woO 2019/089262 A1 | NI 0000 0000 0 0

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

World Intellectual Propert J
(o wer Orgmiation 2 0 O OO0 0 OO 000

International Bureau

/ (10) International Publication Number
(43) International Publication Date = WO 2019/089262 Al
09 May 2019 (09.05.2019) WIRPOIPCT
(51) International Patent Classification: (72) Inventors: GRIFFIN, Patrick; Coolagh Briarhill, Castle-
A61B 17/04 (2006.01) AG61F 2/82 (2013.01) gar, Galway (IE). DONNELLY, Evin; 88 Dun na Carraige,

(21) International Application Number: Blackrock, Salthill, Galway (IE).
PCT/US2018/056893  (74) Agent: STATHAKIS, Dean G.; UltimatEdge [P Law
Group, P.C., 2372 Morse Avenue, Suite 252, [rvine, Cali-

(22) International Filing Date: fornia 92614-6234 (US).

22 October 2018 (22.10.2018)
(81) Designated States (unless otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,
(26) Publication Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,

(25) Filing Language: English

(30) Priority Data:

62/579,281 31 October 2017 (31.10.2017) UsS HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KII, KN, KP,
(71) Applicant: 4TECH INC. [US/US]; c¢/o Oxo Capital, LLC, KR,KW,KZ,LA,LC,LK,LR,LS, LU, LY, MA, MD, ME,
465 Waverley Oaks Road, Suite 420, Waltham, Massachu- MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
setts 02452-8496 (US). OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

(54) Title: TISSUE ANCHORS WITH HEMOSTASIS FEATURES

(57) Abstract: A hemostatic tissue anchor (120, 220, 320, 420, 520) is provided which is configured to be anchored to a cardiac tissue
wall. The hemostatic tissue anchor (120, 220, 320, 420, 520) includes an anchor portion (130) supported by releasably positioned at a
distal end of a generally elongate anchor shaft (132). The anchor portion (130) is expandable from a first generally elongate configuration
to a second expanded configuration such that in the second expanded configuration it can be drawn tightly against the cardiac tissue
wall when a tensile force is applied to the anchor portion (130). One or more discs (126, 226, 326) surround the anchor shaft (132).
Once the one or more discs (126, 226, 326) are implanted entirely within the cardiac tissue wall, the one or more discs (126, 226,
326) act as a hemostatic seal of an opening through the cardiac tissue wall, through which opening the elongate anchor shaft (132) is
disposed. Other applications are also described.

[Continued on next page]



WO 2019/089262 A1 |10} 08P 00 0000 OO0 O

SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, 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, FI, 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).

Declarations under Rule 4.17:

— as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

— as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:
—  with international search report (Art. 21(3))



WO 2019/089262 PCT/US2018/056893

10

15

20

25

30

TISSUE ANCHORS WITH HEMOSTASIS FEATURES

CROSS-REFERENCE TO RELATED APPLICATIONS

The present application claims priority from US Provisional Patent Application
62/579,281 to Griffin et al., entitled, “Tissue anchors with hemostasis features,” filed on
October 31, 2017, which is assigned to the assignee of the present application and is

incorporated herein by reference.

FIELD OF THE APPLICATION

The present invention relates generally to tissue anchors, and specifically to tissue

anchors for implantation at cardiac sites.

BACKGROUND OF THE APPLICATION

Tissue anchors are used for anchoring elements, such as pacemaker electrode leads
or sutures, to tissue, such as bone or soft tissue. PCT Publication WO 2016/087934 to
Gilmore et al., which is incorporated in its entirety herein by reference, describes a tissue
anchor that includes a shaft, a tissue-coupling element, and a flexible elongate tension
member. The tissue-coupling element includes a wire, which is shaped as an open loop coil
having, in some applications, more than one coil revolution when the tissue anchor is
unconstrained, i.e., expanded from a linear state to a coiled state. The tension member
includes a distal portion, that is fixed to a site on the open loop coil, a proximal portion,
which has a longitudinal segment that runs alongside at least a portion of the shaft, and a
crossing portion, which (1) is disposed between the distal and the proximal portions along
the tension member, and (ii) crosses at least a portion of the open loop when the tissue
anchor is expanded. The tissue anchor is configured to allow relative axial motion between
the at least a portion of the shaft and the longitudinal segment of the proximal portion of
the tension member when the tissue anchor is expanded. For some applications, a head of
the tissue anchor is shaped so as to define a passage in which the proximal portion of the
flexible elongate tension member is slidably disposed. The flexible elongate tension
member comprises a locking stopper, which is axially fixed to the proximal or the crossing
portion of the flexible elongate tension member. The locking stopper and the passage are
sized and shaped such that the size and shape of the passage prevent proximal movement
of the locking stopper past the passage. The locking stopper limits the total load that can

be applied to the open loop by the flexible elongate tension member, thereby reducing
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excessive, unnecessary strain on the open loop. Additional load (tension) that is applied
by the flexible elongate tension member pulls on the entire anchor, and does not further

increase the load applied across the open loop.

US Patent 7,892,214 to Kagan et al. describes devices and methods for attachment
of an endoluminal gastrointestinal device, such as an artificial stoma device, a
gastrointestinal bypass sleeve device or an attachment cuff, within a patient's digestive tract

for treatment of obesity.

US Patent 8,758,402 to Jenson et al. describes methods and devices for closing
and/or sealing an opening in a vessel wall and/or an adjacent tissue tract. The ‘402 Patent
describes a device for delivering and deploying an anchor, plug, suture, and/or locking

element adjacent to the opening in the vessel wall and/or tissue tract.

US Patent 7,056,333 to Walshe describes a tissue-anchoring system, including a
tissue-anchoring device and tissue anchors. The tissue-anchoring device includes a housing
and a tissue anchor positioned on the tissue-anchoring device that is inserted into tissue or
secured onto tissue. The device may optionally have a plunger assembly slidably positioned
in the housing to assist advancing the anchor into a tissue. The tissue anchor has a barb end
and a shaft. The barb end is adapted to resist removal from tissue after the anchor has been
inserted. The tissue anchor shaft and the barb end may be hollow. The anchor shaft has an
attachment member distal from the barb end for direct attachment to tissue or for attachment
of sutures or slings. The tissue anchors may include an adjustment mechanism for intra- or

post-operative adjustments.

US Patent Application Publication 2010/0217309 to Hansen et al. describes a
modified arteriotomy closure plug, said modification selected from the group consisting of
a slit, a notch, a groove, and combinations thereof and a method of manufacturing the

arteriotomy closure plug.

SUMMARY OF THE APPLICATION
Embodiments of the present invention provide a hemostatic tissue anchor that is
deliverable to a cardiac chamber in an unexpanded generally elongate configuration within
a deployment tool. The hemostatic tissue anchor comprises an anchor portion that is
configured to be anchored to a cardiac tissue wall at a target site such that a tensile force
can be applied to the anchor portion and thus to the cardiac tissue wall, once the hemostatic
tissue anchors are deployed, so as to draw tightly the anchor portion against the cardiac
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tissue wall at the target site.

The hemostatic tissue anchor comprises one or more discs that are configured to be
disposed entirely within the cardiac tissue wall at the target site so as to act as a hemostatic
seal of an opening through the cardiac tissue wall. For some applications, the one or more
discs are soft and flexible. For some applications of the present invention, the one or more
discs are rigid. For some applications of the present invention, each one of the one or more

discs is tapered.

There is therefore provided, in accordance with some applications of the present
invention, a hemostatic tissue anchor deliverable within a catheter to a target site, the
hemostatic tissue anchor configured to be anchored to a cardiac tissue wall at the target site,
the hemostatic tissue anchor including:

an anchor portion supported by a generally elongate anchor shaft releasably
securable to the catheter, the anchor portion positioned at a distal end of the
generally elongate anchor shaft, the anchor portion configured to expand from a first
generally elongate configuration to a second expanded configuration such that the
anchor portion in the second expanded configuration can be drawn tightly against
the cardiac tissue wall at the target site when a tensile force is applied to the anchor
portion; and

one or more discs coupled to the elongate anchor shaft, the one or more discs
surrounding the elongate anchor shaft, the one or more discs being configured to be
disposed entirely within the cardiac tissue wall at the target site,

once the one or more discs are implanted entirely within the cardiac tissue wall at
the target site, the one or more discs act as a hemostatic seal of an opening through the

cardiac tissue wall, through which opening the elongate anchor shaft is disposed.

In some applications of the present invention, the one or more discs are soft and

flexible.
In some applications of the present invention, the one or more discs are rigid.

In some applications of the present invention, the apparatus further includes a sleeve
surrounding at least a portion of the elongate anchor shaft, and the one or more discs are

integral with the sleeve and coupled to the elongate anchor shaft via the sleeve.

In some applications of the present invention, the one or more discs are directly

coupled to the elongate anchor shaft.
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In some applications of the present invention, the one or more discs include porous

material.

In some applications of the present invention, the one or more discs include a bio-

polymer.

In some applications of the present invention:

each one of the one or more discs is shaped so as to define a flat surface and a
tapered surface,

the flat surface is closer to the anchor portion than the tapered surface is to the
anchor portion, and

the tapered surface narrows in a proximal direction away from the flat surface.

In some applications of the present invention, the one or more discs include a

material that is configured to elute a therapeutic agent.

In some applications of the present invention, the one or more discs are coated with

a therapeutic agent.

In some applications of the present invention, the one or more discs include a
hydrogel. In some applications of the present invention, the hydrogel includes a hydrogel

that is configured to expand upon contact with fluid.

In some applications of the present invention, the one or more discs include two or
more discs. In some applications of the present invention, the two or more discs are

arranged coaxially along the elongate anchor shaft.

In some applications of the present invention, the one or more discs are deformable
when the hemostatic tissue anchor is disposed within the catheter for delivery to the target

site.

In some applications of the present invention, the cardiac tissue wall is a myocardial
tissue wall, and the one or more discs are configured to be implanted entirely within the
myocardial tissue wall. In some applications of the present invention, the anchor portion is
configured to be implanted in the pericardial cavity between visceral pericardium and
parietal pericardium, generally alongside and against the parietal pericardium, without

penetrating the parietal pericardium.

In some applications of the present invention, the anchor portion, when expanded,

defines a generally planar structure orthogonal to the elongate anchor shaft.
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In some applications of the present invention, an anchor system is provided
including the hemostatic tissue anchor, and the anchor system further includes a tether
affixed to the hemostatic tissue anchor such that tensile force can be applied to the
hemostatic tissue anchor via the tether. In some applications of the present invention, the
hemostatic tissue anchor further includes an elongate tension member coupled to a portion
of the anchor portion and the tether is affixed to the elongate tension member such that the
tensile force can be applied to the anchor portion via the tether and the elongate tension
member. In some applications of the present invention, the anchor system further includes
a second tissue anchor separate and distinct from the hemostatic tissue anchor. In some
applications of the present invention, the second tissue anchor is couplable to the hemostatic
tissue anchor by the tether. In some applications of the present invention, the second tissue

anchor is coupled to the hemostatic tissue anchor by the tether.

There is also provided, in accordance with some applications of the present
invention, a method for anchoring a hemostatic tissue anchor to a cardiac tissue wall at a
target site, the method including:

delivering, to a cardiac chamber, the hemostatic tissue anchor within a catheter, the
hemostatic tissue anchor configured to be anchored to a cardiac tissue wall at the target site
and the hemostatic tissue anchor including:

an anchor portion supported by a generally elongate anchor shaft releasably
securable to the catheter, the anchor portion positioned at a distal end of the
generally elongate anchor shaft, the anchor portion configured to expand from a first
generally elongate configuration to a second expanded configuration such that the
anchor portion in the second expanded configuration can be drawn tightly against
the cardiac tissue wall at the target site when a tensile force is applied to the anchor
portion; and

one or more discs coupled to the elongate anchor shaft, the one or more discs
surrounding the elongate anchor shaft, the one or more discs being configured to be
disposed entirely within the cardiac tissue wall at the target site;

delivering the anchor portion in an unexpanded generally elongate configuration
through the cardiac tissue wall from a first side of the wall to a second side of the wall, such
that the anchor portion expands on the second side of the cardiac tissue wall, thereby

anchoring the tissue anchor to the cardiac tissue wall at the target site; and
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positioning the one or more discs entirely within the cardiac tissue wall at the target
site whereby, once the one or more discs are implanted entirely within the cardiac tissue
wall at the target site, the one or more discs act as a hemostatic seal of an opening through

the cardiac tissue wall, through which opening the elongate anchor shaft is disposed.

In some applications of the present invention, delivering the hemostatic tissue
anchor includes delivering the hemostatic tissue anchor while the one or more discs are

deformed within the catheter for deliver to the cardiac site.

In some applications of the present invention, delivering the anchor portion in the
unexpanded generally elongate configuration through the cardiac tissue wall includes
delivering the anchor portion such that the anchor portion, when expanded, defines a

generally planar structure orthogonal to the elongate anchor shaft.

In some applications of the present invention, the cardiac tissue is a myocardial
tissue wall, and delivering the anchor portion in the unexpanded generally elongate
configuration through the cardiac tissue wall includes delivering the anchor portion through
the cardiac tissue wall into the pericardial cavity between visceral pericardium and parietal
pericardium, generally alongside and against the parietal pericardium, without penetrating

the parietal pericardium.

In some applications of the present invention, delivering the hemostatic tissue
anchor includes delivering the hemostatic tissue anchor affixed to a tether, and the method

further includes applying tensile force to the hemostatic tissue anchor via the tether.

In some applications of the present invention, the cardiac tissue is a myocardial
tissue wall, and wherein delivering the anchor portion in the unexpanded generally elongate
configuration through the cardiac tissue wall includes delivering the anchor portion through
the cardiac tissue wall into the pericardial cavity between visceral pericardium and parietal
pericardium, generally alongside and against the parietal pericardium, without penetrating

the parietal pericardium.

In some applications of the present invention, applying the tensile force includes

applying the tensile force to the myocardial tissue wall.

In some applications of the present invention, delivering the hemostatic tissue
anchor affixed to the tether includes delivering the hemostatic tissue anchor that includes

an elongate tension member coupled to a portion of the anchor portion, the tether being
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force to the anchor portion via the tether and the elongate tension member.

In some applications of the present invention, the method further includes
implanting a second tissue anchor that is separate and distinct from the hemostatic tissue

anchor.

In some applications of the present invention, the method further includes coupling

the tether to the hemostatic tissue anchor.
In some applications of the present invention, the second tissue anchor is coupled

to the hemostatic tissue anchor by the tether.

The present invention will be more fully understood from the following detailed
description of embodiments thereof, taken together with the drawings, in which:
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic illustration of a hemostatic tissue anchor that is configured to
be anchored to a cardiac tissue wall at a target site, in accordance with an application of the

present invention;

Fig. 2 is a schematic illustration of the hemostatic tissue anchor of Fig. 1 deployed

through a myocardial tissue wall, in accordance with an application of the present invention;

Fig. 3 is a schematic illustration of another hemostatic tissue anchor, in accordance

with an application of the present invention;

Fig. 4 is a schematic illustration of the hemostatic tissue anchor of Fig. 3 deployed

through a myocardial tissue wall, in accordance with an application of the present invention;

Fig. 5 is a schematic illustration of another hemostatic tissue anchor, in accordance

with an application of the present invention;

Figs. 6A-6B are schematic illustration of the hemostatic tissue anchor of Fig. 5
deployed through a myocardial tissue wall, in accordance with an application of the present

invention;

Fig. 7 is a schematic illustration of another hemostatic tissue anchor, in accordance

with an application of the present invention; and
Fig. 8 is a schematic illustration of yet another hemostatic tissue anchor, in
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accordance with an application of the present invention.
DETAILED DESCRIPTION OF APPLICATIONS

Fig. 1 is a schematic illustration of a hemostatic tissue anchor 120 that is configured
to be anchored to a cardiac tissue wall at a target site, in accordance with an application of
the present invention. Hemostatic tissue anchor 120 comprises an elongate anchor portion
130, which optionally is supported by an anchor head 196 at a proximal end 134 of anchor
portion 130. Anchor portion 130 is configured to be delivered in an unexpanded generally
elongate configuration through the cardiac tissue wall from a first side of the wall to a
second side of the wall, such shown hereinbelow with reference to Fig. 2. Anchor portion
130 is further configured, upon deployment, to expand on the second side of the cardiac
tissue wall, such as shown hereinbelow with reference to Fig. 2. Figs. 1 and 2 show anchor
portion 130 expanded. For some applications, expanded anchor portion 130 has less than
one turn, as shown in the figures, while for other applications, expanded anchor portion 130
has one tum (configuration not shown) or more than one turn (configuration not shown,
but, for example, may be as shown in Figs. 5B-D, 6A-B, 7A-B, 9A-G, and/or 91 of above-
mentioned PCT Publication WO 2016/087934).

Hemostatic tissue anchor 120 further comprises a flexible elongate tension member
146 coupled to a portion of anchor portion 130 of hemostatic tissue anchor 120. Through
flexible elongate tension member 146, or components equivalent thereto, the tensile force
can be applied to anchor portion 130 after it has been expanded. When applied in vivo, the
tensile force may have the benefit of bringing the anchor close to the tissue wall to which
it is applied. For some applications, an anchor system 150 is provided that comprises
hemostatic tissue anchor 120 and a tether 152 affixed to flexible elongate tension member
146 such that the tensile force can be applied to hemostatic tissue anchor 120 via tether 152
and flexible elongate tension member 146. Optionally, hemostatic tissue anchor 120 further
comprises a tube 154 that surrounds a proximal portion of flexible elongate tension member
146. For some applications, anchor system 150 further comprises a second tissue anchor
133, separate and distinct from hemostatic tissue anchor 120, such as is shown in above-
mentioned PCT Publication WO 2016/087934. For some applications, the second tissue
anchor, and additional anchors if so desired, is couplable or coupled to hemostatic tissue

anchor 120 by one or more tethers that include tether 152.
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Flexible elongate tension member 146 extends through a portion of (a) anchor
portion 130 of hemostatic tissue anchor 120 and (b) a distal opening 194 of a passage 191
through hemostatic tissue anchor 120, such that expanded anchor portion 130 can be drawn
tightly against the second side of the cardiac tissue wall at the target site when the tensile

force is applied to anchor portion 130.

Distal opening 194 of passage 191 is typically located near (e.g., at) a distal end 192
of anchor head 196. A portion of flexible elongate tension member 146 is slidably disposed
through passage 191. For some applications, passage 191 is defined by anchor head 196
(as shown). For example, distal opening 194 may be defined by a tubular anchor shaft 132
that anchor head 196 comprises; anchor head 196 may optionally implement techniques
described in above-mentioned PCT Publication WO 2016/087934. For some applications,
in addition to or instead of tubular anchor shaft 132, anchor head 196 comprises one or
more collars 197, such as distal and proximal collars 197A and 197B, as shown, or exactly
one collar 197 (configuration not shown). For some of these applications, distal opening
194 is defined by a distal end of distal collar 197A (as shown in Figs. 1 and 2) or a distal
end of the exactly one collar 197 (configuration not shown). Passage 191 is typically a

channel, but may also be a groove (e.g., a U-shaped groove).

For some applications, anchor portion 130, once expanded on the second side of the
cardiac tissue wall, such as described hereinbelow with reference to Fig. 2, assumes a shape
generally orthogonal to anchor head 196, as shown in Fig. 1, although it need not be
orthogonal.

For some applications, as shown in Fig. 1, anchor head 196 further comprises a
sealing element 122, which is sized and shaped to be inserted with anchor head 196 into an
incision through the cardiac tissue wall. Sealing element 122, along with at least a portion
of anchor head 196, remains in the incision upon completion of the implantation of
hemostatic tissue anchor 120. Sealing element 122 promotes hemostasis to provide sealing
of the incision. For some applications, sealing element 122 comprises one or more discs
126 surrounding shaft 132. Typically, discs 126 are soft and flexible and are configured to
be disposed entirely within the cardiac tissue wall at the target site, as shown hereinbelow

with reference to Fig. 2.

Anchor 120 is deliverable within a catheter (not shown) to a target site and is

configured to be anchor to a cardiac tissue wall at the target site. Anchor portion 130 is
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supported by generally elongate anchor shaft 132 releasably securable to the catheter.
Anchor portion 130 positioned at a distal end of generally elongate anchor shaft 132.
Anchor portion 130 is configured to expand from a first generally elongate configuration to
a second expanded configuration such that anchor portion 130 in the second expanded
configuration can be drawn tightly against the cardiac tissue wall at the target site when a

tensile force is applied to anchor portion 130.

As shown in Fig. 1, anchor 120 comprises a sleeve 124 surrounding at least a portion
of elongate anchor shaft 132, and the one or more discs 126 are integral with sleeve 124

and coupled to elongate anchor shaft 132 via sleeve 124.

For some applications of the present invention discs 126 comprise porous material.
For some applications, discs 126 comprise a bio-polymer. For some applications of the
present invention, discs 126 comprise a material configured to elute a therapeutic agent.
For some applications of the present invention, discs 126 are coated with a therapeutic
agent. For applications in which discs 126 are configured to elute a therapeutic agent or are
coated with a therapeutic agent, the therapeutic agent comprises, for example, a fibrosis-
enhancing drug, an agent which promotes tissue growth, a clotting agent, an anti-
inflammatory, and/or an antibiotic. For some applications, discs 126 comprise a hydrogel.
For some applications of the present invention in which discs 126 comprise the hydrogel,
the nature and composition of the hydrogel is such that it expands and/or swells upon
contact with blood or fluid in order to increase the diameter of discs 126, thereby increasing
surface area interaction between discs 126 and surrounding tissue as well as improving the
overall hemostatic effect of discs 126. Typically, one or more discs 126 comprise two or
more discs (e.g., 3 or more discs or 5 or more discs, such as exactly 5 discs, as shown in
Figs. 1 and 2 by way of illustration and not limitation). As shown, the two or more discs

126 are arranged coaxially along elongate anchor shaft 132.

Typically, discs 126 are deformable when hemostatic tissue anchor 120 is disposed

within the catheter for delivery to the target site.

For some applications, sleeve 124 and discs 126 are fabricated from a single piece.
For other applications, sleeve 124 and discs 126 are fabricated individually and

subsequently fixed together during assembly of anchor 120.

For some applications, sleeve 124 and discs 126 are axially compressible and

expandable.

10



WO 2019/089262 PCT/US2018/056893

10

15

20

25

30

For some application, hemostatic tissue anchor 120 defines a first tissue anchor 131
and anchor system 150 comprises a second tissue anchor 133 separate and distinct from
hemostatic tissue anchor 120. As shown, second tissue anchor 133 is couplable to
hemostatic tissue anchor 120 by tether 152. For some applications of the present invention,
second tissue anchor 133 is coupled to hemostatic tissue anchor 120 by tether 152. For
some applications, such as shown in Fig. 1, second tissue anchor 133 comprises a stent 135.
For example, second tissue anchor 133 may implement techniques described in one or more
of the following applications, which are incorporated herein by reference: US Patent
Application Publication 2011/0184510, US Patent Application Publication 2012/0035712,
US Patent Application Publication 2013/0018459, US Patent Application Publication
2013/0046380, and/or PCT Publication WO 2014/141239. It is to be noted that for some
applications of the present invention, second tissue anchor 133 may comprise any suitable
tissue anchor known in the art, e.g., a helical anchor. It is to be noted that any suitable
number of tissue anchors may be coupled or couplable to hemostatic tissue anchor 120 by

one or more tethers that include tether 152.

It is to be noted that hemostatic tissue anchor 120 may be provided independently
of flexible elongate tension member 146, as is described hereinbelow with reference to Figs.

7 and 8.

Reference is now made to Fig. 2, which is a schematic illustration of hemostatic
tissue anchor 120 deployed through a myocardial tissue wall 60, in accordance with an
application of the present invention. Although in Fig. 2 hemostatic tissue anchor 120 is
shown deployed through a myocardial tissue wall, hemostatic tissue anchor 120 may also
be deployed through other cardiac tissue walls, such as the interatrial septum, either at or
not at the fossa ovalis, or through other non-cardiac tissue walls. Indeed, the tissue anchors
described herein may be deployed in any number of bodily locations where it is desired to

anchor into or behind tissue for purposes of moving such tissue relative to adjacent tissue.

Typically, but not necessarily, hemostatic tissue anchor 120 is delivered to a target
site, such as a cardiac chamber, in an unexpanded generally elongate configuration within
a deployment tool 170, which may comprise a catheter. During the delivery, discs 126 are
deformable within tool 170 (e.g., within the catheter) for delivery to the target site. The
cardiac chamber may be a right atrium 164 (as shown), a right ventricle 166 (configuration
not shown), a left atrium (configuration not shown), or a left ventricle (configuration not

shown). In one application, a hollow needle (not shown) is used to puncture through a first
11
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side of a myocardial tissue wall 160 and visceral pericardium 182 (which is part of the
epicardium), avoiding vasculature such as the right coronary artery (RCA) 178. For some
applications, deployment tool 170 is then further directed into the pericardial cavity 180
between visceral pericardium 182 and parietal pericardium 184, carefully avoiding

puncturing parietal pericardium 184 and fibrous pericardium 186.

As shown, anchor portion 130 expands on the second side of myocardial tissue wall
160, thereby anchoring hemostatic tissue anchor 120 to myocardial tissue wall 160. Anchor
portion 130 is shaped as an open loop coil having, in some applications, more than one coil
revolution when the tissue anchor is unconstrained, i.e., expanded from a linear state to a
coiled state. That is, when anchor portion 130 expands from a first generally elongate
configuration to a second expanded configuration, portion 130 recovers to a generally
coiled configuration, as shown. Anchor portion 130, when expanded, defines a generally

planar structure orthogonal to the elongate anchor shaft 132.

Once hemostatic tissue anchor 120 has been anchored to myocardial tissue wall 160
at the target site, expanded anchor portion 130 is tightly drawn against the second side of
myocardial tissue wall 160 at the target site by applying a tensile force, using tether 152, to
anchor portion 130 and thus to myocardial tissue wall 160. Application of the tensile force

partially compresses expanded anchor portion 130.

For some applications, after application of the tensile force, all or a portion of anchor
portion 130 rests against the second side of myocardial tissue wall 160, generally helping
prevent possible inadvertent cutting of myocardial tissue wall 160 by flexible elongate
tension member 146. For some applications, anchor portion 130 is delivered through
myocardial tissue wall 160, into pericardial cavity 180, generally alongside and against
parietal pericardium 184, without penetrating the parietal pericardium 184. For some
applications, a second tissue anchor is implanted, separate and distinct from hemostatic

tissue anchor 120.

Reference is made to Figs. 1 and 2. For some applications, anchor portion 130
comprises a tip 188, which is fixed to a distal end of a wire 189 of anchor portion 130. Tip
188, at a widest longitudinal site along tip 188, has a greatest outer cross-sectional area that
equals at least 150% (e.g., at least 200%, or at least 300%) of an average cross-sectional
area of wire 189. (The cross-sectional area of tip 188 is measured perpendicular to a central

longitudinal axis of tip 188. Similarly, the cross-sectional area of wire 189 is measured
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perpendicular to a central longitudinal axis of the wire, and is not a cross-sectional area of
anchor portion 130.) Tip 188 temporarily serves as an atraumatic distal end of the hollow
needle of deployment tool 170 when the tip is removably coupled to a distal end of the

hollow needle. Wire 189 may be solid or hollow (i.e., tubular).

As shown in Fig. 2, discs 126 are implanted entirely within myocardial tissue wall
160 (e.g., within the myocardial tissue wall) and act as a hemostatic seal of an opening
through myocardial tissue wall 160, through which opening elongate anchor shaft 132 is

disposed.

Reference is now made to Figs. 3-4, which are schematic illustrations of a
hemostatic tissue anchor 220, in accordance with some applications of the present
invention. Except as described below, hemostatic tissue anchor 220 is generally similar to
hemostatic tissue anchor 120, described hereinabove with reference to Figs. 1 and 2 and

like reference numerals refer to like parts.

Anchor 220 is deliverable within a catheter (not shown) to a target site and is
configured to be anchor to a cardiac tissue wall at the target site. Anchor portion 130 is
supported by generally elongate anchor shaft 132 releasably securable to the catheter.
Anchor portion 130 positioned at a distal end of generally elongate anchor shaft 132.
Anchor portion 130 is configured to expand from a first generally elongate configuration to
a second expanded configuration such that anchor portion 130 in the second expanded
configuration can be drawn tightly against the cardiac tissue wall at the target site when a

tensile force is applied to anchor portion 130.

Anchor head 196 of anchor 220 comprises a sealing element 222, which is sized and
shaped to be inserted with anchor head 196 into an incision through the cardiac tissue wall.
Sealing element 222, along with at least a portion of anchor head 196, remains in the
incision upon completion of the implantation of hemostatic tissue anchor 220. Sealing
element 222 promotes hemostasis to provide sealing of the incision. For some applications,
sealing element 222 comprises one or more discs 226 surrounding shaft 132. Typically,
discs 226 are soft and flexible and are configured to be disposed entirely within the cardiac

tissue wall at the target site, as shown in Fig. 4.

Discs 226 are directly coupled to shaft 132 and, unlike anchor 120 of Figs. 1-2,

anchor 220 does not comprise sleeve 124.
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For some applications of the present invention discs 226 comprise porous material.
For some applications, discs 226 comprise a bio-polymer. For some applications of the
present invention, discs 226 comprise a material configured to elute a therapeutic agent.
For some applications of the present invention, discs 226 are coated with a therapeutic
agent. For applications in which discs 226 are configured to elute a therapeutic agent or are
coated with a therapeutic agent, the therapeutic agent comprises, for example, a fibrosis-
enhancing drug, an agent which promotes tissue growth, a clotting agent, an anti-
inflammatory, and/or an antibiotic. For some applications, discs 226 comprise a hydrogel.
For some applications of the present invention in which discs 226 comprise the hydrogel,
the nature and composition of the hydrogel is such that it expands and/or swells upon
contact with blood or fluid in order to increase the diameter of discs 226, thereby increasing
surface area interaction between discs 226 and surrounding tissue as well as improving the
overall hemostatic effect of discs 226. Typically, one or more discs 226 comprise two or
more discs (e.g., 3 or more discs or 5 or more discs, such as exactly 11 discs, as shown in
Figs. 3 and 4 by way of illustration and not limitation). As shown, the two or more discs

226 are arranged coaxially along elongate anchor shaft 132.

Typically, discs 226 are deformable when hemostatic tissue anchor 220 is disposed

within the catheter for delivery to the target site.

As shown in Fig. 4, discs 226 are implanted entirely within myocardial tissue wall
160 (e.g., within the myocardial tissue wall) and act as a hemostatic seal of an opening
through myocardial tissue wall 160, through which opening elongate anchor shaft 132 is

disposed.

Reference is now made to Figs. 5 and 6A-B, which are schematic illustrations of a
hemostatic tissue anchor 320, in accordance with some applications of the present
invention. Except as described below, hemostatic tissue anchor 320 is generally similar to
hemostatic tissue anchor 120, described hereinabove with reference to Figs. 1 and 2 and

like reference numerals refer to like parts.

Anchor 320 is deliverable within a catheter (not shown) to a target site and is
configured to be anchor to a cardiac tissue wall at the target site. Anchor portion 130 is
supported by generally elongate anchor shaft 132 releasably securable to the catheter.
Anchor portion 130 positioned at a distal end of generally elongate anchor shaft 132.

Anchor portion 130 is configured to expand from a first generally elongate configuration to
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a second expanded configuration such that anchor portion 130 in the second expanded
configuration can be drawn tightly against the cardiac tissue wall at the target site when a

tensile force is applied to anchor portion 130.

Anchor head 196 of anchor 320 comprises a sealing element 322, which is sized and
shaped to be inserted with anchor head 196 into an incision through the cardiac tissue wall.
Sealing element 322, along with at least a portion of anchor head 196, remains in the
incision upon completion of the implantation of hemostatic tissue anchor 320. Sealing
element 322 promotes hemostasis to provide sealing of the incision. For some applications,
sealing element 322 comprises one or more discs 326 surrounding shaft 132. Typically,
discs 326 are rigid and are configured to be disposed entirely within the cardiac tissue wall

at the target site, as shown in Figs. 6A-B.

As shown, discs 326 are coupled to a collar 330 which surrounds shaft 132. For

some applications, discs 326 are directly coupled to shaft 132 (not shown).

Each disc 326 is shaped to as to define a flat surface 334 at a distal end thereof and
a tapered surface 336 at a proximal end thereof. Flat surface 334 is closer to anchor portion
130 than tapered surface 336 is to anchor portion 130. Tapered surface 336 narrows in a
proximal direction away from flat surface 334 along a longitudinal axis of anchor 320. The
function of each of surfaces 334 and 336 is described hereinbelow with reference to Figs.

6A-B.

For some applications, discs 326 comprise a bio-polymer. For some applications of
the present invention, discs 326 comprise a material configured to elute a therapeutic agent.
For some applications of the present invention, discs 326 are coated with a therapeutic
agent. For applications in which discs 326 are configured to elute a therapeutic agent or are
coated with a therapeutic agent, the therapeutic agent comprises, for example, a fibrosis-
enhancing drug, an agent which promotes tissue growth, a clotting agent, an anti-
inflammatory, and/or an antibiotic. Typically, one or more discs 326 comprise two or more
discs (e.g., 3 or more discs or 5 or more discs, such as exactly 3 discs, as shown in Figs. 5
and 6A-B by way of illustration and not limitation). As shown, the two or more discs 326

are arranged coaxially along elongate anchor shaft 132.

Typically, discs 326 are rigid. For some applications, discs 326 are soft and flexible
and are deformable when hemostatic tissue anchor 320 is disposed within the catheter for

delivery to the target site.
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As shown in Fig. 6B, discs 326 are implanted entirely within myocardial tissue wall
160 (e.g., within the myocardial tissue wall) and act as a hemostatic seal of an opening
through myocardial tissue wall 160, through which opening elongate anchor shaft 132 is

disposed.

As shown in Fig. 6A, anchor 320 is delivered to cardiac tissue while discs 326 are
protected within an overtube 340. As anchor 320 is delivered, overtube 340 pushes away
cardiac tissue laterally from the longitudinal axis of anchor 320. Once anchor 320 is
properly positioned within the cardiac tissue in a manner in which sealing element 322 is
disposed entirely within the cardiac tissue, overtube 340 is gradually retracted proximally
(as shown in Fig. 6A) so as to expose discs 326. Typically, since discs 326 are rigid, as
discs 326 are exposed from within overtube 340, the cardiac tissue closes around the discs

326 and, thereby, discs 326 function as a hemostatic seal.

Once sealing element 322 is appropriately positioned within the cardiac tissue, as
shown in Fig. 6B, tensile force can be applied to hemostatic tissue anchor 320 via tether
152 and flexible elongate tension member 146. Tapered surfaces 336 of discs 326
accommodates the tensile force tether 152 may have on the cardiac tissue during the
application of tensile force to hemostatic tissue anchor 320 via tether 152. It is to be noted
that most of the tensile force, however, is applied to anchor portion 130 via tension member
146. Tapered surfaces 336 are so tapered so as to provide an atraumatic interface between
discs 326 and surrounding cardiac tissue, in particular, during the application of the tensile
forces by tether 152. Flat surfaces 334 of discs 326 prevent distal migration of anchor 320.
In particular, flat surfaces 334 of discs 326 prevent distal migration of sealing element 322
toward pericardial cavity 180. Such distal migration of sealing element 322 may occur
responsively to the tensile force applied by anchor portion 130 to the proximal portions of
anchor 320 in the proximal direction once tether 152 has applied tension to anchor portion
130.

Reference is now made to Figs. 1 and 3-6B. It is to be noted that the scope of the
present invention includes anchor systems 150 of Figs. 3-6B comprising a second tissue

anchor 133, as described hereinabove with reference to Fig. 1.

Reference is now made to Fig. 7, which is a schematic illustration of a hemostatic
tissue anchor 420, in accordance with some applications of the present invention. Except

as described below, hemostatic tissue anchor 420 is generally similar to hemostatic tissue
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anchor 320, described hereinabove with reference to Figs. 5 and 6A-B, and like reference
numerals refer to like parts. As shown, anchor portion 130 comprises a tissue-coupling
element 128, which extends from a distal end of shaft 132. For some applications, shaft
132 and tissue-coupling element 128 are integral to one another; for example, shaft 132 and

tissue-coupling element 128 may comprise a wire.

For some applications, one or more tethers 152 are provided, which are configured
to be coupled to tissue anchor 420, such as to anchor head 196 (e.g., to collars 197, such as
to proximal collar 197B, as shown); for example, one of the one or more tethers 152 may
be fixed to head collar 197B. As shown in Section C-C, proximal collar 197B is shaped so
as to define a coupling 422 around which a portion of tether 152 is looped in order to affix
and couple tether 152 to hemostatic tissue anchor 420 such that tensile force can be applied
to hemostatic tissue anchor 420 via tether 152. In such a configuration, a portion of tether
152 is looped with respect to coupling 422 in order to affix and directly couple tether 152
to hemostatic tissue anchor 420. For such applications, an anchor system 150 is provided
that comprises hemostatic tissue anchor 420 and tether 152 affixed to anchor 420 such that

the tensile force can be applied directly to hemostatic tissue anchor 420 via tether 152.

For some application, hemostatic tissue anchor 420 defines a first tissue anchor 131
and anchor system 150 comprises a second tissue anchor 133 separate and distinct from
hemostatic tissue anchor 420. As shown, second tissue anchor 133 is couplable to
hemostatic tissue anchor 420 by tether 152. For some applications of the present invention,
second tissue anchor 133 is coupled to hemostatic tissue anchor 420 by tether 152. For
some applications, such as shown in Fig. 1, second tissue anchor 133 comprises a stent 135.
For example, second tissue anchor 133 may implement techniques described in one or more
of the following applications, which are incorporated herein by reference: US Patent
Application Publication 2011/0184510, US Patent Application Publication 2012/0035712,
US Patent Application Publication 2013/0018459, US Patent Application Publication
2013/0046380, and/or PCT Publication WO 2014/141239. It is to be noted that for some
applications of the present invention, second tissue anchor 133 may comprise any suitable
tissue anchor known in the art, e.g., a helical anchor. It is to be noted that any suitable
number of tissue anchors may be coupled or couplable to hemostatic tissue anchor 420 by

one or more tethers that include tether 152.

For some applications, a deployment tool (not shown) is used to constrain tissue-

coupling element 128 while delivering tissue-coupling element 128 through tissue.
17
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Typically, during delivery, the deployment tool is configured to hold tissue-coupling
element 128 in an elongated configuration, which may be straight or curvy. For some
applications, the deployment tool comprises a shaft shaped so as to define a lumen, such as
a hypodermic needle. The lumen is sized to hold tissue-coupling element 128 constrained
therein, and, optionally, to hold other portions of tissue anchor 420 therein, such as shaft

132 and/or head 196.

For some applications, tissue-coupling element 128 is fixed to a distal end of a wire

189 of anchor portion 130.

Fig. 7 shows tissue-coupling element 128 of tissue anchor 420 unconstrained by a
deployment tool. For some applications, anchor portion 130, once expanded on the second
side of the cardiac tissue wall, assumes a shape generally orthogonal to anchor head 196,
although it need not be orthogonal. Tissue-coupling element 128 is configured to have a
predetermined shape when unconstrained by deployment tool 30. For example, tissue-
coupling element 128 may comprise a shape-memory material, such as a shape-memory
alloy, e.g., Nitinol. Thus, tissue-coupling element 128 automatically transitions to the
predetermined shape when released from being constrained by the deployment tool to being

unconstrained by the deployment tool.

It is to be noted that tissue-coupling element 128 may be similar or identical to
tissue-coupling element 128 described in above-mentioned PCT Publication WO

2016/087934.

Reference is now made to Fig. 8, which is a schematic illustration of a hemostatic
tissue anchor 520, in accordance with some applications of the present invention. Except
as described below, hemostatic tissue anchor 520 is generally similar to hemostatic tissue
anchor 420, described hereinabove with reference to Fig. 7, and like reference numerals
refer to like parts. As shown, anchor portion 130 comprises a helical tissue anchor 522,
which extends from a distal end of shaft 132. For some applications, shaft 132 and helical
tissue anchor 522 are integral to one another; for example, shaft 132 and helical tissue

anchor 522 may comprise a wire.

Reference is now made to Figs. 1-8. It is to be noted that anchor system 150 and
hemostatic tissue anchors described herein with reference to Figs. 1-6B may be provided

independently of flexible elongate tension member 146, as is described hereinbelow with
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reference to Figs. 7 and 8. In such applications, tether 152 is affixed to the hemostatic tissue

anchor such that tensile force can be applied to the hemostatic tissue anchor via the tether.

Reference is again made to Figs. 1-8. It is to be noted that for some applications of
the present invention, first and second tissue anchors 131 and 133 may comprise any
suitable tissue anchor known in the art, e.g., a helical anchor. It is to be further noted that
any suitable number of tissue anchors may be coupled or couplable to hemostatic tissue

anchor 120 by one or more tethers that include tether 152.

Referenceis yet again made to Figs. 1-8. Itis to be noted that apparatus and methods
described herein may be used to repair a cardiac valve of a patient. For example, apparatus
and methods described herein may be used to repair a tricuspid valve of a patient using

techniques described in above-mentioned PCT Publication WO 2016/087934.

The scope of the present invention includes embodiments described in the following
applications, which are assigned to the assignee of the present application and are
incorporated herein by reference. For some applications, techniques and apparatus
described in one or more of the following applications are combined with techniques and
apparatus described herein: US Patent 8,475,525 to Maisano et al.; US Patent 8,961,596 to
Maisano et al.; US Patent 8,961,594 to Maisano et al.; PCT Publication WO 2011/089601;
US Patent 9,241,702 to Maisano et al.; US Provisional Application 61/750,427, filed
January 9, 2013; US Provisional Application 61/783,224, filed March 14, 2013; US
Provisional Application 61/897,491, filed October 30, 2013; US Provisional Application
61/897,509, filed October 30, 2013; US Patent 9,307,980 to Gilmore et al.; PCT Publication
WO 2014/108903; PCT Publication WO 2014/141239; US Provisional Application
62/014,397, filed June 19, 2014; PCT Publication WO 2015/063580; US Patent Application
Publication 2015/0119936; US Provisional Application 62/086,269, filed December 2,
2014; US Provisional Application 62/131,636, filed March 11, 2015; US Provisional
Application 62/167,660, filed May 28, 2015; PCT Publication WO 2015/193728; PCT
Publication WO 2016/087934; US Patent Application Publication 2016/0235533; US
Patent Application Publication 2016/0242762; PCT Publication WO 2016/189391; US
Patent Application Publication 2016/0262741; US Provisional Application 62/376,685,
filed August 18, 2016; US Provisional Application 62/456,206, filed February 8, 2017; US
Provisional Application 62/456,202, filed February 8, 2017; US Provisional Application
62/465,410, filed March 1, 2017; and US Provisional Application 62/465,400, filed March

1,2017.
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Patents and patent application publications incorporated by reference in the present
patent application are to be considered an integral part of the application except that to the
extent any terms are defined in these incorporated patents and patent application
publications in a manner that conflicts with the definitions made explicitly or implicitly in
the present specification, only the definitions in the present specification should be
considered.

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 hereinabove, 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.

20



WO 2019/089262 PCT/US2018/056893

10

15

20

25

30

CLAIMS

1. A hemostatic tissue anchor deliverable within a catheter to a target site, the
hemostatic tissue anchor configured to be anchored to a cardiac tissue wall at the target site,
the hemostatic tissue anchor comprising:

an anchor portion supported by a generally elongate anchor shaft releasably
securable to the catheter, the anchor portion positioned at a distal end of the
generally elongate anchor shaft, the anchor portion configured to expand from a first
generally elongate configuration to a second expanded configuration such that the
anchor portion in the second expanded configuration can be drawn tightly against
the cardiac tissue wall at the target site when a tensile force is applied to the anchor
portion; and

one or more discs coupled to the elongate anchor shaft, the one or more discs
surrounding the elongate anchor shaft, the one or more discs being configured to be
disposed entirely within the cardiac tissue wall at the target site,

whereby, once the one or more discs are implanted entirely within the cardiac tissue
wall at the target site, the one or more discs act as a hemostatic seal of an opening through

the cardiac tissue wall, through which opening the elongate anchor shaft is disposed.

2. The hemostatic tissue anchor according to Claim 1, wherein the one or more

discs are soft and flexible.

3. The hemostatic tissue anchor according to Claim 1, wherein the one or more

discs are rigid.

4, The hemostatic tissue anchor according to any one of Claims 1-3, further
comprising a sleeve surrounding at least a portion of the elongate anchor shaft, and wherein
the one or more discs are integral with the sleeve and coupled to the elongate anchor shaft

via the sleeve.

5. The hemostatic tissue anchor according to any one of Claims 1-3, wherein

the one or more discs are directly coupled to the elongate anchor shaft.

6. The hemostatic tissue anchor according to any one of Claims 1-3, wherein

the one or more discs comprise porous material.

7. The hemostatic tissue anchor according to any one of Claims 1-3, wherein

the one or more discs comprise a bio-polymer.
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8. The hemostatic tissue anchor according to any one of Claims 1-3, wherein:

each one of the one or more discs is shaped so as to define a flat surface and a
tapered surface,

the flat surface is closer to the anchor portion than the tapered surface is to the
anchor portion, and

the tapered surface narrows in a proximal direction away from the flat surface.

9. The hemostatic tissue anchor according to any one of Claims 1-3, wherein

the one or more discs comprise a material that is configured to elute a therapeutic agent.

10. The hemostatic tissue anchor according to any one of Claims 1-3, wherein

the one or more discs are coated with a therapeutic agent.

11. The hemostatic tissue anchor according to any one of Claims 1-3, wherein

the one or more discs comprise a hydrogel.

12. The hemostatic tissue anchor according to Claim 11, wherein the hydrogel

comprises a hydrogel that is configured to expand upon contact with fluid.

13. The hemostatic tissue anchor according to any one of Claims 1-3, wherein

the one or more discs comprise two or more discs.

14. The hemostatic tissue anchor according to Claim 13, wherein the two or

more discs are arranged coaxially along the elongate anchor shaft.

15. The hemostatic tissue anchor according to any one of Claims 1-3, wherein
the one or more discs are deformable when the hemostatic tissue anchor is disposed within

the catheter for delivery to the target site.

16. The hemostatic tissue anchor according to any one of Claims 1-3, wherein
the cardiac tissue wall is a myocardial tissue wall, and wherein the one or more discs are

configured to be implanted entirely within the myocardial tissue wall.

17. The hemostatic tissue anchor according to Claim 16, wherein the anchor
portion is configured to be implanted in the pericardial cavity between visceral pericardium
and parietal pericardium, generally alongside and against the parietal pericardium, without

penetrating the parietal pericardium.

18. The hemostatic tissue anchor according to any one of Claims 1-3, wherein
the anchor portion, when expanded, defines a generally planar structure orthogonal to the

elongate anchor shaft.
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19. An anchor system comprising the hemostatic tissue anchor according to
Claim 1, wherein the anchor system further comprises a tether affixed to the hemostatic
tissue anchor such that tensile force can be applied to the hemostatic tissue anchor via the

tether.

20. The anchor system according to Claim 19, wherein the hemostatic tissue
anchor further comprises an elongate tension member coupled to a portion of the anchor
portion and wherein the tether is affixed to the elongate tension member such that the tensile

force can be applied to the anchor portion via the tether and the elongate tension member.

21.  The anchor system according to Claim 19, further comprising a second

tissue anchor separate and distinct from the hemostatic tissue anchor.

22.  The anchor system according to Claim 21, wherein the second tissue anchor

is couplable to the hemostatic tissue anchor by the tether.

23.  The anchor system according to Claim 21, wherein the second tissue anchor

is coupled to the hemostatic tissue anchor by the tether.

24, A method for anchoring a hemostatic tissue anchor to a cardiac tissue wall
at a target site, the method comprising:
delivering, to a cardiac chamber, the hemostatic tissue anchor within a
catheter, the hemostatic tissue anchor configured to be anchored to a cardiac tissue
wall at the target site and the hemostatic tissue anchor including:
an anchor portion supported by a generally elongate anchor shaft
releasably securable to the catheter, the anchor portion positioned at a distal
end of the generally elongate anchor shaft, the anchor portion configured to
expand from a first generally elongate configuration to a second expanded
configuration such that the anchor portion in the second expanded
configuration can be drawn tightly against the cardiac tissue wall at the
target site when a tensile force is applied to the anchor portion; and
one or more discs coupled to the elongate anchor shaft, the one or
more discs surrounding the elongate anchor shaft, the one or more discs
being configured to be disposed entirely within the cardiac tissue wall at the
target site;
delivering the anchor portion in an unexpanded generally elongate

configuration through the cardiac tissue wall from a first side of the wall to a second
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side of the wall, such that the anchor portion expands on the second side of the
cardiac tissue wall, thereby anchoring the tissue anchor to the cardiac tissue wall at
the target site; and

positioning the one or more discs entirely within the cardiac tissue wall at
the target site whereby, once the one or more discs are implanted entirely within the
cardiac tissue wall at the target site, the one or more discs act as a hemostatic seal
of an opening through the cardiac tissue wall, through which opening the elongate

anchor shaft is disposed.

25.  The method according to Claim 24, wherein the one or more discs are soft

and flexible.
26.  The method according to Claim 24, wherein the one or more discs are rigid.

27.  The method according to Claim 24, wherein delivering the hemostatic tissue
anchor comprises delivering the hemostatic tissue anchor while the one or more discs are

deformed within the catheter for deliver to the cardiac site.

28. The method according to Claim 24, wherein delivering the anchor portion
in the unexpanded generally elongate configuration through the cardiac tissue wall
comprises delivering the anchor portion such that the anchor portion, when expanded,

defines a generally planar structure orthogonal to the elongate anchor shaft.

29. The method according to Claim 24, wherein the cardiac tissue is a
myocardial tissue wall, and wherein delivering the anchor portion in the unexpanded
generally elongate configuration through the cardiac tissue wall comprises delivering the
anchor portion through the cardiac tissue wall into the pericardial cavity between visceral
pericardium and parietal pericardium, generally alongside and against the parietal

pericardium, without penetrating the parietal pericardium.

30.  The method according to Claim 24, further including a sleeve surrounding
at least a portion of the elongate anchor shaft, and wherein the one or more discs are integral

with the sleeve and coupled to the elongate anchor shaft via the sleeve.

31.  The method according to Claim 24, wherein the one or more discs are

directly coupled to the elongate anchor shaft.

32, The method according to Claim 24, wherein:
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each one of the one or more discs is shaped so as to define a flat surface and a
tapered surface,

the flat surface is closer to the anchor portion than the tapered surface is to the
anchor portion, and

the tapered surface narrows in a proximal direction away from the flat surface.

33.  The method according to Claim 24, wherein the one or more discs include
porous material.
34.  The method according to Claim 24, wherein the one or more discs include a

bio-polymer.

35.  The method according to Claim 24, wherein the one or more discs include a

material that is configured to elute a therapeutic agent.

36.  The method according to Claim 24, wherein the one or more discs are coated

with a therapeutic agent.

37.  The method according to Claim 24, wherein the one or more discs include a

hydrogel.

38. The method according to Claim 37, wherein the hydrogel includes a

hydrogel that is configured to expand upon contact with fluid.

39.  The method according to Claim 24, wherein the one or more discs include

two or more discs.

40.  The method according to Claim 39, wherein the two or more discs are

arranged coaxially along the elongate anchor shaft.

41.  The method according to Claim 24, wherein delivering the hemostatic tissue
anchor comprises delivering the hemostatic tissue anchor affixed to a tether, and wherein
the method further comprises applying tensile force to the hemostatic tissue anchor via the

tether.

42. The method according to Claim 41, wherein the cardiac tissue is a
myocardial tissue wall, and wherein delivering the anchor portion in the unexpanded
generally elongate configuration through the cardiac tissue wall comprises delivering the
anchor portion through the cardiac tissue wall into the pericardial cavity between visceral
pericardium and parietal pericardium, generally alongside and against the parietal

pericardium, without penetrating the parietal pericardium.
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43. The method according to Claim 42, wherein applying the tensile force

comprises applying the tensile force to the myocardial tissue wall.

44, The method according to Claim 41, wherein delivering the hemostatic tissue
anchor affixed to the tether comprises delivering the hemostatic tissue anchor that includes
an elongate tension member coupled to a portion of the anchor portion, the tether being
affixed to the elongate tension member, and wherein the method further includes applying

the tensile force to the anchor portion via the tether and the elongate tension member.

45, The method according to Claim 41, further comprising implanting a second

tissue anchor that is separate and distinct from the hemostatic tissue anchor.

46. The method according to Claim 45, further comprising coupling the tether

to the hemostatic tissue anchor.

47.  The method according to Claim 45, wherein the second tissue anchor is

coupled to the hemostatic tissue anchor by the tether.
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AL) 31 January 2002 (2002-01-31)
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Further documents are listed in the continuation of Box C.

See patent family annex.
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"E" earlier application or patent but published on or after the international
filing date
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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
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Name and mailing address of the ISA/
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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. Claims Nos.: 24-47
because they relate to subject matter not required to be searched by this Authority, namely:
Rule 39.1(iv) PCT - Method for treatment of the human or animal body by
surgery
Rule 39.1(iv) PCT - Method for treatment of the human or animal body by
therapy

2. Claims Nos.:

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:

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:

-

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 SEARCH REPORT

Information on patent family members

International application No

PCT/US2018/056893
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2016087934 Al 09-06-2016  CN 106999178 A 01-08-2017
EP 3068311 Al 21-09-2016
EP 3284412 Al 21-02-2018
JP 2017536172 A 07-12-2017
US 2016262741 Al 15-09-2016
US 2017209137 Al 27-07-2017
US 2017273681 Al 28-09-2017
WO 2016087934 Al 09-06-2016

US 2002013571 Al 31-01-2002 AT 443479 T 15-10-2009
AU 2002316473 B2 01-05-2008
CA 2451802 Al 09-01-2003
EP 1408850 A2 21-04-2004
JP 4253582 B2 15-04-2009
JP 2004531337 A 14-10-2004
US 2002013571 Al 31-01-2002
US 2004225300 Al 11-11-2004
US 2008183194 Al 31-07-2008
US 2011307055 Al 15-12-2011
US 2015223793 Al 13-08-2015
WO 03001893 A2 09-01-2003

US 2006142797 Al 29-06-2006  NONE

US 2014100604 Al 10-04-2014 US 2014100604 Al 10-04-2014
US 2016000461 Al 07-01-2016

US 2008071310 Al 20-03-2008  NONE

US 2015238340 Al 27-08-2015 EP 1750595 A2 14-02-2007
us 8012140 Bl 06-09-2011
US 2006020247 Al 26-01-2006
US 2006206063 Al 14-09-2006
US 2006206064 Al 14-09-2006
US 2006293742 Al 28-12-2006
US 2007198074 Al 23-08-2007
US 2012209164 Al 16-08-2012
US 2012232459 Al 13-09-2012
US 2015238340 Al 27-08-2015
WO 2005110280 A2 24-11-2005

WO 2014164605 Al 09-10-2014 AU 2014249201 Al 24-09-2015
CA 2899244 Al 09-10-2014
CN 105636525 A 01-06-2016
EP 2967553 Al 20-01-2016
JP 6441300 B2 19-12-2018
JP 2016512071 A 25-04-2016
SG 11201507297Q A 29-10-2015
US 2014364862 Al 11-12-2014
US 2015351740 Al 10-12-2015
US 2015351759 Al 10-12-2015
US 2018116661 Al 03-05-2018
WO 2014164605 Al 09-10-2014

US 6508828 Bl 21-01-2003  NONE

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




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - wo-search-report
	Page 39 - wo-search-report
	Page 40 - wo-search-report
	Page 41 - wo-search-report

