wo 2014/191994 A1 |[IN I 0F OO OO

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/191994 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

4 December 2014 (04.12.2014) WIPO | PCT
International Patent Classification: (81)
A61F 2/24 (2006.01)

International Application Number:
PCT/IL2014/050476

International Filing Date:
27 May 2014 (27.05.2014)

Filing Language: English
Publication Language: English
Priority Data:

61/828,203 29 May 2013 (29.05.2013) US
61/835,588 16 June 2013 (16.06.2013) US

Applicant: MVALVE TECHNOLOGIES LTD. [IL/IL];
91 Medinat HaYehudim, 4676673 Herzliya (IL).

Inventors: BUCHBINDER, Maurice; 8501 La Jolla
Scenic Drive N., La Jolla, California 92037 (US). DUBI,
Shay; 54 Ashkenazi St., 69869 Tel Aviv (IL). TU-
BISHEVITZ, Amit; 25 Yaacov Hazan St., 69358 Tel
Aviv (IL). GEVA, Avner; 71 David Elazar St., 4320436
Ra'anana (IL).

Agents: PYERNIK RUTMAN et al;; P.O. Box 10012,
84001 Beer-Sheva (IL).

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: CARDIAC VALVE SUPPORT DEVICE FITTED WITH VALVE LEAFLETS

Fig. 1

16
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Cardiac valve support device fitted with valve leaflets

Field of the invention

The present invention is directed to valve support devices for use in two-stage cardiac
valve replacement procedures. More specifically, the present invention provides valve
support devices that are fitted with valve leaflets that may be used to maintain valve

function prior to the deployment of a permanent replacement valve.

Background of the invention

Devices and methods for the two-stage implantation of replacement cardiac valves have
been described in co-owned, co-pending international patent application no.
PCT/US2011/050232 (published as WO 2012/031141). In the approach disclosed in this
publication, a valve support is implanted within the region of a native valve annulusin a
first stage, following which, in a second stage, a replacement cardiac valve is implanted
within the internal space of said valve support. A key feature of the valve support
disclosed in this publication is the presence and orientation of two bridging elements
that mutually connect upper and lower ring support elements. These bridging elements
are arranged such that the native valve leaflets are able to continue to function
subsequent to implantation of the valve support up until implantation of the

replacement valve during the second stage of the procedure.

Another type of cardiac valve support device, suitable for use in two-stage implantation
methods, is disclosed in co-owned PCT application no. PCT/IL2013/000025, which
published as WO 2013/128436. The device described in this publication differs from
that of WO 2013/031141 in that it comprises a single annular support element, together

with additional stabilizing and sealing elements. However, in common with WO
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2013/031141, the valve support device disclosed in this publication is constructed and

implanted such that it does not hinder the normal function of the native valve leaflets.

Occasionally, the functionality of the native valve leaflets may become compromised
during implantation of the valve support - for example, if the leaflets suffer mechanical
damage when the support is manipulated into its working position within the
anatomical valve annulus. In such cases, there will be loss of valve function during the
period of time that elapses between the cessation of native valve function and the
implantation of the replacement valve. This period of time is commonly ten minutes or
longer, and the loss of function of, for example, the mitral valve for even much shorter
periods of time would be expected to have very serious clinical consequences, such as

potentially fatal acute pulmonary edema.

Summary of the invention

The present invention provides an alternative solution to the challenge of maintaining
valve function during two step support/valve implantation procedures. In addition, the
valve support device provided by the present invention may also be used to maintain
valve function for longer periods of time (e.g. in the order of several weeks), thereby
enabling the implantation of the replacement valve to be delayed by such periods of
time, following the initial deployment of the support device fitted with the valve
leaflets. In other cases, the valve leaflets attached to the support device may be used to
maintain valve function for even longer periods of time (e.g. over the course of several

years), thereby itself acting as a replacement valve.

Thus, in one aspect, the present invention provides a cardiac valve support device that is
fitted with one or more valve leaflets that are capable of functioning as a temporary

cardiac valve. While most embodiments of the device will be fitted with either two or
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three leaflets, devices having either larger numbers of such leaflets or a single leaflet

only are also within the scope of the present invention.

In one preferred embodiment, the present invention provides a cardiac valve support

device adapted for endovascular delivery to a cardiac valve comprising:

first and second support elements each having a collapsed delivery configuration

and a deployed configuration;

and wherein at least two bridging members extend from the first support
element to the second support element, said bridging members having a delivery
configuration and a deployed configuration, wherein said bridging members extend
radially inward from the first and second support elements in the deployed

configuration;

and wherein one of said support elements is fitted with one or more valve

leaflets.

Examples of the basic structure of such an embodiment may be found in co-pending, co-
owned international patent application no. PCT/US2011/050232 (published as WO
2012/031141, the entire contents of which are incorporated herein by reference). In
such an embodiment the one or more valve leaflets are attached to the upper ring of

the valve support device.

In another preferred embodiment, the present invention provides a cardiac valve
support adapted for endovascular delivery to a cardiac valve, comprising a single ring-
shaped support element, wherein said support element has a collapsed delivery
configuration and a deployed configuration, and wherein said support element is fitted

with one or more valve leaflets.
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Examples of suitable single support element valve support devices, to which valve
leaflets may be added, are described in co-pending, co-owned international patent
application no. PCT/IL2013/000025 (published as WO 2013/128436, the entire contents

of which are incorporated herein by reference).

In both of the above-disclosed preferred embodiments, each of the support elements, in
its expanded configuration, generally has the form of a closed ring, the outline shape of
which is preferably circular or near-circular. However, these ring elements may also be

constructed in any other desired and suitable shape, such as oval, elliptical and so on.
Preferably, the support elements have the form of a flat annular ring.

In a particularly preferred embodiment of the present invention, the valve support
device is of a size and shape that permits it to be implanted within the annulus of a

mitral valve.

In some preferred embodiments of the present invention, the support elements may be
fitted with one or more stabilizing arms, in order to assist with the stabilization of the
valve support device within the annulus. These stabilizing arms may be manufactured in
a variety of different sizes and shapes. Examples of stabilizing and attachment means
(including short arms, elongated arms and wings, and lever mechanisms) that are
suitable for use with the support device of the present invention are disclosed in co-
pending international applications PCT/US2011/050232 (which published as WO
2012/031141), PCT/IL2013/000025 (which published as WO 2013/128436) and
PCT/1L2013/000036 (which published as WO 2013/150512), the contents of which are

incorporated herein by reference.

In one preferred embodiment of this aspect of the invention the support device
disclosed hereinabove further comprises one or more intra-ventricular stabilizing

elements and/or one or more intra-atrial stabilizing elements.
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In another aspect, the present invention also provides a two-stage method for
implanting a replacement cardiac valve, wherein the first stage comprises delivering a
valve support fitted with valve leaflets to a location near a subject’s cardiac valve;
expanding the support element{s) from a collapsed delivery configuration to an
expanded, deployed configuration secured against cardiac tissue in the region of the
valve annulus, thereby permitting said valve leaflets to fulfill the function previously
fulfilled by the native valve; and wherein the second stage comprises deploying a
replacement valve within the central space of said valve support and securing said
replacement valve to said valve support. Securing the replacement cardiac valve to the
valve support can comprise expanding the replacement cardiac valve from a collapsed
delivery configuration to an expanded configuration. Expanding the replacement
cardiac valve can include expanding the replacement cardiac valve with a balloon and/or
allowing the replacement cardiac valve to self-expand. Securing a replacement cardiac
valve to the valve support can comprise securing the replacement cardiac valve radially

within the valve support.

The phrase “a location near a subject’s cardiac valve” refers to the region of the cardiac

valve annulus, and the adjacent regions within the heart.

In a highly preferred embodiment of the method of the invention, the cardiac valve to

be replaced is a mitral valve.

In one preferred embodiment of the method, the valve support device comprises as

single support element.

In another preferred embodiment of the method, the valve support device comprises an
upper support element and a lower support element mutually connected by two or
more bridging elements. In this embodiment, the above-disclosed step of expanding
the support elements comprises expanding, in sequence, one of the support elements,

the bridging elements and the second support element.
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In one embodiment, the above-defined method may be employed to deliver the valve
support by an endovascular route. In another embodiment, the method may be used to
deliver the valve support by a transapical route. Examples of delivery devices suitable
for the endovascular and transapical delivery of the above-disclosed valve support are
disclosed in co-owned, co-pending international patent application no.

PCT/IL2014/050183.

Brief description of the drawings

Fig. 1 presents a perspective view of a typical two-ring valve support device fitted with

valve leaflets.

Fig. 2 depicts the same device as shown in Fig. 1, but with the valve leaflets in their open

position.

Fig. 3 shows, in side view, a typical single-ring support device of the present invention

fitted with three valve leaflets.

Fig. 4 depicts the same device as shown in Fig. 3, but with the valve leaflets in their open

position.

Fig. 5 illustrates a single-ring support device fitted with valve leaflets following
deployment and expansion of a replacement cardiac valve within the central space of

said support device.

Fig. 6 depicts a two-ring support device fitted with valve leaflets following expansion of

a replacement valve.

Fig. 7 shows, in plan view, a single-ring support device of the present invention, having

three valve leaflets, shown here in their fully-closed position.
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Detailed description of the preferred embodiments

As explained hereinabove, the valve support device developed by the present inventions
provides a solution to the challenge of maintaining valve function during two step
support/valve implantation procedures, as well as for longer periods of time (e.g. in the
order of several weeks), in cases in which the second stage of the procedure (i.e.

implantation of the replacement valve) needs to be delayed by such periods of time.

In the two-ring versions of the valve support device (as disclosed hereinabove), the one
or more valve leaflets are attached to the upper ring of the valve support device. Fig. 1
shows, in perspective view, an example of such a device, having an upper support
element 10 and a lower support element 12 mutually connected by two bridges 14.
The valve leaflets 16 in this figure are shown their closed position. Two stabilizing arms
18 attached to upper support element 10 are also shown. The same embodiment, but

with the valve leaflets 26 in their open position, is illustrated in Fig. 2.

In the single-ring version of the valve support device of the present invention, the one
or more valve leaflets are attached to the single support ring. Fig. 3 depicts, in
perspective view, an example of such a single-support device in which the three valve
leaflets 32 attached thereto are in their fully-closed position. The same embodiment,

but with the valve leaflets 42 fully open, is shown in Fig. 4.

A key feature of the valve support device of the present invention is the fact that it is
constructed such that it may be adopt two different, stable configurations: a collapsed
configuration that permits the delivery of the device via a catheter that is passed
through the patient’s vasculature; and a second expanded configuration that the device
adopts when it is caused to leave the confines of the delivery catheter during

implantation within the cardiac valve annulus.
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In the case of the two-ring support element embodiments the height of the valve
support, measured from the base of the first support to the top of the second support,
is generally in the range of about 1 cm to about 5 cm to be able to accommodate the
height of the replacement heart valve, such as a stented heart valve. In some
embodiments the height is greater than 5 cm. In some embodiments the height of the
valve support is between about 1 cm and about 2.5 cm. For example, a stented heart
valve in an expanded configuration can have a height of about 17.5 mm. It should be
noted, of course, that these numbers are merely exemplary and are not limiting in any

way.

In some embodiments the first and second support elements and the bridge members
are made from a resilient material that can be deformed into a delivery configuration
yet are adapted to self-expand to an expanded configuration, with optional additional
expansion of one or more components by balloon dilation. For example, the support
can be made from Nitinol, relying on its superelastic properties. In some embodiments
the valve support is made from a material with shape memory properties, such as
Nitinol, and is adapted to return to an expanded memory configuration after being
heated above its transition temperature. In some embodiments in which the valve
support is made from a material such as Nitinol, the shape memory properties and the

superelastic properties are utilized.

In one preferred embodiment of the valve support device of the present invention the
outer perimeter of at least one of the two support elements (or in the case of the single-
ring support element, the only such element) is entirely rigid, such that when released
from the delivery catheter, it is not possible to cause further radial expansion of the

outer diameter of said device.
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In the radial plane (i.e. the plane in which the native cardiac valve leaflets are disposed
when in their closed position), the size of at least one of the support elements (the
upper of the two elements, after deployment, or the only support element in the case of
the single-ring device)} may be defined in terms of its outer radius (Ro), its inner radius
(Ri} and the difference between these two radii {Rd). It should be appreciated that Ro is
determined by the diameter of the mitral valve annulus into which the valve support
device will be implanted. Ri, however, is determined by the outer diameter of the
replacement heart valve that will be inserted into the central space of the support
device. Generally, the prosthetic aortic valves used in conjunction with the valve
support device of the present invention have an external diameter considerably less
than that of the mitral valve annulus. Thus, typically, the outer diameter of the support
element will be in the range of 30 -50 mm, while the inner diameter will have a value in
the range of 23-29 mm. It may therefore be appreciated that Rd approximately
corresponds to the annular gap between the small outside-diameter replacement valve
and the relatively large diameter mitral valve annulus. Thus, in one preferred
embodiment, at least one of the support elements in its deployed configuration is
provided in the form of a flat annular ring, wherein the difference between the outer
radius and the inner radius of said annular ring (Rd) is in the range of 1 — 20 mm. With
regard to the thickness of the support element (t) (as measured along the longitudinal
axis of the element when in situ), t represents a compromise between the need for
minimizing this parameter in order to facilitate crimping and insertion into a delivery
catheter, and the need for the support device to be sufficiently rigid such that it is able
to withstand the forces exerted by the beating heart without buckling. The thickness of
the at least one of the two support elements (or of the single support element in the
single-ring device) is generally in the range of 0.25 — 0.8 mm, more preferably 0.4 mm.

In one typical, non-limiting example, t is 0.4 mm, while Rd has a value of 5.5 mm.

Indeed, as a general rule, in most embodiments of the annular support element of the
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present invention, Rd is significantly larger than t. For example, in many cases Rd may
be between 2.5 and 35 times larger than t, more preferably between 10 and 20 times
larger than t. It may be appreciated from the foregoing explanation that the ratio
between Rd and t has functional significance for the valve support device of the present

invention.

The valve leaflets that are fitted to the support device are preferably constructed from
biocompatible non-biological materials such as polyurethane, Nylon, Dacron, Teflon,
Nitinol, and so on. It is well known in the art that leaflets made of such materials are
generally unsuitable for long-term use in prosthetic valves. However, for the purpose
of the present invention — that is, replacement of native cardiac valve function for
periods of time in the range of a few minutes to a few weeks — said materials provide
sufficient suitability and biocompatibility. Furthermore, leaflets constructed from non-
biological materials (such as those mentioned hereinabove, have the following

additional advantages when compared with leaflets prepared from biological materials:

¢ Lower manufacturing cost

e Simpler production process

¢ No danger of infection being transmitted from foreign biological tissue to the
patient

e Less complex regulatory procedures.

In other embodiments, the valve leaflets may be constructed from biological materials
such as pericardium (e.g. bovine, equine or porcine) or from biological valves from
mammalian subjects. Leaflets prepared from such biological sources may be

advantageous in certain circumstances.
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The leaflets (non-biological or biological) may be attached to the support device by any
suitable method known to the skilled artisan including, but not limited to, suturing,
welding (for example laser welding, ultrasonic welding etc.), adhesion with

biocompatible glues.

As indicated hereinabove, in some preferred embodiments of the present invention, the
support elements may be fitted with one or more stabilizing arms, in order to assist with
the stabilization of the valve support device within the annulus. These stabilizing arms
may be manufactured in a variety of different sizes and shapes. In the example depicted
in Fig. 4 the stabiliizing arms 44 (shown attached to the inferior surface of a single-

support devce) are relativlely short and are formed with multiple curvatures.

The valve support device of the present device may also further comprise additional
structural features aimed at improving the stability and increasing the efficiency of the
permanent replacement valve, including: an elastically deformable inner perimeter,
guidance elements for use in centering a guide wire that is passed through the center of
said support device, pressure release means comprising at least one reduced diameter
segment in the outer circumference of at least one of the support elements and
paravalvular sealing drapes. Details of all of these features are fully-disclosed in co-
owned, co-pending international patent applications PCT/IL2013/000025 and
PCT/1L2013/000036, the contents of which are incorporated herein by reference.

In addition, in some embodiments the valve support of the present invention may
further comprise one or more lateral extensions as a means for reducing paravalvular
leakage as well as improving the co-axial positioning of the device. These extensions
have a surface area which essentially extends the surface area of the ring laterally
outwards, to the outer aspect of the ring. The length and width of the extension in the
plane of the ring (the lateral plane) are significantly larger than the thickness of the

extension, that is, the dimension measured along the longitudinal plane (which is
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typically only the width of the wire or sheet from which the extension was made). In
some embodiments, the extension elements are not continuously connected to the
external aspect of the ring along their entire length, but rather are connected to the ring
only at discrete singular connection points (for example, connected only at two points,
on at the front edge of said element and one at the back edge thereof}, without any
connection at the central part of the element. In other embodiments, the lateral
extensions from a complete crown-like structure around the outer edge of the valve
support device. The lateral extensions are deployed on the atrial side of the mitral
annulus, above the commissures of the mitral valve, in such a way that they “cover” the
space formed by the commissures. Fig. 7 provides an example of a single-ring support
device of the present invention 70 which comprises, in addition to three valve leaflets
74 attached to support ring 72, a crown-like lateral extension structure encompassing
the entire outer aspect of said support ring. The lateral free ends of two anchoring

wings 78 are also seen in this figure.

As disclosed hereinabove, the present invention also provides a two-stage method for
implanting a replacement cardiac valve, wherein the first stage comprises delivering a
valve support fitted with valve leaflets to a location near a subject’s cardiac valve;
expanding the support element(s) from a collapsed configuration to an expanded,
deployed configuration secured against cardiac tissue in the region of the valve annulus,
thereby permitting said valve leaflets to fulfill the function previously fulfilled by the
native valve; and wherein the second stage comprises securing a replacement valve to

the valve support.

During deployment of the replacement cardiac valve, the expansion of said valve causes
the lateral displacement of the valve leaflets, thereby disabling them, the cardiac valve
function now be solely fulfilled by the leaflets of the deployed replacement cardiac

valve. An example of a support device having a single support ring 52 following
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deployment and expansion of the replacement valve is shown in Fig. 5. In this figure,
the permanent replacement valve leaflets 54 are shown in their fully-closed position,
whilst the valve leaflets 56 attached to the support device have been displaced laterally
by the expanded stent portion 58 of the replacement valve, such that said valve leaflets
56 are now disabled. Similarly, Fig. 6 presents a side view of a support device having
two interconnected support elements (rings) 62 with the support device valve leaflets
64 disabled, following expansion of the stent portion 66 of a replacement valve

(permanent valve leaflets not shown for clarity).

In a particularly preferred embodiment of the method of the present invention, the
replacement cardiac valve is a prosthetic aortic valve. Examples of suitable
commercially-available prosthetic aortic valves include (but are not limited to): Sapien
Valve (Edwards Lifesciences Inc., US), Lotus Valve (Boston Scientific Inc., US), CoreValve

(Medtronic Inc.) and DFM valve (Direct Flow Medical Inc., US).

In addition to replacing the functionality of the native leaflets during the two-step
replacement procedure described hereinabove, the valve support device fitted with
valve leaflets of the present invention has several other advantages. One such
advantage relates to the fact that in contradistinction to certain prior art devices (such
as those disclosed in co-owned, co-pending international patent applications
PCT/US2011/050232 (which published as WO 2012/031141), there is no need to implant
the valve support device in such a way that the native valve leaflets may continue to
function. Thus, while in said prior art devices the stabilization and attachment means
(such as arms, wings and lever mechanisms) need to be aligned such that they are
located in the region of the native valve commissures only (in order not to interfere with

the opening and closure of the native leaflets), the valve support of the present



WO 2014/191994 PCT/IL2014/050476

14

invention may also incorporate stabilizing and attachment means that engage or make

contact with the native leaflets.

Additionally, the lack of dependence on native leaflet function also provides the
opportunity to orientate the valve support device in the first stage of the claimed
method (and hence the orientation of the permanent replacement valve in the second
stage thereof) at any desired angular rotation. Thus, in one embodiment of the method
of the present invention, a valve support device fitted with two leaflets is implanted
within the native annulus in such a way that the commissural line of said support device

leaflets is orientated at 90 degrees to the native valve commissure.

Further advantages associated with the use of the valve support of the present
invention are seen during the second phase of the valve replacement procedure, i.e.
during the implantation of the prosthetic valve within the central space of the annular
valve support. Thus, the presence of the support device leaflets — which are displaced
outwards by the implanted prosthetic valve — increases the frictional resistance offered
by the support device, and therefore assists in the retention of said prosthetic valve
within said support. Similarly, the outwardly-displaced valve leaflets also assist in

reducing paravalvular leakage.
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CLAIMS:

1. A cardiac valve support adapted for endovascular delivery to a cardiac valve,

comprising:

first and second support elements each having a collapsed delivery configuration

and a deployed configuration;

and wherein at least two bridging members extend from the first support
element to the second support element, said bridging members having a delivery
configuration and a deployed configuration, wherein said bridging members extend
radially inward from the first and second support elements in the deployed

configuration;

and wherein one of said support elements is fitted with one or more valve

leaflets.

2. A cardiac valve support adapted for endovascular delivery to a cardiac valve,
comprising a single ring-shaped support element, wherein said support element has a
collapsed delivery configuration and a deployed configuration, and wherein said support

element is fitted with one or more valve leaflets.

3. The cardiac valve support according to claim 1 or claim 2, wherein said support

further comprises one or more stabilizing arms.

4. The cardiac valve support according to claim 1 or claim 2, wherein said support is

fitted with three valve leaflets.

5. The cardiac valve support according to claim 1 or claim 2, wherein said support is

fitted with two valve leaflets.
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6. The cardiac valve support according to claim 1 or claim 2, wherein the one or more

valve leaflets are constructed from a non-bioclogical material.

7. The cardiac valve support according to claim 1 or claim 2, wherein at least one of the
support elements in its deployed configuration has the form of a flat annular ring, and
wherein the difference (Rd)} between the outer radius and the inner radius of said
annular ring is in the range of 1-20 mm.

8. The cardiac valve support according to claim 7, wherein the ratio between Rd and the
thickness of the flat annular ring is between 10:1 and 20:1.

9. The cardiac valve support according to claim 7, wherein the inner diameter of the flat
annular ring is in the range of 23-29 mm and the outer diameter thereof is in the range
of 30 — 50 mm.

10. The cardiac valve support according to claim 7, wherein the thickness of the flat
annular ring is in the range of 0.25-0.8 mm.

11. Atwo-stage method for implanting a replacement cardiac valve,

wherein the first stage comprises delivering a valve support device comprising
one or more support elements and one or more valve leaflets attached to one of said
support elements, to a location near a subject’s cardiac valve, expanding said support
element(s) from a collapsed delivery configuration to an expanded, deployed
configuration secured against cardiac tissue in the region of the valve annulus, thereby
permitting said valve leaflets to fulfill the function previously fulfilled by the native

valve;

and wherein the second stage comprises deploying a replacement valve within

the central space of said valve support and securing said valve thereto.

12. The method according to claim 11, wherein the valve support device comprises a

single support element.



WO 2014/191994 PCT/IL2014/050476

17

13. The method according to claim 11, wherein the valve support device comprises an
upper support element and a lower support element mutually connected by two or
more bridging elements, and wherein the step of expanding said support elements
comprises expanding, in sequence, one of the support elements, the bridging elements

and the second support element.

14. The method according to claim 11, wherein the cardiac valve to be replaced is the

mitral valve.
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INTERNATIONAL SEARCH REPORT

International application No

PCT/IL2014/050476

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61F2/24
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

A61F

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2012/085913 A2 (WAVE LTD V [IL]; NITZAN 1,2,4-10
YAACOV [IL]; YACOBY MENASHE [IL])
28 June 2012 (2012-06-28)
Y paragraph [0048] - paragraph [0050]; 3
figure la
Y WO 2006/089236 Al (CLEVELAND CLINIC 3
FOUNDATION [US])
24 August 2006 (2006-08-24)
page 6, line 19 - page 7, line 17; figures
2-4
A WO 2012/031141 A2 (BUCHBINDER MAURICE 1-10
[US]; LOGAN JULIE A [US])
8 March 2012 (2012-03-08)
paragraph [0046] - paragraph [0080]
_/ -

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

5 September 2014

Date of mailing of the international search report

16/09/2014

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Mary, Céline

Form PCT/ISA/210 (second sheet) (April 2005)
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C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

E

WO 20147110019 A1 (MEDTRONIC INC [US])
17 July 2014 (2014-07-17)

paragraph [0035] - paragraph [0046];
figures 3,4

1-10
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International application No.
INTERNATIONAL SEARCH REPORT PCT/1L2014/050476
Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:' Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. IXI Claims Nos.: 11-14
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

see FURTHER INFORMATION sheet PCT/ISA/210

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the

payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




International Application No. PCT/ 1L2014/ 050476

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Continuation of Box II.2

Claims Nos.: 11-14

Rule 39.1(iv) PCT - Method for treatment of the human or animal body by
surgery

The applicant's attention is drawn to the fact that claims relating to
inventions in respect of which no international search report has been
established need not be the subject of an international preliminary
examination (Rule 66.1(e) PCT). The applicant is advised that the EPO
policy when acting as an International Preliminary Examining Authority is
normally not to carry out a preliminary examination on matter which has
not been searched. This is the case irrespective of whether or not the
claims are amended following receipt of the search report or during any
Chapter II procedure. If the application proceeds into the regional phase
before the EPO, the applicant is reminded that a search may be carried
out during examination before the EPO (see EPO Guidelines C-1V, 7.2),
should the problems which led to the Article 17(2) declaration be
overcome.
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Information on patent family members

International application No

PCT/1L2014/050476
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2012085913 A2 28-06-2012 CA 2860183 Al 28-06-2012
EP 2654623 A2 30-10-2013
US 2012165928 Al 28-06-2012
WO 2012085913 A2 28-06-2012

WO 2006089236 Al 24-08-2006  EP 1850796 Al 07-11-2007
US 2006195183 Al 31-08-2006
US 2014039613 Al 06-02-2014
WO 2006089236 Al 24-08-2006

WO 2012031141 A2 08-03-2012 AU 2011295854 Al 21-03-2013
CA 2809909 Al 08-03-2012
CN 103237523 A 07-08-2013
EP 2611391 A2 10-07-2013
JP 2013539395 A 24-10-2013
US 2012059458 Al 08-03-2012
WO 2012031141 A2 08-03-2012

WO 2014110019 Al 17-07-2014 US 2014194983 Al 10-07-2014
WO 2014110019 Al 17-07-2014

Form PCT/ISA/210 (patent family annex) (April 2005)
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