of the sup-
port (i.e., the portions of the support, including elements 900)
that are exposed from the overtube may be drawn back into
the overtube (e.g., for repositioning, or for withdrawal from
the body of the subject).

[0385] Itistobe noted that, although the support-anchoring
elements described with reference to FIGS. 36 A-38H (e.g.,
elements 900, 900a and 9005) are described and/or illustrated
in the context of prosthetic valve supports that comprise two
support-anchoring elements and two stabilizing legs (e.g., as
described with reference to FIGS. 36A-D), the scope of the
invention includes other contexts for these support-anchoring
elements, and the clip functionality thereof. For example, for
some applications of the invention, a prosthetic valve support
comprises two support-anchoring elements 900a and/or sup-
port-anchoring elements 9005, and does not comprise stabi-
lizing legs 910. For some applications of the invention, a
prosthetic valve support comprises greater or fewer than two
such support-anchoring elements. Furthermore, for some
applications of the invention, the structure and/or function of
element 900a and/or 900 may be incorporated in a valve-
anchoring element (e.g., valve-anchoring element 64). That
is, for some applications of the invention, a prosthetic valve
comprises at least one valve-anchoring element, which is
described as a support-anchoring element with reference to
one or more of FIGS. 36 A-38H, mutatis mutandis.

[0386] Reference is made to FIGS. 39A-D, which are sche-
matic illustrations of a medical device 150, comprising one or
more coupling tabs 1100, in accordance with some applica-
tions of the invention. Coupling tabs 1100 facilitate delivery
of medical device 150, by facilitating reversible coupling of
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the medical device to a delivery apparatus, such as, but not
limited to, delivery apparatus 880 (described with reference
to FIGS. 27A-D). FIGS. 39A-D illustrate medical device 150
as comprising prosthetic valve 42. However, it should be
noted that the scope of the invention includes coupling tabs
1100 that facilitate delivery of other medical devices (e.g.,
expandable medical devices). FIGS. 39A-B show coupling
tabs 1100 comprising T-shaped coupling tabs 1100a, and
FIG. 39C-D show coupling tabs 1100 comprising box-shaped
coupling tabs 11005. Tabs 11004 and 11005 are configured,
respectively, to be reversibly couplable to delivery apparatus
of a respective, complimentary configuration.

[0387] As described hereinabove, prosthetic valve 42 has
(1) a compressed configuration, in which it is typically deliv-
ered, within a delivery tube (e.g., tube 60), to the implantation
site (e.g., native valve 23), and (2) an expanded configuration,
toward which the prosthetic valve moves during deployment.
Coupling tabs 1100 are configured such that (1) in the com-
pressed configuration of the prosthetic valve, the tabs assume
arestrained configuration (FIGS. 39A and 39C), and (2) in the
expanded configuration of the prosthetic valve, the tabs
assume an unconstrained configuration, e.g., a pre-selected
configuration (FIGS. 39B and 39D). Typically, in the
restrained configuration, coupling tabs 1100 extend col-
linearly from an end of prosthetic valve 42. For example, and
as illustrated in FIGS. 39A and 39C, coupling tabs 1100
extend proximally from the proximal end of the prosthetic
valve. Typically, in the unconstrained configuration, at least
part of each coupling tab 1100 protrudes radially from pri-
mary structural element 130 of the prosthetic valve. For some
applications, and as illustrated in FIGS. 39B and 39D, in the
unconstrained configuration, coupling tabs 1100 extend radi-
ally outward from primary structural element 130 of the pros-
thetic valve. The arrows indicate the direction of the move-
ment of coupling tabs 1100 from the constrained to the
unconstrained configuration. This movement is typically
between 5 degrees and 180 degrees (e.g., between 80 degrees
and 180 degrees). For some applications, this movement is
greater than 180 degrees, whereby coupling tabs 1100 pro-
trude into voids defined by prosthetic valve 42.

[0388] Typically, coupling tabs 1100 comprise a shape-
memory material (e.g., nitinol, stainless steel, nickel cobalt,
cobalt chrome, and/or titanium), and the unconstrained con-
figuration is pre-selected by shape-setting the material.
[0389] It is hypothesized that, when prosthetic valve 42 is
implanted in the native valve, coupling tabs 1100 (e.g., tabs
11004 and tabs 11005), advantageously, disturb blood flow
less than some coupling tabs that do not move into a configu-
ration in which at least part of the tabs protrude radially from
the prosthetic valve. For example, for some applications,
coupling tabs 1100 protrude less far proximally into the
atrium from the proximal part of primary structural element
130, and/or are disposed further peripherally to a flow of
blood through the prosthetic valve. It is hypothesized that this
reduced blood flow disturbance of tabs 1100 reduces the
likelihood of inducing hemodynamic disorders such as
thrombus formation. It is further hypothesized that this
reduced proximal protrusion into the atrium, increases the
available space in the atrium, thereby facilitating the delivery,
removal and/or other movement of medical devices and/or
delivery apparatus in the vicinity of the prosthetic valve.
[0390] For some applications of the invention, coupling
tabs 1100 (e.g., coupling tabs 1100a, and/or coupling tabs
11005) further facilitate coupling of the prosthetic valve to
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the prosthetic valve support (e.g., prosthetic valve support
40). As described herein, the size of the lumen of support 40
typically determines the size to which prosthetic valve 42
expands, when implanted in this lumen. Thus, when
implanted and expanded in the lumen of prosthetic valve
support 40, the primary structural element of prosthetic valve
42 typically has a longest transverse cross-sectional length
that generally corresponds to a longest transverse cross-sec-
tional length of the lumen of support 40. A transverse cross
section of prosthetic valve 42 at the position of radially-
protruding coupling tabs 1100, typically has a longest length
that is greater than the longest transverse cross-sectional
length of the lumen of support 40. That is, in the region of
coupling tabs 1100, prosthetic valve 42 is typically wider than
in other (e.g., more distal) regions of the prosthetic valve. This
extra width provides axial resistance against undesired distal
(e.g., ventricular) movement of prosthetic valve 42 with
respect to support 40, in addition to the resistance typically
provided by radially expansive forces of prosthetic valve
against the support.

[0391] For some applications of the invention, coupling
tabs 1100 (e.g., coupling tabs 1100a, and/or coupling tabs
11005) increase the rigidity of prosthetic valve 42 (e.g., the
rigidity of primary structural element 130 of the prosthetic
valve). For example, for some applications, when primary
structural element 130 is generally cylindrical, coupling tabs
1100 inhibit deformation of element 130.

[0392] Reference is made to FIGS. 40A-C, which are sche-
matic illustrations of prosthetic valve 42, comprising pros-
thetic valve 2000, which comprises one or more tissue-en-
gaging elements 2002. For some applications, elements 2002
are embodiments of tissue-engaging elements 62. For some
applications, elements 2002 are embodiments of valve-an-
choring elements 64. Tissue-engaging elements 2002 pro-
trude laterally from primary structural element 130 of pros-
thetic valve 2000.

[0393] Tissue-engaging elements 2002 are configured to
couple to leaflets 82 of the native valve, subsequent to the
deployment (e.g., implantation) of prosthetic valve 2000.
Typically, elements 2002 are configured to couple to the
leaflets by piercing the leaflets, at least in part.

[0394] For some applications, prosthetic valve 2000 com-
prises two elements 2002, that are disposed at sites on the
circumference of primary structural element 130 that are
generally opposite each other. For some applications of the
invention, prosthetic valve 2000 comprises more than two
(e.g., four or more, such as six or more) elements 2002, that
are disposed circumferentially around primary structural ele-
ment 130.

[0395] For some applications, tissue-engaging clements
2002 protrude generally orthogonally to the outer surface of
primary structural element 130 (i.e., generally straight out-
ward laterally from element 130). For some applications,
elements 2002 protrude at an acute angle from the outer
surface of primary structural element 130. For example, and
as illustrated in FIGS. 40A-C, elements 2002 may protrude
proximally, such that a portion (e.g., a tip) of elements 2002
that is further from a point of coupling between the element
2002 and primary structural element 130, is closer to the
proximal end of element 130 than is a portion of elements
2002 that is closer to that point of coupling.

[0396] FIG. 40A shows prosthetic valve 2010, comprising
aplurality of tissue-engaging elements 2012. Prosthetic valve
2010 is an embodiment of prosthetic valve 2000, and ele-
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ments 2012 are embodiments of tissue-engaging elements
2002. Elements 2012 are typically configured to protrude at
an acute angle from the outer surface of primary structural
element 130 of prosthetic valve 2010. Tip 2014 is the portion
of element 2012 that is furthest from a point of coupling
between the element 2012 and element 130. For some appli-
cations of the invention, tip 2014 is sharp (e.g., pointed) so as
to facilitate piercing of the native leaflets.

[0397] FIG.40B shows prosthetic valve 2020, comprising a
plurality of tissue-engaging elements 2022. Prosthetic valve
2020 is an embodiment of prosthetic valve 2000, and ele-
ments 2022 are embodiments of tissue-engaging elements
2002. For some applications of the invention, prosthetic valve
2020 and elements 2022 are analogous to, and/or comprise,
prosthetic valve 2010 and elements 2012, respectively. Ele-
ments 2022 are typically configured to protrude at an acute
angle from the outer surface of primary structural element
130 of prosthetic valve 2020. For some applications of the
invention, elements 2022 are formed from a lattice structure
that the prosthetic valve comprises. For example, a separation
in the structure may allow a portion of the structure to be
moved out of the plane of the structure, thereby protruding
from element 130. Element 2022 thereby comprises the pro-
truding portion of the structure. Tip 2024 is the portion of
element 2022 that is furthest from a point of coupling between
the element 2022 and element 130. For some applications of
the invention, tip 2024 is sharp (e.g., pointed) so as to facili-
tate piercing of the native leaflets.

[0398] FIG. 40C shows implant 30, comprising prosthetic
valve support 2030 and prosthetic valve 2000, following
implantation thereof in native valve 23. Prosthetic valve sup-
port 2030 typically comprises support-anchoring elements
2032. For some applications of the invention, prosthetic valve
support 2030 and/or support-anchoring elements 2032 are
analogous, respectively, to other prosthetic valve supports
and support-anchoring elements described herein. For some
applications of the invention, prosthetic valve support 2030
comprises prosthetic valve support 40.

[0399] Immediately following the implantation of support
2030 and prosthetic valve 2000, leaflets 82 of the native valve
typically continue to function, at least in part. For example,
support-anchoring elements 2032 may be configured to rotate
around a coupling point with upstream support portion 41 of
the prosthetic valve, so as to allow the leaflets to continue to
function, at least in part (e.g., as described herein for several
support-anchoring elements). When leaflets 82 move against
prosthetic valve 2000 (e.g., during systole), tissue-engaging
elements 2002 couple to (e.g., by piercing) the leaflets.

[0400] For some applications of the invention, tissue-en-
gaging elements 2032 are configured to move leaflets 82
against prosthetic valve 2000, and thereby onto tissue-engag-
ing elements 2002. For example, elements 2032 may be con-
figured to move toward each other, such that following
implantation of prosthetic valve support 2030 and coupling of
elements 2032 to leaflets 82, when prosthetic valve 2000 is
deployed in the lumen of support 2030, elements 2032 push
leaflets 82 against the prosthetic valve.

[0401] Itis hypothesized that such coupling of leaflets 82 to
elements 2002, and thereby to prosthetic valve 2000, facili-
tates (1) stable implantation of implant 30 in the native valve,
and/or (2) sealing of leaflets 82 around the prosthetic valve,
thereby inhibiting retrograde leakage of blood between the
leaflets and the implant.
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[0402] FIG. 40C shows, by way of illustration and not
limitation, prosthetic valve 2000 being used in combination
with a prosthetic valve support that comprises support-an-
choring elements. It is to be noted that, for some applications,
prosthetic valve 2000 is used in combination with other pros-
thetic valve supports that comprise support-anchoring ele-
ments, and/or with prosthetic valve supports that do not com-
prise support-anchoring elements.

[0403] Reference is made to FIGS. 41A-B, 42A-B, 43A-C,
and 44A-B, which are schematic illustrations of prosthetic
valves and prosthetic valve supports, comprising a coupling
functionality for coupling support-anchoring elements of the
prosthetic valve support to the prosthetic valve.

[0404] Reference is now made to FIGS. 41A-B, which are
schematic illustrations of prosthetic valve support 40, com-
prising a prosthetic valve support 1122, which comprises one
or more support-anchoring elements 1124, in accordance
with some applications of the invention. FIG. 41A shows
support 1122, and FIG. 41B shows, implanted in a native
valve 23, an implant 30, which comprises support 1122 and
prosthetic valve 42, comprising a prosthetic valve 1120. For
some applications of the invention, support-anchoring ele-
ments 1124 comprise (1) other support-anchoring elements
described herein (e.g., support-anchoring elements 66), and/
or (tissue-engaging elements 62). Support-anchoring ele-
ments 1124 comprise one or more barbs 1126, which com-
prise the coupling functionality for coupling the support-
anchoring elements of the prosthetic valve support to the
prosthetic valve. Typically, each barb 1126 protrudes from
another part of element 1124 at between 10 degrees and 80
degrees (e.g., between 15 degrees and 60 degrees). Typically,
a tip of each barb is thereby disposed more distally (e.g.,
ventricularly) than a base of that barb. Typically, each barb
1136 has a length of between 0.5 and 5 mm.

[0405] Prosthetic valve support 1122 is typically delivered
to, and deployed at, native valve 23, as described herein for
other prosthetic valve supports. Support-anchoring elements
1124 are typically coupled to leaflets 82 of the native valve, as
described herein for other support-anchoring elements. Sub-
sequent to the deployment and coupling of support 1122 to
the native valve, prosthetic valve 1120 is deployed in the
lumen of the prosthetic valve support, as described herein for
other prosthetic valves. As prosthetic valve 1120 expands,
barbs 1126 engage and couple to the prosthetic valve, typi-
cally by protruding into voids defined by the prosthetic valve.
For some applications of the invention, elements 1124 are
configured to assume a pre-selected configuration, such as
that shown in FIG. 41A, and to restrain leaflets 82. For some
applications of the invention, elements 1124 are configured to
allow leaflets 82 to continue to function, at least in part. For
some such applications, movement of leaflets 82 and ele-
ments 1124, caused by the beating of the heart, is hypoth-
esized to facilitate engagement of the prosthetic valve by
barbs 1126.

[0406] Typically, barbs 1126 are configured to protrude
into the voids defined by prosthetic valve 1120, but to not
protrude further into the prosthetic valve, e.g., into the lumen
defined by the prosthetic valve. Typically, prosthetic valve
1120 comprises a wire frame, and a covering 1128, which
covers at least part of the inner surface of the prosthetic valve
(i.e., the walls of the lumen), so as to facilitate blood flow
through the prosthetic valve. Typically, barbs 1126 are dimen-
sioned so as to protrude into the voids defined by the pros-
thetic valve, but to not protrude into and/or through covering
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1128. That is, prosthetic valve 1120 and prosthetic valve
support 1122 are configured so as to be couplable to each
other using barbs 1126, without the barbs contacting (and
possibly damaging) covering 1128.

[0407] For some applications of the invention, and as illus-
trated in FIG. 41B, the prosthetic valve is coupled to pros-
thetic valve support only by (1) a radially-expansive force
exerted by the prosthetic valve on the prosthetic valve sup-
port, and (2) barbs 1126 protruding into the voids defined by
the prosthetic valve. For such applications of the invention,
the prosthetic valve (e.g., prosthetic valve 1120) is typically
couplable to the prosthetic valve support at a plurality of
relative positions. That is, the prosthetic valve is typically
implantable in the native valve at a plurality of depths i.e., a
physician may decide on the depth at which the prosthetic
valve is implanted in the native valve.

[0408] Reference is now made to FIGS. 42A-B, which are
schematic illustrations of prosthetic valve support 40, com-
prising a prosthetic valve support 1132, which comprises one
or more support-anchoring elements 1134, in accordance
with some applications of the invention. FIG. 42A shows
support 1132, and FIG. 42B shows, implanted in a native
valve 23, an implant 30, which comprises support 1132 and
prosthetic valve 42, comprising a prosthetic valve 1130. For
some applications of the invention, support-anchoring ele-
ments 1134 comprise (1) other support-anchoring elements
described herein (e.g., support-anchoring elements 66), and/
or (2) tissue-engaging elements 62. Support-anchoring ele-
ments 1134 comprise one or more barbs 1136, which com-
prise the coupling functionality for coupling the support-
anchoring elements of the prosthetic valve support to the
prosthetic valve. Typically, each barb 1136 protrudes from
another part of element 1134 at between 10 degrees and 80
degrees (e.g., between 15 degrees and 60 degrees). Typically,
a tip of each barb is thereby disposed more distally (e.g.,
ventricularly) than a base of that barb. Typically, each barb
1136 has a length of between 0.5 and 5 mm.

[0409] The structure, function and implantation method of
prosthetic valve support 1132 and prosthetic valve 1130, are
typically similar to those of prosthetic valve support 1122 and
prosthetic valve 1120. However, each support-anchoring ele-
ment 1134 of prosthetic valve support 1132 typically com-
prises no more than 4 barbs 1136 (e.g., 2 barbs 1136). Pros-
thetic valve 1130 comprises a wire frame, and a covering
1138, which covers at least part of the inner surface of the
prosthetic valve (i.e., the walls of the lumen), so as to facilitate
blood flow through the prosthetic valve. Typically, the inner
surface of a portion (e.g., a distal portion 1139) of prosthetic
valve 1130 is not covered with covering 1138. Typically,
barbs 1136 are positioned and/or configured to engage and
couple distal portion 1139. That is, prosthetic valve 1130 and
prosthetic valve support 1132 are configured so as to be
couplable to each other using barbs 1136, without the barbs
contacting (and possibly damaging) covering 1138.

[0410] Reference is now made to FIGS. 43A-C, which are
schematic illustrations of a prosthetic valve support 1142,
comprising one or more support-anchoring elements 1144,
which are couplable to a prosthetic valve 1140, in accordance
with some applications of the invention. For some applica-
tions of the invention, prosthetic valve support 1142 com-
prises, and/or is analogous to, another prosthetic valve sup-
port described herein (e.g., prosthetic valve support 40). For
some applications of the invention, prosthetic valve 1140
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comprises, and/or is analogous to, another prosthetic valve
described herein (e.g., prosthetic valve 42).

[0411] Prosthetic valve support 1142 comprises one or
more support-anchoring elements 1144, which, for some
applications of the invention, comprise, and/or are analogous
to, (1) other support-anchoring elements described herein
(e.g., support-anchoring elements 66), and/or (2) tissue-en-
gaging elements 62. Support-anchoring elements 1144 com-
prise a coupling lead 1146 (e.g., a coupling wire) and a
stopper 1147, which is slidably coupled to the coupling lead.
Coupling lead 114 and stopper 1147 comprise the coupling
functionality for coupling the support-anchoring elements of
the prosthetic valve support to the prosthetic valve. One end
(e.g., a distal end) of coupling lead 1146 is typically coupled
to element 1144, and portion (e.g., a proximal portion) of the
coupling lead is slidably coupled to prosthetic valve 1140. For
some applications of the invention, prosthetic valve 1140 is
shaped to define an eyelet (not shown), through which cou-
pling lead is slidable.

[0412] FIG. 43 A shows prosthetic valve support 1142 hav-
ing been deployed (e.g., implanted) in native valve 23, and
prosthetic valve 1140 in a compressed configuration within
delivery tube 60, prior to deployment. A coupling lead 1146 is
coupled to each support-anchoring element 1144, and
extends proximally, through prosthetic valve 1140.

[0413] FIG. 43B shows prosthetic valve 1140 following
deployment thereof in the lumen defined by prosthetic valve
support 1142. Prosthetic valve 1140 has been slid over cou-
pling leads 1146. That is, the length of each coupling lead that
is disposed between an element 1144 and a closest portion of
the prosthetic valve, has been shortened. Each stopper 1147
has been slid distally over coupling lead 1146 (e.g., using a
pusher; not shown), thereby sandwiching a portion of the
prosthetic valve between each stopper and a respective ele-
ment 1144. Typically, coupling lead 1146 and stopper 1147
are configured to inhibit movement of the stopper in the
opposite direction. For example, stopper 1147 may comprise
a ratchet housing (e.g., may contain a ratchet mechanism),
and coupling lead 1146 may comprise ratchet teeth. Thereby,
sliding of stopper 1147 over coupling lead 1146 facilitates
coupling of the prosthetic valve to the prosthetic valve sup-
port.

[0414] For some applications of the invention, coupling
leads 1146 facilitate rotational orientation of prosthetic valve
1140 with respect to support 1142 during deployment of the
prosthetic valve in the lumen of the support. For example,
coupling leads 1146 may act as guidewires, along which the
prosthetic valve is slid during deployment thereof.

[0415] For some applications of the invention, prosthetic
valve 1140 is coupled to prosthetic valve support 1142 using
coupling leads 1146 and stoppers 1147 (i.e., stoppers 1147
are slid distally, sandwiching the portions of the prosthetic
valve between the stoppers and elements 1144) before the
prosthetic valve is fully deployed. For example, this coupling
may be performed when the prosthetic valve is semi-de-
ployed from delivery tube 60, i.e., when a proximal portion of
the prosthetic valve is still compressed within the delivery
tube.

[0416] Coupling of prosthetic valve 1140 to elements 1144
with coupling lead 1146 is hypothesized to inhibit lateral
rotation (e.g., rotation around an atrial-ventricular axis), and/
or axial movement, of the prosthetic valve, with respect to the
support.
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[0417] Following coupling of prosthetic valve 1140 to sup-
port-anchoring elements 1144, a proximal portion of cou-
pling lead 1146 is typically subsequently removed from the
subject. FIG. 43C shows a distal portion of coupling lead
1146 having been decoupled from a proximal portion of the
coupling lead. For some applications of the invention, cou-
pling lead 1146 is cut. For some applications of the invention,
the proximal portion of the coupling lead comprises a loop,
which is (1) coupled to the distal portion of the coupling lead
by being looped around an element of the distal portion of the
coupling lead, and (2) decoupled from the distal portion of the
coupling lead by being unlooped from the distal portion of the
coupling lead. For some applications, the proximal portion of
the coupling lead is (1) coupled to the distal portion of the
guidewire using a lock described herein (e.g., with reference
to FIGS. 45A-C and/or 64A-C, mutatis mutandis), and (2)
decoupled from the distal portion of the coupling lead by
moving the lock to the open configuration.

[0418] Reference is made to FIGS. 44A-B, which are sche-
matic illustrations of (1) a prosthetic valve support 1162,
comprising one or more support-anchoring elements 1164,
and (2) a prosthetic valve 1160, comprising one or more
valve-anchoring elements 1146, which are couplable to pros-
thetic valve support 1162, in accordance with some applica-
tions of the invention. Typically, valve-anchoring elements
1146 are couplable to the prosthetic valve support by being
couplable to support-anchoring elements 1164. For some
applications of the invention, prosthetic valve support 1142
comprises, and/or is analogous to, another prosthetic valve
support described herein (e.g., prosthetic valve support 40).
For some applications of the invention, prosthetic valve 1160
comprises, and/or is analogous to, another prosthetic valve
described herein (e.g., prosthetic valve 42). For some appli-
cations of the invention, support-anchoring elements 1164
comprise, and/or are analogous to, (1) other support-anchor-
ing elements described herein (e.g., support-anchoring ele-
ments 66), and/or (2) tissue-engaging elements 62. For some
applications of the invention, valve-anchoring elements 1146
comprise, and/or are analogous to, other valve-anchoring ele-
ments described herein (e.g., valve-anchoring elements 64).
For some applications of the invention, valve-anchoring ele-
ments 1146 comprise, and/or are analogous to, support-en-
gaging elements, such as support-engaging elements 422.

[0419] FIG. 44A shows prosthetic valve support 1162 hav-
ing been deployed (e.g., implanted) in native valve 23, and at
least part of prosthetic valve 1160 in a compressed configu-
ration within delivery tube 60, prior to deployment. Valve-
anchoring elements 1166 are typically coupled to a distal
portion (e.g., a distal end) of the primary structural element of
prosthetic valve 1160, and, in the compressed configuration
of'the prosthetic valve, elements 1166 extending distally from
the prosthetic valve. Elements 1166 are shown emerging from
delivery tube 60. For some applications of the invention,
valve-anchoring elements 1166 are formed from the regular
repeating structure of the lattice that forms the prosthetic
valve, e.g., as described with reference to support-engaging
elements 424 (FIGS. 8 A-B), mutatis mutandis.

[0420] FIG. 44B shows prosthetic valve 1160 following
deployment thereof in the lumen defined by prosthetic valve
support 1162. Valve-anchoring elements 1166 are deployed
on the distal (e.g., ventricular) side of the native valve, and are
coupled to support-anchoring elements 1164. Typically, sup-
port-anchoring elements 1164 are configured to facilitate
coupling (1) of elements 1164 to the native valve (e.g., to
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leaflets 82), and (2) of valve-anchoring elements 1166 to
support-anchoring elements 1164. Valve-anchoring elements
1166 thereby restrict proximal movement of prosthetic valve
1160, i.e., elements 1166 couple the prosthetic valve to sup-
port 1162, and to the native valve.

[0421] Reference is made to FIGS. 45A-C, which are sche-
matic illustrations of a lock 1170 for facilitating delivery of a
medical device, in accordance with some applications of the
invention.

[0422] Reference is now made to FIG. 45A. Lock 1170
comprises a tubular member 1172 and a plug 1174. Plug 1174
is dimensioned such that it is disposable in, and slidable
through (e.g., into and out of) the lumen of tubular member
1172. Plug 1174 comprises a restricting portion 1190 and a
second portion 1192. Lock 1170 has a locking configuration,
in which (1) at least part of restricting portion 1190 is dis-
posed inside the lumen of tubular member 1172, and (2) a
coupling lead 1180 (e.g., a coupling wire) that is coupled to
the lock, is generally not decouplable from the lock. Lock
1170 further has an open configuration, in which (1) at least
restricting portion 1190 is disposed outside the lumen of
tubular member 1172, and (2) coupling lead 1180 is decou-
plable from the lock. Typically, at least part of plug 1174 (e.g.,
restricting portion 1190) is dimensioned so as to fit tightly in
the lumen of tubular member 1172, in a manner in which an
outer surface of plug 1174 (e.g., an outer surface of portion
1190) is disposed very close to an inner surface of tubular
member 1172, i.e., such that little space exists between the at
least part of the plug and the tubular member. Typically, a
surface of second portion 1192 is disposed further from the
inner surface of tubular member 1172, than is the surface of
the at least part of portion 1190.

[0423] For some applications of the invention, second por-
tion 1192 is shaped to define at least part of a trough, and the
surface of the second portion that is disposed further from the
inner surface of the tubular member, comprises a surface of
the trough.

[0424] FIG. 45A shows coupling lead 1180 comprising a
loop, and coupled to lock 1170 by at least part of the loop
being disposed against second portion 1192 when the lock is
in the locking configuration. Restricting portion 1190 inhibits
axial movement of the coupling lead, and tubular member
1172 inhibits lateral movement of the coupling lead (e.g., the
inner surface of tubular member holds the coupling lead
against second portion 1192). Tubular member 172 thereby
facilitates coupling of coupling lead 1180 to plug 1174, and
thereby to lock 1170.

[0425] As is described hereinbelow, coupling lead 1180 is
typically coupled to a medical device 150 and facilitates (1)
coupling of medical device 150 to delivery apparatus during
delivery of the medical device and (2) decoupling of medical
device 150 from the delivery apparatus following implanta-
tion of device 150.

[0426] Reference is now made to FIG. 45B. Plug 1174 is
slid distally through tubular member 1172, such that lock
1170 is in an open configuration. Typically, plug 1174 is
moved using control wire 1175. In this open configuration,
restricting portion 1190, and typically at least part of second
portion 1192, are exposed from the tubular member (i.e., are
outside the lumen of the tubular member). Coupling lead
1180 is shown in F1G. 45B as being disposed against a surface
of second portion 1192, by way of illustration and not limi-
tation, as a temporary configuration prior to disengagement of
coupling lead 1180 from plug 1174 (i.e., decoupling of the
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coupling lead from lock 1170; disengagement of coupling
lead 1180 is described hereinbelow).

[0427] FIG. 45C shows lock 1170 in the open configura-
tion, and coupling lead 1180 decoupled from the lock. In the
open configuration of the lock, coupling lead 1180 is allowed
to move away from plug 1174 (e.g., tubular member 1172
does not restrict lateral movement of the coupling lead away
from second portion 1192). That is, in the open configuration
of'the lock, coupling lead 1180 is decouplable from the lock.
Typically, coupling lead 1180 is moved away from plug 1174
by moving the former with respect to the latter (e.g., by
applying a moving force to coupling lead 1180 and/or to plug
1174). In some applications of the invention, at least a portion
of coupling lead 1180 is configured such that it automatically
moves out of the trough upon being exposed from the tubular
member (i.e., when lock 1170 moves to the open configura-
tion). For example, the coupling lead may comprise a shape-
memory material such as nitinol, stainless steel, nickel cobalt,
cobalt chrome, and/or titanium. In some applications of the
invention, portions 1190 and 1192 are shaped to facilitate the
decoupling of coupling lead 1180 from the lock. For example,
a boundary between portions 1190 and 1192 may be sloped.

[0428] Reference is made to FIGS. 46 A-B, which are sche-
matic illustrations of prosthetic valve support 40, comprising
prosthetic valve support 1060, which comprises one or more
support-anchoring elements, such as support-anchoring ele-
ments 900, coupled to a stabilizing element 1062 (e.g., a
stabilizing strip or a stabilizing element), in accordance with
some applications of the invention. FIG. 46A shows a lower
side view of support 1060. As described hereinabove, the
support-anchoring elements are typically coupled to inner
edge 68, which defines the lumen ofupstream support portion
41. That is, a first portion (e.g., a proximal end) of each
support-anchoring element is typically coupled to inner edge
68. A second portion of each support-anchoring element is
typically coupled to stabilizing element 1062. Typically, sta-
bilizing element 1062 comprises an annular band. Further
typically, a distal portion of each support-anchoring elements
is coupled to the stabilizing element. Stabilizing element
1062 defines an opening (e.g., an aperture), and is typically
inelastic and at least partly flexible. Non-limiting examples of
materials that stabilizing element 1062 may comprise include
polyester, PTFE (e.g., ePTFE), nylon, cotton, nitinol, stain-
less steel, nickel cobalt, cobalt chrome, titanium, tantalum
and palladium. The flexibility of element 1062 typically
facilitates the compressibility of the prosthetic valve support
(e.g., fortransvascular delivery). For some applications of the
invention, the support-anchoring elements are configured to
rotate freely around the point at which they couple to
upstream support portion 41, e.g., so as to allow leaflets of the
native valve to continue to function (i.e., to move), at least in
part. For some such applications, the flexibility of stabilizing
element 1062 typically allows (i.e., does not generally
inhibit) this movement of the support-anchoring elements
and the leaflets.

[0429] Stabilizing element 1062 is hypothesized to
increase the stability of prosthetic valve support 1060 at the
native valve. For example, stabilizing element 1062 is
hypothesized to at least partly inhibit lateral rotation (e.g.,
rotation around an atrial-ventricular axis, e.g., ‘yaw’) of the
support and/or support-anchoring elements. Following
deployment (e.g., implantation) of the prosthetic valve, sta-
bilizing element 1062 is further hypothesized to reduce roll-
ing movement (e.g., movement around a lateral axis, e.g., an
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axis between two elements 900, e.g., ‘pitch’ and ‘roll”) of the
prosthetic valve and/or implant 30, including inversion (e.g.,
“flipping’) of the implant.

[0430] For some applications of the invention, stabilizing
element 1062 is further hypothesized to stabilize elements
900 during deployment of the elements, e.g., by facilitating
coupling thereof to delivery apparatus.

[0431] FIG. 46B shows implant 30, comprising prosthetic
valve support 1060 and prosthetic valve 42, following
implantation in native valve 23. The prosthetic valve support
and the prosthetic valve are typically implanted as described
hereinabove, mutatis mutandis. Prosthetic valve 42 is
deployed (e.g., delivered and expanded) in the lumen of sup-
port 1060, and in the opening defined by stabilizing element
1062. That is, when prosthetic valve 42 is deployed at the
native valve, it is expanded such that (1) a proximal portion of
the prosthetic valve couples to inner edge 68 of support 1060,
and (2) a distal portion of the prosthetic valve is disposed
within the opening of the stabilizing element. For some appli-
cations of the invention, and as illustrated in FIG. 46B, the
distal portion of the prosthetic valve makes contact with the
stabilizing element.

[0432] For some applications of the invention, stabilizing
element 1062 is configured (e.g., dimensioned) such that,
when the prosthetic valve is expanded within the opening of
the stabilizing element, the stabilizing element limits the
expansion of the distal portion of primary structural element
130 of the prosthetic valve. That is, for some applications, the
cross-sectional area defined by the primary structural element
130 of the prosthetic valve, upon expansion of the prosthetic
valve, is determined by the cross-sectional area of the opening
of the stabilizing element. For some applications, the cross-
sectional area of the opening of the stabilizing element is
substantially equal to the cross-sectional area of the lumen
defined by upstream support portion 41, thereby the expan-
sion of both the distal and proximal portions of the primary
structural element are limited to the same diameter, thereby
facilitating the primary structural element to assume a cylin-
drical shape.

[0433] For applications where stabilizing element 1062
limits the expansion of prosthetic valve 42, a radially-expan-
sive force is thereby applied by prosthetic valve 42 to stabi-
lizing element 1062. The radially-expansive force typically
couples the prosthetic valve to the stabilizing element. That
is, for some applications, prosthetic valve 42 is couplable to
the stabilizing element. For some applications, the prosthetic
valve is coupled to the stabilizing element by alternative or
additional means. For example, the stabilizing element may
comprise barbs and/or hooks, which facilitate coupling to the
prosthetic valve.

[0434] For some applications of the invention, at least part
(e.g., an inner surface) of stabilizing element 1062 comprises
a friction coating, that is configured to increase friction, and
thereby coupling, between the stabilizing element and the
prosthetic valve.

[0435] For some applications of the invention, at least part
of stabilizing element 1062 is shaped to define ridges, which
are configured (e.g., dimensioned) to protrude between struts
of'the lattice structure of the prosthetic valve (i.e., into voids
defined by the lattice structure). The protruding parts facili-
tate coupling of the stabilizing element to the prosthetic valve,
e.g., by inhibiting axial movement of the prosthetic valve
through the opening defined by the stabilizing element.
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[0436] For some applications of the invention, a soft (e.g.,
crushable) material is disposed on the inner surface of stabi-
lizing element 1062 (e.g., the stabilizing element comprises
the soft material). When prosthetic valve 42 expands, and
applies radially-expansive force to the stabilizing element,
(1) the struts of the lattice structure of the prosthetic valve
compress (e.g., crush) the parts of the soft material against
which the struts apply the force, and (2) the parts of the soft
material that are disposed between the struts (i.e., that are
disposed at voids defined by the lattice structure), form ridges
that protrude between the struts (i.e., protrude into the voids).
The protruding parts of the soft material facilitate coupling of
the stabilizing element to the prosthetic valve, e.g., by inhib-
iting axial movement of the prosthetic valve through the
opening defined by the band, such as by increasing friction.

[0437] For some applications of the invention, prosthetic
valve 42 (e.g., the primary structural element of prosthetic
valve 42) is shaped to define a circumferential groove that is
configured (e.g., dimensioned) to receive stabilizing element
1062. That is, for some applications of the invention, stabi-
lizing element 1062 is configured (e.g., dimensioned) to be
placeable in a circumferential groove defined by prosthetic
valve 42. When prosthetic valve 42 is deployed, and expands
in the opening defined by stabilizing element 1062, stabiliz-
ing element 1062 is disposed in the groove, thereby further
facilitating coupling of the stabilizing element to the pros-
thetic valve, e.g., by inhibiting axial movement of the pros-
thetic valve through the opening defined by the stabilizing
element.

[0438] It is to be noted that, although stabilizing element
1062 is described with reference to FIGS. 46A-B as being
coupled to support-anchoring elements 900, the scope of the
present invention includes stabilizing elements coupled to
other support-anchoring elements described herein, such as
support-anchoring elements 66.

[0439] Reference is made to FIGS. 47A-C, which are sche-
matic illustrations of sequential steps in the implantation of
implant 30, comprising prosthetic valve 42 and prosthetic
valve support 1040, which comprises prosthetic valve support
1080, in accordance with some applications of the invention.
Prosthetic valve support 1080 comprises two stabilizing legs
910, which comprise stabilizing legs 910a. Support 1080
and/or legs 9104 are configured such that, during deployment
of support 1080 (e.g., from an overtube), legs 910qa automati-
cally move toward a pre-defined stabilizing configuration
thereof. For example, legs 910¢ may comprise a shape-
memory material that is biased (e.g., shape-set) to move the
legs toward the stabilizing configuration thereof.

[0440] FIG. 47A shows support 1080 during deployment
thereof. Annular portion 41 is disposed against the proximal
(e.g., atrial) side of native valve 23, and stabilizing legs 910a
are moving toward the stabilizing configuration thereof. That
is, FIG. 47A is a ‘snapshot’ of support 1080 immediately
following the release thereof from a delivery tube.

[0441] FIG. 47B shows support 1080 following deploy-
ment thereof at native valve 23. Stabilizing legs 910a have
moved into the stabilizing configuration thereof. As described
hereinabove, mutatis mutandis, for stabilizing legs 910, with
reference to FIG. 36A, proximal portion 912 of each leg is
disposed on a plane between (1) a plane 999 that is orthogonal
to a plane defined by upstream support portion 41, and (2) a
position in which the leg touches a part of upstream support
portion 41 that is peripheral to inner edge 68.
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[0442] FIG. 47C shows prosthetic valve 42 following
deployment thereof in the lumen of support 1080. Typically,
and as shown in FIG. 47C, the primary structural element of
prosthetic valve 42 defines plane 999, that is orthogonal to the
plane defined by upstream support portion 41. That is, in the
stabilizing configuration thereof, stabilizing legs 910a are
typically disposed on a plane between (1) a plane defined by
the primary structural element of prosthetic valve 42, and (2)
a plane defined by upstream support portion 41.

[0443] Reference is made to FIGS. 48A-C, which are sche-
matic illustrations of sequential steps in the implantation of
implant 30, comprising prosthetic valve 42 and prosthetic
valve support 1040, which comprises prosthetic valve support
1090, in accordance with some applications of the invention.
Prosthetic valve support 1090 comprises two stabilizing legs
910, which comprise stabilizing legs 9104.

[0444] FIG. 48 A shows prosthetic valve support 1090 in an
at-rest configuration thereof, subsequent to deployment of the
support at prosthetic valve 23. Support 1090 and/or legs 9105
are configured such that, subsequent to deployment of sup-
port 1090 (e.g., from an overtube), legs 9105 are disposed
proximal to upstream support portion 41 (e.g., atrially). For
example, legs 9105 may comprise a shape-memory material
that is biased (e.g., shape-set) to move the legs toward the
at-rest configuration.

[0445] FIG. 48B shows prosthetic valve 42, in a com-
pressed configuration thereof, disposed within a delivery tube
60, being delivered to native valve 23. Prosthetic valve 42 is
moved distally into the lumen defined by upstream support
portion 41. Stabilizing legs 9105 move (e.g., rotate) through
the lumen, responsively to the movement of the prosthetic
valve. For example, distal movement of the prosthetic valve
may directly push the stabilizing legs through the lumen.
Alternatively or additionally, prosthetic valve 42 and/or sta-
bilizing legs 9105 may comprise engaging elements (e.g.,
barbs and/or levers) which facilitate the movement of the
stabilizing legs in response to the movement of the prosthetic
valve.

[0446] FIG. 48C shows prosthetic valve 42 following
deployment thereof in the lumen of support 1090. Stabilizing
legs 9105 have moved into the stabilizing configuration
thereof. Typically, and as shown in FIG. 48C, the primary
structural element of prosthetic valve 42 defines plane 999,
that is orthogonal to the plane defined by upstream support
portion 41. That is, in the stabilizing configuration thereof,
stabilizing legs 9105 are typically disposed on a plane
between (1) a plane defined by the primary structural element
of prosthetic valve 42, and (2) a plane defined by upstream
support portion 41.

[0447] Reference is made to FIG. 49, which is a schematic
illustration of prosthetic valve support 40, embodied as a
prosthetic valve support 4040q, in accordance with some
applications of the invention. Prosthetic valve support 4040a
comprises a cylindrical element 90 that is configured to
extend distally through native valve 23. Cylindrical element
90 is typically configured to (1) facilitate coupling of pros-
thetic valve support 40404 to the native valve, and/or sealing
therebetween, (2) to facilitate coupling of prosthetic valve
support 4040a to prosthetic valve 42 (or any other prosthetic
valve described herein), and/or sealing therebetween, and/or
(3) to push aside native leaflets 82 of native valve 23. For such
applications of the present invention in which prosthetic valve
support 40 (i.e., prosthetic valve support 4040a) comprises
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cylindrical element 90, support 40 and prosthetic valve 42
may be implanted in a manner as described hereinabove with
reference to FIGS. 1A-H.

[0448] Reference is made to FIG. 50, which is a schematic
illustration of an alternative technique for the implantation of
implant 30, in accordance with some applications of the
invention. FIG. 50 shows a technique in which prosthetic
valve 42 (shown crimped within delivery tube 60) is advanced
within ventricle 28 prior to and/or in conjunction with the
deployment of support 40.

[0449] Reference is now made to FIGS. 1A-H and 50.
FIGS. 1A-H illustrate the implantation of implant 30,
whereby prosthetic valve support 40 is initially delivered and
placed against the annulus of the native valve, and subse-
quently, prosthetic valve 42 is delivered to the native valve. In
some applications of the invention, as shown in FIG. 50, these
two components of implant 30 are delivered in reverse order.
FIG. 50 illustrates (1) the undeployed prosthetic valve 42,
having been initially delivered to ventricle 28, and (2) pros-
thetic valve support 40 being subsequently and/or in conjunc-
tion, delivered and deployed within atrium 26. In these appli-
cations of the invention, following deployment and
positioning of prosthetic valve support 40 against the annulus
of native valve 23, prosthetic valve 42 is moved atrially (i.e.,
proximally) into the respective lumens of the native valve and
prosthetic valve support 40, and is deployed, as described
hereinabove with reference to FIGS. 1G-H.

[0450] It is to be noted that implants 30 described herein
may be implanted using the method described hereinabove
with reference to FIGS. 1A-H, or using the method described
hereinabove with reference to FIG. 50.

[0451] Reference is made to FIGS. 51A-B, which are sche-
matic illustrations of prosthetic valve support 40, comprising
respective prosthetic valve supports 40405 and 4040¢ which
each comprise one or more wings 100, in accordance with
respective applications of the invention. Prosthetic valve sup-
port 40 is generally annular and is shaped to define a lumen.
Wings 100 are configured and positioned with respect to
prosthetic valve supports 40405 and 4040c¢ so as to provide
one or more of the following advantages: (1) Increasing the
stability of the support on the atrial surface of the native valve
annulus during the implantation procedure and/or post-im-
plantation. (2) Distributing forces more evenly across the
annulus of the native valve. (3) Restricting movement of
native valve leaflets. (4) Preventing tilting of support 40 and
subsequent interference with the LVOT.

[0452] Wings 100 typically increase a ratio of surface area
of'the support to annular tissue. Wings 100 typically protrude
between 5 mm and 40 mm (e.g., between 10 mm and 30 mm)
from outer edge 69 of the support. Prosthetic valve support
40405 comprises two wings, as shown in FIG. 51A, typically
positioned spaced apart from each other by 80-150 degrees,
as shown. Prosthetic valve support 4040¢ comprises three
wings, as shown in FIG. 51B, typically positioned spaced
apart from each other by 80-150 degrees (e.g., by 120
degrees, as shown). Other quantities and configurations of
wings 100 may be used in order to optimize the positioning
and/or stability of prosthetic valve support 40.

[0453] In some applications of the invention, prosthetic
valve support 40 (e.g., prosthetic valve supports 4040a,
40405, 4040¢) comprises barbs 102, which protrude into the
lumen defined by support 40. During the expansion of pros-
thetic valve 42 within the lumen of support 40, as described
hereinabove, barbs 102 protrude into and engage prosthetic
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valve 42. Barbs 102 thereby facilitate coupling between sup-
port 40 and prosthetic valve 42 in addition to the radial forces
between support 40 and prosthetic valve 42. In some appli-
cations of the invention, some or all of barbs 102 may be
curved, as shown in the enlarged images of FIGS. 51A-B.
Typically, the curved barbs curve away from the transverse
plane of prosthetic valve support 40, such that, when
implanted, barbs 102 point proximally (i.e., into atrium 26).
The applications of the invention described with reference to
FIGS. 51A-B may be used in combination with other appli-
cations of the invention described herein (i.e., applications
described herein in which prosthetic valve support 40 is
used).

[0454] Reference is made to FIG. 52, which is a schematic
illustration of prosthetic valve 42 which comprises a variable-
dimensioned valve 4042a, in accordance with some applica-
tions of the present invention. As described hereinabove,
expansion of prosthetic valve 42 in the lumen of prosthetic
valve support 40 creates radial force between prosthetic valve
support 40 and prosthetic valve 42, which facilitates coupling
of prosthetic valve 42 to prosthetic valve support 40. In some
applications of the present invention, a proximal portion 110
(e.g., the atrial end) of structural element 130 of prosthetic
valve 4042a expands such that it assumes a dimension larger
than the lumen defined by support 40 (i.e., such that portion
110 has a longest length measured from a first point of portion
110 to a second point of portion 110 opposite the first point of
portion 110 at a transverse cross-section of portion 110,
which is larger than a longest length of the lumen of support
40 measured from a first point on support 40 to a second point
of support 40 opposite the first point of support 40 at the
transverse cross-section). Typically, proximal portion 110
expands more than distal portions of prosthetic valve 4042a.
For example, portion 110 expands more than at least the
portion of prosthetic valve 40424 that is disposed within the
lumen of support 40. For some applications of the present
invention, portion 110 expands more than at least the distal
end of valve 40424 (e.g., the portion of valve 42 designated
for positioning within ventricle 28).

[0455] Asillustrated in FIG. 52, proximal portion 110 may
be trumpet-shaped. Alternatively, proximal portion 110 may
be frustoconical, or may be any other configuration that has a
dimension larger than the lumen defined by prosthetic valve
support 40. The extra expansion of proximal portion 110
described hereinabove provides axial resistance against
undesired distal (i.e., ventricular) movement of prosthetic
valve 4042a with respect to support 40, in addition to the
resistance provided by the radially expansive forces between
prosthetic valve 42 (i.e., prosthetic valve 4042a) and pros-
thetic valve support 40, as described hereinabove. The extra
expansion of proximal portion 110 is further hypothesized to
facilitate release of proximal portion 110 from delivery appa-
ratus (e.g., from a pushing member, from coupling tabs 4146,
and/or from troughs 222, described hereinbelow with refer-
enceto FIGS. 62A-D and 63 A-B) thereby facilitating deploy-
ment of prosthetic valve 4042a. Furthermore, the shape of
prosthetic valve 4042a is hypothesized to facilitate its align-
ment with respect to prosthetic valve support 40 and/or native
valve 23 (e.g., to be atleast in part self-righting, at least during
deployment).

[0456] InFIG.52, prosthetic valve 4042a is illustrated by a
solid surface for clarity of illustration. It is to be noted that,
typically, prosthetic valve 42 comprises a lattice structure as
described hereinabove. The application of the present inven-
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tion described with reference to FIG. 52 may be used in
combination with applications of the present invention
described herein (i.e., applications for which prosthetic valve
42 is used).

[0457] Reference is made to FIGS. 53 A-C, which are sche-
matic illustrations of prosthetic valve 42 comprising an inte-
grally-anchoring prosthetic valve 425, which comprises
valve-anchoring elements 64 comprising a plurality of inte-
gral anchors 300, in accordance with some applications of the
present invention.

[0458] Reference is now made to FIG. 53A, which is a
schematic illustration of prosthetic valve 4254, in planar/flat-
tened view in which prosthetic valve 424 is cut longitudinally
and flattened, for clarity of illustration. It is to be noted,
however, that the configuration shown in FIG. 53B defines the
configuration of valve 425 in an assembled, crimped state.
Prosthetic valve 425 comprises a lattice structure, comprising
a plurality of struts which typically collectively define a tes-
sellation of shapes 128, e.g., generally-quadrilateral shapes,
as shown. In the application of the present invention illus-
trated in FIGS. 53A-C, the shapes 128 that form the lattice
structure include crude diamonds 120 or crude kite-shapes
(i.e., deltoids) 122, or a combination thereof. It is to be noted
that the scope of the present invention includes prosthetic
valves having a tessellation of one or a combination of other
shapes.

[0459] The lattice structure of prosthetic valve 425 further
defines a plurality of voids 126. Shapes 128 are typically
arranged in columns 118, each shape connected to the next in
each column. In some regions of the prosthetic valve, there is
a separation 124 between a distal shape and an adjacent shape
(e.g., between the final shape in a column and a respective
penultimate shape in the column that is longitudinally proxi-
mal to the distal quadrilateral). This separation 124 allows a
portion of the shape to move or be moved out of the plane of
the lattice, thereby protruding from primary structural ele-
ment 130 of prosthetic valve 425 when the distal portion of
prosthetic valve 424 is expanded. The protruding portion of
shapes 128 thereby form integral anchors 300, which are
typically configured to anchor prosthetic valve 425 to native
valve 23. Valve-anchoring elements 64 are thereby formed
from integral parts of the lattice structure that forms pros-
thetic valve 42b, and are disposed between a proximal end
251 and a distal end 252 of primary structural element 130 of
prosthetic valve 425. That is, prosthetic valve 425 has a func-
tional length (i.e., a length selected so as to facilitate pros-
thetic valve function), and integral anchors 300 typically do
not increase the length of prosthetic valve 425 to be greater
than the functional length.

[0460] Reference is made to FIGS. 53B-C, which are sche-
matic illustrations of sequential steps of prosthetic valve 426
being implanted.

[0461] Reference is now made to FIG. 53B. Prosthetic
valve 4254 is compressible (e.g., crimpable) and expandable,
and typically comprises a shape-memory material (e.g., niti-
nol). Prosthetic valve 425 is configured (e.g., shape-set) such
that valve-anchoring elements 64, embodied as integral
anchors 300, are biased to protrude from the surface of pri-
mary structural element 130. In this application of the present
invention, primary structural element 130 of prosthetic valve
42b is generally cylindrical, and integral anchors 300 pro-
trude radially from the surface of the cylinder. Because inte-
gral anchors 300 are formed from the regular repeating struc-
ture of the lattice that forms prosthetic valve 425, anchors 300
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fit back into the plane of structural element 130 when valve
425 is crimped into delivery tube 60, prior to and even during
implantation. Integral anchors 300, thereby typically do not
increase the length nor the transverse cross-sectional longest
dimension of the crimped configuration of prosthetic valve
42, as compared to those of any other prosthetic valves that do
not comprise valve-anchoring elements 64 or that comprise
elements 64 at a distal end thereof.

[0462] As described hereinabove, prosthetic valve 42 is
deployed by distal movement out of delivery tube 60. FIG.
53B shows prosthetic valve 425 in a partially-deployed state,
such that integral anchors 300 have emerged from delivery
tube 60, and have assumed an unconstrained, expanded, rest-
ing configuration in which the integral anchors 300 protrude
from the surface of primary structural element 130 of the
prosthetic valve. In an expanded state of at least the distal
portion of valve 425, as shown in FIG. 53B, integral anchors
300 typically protrude up to and including 110 degrees (e.g.,
between 45 and 90, such as between 45 and 60 degrees) from
the surface of primary structural element 130, in a resting
state of anchors 300. That is, in the protruded state, the proxi-
mal portions of anchors 300 are distanced further from struc-
tural element than the distal portions of anchors 300 which
function as the pivot joints 4074 between anchors 300 and
structural element 130, as shown in the enlarged image of
FIG. 53B. Typically, this partial deployment of prosthetic
valve 42 is performed on the distal side of native heart valve
23 (e.g., the ventricular side of mitral valve 24).

[0463] Reference is now made to FIG. 53C. Following the
movement of integral anchors 300 into their unconstrained,
protruding, configuration, prosthetic valve 424 is pulled
proximally (i.e., toward atrium 26), along with delivery tube
60. This proximal movement causes integral anchors 300 to
abut against and capture leaflets 82 of the native valve in order
to anchor prosthetic valve 425 to the ventricular side of the
native valve. Typically, integral anchors 300 capture leaflets
82 of the native valve by sandwiching leaflets 82 against
primary structural element 130 of prosthetic valve 425 and/or
against the wall of ventricle 28. Typically, but not necessarily,
integral anchors 300 protrude between chordae tendineae 80
of the native valve.

[0464] Typically, the anchoring of the prosthetic valve and/
or the capturing of leaflets of the native valve are performed
while prosthetic valve 425 is partially deployed from delivery
tube 60, as shown in FIG. 53C. Prosthetic valve 425 is then
fully deployed by moving delivery tube 60 proximally with
respect to valve 425, thereby sliding the delivery tube off of
the prosthetic valve and allowing the prosthetic valve to
expand. Such expanding of prosthetic valve 425 facilitates
coupling of the prosthetic valve to support 40, as described
with reference to FIG. 1G.

[0465] Reference is made to FIGS. 54 A-D, which are sche-
matic illustrations of prosthetic valve 42 comprising an inte-
grally-anchoring prosthetic valve 42¢, which comprises
valve-anchoring elements 64 comprising a plurality of inte-
gral anchors 310, in accordance with some applications ofthe
present invention.

[0466] Integral anchors 310 are similar in form and func-
tion to integral anchors 300, and are typically formed by
separations 124 in the lattice structure of structural element
130, as described with reference to FIGS. 53A-C. Integral
anchors 310 are configured (e.g., shape-set) so as protrude
from primary structural element 130 of prosthetic valve 42¢,
typically at a more acute angle than integral anchors 300 of
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FIGS. 53A-C protrude from prosthetic valve 424. For
example, integral anchors 310 may have an unconstrained,
expanded, resting configuration in an expanded state of at
least the distal portion of prosthetic valve 42¢, in which
anchors 310 protrude up to and including 110 degrees (e.g.,
up to anincluding 60 degrees, or between 5 and 80 degrees, or
between 5 and 40 degrees) from the surface of primary struc-
tural element 130 in a resting state of anchors 310. Integral
anchors 310 can be deformed by a deforming force (e.g., by
pushing tube 60 distally against pivot joints 4074 between
anchors 310 and structural element 130, as described herein-
below) into a further-expanded configuration, in which
anchors 310 protrude at a greater angle from the surface of
primary structural element 130 than the angle of the resting
configuration of anchors 310; thus, integral anchors 310 may
be considered more open in this configuration than they are in
their resting configuration. In this further-expanded, open
configuration, integral anchors 310 typically are made to
protrude up to and including 160 degrees (e.g., between 30
and 110 degrees, such as between 60 and 110 degrees) from
the surface of structural element 130 of prosthetic valve 42¢.
Since anchors 310 have a shape memory of assuming the
resting state in the absence of force applied thereto, integral
anchors 310 return toward the resting state upon removal of
the deforming force (e.g., once tube 60 is not pushed distally
against pivot joints 4074).

[0467] As described hereinabove, prosthetic valve 42 is
deployed by distal movement out of delivery tube 60. FIG.
54 A shows prosthetic valve 42¢ in a partially-deployed state,
such that integral anchors 310 have emerged from delivery
tube 60, and have assumed the unconstrained, expanded rest-
ing configuration described hereinabove. Typically, this par-
tial deployment of prosthetic valve 42 is performed on the
distal side of native heart valve 23 (e.g., the ventricular side of
mitral valve 24).

[0468] Reference is now made to FIG. 54B. Following
partial deployment of prosthetic valve 42¢, the prosthetic
valve is moved proximally with respect to delivery tube 60
(e.g., prosthetic valve 42¢ is moved proximally while delivery
tube 60 remains stationary, or prosthetic valve 42¢ remains
stationary while delivery tube 60 is moved distally, or pros-
thetic valve 42¢ is moved proximally while delivery tube 60 is
moved distally). The distal end of delivery tube 60 is thereby
pushed between primary structural element 130 and integral
anchors 310, and provides the deforming force that pushes the
integral anchors toward their further-expanded open configu-
ration, described hereinabove.

[0469] Reference is now made to FIG. 54C. Delivery tube
60 and prosthetic valve 42¢ are pulled proximally (i.e., toward
atrium 26). This proximal movement causes the open integral
anchors 310 to engage leaflets 82 of the native valve, as
described hereinabove.

[0470] Reference is now made to FIG. 54D. Delivery tube
60 is moved proximally with respect to prosthetic valve 42¢
(e.g., by withdrawing delivery tube 60 proximally), thereby
removing the deforming force on anchors 310. As described
hereinabove, this removal of the deforming force releases
integral anchors 310, which are thereby allowed to return
toward their resting state, to (1) clamp the chordae tendineae
80 and/or leaflets 82 of native valve 23 against primary struc-
tural element 130 of prosthetic valve 42¢, and (2) anchor the
prosthetic valve to the ventricular side of the native valve.
Typically, prosthetic valve 42 is then fully deployed from
delivery tube 60 (e.g., by retracting tube 60 with respect to
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valve 42), thereby allowing radial expansion of the prosthetic
valve to couple prosthetic valve 42 to prosthetic valve support
40, as described hereinabove.

[0471] Referenceis now made to FIGS. 53A-C and 54A-C.
For such applications of the present invention in which pros-
thetic valve 42 (i.e., prosthetic valves 425 and/or 42¢) com-
prises integral anchors 300 and/or 310, prosthetic valve sup-
port 40 and prosthetic valve 42 may be implanted in a manner
as described hereinabove with reference to FIGS. 1A-H. The
scope of the present invention includes implantation of
implant 30 in a manner whereby prosthetic valve 42 is deliv-
ered to native valve 23 and/or at least partially deployed, prior
to the deployment of support 40 (e.g., as described herein-
above with reference to FIG. 50).

[0472] Reference is made to FIGS. 55A-E, which are sche-
matic illustrations of prosthetic valve 42 comprising a
twisted-anchor-based prosthetic valve 424, which comprises
valve-anchoring elements 64 comprising twisted anchors
320, in accordance with some application of the invention.
[0473] FIGS. 55A-B show valve-anchoring elements 64,
comprising twisted anchors 320, in their constrained and
unconstrained configurations, respectively. Prosthetic valve
42d typically comprises a shape-memory material (e.g., niti-
nol), shaped to define a lattice structure. The lattice structure
comprises a plurality of struts which typically collectively
define a tessellation of shapes 128 (e.g., crude diamonds 120).
Prosthetic valve 42d comprises one or more twisted anchors
320, disposed at the distal end of prosthetic valve 424.
[0474] As described hereinabove, valve-anchoring ele-
ments 64 typically have a constrained configuration for deliv-
ery, and an unconstrained configuration whereby they pro-
trude radially from primary structural element 130 of
prosthetic valve 42. For some applications, in the constrained
configuration of elements 64, during delivery, elements 64 are
typically but not necessarily disposed distal to the generally-
cylindrical structure of valve 42 at an angle that is between
165 and 180 degrees with respect to the generally-cylindrical
structure. In order to achieve these constrained and uncon-
strained configurations for prosthetic valve 42d, comprising
twisted anchors 320, a distal portion of prosthetic valve 42d is
typically torsionally bent to define twisted anchors 320. For
some applications of the present invention, in order to achieve
these configurations for prosthetic valve 42d comprising
twisted anchors 320, a distal portion of prosthetic valve 42d is
typically bent to define twisted anchors 320.

[0475] The material comprising the lattice structure of
prosthetic valve 42 has a depth 242 and each strut of the lattice
structure has a width 244 (shown in FIG. 55B). Typically,
depth 242 is greater than width 244. Depth 242 is typically
between 0.15 mm and 1.1 mm (e.g., between 0.3 mm and 0.6
mm) and width 244 is typically between 0.05 mm and 0.9
mm, (e.g., between 0.1 mm and 0.4 mm). In this application
of'the invention, the bending comprises twisting in the vicin-
ity of a bending region 240, such that a bend axis 246 (shown
in FIG. 55B) is substantially parallel to depth 242 in a vicinity
of a distal portion of bending region 240. That is, a bend
radius 248 lies on a plane that is substantially parallel to the
relatively smaller width 244, thereby allowing a smaller
thickness of material to be bent, compared to if bend radius
248 were parallel with the relatively greater depth 242.
[0476] It is hypothesized that this configuration allows a
greater bend angle to be imparted, such that twisted anchors
320 can (1) be disposed distal to (e.g., planar with) primary
structural element 130 of prosthetic valve 424 when the
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twisted anchors are in their constrained configuration (i.e.,
when compressed in delivery tube 60 for delivery) as shown
in FIG. 55A, and (2) pivot greater than 90 degrees (e.g.,
greater than 110 degrees, greater than 120 degrees, or greater
than 150 degrees), to protrude radially from primary struc-
tural element 130 when in their unconstrained configuration
(i.e., following deployment of at least the distal portion of
prosthetic valve 424).

[0477] 1t is to be noted, that during delivery of prosthetic
valve 42d toward mitral valve 24, valve 42d is crimped within
delivery tube 60 such that anchors 320 assume a constrained
and compressed state within tube 60.

[0478] Reference is now made to FIGS. 55C-E, which are
schematic illustrations of sequential steps in the deployment
and retrieval of prosthetic valve 424 that comprises twisted
anchors 320. FIG. 55C shows delivery tube 60 being moved
proximally with respect to prosthetic valve 424 (e.g., pros-
thetic valve 424 is moved distally while delivery tube 60
remains stationary, or prosthetic valve 42d remains stationary
while delivery tube 60 is moved proximally, or prosthetic
valve 424 is moved distally while delivery tube 60 is moved
proximally). Twisted anchors 320 (disposed at a distal portion
of valve 42), emerge first from within tube 60 and begin to
move from their constrained and compressed configuration
toward their unconstrained and expanded configuration once
exposed from within tube 60.

[0479] Reference is now made to FIG. 55D. Delivery tube
60 is moved further proximally, such that prosthetic valve 42d
is partially deployed toward its expanded configuration.
Because delivery tube 60 clears anchors 320, twisted anchors
320 typically assume their resting unconstrained configura-
tion. The physician may proceed to couple prosthetic valve
42d to the native valve and/or to prosthetic valve support 40,
as described with reference to FIGS. 1F-G.

[0480] Reference is now made to FIG. 55E. Valve-anchor-
ing elements 64 comprising twisted anchors 320, facilitate
retrieval of prosthetic valve 424 into delivery tube 60. Should
it be necessary and/or desirable, while a proximal portion of
valve 42d is still crimped within tube 60, delivery tube 60 may
be moved distally with respect to prosthetic valve 424 (e.g.,
prosthetic valve 42d is moved proximally while delivery tube
60 remains stationary, prosthetic valve 424 remains station-
ary while delivery tube 60 is moved distally, or prosthetic
valve 42d is moved proximally while delivery tube 60 is
moved distally), thereby recompressing prosthetic valve 424
into the delivery tube. Twisted anchors 320 are pushed dis-
tally by delivery tube 60, such that they may also by straight-
ened, as shown, and subsequently enter the delivery tube.
Prosthetic valve 424 may then be repositioned and rede-
ployed, or may be removed from the subject.

[0481] In some applications of the invention, twisted
anchors 320 comprise more than one bending region 240. For
such applications, the material comprising prosthetic valve
42d is bent and twisted in each respective bending region, as
described with reference to FIGS. 55A-B. For example, one
bending region may be longitudinally proximal (i.e., coaxial)
with respect to another bending region. Twisted anchors 320
that comprise more than one bending region are hypothesized
to have enhanced pivoting ability compared to valve-anchor-
ing elements that comprise one bending region. That is,
twisted anchors 320 having more than one bending region
enable anchors 320 to move more than 90 degrees, e.g., more
than 160 degrees, with respect to a surface of structural ele-
ment 130. For example, twisted anchors 320 may pivot such
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that they clamp leaflets 82 of the native valve against primary
structural element 130 of prosthetic valve 42, thereby anchor-
ing the prosthetic valve to the native valve.

[0482] Reference is made to FIGS. 56 A-D, which are sche-
matic illustrations of prosthetic valve 42 comprising a clip-on
prosthetic valve 42e¢, which comprises valve-anchoring ele-
ments 64 that comprise loop-shaped valve-anchoring ele-
ments 200 arranged in pairs 132 to form clips 654, in accor-
dance with some applications of the invention.

[0483] Reference is now made to FIG. 56A. As described
hereinabove, prosthetic valve 42 is compressible (e.g., crim-
pable) and expandable, and typically comprises a shape-
memory material (e.g., nitinol). In this application of the
invention, prosthetic valve 42¢ comprises loop-shaped valve-
anchoring elements 200, arranged in pairs 132. Typically, a
first loop-shaped valve-anchoring element 200a in each pair
is smaller than a second loop-shaped element valve-anchor-
ing 2005, such that first loop-shaped element 200q is dispos-
able within and/or passable through a space defined by the
larger loop shape of second loop-shaped valve-anchoring
element 20054. It is to be noted that the scope of the present
invention includes other configurations and arrangements of
elements 200.

[0484] It is to be noted that the scope of the present inven-
tion includes a first loop-shaped valve-anchoring element
200q being larger than second loop-shaped element valve-
anchoring 2005, such that second loop-shaped element 2005
is disposable within and/or passable through a space defined
by the larger loop shape of first loop-shaped valve-anchoring
element 2004.

[0485] As described hereinabove, valve-anchoring ele-
ments 64 have a constrained and compressed configuration
for delivery of prosthetic valve 42¢ (as shown in FIG. 56A),
and an unconstrained, expanded configuration when pros-
thetic valve 42¢ is deployed (as shown in FIG. 56B).

[0486] Loop-shaped valve-anchoring elements 200 are
shown in FIG. 56A in their constrained configuration in
which second loop-shaped valve-anchoring element 2005 of
each pair 132 is typically disposed distal to primary structural
element 130, and first loop-shaped valve-anchoring element
200q of each pair 132 is typically disposed against the surface
of'primary structural element 130. That is, in their constrained
configuration, loop-shaped valve-anchoring elements 200 are
typically longitudinally aligned.

[0487] FIG. 56B shows loop-shaped valve-anchoring ele-
ments 200 in their unconstrained, expanded configuration.
Movement from the constrained configuration to the uncon-
strained configuration of elements 200 typically comprises
(1) pivoting proximally of second valve-anchoring element
2005 of each pair 132, and (2) pivoting distally of first valve-
anchoring element 2004 of each pair 132. In some applica-
tions of the invention, in the unconstrained configuration, the
planes defined by the two valve-anchoring elements 200 of
each pair 132 are generally aligned (e.g., within 20 degrees of
each other).

[0488] Insome applications of the invention, in the uncon-
strained configuration, a rounded end of second valve-an-
choring element 2005 of each pair 132 is disposed more
proximally than a rounded end of first valve-anchoring ele-
ment 200q. In such applications, movement of valve-anchor-
ing elements 200 from the constrained configuration to the
unconstrained configuration comprises movement of the
rounded ends of the second valve-anchoring elements 2005 of
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each pair 132 proximally past the respective rounded ends of
the first valve anchoring elements 2004 of each pair 132.
[0489] In either application, movement of valve-anchoring
elements 200 from the constrained configuration to the
unconstrained configuration allows elements 200a and 2005
to capture material (e.g., leaflets 82 of the native valve)
between them, i.e., in a manner in which elements 200a and
2005 function together as a clip 65a.

[0490] FIGS. 56C-D show sequential steps in the implan-
tation of prosthetic valve 42e¢. FIG. 56C shows prosthetic
valve 42e disposed in a crimped configuration in delivery tube
60. Delivery tube 60 is moved proximally with respect to
prosthetic valve 42e, such that only loop-shaped valve-an-
choring elements 2005 (i.e., the first-deployed anchoring ele-
ments) of each pair 132 are released and move toward their
unconstrained configuration, typically by pivoting in a proxi-
mal direction and in a direction toward the ventricular surface
of respective leaflets 82.

[0491] Typically, following the deployment of elements
2005 at the respective ventricular surfaces of leaflets 82,
elements 2004 are positioned within tube 60 in a manner in
which during their expansion from within tube 60, elements
200a move toward respective atrial surfaces ofleaflets 82. For
some applications, following the deploying of elements 2005,
valve 42¢ is pulled proximally (e.g., by pulling proximally on
both valve 42¢ and tube 60) in order to adjust the positioning
of'valve 42¢ with respect to leaflets 82 and so as to ensure that,
once deployed from within tube 60, elements 200a will press
against respective atrial surfaces of leaflets 82.

[0492] FIG. 56D shows delivery tube 60 having been
removed (i.e., by being retracted) from the body of the sub-
ject. During the retracting of tube 60 loop-shaped valve-
anchoring elements 200qa (i.e., the second-deployed anchor-
ing elements) of each pair are deployed such that elements
200a move toward their unconstrained configuration, typi-
cally by pivoting in a distal direction and in a direction toward
the atrial surfaces of respective leaflets 82. Leaflets 82 of the
native valve are thereby clamped between the two loop-
shaped valve-anchoring elements 200a and 2005 of each pair
132, thereby anchoring prosthetic valve 42¢ to native valve
23. Thus, pairs 132 of loop-shaped valve-anchoring elements
200 function as clips 65a.

[0493] Reference is made to FIGS. 57A-D, which are sche-
matic illustrations of prosthetic valve 42 comprising a clip-on
prosthetic valve 42f, which comprises valve-anchoring ele-
ments 64 that comprise clips 655, in accordance with some
applications of the invention.

[0494] FIG.57A shows clips 655 being typically coupled to
the distal end of primary structural element 130 of prosthetic
valve 42f. Typically, clips 655 are flexibly coupled to pros-
thetic valve 42f; i.e., valve-coupling elements 64 are config-
ured such that clips 655 are able to move with respect to
prosthetic valve 42f. During the implantation of prosthetic
valve 42f, clips 655 are clipped to leaflets 82 and/or chordae
80 of the native valve, thereby anchoring the prosthetic valve
to the native valve. FIG. 57A shows two valve-anchoring
elements 64 comprising respective clips 655, disposed on
opposite sides of the distal end of prosthetic valve 42f. It is to
be noted that the scope of the present invention includes
prosthetic valves 42f having any suitable quantity and
arrangement of clips 6556, depending on the technique used
and the individual anatomy of the subject.

[0495] Typically, during advancement of valve 42f, valve
42f'is crimped within delivery tube 60.
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[0496] FIG. 57B shows prosthetic valve 42fbeing partially
deployed from delivery tube 60, such that clips 655 are dis-
posed outside of the delivery tube. Clips 655 are coupled to
leaflets 82 of the native valve, holding the leaflets and drawing
them close to the primary structural element 130 of prosthetic
valve 42f. For some applications, clips 656 have a tendency to
close, and are held open during delivery of valve 42f'by a
force applied to clips 655 (e.g., by a pull wire). In the absence
of the force applied to clips 655, clips 655 close around
respective leaflets 82. For other applications, the opening and
closing of clips 655 are remotely controlled by the operating
physician. Typically, clips 656 may be opened and closed
repeatedly until a firm grasping of leaflets 82 is achieved.
Clips 655 are typically configured such that they do not cause
substantial damage to leaflets 82.

[0497] FIG. 57C is a top-view schematic illustration of
prosthetic valve 42f in the partially-deployed state, as
described hereinabove with reference to FIG. 57B. While
prosthetic valve 42f'is in a compressed configuration within
delivery tube 60, it has a cross-sectional diameter smaller than
that of the lumen defined by prosthetic valve support 40.
Typically, clips 655 couple parts of leaflets 82 (e.g., central
parts, or part of leaflets 82 adjacent one another) to prosthetic
valve 42f, the remaining potions of leaflets 82 remain rela-
tively free. This arrangement typically results in a double-
orifice configuration of native valve 23, whereby native valve
23 (comprising a pair of leaflets 82) can be considered to be
divided into two orifices 86, on opposite sides of prosthetic
valve 42f, each orifice 86 being surrounded by respective
pairs of remaining portions of leaflets 82. It is hypothesized
that, in this arrangement, the native valve can continue to
function until prosthetic valve 42f is fully deployed. It is
further hypothesized that this double-orifice state provides
even greater advantage in applications of the invention where
the prosthetic valve is delivered before prosthetic valve sup-
port 40 (such as the application of the invention described
with reference to FIG. 50). In such applications in which the
prosthetic valve is delivered before support 40, the interval
between delivery and full deployment of the prosthetic valve
is typically longer than in applications where prosthetic valve
support 40 is delivered and deployed before delivery of the
prosthetic valve. Thus, for these applications, the double ori-
fice created by the prosthetic valve facilitates blood flow from
the atrium to the ventricle during the implantation procedure.
[0498] FIG. 57D is a side-view schematic illustration of
prosthetic valve 42f, fully deployed in the annulus of the
native valve. Valve-anchoring elements 64, comprising clips
65b, couple leaflets 82 of the native valve to the primary
structural element 130 of prosthetic valve 42, thereby anchor-
ing the prosthetic valve to the native valve.

[0499] It is to be noted that the technique described with
reference to FIGS. 57A-D, in particular the ‘double-orifice’
configuration described with reference to FIG. 57C, may be
used in combination with other prosthetic valves comprising
tissue-engagement elements 62. In particular, the technique
may be used where valve-anchoring elements 64 comprise
clips 65 or clip functionality, such as integral anchors 310,
described with reference to FIGS. 54A-D, and/or twisted
anchors 320, described with reference to FIGS. 55A-E, and/
or pairs 132 loop-shaped valve-anchoring elements 200,
described with reference to FIGS. 56A-D.

[0500] Referenceis now madeto FIGS.52,53A-C, 54A-C,
55A-E, 56A-D, and 57A-D. It is to be noted that the scope of
the present invention includes implanting the respective pros-
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thetic valves 42 disclosed herein at native valve 23 prior to
implanting support 40. In such applications of the present
invention, anchoring elements 64 enable prosthetic valves 42
described herein to remain coupled to native valve 23 until
support 40 is positioned at the annulus of native valve 23. In
such applications, leaflets 82 are brought closer together,
temporarily in a manner which forms a double orifice in
native valve 23 for blood to pass from the atrium to the
ventricle during the implantation procedure (as described
hereinabove with reference to FIG. 57C). Following the cou-
pling of prosthetic valve 42 to leaflets 42, support 40 is then
positioned around the proximal portion of prosthetic valve 42
in order to facilitate coupling of support 40 to valve 42 and
provide the radial force against valve 42 in order to maintain
implanting of prosthetic valve 42 at native valve 23, as
described hereinabove. In such applications, support 40 is
positioned around the proximal portion of prosthetic valve 42
when the proximal portion of prosthetic valve 42 is crimped
and compressed within tube 60 (for ease of positioning sup-
port 40 around the proximal portion of valve 42).

[0501] Reference is made to FIGS. 58A-61C, which are
schematic illustrations of prosthetic valve support 40, embod-
ied as anchoring prosthetic valve supports 40404, 4040¢, and
4040/, comprising tissue-engaging elements 62, in accor-
dance with respective applications of the invention. In these
applications of the invention, tissue-engaging elements 62
comprise support-anchoring elements 66, which anchor pros-
thetic valve support 40 to native valve 23. As described here-
inabove, prosthetic valve support 40 is typically used in com-
bination with prosthetic valve 42. The anchoring of prosthetic
valve support 40 to the native valve provides one or more of
the following advantages: (1) The delivery apparatus used to
deploy the prosthetic valve support (e.g., holding members
46, described with reference to FIGS. 1C-F) may be removed
following implantation of support 40 and prior to delivering
and/or deploying prosthetic valve 42, thereby providing more
space in atrium 26 for the delivery and/or deployment of the
prosthetic valve; (2) Implant 30, comprising prosthetic valve
42 and prosthetic valve support 40, is anchored more securely
to the native valve; and (3) Support-anchoring elements 66
contribute toward the capture ofleaflets 82 of the native valve.
[0502] For some applications of the invention, it is hypoth-
esized that the anchoring of support 40 to the native valve by
support-anchoring elements 66 may be sufficient to anchor
implant 30 to the native valve, thereby minimizing or even
eliminating the need for supplemental anchoring of implant
30 by valve-securing elements 64. Therefore, for such appli-
cations of the invention, prosthetic valve 42 does not com-
prise valve-anchoring elements 64. In some such applications
of the invention, leaflets 82 of the native valve are allowed to
function, at least in part, following implantation of the pros-
thetic valve.

[0503] Reference is now made to FIGS. 58A-D, which are
schematic illustrations of prosthetic valve support 40 com-
prising anchoring prosthetic valve support 40404, which
comprises support-anchoring elements 66 comprising fixed
anchors 330, in accordance with some applications of the
invention.

[0504] During delivery of support 40404 to the native
valve, support 40404 is crimped within tube 44, as described
hereinabove with reference to support 40 of FIGS. 1B-C.
FIG. 58A shows prosthetic valve support 40404 in its
expanded configuration, as described hereinabove with ref-
erence to support 40 in FIG. 1B. Typically, prosthetic valve
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support 40404 is annular and is shaped to define an outer edge
69 and an inner edge 68. Outer edge 69 typically defines the
diameter of the annular prosthetic valve support, and inner
edge 68 typically defines the diameter of the lumen in which
prosthetic valve 42 is typically disposed, as described here-
inabove. Support-anchoring elements 66 comprising fixed
anchors 330, are typically coupled to inner edge 68.

[0505] Insome applications of the invention, fixed anchors
330 comprise coupling-portion 70 configured to engage tis-
sue of the native valve. Coupling-portion 70 is illustrated as
an extension of fixed anchors 330 such that fixed anchors 330
assume a generally L-shape. In other applications of the
invention, coupling-portion 70 may be disposed difterently
(e.g., at an angle other than the angle as shown), or may
comprise clips 65a or 655, or another means for engaging
native valve 23. In some applications of the invention, fixed
anchors 330 do not comprise a coupling-portion.

[0506] FIG. 58B shows prosthetic valve support 40404,
partially deployed proximal to native valve 23 (i.e., in atrium
26), as described hereinabove (e.g., with reference to FIG.
1B). Fixed anchors 330 extend distally from the semi-de-
ployed prosthetic valve support, and are moved distally,
between the leaflets of the native valve.

[0507] Reference is now made to FIG. 58C. Fixed anchors
330 move apart as prosthetic valve support 40404 expands to
its fully-deployed, expanded configuration at native valve 23.
That is, as inner edge 68 expands to assume its expanded state,
the lumen of support 40404 expands thereby moving apart
anchors 330. Fixed anchors 330 engage leaflets 82 of the
native valve, thereby anchoring prosthetic valve support
40404 to the native valve. In some applications of the inven-
tion, fixed anchors 330 are configured such that native leaflets
82 continue to function, at least in part when support 40404 is
implanted. For example, in some applications, the dimen-
sions and relative positions of fixed anchors 330 do not sub-
stantially restrict the movement of leaflets 82. For example,
the total width of each of the fixed anchors 330 elements may
be less than 1 mm. Furthermore, in some applications of the
invention, the forces exerted on leaflets 82 by the flow of
blood are hypothesized to overcome at least some of the force
applied to leaflets 82 by the rigidity of fixed anchors 330, i.e.,
in order to cause fixed anchors 330 to flex as leaflets 82 move.
[0508] FIG. 58D is a schematic illustration of a transverse
atrial cross-section of the fully-deployed prosthetic valve
support described with reference to FIG. 58C. Fixed anchors
330 engage leaflets 82 of the native valve, thereby anchoring
prosthetic valve support 40404 to the native valve. Coupling-
portions 70 are disposed on the distal (i.e., ventricular) side of
the native valve, and are therefore illustrated in phantom.
[0509] Reference is now made to FIGS. 59A-B, which are
schematic illustrations of anchoring prosthetic valve support
40404 comprising support-anchoring elements 66 compris-
ing fixed anchors 330, in accordance with some applications
of the invention.

[0510] Anchoring prosthetic valve support 4040d is
anchored to native valve 23 in a different orientation to that
described with reference to FIGS. 58A-D. FIG. 59A shows
prosthetic valve support 40 fully deployed and anchored to
native valve 23. Fixed anchors 330 extend toward, and
engage, commissures 84 of the native valve, thereby anchor-
ing prosthetic valve support 40404 to the native valve.
[0511] FIG. 59B is a schematic illustration of a transverse
atrial cross-section of the fully-deployed prosthetic valve
support 40404 described with reference to FIG. 59A. Fixed
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anchors 330 engage commissures 84 of the native valve,
holding the leaflets apart at commissures 84 and anchoring
prosthetic valve support 40404 to the native valve. Coupling-
portions 70 are disposed on the distal (i.e., ventricular) side of
the native valve, and are therefore illustrated in phantom. It is
hypothesized that the orientation of prosthetic valve support
40404 and positioning of fixed anchors 330, described with
reference to FIGS. 539A-B, interferes less with leaflets 82, as
compared to the orientation and positioning of fixed anchors
330 described with reference to FIGS. 58C-D (i.e., fixed
anchors 330 engaging respective portions of leaflets 82). This
positioning of anchors 330 at commissures 84, thereby allows
the native valve to continue to function, at least in part, until
prosthetic valve 42 is deployed.

[0512] Reference is made to FIGS. 60A-B and 61A-C,
which are schematic illustrations of prosthetic valve support
40 comprising prosthetic valve support 4040e and 40407,
respectively, in accordance with some applications of the
invention. Support-anchoring elements 66 in such applica-
tions comprise hinged anchors 340 that are typically coupled
to inner edge 68 of support 40. In some applications of the
invention, hinged anchors 340 comprise a coupling-portion
70, configured to engage tissue of the native valve. Coupling-
portion 70 is illustrated as an extension of hinged anchors
340, thereby forming the hinged anchors into generally
L-shapes. In other applications of the invention, coupling-
portion 70 may be disposed differently (e.g., at an angle
different to that as shown in FIGS. 60A-B and 61 A-C), or may
comprise clips 65a or 655, or another means for engaging
native valve 23. In some applications of the invention, hinged
anchors 340 do not comprise a coupling-portion.

[0513] Hinged anchors 340 are typically coupled to pros-
thetic valve support 40 via a hinge point 72. Hinge point 72
may comprise a flexible material and/or moving components.
For some applications of the invention, hinged anchors 340
rotate freely around hinge point 72 as far as their shape and
juxtaposition allows. For some applications of the invention,
hinged anchors 340 are biased to reside in a particular con-
figuration. For example, hinged anchors 340 and/or hinge
point 72 and/or prosthetic valve support 40 may comprise a
shape-memory material (e.g., nitinol) or a spring mechanism,
configured to push hinged anchors 340 radially outward.
[0514] The use of hinge points 72 for coupling support-
anchoring elements 66 to prosthetic valve support 40 is
hypothesized to provide one or more of the following advan-
tages: (1) Improving compressibility of prosthetic valve sup-
port 40, for transcatheter delivery. (2) Improving movement
of'native leaflets 82 following deployment of prosthetic valve
support 40 to the native valve. (3) Increasing adjustability of
the dimensions and configuration of support-anchoring ele-
ments 66.

[0515] Reference is now made to FIGS. 60A-B, which are
schematic illustrations of prosthetic valve support 40 com-
prising hinged prosthetic valve support 4040e, comprising
hinged anchors 340, in accordance with some applications of
the invention. FIG. 60 A shows prosthetic valve support 4040e
in a fully-expanded configuration. Prosthetic valve 4040¢ is
configured such that hinged anchors 340 are biased to extend
radially outward.

[0516] FIG. 60B shows prosthetic valve support 4040¢
fully deployed at native valve 23. As described with reference
to FIGS. 58C-D and 59A-B, support-anchoring elements 66
may be positioned to engage commissures 84 (FIGS. 59A-B)
and/or leaflets 82 of the native valve (FIGS. 58C-D). In the
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application of the invention illustrated in FIG. 60B, prosthetic
valve support 4040e and hinged anchors 340 are configured
such that the hinged anchors extend radially to engage the
commissures 84 of the native valve. For other applications,
hinged anchors 340 are freely rotatable, and are coupled to
leaflets 82 such that support 40 is anchored to the native valve
whilst allowing leaflets 82 to move.

[0517] Reference is made to FIGS. 61A-C, which are sche-
matic illustrations of prosthetic valve support 40 comprising
free-hinged prosthetic valve support 407, comprising hinged
anchors 340 comprising clamping-hinged-anchors 350, in
accordance with some applications of the invention.

[0518] FIG. 61A shows prosthetic valve support 4040f;
comprising hinged anchors 350, in a fully-expanded configu-
ration and a resting state thereof. Clamping-hinged-anchors
350 are coupled to prosthetic valve support 4040/ via hinge
point 72 and are typically free to pivot around the hinge point
as far as their shape and juxtaposition allows. Coupling-
portion 70 is shown in an unconstrained clamped configura-
tion, in which it is typically configured to extend from struc-
tural component 71 of clamping-hinged-anchor 350, at an
acute angle (e.g., less than 80 degrees, less than 45 degrees, or
less than 20 degrees). In some applications of the invention,
coupling-portion 70 may be configured to extend at less than
1 degree, i.e., to touch the structural component 71 of clamp-
ing-hinged-anchor 350. Clamping-hinged-anchors 350 typi-
cally comprise a shape-memory material (e.g., nitinol), such
that they are compressible into a compressed (e.g., crimped)
configuration for delivery, and are deformable and expand-
able at the site of implantation.

[0519] FIG. 61B shows clamping-hinged anchors 350 of
prosthetic valve support 4040/, in a compressed configura-
tion, e.g., for delivery toward the native valve within overtube
44 (e.g., as described hereinabove with reference to support
40 in FIG. 1B). It is to be noted that overtube 44 is not shown
for clarity of illustration. Clamping-hinged-anchors 350 are
disposed distally to other parts of prosthetic valve support
40407 Prior to delivery, coupling-portions 70 are typically in
an unclamped configuration, in which they extend further
distally from prosthetic valve support 4040/ and from struc-
tural component 71 of clamping-hinged-anchor 350. During
deployment of prosthetic valve support 4040 from overtube
44, clamping-hinged-anchors 350 are extended from within
tube 44 (coupling-portion 70 first followed by structural com-
ponent 71) and between leaflets 82 of native valve 23. As
clamping-hinged-anchors 350 are fully exposed from within
overtube 44, they move toward their clamped configuration,
and are allowed to assume their resting state (as shown in FIG.
61A) in which coupling-portion 70 moves toward structural
component 71 in order to clamp a portion of leaflet 82 ther-
ebetween and to thereby anchor prosthetic valve support
40401to the native valve.

[0520] FIG. 61C shows prosthetic valve support 40407 fully
deployed at native valve 23. Coupling-portions 70 clamp
leaflets 82 against respective structural components 71 of
clamping-hinged-anchors 350, as described hereinabove.
Thus, clamping-hinged-anchors 350 function as clips 65¢. As
described hereinabove, clamping-hinged-anchors 350 are
typically able to rotate freely about hinge point 72 as far as
their shape and juxtaposition allows. Leaflets 82 are thereby
able to move proximally and distally (i.e., atrially and ven-
tricularly), as illustrated by the upper and lower panels of
FIG. 61C. Clamping-hinged-anchors 350 thereby allow
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native valve 23 to continue to function until prosthetic valve
42 is deployed, as described hereinabove.

[0521] For some applications of the invention, prosthetic
valve support 40401 is configured such that clamping hinged
anchors 350 are biased to extend radially inward (i.e., toward
each other). This configuration is illustrated by the upper
panel of FIG. 61C. In such applications of the invention,
leaflets 82 of the native valve are held together, forming a
double-orifice configuration, as described herein (e.g., with
reference to FIG. 57C). Clamping hinged anchors 350
thereby allow native valve 23 to continue to function, at least
in part, until prosthetic valve 42 is deployed.

[0522] Reference is again made to FIGS. 58A-D, 59A-B,
60A-B and 61A-C. It is to be noted that supports 40 described
herein comprise two support-anchoring elements 66 by way
of illustration and not limitation. That is, the scope of the
present invention includes the supports 40 comprising any
suitable number and configuration of anchoring elements 66.
For example, valve support 40 may comprise four support-
anchoring elements 66 configured such that a pair of elements
66 are anchored to commissures 84 and a pair of elements 66
are anchored to leaflets 82 of the native valve.

[0523] Reference is now made to FIGS. 1, 49-61. It is to be
noted that applications of tissue-engaging elements 62
described herein are interchangeable as valve-anchoring ele-
ments 64, and/or as support-anchoring elements 66. For
example, pairs 132 of loop-shaped anchoring elements 200,
described with reference to FIGS. 56 A-D as valve-anchoring
elements 64, may be coupled to prosthetic valve support 40 to
the native valve (i.e., so as to function as support-anchoring
elements 66). Similarly, clamping-hinged-anchors-350, for
example, described with reference to FIGS. 61A-C as sup-
port-anchoring elements 66, may be employed to couple
prosthetic valve 42 to the native valve (i.e., and function as
valve-anchoring elements 64).

[0524] Reference is made to FIGS. 62A-D, which are sche-
matic illustrations of delivery apparatus 4138a, used to
deploy a medical device 150, in accordance with some appli-
cations of the invention. As shown in FIG. 62A, delivery
apparatus 4138a comprises a delivery tube 154 and a pushing
member 140q. Pushing member 140a comprises a support
4142a and one or more coupling tabs 4146, extending from
the support. In the application of the invention shown in FIG.
62A, support 41424 comprises a core 144, and coupling tabs
4146 extend radially from the core. In some applications of
the invention, support 4142a is shaped to define a plate 4148
at the proximal end of support 4142a. The dimensions and
relative positions of support 4142a, tabs 4146, and plate 4148
may be adjusted for the specific medical device 150 to be
deployed using delivery apparatus 4138a.

[0525] In the application of the invention described with
respect to FIGS. 62A-D, medical device 150 comprises pros-
thetic valve 42 (e.g., any one of prosthetic valves 42 described
herein).

[0526] FIG. 62B shows prosthetic valve 42 in a compressed
(i.e., crimped) configuration for delivery and deployment
using delivery apparatus 4138a. As described hereinabove,
prosthetic valve 42 typically has a lattice structure that defines
aplurality of shapes, and voids 4126, and has elastic memory.
Prosthetic valve 42 is shown in a compressed (e.g., crimped)
configuration, and as shown in the enlarged image, a proximal
portion of valve 42 is disposed around core 144 of pushing
member 1404 such that each of coupling tabs 4146 is dis-
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posed within a respective void 4126 defined by the lattice
structure of the prosthetic valve.

[0527] Prosthetic valve 42 and pushing member 140a are
disposed within the lumen of delivery tube 154. Delivery tube
154 restricts expansion of prosthetic valve 42, thereby hold-
ing the proximal portion of prosthetic valve 42 around core
144 of pushing member 140q, in the configuration described
herein. Coupling tabs 4146 restrict movement of prosthetic
valve 42 with respect to pushing member 140a. Delivery tube
154 therefore facilitates coupling of prosthetic valve 42 to
pushing member 140a via coupling tabs 4146. In applications
of the invention where pushing member 140q is shaped to
define plate 4148, the plate typically further facilitates this
coupling by restricting proximal movement of prosthetic
valve 42 with respect to the pushing member (e.g., by func-
tioning as a cap).

[0528] FIG. 62C shows prosthetic valve 42 partially
deployed from delivery tube 154. Pushing member 1404, and,
thereby, prosthetic valve 42, are moved distally through deliv-
ery tube 154.

[0529] A control tube 4152 is coupled at a distal end thereof
to pushing member 140a (e.g., control tube 4152 is coupled to
support 4142a). Control tube 4152 is shaped so as to define a
lumen through which a guidewire tube 4153 passes, and
control tube 4152 is slidable with respect to and along
guidewire tube 4153. Guidewire tube 4153 houses guidewire
45 described hereinabove. Control tube 4152 is slidably dis-
posed within a lumen of an overtube 4155.

[0530] Reference is again made to FIG. 62C. Pushing
member 1404 is pushed distally by pushing control tube 4152
along guidewire tube 4153 such that pushing member 140a
pushes prosthetic valve 42. As pushing member 140a pushes
valve 42 distally, distal portions of the prosthetic valve
expand toward the expanded configuration as they become
exposed from delivery tube 154, while the proximal end of
valve 42 remains coupled to pushing member 140qa via tabs
4146.

[0531] FIG. 62D shows prosthetic valve 42 having been
fully deployed from within delivery tube 154. Pushing mem-
ber 1404 and prosthetic valve 42 are moved further distally
through delivery tube 154 by control tube 4152. When the
proximal portion of prosthetic valve 42 emerges from within
delivery tube 154, expansion of the proximal portion of pros-
thetic valve 42 uncouples the prosthetic valve from coupling
tabs 4146 by expanding voids 4126 away from tabs 4146,
thereby releasing the prosthetic valve from pushing member
140a.

[0532] Should it be necessary and/or desirable during the
procedure, until medical device 150 (e.g., prosthetic valve 42)
is released from pushing member 140a (i.e., while the proxi-
mal portion of medical device 150 is crimped within delivery
tube 154), the remaining portions of medical device 150 may
be drawn back into delivery tube 154 (e.g., for repositioning
or withdrawal of the medical device).

[0533] Referenceis now madeto FIGS. 54A-D and 62A-D.
It is to be noted that for some applications, withdrawing of a
portion of prosthetic valve 42 within delivery tube 42 facili-
tates deforming of integral anchors 310 toward their con-
strained, further-expanded open configuration. This occurs
when a distal end of tube 154 pushes against pivot joint 4074
between anchor 310 and structural element 130 as the portion
of prosthetic valve 42 is withdrawn.

[0534] In the application of the invention described with
reference to FIGS. 62A-D, voids 4126 are defined by the
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lattice structure of medical device 150 (i.e., prosthetic valve
42). In other applications of the invention, voids in medical
device 150 may be defined by other structural features of the
medical device and not necessarily by a lattice structure.
Typically, as described herein, coupling tabs 4146 couple
medical device 150 to pushing element 140q at a proximal
portion of the medical device, thereby retaining coupling of
the medical device to pushing member 140q until the medical
device is fully deployed from delivery tube 154. It is to be
noted that the scope of the present invention includes tabs
which alternatively or additionally couple medical device 150
to pushing element 140qa at portions of the medical device
other than the proximal portion thereof.

[0535] It is hypothesized that utilization of pushing mem-
ber 140a, comprising coupling tabs 4146 that are disposable
in voids 4126 defined by an expandable medical device 150,
(1) reduces the overall length of the apparatus (i.e., the com-
bined lengths of medical device 150 and delivery device 154)
being advanced into the subject, and/or (2) reduces the
requirement for additional components of medical device 150
which function as coupling structures of medical device 150.
That is, medical device 150 has an integral coupling system
by which voids 4126 are coupled to tabs 4146. The applica-
tions of the invention described with reference to FIGS.
62A-D may be used in combination with applications of the
invention described hereinabove, as well as for the delivery of
other expandable medical devices.

[0536] Reference is again made to FIGS. 1A-H, 9A-E, and
62A-D. It is to be noted that delivery tube 154 of FIGS. 9A-E
and 62A-D may be similar to, may act as, and/or may com-
prise, overtube 44 and/or delivery tube 60 of FIGS. 1A-H.

[0537] Reference is made to FIGS. 63A-B, which are sche-
matic illustrations of delivery apparatus 41385, used to
deploy an expandable medical device 150, in accordance with
some applications of the invention. Reference is now made to
FIG. 63A. Delivery apparatus 41385 comprises delivery tube
154 and a pushing member 1405, which comprises a support
41425. In this application of the invention, pushing member
14054 is shaped to define a plurality of troughs 222. Typically,
troughs 222 run along the surface of pushing member 1405,
from one end of the pushing member (e.g., a distal end) to a
point along the length of the pushing member. Typically,
troughs 222 are shaped so as to define a respective widened
part224 (e.g., at a proximal end of the trough) or is configured
to open into a larger widened part 224 (as shown). In the
application of the invention described with reference to FIGS.
63A-B, widened part 224 comprises a single circumferential
groove surrounding the circumference of pushing member
1404, into which all troughs 222 open. Alternatively, each
trough 222 may be shaped so as to define a respective widened
part.

[0538] Referenceisnow madeto FIG. 63B. Medical device
150, embodied in this application of the invention as expand-
able prosthetic valve 42, comprises a plurality of coupling
tabs 220. Coupling tabs 220 are configured to be disposable in
respective troughs 222 of pushing member 1405, such that
troughs 222 restrict distal movement of medical device 150.
Inthe application of the invention described with reference to
FIGS. 63A-B, coupling tabs 220 are T-shaped, so as to be
disposable in respective troughs 222 and in the circumferen-
tial groove that forms widened part 224. The disposition of
coupling tabs 220 in troughs 222 couples prosthetic valve 42
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to pushing member 14056. Coupling tabs 220, troughs 222,
and widened part 224 may assume any shape that allows such
coupling.

[0539] Prior to delivery, prosthetic valve 42 is compressed
(e.g., crimped) such that all coupling tabs 200 are disposed in
respective troughs 222. Prosthetic valve 42 and pushing
member 1404 are disposed within the lumen of delivery tube
154. Delivery tube 154 restricts expansion of prosthetic valve
42, thereby holding coupling tabs 220 in troughs 222, in the
configuration described herein. Coupling tabs 220 restrict
movement of prosthetic valve 42 with respect to pushing
member 1405. Delivery tube 154 therefore facilitates cou-
pling of prosthetic valve 42 to pushing member 1405 via
coupling tabs 220. As described with reference to FIGS.
62C-D, prosthetic valve 42 (or another medical device 150) is
advanced to the site of implantation, where pushing member
1405 pushes prosthetic valve 42 out of delivery tube 154.
When coupling tabs 220 emerge from delivery tube 154,
expansion of prosthetic valve 42 releases coupling tabs 220
from troughs 222, thereby releasing prosthetic valve 42 from
the pushing member.

[0540] Reference is made to FIGS. 64A-C, which are sche-
matic illustrations of a lock 170 for facilitating delivery of a
medical device, in accordance with some applications of the
invention.

[0541] Reference is now made to FIG. 64A. Lock 170
comprises a tubular member 4172 and a plug 174. Plug 174 is
dimensioned such that it is disposable in, and slidable through
the lumen of tubular member 4172. Typically, plug 174 is
dimensioned so as to fit tightly in the lumen of tubular mem-
ber 4172 in a manner in which an outer surface of plug 174 is
disposed very close to an inner surface to tubular member
4172, i.e., such that little space exists between the plug and
the tubular member. Plug 174 is shaped to define a trough 176.
Trough 176 typically runs along the surface of the plug from
one end of the plug to a point along the length of the plug.
Typically, trough 176 is shaped so as to define a widened part
178.

[0542] A coupling lead 4180 (e.g., a coupling wire) is dis-
posable in trough 176, and is reversibly couplable thereto
(and thereby to lock 170), as described hereinbelow. As is
described hereinbelow, coupling lead 4180 is coupled to a
medical device 150 and facilitates (1) coupling of medical
device 150 to a delivery mechanism during delivery of the
medical device and (2) decoupling of medical device 150
from the delivery mechanism following implantation of
device 150. Typically, aregion at an end of coupling lead 4180
is shaped to define a stopper 182, which is thicker than other
regions of the coupling lead, and is configured to be dispos-
able in widened part 178 of trough 176, typically when tubu-
lar member 4172 surrounds plug 174. Alternatively, stopper
182 may comprise a distinct component that is coupled to
coupling lead 4180. Trough 176, coupling lead 4180, wid-
ened part 178, and stopper 182 are dimensioned such that
when the coupling lead and the stopper are disposed in trough
176, plug 174 remains disposable in, and slidable through,
tubular member 4172. FIG. 64A shows trough 176 disposed
within the lumen of tubular member 4172 such that lock 170
assumes a locking configuration. In this locking configura-
tion, coupling lead 4180 is held in the trough by the inner
surface of the tubular member. Tubular member 4172 there-
fore facilitates coupling of coupling lead 4180 to plug 174.

[0543] Referenceis now madeto FIG. 64B. Plug174 is slid
distally through tubular member 4172, such thatlock 170 is in
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an open configuration. Typically, plug 174 is moved using
control wire 175. In this open configuration, trough 176 and
stopper 182 are exposed from the tubular member (i.e., are
outside the tubular member). Coupling lead 4180 and stopper
182 are shown in FIG. 64B as being disposed within trough
176, by way of illustration and not limitation, as a temporary
configuration prior to disengaging wire 4180 and stopper 182
from trough 176 (disengaging of wire 4180 and stopper 182
are described hereinbelow).

[0544] Reference is now made to FIG. 64C. In the open
configuration, coupling lead 4180 (and stopper 182) are
allowed to leave trough 176. Typically, coupling lead 4180 is
released from trough 176 by moving the former with respect
to the latter (e.g., by applying a moving force to either cou-
pling lead 4180, directly or indirectly, or by applying a mov-
ing force to plug 174 away from wire 4180). In some appli-
cations of the invention, at least a portion of coupling lead
4180 is configured such that it automatically moves out of the
trough upon being exposed from the tubular member (e.g., the
coupling lead comprises a shape-memory material such as
nitinol). In some applications of the invention, trough 176 and
widened part 178 are shaped to facilitate release of coupling
lead 4180 from trough 176. For example, a distal edge of
widened part 178 may be sloped such that distal movement of
coupling lead 4180 facilitates the release.

[0545] Reference is made to FIGS. 65A-B, which are sche-
matic illustrations of sequential steps in lock 170 being used
to facilitate the delivery of a medical device 150, the medical
device embodied by prosthetic valve support 40, in accor-
dance with some applications of the invention. FIG. 65A
shows a coupling lead 4180 (e.g., a coupling wire) extending
from a holding member 4046 (e.g., a holding member 4046a)
to another holding member 4046 (e.g., a holding member
40465). For some applications, holding members 4046 com-
prise holding members 46, described hereinabove with refer-
enceto FIGS. 1C-F. Coupling lead 4180 is coupled to medical
device 150. For example, coupling lead 4180 may loop
around a part of medical device 150. Alternatively, coupling
lead 4180 may weave through at least a portion of medical
device 150, as shown in FIG. 65A. At least one holding
member 4046 (e.g., holding member 4046a) comprises lock
170 at a distal end of holding member 4046. Holding member
4046 is shaped to define a lumen and defines tubular member
4172 of lock 170. Holding member 40464 is reversibly
coupled to a first portion of coupling lead 4180 (e.g., an end
portion of wire 4180, as shown) via lock 170. The remaining
portions of wire 4180 are threaded through support 40, as
shown, and extend through a lumen, of holding member
40465, as shown. Alternatively, a second portion of coupling
lead 4180 is coupled to a portion of holding member 40464.

[0546] Inthe application of the invention illustrated in FIG.
65A, two holding members 40464 are coupled to coupling
lead 4180 via respective locks 170, and one holding member
40465 is coupled to coupling lead 4180 without a lock 170.
That is, a first holding member 40464 holds a first end of wire
4180, and a second holding member 40464 holds a second
end of wire 4180. Portions of wire 4180 extending from the
first and second ends thereof are threaded through respective
portions of support 40 and extend through a lumen of holding
member 40465, as shown. Alternatively, each holding mem-
ber 40464 is coupled to respective first ends of respective first
and second coupling leads 4180. Respective portions of the
first and second coupling leads 4180 extending from the
respective first ends thereof are threaded through respective
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portions of support 40, and extend through a lumen of holding
member 40465. Alternatively, respective second portions of
the first and second coupling leads 4180 are coupled to a
portion of holding member 40464.

[0547] Reference is now made to FIG. 65B. At the site of
implantation, lock 170 is moved into its open configuration,
thereby releasing coupling lead 4180 from holding member
4046a. Coupling lead 4180 is then decoupled (e.g.,
unthreaded or unlooped) from medical device 150 (e.g., by
pulling on a portion of coupling lead 4180). In some applica-
tions of the invention, holding member 40465 is slidably
coupled to coupling lead 4180, and the decoupling of cou-
pling lead 4180 from medical device 150 is performed by
withdrawing coupling lead 4180 proximally, through holding
member 40465. In other applications of the invention, hold-
ing member 40465 is substantially attached to coupling lead
4180, and the decoupling of coupling lead 4180 from medical
device 150 is performed by withdrawing holding members
4046 proximally following the decoupling of holding mem-
bers 4042a from coupling lead 4180. Medical device 150 is
typically left at the site of implantation following the decou-
pling.

[0548] Reference is made to FIGS. 66 A-B, which are sche-
matic illustrations of sequential steps in lock 170 facilitating
the delivery of a medical device 150, the medical device
embodied by prosthetic valve support 40, in accordance with
some applications of the invention. Reference is now made to
FIG. 66A. In this application of the invention, both ends of
each coupling lead 4180 are coupled to one respective hold-
ing member 4046. Each one of holding members 4046 com-
prises a respective lock 170. A respective coupling lead 4180
is coupled to each holding member 4046. For each holding
member 4046, one end of coupling lead 4180 (i.e., the end of
wire 4180 comprising stopper 182) is reversibly coupled to
the holding member via lock 170, as described hereinabove
with reference to FIG. 65A. The other end of the coupling
lead is coupled to the holding member in a substantially fixed
manner (e.g., attached to the holding member, or attached to
a second part of lock, such as a second part of plug 174). In
such a manner, each coupling lead 4180 forms a loop around
apart of medical device 150 (as shown in the enlarged image
of FIG. 66A), thereby coupling each coupling lead 4180, and
thereby coupling each holding member 4046, to medical
device 150.

[0549] Reference is now made to FIG. 66B. At the site of
implantation, each lock 170 is moved into its open configu-
ration (described hereinabove), thereby releasing one end of
each coupling lead 4180 (i.e., the end of wire 4180 compris-
ing stopper 182), and thereby opening the loop formed by
coupling lead 4180. Each coupling lead 4180 is withdrawn
proximally (i.e., by pulling proximally on each holding mem-
ber 4046, as shown), thereby uncoupling (e.g., unthreading or
unlooping) coupling lead 4180 from medical device 150.

[0550] For some applications of the present invention, the
other end of coupling lead 4180 is attached to a portion of
holding member 4046. In such applications, withdrawal of
coupling lead 4180 typically comprises withdrawing holding
member 4046 proximally.

[0551] Forsome applications of the invention, the other end
of coupling lead 4180 is attached to a portion (e.g., an outer
surface of) of plug 174. For such applications, withdrawal of
coupling lead 4180 may comprise withdrawing the plug into
tubular member 4172 (i.e., holding member 4046).
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[0552] In either application, following the decoupling of
holding members 4046 and wires 4180 from device 150,
medical device 150 is typically left at the site of implantation.
[0553] Reference is made to FIGS. 67A-B, which are sche-
matic illustrations of sequential steps in lock 170 facilitating
the delivery of a medical device 150, the medical device
embodied by prosthetic valve support 40, in accordance with
some applications of the invention. Reference is now made to
FIG. 67A. One end of coupling lead 4180 (i.e., the end of wire
4180 comprising stopper 182) is reversibly coupled to hold-
ing member 4046 vialock 170, as described hereinabove with
reference to FIG. 65A. The other end of the coupling lead is
coupled to medical device 150 in a substantially fixed manner.
Typically, but not necessarily, coupling lead 4180 is short in
comparison to the coupling lead described with reference to
FIGS. 65A-B and 66A-B.

[0554] Reference is now made to FIG. 67B. At the site of
implantation, lock 170 is moved into its open configuration,
releasing one end of coupling lead 4180 (i.e., the end of wire
4180 comprising stopper 182). Holding members 4046 are
withdrawn proximally, releasing coupling lead 4180 and
medical device 150 from holding members 4046. Following
the decoupling of holding members 4046 from device 150,
medical device 150 is typically left at the site of implantation.
In this application of the invention, coupling leads 4180 typi-
cally remain coupled to medical device 150.

[0555] The applications of the invention described with
reference to FIGS. 64A-C, 65A-B, 66A-B, and 67A-B may
be used in combination with each other, and/or in combina-
tion with applications of the invention described herein,
including those comprising delivery and/or deployment of
prosthetic valve 42, prosthetic valve support 40, and/or medi-
cal device 150. These applications of the invention may also
be used to deliver and/or deploy medical devices not
described herein.

[0556] Reference is made to FIGS. 68A-B and 69A-E,
which are schematic illustrations of prosthetic valve support
40 comprising a retrievability functionality, in accordance
with some applications of the invention.

[0557] FIGS. 68A-B show prosthetic valve support 40 is
coupled to one or more holding members 4046 via one or
more coupling retrieving wires 4180, in accordance with
respective applications of the invention. Typically, prosthetic
valve support 40 is coupled to 2 or more (e.g., 3) holding
members 4046 via 2 or more (e.g., 3) coupling leads 4180.
Typically, the ends of each coupling lead 4180 are disposed
within holding members 4046, or more proximally (e.g., out-
side a body of the subject). A portion (e.g., a middle portion)
of'each coupling lead is disposed through respective portions
of'prosthetic valve support 40 (e.g., threaded through support
40), thereby coupling the prosthetic valve support to holding
members 4046. Since (1) the respective ends of coupling
leads 4180 are coupled to or extend beyond a proximal end of
holding members 4046, and (2) respective middle portions of
wires 4180 are threaded through respective portions of sup-
port 40, each coupling lead forms a loop. Typically, this
middle portion of each coupling lead is disposed through a
peripheral region (e.g., close to an outer edge 69) of the
prosthetic valve support.

[0558] FIGS. 68A-B show two configurations of coupling
leads 4180, coupling holding members 4046 to prosthetic
valve support 40, in accordance with respective applications
of'the invention. For these applications of the invention, three
coupling leads 4180 (e.g., coupling wires) are used, and are
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illustrated as coupling leads 4180a, 41805, and 4180c¢, for
clarity. Prosthetic valve support 40 is typically deployed in
the atrium 26 of the subject, e.g., as described with reference
to FIGS. 1B-D.

[0559] FIG. 68A shows the middle portions of wires
4180a-c forming respective pulling loops (e.g., closed loops)
around and threaded through support 40. That is, a respective
pulling force is applied annularly to the entire support 40 by
each one of wires 4180a-c.

[0560] FIG. 68B shows the middle portions of wires
4180a-c threaded through portions of support 40 in a manner
in which the respective middle portions of wires 4180a-c
collectively form a pulling loop. That is, a respective pulling
force is applied to respective portions of support 40 (i.e., to
respective thirds of support 40) corresponding to the portions
of'support 40 through which the respective middle portions of
wires 4180a-c are threaded.

[0561] Reference is now made to FIGS. 69A-E, which are
schematic illustrations of sequential steps in the retrieval of
prosthetic valve support 40 described hereinabove with ref-
erenceto FIGS. 68 A-B, in accordance with some applications
of'the invention. Should it be required (e.g., for repositioning
of' the prosthetic valve support, or abortion of the procedure),
the deployed prosthetic valve support may be retrieved into
overtube 44. FIG. 69A shows prosthetic valve support40 in a
fully deployed configuration, still coupled to holding mem-
bers 4046 via coupling leads 4180. In this configuration,
prosthetic valve support 40 is typically flat, but may have a
different shape (e.g., a saddle shape).

[0562] Reference is now made to FIG. 69B. A user moves
coupling leads 4180 proximally with respect to holding mem-
bers 4046 and prosthetic valve support 40 (e.g., the user pulls
coupling leads 4180 through holding members 4046). Due to
the configuration of coupling leads 4180 (as described with
reference to FIGS. 68A-B) the portion of each coupling lead
that passes through the prosthetic valve support becomes
shortened, thereby reducing a perimeter of the peripheral
region (e.g. of outer edge 69) of prosthetic valve support 40,
through which coupling leads 4180 are disposed.

[0563] FIG. 69C shows the perimeter of outer edge 69 of
prosthetic valve support 40 having been reduced further,
thereby deforming prosthetic valve support toward a cylin-
drical shape, with outer edge 69 defining a proximal end of
the further-reduced support 40. FIG. 69D shows the diameter
of outer edge 69 having been reduced, such that the proximal
end comprising outer edge 69 of prosthetic valve support 40
is slidable and disposable in overtube 44. As the user pulls
coupling leads 4180, he/she pushes overtube 44 distally over
successive portions of support 40. FIG. 69E shows holding
members 4046 and prosthetic valve support 40 being moved
proximally with respect to overtube 44 (e.g., the prosthetic
valve support is moved proximally and/or the overtube is
moved distally). As overtube 44 slides over prosthetic valve
support 40, it compresses more distal portions of the pros-
thetic valve support, until the prosthetic valve support has
been entirely retrieved into overtube 44. Prosthetic valve
support 40 may be redeployed or may be removed from the
subject. Retrieval and/or deployment may be halted and/or
reversed at any stage in the process described with reference
to FIGS. 69A-E.

[0564] The applications of the invention described with
reference to FIGS. 68A-B and 69A-E may be used in combi-
nation with each other, and/or in combination with applica-
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tions of the invention described herein, including those which
include prosthetic valve support 40.

[0565] Reference is made to FIGS. 70A-C, which are sche-
matic illustrations of prosthetic valve 42, comprising tissue-
engagement elements 62, in accordance with some applica-
tions of the invention. In these applications of the invention,
tissue-engagement elements 62 comprise valve-anchoring
elements 64, disposed at the distal end of prosthetic valve 42.
Each valve-anchoring element 64 may comprise a loop-
shaped valve-anchoring element 200 or a stick-shaped valve-
anchoring element 202. Loop-shaped valve-anchoring ele-
ments 200 have a larger surface area with which to grasp
leaflets 82, and are hypothesized to be facilitate more atrau-
matic advancement with respect to tissue than are stick-
shaped valve-anchoring elements 202. Stick-shaped valve-
anchoring elements 202 are hypothesized to more easily, be
insertable between chordae tendineae 80 (e.g., comb between
chordae tendineae), than are loop-shaped valve-anchoring
elements 200.

[0566] Prosthetic valve 42 may be coupled to one or more
valve-anchoring elements 64, comprising loop-shaped valve-
anchoring elements 200, stick-shaped valve-anchoring ele-
ments 202, or a combination thereof, in order to facilitate
deployment of prosthetic valve 42 and coupling of the pros-
thetic valve to native heart valve 23. For example, stick-
shaped valve-anchoring elements 202 may be used in areas of
heart valve 23 in which chordae tendineae 80 are disposed
more densely, whereas loop-shaped valve-anchoring ele-
ments 200 may be used to capture relatively exposed regions
of leaflets 82. Loop-shaped valve-anchoring elements 200
and stick-shaped valve-anchoring elements 202 are illus-
trated here as fixed anchors. In some applications of the
invention, elements 200 and 202 may be alternatively or
additionally used as hinged anchors (e.g., hinged anchors
340) and/or clamping hinged anchors (e.g., clamping hinged
anchors 350), as described hereinabove.

[0567] Reference is now made to FIG. 71, which is a sche-
matic illustration of prosthetic valve 42, for placing inside
native heart valve 23 of the patient, in accordance with some
applications of the present invention. For this application of
the invention, native valve 23 includes mitral valve 24. The
primary structural element 130 of the prosthetic valve has a
diameter d, and a corresponding cross-sectional area. The
annulus of the native valve, which is typically saddle-shaped,
defines an area A1, as shown. For some applications, area Al
is measured, e.g., using a measuring ring prior to deployment
of valve 42. Taking this measuring into account, a suitably-
sized prosthetic valve is chosen to be placed in the annulus, in
a manner in which the cross-sectional area of the prosthetic
valve in its deployed state is less than 90% (e.g., less than
80%, or less than 60%) of area Al.

[0568] For some applications, diameter d of the prosthetic
valve is less than 25 mm, e.g., less than 20 mm, and/or more
than 15 mm, e.g., 15-25 mm. For some applications, placing
a prosthetic valve inside the native valve, with the dimensions
of the native valve annulus and the prosthetic valve as
described, facilitates sealing of the prosthetic valve with
respect to the native valve, by the native valve leaflets closing
around the outer surface of the prosthetic valve. In such
applications, prosthetic valve 42 is implanted directly within
native valve 23 (i.e., without support 40).

[0569] For some applications, a prosthetic valve support
40, that is shaped to define a lumen, is placed against the
annulus of native valve 23 (e.g., as described with reference to
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FIGS. 1A-H). The lumen of support 40 has a cross-sectional
area A2 that is less than 90% (e.g., less than 80%, or less than
60%) of area Al of native valve 23. As described hereinabove,
prosthetic valve 42 is typically coupled to prosthetic valve
support 40 and, thereby, to native valve 23, at least in part by
expansion of the prosthetic valve such that primary structural
element 130 exerts a radial force against inner edge 68 of
prosthetic valve support 40. The cross-sectional area defined
by the primary structural element 130 of the prosthetic valve,
upon expansion of the prosthetic valve, is limited by the
cross-sectional area A2 of the lumen of the prosthetic valve
support 40 to less than 90% (e.g., less than 80%, or less than
60%) of area A1l of native valve 23. For some applications,
placing a prosthetic valve support 40 at the native valve, as
described, facilitates sealing of the prosthetic valve with
respect to the native valve, by the native valve leaflets closing
around the outer surface of the prosthetic valve.

[0570] Typically, placing a prosthetic valve inside the
native valve with the dimensions of the native valve annulus,
the prosthetic valve 42, and/or valve support 40 as described
in the above paragraphs, facilitates sealing of the prosthetic
valve with respect to the native valve. For some applications,
the sealing is facilitated by the native leaflets being pushed
against, and closing against, the outer surface of the frame of
the valve during systole, in a similar manner to the manner in
which native valve leaflets coapt during systole, in a healthy
mitral valve.

[0571] Typically, as the diameter d of the prosthetic valve is
increased, the proportion of the native leaflets that is pushed
against the outer surface of the valve during systole is
increased, thereby enhancing the sealing of the native leaflets
with respect to the frame of the prosthetic valve. However,
beyond a given diameter, as the diameter d of the prosthetic
valve is increased, the native valve leaflets are pushed apart at
the commissures, thereby causing retrograde leakage of
blood through the commissures. Therefore, in accordance
with some applications of the present invention, prosthetic
valve 42, and/or valve support 40 are chosen such that the
cross-sectional area of the prosthetic valve (when expanded
inside the valve support) is less than 90% (e.g., less than 80%,
or less than 60%) of area A1 of native vale 23. Thus the valve
support facilitates additional sealing of the prosthetic valve
with respect to the native valve, by the native valve leaflets
closing around the outer surface of the prosthetic valve, while
not causing retrograde leakage of blood through the commis-
sures.

[0572] For some applications, in order to facilitate the seal-
ing of the native valve around the outer surface of the pros-
thetic valve, a material is placed on the outer surface of the
prosthetic valve in order to provide a sealing interface
between the prosthetic valve and the native valve. For
example, a smooth material that prevents tissue growth (e.g.,
polytetrafluoroethylene (PTFE), and/or pericardium) may be
placed on the outer surface of the prosthetic valve. Alterna-
tively or additionally, a material that facilitates tissue growth
(such as polyethylene terephthalate; PET) may be placed on
the outer surface of the prosthetic valve, in order to (a) act as
a sealing interface between the native valve and the prosthetic
valve, and (b) facilitate tissue growth around the prosthetic
valve to facilitate anchoring and/or sealing of the prosthetic
valve.

[0573] Reference is made to FIGS. 72A-D, which are sche-
matic illustrations of an implant 2030, comprising a pros-
thetic valve support 2040, and a prosthetic valve 2042, in
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accordance with some applications of the invention. Implant
2030 is configured to be implanted at a native heart valve of a
subject, such as the mitral valve 2024 of the subject.

[0574] FIG. 72A shows support 2040 and prosthetic valve
2042 of implant 2030 in respective fully uncompressed con-
figurations thereof. Support 2040 comprises an upstream sup-
port portion 2041, which is shaped to define an opening 2045,
and configured to be placed against an upstream side of the
native valve of the subject (e.g., against an atrial side of the
mitral valve of the subject, such as against the annulus of the
mitral valve of the subject). Typically, upstream support por-
tion 2041 is configured to be placed against the upstream side
of the native valve such that the entire of opening 2045 is
disposed above (i.e., upstream and within a periphery defined
by) the orifice of the native valve. Typically, upstream support
portion 2041 is configured and/or selected such that opening
2045 has a greatest diameter that is less than 90% (e.g., less
than 80%, e.g., as less than 60%, such as less than 50%) of a
greatest diameter of the orifice of the native valve. Typically,
upstream support portion 2041 is generally annular (e.g.,
portion 2041 and opening 2045 are generally elliptical, cir-
cular, and/or oval).

[0575] In the fully uncompressed configuration thereof,
upstream support portion 2041 typically has an outer perim-
eter 2069 of length between 125 and 190 mm (e.g., between
140 and 170 mm, such as between 140 and 150 mm), and an
inner perimeter 2068 (that defines opening 2045) of length
between 62 and 105 mm (e.g., between 65 and 80 mm, such
as between 75 and 80 mm). When upstream support portion
2041 is annular, the upstream support portion, in the fully
uncompressed configuration thereof, typically has an outer
diameter d10 (e.g., a greatest outer diameter) of between 40
and 80 mm (e.g., between 40 and 70 mm, such as between 40
and 60 mm), and an inner diameter d11 (e.g., a greatest inner
diameter) of between 20 and 35 mm (e.g., between 23 and 32
mm, such as between 25 and 30 mm) That is, opening 2045
typically has a diameter of between 20 and 35 mm (e.g.,
between 23 and 32 mm, such as between 25 and 30 mm).
Typically, outer perimeter 2069 has a length that is at least
10% (e.g., at least 50%, such as at least 80%) greater than
inner perimeter 2068.

[0576] In the fully uncompressed configuration thereof,
upstream support portion 2041 is typically (but not necessar-
ily) generally flat (e.g., laminar, and/or planar). For some
applications, in the fully uncompressed configuration, por-
tion 2041 assumes a frustoconical shape, typically arranged
from the generally flat composition of the portion. Portion
2041 has a thickness of less than 5 mm, such as less than 2
mm. Opening 2045 has a depth (e.g., a height) d12 from an
upstream side 2047 of the upstream support portion to a
downstream side 2049 of the upstream support portion. Depth
d12 of opening 2045 is less than 5 mm, such as less than 2
mm. Typically, therefore, inner diameter d11 is more than 4
times (e.g., more than 6 times, such as more than 10 times)
greater than depth d12. That is, opening 2045 is more than 4
times (e.g., more than 6 times, such as more than 10 times)
wider than it is deep. Typically, in the fully uncompressed
configuration, upstream support portion 2041 has a total
height of less than 10 mm (e.g., less than 5 mm, such as less
than 2 mm)

[0577] Typically, inner perimeter 2068 comprises, or is
defined by, a free inner edge of upstream support portion
2041. That is, opening 2045 resembles a hole cut out of a
lamina (e.g., out of a disc). For some applications, inner
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perimeter 2068 comprises, or is defined by, a curved and/or
folded inner edge of upstream support portion 2041. If the
inner perimeter of upstream support portion 2041 comprises,
or is defined by, a curved or folded edge, then a radius of
curvature of the curved or folded edge is typically less than
2.5 mm, such as less than 1 mm. That is, the curve or fold of
the edge is generally sharp, such that when viewed from
within opening 2045, the curved or folded edge looks gener-
ally like a free edge.

[0578] Itisto benoted that, for simplicity, upstream support
portion 2041 is generally described herein in terms of sym-
metrical geometric shapes (e.g., ellipse and frustum), but that
the upstream support portion may assume a symmetrical or an
unsymmetrical shape.

[0579] Prosthetic valve 2042 comprises a generally tubular
(e.g., cylindrical) primary structural element 2130, shaped to
define a lumen 2043 therethrough, and at least one check
valve element (not shown), configured to regulate blood flow
through the prosthetic valve. Typically, the check valve ele-
ment comprises one or more prosthetic valve leaflets, dis-
posed in lumen 2043, and coupled (e.g., sutured) to the pri-
mary structural element. For some applications of the
invention, the check valve element comprises a ball, disc, or
other check valve component. For some applications of the
invention, prosthetic valve 2042 comprises a commercially-
available stent-based prosthetic valve.

[0580] Prosthetic valve 2042 is configured to be placeable
in opening 2045 of support 2040, and couplable to the support
by being expandable within this opening, e.g., as described in
more detail hereinbelow. Typically, support 2040 comprises
tissue-engaging elements (e.g., support-anchoring elements),
such as those described herein (not shown in FIGS. 72A-D),
and is couplable to the native valve, such that coupling of
prosthetic valve 2042 to the support, couples the prosthetic
valve to the native valve. For some applications, prosthetic
valve 2042 comprises tissue-engaging elements (e.g., valve-
anchoring elements), such as those described herein (not
shown in FIGS. 72A-D), and is alternatively or additionally
directly couplable to the native valve.

[0581] In the fully uncompressed configuration thereof,
prosthetic valve 2042 typically has a perimeter 2051 of length
between 62 and 110 mm (e.g., between 70 and 90 mm, such
as between 80 and 90 mm), and a height d14, (i.e., a length
from an upstream end to a downstream end) of between 15
and 40 mm (e.g., between 20 and 35 mm, such as between 25
and 25 mm). When structural element 2130 is cylindrical,
prosthetic valve 2042, in the fully uncompressed configura-
tion thereof, typically has a diameter d13 of between 20 and
35 mm (e.g., between 25 and 35 mm, such as between 25 and
30 mm). Typically, support 2040 and prosthetic valve 2042
are configured and/or selected (e.g., paired), such that perim-
eter 2051 is slightly (e.g., between 1 and 15 mm, such as
between 1 and 7 mm) greater than perimeter 2068, and/or that
diameter d13 is slightly (e.g., between 1 and 5 mm, such as
between 1 and 3 mm) greater than diameter d11.

[0582] Inthe respective fully uncompressed configurations
thereof, height d14 of prosthetic valve 2042 is typically at
least 1.5 times greater (e.g., at least 3 times greater, such as at
least 5 times greater) than the total height of upstream support
portion 2041.

[0583] Typically, support 2040 comprises a lattice structure
which defines a plurality of struts 2120, typically in a repeat-
ing arrangement, and a plurality of voids between the struts.
Typically, upstream support portion 2041 comprises the lat-
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tice structure of support 2040. Typically, prosthetic valve
2042 comprises a lattice structure which defines a plurality of
struts 2124, and a plurality of voids between the struts. Sup-
port 2040 and prosthetic valve 2042 typically have shape-
memory (e.g., resilient, pseudoelastic and/or superelastic)
properties. Typically, struts 2120 and/or struts 2124 comprise
a shape-memory (e.g., resilient, pseudoelastic and/or super-
elastic) material, such that support 2040 and/or prosthetic
valve 2042 are compressible when a compressive force is
applied (e.g., prior to implantation), and re-expandable when
the compressive force is removed (e.g., during implantation),
as described hereinbelow. Non-limiting examples of materi-
als that the support (e.g., struts 2120) and/or prosthetic valve
(e.g., struts 2124) may comprise include nickel-titanium
(Nitinol), stainless steel, nickel cobalt, cobalt chrome, tita-
nium, tantalum, and palladium.

[0584] Typically, support 2040 and/or prosthetic valve
2042 are at least in part covered with a covering 2440 (for
clarity, covering 2440 is only shown on support 2040). Non-
limiting examples of materials that covering 2440 may com-
prise include polyethylene terephthalate (e.g., polyester),
polytetrafluoroethylene (e.g., Teflon, ePTFE), and pericardial
tissue. For some applications, covering 2440 comprises a
fabric. Typically, a thickness of the covering is less than 0.5
mm, such as less than 0.2 mm, e.g., less than 0.1 mm, or less
than 0.05 mm. In FIG. 72A, struts 2120 are shown in phan-
tom, as they are covered by covering 2440.

[0585] For some applications of the invention, covering
2440 is configured to facilitate blood flow through the pros-
thetic valve, e.g., to channel blood through lumen 2043
defined by prosthetic valve 2042, and/or to prevent leakage
(1) between the prosthetic valve and support 2040, and/or (2)
between implant 2030 and the native valve. For some appli-
cations of the invention, the covering is configured to mask
sharp and/or hard surfaces (e.g., metal surfaces, such as sur-
faces of struts 2120 and/or 2124), and thereby to protect
native tissues from being damaged by such surfaces. For
some applications of the invention, the covering is configured
to facilitate (e.g., to enhance) coupling between support 2040
and prosthetic valve 2042 (e.g., as described hereinbelow),
such as by increasing friction. For some applications of the
invention, the covering is configured to facilitate (e.g., to
encourage) growth of tissue (e.g., fibrosis) over one or more
components of implant 2030.

[0586] FIG. 72B shows support 2040 and prosthetic valve
2042 of implant 2030 in respective compressed configura-
tions thereof, typically for delivery to the native valve. Typi-
cally, support 2040 and prosthetic valve 2042 are delivered
percutaneously (e.g., transcatheterally). Typically, the sup-
port and the valve component are delivered to the native valve
transluminally (e.g., transfemorally). For some applications,
support 2040 and prosthetic valve 2042 are delivered to the
native valve transatrially. For some applications, support
2040 and prosthetic valve 2042 are delivered to the native
valve transapically. In the compressed configuration thereof,
upstream support portion 2041 is typically generally cylin-
drical, and is typically delivered to a site that is upstream of
the native valve of the subject (e.g., the left atrium, upstream
of the mitral valve of the subject), such that a downstream
(e.g., distal) end 2053 of the support has a perimeter 20685,
which is a compressed inner perimeter 2068, and an upstream
end 2055 of the support comprises perimeter 20695, which is
a compressed outer perimeter 2069.
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[0587] In the compressed configuration thereof, upstream
support portion 2041 typically has (e.g., perimeters 20685
and 20695 have) a perimeter of length between 9 and 30 mm
(e.g., between 15 and 25 mm, such as between 18 and 22 mm),
and a height d15 of between 11 and 30 mm (e.g., between 15
and 30 mm, such as between 15 and 25 mm). When upstream
support portion 2041, in the compressed configuration
thereof, is cylindrical, portion 2041 typically has a diameter
of between 3 and 9 mm (e.g., between 5 and 8 mm, such as
between 6 and 7 mm).

[0588] Inthe compressed configuration thereof, prosthetic
valve 2042 is typically generally cylindrical. Compression of
the prosthetic valve typically comprises inwardly-radial com-
pression, such that the component is narrower and taller in the
compressed configuration than in the fully uncompressed
configuration thereof. In the compressed configuration
thereof, prosthetic valve 2042 typically has a perimeter 20515
(acompressed perimeter 2051) of between 9 and 30 mm (e.g.,
between 10 and 20 mm, such as between 15 and 20 mm), and
a height d16 of between 16 and 41 mm (e.g., between 20 and
35 mm, such as between 20 and 30 mm). When prosthetic
valve 2042, in the compressed configuration thereof, is cylin-
drical, prosthetic valve 2042 typically has a diameter of
between 2 and 9 mm (e.g., between 3 and 8 mm, such as
between 3 and 6 mm).

[0589] Support 2040 (e.g., portion 2041) and prosthetic
valve 2042 typically have shape-memory properties, and are
compressed (e.g., crimped) into their respective compressed
configurations prior to (e.g., immediately prior to) the
implantation procedure. Typically, the support and prosthetic
valve are retained (e.g., ‘constrained’) in this configuration by
a constraining member, such as an overtube, a delivery tube,
and/or other delivery apparatus. Support 2040 and prosthetic
valve 2042 are typically subsequently expanded (e.g.,
‘deployed’) close to the site of implantation by releasing the
constraining (e.g., compressive) force (e.g., by removing the
constraining member). That is, the compressed configura-
tions of prosthetic valve support 2040 (e.g., of upstream sup-
port portion 2041) and prosthetic valve 2042, described with
reference to FIG. 72B, typically comprise constrained com-
pressed configurations, and the fully uncompressed configu-
rations, described with reference to FIG. 72A, are uncon-
strained uncompressed configurations.

[0590] FIG. 72C shows an end-view of implant 2030, with
prosthetic valve 2042 coupled to prosthetic valve support
2040 by being disposed and expanded within opening 2045
(not shown in FIG. 72C) defined by portion 2041. FIG. 72C
shows downstream side 2049 of support 2040, therefore
struts 2120 are shown in solid form. Typically, prosthetic
valve 2042 is delivered to opening 2045 in a constrained
compressed configuration thereof (e.g., as described with
reference to FIG. 72B), and expanded (e.g., released) in the
opening, such that prosthetic valve 2042 applies a radially-
expansive force against inner perimeter 2068 of portion 2041.
Typically, this radially-expansive force facilitates coupling of
prosthetic valve 2042 to portion 2041.

[0591] So as to provide the radially-expansive force, and as
described hereinabove, prosthetic valve 2042 and support
2040 (e.g., portion 2041) are typically configured and/or
selected (e.g., paired) such that perimeter 2051 of prosthetic
valve 2042, in the fully uncompressed configuration thereof,
is slightly greater than inner perimeter 2068 of portion 2041.
When prosthetic valve 2042 is expanded within opening
2045, portion 2041 (e.g., inner perimeter 2068) thereby
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restricts the full expansion of prosthetic valve 2042. There-
fore, in the coupled configuration shown in FIG. 72C, a
perimeter 2051c¢ of prosthetic valve 2042 is typically smaller
than perimeter 2051 of the prosthetic valve in the fully
uncompressed configuration thereof.

[0592] As described hereinabove (e.g., with reference to
FIG. 72A), upstream support portion 2041 is configured to be
placed against an upstream side of the native valve. As further
discussed hereinbelow (e.g., with reference to FIG. 72K), it
should be noted, that radial expansion of prosthetic valve
2042 against inner perimeter 2068 of upstream support por-
tion 2041, thereby typically does not cause the prosthetic
valve support to apply a radially-expansive force to the native
valve.

[0593] For some applications, the prosthetic valve is cou-
plable to the upstream support portion at a continuum of
positions along the axial length of the prosthetic valve. That
is, a physician can couple the prosthetic valve to the support
at a continuum of depths within the support. For example, in
applications in which the prosthetic valve is configured to be
coupled to the upstream support portion solely by the radi-
ally-expansive force, the prosthetic valve may be coupled to
the upstream support portion at a contintum of positions
along the length of the prosthetic valve.

[0594] As described hereinabove, the lattice structures of
prosthetic valve 2042 and portion 2041 typically define a
repeating arrangement of struts, e.g., a repeating arrangement
of shapes. For some applications, and as shown in FIG. 72C,
prosthetic valve 2042 and portion 2041 comprise the same
number of arrangement repeats. For some such applications,
this matching number of repeats facilitates coupling of pros-
thetic valve 2042 and portion 2041. For example, and as
shown in FIG. 72C, a number of inwardly-protruding ridges
2057 of portion 2041 protrude (e.g., interpose) within an
equal number of corresponding circumferential voids defined
by the lattice structure of prosthetic valve 2042. These ridges
facilitate coupling of support 2040 and prosthetic valve 2042,
e.g., by inhibiting axial movement of the prosthetic valve
through opening 2045 of upstream support portion 2041.
[0595] Typically, the arrangement of repeating circumfer-
ential voids defined by the lattice structure of the prosthetic
valve is repeated axially, thereby defining a prismatic (e.g.,
cylindrical) shape of the prosthetic valve. For some applica-
tions, the prosthetic valve is thereby couplable to the
upstream support portion at a plurality of positions along the
axial length of the prosthetic valve. That is, a physician can
couple the prosthetic valve is couplable to the upstream sup-
port portion at a plurality of depths within the support. For
example, in applications in which when a circumferential
arrangement of voids is repeated four times along the axial
length of the prosthetic valve, the prosthetic valve is typically
couplable to the upstream support portion at four positions
along the axial length of the prosthetic valve.

[0596] It is noted that, for some applications, the above
descriptions of prosthetic valve 2042 and support 2040 are
applicable to (e.g., the applications described above are com-
binable with) other embodiments of prosthetic valves and
prosthetic valve supports described herein.

[0597] FIG. 72D shows an end view of an implant 2030a,
comprising prosthetic valve 2042 coupled to a prosthetic
valve support 2040a. For some applications of the invention,
prosthetic valve support 2040a comprises, and/or is analo-
gous to, another prosthetic valve support (e.g., prosthetic
valve support 2040) described herein, and implant 2030q
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comprises, and/or is analogous to, other implants (e.g.,
implant 2030) described herein. Prosthetic valve 20404 com-
prises an upstream support portion 2041a. For some applica-
tions of the invention, upstream support portion 2041a com-
prises, and/or is analogous to, other upstream support
portions described herein. Upstream support portion 2041a
comprises a plurality of inwardly-protruding barbs 2102, pro-
truding from inner perimeter 2068 into opening 2045, such
that, when prosthetic valve 2042 is expanded within opening
2045, barbs 2102 protrude (e.g., interpose) into voids defined
by the lattice structure of prosthetic valve 2042. Similarly to
the protrusion of ridges 2057 (described with reference to
FIG. 72C) the protrusion of barbs 2102 further facilitates
coupling of prosthetic valve support 2040a and prosthetic
valve 2042. For some applications, barbs 2102 are disposed
on (e.g., protrude from) ridges 2057. For some applications,
barbs 2102 are disposed between ridges 2057 (e.g., protrude
from sites between ridges 2057).

[0598] Reference is made to FIG. 73, which is a schematic
illustration of'a prosthetic valve support 20405, in accordance
with some applications of the invention. For some applica-
tions of the invention, prosthetic valve support 20405 com-
prises, and/or is analogous to, other prosthetic valve supports
described herein. For some applications, prosthetic valve sup-
port 20406 comprises prosthetic valve support 2040,
described hereinabove. Support 20405 comprises upstream
support portion 2041, coupled to one or more clips 2900,
configured to be couplable to one or more native leaflets 2082
of the native valve. For some applications of the invention,
clips 2900 comprise tissue-engaging elements and/or sup-
port-anchoring elements (e.g., as described hereinabove). For
some applications, prosthetic valve support 20405 alterna-
tively or additionally comprises other tissue-engaging ele-
ments. Typically, support 20405 comprises two clips 2900,
coupled to portion 2041 at or near inner perimeter 2068.
Typically, clips 2900 are disposed opposite each other.

[0599] Typically, clips 2900 are articulatably coupled to
portion 2041. That is, typically, clips 2900 can move, at least
in part, with respect to portion 2041. Typically, each clip 2900
is coupled to portion 2041 via a connector 2540, which facili-
tates this movement. Typically, but not necessarily, connector
2540 comprises a flexible material, such as a fabric and/or
polymer. For some applications, connector 2540 comprises
one or more hinge points, to facilitate the movement of the
clips.

[0600] Each clip 2900 typically comprises two or more clip
elements, such as a clip arm 2920 and a clip arm 2922,
movable with respect to each other. Typically, the clip arms
are articulatably-coupled at an articulation point 2921, and
are movable with respect to each other by the relative angular
disposition of the clip arms being controllable. Typically, clip
2900 is configured to be biased (e.g., pre-set, such as shape-
set) to be in a closed configuration, such that arms 2920 and
2922 are relatively disposed at a generally small angle (e.g.,
less than 45 degrees, such as less than 20 degrees, such as less
than 5 degrees) to each other. For some applications, in the
closed configuration of clip 2900, arms 2920 and 2922 touch
each other at a site that other than the articulation point. Each
clip 2900 is configured to be couplable to a native leatlet 2082
of the native valve by enveloping the native leaflet when the
clip is in the open configuration thereof, and clipping the
leaflet between the clip arms when the clip subsequently
moves toward the closed configuration thereof.
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[0601] Typically, arm 2920 is substantially immobile, and
arm 2922 is (1) biased to assume a first configuration, and (2)
movable between the first configuration and another configu-
ration. Typically, the first configuration of arm 2922 is a
closed configuration. Typically, the other configuration of
arm 2922 is an open configuration, whereby a portion of arm
2922 that is furthest from articulation point 2921 is disposed
(1) further from arm 2920 than is the same portion in the first,
closed configuration, and (2) further from arm 2920 than a
portion of arm 2922 that is closest to the articulation point.
That is, an angular disposition of arm 2922 to arm 2920 is
greater when arm 2922 is in the open configuration thereof,
than when arm 2922 is in the closed configuration thereof.
When arm 2922 is in the closed configuration thereof, clip
2900 is in the closed configuration thereof. When arm 2922 is
in the open configuration thereof, clip 2900 is in the open
configuration thereof. That is, clip 2900 is movable between
open and closed configurations thereof, by arm 2922 moving
between open and closed configurations thereof. FIG. 73
shows detailed illustrations of clip 900 in the open and closed
configurations, and further shows an exploded view of the
components of clip 2900.

[0602] Clip 2900 further comprises a clip-controller inter-
face, typically comprising a pull-wire 2924, which facilitates
movement of arm 2922 between the closed and open configu-
rations, i.e., relative angular movement of arms 2920 and
2922. Pull-wire 2924 is typically coupled to plate 2922, and
controlled from outside the body of the subject. For example,
pull-wire 2924 may be coupled to arm 2922, and extend to a
clip controller (e.g., clip controller 2930, described with ref-
erence to FIGS. 74A-L) disposed within delivery apparatus,
and ultimately controlled by a physician. Typically, pull-wire
2924 is coupled to arm 2922 such that (1) placing the pull-
wire under tension (e.g., by pulling) moves arm 2922 toward
the open configuration, and (2) releasing the tension, at least
in part, allows the arm to return toward the closed configura-
tion.

[0603] For some applications of the invention, both clips
2900 are controlled simultaneously by a user (e.g., clips 2900
are configured to operate simultaneously). For some applica-
tions, each clip 2900 is controllable independently. For some
applications, clip 2900 further comprises one or more grips,
such as teeth 2928, which facilitate the clamping of leaflets
2082 when clip 2900 is closed. For some applications, clips
2900 may alternatively or additionally be directly coupled to
the prosthetic valve, and configured to couple the prosthetic
valve directly to the native valve.

[0604] Reference is made to FIGS. 74 A-L., which are sche-
matic illustrations of steps in the implantation of implant
20305, comprising prosthetic valve 2042 and prosthetic valve
support 20405, in a native heart valve, such as mitral valve
2024 of a subject, in accordance with some applications of the
invention.

[0605] Prosthetic valve support 20405 is implanted using
support-delivery apparatus, such as support-delivery appara-
tus 2960. As described hereinabove with reference to FIG. 73,
each clip 2900 comprises a clip-controller interface, typically
pull-wire 2924, which is configured to open the clip when
pulled (i.e., placed under tension). For some applications of
the invention, and as shown in FIG. 74A, support-delivery
apparatus 2960 comprises at least one clip controller 2930,
one end of pull-wire 2924 is coupled to clip arm 922, and
another end of the pull-wire is coupled to controller 2930.
Controller 2930 comprises a tubular member 2172, shaped to
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define a lumen, and a plug 2174. Plug 2174 is dimensioned
such that it is disposable in, and slidable through (e.g., within,
into, and out of) the lumen of tubular member 2172. Plug
2174 comprises a restricting portion 2190 and a second por-
tion 2192.

[0606] Typically, at least part of plug 2174 (e.g., restricting
portion 2190) is dimensioned so as to fit tightly in the lumen
of tubular member 2172, in a manner in which an outer
surface of plug 2174 (e.g., an outer surface of portion 2190) is
disposed very close to an inner surface of tubular member
2172, i.e., such that little space exists between the at least part
of the plug and the tubular member. For example, the widest
space between portion 2190 and member 2172 may be
smaller than a thickness of pull-wire 2924. Typically, a sur-
face of second portion 2192 is disposed further from the inner
surface of tubular member 2172, than is the surface of the at
least part of portion 2190.

[0607] Controller 2930 typically has at least three control-
ler configurations, each configuration having a different rela-
tive disposition of plug 2174 within tubular member 2172. In
a first controller configuration, plug 2174 is disposed at a first
longitudinal position within tubular member 2172. In a sec-
ond controller configuration, the plug is disposed at a second
longitudinal position within the tubular member, the second
position being more proximal (e.g., closer to a position out-
side the body; typically upstream) than the first longitudinal
position. In a third controller configuration, the plug is dis-
posed at a third longitudinal position, distal (e.g., down-
stream) to the first longitudinal position, such that at least
restricting portion 2190 is disposed outside of (e.g., distal t0)
the tubular member.

[0608] Controller 2930 has at least one locking configura-
tion, in which (1) at least part of restricting portion 2190 is
disposed inside the lumen of tubular member 2172, and (2)
pull-wire 2924, when coupled to the controller, is generally
not decouplable from the controller. Typically, the first and
second controller configurations, described hereinabove, are
locking configurations. Controller 2930 further has at least
one open configuration, in which (1) at least restricting por-
tion 2190 is disposed outside the lumen of tubular member
2172, and (2) pull-wire 2924 is decouplable from the control-
ler. Typically, the third controller configuration, described
hereinabove, is an open configuration.

[0609] Typically, and as shown in FIG. 74 A, pull-wire 2924
comprises, and/or is shaped to define, a loop, and is coupled
to controller 2930 by at least part of the loop being disposed
against second portion 2192 when the lock is in, or moves
into, a locking configuration thereof. For some applications,
pull-wire 2924 is generally flat (e.g., has an elongate trans-
verse cross-section, e.g., is a strip), is shaped to define a hole,
and is coupled to controller 2930 by at least part of restricting
portion 2190 being disposed within the hole when the lock is
in, or moves into, a locking configuration thereof. Restricting
portion 2190 inhibits distal axial movement of the coupling
lead, and tubular member 2172 inhibits lateral movement of
the coupling lead (e.g., the inner surface of the tubular mem-
ber holds the coupling lead against second portion 1192).
Tubular member 2172 thereby facilitates coupling of pull-
wire 2924 to plug 2174, and thereby to controller 2930.
[0610] Controller 2930 is typically controlled (e.g., the
configurations of the controller, such as the disposition of
plug 2174 within tubular member 2172, are typically
selected), via a control rod 2175, using an extracorporeal
controller, such as a control handle 2932, typically disposed
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ataproximal end of support-delivery apparatus 2960. Control
handle 2932 comprises at least one adjuster 2934, each
adjuster configured to control at least one clip 2900 of pros-
thetic valve support 20405. Typically, control handle 2932
comprises two adjusters 2934, each adjuster configured to
independently control one clip 2900. For clarity, however,
adjusters 2934 are shown operating simultaneously. Typi-
cally, but not necessarily, adjuster 2934 has pre-defined posi-
tions in which it can reside, each pre-defined position of the
adjuster corresponding to a respective configuration of con-
troller 2930. That is, moving adjuster 2934 between the pre-
defined positions thereof, moves controller 2930 between the
configurations thereof. For illustrative purposes only,
example pre-defined positions (A), (B) and (C) are indicated.
[0611] FIG. 74A shows support 20405 having been deliv-
ered, using support-delivery apparatus 2960, to left atrium
2026 of the heart of a subject (i.e., to a site upstream of native
mitral valve 2024 of the subject). Support 20405 is typically
delivered transcatheterally (e.g., transvascularly, such as
transfemorally), while in a compressed configuration thereof
(e.g., as described with reference to FIG. 72B for support
2040). Typically, support 20405 is delivered within an over-
tube 2044, which provides a constraining (e.g., compressive)
force, to constrain the support in the compressed configura-
tion thereof. Typically, upstream support portion 2041 of
support 20405 is coupled to a scaffold, such as a core 2946,
and constrained in the compressed configuration by being
disposed within an overtube 2044 of the delivery apparatus.
Inthe compressed configuration of support 20405, clips 2900
are typically disposed downstream (e.g., distal) to the cylin-
der of upstream support portion 2041, and coupled to core
2946.

[0612] During delivery of support 20405, and as shown in
FIG. 74 A, clips 2900 are typically in the closed configuration
thereof. FIG. 74A shows clips 2900 exposed from the distal
end of overtube 2044, overtube 2044 having been retracted
(e.g., overtube 2044 having been moved proximally, and/or
support 20405 having been moved distally). Adjuster 2934 of
control handle 2932 is in a first position (A) (typically a
middle position) thereof, and controller 2930 is in the first
configuration thereof, whereby pull-wire 2924 is coupled to
plug 2174, which is disposed within tubular member 2172.
[0613] FIG. 74B shows support 20405 and core 2946 hav-
ing been moved closer to the native valve, and clips 2900
enveloping leaflets 2082 of the native valve. Adjuster 2934 of
control handle 2932 is in a second position (B) thereof (typi-
cally more proximal than the first position), and controller
2930 is in the second configuration thereof. Movement of
controller 2930 into the second configuration thereof (i.e.,
moving plug 2174 proximally) places pull-wire 2924 under
tension (i.e., pulls the pull-wire), thereby pulling clip arm
2922, and opening clip 2900. Using support-delivery appara-
tus 2960, the position of prosthetic valve support 20405 is
adjusted, so as to envelope native leatlets 2082 between the
clip arms of clips 2900.

[0614] FIG. 74C shows clips 2900, coupled (i.e., clipped)
to native leaflets 2082. The user (e.g., the physician) couples
the clips to the native leaflets by closing the clips while the
leaflets are enveloped by the arms of the clips. Adjuster 2394
of control handle 2932 is in first position (A) thereof (i.e., has
been returned to first position (A)), and controller 2930 is in
the first configuration thereof (i.e., has been returned to the
first configuration thereof). For some applications of the
invention, control handle 2932 comprises a spring, which
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facilitates the return of adjuster 2394 to first position (A). For
example, a user may apply a force to adjuster 2394 so as to
move the adjuster to second position (B), and remove the
force (e.g., release the adjuster) so as to return the adjuster to
first position (A). Movement of controller 2930 into the first
configuration thereof (i.e., moving plug 2174 distally) at least
partly releases the tension on pull-wire 2924, allowing the
bias of clip 2900 (e.g., of clip arm 2922) to return the clip
toward the closed configuration. If a native leaflet 2082 is
enveloped by the clip arms, the leaflet is sandwiched between
the arms, thereby coupling the clip to the leaflet.

[0615] For some applications, visualization (e.g., imaging)
techniques such as ultrasound are used to facilitate and/or
confirm the coupling of clips 2900 to leaflets 2082. For
example, an echocardiogram may be used to observe native
leaflets 2082, and movement thereof. For some applications,
coupling of both native leaflets by clips 2900 is accompanied
by a generally lemniscate (e.g., ‘FIG. 8”) arrangement of the
native leaflets, as shown in View A of FIG. 74C. Clips 2900
may be repeatedly opened and closed until coupling of the
clips to leaflets 2082 has been achieved.

[0616] For some applications of the invention, clips 2900
further comprise a securing element (not shown), configured
to secure the clips in the closed configuration, following
coupling of the clips to the native leaflets. For some applica-
tions of the invention, the securing element is configured to
secure the clips in one or a pre-defined selection of closed
configurations (e.g., in a partially-closed configuration).
[0617] Reference is madeto FIG. 74D. Following coupling
of clips 2900 to native leaflets 2082, the clips are released
(e.g., decoupled) from support-delivery apparatus 2960 (e.g.,
from core 2946) by decoupling pull-wire 2924 from control-
ler 2930. To decouple the pull-wire from the controller, the
user moves adjuster 2394 of control handle 2932 to third
position (C) thereof (typically a distal position), thereby mov-
ing controller 2930 in the third configuration thereof,
whereby at least restricting portion 2190 of plug 2174 is
disposed outside of tubular member 2172. For some applica-
tions of the invention, control handle 2932 comprises a safety
device, such as a safety lock 2936, configured to prevent
inadvertent movement of adjuster 2394 into position (C), and
thereby inadvertent release of clips 2900. For such applica-
tions, safety lock is disabled (e.g., removed) prior to releasing
clips 2900.

[0618] Movement of controller 2930 into the third position
thereof (i.e., moving at least part of plug 2174 outside of
tubular member 2172) allows pull-wire 2924 to decouple
from the controller. For some applications, pull-wire 2924 is
configured to automatically decoupled from the controller
when the controller moves into the third position. For
example, the pull-wire may comprise a shape-memory (e.g.,
resilient, pseudoelastic and/or superelastic) material config-
ured to lift the loop of the pull-wire away (e.g., laterally away)
from plug 2174 when restricting portion 2190 moves outside
of the tubular member. Non-limiting examples of materials
that pull-wire 2924 may comprise include nickel-titanium
(Nitinol), stainless steel, nickel cobalt, cobalt chrome, tita-
nium, tantalum, palladium, polyester, PTFE, nylon, and cot-
ton. For some applications of the invention, pull-wire 2924 is
biodegradable (e.g., bioabsorbent).

[0619] Reference is now made to FIG. 74E. Following the
decoupling of clips 2900 from controller 2930, upstream
support portion 2041 of prosthetic valve support 20405 is
deployed (e.g., released from overtube 2044). Typically, over-
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tube 2044 is withdrawn proximally, exposing successively
more proximal (e.g., upstream) parts of portion 2041. As
described hereinabove (e.g., with reference to FIG. 72A),
portion 2041 typically comprises a shape-memory material,
and is compressed prior to implantation. Portion 2041 thereby
automatically expands upon removal of the constraining
(e.g., compressive) force, i.e., when overtube 2044 is with-
drawn.

[0620] Immediately prior to the release of prosthetic valve
support 20405 from the overtube, the total length of overtube
2044 and support 20405 may be double or more than that of
the overtube or support alone. For some applications, this
extra length can hinder the movement and/or removal of the
overtube from the body of the subject. For some applications,
overtube 2044 comprises a flexible and/or soft material, such
as a fabric or polymer, thereby becoming flexible as support
20405 is removed from within the overtube. Itis hypothesized
that this composition/configuration of overtube 2044 facili-
tates deployment of support 20405, and removal of the over-
tube from the body of the subject.

[0621] FIG. 74F shows prosthetic valve support 20405 dur-
ing full deployment thereof. Typically, and as described here-
inabove, when upstream support portion 2041 is delivered to
the native valve in the cylindrical, compressed configuration,
downstream (e.g., distal) end 2053 of the cylinder has perim-
eter 20685, which is a compressed inner perimeter 2068.
Distal end 2053, and therefore the inner perimeter of portion
2041, is thereby coupled to the native valve before deploying
(e.g., expanding) upstream (e.g., proximal) end 2055, and
therefore the outer perimeter of portion 2041. That is, the
inner perimeter of portion 2041 typically engages the native
valve before the outer perimeter.

[0622] The two phases illustrated in FIG. 74F illustrate
typical behavior of upstream support portion 2041 during
deployment thereof. As downstream end 2053, moves out of
overtube 2044, it expands toward becoming and/or defining
inner perimeter 2068 of portion 2041. As upstream end 2055
moves out of overtube 2044, it expands to become outer
perimeter 2069. Due to this arrangement, during deployment,
upstream end 2055 typically expands more than does down-
stream end 2053. For some applications, upstream end 2055
expands more than 1.5 times (e.g., more than twice) as much
as does downstream end 2053.

[0623] Reference is now made to FIGS. 74G-H, which
show support 20405 in the implanted configuration thereof.
Upstream support portion 2041 is described hereinabove
(e.g., withreference to FIG. 72A) as being generally flat when
in its fully uncompressed configuration. However, portion
2041 is typically at least partly resilient. For example, as
described hereinabove, portion 2041 typically comprises a
shape-memory material. Implanting support 204056, as
described with reference to FIGS. 74A-F, disposes portion
2041 against the upstream side of the native valve (e.g., the
upstream side of the native valve annulus). Typically, portion
2041 is held tightly against the upstream side of the native
valve by clips 2900, and deforms responsively to the contours
of the native tissue (e.g., conforms to the native annulus),
thereby assuming an implanted configuration. For some
applications, portion 2041 repeatedly deforms responsively
to the contours of the native tissue, as the native tissue repeat-
edly changes shape with the cardiac cycle.

[0624] Upstream support portion 2041 and clips 2900 are
typically configured such that, when support 204056 is
implanted at the native valve, upstream support portion inhib-
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its downstream (e.g., ventricular) movement of support
20405, and clips 2900 inhibit upstream (e.g., atrial) move-
ment of the support. Typically, clips 2900 are configured to
couple the prosthetic valve support to the native valve such
that upstream support portion 2041 is in contact with the
upstream side of the native valve (e.g., with the upstream side
of the native annulus). For some applications, clips 2900 are
the only component of prosthetic valve support 20405 that
inhibits upstream movement of prosthetic valve support.
[0625] Thedimensions of upstream support portion 2041 in
the implanted configuration thereof are typically similar to
those of the same portion in the fully uncompressed configu-
ration thereof, with any difference between the configurations
typically due to the portion being implanted. For example, in
some applications in which upstream support portion 2041 is
generally flat in the fully uncompressed (e.g., unconstrained
uncompressed) configuration thereof, when support 20405 is
implanted at the native valve, clips 2900 apply a downstream
force to inner perimeter 2068 of upstream support portion
2041, thereby inducing portion 2041 to assume a frustoconi-
cal shape in the implanted configuration thereof. When
upstream support portion 2041 is generally frustoconical in
the implanted configuration thereof, a surface of portion 2041
typically has an angle of less than 60 degrees (e.g., less than
45 degrees) from a plane of the smaller base of the frustum.
(As shown in FIG. 74G, for example, this angle is approxi-
mately 10 degrees.) That is, when upstream support portion
2041 is generally frustoconical in the implanted configuration
thereof, portion 2041 is closer to being planar than it is to
being cylindrical. Alternatively, the surface of portion 2041
has an angle of greater than 60 degrees from the smaller base
of the frustum. It is to be noted that, although upstream
support portion 2041 is generally described herein in terms of
symmetrical geometric shapes (e.g., ellipse and frustum),
when conforming to native tissue, the upstream support por-
tion may assume a symmetrical or an unsymmetrical shape.
[0626] Thus, in general, as shown in and described with
reference to FIGS. 72A-74L,, (1) the fully uncompressed con-
figurations of upstream support portion 2041 described with
reference to FIG. 72A are typically unconstrained uncom-
pressed configurations, (2) the compressed configurations of
portion 2041 described with reference to FIG. 72B are typi-
cally constrained compressed configurations, and (3) the
implanted configurations of portion 2041 described with ref-
erence to FIG. 74F are typically constrained uncompressed
configurations.

[0627] When implanted at the native valve, and thereby in
the implanted configuration thereof, no part of upstream sup-
port portion 2041 is disposed downstream of native leaflets
2082 (e.g., no part of portion 2041 is disposed in ventricle
2028). Typically, when prosthetic valve support 20405 is
implanted at the native valve, no part of support 20405 that
circumscribes a space (e.g., opening 2045) is disposed down-
stream of the native leaflets. For some applications, when
prosthetic valve support 20405 is implanted at the native
valve, no part of support 20405 that circumscribes a space is
disposed downstream of the native annulus.

[0628] When implanted at the native valve, and thereby in
the implanted configuration thereof, a height (i.e., a length
along an upstream-to-downstream axis ax1 from a most
upstream end to a most downstream end) of upstream support
portion 2041, is typically less than 20 mm (e.g., less than 10
mm, such as less than 5 mm) Typically, when prosthetic valve
support 20405 is implanted at the native valve, no part of the
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support that circumscribes a space has a height of more than
20 mm. For some applications, when prosthetic valve support
20405 is implanted at the native valve, no part of the support
that circumscribes a space has a height of more than 10 mm.
For some applications, when prosthetic valve support 20405
is implanted at the native valve, no part of the support that
circumscribes a space has a height of more than 5 mm.
[0629] As described hereinabove with reference to FIG. 73,
clips 2900 are articulatably-coupled to upstream support por-
tion 41 of prosthetic valve support 204056. Following the
implantation (e.g., delivery, coupling and deployment) of
prosthetic valve support 20405, clips 2900 can move, at least
in part, with respect to portion 2041, thereby allowing native
leaflets 2082 to continue to function, at least in part. That is,
implantation of prosthetic valve support 20405 at a native
valve, does not eliminate the native blood flow regulation
functionality of the native valve. FIGS. 74G-H show such
movement of native leaflets 2082, and clips 2900. FIG. 74G
shows support 20405 implanted at mitral valve 2024, with
native leaflets 2082 open (e.g., during ventricular diastole),
clips 2900 having moved away from each other. FIG. 74H
shows support 20405 implanted at mitral valve 2024, with
native leaflets 2082 closed (e.g., during ventricular systole),
clips 2900 having moved toward each other. Typically, each
clip moves through an arc of greater than 45 degrees (e.g.,
greater than 60 degrees, such as greater than 80 degrees)
during each cardiac cycle.

[0630] FIGS. 741-L show steps in the implantation of pros-
thetic valve 2042 in opening 2045 of prosthetic valve support
20405. As described hereinabove, prosthetic valve 2042 is
typically delivered transcatheterally. Typically, prosthetic
valve 2042 is delivered to the native valve from an upstream
side (e.g., the atrial side of the mitral valve), in a compressed
configuration, and constrained within a delivery tube 2060, as
shown in 31. The prosthetic valve and delivery tube are typi-
cally placed within opening 2045. Delivery tube 2060 is then
withdrawn from the prosthetic valve. Typically, the delivery
tube is withdrawn in a downstream direction (e.g., distally
and/or ventricularly), as shown in FIG. 74J. For some appli-
cations, the delivery tube is withdrawn in an upstream direc-
tion (e.g., proximally and/or atrially).

[0631] Asregions of prosthetic valve 2042 are successively
exposed as they exit delivery tube 2060, they expand (e.g.,
radially). When delivery tube 2060 is withdrawn in the down-
stream direction, the upstream end of the prosthetic valve is
exposed, and expands, thereby coupling the prosthetic valve
to the upstream support portion of prosthetic valve support
20405, as shown in FIG. 74K (in which prosthetic valve 2042
is represented by a trapezoid/frustum). As described herein-
above (e.g., with reference to FIG. 72C), for some applica-
tions, the prosthetic valve is couplable to the upstream sup-
port portion at a plurality of positions along the axial length of
the prosthetic valve. For such applications, a physician can
typically implant (e.g., couple to support 20405) the pros-
thetic valve at a plurality of depths with respect to upstream
support portion 2041 and/or the native valve. For some such
applications, the physician can implant the prosthetic valve
prosthetic valve is implantable at a continuum of depths with
respect to upstream support portion 2041 and/or the native
valve.

[0632] As shown in FIG. 74K, upstream support portion
2041 is placed against the upstream side of the native valve,
and prosthetic valve 2042 is radially expanded within open-
ing 2045 defined by the upstream support portion. Radially-
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expansive force applied by prosthetic valve 2042 to upstream
support portion 2041 (and which typically couples the pros-
thetic valve to the upstream support portion), is typically not
transferred to the native valve via the prosthetic valve support.
That is, and as described hereinabove (e.g., with reference to
FIGS. 72A and 72C), radial expansion of prosthetic valve
2042 against inner perimeter 2068 of upstream support por-
tion 2041, typically does not cause the prosthetic valve sup-
port to apply a radially-expansive force to the native valve.

[0633] Once delivery tube 2060 is fully withdrawn from
prosthetic valve 2042, and the prosthetic valve is fully
deployed (e.g., in the implanted configuration thereof), deliv-
ery tube 2060 is removed from the body of the subject. For
some applications, when the delivery tube is withdrawn in the
downstream direction (e.g., ventricularly), it is removed from
the body via the lumen of the prosthetic valve, as shown in
FIG. 74L.

[0634] As described hereinabove (e.g., with reference to
FIGS. 73, and 74G-H), following the implantation (e.g.,
delivery, coupling and deployment) of prosthetic valve sup-
port 20405, clips 2900 and native leaflets 2082 can move, at
least in part, thereby not eliminating the native blood flow
regulation functionality of the native valve. In experiments
conducted by the inventors, prosthetic valve support 20405
has been implanted in two pigs. Both animals remained alive
and stable (e.g., had stable blood pressure, pulse, breathing
rate and oxygen saturation) for a duration of sufficient length
to withdraw the support-delivery apparatus, introduce a
valve-delivery system (e.g., delivery tube 2060), and deploy
(e.g., implant) prosthetic valve 2042 in opening 2045 of the
support. The period between implanting support 204056 and
implanting prosthetic valve 2042 was between 5 and 10 min-
utes.

[0635] Itis thereby hypothesized that, following implanta-
tion of prosthetic valve support 20405, the heart of the subject
is able to continue pumping blood sufficiently to support the
subject for longer than a minute, e.g., longer than 2 minutes,
e.g., longer than 5 minutes, such as longer than an hour. It is
thereby hypothesized that a period of generally normal physi-
ological activity of the subject of up to a minute, e.g., up to 2
minutes, e.g., up to 5 minutes, such as up to an hour, between
implantation of support 20405 and implantation of prosthetic
valve 2042 (e.g., as described with reference to FIGS. 741-L
and/or 76D-E), is supported by prosthetic valve support
20405. It is thereby hypothesized that the implantation of
implant 20305, comprising support 20405 and prosthetic
valve 2042, may be performed without the use of cardiopul-
monary bypass. It is thereby hypothesized that replacement of
a native valve with implant 203056, may be performed in a
human, ‘off-pump,” as was performed in the pig experiments.

[0636] Reference is again made to FIGS. 73 and 74A-L. It
should be noted that clips 2900, clip-controller interface (e.g.,
pull-wire 2924), clip controller 2930), and/or the support-
delivery apparatus (e.g., support-delivery apparatus 2930) are
typically configured such that the clips are controllable inde-
pendently of the deployment (e.g., expansion) of the pros-
thetic valve support (e.g., the withdrawal of overtube 2044
from upstream support portion 2041). That is, clips 2900 are
typically configured to be controllable independently of a
state of deployment of the prosthetic valve support (e.g.,
prosthetic valve support 20405. Thus, a physician may inde-
pendently control (1) the coupling (e.g., ‘clipping’) of clips
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2900 to the leaflets of the native valve, and (2) the deployment
of the prosthetic valve support (e.g., expansion of the
upstream support portion).

[0637] Reference is made to FIGS. 75A-E, which are sche-
matic illustrations of implant 2030¢, comprising prosthetic
valve 2042 and prosthetic valve support 2040c, and the
implantation thereof, in accordance with some applications
of'the invention. For some applications of the invention, pros-
thetic valve support 2040¢ comprises, and/or is analogous to,
other prosthetic valve supports (e.g., prosthetic valve support
2040), and implant 2030¢ comprises, and/or is analogous to,
other implants (e.g., implant 2030) described herein. Support
2040c¢ comprises upstream support portion 2041, coupled to
one or more clips 2900, described hereinabove (e.g., with
reference to FIGS. 73 and 74A-L), and configured to be
couplable to one or more native leatlets 2082 of the native
valve. Typically, support 2040¢ comprises two clips 2900,
coupled to portion 2041 at or near inner perimeter 2068.
Typically, clips 2900 are disposed opposite each other. Sup-
port 2040c¢ further comprises a stabilizing element 3062 (e.g.,
a stabilizing strip or a stabilizing band), coupled to clips 2900.
[0638] Reference is now made to FIG. 75A, which shows a
lower side view of support 2040¢. Typically, stabilizing ele-
ment 3062 is coupled to a downstream (e.g., distal) portion of
clips 2900, and forms a ring shape downstream (e.g., distal) to
upstream support portion 2041. Stabilizing element 3062
defines an opening 3064 (e.g., an aperture), and is typically
inelastic and at least partly flexible. Non-limiting examples of
materials that element 3062 may comprise include polyester,
PTFE (e.g., ePTFE), nylon, cotton, nitinol, stainless steel,
nickel cobalt, cobalt chrome, titanium, tantalum and palla-
dium. The flexibility of element 3062 typically facilitates the
compressibility of the prosthetic valve support (e.g., for deliv-
ery) and/or movement (e.g., articulation) of clips 2900 with
respect to upstream support portion 2041.

[0639] Stabilizing element 3062 is hypothesized to
increase the stability of prosthetic valve support 2040c at the
native valve. For example, element 3062 is hypothesized to at
least partly inhibit lateral movement (e.g., rotation around an
atrial-ventricular axis, e.g., ‘yaw’) of the support and/or clips,
when the support is implanted at the native valve. Element
3062 is further hypothesized to reduce rolling movement
(e.g., movement around a lateral axis, e.g., an axis between
two clips 2900, e.g., ‘pitch’ and ‘roll’) of implant 2030c,
including inversion (e.g., ‘flipping”) of the implant, following
deployment (e.g., implantation) of prosthetic valve 2042.
[0640] For some applications of the invention, stabilizing
element 3062 is further hypothesized to stabilize clips 2900
during deployment of the elements, e.g., by facilitating cou-
pling thereof to delivery apparatus, such as apparatus 2960.
[0641] FIGS. 75B-C show prosthetic valve support 2040c¢,
following implantation thereof at mitral valve 2024. As
described hereinabove, the upstream support portion is dis-
posed upstream of the native valve. Stabilizing element is
disposed downstream of the native valve (i.e., in ventricle
2028). Prosthetic valve support 2040c¢ is typically implanted
as described elsewhere herein for other prosthetic valve sup-
ports, mutatis mutandis. As described hereinabove, stabiliz-
ing element 3062 is typically at least partly flexible, such that
clips 2900 are movable with respect to upstream support
portion 2041. Typically, element 3062 is sufficiently flexible
to allow native leaflets 2082 to continue to function, at least in
part. FIG. 75B shows support 2040c¢ implanted at mitral valve
2024, with native leaflets 2082 open (e.g., during ventricular
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diastole). FIG. 75C shows support 2040¢ implanted at mitral
valve 2024, with native leaflets 2082 closed (e.g., during
ventricular systole). For some applications, when the native
leaflets close, stabilizing element 3062 deforms toward a
generally lemniscate (e.g., ‘figure-8 or ‘buttertly’) configu-
ration (e.g., as shown in FIG. 75C).

[0642] For some applications of the invention, a similar
generally lemniscate configuration is formed by element
3062 when prosthetic valve support 2040c¢ is coupled to deliv-
ery apparatus, during delivery to the native valve (e.g., as
described for support 204056 with reference to FIGS. 74A-B).
For some such applications, stabilizing element 3062 pro-
trudes from the compressed prosthetic valve support, and
facilitates positioning and/or orientation of the support. For
example, the ‘limbs’ of the lemniscate are typically oriented
at right angles to clips 2900, and protrude from the com-
pressed support. When the clips are in close proximity to the
native leaflets, the ‘limbs’ are typically downstream of the
leaflets, and interact (e.g., touch) chordae tendineae of the
native valve. By orienting the prosthetic valve support such
that the ‘limbs’ have the least interaction with chordae
tendineae (typically when the ‘limbs are oriented toward
commissures of the native valve), a user automatically orients
clips 2900 toward leaflets 2082 of the native valve.

[0643] Similarly to support 20405 (described with refer-
ence to FIGS. 74A-L)), implantation of prosthetic valve sup-
port 2040¢ at a native valve does not eliminate the native
blood flow regulation functionality of the native valve. It is
thereby hypothesized that, following implantation of pros-
thetic valve support 2040c¢, the heart of the subject is able to
continue pumping blood sufficiently well to support the
physiological systems of the subject for longer than a minute,
e.g., longer than 2 minutes, e.g., longer than 5 minutes, such
as longer than an hour. It is thereby hypothesized that a period
of'up to a minute, e.g., up to 2 minutes, e.g., up to 5 minutes,
such as up to an hour, between implantation of support 2040c
and implantation of a prosthetic valve (e.g., prosthetic valve
2042), is supported by prosthetic valve support 2040c¢. It is
thereby hypothesized that the implantation of implant 2030c¢,
comprising support 2040¢ and prosthetic valve 2042, may be
performed without the use of cardiopulmonary bypass. That
is, it is hypothesized that replacement of a native valve with
implant 2030c, may be performed ‘off-pump’.

[0644] When implanted at the native valve, and thereby in
the implanted configuration thereof, no part of stabilizing
element 3062 is disposed upstream of native leaflets 2082
(e.g., no part of element 3062 is disposed in atrium 2026).
Typically, when prosthetic valve support 2040c¢ is implanted
at the native valve, no part of support 2040¢ that circum-
scribes a space (e.g., portion 2041, which circumscribes
opening 2045 and/or element 3062, which circumscribes
opening 3064) traverses (e.g., fully traverses) the native annu-
lus.

[0645] When implanted at the native valve, and thereby in
the implanted configuration thereof, a height (i.e., a length
along an upstream-to-downstream axis ax2 from a most
upstream part to a most downstream part) of stabilizing ele-
ment 3062, is typically less than 20 mm (e.g., less than 10
mm, such as less than 5 mm) For example, stabilizing element
3062 typically has a thickness of less than 20 mm (e.g., less
than 10 mm, e.g., less than 5 mm, such as less than 1 mm).
Typically, when prosthetic valve support 2040c¢ is implanted
at the native valve, no part of the support that circumscribes a
space has a height of more than 20 mm. For some applica-
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tions, when prosthetic valve support 2040¢ is implanted at the
native valve, no part of the support that circumscribes a space
has a height of more than 10 mm. For some applications,
when prosthetic valve support 2040¢ is implanted at the
native valve, no part of the support that circumscribes a space
has a height of more than 5 mm.

[0646] FIG. 75D shows implant 2030, comprising pros-
thetic valve support 2040c¢ and prosthetic valve 2042, follow-
ing implantation at mitral valve 2024. The prosthetic valve is
typically implanted as described elsewhere herein (e.g., with
reference to FIGS. 741-L.), mutatis mutandis. Prosthetic valve
2042 is deployed (e.g., delivered and expanded) in opening
2045, defined by upstream support portion 2041, and in open-
ing 3064, defined by stabilizing element 3062. That is, when
prosthetic valve 2042 is deployed at the native valve, it is
expanded such that (1) an upstream (e.g., proximal) portion of
the prosthetic valve engages (e.g., couples to) inner perimeter
2068 of support 2040c¢, and (2) a downstream (e.g., distal)
portion of the prosthetic valve is disposed within the opening
of'the stabilizing element. For some applications of the inven-
tion, and as illustrated in FIG. 75D, the distal portion of the
prosthetic valve engages (e.g., couples to) the stabilizing
element.

[0647] For some applications of the invention, stabilizing
element 3062 is configured (e.g., dimensioned) such that,
when the prosthetic valve is expanded within the opening of
the stabilizing element, the stabilizing element restricts the
full expansion of the downstream portion of the prosthetic
valve. That is, for some applications, upon expansion of the
prosthetic valve, a transverse cross-sectional dimension (e.g.,
area) defined by a downstream portion of the prosthetic valve
is determined (e.g., restricted) by a transverse cross-sectional
dimension (e.g., area) of opening 3064 of the stabilizing
element. For some applications, one or more dimensions of
opening 3064, defined by stabilizing element 3062, are sub-
stantially equal to one or more dimensions of opening 2045,
defined by upstream support portion 2041. For some such
applications, the expansion of both the downstream and
upstream portions of the prosthetic valve are restricted to
substantially the same transverse cross-sectional dimensions,
thereby facilitating the primary structural element of the pros-
thetic valve to assume a generally prismatic (e.g., generally
cylindrical) shape.

[0648] For applications where stabilizing element 3062
limits the expansion of prosthetic valve 2042, a radially-
expansive force is thereby applied by prosthetic valve 2042 to
stabilizing element 3062. The radially-expansive force typi-
cally couples the prosthetic valve to the stabilizing element.
That is, for some applications, prosthetic valve 2042 is cou-
plable to the stabilizing element. For some applications, the
prosthetic valve is coupled to the stabilizing element by alter-
native or additional means. For example, the stabilizing ele-
ment may comprise barbs and/or hooks, which facilitate cou-
pling to the prosthetic valve.

[0649] For some applications of the invention, at least part
(e.g., an inner surface) of stabilizing element 3062 comprises
a friction coating that is configured to increase friction and,
thereby, coupling between the stabilizing element and the
prosthetic valve.

[0650] For some applications of the invention, at least part
of stabilizing element 3062 is shaped to define ridges, which
are configured (e.g., dimensioned) to protrude (e.g., inter-
pose) within corresponding voids defined by the lattice struc-
ture of the prosthetic valve. The ridges facilitate coupling of
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the stabilizing element to the prosthetic valve, e.g., by inhib-
iting axial movement of the prosthetic valve through opening
3064.

[0651] For some applications of the invention, a soft (e.g.,
crushable) material is disposed on the inner surface of stabi-
lizing element 3062 (e.g., the stabilizing element comprises
the soft material). When prosthetic valve 2042 expands, and
applies radially-expansive force to the stabilizing element,
(1) the struts of the lattice structure of the prosthetic valve
compress (e.g., crush) the parts of the soft material against
which the struts apply the force, and (2) the parts of the soft
material that are disposed between the struts (i.e., that are
disposed at voids defined by the lattice structure), form ridges
that protrude between the struts (i.e., protrude into the voids).
The protruding parts of the soft material facilitate coupling of
the stabilizing element to the prosthetic valve, e.g., by inhib-
iting axial movement of the prosthetic valve through opening
3064, such as by increasing friction.

[0652] For some applications of the invention, prosthetic
valve 2042 (e.g., the primary structural element of prosthetic
valve 2042) is shaped to define a circumferential groove that
is configured (e.g., dimensioned) to receive stabilizing ele-
ment 3062. That is, for some applications of the invention,
stabilizing element 3062 is configured (e.g., dimensioned) to
be placeable in a circumferential groove defined by prosthetic
valve 2042. When prosthetic valve 2042 is deployed, and
expands within opening 3064, element 3062 is disposed in the
groove, thereby further facilitating coupling of the stabilizing
element to the prosthetic valve, e.g., by inhibiting axial move-
ment of the prosthetic valve through the opening 3064.
[0653] Reference is made to FIGS. 76A-E, which are sche-
matic illustrations of steps in the implantation of implant
2030/, comprising prosthetic valve 2042 and prosthetic valve
support 2040/, in a native heart valve, such as mitral valve
2024 of a subject, in accordance with some applications of the
invention. For some applications of the invention, prosthetic
valve support 2040/ comprises, and/or is analogous to, other
prosthetic valve supports described herein. Prosthetic valve
2040/ comprises upstream support portion 2041 and clips
2900, and typically comprises, and/or is analogous to pros-
thetic valve 20405. FIGS. 76 A-E show steps in the transapical
implantation of implant 2030%.

[0654] FIG. 76A shows support 2040/ being delivered,
using support-delivery apparatus 2970, via the apex of the
heart, to left ventricle 2028 of the subject. During delivery,
portion 2041 is disposed, in the compressed configuration
thereof, within an overtube 2972 of the delivery apparatus.
Typically, portion 2041 is disposed within a delivery tube
2976, which itself is disposed within the overtube.

[0655] FIG. 76B shows clips 2900 in the open configura-
tion thereof, and coupled to a scaffold, such as core 2974.
Clips 2900 are typically operated and coupled to native leaf-
lets 2082 as described hereinabove, mutatis mutandis.
Upstream support portion 2041 is advanced, in the com-
pressed configuration thereof, such that upstream end 2055 is
upstream of downstream end 2053. Upstream end 2055 of
portion 2041 is advanced between native leatlets 2082. Typi-
cally, coupling clips 2900 to leaflets 2082 automatically
advances at least part of portion 2041 (e.g., upstream end
2055) between the native leaflets. FIG. 76C shows clips 2900
in the closed configuration thereof, coupled to native leaflets
2900.

[0656] After clips 2900 have been coupled to native leaflets
2082, delivery tube 2976 is withdrawn distally (e.g., atrially)
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from upstream support portion 2041, such that downstream
end 2053 of portion 2041 is exposed, and expands to define
inner perimeter 2068 as described hereinabove, mutatis
mutandis. As successively more distal (e.g., upstream) parts
of portion 2041 are exposed as they exit delivery tube 2976,
they expand (e.g., radially). When portion 2041 is sufficiently
exposed from the delivery tube (e.g., when upstream end
2055 is exposed from the delivery tube), upstream end 2055
expands to define outer perimeter 2068, as described herein-
above, mutatis mutandis. As shown in FIG. 76D, support
2040/ thereby assumes its implanted configuration, as
described hereinabove, whereby clips 2900 are coupled to the
native leaflets, and upstream support portion 2041 is disposed
against the upstream side of the native valve (e.g., the
upstream side of the native valve annulus). Delivery tube
2976 is subsequently withdrawn from atrium 2026 via open-
ing 2045 of upstream support portion 2041, and support-
delivery apparatus 2970 (including delivery tube 2976) is
withdrawn from the body of the subject.

[0657] FIG. 76E shows prosthetic valve 2042 being
coupled to support 2040/ (i.e., implanted). Prosthetic valve
2042 is delivered transapically, to ventricle 2028 of the sub-
ject. During delivery, prosthetic valve 2042 is disposed, in a
compressed configuration thereof, within a delivery tube
2986 of the delivery apparatus. The delivery tube containing
the prosthetic valve is disposed in opening 2045 of upstream
support portion 2041. The delivery tube is subsequently with-
drawn proximally (e.g., ventricularly) from prosthetic valve
2042, such that the upstream end of the prosthetic valve is
exposed. As successively more proximal (e.g., downstream)
parts of prosthetic valve 2042 are exposed as they exit deliv-
ery tube 2986, they expand (e.g., radially). When prosthetic
valve 2042 is sufficiently exposed from the delivery tube, the
prosthetic valve engages inner perimeter 2068 of upstream
support portion 2041 of support 2040/, and couples the pros-
thetic valve thereto, as described hereinabove, mutatis mutan-
dis.

[0658] Once prosthetic valve 2042 is completely exposed
(e.g., deployed), the prosthetic valve thereby assumes its
implanted configuration, as described hereinabove. Support-
delivery apparatus 2980 (including delivery tube 2986) is
subsequently withdrawn from the body of the subject.
[0659] Reference is made to FIGS. 77-80, which are sche-
matic illustrations of implants, each comprising a prosthetic
valve support and a prosthetic valve, implanted at native
valves of a heart 2020 of a subject, in accordance with some
applications of the invention. FIGS. 77-80 are not intended to
limit the scope of the invention, but to indicate some place-
ments of the implants with respect to the anatomy of the heart
and/or native valve, and to illustrate commonalities between
such placements. Other prosthetic valves and prosthetic valve
supports described herein may be implanted at the native
valves, as described with reference to FIGS. 77-80, mutatis
mutandis.

[0660] FIG. 77 shows implant 20304, comprising a pros-
thetic valve support 20404 and a prosthetic valve 2042d,
implanted at mitral valve 2024 of heart 2020 of a subject, in
accordance with some applications of the invention. For some
applications of the invention, prosthetic valve support 20404
comprises, and/or is analogous to, other prosthetic valve sup-
ports described herein, and implant 20304 comprises, and/or
is analogous to, other implants described herein. Implant
2030d (e.g., support 20404 and prosthetic valve 20424) are
configured (e.g., dimensioned) to be implanted at mitral valve
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2024. Implant 20304 is typically implanted at mitral valve
2024 as described elsewhere herein (e.g., with reference to
FIGS. 74A-L and/or 76 A-E). An upstream support portion
2041d of support 20404 is disposed against the upstream (i.e.,
atrial) side of mitral valve 2024, and is coupled to the native
valve, e.g., using clips or another support-anchoring element.
Prosthetic valve 20424 is disposed and expanded in the open-
ing defined by portion 2041d, thereby traversing the annulus
of the native valve.

[0661] FIG. 78 shows implant 2030e, comprising a pros-
thetic valve support 2040e¢ and a prosthetic valve 2042,
implanted at tricuspid valve 2010 of heart 2020 of a subject,
in accordance with some applications of the invention. For
some applications of the invention, prosthetic valve support
2040e comprise, and/or is analogous to, other prosthetic valve
supports described herein, and implant 2030e comprises, and/
or is analogous to, other implants described herein. Implant
2030e (e.g., support 2040e and prosthetic valve 2042¢) are
configured (e.g., dimensioned) to be implanted at tricuspid
valve 2010. For example, and as shown in FIG. 78, an
upstream support portion 2041e of support 2040e typically
defines a concavity 2121, configured to be oriented toward the
atrioventricular (AV) node, so as to reduce a likelihood of
support 2040e interfering with electrical activity of the heart.
Upstream support portion 2041e of support 2040e is disposed
against the upstream (i.e., atrial) side of tricuspid valve 2010,
and is coupled to the native valve, e.g., using clips or another
support-anchoring element. Prosthetic valve 2042¢ is dis-
posed and expanded in the opening defined by portion 2041e,
thereby traversing the annulus of the native valve.

[0662] FIG. 79 shows implant 20307, comprising a pros-
thetic valve support 2040f and a prosthetic valve 2042f,
implanted at pulmonary valve 2012 of heart 2020 of a subject,
in accordance with some applications of the invention. For
some applications of the invention, prosthetic valve support
2040f comprises, and/or is analogous to, other prosthetic
valve supports described herein, and implant 2030f com-
prises, and/or is analogous to, other implants described
herein. Implant 2030/ (e.g., support 2040/ and prosthetic
valve 2042f) are configured (e.g., dimensioned) to be
implanted at pulmonary valve 2012. For example, and as
shown in FIG. 79, an outer perimeter of upstream support
portion 2041f of support 2040/ may be dimensioned to be
small enough to fit within the downstream portion of right
ventricle 2013, but large enough to inhibit movement of
implant 2030/ downstream through the pulmonary valve.
Upstream support portion 2041fof support 2040f7is disposed
against the upstream (i.e., ventricular) side of pulmonary
valve 2012, and is coupled to the native valve, e.g., using clips
or another support-anchoring element. Prosthetic valve 20421
is disposed and expanded in the opening defined by portion
2041/, thereby traversing the annulus of the native valve.

[0663] FIG. 80 shows implant 2030g, comprising a pros-
thetic valve support 2040g and a prosthetic valve 2042g,
implanted at aortic valve 2014 of heart 2020 of a subject, in
accordance with some applications of the invention. For some
applications of the invention, prosthetic valve support 2040g
comprises, and/or is analogous to, other prosthetic valve sup-
ports described herein, and implant 2030g comprises, and/or
is analogous to, other implants described herein. Implant
2030g (e.g., support 2040g and prosthetic valve 2042g) are
configured (e.g., dimensioned) to be implanted at aortic valve
2014. For example, and as shown in FIG. 80, an outer perim-
eter of upstream support portion 2041g of support 2040g may
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be dimensioned to be sufficiently large to inhibit movement of
implant 2030g downstream through the aortic valve, and/or
prosthetic valve 2042¢, and prosthetic valve 2042g may be
dimensioned to reduce a likelihood of interference with (e.g.,
reduction of) blood flow into the coronary arteries of the
subject. Upstream support portion 2041g of support 2040g is
disposed against the upstream (i.e., ventricular) side of aortic
valve 2014, and is coupled to the native valve, e.g., using clips
or another support-anchoring element. Prosthetic valve
2042¢ is disposed and expanded in the opening defined by
portion 2041g, thereby traversing the annulus of the native
valve.

[0664] Reference is again made to FIGS. 77-80. It is
thereby to be noted that although some apparatus and meth-
ods are described herein to facilitate replacement of a native
mitral valve of the subject, apparatus (and subcomponents
thereof) and methods described herein may also be used to
replace a native cardiac valve other than the native mitral
valve, such as the tricuspid valve, the aortic valve, and the
pulmonary valve.

[0665] Reference is again made to FIGS. 1A-80. For each
of'the prosthetic valve supports described, at least a part of the
prosthetic valve support circumscribes (e.g., encloses on all
lateral sides) a space. For example, the upstream support
portions and stabilizing elements described hereinabove,
define respective openings (e.g., apertures). These openings
are thereby spaces that the upstream support portions and
stabilizing elements circumscribe.

[0666] For some applications of the invention, following
implantation at the native valve, no part of the prosthetic valve
support that circumscribes a space, traverses the native leaf-
lets and/or annulus. For example, following implantation, the
upstream support portions described hereinabove (e.g.,
upstream support portions 41 and 2041) are typically dis-
posed only upstream of the native leaflets and/or annulus.
Similarly, for applications in which the prosthetic valve sup-
port comprises a stabilizing element (e.g., stabilizing element
1062 or 3062), following implantation, the stabilizing ele-
ment is typically disposed only downstream to the native
leaflets and/or annulus. It is hypothesized that this advanta-
geously facilitates continued function of the native leaflets
following implantation of the prosthetic valve support, and
prior to the implantation of a prosthetic valve, as described
hereinabove.

[0667] Typically, the perimeter (e.g., the circumference) of
the spaces defined by the upstream support portions and sta-
bilizing elements described hereinabove, is greater than 60
mm Typically, the upstream support portions and stabilizing
elements have respective heights of less than 10 mm. For
some applications of the invention, no part of the prosthetic
valve support that circumscribes a space that has a perimeter
that is greater than 60 mm, has a height (e.g., a depth) that is
greater than 10 mm. For example, prosthetic valve supports
that do not comprise a cylindrical element (e.g., cylindrical
element 90 or 690), do not comprise a part that (1) circum-
scribes a space that has a perimeter that is greater than 60 mm,
and (2) has a height (e.g., a depth) that is greater than 10 mm.
[0668] Reference is again made to FIGS. 1A-80. It is to be
noted that the apparatus and techniques described herein-
above are not limited to the combinations described herein-
above. For example:

[0669] (1) Any of the prosthetic valves described herein-
above (including features and/or components thereof) may be
used in combination with any of the prosthetic valve supports
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(including features and/or components thereof) described
hereinabove (e.g., any of the prosthetic valve supports
described hereinabove may be used to facilitate implantation
of any of the prosthetic valves described hereinabove), muta-
tis mutandis;

[0670] (2) any of the prosthetic valve supports described
hereinabove may comprise any of the upstream support por-
tions, tissue-engaging elements (e.g., support-anchoring ele-
ments and/or clips), connectors (e.g., flexible and/or length-
adjustable connectors), holding wires and/or stabilizing
elements described hereinabove, mutatis mutandis;

[0671] (3) any of the prosthetic valves or prosthetic valve
supports described hereinabove may comprise any of the
coupling functionalities (e.g., barbs, coupling leads and/or
support-engaging elements) described hereinabove, for cou-
pling a prosthetic valve support (e.g., support-anchoring ele-
ments thereof) to a prosthetic valve, mutatis mutandis;
[0672] (4) any of the tissue-engaging elements, and/or ele-
ments thereof, described hereinabove may be used in combi-
nation with any one of prosthetic valve supports or prosthetic
valves described herein, mutatis mutandis. For example, tis-
sue-engaging elements (e.g., support-anchoring elements)
that are described hereinabove for coupling a prosthetic valve
support to the native valve, may be alternatively or addition-
ally used to couple a prosthetic valve to the native valve (the
tissue-engaging element thereby acting as a valve-anchoring
element), mutatis mutandis. Similarly, tissue-engaging ele-
ments (e.g., valve-anchoring elements) that are described
hereinabove for coupling a prosthetic valve to the native
valve, may be alternatively or additionally used to couple a
prosthetic valve support to the native valve (the tissue-engag-
ing element thereby acting as a support-anchoring element),
mutatis mutandis;

[0673] (5) any of the implantation techniques described
hereinabove (e.g., those described with reference to FIGS.
1A-H, 15A-E, 16, 28A-30B, 37A-H, 38A-H, 50, 74A-L,
75A-D and 76 A-F) may be used in combination with any of
the implants (e.g., any of the prosthetic valves and/or pros-
thetic valve supports) described hereinabove, mutatis mutan-
dis;

[0674] (6) any of the delivery apparatus described herein-
above (e.g., those described with reference to FIGS. 9A-E,
27A-D, 31A-33C, 37A-H, 38A-H, 62A-D, 63A-B, 64A-67B
and 74A-L) may be used to facilitate delivery of any of the
implants (e.g., any of the prosthetic valves and/or prosthetic
valve supports) described hereinabove, mutatis mutandis;
and

[0675] (7) any of the techniques and apparatus described
hereinabove (e.g., those described with reference to FIGS.
9A-F, 25A-E, 27A-D, and 68A-69E), for retrieval of a pros-
thetic valve or prosthetic valve support, may be used in com-
bination with (e.g., may be used to retrieve) any of the pros-
thetic valves and/or prosthetic valve supports described
hereinabove, mutatis mutandis.

[0676] Reference is again made to FIGS. 1A-80. It is to be
noted that for some applications of the present invention that
comprise tissue-engaging elements 62, movement of tissue-
engaging elements 62 from their constrained configuration to
their unconstrained configuration during deployment, com-
prises movement of over 180 degrees. For some applications,
tissue-engaging elements, comprising valve-anchoring ele-
ments, move from a constrained configuration distal to the
primary structural element of the prosthetic valve, to an
unconstrained configuration wherein a portion of each valve-
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anchoring element is disposed inside the generally-cylindri-
cal structure of the primary structural element of the pros-
thetic valve (e.g., valve-anchoring elements protrude through
voids defined by the lattice structure of the primary structural
element).

[0677] Reference is again made to FIGS. 1A-80. For some
applications of the invention, apparatus such as the prosthetic
valves and/or prosthetic valve supports described herein-
above (e.g., the primary structural elements, upstream sup-
port portions, and tissue-engaging elements thereof), are cov-
ered at least in part with a covering. The covering may
comprise polyethylene terephthalate (e.g., polyester), poly-
tetrafluoroethylene (e.g., Tetlon, ePTFE), a fabric, and/or or
pericardial tissue. Typically, a thickness of the covering is less
than 0.2 mm, e.g., less than 0.1 mm, or less than 0.05 mm. The
covering may be selected according to requirements. For
example, for some applications, a surface of the apparatus
that is placed in contact with the native valve is covered; the
covering being configured to facilitate coupling of the pros-
thetic valve support to the native valve, by enhancing tissue
growth at the interface between the prosthetic valve support
and the native valve. Conversely, for some applications, the
covering may be configured to inhibit tissue growth thereon.
For some applications, a surface of the apparatus is covered
with the covering so as to inhibit (e.g., prevent) leakage of
blood between the prosthetic valve and the native valve, and/
or between the prosthetic valve and the prosthetic valve sup-
port.

[0678] For some applications, the prosthetic valve support
(e.g., the upstream support portion thereof) is not covered
with the covering, and is configured to allow flow of blood
therethrough. For example, the prosthetic valve support may
be configured to allow flow of blood through the interface
between the valve support and the prosthetic valve, in order to
accommodate antegrade flow of blood between the subject’s
atrium and the subject’s ventricle that is greater than can be
accommodated by blood flowing through the prosthetic valve
alone. For some such application of the invention, the pros-
thetic valve support is not covered with the covering and is
configured to support prosthetic valve, such that the leaflets of
the native valve (1) move in response to the beating of the
heart, (2) coapt with each other and/or with the primary
structural element of the prosthetic valve, and (3) inhibit (e.g.,
prevent) retrograde flow of blood through the prosthetic valve
support.

[0679] Reference is yet again made to FIGS. 1A-80. Itis to
be noted that although some apparatus and methods are
described herein to replace a native heart valve (e.g., a native
mitral valve) of the subject, apparatus (and subcomponents
thereof) and methods described herein may also be used at
any other site in the body of the subject. For example, delivery
apparatus and/or locks described herein may be used to facili-
tate implantation and/or adjustment of any suitable implant at
a given implantation site of a body of the subject, e.g., the
stomach.

[0680] Reference is made to FIGS. 1A-80. It is to be noted
that for some applications of the present invention, medical
device 150 comprises an implant that comprises a prosthetic
valve support and a prosthetic valve. For other applications,
medical device 150 comprises a prosthetic valve support. For
yet other applications, medical device 150 comprises a pros-
thetic valve.

[0681] Reference is again made to FIGS. 1A-80. It is to be
noted that at least some of the tissue-engaging elements that
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are described herein as adjustable (e.g., length-adjustable),
may be adjusted prior to implantation, during the implanta-
tion procedure, or following implantation.

[0682] It will be appreciated by persons skilled in the art
that the present invention is not limited to what has been
particularly shown and described hereinabove. Rather, the
scope of the present invention includes both combinations
and subcombinations of the various features described here-
inabove, as well as variations and modifications thereof that
are not in the prior art, which would occur to persons skilled
in the art upon reading the foregoing description.

1-25. (canceled)

26. Apparatus for use with a native valve of a heart of a
subject, the apparatus comprising:

an annular upstream support portion, configured to be
transluminally placed against an atrial surface of the
native valve;

a tissue-engaging element, comprising a coupling portion
configured to be transluminally coupled to tissue in a
ventricle of the heart;

an elastically-stretchable holding element, configured to
secure the upstream support portion against the atrial
surface by elastically coupling the coupling portion to
the upstream support portion; and

a prosthetic valve, configured to be transluminally deliv-
ered to the native valve and intracorporeally coupled to
the upstream support portion subsequently to the secur-
ing of the upstream support portion against the atrial
surface.

27. The apparatus according to claim 26, wherein the
upstream support portion is configured to be transluminally
advanced to the heart while coupled to the tissue-engaging
element via the holding element.

28. The apparatus according to claim 26, wherein the hold-
ing element has a contracted configuration in which the hold-
ing element has a length, and wherein the holding element is
configured to couple the coupling portion to the upstream
support portion such that a distance between the coupling
portion and the upstream support portion is reversibly
increasable to be greater than the length, by stretching of the
holding element.

29. The apparatus according to claim 26, wherein the hold-
ing element comprises nitinol.

30. The apparatus according to claim 26, wherein the hold-
ing element comprises a spring.

31. The apparatus according to claim 30, wherein the
spring comprises a tension spring.

32. The apparatus according to claim 30, wherein the
spring is shaped to define a coil.

33. The apparatus according to claim 30, wherein the
spring is shaped to define a zigzag.

34. The apparatus according to claim 26, wherein the hold-
ing element comprises a plurality of telescopically-slidable
cylinders.

35. The apparatus according to claim 26, wherein the hold-
ing element comprises a limiting wire, configured to limit
stretching of the holding element.

36. A method, comprising:

securing an annular upstream support portion against an
atrial surface of a native valve of a heart of a subject by:
transluminally placing the upstream support portion

against the atrial surface of the native valve of the
heart, and
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anchoring a coupling portion of a tissue-engaging ele-
ment to tissue in a ventricle of the heart, the tissue-
engaging element being elastically couplable to the
upstream support portion via an elastically-stretch-
able holding element;

transluminally delivering a prosthetic valve to the native

valve; and

intracorporeally coupling the prosthetic valve to the

upstream support portion subsequently to the securing
of the upstream support portion against the atrial sur-
face.

37. The method according to claim 36, further comprising
advancing the upstream support portion to the native valve
while the upstream support portion is coupled to the tissue-
engaging clement via the holding element.

38. The method according to claim 36, wherein anchoring
the coupling portion of the tissue-engaging element com-
prises anchoring a coupling portion of a tissue-engaging ele-
ment that is elastically couplable to the upstream support
portion via an elastically-stretchable holding element that
includes nitinol.

39. The method according to claim 36, wherein anchoring
the coupling portion of the tissue-engaging element com-
prises anchoring a coupling portion of a tissue-engaging ele-
ment that is elastically couplable to the upstream support
portion via an elastically-stretchable holding element that
includes a spring.

40. The method according to claim 39, wherein anchoring
the coupling portion of the tissue-engaging element com-
prises anchoring a coupling portion of a tissue-engaging ele-
ment that is elastically couplable to the upstream support
portion via an elastically-stretchable holding element that
includes a spring that is shaped to define a coil.
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41. Apparatus for use at a heart of a subject, the apparatus
comprising:

a self-expanding prosthetic valve having a compressed
state in which the prosthetic valve is transluminally
advanceable, and an expanded state; and

a delivery tube:
comprising a flexible material, and
configured to house the prosthetic valve in a manner in

which the tube (1) retains the prosthetic valve in the
compressed state, and (2) conforms to a shape of the
prosthetic valve in the compressed state.

42. The apparatus according to claim 41, wherein the flex-
ible material is a fabric.

43. The apparatus according to claim 41, wherein the deliv-
ery tube is flaccid without the prosthetic valve housed there-
within.

44. The apparatus according to claim 41, wherein the deliv-
ery tube is configured to release the prosthetic valve by at least
part of the delivery tube being intracorporeally opened into a
sheet of the flexible material.

45. The apparatus according to claim 44, further compris-
ing a pullstring, wherein the delivery tube comprises the sheet
of the flexible material held in a generally cylindrical shape
by the pullstring, and is configured to be opened by the
pullstring being pulled out of the delivery tube.

46. The apparatus according to claim 45, wherein the pull-
string holds the flexible material in the generally cylindrical
shape by being woven between parts of the flexible material.

47. The apparatus according to claim 45, wherein the pull-
string holds the flexible material in the generally cylindrical
shape by being coupled to the flexible material via a weak-
ened join.



