wo 20107135462 A1 I 10K OO 0O

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

ot VAP,
(19) World Intellectual Property Organization /g3 [} 11N 0000 1.0 00 00O 0 0 0
ernational Bureau V,& ‘ ) |
. . . ME' (10) International Publication Number
(43) International Publication Date \,!:,: #
25 November 2010 (25.11.2010) WO 2010/135462 Al
(51) International Patent Classification: (74) Agent: JENSEN, Bradley, B.; Holland & Hart LLP, 222
A61B 17/00 (2006.01) S. Main Street, Suite 2200, Salt Lake City, Utah 84101
(US).

(21) International Application Number:
PCT/US2010/035464 (81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(22) International Filing Date: AO, AT, AU, AZ, BA, BB, BG, BIL BR, BW, BY, BZ
19 May 2010 (19.05.2010) CA. CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

(25) Filing Language: English DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
. HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

(26) Publication Language: English KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(30) Priority Data: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
61/179,640 19 May 2009 (19.05.2009) US NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
61/260,334 11 November 2009 (11.11.2009) US SE, 8G, SK, SL, SM, ST, SV, §Y, TH, TJ, TM, TN, TR,

TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant (for all designated States except US): CO- . L
HEREX MEDICAL, INC. [US/US], 3598 West 1820 (84) Des1gnated States (MI’ZIQSS otherwise lndlcated, fO}" every

South, Salt Lake City, Utah 84104 (US). kind of regional protection available): ARIPO (BW, GH,

GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,

(72) Inventors; and ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

(75) Inventors/Applicants (for US orly): LINDER, Richard, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

J. [US/US]; 7810 Chatsworth Court, Sandy, Utah 84093 EE, ES, FL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

(US). DAVIS, Clark, C. [US/US]; 6326 Crestmount LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,

Drive, Holladay, Utah 84121 (US). MILES, Scott, D. SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
[US/US]; 11732 South Brisbane Drive, Sandy, Utah GW, ML, MR, NE, SN, TD, TG).

84094 (US). FOX, DeWayne, C. [US/US]; 9532 South . )
4030 West, South Jordan, Utah 84095 (US). EDMIs- Y ublished:

TON, Daryl, R. [US/US]; 754 West Marsh Cove, Drap- —  with international search report (Art. 21(3))
er, Utah 84020 (US). EWELL, David, A. [US/US]; 8782

—  before the expiration of the time limit ding th
Dorilee Drive, West Jordan, Utah 84088 (US). cfore the expiration of the time limit for amending the

claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: DEVICES FOR REDUCING THE SIZE OF AN INTERNAL TISSUE OPENING

\ Y 754
\ 704

— (Rg/\ bl
728 755 734 \ 742 Ao s

752 745 752

FiG. 17

(57) Abstract: A medical system for treating an internal tissue opening can include a closure device and associated delivery de-
vice. The closure device can include a body portion operatively associated with a first anchor and a second anchor. The body por-
tion can include a plurality of segments defining a multi-cellular structure. The closure device can be configured to apply lateral
force to tissue of the internal tissue opening to bring tissue together. The closure device can have a substantially flat aspect, and
have a depth thickness that is substantially greater than the thickness or width of a majority of the members forming the closure
device to reduce out of plane bending. The closure device can also include a member adapted to induce tissue growth.



WO 2010/135462 PCT/US2010/035464
1

DEVICES FOR REDUCING THE SIZE OF AN INTERNAL TISSUE OPENING

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the benefit of U.S. Provisional Application No.
61,179,640, filed May 19, 2009, and U.S. Provisional Application No. 61/260,334 filed
November 11, 2009. The disclosures of each of the above-listed applications are hereby
incorporated in their entireties by reference herein.

[0002] The present application is additionally related to the following U.S. Patent
Applications: U.S. Patent Application No. 11/836,000 filed August &, 2007, U.S. Patent
Application No. 11/836,016 filed August 8, 2007, and U.S. Patent Application No. 11/836,123
filed August 8, 2007; U.S. Patent Application No. 11/836,037, filed on August 8, 2007; U.S.
Patent Application No. 11/836,051, filed on August 8, 2007; U.S. Patent Application No.
11/836,013, filed on August 8, 2007; U.S. Patent Application No. 11/836,026 filed on August 8,
2007; and U.S. Application No. 12/413,334 filed March 27, 2009. The disclosures of each of

the above-listed applications are hereby incorporated in their entireties by reference herein.

TECHNICAL FIELD
[0003] The present invention relates generally to medical devices and methods of use
for treating an internal tissue structure. More particularly, the present invention relates to

medical devices, systems, and methods for reducing the size of an internal tissue opening.

BACKGROUND

[0004] Physical malformations or defects that are present at birth can be detrimental
and even lethal when left uncorrected. A patent foramen ovale (“PFO”) is an example of a
cardiac birth defect that can be problematic and even result in death when combined with other
factors such as blood clots or other congenital heart defects. A PFO occurs when an opening
between the upper two chambers of the heart fail to close after birth.

[0005] Some of the problems associated with a PFO can occur when a blood clot
travels from the right to the left atria of the heart through the PFO, and lodges in an artery that
feeds blood to the brain. A blood clot in the left atrium can be passed through the aorta and
travel to the brain or other organs, and cause embolization, stroke, or a heart attack. A PFO can

be treated by being closed by a surgical procedure. Additionally, other similar defects (e.g.
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septal or otherwise) where some tissue needs to be closed in order to function properly can
include the general categories of atrial-septal defects (“ASDs”), ventricular-septal defects
(“VSDs”) and patent ductus arteriosus (“PDA”), and the like.

[0006] FIGS. 1A-1C depict various views of a heart having a PFO. The heart 10 is
shown in a cross-section view in FIG. 1A. In a normal heart 10, the right atrium 30 receives
systemic venous blood from the superior vena cava 15 and the inferior vena cava 25, and then
delivers the blood via the tricuspid valve 35 to the right ventricle 60. However, in the depicted
heart 10 a septal defect, which is shown as a PFO 50, is present between the right atrium 30 and
the left atrium 40.

[0007] The PFO 50 is depicted as an open flap on the septum between the heart's right
atrium 30 and left atrium 40. In a normal heart 10, the left atrium 40 receives oxygenated blood
from the lungs via pulmonary artery 75, and then delivers the blood to the left ventricle 80 via
the mitral valve 45. In a heart 10 having a PFO 50 some systemic venous blood can also pass
from the right atrium 30 through the PFO 50 and mixes with the oxygenated blood in left atrium
40, and then is routed to the body from left ventricle 80 via aorta 5.

[0008] During fetal development of the heart 10, the interventricular septum 70
divides the right ventricle 60 and left ventricle 80. In contrast, the atrium is only partially
partitioned into right and left chambers during normal fetal development, which results in a
foramen ovale fluidly connecting the right and left atrial chambers. As shown in FIG. 1B, when
the septum primum 52 incompletely fuses with the septum secundum 54 of the atrial wall, the
result can be a tunnel 58 depicted as a PFO 50.

[0009] FIG. 1C provides a view of the crescent-shaped, overhanging configuration of
the septum secundum 54 from within the right atrium 30 in a heart 10 having a PFO 50. The
septum secundum 54 is defined by its inferior aspect 55, corresponding with the solid line in
FIG. 1C, and its superior aspect 53 represented by the phantom line, which is its attachment
location to the septum primum 52. The septum secundum 54 and septum primum 52 blend
together at the ends of the septum secundum 54. The anterior end 56a and posterior end 56p are
referred to herein as "merger points" for the septum secundum 54 and septum primum 52. The
length of the overhang of the septum secundum 54, which is the distance between superior
aspect 53 and inferior aspect 55, increases towards the center portion of the septum secundum as
shown.

[0010] The tunnel 58 between the right atrium 30 and left atrium 40 is defined by

portions of the septum primum 52 and septum secundum 54 between the merger points 56a and
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56p which have failed to fuse. The tunnel 58 is often at the apex of the septum secundum 54 as
shown. When viewed within right atrium 30, the portion of the septum secundum 54 to the left
of tunnel 58, which is referred to herein as the posterior portion 57p of the septum secundum, is
longer than the portion of the septum secundum 54 to the right of tunnel 58, which is referred to
herein as the anterior portion 57a of the septum secundum 54. In addition to being typically
longer, the posterior portion 57p also typically has a more gradual taper than the anterior portion
57a as shown. The anterior pocket 59a is the area defined by the overhang of the anterior portion
57a of the septum secundum 54 and the septum primum 52, and it extends from the anterior
merger point 56a toward the tunnel 58. Similarly, the posterior pocket 59p is the area defined by
the overhang of the posterior portion 57p of septum secundum 54 and the septum primum 52,
and it extends from the posterior merger point 56p toward the tunnel 58.

[0011] Conventional treatments for PFO, and other related conditions have generally
involved invasive surgery, which also presents a risks to a patient. Although there are some less
invasive treatments for PFO, such treatments have been less efficient at closing the PFO opening

than techniques involving invasive surgery.

DISCLOSURE OF THE INVENTION

[0012] The invention relates to a medical system, devices and methods of use for
reducing the size of an internal tissue opening, such as a Patent Foramen Ovale ("PFO"). In one
embodiment of the invention, the medical system can include a closure device and an associated
delivery device. The medical system can be configured to enable a practitioner to selectively
position and deploy the closure device in an internal tissue opening to approximate, or in other
words bring together the tissue of the opening.

[0013] In accordance with one embodiment of the present invention, a medical device
deployable at least partially within a hole defined in a tissue structure between a first atrium and
a second atrium of a heart, the hole defining an axis oriented axially through the hole, is
provided. The medical device includes a frame configured to assume a substantially flat
configuration oriented substantially parallel to, or extending substantially along, the axis of the
hole when in an intended, as-deployed state within the tissue structure. The frame includes a
central portion with at least one proximal anchor and at least one distal anchor. The at least one
proximal anchor and the at least one distal anchor each configured to be substantially coplanar
with the central portion, and the at least one distal anchor configured to extend in the first atrium

and the at least one proximal anchor configured to extend in the second atrium. The at least one
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distal anchor including a plurality of anchor frame segments each extending from the central
portion.

[0014] In one embodiment, the at least one distal anchor includes a unitary multi-
cellular structure. In another embodiment, the plurality of anchor frame segments may include a
multi-cellular structure. Further, the plurality of anchor frame segments may include at least
three reinforced segments. Furthermore, the plurality of anchor frame segments may include at
least two anchor frame segments that extend from the central portion and are substantially
parallel to each other along at least a portion along their respective length. In addition, the at
least one distal anchor may include two distal anchors each with at least one reinforced segment,
the at least one reinforced segment for each of the two distal anchors each extend from a
location directly adjacent to each other.

[0015] In accordance with another embodiment of the present invention, a medical
device deployable at least partially within a hole defined in a tissue structure between a first
atrium and a second atrium of a heart, the hole defining an axis oriented axially through the hole,
is provided. The medical device includes a frame configured to assume a substantially flat
configuration oriented substantially parallel to, or extending substantially along, the axis of the
hole when in an intended, as-deployed state within the tissue structure. The frame includes a
central portion with at least one proximal anchor and at least one distal anchor. The at least one
proximal anchor and the at least one distal anchor each configured to be substantially coplanar
with the central portion. The at least one distal anchor configured to extend in the first atrium
and the at least one proximal anchor configured to extend in the second atrium. The at least one
proximal anchor including one or more engaging members having a wave-crest configuration.

[0016] In one embodiment, at least one of the engaging members include a base
portion, a peak portion and an edge portion. The base portion extends from the at least one
proximal anchor, the peak portion having a surface at a peak of the at least one engaging
member, and the edge portion extends from the peak portion. In another embodiment, the peak
portion includes an atraumatic surface.

[0017] In another embodiment, the medical device includes a tissue growth member
configured to be thermally attached to the frame. In still another embodiment, the medical
device includes multiple clips extending from portions of the central portion of the frame, the
multiple clips configured to attach a tissue growth member to the frame.

[0018] In accordance with another embodiment of the present invention, a medical

device deployable at least partially within a hole defined in a tissue structure between a first
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atrium and a second atrium of a heart, the hole defining an axis oriented axially through the hole,
is provided. The medical device includes a frame configured to assume a substantially flat
configuration oriented substantially parallel to, or extending substantially along, the axis of the
hole when in an intended, as-deployed state within the tissue structure. The frame includes a
central portion with at least one proximal anchor and at least one distal anchor. The at least one
proximal anchor and the at least one distal anchor each configured to be substantially coplanar
with the central portion. The at least one distal anchor configured to extend in the first atrium
and the at least one proximal anchor configured to extend in the second atrium. The at least one
proximal anchor including at least two proximal anchor segments extending from the central
portion and extending substantially parallel with each other.

[0019] In accordance with another embodiment of the present invention, a medical
device deployable at least partially within a hole defined in a tissue structure between a first
atrium and a second atrium of a heart, the hole defining an axis oriented axially through the hole,
is provided. The medical device includes a frame configured to assume a substantially flat
configuration oriented substantially parallel to, or extending substantially along, the axis of the
hole when in an intended, as-deployed state within the tissue structure. The frame includes a
central portion with at least one proximal anchor and at least one distal anchor. The at least one
proximal anchor and the at least one distal anchor each configured to be substantially coplanar
with the central portion. The at least one distal anchor configured to extend in the first atrium
and the at least one proximal anchor configured to extend in the second atrium. The central
portion includes multiple struts to define a multi-cellular structure and at least two of the
multiple struts extend substantially parallel and alongside each other.

[0020] In one embodiment, the multiple struts are substantially similar in length. In
addition, the at least two of the multiple struts may extend along a proximal portion of the frame
and may be configured to reinforce the at least one proximal anchor. Further, the at least two of
the multiple struts may extend along a distal portion of the frame and may be configured to
reinforce the at least one distal anchor.

[0021] In another embodiment an expandable medical device is provided that is
deployable at least partially within a tissue structure and adjacent a left atrium of a heart. The
device comprises a multi-cellular central frame portion configured to self expand from a first,
non-tubular orientation to a second, non-tubular orientation, the first orientation being
substantially similar to a collapsed orientation within a catheter, the second orientation being

substantially similar to an orientation wherein the central frame portion is deployed and operable
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substantially within the tissue structure and adjacent the left atrium. The central frame portion
comprises a plurality of interconnecting central frame support segments defining at least two
apertures. At least one of said central frame support segments has a length and a width, the
width varying along at least a portion of the length. At least one anchor is linked to said multi-
cellular central frame portion.

[0022] In yet another embodiment, an expandable medical device is provided wherein
the device is deployable at least partially within a hole defined in a tissue structure between a
first atrium and a second atrium of a heart, the hole defining an axis oriented axially through the
hole. The expandable medical device includes a frame configured to assume a substantially flat
configuration oriented substantially parallel to, or extending substantially along, the axis of the
hole when in an intended, as-deployed state within the tissue structure. The frame comprises a
central portion, at least one proximal anchor and at least one distal anchor. The frame is
configured to move between a first orientation and a second orientation. The central portion
comprises a plurality of frame segments defining a multi-cellular structure, the at least one
proximal anchor and said at least one distal anchor each being configured to extend substantially
coplanar with said central portion. The at least one proximal anchor is configured to extend in
the first atrium and the at least one distal anchor is configured to extend in the second atrium.

[0023] In accordance with a further embodiment, a medical device is provided that is
deployable at least partially within a hole defined in a tissue structure, the hole defining an axis
oriented axially through the hole. The medical device includes a framework configured to
assume a substantially flat configuration oriented substantially parallel to, or extending
substantially along, the axis of the hole when in a state for intended deployment within the tissue
structure. The framework comprises a central portion and at least one anchor extending from
said central portion. The central portion includes central frame segments having a length and a
width, wherein the width of at least one of said central frame segments varies along at least a
portion of the length of the at least one of said central frame segments in a tapered configuration.

[0024] In accordance with yet a further embodiment, a medical device is provided that
is deployable at least partially within a hole defined in a tissue structure, the hole defining an
axis oriented axially through the hole. The medical device includes a framework configured to
assume a substantially flat configuration oriented substantially parallel to, or extending
substantially along, the axis of the hole when in a state for intended deployment within the tissue
structure. the framework comprises a central portion and at least one anchor extending from

said central portion. The central portion includes central frame segments, wherein at least one of
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the central frame segments includes a longitudinal length dimension and has an aspect ratio of a
depth dimension to a lateral width dimension of at least 2 to 1, wherein the depth dimension is
defined to extend substantially perpendicular relative to the substantially flat configuration of the
framework.

[0025] In accordance with another embodiment, an expandable medical device is
provided that is deployable at least partially within a hole defined in a tissue structure between a
first atrium and a second atrium of a heart, the hole defining an axis oriented axially through the
hole. The medical device includes a framework configured to assume a substantially flat
configuration oriented substantially parallel to, or extending substantially along, the axis of the
hole when in a state for intended deployment within the tissue structure. The framework
comprises a central portion, a first proximal anchor, a second proximal anchor and at least one
distal anchor extending from said central portion. The first and second proximal anchors are
configured to extend in the first atrium and said at least one distal anchor configured to extend in
the second atrium. The first proximal anchor and said second proximal anchor each include a
plurality of anchor frame segments, wherein at least two of the plurality of anchor frame
segments extend substantially parallel to each other along at least a portion of their respective
lengths for each of the first proximal anchor and the second proximal anchor.

[0026] In yet a further embodiment, an expandable medical device is provided that is
deployable at least partially within a hole defined in a tissue structure between a first atrium and
a second atrium of a heart, the hole defining an axis oriented axially through the hole. The
medical device includes a frame configured to assume a substantially flat configuration oriented
substantially parallel to, or extending substantially along, the axis of the hole when in a state for
intended deployment within the tissue structure. The frame comprises a central portion and at
least one proximal anchor and at least one distal anchor extending from said central portion.
The at least one proximal anchor is configured to extend in the first atrium and the at least one
distal anchor is configured to extend in the second atrium. A tissue growth member is attached
to the frame and comprises: a first elongate tissue growth portion positioned along the central
portion of the frame and configured to be positioned in the hole and oriented substantially
transverse to the axis of the hole; and a second elongate tissue growth portion positioned
proximal to the first elongate tissue growth portion, the second elongate tissue growth portion

configured to be oriented substantially transverse to the axis of the hole.
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[0027] These and other advantages and features and configurations of the present
invention will become more fully apparent from the following description and appended claims,

or may be learned by the practice of the invention as set forth hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] To further clarify the above and other advantages and features of the present
invention, a more particular description of the invention will be rendered by reference to specific
embodiments thereof which are illustrated in the appended drawings. It is appreciated that these
drawings depict only typical embodiments of the invention and are therefore not to be
considered limiting of its scope. The invention will be described and explained with additional
specificity and detail through the use of the accompanying drawings in which:

[0029] FIGS. 1A-1C illustrate exemplary views of a heart having a Patent Foramen
Ovale;

[0030] FIG. 2 illustrates a perspective view of an embodiment of a medical system
according to the present invention;

[0031] FIG. 3A illustrates an embodiment of a closure device according to the present
invention;

[0032] FIG. 3B illustrates an embodiment of a closure device in a non-deployed
orientation according to the present invention;

[0033] FIG. 3C illustrates a cut-out view of a portion of a closure device according to
the present invention;

[0034] FIG. 4 illustrates an embodiment of a delivery device according to the present
invention;

[0035] FIGS. 5A-5C illustrate cross-sectional views of a delivery device according to
the present invention;

[0036] FIG. 6 illustrates an exploded view of a delivery device according to the
present invention;

[0037] FIG. 7 illustrates an embodiment of a coupling system according to the present
invention;

[0038] FIG. 8A illustrates an embodiment of a closure device being partially deployed
in an internal tissue opening;

[0039] FIG. 8B illustrates an embodiment of a delivery device in an orientation

corresponding to the partially deployed closure device of FIG. 8A;
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[0040] FIG. 9 illustrates an embodiment of a partially deployed closure device
according to the present invention;

[0041] FIG. 10A illustrates an embodiment of a closure device positioned in an
internal tissue opening;

[0042] FIG. 10B illustrates an embodiment of a delivery device in an orientation
corresponding to the deployed and detached closure device of FIG. 10A;

[0043] FIG. 11A illustrates an embodiment of a closure device having an ingrowth
material according to the present invention;

[0044] FIG. 11B illustrates a side view of the closure device of FIG. 11A;

[0045] FIG. 12A illustrates another embodiment of a closure device having a first
ingrowth material and a second ingrowth material;

[0046] FIG. 12B illustrates a side view of the closure device of FIG. 12A;

[0047] FIG. 13A illustrates an embodiment of a first ingrowth material for attaching to
the frame of a closure device;

[0048] FIG. 13B illustrates an embodiment of a second ingrowth material for
attaching to the frame of a closure device;

[0049] FIG. 14 illustrates another embodiment of a frame of a closure device having
clips for attaching an ingrowth material thereto;

[0050] FIG. 15 illustrates another embodiment of a frame of a closure device with
clips and an additional beam at a distal side of the closure device;

[0051] FIGS. 16A and 16B illustrate engaging members of the closure device,
depicting the engaging members adjacent a catheter and tissue, respectively, according to an
embodiment of the present invention;

[0052] FIG. 17 illustrates another embodiment of a frame of a closure device,
according to the present invention;

[0053] FIG. 18 illustrates another embodiment of a tissue growth member attached to
a closure device, according to the present invention;

[0054] FIG. 19 illustrates an embodiment for attaching the tissue growth member to
the closure device; and

[0055] FIG. 20 illustrates another embodiment of a frame of a closure device,

according to the present invention.
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BEST MODE(S) FOR CARRYING OUT THE INVENTION

[0056] The present invention extends to medical systems, methods, and apparatus for
reducing the size of an internal tissue opening. By way of explanation, the devices disclosed
herein can be used to treat a variety of internal tissue openings, such as a left atrial appendage,
paravalvular leaks, PDA's, and VSD's, for example. Although, for purposes of simplicity,
frequent reference is made herein to reducing the size of or closing an opening in heart tissue
known as Patent Foramen Ovale ("PFO"). Accordingly, it will be understood that references to
PFO openings are not limiting of the invention.

[0057] In the following description, numerous specific details are set forth to assist in
providing an understanding of the present invention. In other instances, aspects of delivery
and/or closure devices, or medical devices in general have not been described in particular detail
in order to avoid unnecessarily obscuring the present invention. In addition, it is understood that
the drawings are diagrammatic and schematic representations of certain embodiments of the
invention, and are not limiting of the present invention, nor are they necessarily drawn to scale.

[0058] FIG. 2 is a perspective view of a medical system 100 configured to facilitate
closure of an internal tissue opening according to one embodiment of the present invention. In
the illustrated embodiment, the medical system 100 comprises a closure device 200 adapted to
reduce the size of the internal tissue opening, and a delivery device 300 adapted to facilitate
placement and deployment of the closure device 200 with respect to the internal tissue opening.
The medical system 100 of the present invention can provide benefits. For example, the medical
system 100 can be configured to be used with different sizes, shapes and types of internal tissue
openings. Furthermore, the medical system 100 can provide various safety measures to increase
the safety and effectiveness of positioning the closure device 200. In addition, the medical
system 100 can be configured to provide distributed lateral force to tissue of the internal tissue
opening.

[0059] In the illustrated embodiment, delivery device 300 comprises a handle body
302, an actuating assembly 320 operatively associated with handle body 302, a release assembly
340 operatively associated with the handle body 302 and a delivery assembly 360 operatively
associated with the actuating assembly 320, the release assembly 340 and the handle body 302.
Handle body 302 can be configured to provide a gripping surface for a user. Handle body 302
can be used to position closure device 200, as well as facilitate deployment of the closure device

200 from the delivery assembly 360. Actuating assembly 320 can be moved with respect to
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handle body 302 to selectively deploy portions of the closure device 200 from the delivery
assembly 360, as will be discussed more fully herein below.

[0060] Release assembly 340 can be operatively associated with the handle body 302
to enable selective detachment of closure device 200 from the delivery assembly 360. Delivery
assembly 360 can house closure device 200 in a non-deployed or constrained orientation, such
as illustrated in FIG. 3B for example, and facilitate deployment of closure device 200. Delivery
assembly 360 can include one or more tethers 364 linked to the closure device 200 to facilitate
selective detachment of the closure device 200 from the delivery device 300.

[0061] With reference to FIG. 3 A, the closure device 200 is illustrated in a fully
deployed, expanded, relaxed or non-constrained orientation. According to one embodiment of
the invention, the closure device 200 can be configured to reduce the size of an internal tissue
opening so as to close the internal tissue opening. In one embodiment, the closure device 200
can reduce the size of an internal tissue opening by approximating, or in other words bringing
together tissue of the internal tissue opening, such as tunnel tissue in a PFO. The closure device
200 can approximate tissue by applying lateral force to tissue of the internal tissue opening, as
will be discussed more fully herein after. Also, the closure device 200 can be configured to
enable a user to estimate the position and/or orientation of the closure device 200 with respect to
an internal tissue opening, during and after positioning of the closure device 200 in the internal
tissue opening.

[0062] According to one embodiment of the invention, the closure device 200 can be a
non-tubular stent. The closure device 200 can be configured to assume a substantially flat
configuration, or in other words be configured to be substantially planar, such as illustrated in
FIGS. 3A and 11B for example. Furthermore, the closure device 200 can be configured to resist
movement out of plane, such as plane 260 of FIG. 11B. However, the closure device 200 may
bend out of plane when positioned in a tissue opening. In the embodiment shown, the non-
tubular configuration of the closure device 200 is maintained both when in constrained within a
delivery device as well as when deployed in a tissue structure such as a PFO.

[0063] The closure device 200 according to one embodiment of the invention has
many advantages. For example, the closure device 200 can be configured to be reliable and
compliant. The configuration of the closure device 200 can enable the closure device 200 to be
movable between a non-deployed orientation and a deployed orientation without causing failure
or plastic deformation of the closure device 200. The closure device 200 can be used to close

various types, shapes and sizes of internal tissue openings. Furthermore, the closure device 200
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can accommodate for a range of PFO tunnel lengths, for example. Also, the closure device 200
can be partially or fully deployed from or received back into the delivery device 300. Closure
device 200 can be configured to substantially conform to the size and shape of a tissue opening.
For example, the undulations on the distal and proximal anchors can enable the anchors to
substantially, or to a certain degree, conform to the anatomy of a tissue opening.

[0064] Generally, the closure device 200 can have a substantially flat aspect having a
length and height greater than its depth or depth thickness. For example, in one embodiment, the
closure device 200 has an overall length of 22 mm, a height of 7.5 mm and a depth thickness of
0.4 mm. According to one embodiment of the present invention, when the closure device 200 is
in the relaxed or completely expanded orientation, as illustrated in FIG. 3A, the distance
between the opposing ends of the proximal anchor 218 can be about 22 mm, the distance
between the most proximal attachment member 240 of the body portion 202 and the most distal
indicator 220 of the body portion 202 can be about 7.5 mm, and the depth thickness, designated
as DT in FIG. 11B, of the closure device 200 can be about 0.4 mm.

[0065] Furthermore, the majority of segments comprising the closure device 200 can
have a thickness or width that is substantially less than the depth thickness of the segments. The
closure device 200 can resist out of plane movement due to the size and configuration of the
segments. For example, the closure device 200 can be configured to assume a substantially flat
configuration in a first plane. The configuration of the segments, for example the segments
having a certain depth thickness, can facilitate the closure device 200 resisting movement out of
the first plane in a manner similar to an I beam resisting bending in the direction of the web of
the beam. The first plane can be plane 260 as illustrated in FIG. 11B.

[0066] Also, the closure device 200, according to one embodiment of the invention,
can have a unitary construction. For example, the closure device 200 can be cut from a single
piece of material, such as cut by a laser, thereby removing the need to assemble or join different
segments together. A unitary construction can provide advantages, such as ease of
manufacturing and reliability. For example, assembly is not required for a closure device having
a unitary construction. Also, a closure device having a unitary construction may not include
distinct elements or segments which require joining by joints, thereby reducing a likelihood of
failure. The closure device 200 can be made from a super-elastic material, such as a super-clastic
metal or a super-elastic polymer. Furthermore, the closure device 200 can be made from

NiTiNol, stainless steel alloys, magnesium alloys, and polymers including bio-resorbable

polymers.
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[0067] In some embodiments according to the present invention, the closure device
can be formed by utilizing a pressurized stream of water, such as a water jet, to remove material
from a piece of material to form the closure device. Furthermore, it is contemplated that the
closure device can be formed by utilizing one or more of the following: die casting, chemical
etching, photolithography, electrical discharge machining, or other manufacturing techniques. It
is contemplated that the closure device can be formed through use of a mill or some other type
of device adapted to remove material to form a desired shape.

[0068] It will be appreciated by one of ordinary skill in the art in view of the
disclosure provided herein that the closure device 200 can comprise multiple segments joined
together by a known joining process, such as by an adhesive, by interference fits, crimping, by
fasteners, or a weld, or some combination thereof. For example, in one embodiment, the closure
device can include multiple segments joined together by various welds to form a closure device
according to the present invention. In other embodiments, the segments can be joined together
by a plurality of means, such as by the combination of welding, fasteners, and/or adhesives. The
segments can be a wire or multiple joined or rolled wires crimped together or joined by a joining
process to form the closure device 200.

[0069] In the illustrated embodiment, the closure device 200 includes a body portion
202, a first anchor 204 operatively associated with the body portion 202 and a second anchor
206 operatively associated with the body portion 202. The body portion 202 can be configured
to facilitate application of lateral force against tissue of an internal tissue opening. Also, the body
portion 202 can be configured to enable the closure device 200 be movable between a non-
deployed and deployed orientation. For example, the closure device 200 can be configured to be
self-expanding from the constrained or non-deployed orientation, as illustrated in FIG. 3B for
example, to the relaxed orientation, as illustrated in FIG. 3A. In other words, the closure device
200 can have a preferential orientation, such that movement of the closure device 200 from a
first orientation to a second orientation can create internal stresses in the closure device 200.
These internal stresses can serve to bias the closure device 200 to the first orientation. For
example, in one embodiment, the closure device 200 can have a preferential orientation of the
relaxed or fully deployed orientation as illustrated in FIG. 3A. In this embodiment, movement of
the closure device 200 to a constrained orientation, such as illustrated in FIG. 3B for example,
can create internal stresses in the closure device 200, thereby creating in the closure device 200 a

bias to return to the relaxed orientation.
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[0070] In the illustrated embodiment, body portion 202 includes one or more cells 208
defined by a plurality of segments 210. The body portion 202 can include one or more apertures.
In one embodiment, an aperture is defined by the cell 208, or in other words by the plurality of
segments 210. In one embodiment, segment 210 can be a strut or a body support segment. Cells
208 can be distinct, or can be at least partially defined by a common segment. For example, cell
208A, as the distal most cell, and cell 208C, as the proximal most cell of body portion 202, are
distinct and defined by distinct segments 210 with respect to each other. However, cell 208B is
partially defined by a segment 210C which also defines a portion of cell 208A. Similarly, cell
208B is partially defined by a segment 210G which also partially defines cell 208C. Likewise,
cell 208D shares a segment 210D with cell 208A and shares a segment 210H with cell 208C.

[0071] Segments 210 can be shaped and configured to have a substantially uniform
stress at any given point along a certain length, when the segment 210 is deflected. For example,
segment 210A can include a first portion 230 having a width or thickness greater than a second
portion 232, wherein the width or thickness decreases from the first portion 230 to the second
portion 232, or in other words is tapered, in a manner which provides for substantially uniform
stress levels along the certain length. In other embodiments, segments can have a substantially
constant width along their length.

[0072] FIG. 3C is a cut-out view of a portion of the closure device 200, including the
first portion 230 and the second portion 232 of segment 210A. In the illustrated embodiment, the
width or thickness of the segment 210A varies along the portion of the segment 210A from the
location where segment 210A extends from the portion 254 which joins segment 210A to
segment 210C to the intermediate portion 234. As the closure device 200 moves between an
expanded or otherwise related orientation and a constrained or otherwise collapsed orientation,
the segments 210 are deflected, with the highest levels of stress in the segment 210 being
concentrated at the joining portion 254 and decreasing towards the intermediate portion 234.
The segments 210 can be configured in a manner so as to have a substantially equal stress level
along the length of the segment 210 between the joining portion 254 and the intermediate
portion 234. The uniform stress level can be accomplished by having the width of the segment
210 vary from the first portion 230 to the second portion 232 in a calculated manner. In one
embodiment, the width of the first portion 230 of the segment can be about 0.1 mm and the taper
to a width of about 0.05 mm at the second portion 232 of the segment.

[0073] In other embodiments, the uniform stress level can be accomplished by

utilizing a gradient of material having varying properties. In other embodiments, the segment
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210 can have varying widths along its length and comprise a gradient of material sufficient to
achieve a substantially uniform stress level between the first portion 230 and the second portion
232 of the segment. In the illustrated embodiment, the first portion is adjacent the joining portion
254 and the second portion is adjacent the intermediate portion 234. In yet additional
embodiments, the joints of the interconnecting segments can include a biasing member, such as
a spring, thereby enabling the segments to move relative to each other to collapse or expand the
closure device 200. Furthermore, the biasing member of the joint can cause the segments to have
a preferential orientation with respect to each other.

[0074] With continued reference to FIG. 3A, segments 210 can also be configured to
have a rectangular cross-section. In other embodiments, segments 210 can have an oval shaped
cross section. In yet another embodiment, sections 210 can have a round or rounded cross
section. Furthermore, in one embodiment, the ratio, or aspect ratio, of the thickness or width to
the depth thickness of the first and second portions 230, 232 can range between at least about 1:2
to about 1:20. In one embodiment, the aspect ratio of the width to the depth thickness of the first
portion 230 can be at least 1:2 and the ratio of the width to the depth thickness of the second
portion 232 can be at least 1:4. In an alternative embodiment, the aspect ratio of the first portion
230 can be about 1:4 and the aspect ratio of the second portion 232 can be about 1:8. In this
manner, the closure device 200 can substantially resist out of plane movement, while allowing
in-plane movement during reorientation of various portions of the closure device 200.

[0075] Segments 210 can be configured to be compliant. Compliancy of segments 210
can enable cells 208, and thus the body portion 202, to be oriented in various orientations. For
example, body portion 202 can be oriented, or in other words moved, between a non-deployed
orientation, such as illustrated in FIG. 3B, and a fully deployed orientation, such as illustrated in
FIG. 3A. The compliancy of segments 210 can facilitate the accommodation by the closure
device 200 of a variety of types, shapes and sizes of internal tissue openings. For example, the
size and configuration of the first and second anchors 204, 206 and the body portion 202 can
enable the closure device 200 to accommodate varying sizes, shapes and types of internal tissue
openings. In one implementation, the first anchor 204 can engage wall tissue of an internal tissue
opening and the second anchor 206 can engage only the tunnel tissue of the internal tissue
opening to approximate tissue. In an alternative implementation where the internal tissue
opening has a shorter tunnel length, the second anchor 206 can engage the tunnel tissue and an

opposing wall of the internal tissue opening to approximate tissue.
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[0076] Segments 210 can include an intermediate portion 234 configured to facilitate
securement of ingrowth materials to the closure device 200, or can be used as an indicator 220 to
facilitate estimation of the position of the closure device 200 with respect to an internal tissue
opening. Furthermore, intermediate portion 234 can be configured to facilitate measuring of a
characteristic of an internal tissue opening. In one embodiment, intermediate portion 234 can
include one or more apertures. The apertures can be configured to receive a securing element,
such as a thread, therethrough to facilitate securing an ingrowth material to the closure device
200. Intermediate portion 234 can be configured to be stiffer or more rigid than first portion 230,
second portion 232, or both. A stiffer intermediate portion 234 can increase the reliability of
segments 210.

[0077] In another embodiment, the intermediate portion 234 can include an indicator
220, such as a dense metallic rivet or concentration of dense material, for use in estimating the
orientation and/or position of the closure device 200. Understanding of the orientation and/or
position of the closure device 200 can facilitate estimating a physical characteristic of an internal
tissue opening and/or the relative position of the closure device 200 with respect to the internal
tissue opening. For example, if the distance between the indicators 220 is known, a practitioner
can estimate a physical characteristic, such as the opening or tunnel width, by determining the
new distance between the indicators 220 when the closure device 200 is positioned in the tissue
opening. Similarly, indicators 220 can be positioned on the first and second anchors 04, 206.
The indicators 220 can be configured and arranged on the closure device 200 such that when the
first anchor 204 is deployed the indicators 220 are substantially aligned. In this manner, a
practitioner can estimate whether the first anchor 204 has fully deployed.

[0078] In some cases, it may be difficult to view the closure device 200 in the event
the closure device 200 is at a skewed angle with respect to the viewing plane, such as a
fluoroscope. When the closure device 200 is skewed in this manner, it can be difficult to
determine accurately the distance of interest. However, when various distances between
indicators is known, a user can use the known distances to calculate the distances of interest by
using geometry.

[0079] In one embodiment, segments 210 along a similar or common lateral plane can
have substantially equal lengths. Substantially equal lengths of segments 210 in this manner can
enable body portion 202 to be moved between the non-deployed and deployed orientation
without failure of the segments 210. For example, in one embodiment, segments 210A and 210B
have substantially the same length, segments 210E, 210C, 210D, and 210K have substantially
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the same length, segments 210F, 210G, 210H and 210L have substantially the same length, and
segments 2101 and 210J have substantially the same length. In this configuration, body portion
202 can be collapsed or oriented into the non-deployed orientation, as illustrated in FIG. 3B,
without causing damage to the body portion 202 of closure device.

[0080] The closure device 200 can be configured to have a preferential orientation of
the fully deployed orientation as illustrated in FIG. 3A. As the closure device 200 is deployed
from the delivery device 300, the configuration of closure device 200 can cause the closure
device 200 to preferentially move toward the fully deployed orientation. Thus, as the closure
device 200 is deployed in an internal tissue opening, the preferential orientation of the closure
device 200 can cause the closure device 200 to apply lateral force to the tissue of the internal
tissue opening. In other words, the body portion 202, first anchor 204 and the second anchor 206
are deflected by an applied force in order to reorient the closure device 200 from the fully
deployed orientation to a non-deployed orientation, for example. In this manner, the closure
device 200, because of the deflection of the body portion 202, first anchor 204 and the second
anchor 206, will have tendency to return to the fully deployed orientation. When the closure
device 200 is positioned in an internal tissue opening, the deflected body portion 202, first
anchor 204 and the second anchor 206 can have a tendency to apply a lateral force to tissue of
the opening as the closure device 200 attempts to return to the fully deployed orientation.

[0081] Body portion 202 can be operatively associated with the first anchor 204 and
the second anchor 206. First and second anchors 204, 206 can be configured to move between a
deployed and non-deployed orientation. First and second anchors 204, 206 can be configured to
apply lateral force to tissue of an internal tissue opening, and to engage and/or contact a portion
of wall tissue and/or tunnel tissue of an internal tissue opening. In one embodiment, the first
anchor 204 can be a left atrial anchor, and the second anchor 206 can be a right atrial anchor.

[0082] In the illustrated embodiment, the first anchor 204 can include a first anchor
segment 212 and an opposing second anchor segment 214. Likewise, the second anchor 206 can
include a first anchor member 216 and an opposing second anchor member 218. The first anchor
segment 212 can be configured to move relative to the second anchor segment 214. Likewise,
the first anchor member 216 can be configured to move relative to the second anchor member
218. In this manner, the closure device 200 can accommodate for a variety of types, shapes and
sizes of internal tissue openings. The first anchor segment 212 and the second anchor segment
214 can be configured to be substantially similar in size, shape and configuration. As such,

reference to the configuration and/or function of one of the first or second anchor segments can
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apply to the other anchor segment. In one embodiment of the invention, the first anchor 204
and/or the second anchor 206 can include one or more undulations. The undulations can
facilitate reorienting or movement of the anchors with respect to the body portion 202, for
example, from a deployed to a non-deployed configuration. Furthermore, the undulations can
facilitate the anchor substantially conforming to the anatomy of the tissue opening.

[0083] The first anchor segment 212 can include a distal end 224 and a proximal end
226. The first anchor segment 212 can be defined by various segments and can include
reinforced segments 228 and one or more engaging members 222. For example, in the illustrated
embodiment, the first anchor segment 212 is at least partially defined by segment 210K of cell
208D. The engaging members 222 can be microposts or tines configured to contact and/or
engage tissue. The engaging members 222 can include a sharp tip or can be blunt. The engaging
members 222 can be configured to provide a degree of surface texture in order to increase
engagement of the first anchor 204 with tissue.

[0084] The first anchor segment 212 can be configured to be moved between a non-
deployed orientation, as illustrated in FIG. 3B, and a fully deployed orientation, as illustrated in
FIG. 3A. The first anchor segment 212 can be configured such that the distance from the
proximal end 226 to the distal end 224 of the segment which includes the engaging members
222 1s substantially equal to the distance from the proximal end 226 to the distal end 224 of the
segment which includes the reinforced segments 228 and segment 210K. The second anchor
segment 214 can be configured similar to the first anchor segment 212.

[0085] First anchor segment 212 can be configured to define a closed periphery. For
example, first anchor segment 212 can include the reinforced segment 228 extending from the
body portion 202 to the segment having the engaging members 222 which is connected to
segments 210K, 210L to define a closed periphery with segment 210K. Furthermore, two
reinforced segments 228 can extend from the joining portion 254 of the body portion 202 and
join together near the distal end 224 of the first anchor 204. As such, there are multiple anchor
portions extending from the body portion 202. In this manner, anchors of the present invention
are reinforced to provide greater rigidity and strength to facilitate stabilization and maintenance
of the closure device 200 within a tissue structure.

[0086] First anchor member 216 can include a distal end 236 and a proximal end 238.
The first anchor member 216 can be defined by various segments and can include one or more
engaging members 222. For example, in the illustrated embodiment, the first anchor member

216 is at least partially defined by segment 210L of cell 208D. The engaging members 222 can
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be microposts or tines configured to contact and/or engage tissue. The engaging members 222
can include a sharp tip or can be blunt. The engaging members 222 can be configured to provide
a degree of surface texture to increase engagement of the second anchor 206 with tissue.

[0087] It will be understood by one of ordinary skill in the art in view of the disclosure
provided herein that the engaging members 222 can vary in size and shape, and can be
positioned at various locations on the closure device 200. In alternative embodiments, one or
more engaging members can extend out of plane of the closure device so as to contact tissue
which is perpendicular, for example, to the substantially flat plane, such as plane 260 of FIG.
11B, of the closure device 200.

[0088] The first anchor member 216 can be configured to be moved between a non-
deployed orientation, as illustrated in FIG. 3B, and a fully deployed orientation, as illustrated in
FIG. 3A. The first anchor member 216 can be configured such that the distance from the
proximal end 238 to the distal end 236 of the segment which includes the engaging members
222 is substantially equal to the distance from the proximal end 238 to the distal end 236 of the
segment which includes segment 210L. In this manner, first anchor member 216 can be
detachably coupled to the delivery device 300 when in a non-deployed orientation inside the
delivery device 300 as illustrated in FIG. 3B. The second anchor member 218 can be configured
similar to the first anchor member 216.

[0089] The first anchor segment 212 can also include a first portion 256 and a second
portion 258 configured to facilitate engagement of the internal tissue opening. For example, first
anchor segment 212 can be configured to include one or more undulations causing the first
portion 256 to be positioned in close proximity with second portion 258. In this manner, as
tissue is positioned between the first and second portions 256, 258, the configuration of the first
anchor segment 212 can engage, or to some degree, pinch the tissue therebetween to facilitate
maintenance of the position of the closure device 200 with respect to the tissue opening.

[0090] The closure device 200 can also include attachment members 240 for use in
detachably linking the closure device 200 to the delivery device 300, as will be discussed more
fully herein after. The attachment members 240 can include an aperture 242 for use in
facilitating the linking of the closure device 200 to the delivery device 300.

[0091] FIG. 3B illustrates the closure device 200 in a non-deployed or constrained
orientation. The configuration of the body portion 202, and the first and second anchors 204, 206
enables the closure device 200 be reoriented from the fully deployed and preferential orientation,

as illustrated in FIG. 3A, to the non-deployed or collapsed orientation as illustrated. In the



WO 2010/135462 PCT/US2010/035464
20

collapsed or non-deployed orientation, the first anchor 204 extends distally and the second
anchor 206 extends proximally, with the attachment members 240 being the proximal most
portions of the second anchor 206 and the body portion 202.

[0092] In the illustrated embodiment, the closure device 200 is positioned inside of a
delivery portion 366 of the delivery device 300. The configuration of the closure device 200 can
cause portions of the closure device to apply force to the wall of the delivery portion 366 due to
the preferential orientation of the closure device 200. The closure device 200 is configured to be

received into and deployable from the delivery portion 366.

Delivery Device 300

[0093] FIG. 4 illustrates one embodiment of the delivery device 300. In the illustrated
embodiment, the delivery assembly 360 includes a catheter 362 having a delivery portion 366,
and a plurality of tethers 364 at least partially housed by the catheter 362. The tethers 364 can be
configured to facilitate selective detachment of the closure device 200 from the delivery device
300. The delivery portion 366 can be configured to receive the closure device 200 therein. The
catheter 362 can be coupled to the actuating assembly 320, such that movement of the actuating
assembly 320 can cause movement of the catheter 362.

[0094] In the illustrated embodiment, the actuating assembly 320 includes a first
member 322 operatively associated with the handle body 302, a second member 324 operatively
associated with the first member 322 and the handle body 302, and a knob 338 linked to the first
member 322. The actuating assembly 320 can be utilized by a user to selectively deploy the
closure device 200 from the catheter 362.

[0095] The handle body 302 can include indicia 304 to enable a user to estimate the
degree of deployment of the closure device 200 from the delivery device 300, as well as predict
detachment of the closure device 200 from the delivery device 300. For example, indicia 304
can include deployment indicia 306 and release indicia 308. Deployment indicia 306 can be
utilized to enable a user to estimate the degree of deployment of the closure device 200 from the
catheter 362, and the release indicia 308 can be utilized to predict the detachment of the closure
device 200 from the delivery device 300. The handle body 302 can also include a release pin
groove 310. The release pin groove 310 can be operatively associated with the release assembly
340 to facilitate the selective detachment of the closure device 200 from the tethers 364.

[0096] According to one embodiment of the invention, the release assembly 340 can

include a biasing member 342 operatively associated with the handle body 302 to facilitate
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detachment of the closure device 200. A release knob 346 can be provided to manipulate the
position of biasing member 342 in order to release or detach the closure device 200. In one
embodiment, the release knob 346 is coupled to the biasing member 342, such that movement of
the release knob 346 can cause movement of the biasing member 342. The biasing member 342
can include a release pin 344 configured to be received in, influenced by and movable in the
release pin groove 310. In this manner, release pin groove 310 can restrict, and thereby influence
the movement of the biasing member 342 with respect to the handle body 302.

[0097] The biasing member 342 is configured to interact with the handle body 302
such that when the release pin 344 is positioned in a terminating portion of the release pin
groove 310, as illustrated in FIG. 4, the biasing member 342 is biased in the proximal direction
with respect to the handle body 302. In this manner, the release pin 344 can be moved from the
terminating portion of the release pin groove 310, as illustrated in FIG. 4, to the opposing
terminating portion of the release pin groove 310 adjacent the release indicia 308B by applying
force to the biasing member 342 through the release knob 346 in the distal direction, rotating the
release knob 346 and then moving the release knob 346 in the proximal direction to release the
closure device 200, as illustrated in FIG. 10B.

[0098] FIG. 5A is a cross-sectional view of the distal end of the catheter 362. In the
illustrated embodiment, the catheter 362 includes a delivery portion 366 for use in positioning
the catheter 362. The catheter 362 can be made from a resilient material having sufficient axial
stiffness to allow a practitioner to position the catheter 362 with respect to an internal tissue
opening, and sufficient rotational stiffness to allow a practitioner to rotate the catheter 362 by
rotating the handle body 302.

[0099] In one embodiment, the catheter 362 comprises a braided polyimide. In other
embodiments, the catheter 362 can be made from a material having a sufficient axial stiffness,
such as a braid reinforced polymer, axially reinforced polymer, metal reinforced polymer,
carbon reinforced polymer, or some other type of axially stiff material. The delivery portion 366
can be made from a thermoplastic elastomer, such as PEBAX _RTM.. In other embodiments, the
delivery portion or tip portion 366 can be made from a material having sufficient flexible
properties, such as a polymeric material. In other embodiments, the delivery portion 366 can
include a combination of materials, such as metallic materials and polymeric materials.

[00100] The delivery portion 366 can define a lumen 368 to facilitate placement of the
catheter 362. For example, a guide wire can be received in the lumen 368 to guide the catheter

362 to a desired location. In this manner, the closure device 200 can be located proximate to the
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internal tissue opening in a quick and efficient manner. Furthermore, the delivery portion 366
can be shaped, such as including a bend, in order to facilitate placement of the delivery portion
366 through a PFO, for example. In one embodiment of the invention, the catheter 362 can be
considered a rapid exchange catheter wherein the delivery or tip portion 366 enables a guide
wire to be linked to the catheter 362 in a quick and efficient manner for placement of the
catheter 362.

[00101] The catheter 362 and delivery portion 366 can be configured to at least
partially house tethers 364 in a lumen which is distinct and separate from lumen 368. For
example, lumen 368 can be in a spaced apart, non-coaxial arrangement from the lumen which
houses tethers 364, such that a guide wire can be received through lumen 368 without being
introduced into the lumen or space in which the tethers 364 are housed. In this manner, a user
can introduce a guide wire into the lumen 368 at the distal end of the catheter 362, rather than
the lumen which at least partially houses the tethers 364 which would require the guide wire to
be introduced into the lumen at the proximal end of the catheter 362. In alternative
embodiments, the lumen 368 configured to receive the guide wire therein can be positioned
inside the lumen which houses the tethers 364. In this embodiment, lumen 368 would include an
opening and an exit at the distal end of the catheter 362 in order to facilitate the quick placement
of a guide wire through the lumen 368.

[00102] In one embodiment, catheter 362 can include a rounded cross-section and the
delivery portion 366 can include a rectangular cross-section. The rectangular cross-section of the
delivery portion 366 can facilitate proper deployment of the closure device 200 from the
delivery device 300, as well as facilitate the closure device 200 being reintroduced back into the
delivery portion 366. The rectangular cross-section of the delivery portion 366 can be sized to
orient the tethers 364 next to ecach other in a linear fashion. In this manner, the likelihood that the
tethers 364 cross each other upon reintroduction of the closure device 200 into the delivery
portion 366 can be reduced.

[00103] In one embodiment of the invention, tethers 364 includes three tethers 364A-C,
cach tether 364 being sized and configured to attach to and/or accommodate therein an
attachment member 240 of the closure device 200. One example of a tether is a line or hollow
tube coupled to the handle body 302. The tether 364 can comprise a flexible, hollow shaft
having sufficient stiffness such that as actuating assembly 320 moves the catheter 362
proximally with respect to the handle body 302, the closure device 200 is forced out of the
delivery portion 366. Likewise, the tether 364 can be configured to pull the closure device 200
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back into the delivery portion 366 as the actuating assembly 320 is moved distally with respect
to the handle body 302.

[00104] In one embodiment, the tether 364 can be a coil of stainless steel covered by a
heatshrunk tubing to give the coil a degree of tensile strength and rigidity. In an alternative
embodiment, the tether 364 can be a polymeric tube. In yet an additional embodiment, the tether
364 can be a combination of polymeric materials and metallic materials. In some embodiments,
an additional heatshrunk tubing covers a proximal segment of the three tethers 364A-C. The
heatshrunk covering can increase the column strength of the tether 364, which can enable the
tethers 364 to assist with deployment and reintroduction of the closure device 200 from and into
the delivery portion 366. The tethers 364 can have a distal tip configured to correspond to the
shape and size of the attachment members 240 of the closure device, such that the attachment
member 240 can be received into the distal tip of the tether 364, as illustrated in FIG. 7.

[00105] Tethers 364 can be made from a material having sufficient flexibility to
substantially prevent distortion or otherwise influence the orientation of the closure device 200
when the closure device is deployed from the catheter 362, yet have sufficient axial strength to
facilitate deployment of the closure device 200 when the catheter 362 is moved proximally with
respect to the closure device 200. The tethers 364 can have a lumen extending therethrough of
sufficient size and configuration to enable a plurality of wires 378 to be housed and movable
therein.

[00106] FIGS. 5B-5C are cross-sectional views illustrating the delivery assembly 360
in association with the actuating assembly 320. However, for simplicity, FIG. 5B does not
include the biasing member 342 and associated release knob 346, and FIG. 5C illustrates details
about the interaction between the delivery assembly 360 and the actuating assembly 320 without
illustrating the first member 322 and details about the handle body 302 and the second member
324. In the illustrated embodiment, the proximal end of the catheter 362 is coupled to the distal
end of the second member 324. In this manner, movement of the second member 324 can cause
a corresponding movement in the catheter 362. For example, as the second member 324 moves
proximally with respect to the handle body 302, so also does the catheter 362 move proximally
with respect to the handle body 302.

[00107] According to one embodiment of the invention, the tethers 364 can extend
from the delivery portion 366, through the catheter 362 and the second member 324 and are
coupled to the handle body 302. The tethers 364 can be coupled to the handle body 302 by, for

example, an intermediate member 376. The tethers 364 can be covered with a first and second
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housing 370, 372 to provide a degree of rigidity to the portions of the tethers 364 located inside
of the handle body 302 and the second member 324. For example, in one embodiment, the first
housing 370 comprises a rigid, hollow, metal rod configured to house the three tethers 364A-C
therein. The first housing 370 can extend from the intermediate member 376, which facilitates
securement of the tethers 364 to the handle body 302, and terminate at some point beyond the
handle body 302.

[00108] In the illustrated embodiment, the second housing 372 can extend from the
distal end of the first housing 370 and extend into the catheter 362. The second housing 372 can
comprise a resilient material configured to resist axial stretching while allowing a degree of
bending. In one embodiment, the second housing 372 comprises a coil of metal, such as stainless
steel, configured to resist axial stretching, yet allow a degree of bending. The second housing
372 can allow a practitioner to bend a portion of the catheter 362, if needed, in order to
manipulate delivery device 300 for placement of the closure device 200. A seal 374 can be
provided between the first housing 372 and the second member 324 in order to reduce or
substantially prevent bodily fluid, which may have entered the catheter 362, from entering the
handle body 302 or otherwise inappropriately being expelled from the delivery device 300.

[00109] In the illustrated embodiment, the second member 324 can comprise an
clongate shaft defining an axial lumen 348 and a lumen 350 in fluid communication therewith.
Lumen 350 can be configured to couple to a medical device for removal of fluid from the
delivery device 300. The axial lumen 348 can be sized to accommodate and allow movement of
the tethers 362, the first housing 370 and the second housing 372 therein. The second member
324 can include a guide 326. The guide 326 can be configured to cooperate with a first pin 352
and a second pin 354 to influence movement of the second member 324 with respect to the
handle body 302, as will be discussed more fully herein below.

[00110] In the illustrated embodiment, the first member 322 comprises a hollow
clongate tube sized and configured to enable the second member 324 to be received into and
moveable within the first member 322. The first member 322 can be operatively associated with
the handle body 302 and the second member 324 to facilitate deployment of the closure device
200. For example, the first member 322 is linked to the handle body 302 by a third pin 356. The
third pin 356 is received in a guide 358 of the first member 322. The guide 358 is configured to
interact with the third pin 356 in order to influence the movement of the first member 322 with

respect to the handle body 302.
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[00111] The first pin 352 can link the first member 322 to the second member 324.
When the first pin 352 links the first member 322 to the second member 324, the second pin 354
links the handle body 302 to the second member 324, and the third pin 356 links the handle body
302 to the second member 322, movement of the first member 322 can selectively deploy the
closure device 200 from the delivery portion 366.

[00112] With reference to FIGS. 5A-C and 6, the association between the first member
322, the second member 324, the handle body 302 and the biasing member 342 will be
discussed. FIG. 6 is an exploded view of the actuating assembly 320 and the release assembly
340. In the illustrated embodiment, the second member 324 is received into the first member
322, and the first member 322 is received into the knob 338 and the handle body 302, as
illustrated in FIGS. 4 and 5B-5C.

[00113] According to one embodiment of the invention, the second member 324 can
include a guide 326 having a first portion 326a and a second portion 326b, which guide 326 can
be defined by a slot formed on the outer surface of the second member 324. In the illustrated
embodiment, the first portion 326a is straight and extends along at least a portion of the length of
the first member 324 and joins with the second portion 326b of the guide 326. The second
portion 326b can include a helical groove or slot that begins with and is contiguous with the first
portion 326a and extends distally therefrom.

[00114] The guide 326 of the second member 324 is configured to interact with the
handle body 302 and the first member 322 to selectively retract the catheter 362 in order to
deploy the closure device 200. For example, the first portion 326a of the guide 326 is configured
to interact with the second pin 354, which is secured into the handle body 302 by means of
threads and extend into the first portion 326a of the guide 326. In this manner, the second
member 324 can move laterally with respect to the handle body 302. Thus, rotation of the handle
body 302 can translate to rotation of the second member 324, and thus, the catheter 362 and the
delivery portion 366.

[00115] The second portion 326b of the guide 326 is configured to interact with the
first pin 352, which is secured to the first member 322 by means of threads and extends into the
second portion 326b of the guide 326. In this manner, as the first member 322 is rotated, the first
pin 352 will interact with the second portion 326b to move the second member 324 in the
proximal direction. As the second member 324 is moved in the proximal direction with respect
to the handle body 302, the catheter 362 moves proximally with respect to the handle body 302
thereby exposing or deploying the closure device 200 from the delivery portion 366.



WO 2010/135462 PCT/US2010/035464
26

[00116] In the illustrated embodiment, the first member 322 can include a guide 358
defined by a slot or groove formed in the outer surface of the first member 322. In the illustrated
embodiment, the guide 358 can include a first portion 358a connected to a second portion 358b.
The first portion 358a of guide 358 can be straight and extend along at least a portion of the
length of the first member 322, and then join and be contiguous with the second portion 358b.
The second portion 358b of the guide 358 can be a helical groove that wraps around at least a
portion of the outer surface of the first member 322 and extends along at least a portion of the
length of the first member 322.

[00117] As described previously, the third pin 356, which is secured to the handle body
302 by means of threads, can extend into the guide 358 in order to influence movement of the
first member 322 with respect to the handle body 302. For example, as the third pin 356 is
positioned in the most proximal portion of the first portion 358a, the closure device 200 is
completely received into and enclosed by the delivery portion 366. As the first member 322 is
moved in the proximal direction as illustrated by the arrow in FIG. 4, the third pin 356 moves in
the first portion 358a of the guide 358 to deploy the first anchor 204 of the closure device 200
from the delivery portion 366.

[00118] The length of the first portion 358a can correspond with the distance that the
first member 322, and thus the catheter 362, must move in order to deploy the first anchor 204 of
the closure device 200 from the delivery portion 366. For example, a practitioner can move the
knob 338, which is coupled to the first member 322, in the proximal direction. Movement of the
knob 338 in the proximal direction can cause the third pin 356 to move linearly in the first
portion 358a of the guide 358. In this manner, the second member 324 can move
correspondingly with the first member 322 because of the first pin 352, which links the first
member 322 to the second member 324. As the third pin 356 is positioned in the location of the
guide 358 where the first portion 358a meets with the second portion 358b, the first member 322
can be rotated in order to selectively deploy the remaining portions of the closure device 200
from the delivery portion 366 of the delivery device 300.

[00119] As the first member 322 is rotated, the third pin 356 is positioned in the second
portion 358b to influence movement of the first member 322 with respect to the handle body
302, and the first pin 352, which is coupled to the first member 322, interacts with the second
portion 326b of the guide 326 to move the second member 324 in the proximal direction with
respect to the handle body 302. Movement of the second member 324 in the proximal direction

in this manner can cause further deployment of the closure device 200 from the delivery portion
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366. As will be appreciated, the knob 338 can be coupled to the first member 322 to facilitate
and enable movement of the first member 322 with respect to the handle body 302.

[00120] The dual movement required to deploy the closure device 200 can provide
some efficiency and safety advantages. For example, a practitioner can move the knob 338 in a
first direction (i.e., proximally in a linear fashion) to deploy the first anchor 204 from the
delivery portion 366. Thereafter, the practitioner can move the handle body 302 to position the
first anchor 204 against the wall tissue of an internal tissue opening, such as against the left atrial
wall of a heart, for example. Once the first anchor 204 is positioned against the wall, the
practitioner can move the knob 338 in a second direction (i.c., rotate the knob) to further deploy
the closure device 200 from the delivery portion 366. The dual movement enables a user to
predict the deployment of the closure device 200 to reduce the risk of premature deployment of
the closure device.

[00121] It will be understood by one of ordinary skill in the art in view of the disclosure
provided herein that other means of controlling movement of one member with respect to the
other, such as the first member with respect to the second member, can be utilized without
departing from the scope and spirit of the invention. For example, a structure configured to
substantially restrict or control movement of the first element with respect to the second element
and/or handle body can be utilized. In one embodiment, the structure can include a cam and a
follower. In an alternative embodiment, the structure can include a slider.

[00122] The release assembly 340 can be configured to be received in the proximal end
of the handle body 302. The release assembly 340 can be configured to provide additional safety
features for the practitioner and patient by reducing the risk of premature detachment of the
closure device 200 before it is positioned appropriately in an internal tissue opening. For
example, a practitioner using the medical system 100 of the present invention can manipulate the
actuating assembly 320 to deploy the closure device 200 for positioning in an internal tissue
opening. In order to deploy a first portion of the closure device 200, a user can move the knob
338, and thus the first member 322, in the proximal direction with a first movement, which is a
linear movement, then deploy the remaining portions of the closure device 200 by a rotational
movement. Once the closure device 200 is deployed, the practitioner can be required to move
their hands in order to utilize the release assembly 340 to release the closure device 200 from the
delivery device 300.

[00123] In the illustrated embodiment the release assembly 340 can include a release

knob 346 coupled to a biasing member 342, which is received into the proximal end of the
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handle body 302. The biasing member 342 can be configured to include a plurality of slots 318
configured and arranged to act similar to a spring. The slots 318 can be configured and arranged
in the biasing member 342 to enable at least a portion of the biasing member 342 to be
compressed. Compression of the biasing member 342 can cause the release pin 344 to move
toward the distal end of the biasing member 342.

[00124] The biasing member 342 can be configured such that when biasing member
342 is positioned in the handle body 302, the biasing member 342 naturally tends to maintain its
position with the release pin 344 in the release pin groove 310 as illustrated in FIG. 4. As force
is applied to the release knob 346 in the distal direction (i.e., compress the biasing member 342),
the release pin 344 can be moved out of a terminating portion of the release pin groove 310 and
rotated and moved into a proximal terminating portion of the release pin groove 310 to release
the closure device 200 from the delivery device 300.

[00125] The closure device 200 is released from the delivery device 300 by moving a
plurality of wires 378 which are housed by a tether 364 and coupled to the biasing member 342.
[Mlustrated in FIG. 7 is a cross-sectional view of attachment member 240 of the closure device
200 received into a tether 364 and coupled by first and second wires 378a, 378b. In the
illustrated embodiment, a second wire 378b can extend through and out of the tether 364 and
form a loop. The loop can extend through an aperture 242 of the attachment member 240 of the
closure device 200. With the loop of second wire 378b positioned through the aperture 242 of
the attachment member 240, a first wire 378a, which extends through and out of the tether 364,
can extend through the loop of the second wire 378b to form a locking feature. When the first
wire 378a extends sufficiently through the loop of the second wire 378b, the closure device 200
can remain coupled to the delivery device 300 until the first wire 378a is pulled through the loop
of the second wire 378b, and the second wire 378D is pulled out of the aperture 242 of the
attachment member 240.

[00126] The first wire 378a and the second wire 378b can be attached at their proximal
ends to the biasing member 342. In this manner, movement of the biasing member 342 in the
proximal direction can cause movement of the wires 378 also in the proximal direction. In one
embodiment, the wires 378 can be coupled to the biasing member 342 such that movement of
the biasing member 342 will cause the first wire 378a to move a distance sufficient to be
removed from the loop of second wire 378b before the second wire 378b is moved by the
biasing member 342. The wire 378 can comprise a metallic wire, such as a NiTiNol wire. The

wire 378 can also include a stainless steel wire or some other type of metal or stiff polymer. The
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wires 378 can be made from a material having a sufficient tensile strength to secure the closure
device 200 to the tethers 364 without causing the wires 378 to fail or substantially deform. In
one embodiment of the invention, the wire 378B can include a stainless steal wire and wire
378A can include a NiTiNol wire.

[00127] Other types and configurations of biasing members can be utilized without
departing from the scope and spirit of the invention. For example, in one embodiment, the
release assembly can include a rotating member coupled to the securing elements. In this
embodiment, rotation of the rotating member can cause the securing elements to wind around
the rotating member thereby causing the distal ends of the securing elements to move proximally
with respect to the handle body.

[00128] The method of use of the medical system 100 will now be described with
reference to a particular internal tissue opening, namely a PFO. FIG. 8a illustrates the
positioning of the catheter 362 through the tunnel 58 of a PFO with the first anchor 204 of the
closure device 200 deployed. The medical system 100 is utilized to close an internal tissue
opening by positioning the catheter 362 through an internal tissue opening and moving the first
member 322 by a first movement (i.e., linearly) in the proximal direction to deploy the first
anchor 204 of the closure device 200. After the first anchor 204 of the closure device 200 is
deployed, the delivery device 300 can be moved in the proximal direction in order to seat the
first anchor 204 against the wall of the tissue opening or otherwise engage the wall of the
internal tissue opening, as illustrated in FIG. 9. This can be done by moving the handle body 302
in the proximal direction.

[00129] After the first anchor 204 has been positioned against the wall of the internal
tissue opening, the knob 338, and thus the first member 322, can moved by a second movement,
or in other words, rotated to deploy additional portions of the closure device 200 as illustrated in
FIG. 9. After the closure device 200 has been fully deployed and conforms to the anatomy of the
internal tissue opening, the release assembly 340 can be actuated to selectively detach the
delivery device 300 from the closure device 200 as illustrated in FIGS. 10a and 10b.

[00130] The release assembly 340 can be actuated by moving the biasing member 342
distally with respect to the handle body 302, then rotating the biasing member with respect to the
handle body 302, and then moved proximally with respect to the handle body 302. In this
manner, closure device 200 substantially conforms to the anatomy of the internal tissue opening.
As noted previously, the configuration of the closure device 200 is such that when positioned in

the internal tissue opening as illustrated, the members of the closure device 200 apply lateral



WO 2010/135462 PCT/US2010/035464
30

force to the tissue of the internal tissue opening, such as the tunnel 58 of the PFO, to
approximate tissue of the PFO for closure.

[00131] FIG. 11A illustrates onec embodiment of a closure device 200 that can include a
member 250, such as an ingrowth material. The member 250 can be configured to induce tissue
growth. The member 250 can be fixed to the closure device 200 by means of a securing element,
such as a thread 252. For example, the thread 252 can extend through the member 250 and
through the apertures in the intermediate portions 234 in order to secure the member 250 to the
closure device 200. In other embodiments, the member 250 can be secured to the closure device
220 by a known securing means, such as by an adhesive, a heat weld, or some other known or
hereafter developed means for securement.

[00132] The member 250 and the thread 252 can include a bio-resorbable material,
such as polylactide or polyglycolide or collagen. The member 250 can be sized and configured
to enable the closure device 200 to be deployed from and received into the delivery portion 366
of the delivery device 300. Furthermore, the member 250 can be configured to interact with
tissue of the internal tissue opening to stimulate growth of tissue for closure of the internal tissue
opening. For example, the member 250 can interact with the tunnel tissue 58 of a PFO in order
to stimulate growth of tissue in the PFO tunnel 58.

[00133] The member 250 can be any suitable material which can or tends to promote
tissue growth. Examples of such material can include a polymeric material, or a woven material,
such as a woven metallic or biological material. In one embodiment, the member 250 can be a
piece of foam. In alternative embodiments, the member 250 can be a piece of yarn, fabric or
string, or some combination thereof. Other tissue growth promoting members can include a
coating disposed on the closure device 200. In other embodiments, the member 250 can be a
piece of foam, braided material such as a piece of yarn or string, or fabric which has a coating
disposed thereon.

[00134] The member 250 can include materials such as a piece of polyurethane or
some other biocompatible polymer, including bio-resorbable polymers. The member 250 can
also include Dacron or polymeric threaded material which have been woven or knitted, or
formed into compressed, non-woven fabrics. The member 250 can also include a metallic
material, such as a NiTiNol, stainless steal or some other biocompatible alloy or bio-resorbable
metal, such as magnesium alloy, or some combination thereof. In one embodiment, the member

250 comprises a metallic wire.
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[00135] FIG. 11B illustrates a side view of the closure device 200, and illustrates one
example of the closure device having a substantially flat configuration. In the illustrated
embodiment, the closure device 200 can include a depth or depth thickness designated as DT,
and a plane 260 extending perpendicular into and out of the plane of the page. In this
embodiment, the member 250 can extend beyond at least a first edge 262 of the closure device
200. Furthermore, the member 250 can extend beyond both the first edge 262 and a second edge
264 of the closure device 200. In this manner, member 250 can contact tissue adjacent the
closure device 200 to promote tissue growth in the tissue opening.

[00136] The member 250 can be sized and configured to extend beyond at least the first
edge 262 of the closure device 200 a sufficient distance to contact tissue of the tissue opening. In
one embodiment, the member 250 can extend beyond at least the first edge 262 a sufficient
distance to contact tissue adjacent the first edge 262, thereby causing the end of the member 250
which is in contact with the tissue to deflect or bend. In this manner, more surface area of the
member 250 can be in contact with tissue to thereby facilitate an increase in tissue growth. In
other embodiments, the member 250 can extend beyond both the first edge 262 and the second
edge 264 a sufficient distance to cause both ends of the member 250 to bend, which can result in
more surface area contacting the tissue. In one embodiment, the member 250 can extend
between at least 0.5 mm and 5 mm beyond the first edge 262. In another embodiment, the
member 250 can extend between at least 0.5 mm and 5 mm beyond the first edge 262, and can
extend between at least 0.5 mm and 5 mm beyond the second edge 264. Furthermore, the
member 250 can have a thickness of between at least 0.25 mm and 2 mm.

[00137] In addition, in some embodiments the member 250 can be configured to
decrease the size of a remaining void in the tissue opening after the closure device 200 has been
positioned in the tissue opening. Member 250 extending beyond the first edge 262 of the closure
device 200 is an example of the member 250 extending substantially out of plane of the
substantially flat configuration.

[00138] FIG. 12A illustrates another embodiment of a closure device 400 with a tissue
growth member 450 or in-growth material. The closure device 400 includes a frame 402,
similar to frames depicted in the previous embodiments. As previously described, the frame 402
includes a central portion 404 with first and second proximal anchors 406 and 408 and first and
second distal anchors 410 and 412, the proximal anchors extending from a proximal portion of
the central portion 404 and the distal anchors extending from a distal portion of the central

portion 404 of the frame 402. The central portion 404 may include multiple struts 414 that
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define a multi-cellular structure. In particular, the multiple struts 414 may define four cells in
the presently described embodiment: a first central cell 416, a second central cell 418, a
proximal cell 420 and a distal cell 422, each of the multiple struts 414 collectively defining the
central portion 404 of the frame 402. As previously set forth, the frame 402 is a generally flat
plane 442 (FIG. 12B) or substantially planar (or may be described as including or exhibiting a
substantially flat configuration) when in an expanded configuration and generally resists
movement out of such substantially planar or flat configuration. Further, the frame 402 may
remain in a substantially flat configuration when constricted within the tip portion of the catheter
(not shown) or at any other deployment stage.

[00139] The tissue growth member 450 may include a first member 452 and a second
member 454, the first member 452 being separate and distinct from the second member 454.
The tissue growth member 450 may be attached to the frame 402 by, for example, stitching or
sewing, similar to that illustrated in the previous embodiment. In one embodiment, the tissue
growth member 450 is configured to be positioned to extend along struts 414 in the central
portion 404 of the frame 402 and may include portions extending along a portion of the first and
second proximal anchors 406 and 408 of the frame 402.

[00140] The tissue growth member 450 is configured to be bio-compatible and porous
for inducing tissue growth therein. In one embodiment, the tissue growth member 450 may be
foam. In another embodiment, the tissue growth member 450 may be polyurethane. In still
another embodiment, the tissue growth member 450 may be polyurethane foam and, more
specifically, may be reticulated polyurethane foam. Such foam may also be non-reticulated
polyurethane foam. Other materials and structures may also be employed, as set forth in the
previous embodiments. Further, the tissue growth member can be formed, for example, from a
large stock of foam and shaped as desired utilizing die cutting techniques as known in the art.

[00141] With reference to FIG. 13A, the first member 452 is depicted as being an
elongated member extending between a first end 456 and a second end 458 and defining a
longitudinal axis 460 therethrough. Further, the first member 452 can include a first portion 462
and a second portion 464 defining a mid portion 466 therebetween. Each of the first portion 462
and second portion 464 also can include a slot 468 that extends from a bottom edge 470 of the
first member to about the longitudinal axis 460. Further, the first member 452 can include
tapered portions 472 that taper toward the first end 456 and the second end 458 as well as the
mid portion 466 of the first member 452.
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[00142] With respect to FIGS. 12A and 13A, the first portion 462 of the first member
452 is sized and configured to be positioned along the distal struts within the first central cell
416 and the second central cell 418, the slot 468 configured to receive a center portion 424 of the
frame 402. The first end 456 can be attached to a first eyelet 426 of the frame 402 and the mid
portion 466 can be attached to a second eyelet 428 of the frame 402. Similarly, the second
portion 464 of the first member 452 is sized and configured to be positioned along proximal
struts within the first central cell 416 and the second central cell 418 with the slot 468 of the
second portion 464 disposed over or receiving the center portion 424 of the frame 402. Also,
similar to the first portion 462, the second end 458 can be attached to the first eyelet 426 and the
mid portion 466 can be attached to the second eyelet 428. In this manner, the first member 452
18 attached within the first and second central cells 416 and 418 of the frame 402 with the second
portion 464 being positioned proximal the first portion 462 of the first member 452. In addition,
the second portion 464 of the first member 452 is positioned and oriented within the central
portion 404 of the frame 402 to substantially mirror an orientation and position of the first
portion 462 of the first member 452.

[00143] Further, once the first member 452 is positioned within the central portion 404
of the frame 402, the tapered portions 472 are adjacent the lateral sides of the frame 402 with the
intention to correspond or mimic the shape of a PFO tunnel. Essentially, it is desired to have
more of the tissue growth member 450 at intermediate portions of the first portion 462 and
second portion 464 of the first member to fill any potential gap to, thereby, occlude the PFO
tunnel. In this manner, the first member 452 may extend a greater dimension from the frame
402 at a middle portion of the central portion 404 of the frame 402 than at or adjacent the lateral
edges of the central portion 404 of the frame 402.

[00144] With respect to FIG. 13B, the second member 454 is depicted as being an
clongated member extending between a first end 474 and a second end 476 with a longitudinal
axis 478 extending therethrough. The second member 454 can include a first portion 480, a
second portion 482 and a third portion 484, the second portion 482 being between the first and
third portions 480 and 484. The second member 454 can include slots extending from a bottom
edge 490 to a central region (e.g., to about the longitudinal axis 478 as depicted in Fig. 13B).
The slots can include a first slot 486 defined between the first portion 480 and the second portion
482 and a second slot 488 defined between the second portion 482 and the third portion 484.
The second member 454 can also include tapered portions 492 defined adjacently between the
first and second portions 480 and 482 and the second and third portions 482 and 484. The first
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end 474 and second end 476 can define beveled or rounded edges to limit potential abrasion
between the second member 454 and, for example, the tip portion of the catheter (not shown)
when being constricted therein.

[00145] Referring now to FIGS. 12A and 13B, the second member 454 may be sized
and configured to be attached to a proximal portion of the frame 402 and, more particularly, to
proximal struts within the proximal cell 420 and along a first proximal anchor segment 434 and
a second proximal anchor segment 436. For example, the first end 474 can be attached to a first
anchor eyelet 438 and the second end 476 can be attached to a second anchor eyelet 440. The
first slot 486 is configured to correspond and receive a joint or interconnection between the first
anchor segment 437 and the proximal cell 420 and the second slot 488 is configured to
correspond and receive a joint between the second anchor segment 436 and the proximal cell
420. With this arrangement, the second member 454 can be attached to a proximal portion of
the frame 402 with additional portions sewn to the frame 402, similar to the sewing shown in
FIG. 11A.

[00146] Referring to FIGS. 12A, 12B, 13A and 13B, the first member 452 includes a
longitudinal length dimension L1, a width dimension W1 and a depth dimension D1. Similarly,
the second member 454 includes a longitudinal length dimension L2, a width dimension W2 and
a depth dimension D2. The depth and width for each of the first and second member 452 and
454 may be, but is not limited to, a substantially similar dimension. As depicted, the length L1
of the first member 452 may be greater than the length L2 of the second member 454, however,
note that the first member 452 is employed as two barriers or layers comprising the first portion
462 and second portion 464 each having a length of about L/2 (i.c., one half of L) . Further,
cach respective length L1 and L2 is substantially greater than any other noted width or depth
dimension of the tissue growth members. The depth D1 and D2 of the respective first member
452 and the second member 454 is substantially greater than the width W1 and W2 of each of
the first member 452 and the second member 454. For example, the respective width W1 and
W2 of the first and second member 452 and 454 may be approximately 1 mm to 3 mm and,
preferably, between about 1 mm and 1.5 mm. The respective depth D1 and D2 of the first
member 452 and the second member 454 may be approximately 3 mm to 10 mm and,
preferably, between about 4 mm and 6 mm. As such, the depth dimension D1 and D2 may be
substantially larger than the width dimension W1 and W2 and more particularly, may be in the
order of ten times greater than each width dimension W1 and W2. Each of the respective depth
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dimensions D1 and D2 of the first and second member 452 and 454 is an important aspect of the
invention, as will be set forth further below.

[00147] Further, as depicted in FIGS. 12A and 12B, according to an aspect of the
present invention, the first member 452 and second member 454 positioned on the frame 402
extends substantially out-of-plane or substantially perpendicular relative to a plane 442 or flat
configuration of the frame 402. The depths D1 and D2 of the first and second members 452 and
454 may each be three to twenty-five times greater than the depth-thickness DT of the frame 402
and, preferably eight to seventeen times greater than the depth-thickness DT of the frame 402.
With this arrangement, when the closure device 400 is positioned within the PFO tunnel (not
shown in FIGS. 12A or 12B) with the first and second lateral sides of the closure device 400
expanding outward, the upper and lower walls of the PFO tunnel come into contact with the
tissue growth member (since the tissue growth member 450 extends substantially perpendicular
to the plane 442 of the frame 402) to, thereby, induce tissue growth thereto. In this manner, the
first member 452 alone may provide the closure necessary in the PFO tunnel with the first
portion 462 of the first member 452 providing a first layer of tissue growth and the second
portion 464 of the first member 452 providing a second layer of tissue growth within the PFO
tunnel. In addition, the second member 454 may provide an additional layer or third layer of
tissue growth and closure to the PFO tunnel.

[00148] Further, due to the variability between different PFO tunnels, the first member
452 and the second member 454 together in their respective strategic locations attached to the
frame 402 may provide greater success in closing any given PFO tunnel. For example,
fenestrations or other surface variations may be present in any given PFO tunnel. The second
member 454 is strategically positioned at a proximal portion of the frame 402 and, specifically,
along portions of the proximal anchors to address potential issues involving fenestrations or
other surface variations in a PFO tunnel.

[00149] The respective depth dimension D1 and D2 of the first member 452 and the
second member 454, extending substantially perpendicular to the substantially planar or flat
configuration of the frame 402, provides structure that advantageously maintains substantial
contact with the tissue in the PFO tunnel to induce tissue growth through the first and second
member 452 and 454 and to the tissue in the PFO tunnel. Further, due to the resilient, flexible
and self expanding characteristics of the first and second member 452 and 454 extending out-of-
plane, such first and second members may slightly fold or compress so as to maintain contact

with the tissue in the PFO tunnel. The flexible nature of the first and second member 452 and



WO 2010/135462 PCT/US2010/035464
36

454, may maximize the surface area in contact with the tissue in the PFO tunnel despite the
dynamic nature of the heart.

[00150] FIG. 14 illustrates another embodiment of a frame 502 of a closure device 500.
In particular, in this embodiment, the frame 502 is substantially similar to the frame of the
previous embodiment, except this frame 502 includes multiple clips 511 positioned at strategic
locations on the frame 502. The clips 511 are configured to grasp and attach, for example, the
first member 452 and the second member 454 (FIGS. 13A and 13B) to the frame 502. Each clip
511 includes a base 513 and a cantilevered lever arm 515 that can be displaced to engage an arm
latch 517 extending from the base 513. The base 513 may also include nubs 519 to provide
assisted traction in holding a tissue growth member (not shown in FIG. 14). It should be noted
that a tissue growth member, such as, for example the first member 452 and second member 454
(depicted in FIGS. 13A and 13B), may be employed with the frame 502.

[00151] As depicted, each strut 514 of the first central cell 516 and the second central
cell 518 can include a clip 511. Further, the proximal cell 520 can include a clip 511 on the
inside wall portion of the two most proximal struts 514 of the proximal cell 520. In addition,
each proximal anchor 506 can include a clip 511 along the inside wall portion of a proximal
anchor segment 534. In this manner, similar to that depicted in the embodiment of FIG. 12A,
the first member 452 and the second member 454 can be attached to the frame 502 of this
embodiment by utilizing the clips 511. If desired, the first member 452 and the second member
454 may be additionally secured to the frame by sewing the ends and mid portion to
corresponding eyelets, as set forth in the previously described embodiment. This embodiment of
the frame 502 with clips 511 for attaching the first member 452 and second member 454 (FIG.
12A) may substantially stream-line manufacturing processes by eliminating, or at least
substantially reducing, the sewing of the tissue growth member to the frame, thereby, saving
time and increasing through-put in the manufacture of the closure device.

[00152] In one embodiment, the clips 511 may each be a seamless and unitary structure
of the frame 502. Such a seamless structure can be employed by laser cutting the frame with
cach of the clips cut therewith from a flat sheet of metal, such as Nitinol metal. In this manner,
the frame 502 of the closure device 500 can employ clips (that are seamless and unitary to the
frame structure) to attach a tissue growth member, such as foam, as previously described.

[00153] FIG. 15 illustrates another embodiment of a frame 602 of a closure device
600. This embodiment may be similar to the previous embodiments in many respects, except

this frame 602 may include an additional beam or distal reinforcing segment 629 for each distal
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anchor to provide additional strength to the distal anchors as well as a different configuration for
some of the engaging members 622 on each of the proximal anchors. This embodiment also
includes clips 611 for clipping the tissue growth member (not shown) to the frame 602, which
clips 611 may be oriented differently from the previously described embodiment on the
proximal side of both the proximal anchors as well as the central portion. As in the previous
embodiments, the frame 602 may include a central portion 604 with a first proximal anchor 606
and a second proximal anchor 608 extending from the proximal side of the central portion 604,
and a first distal anchor 610 and a second distal anchor 612 extending from the distal side of the
central portion 604.

[00154] As previously set forth, this embodiment includes an additional beam or an
additional distal reinforcing segment 629 for each of the first distal anchor 610 and the second
distal anchor 612. Each distal reinforcing segment 629 may extend from a distal node or distal
end 631 of the central portion 604 of the frame 602 and connect adjacent the indicator 620 at the
distal end 633 of the other more proximal segments 628 of the first distal anchor 610 and the
second distal anchor 612. Further, each distal reinforcing segment 629 can extend laterally from
the distal end 631 of the central portion 604 to extend at least partially along-side the more
proximal reinforcing segments 628 in a substantially parallel manner.

[00155] Furthermore, each of the distal reinforcing segments 629 can include a
longitudinal length dimension 635, a width dimension 637 and a depth dimension (not shown in
Fig. 15). The length dimension 637, in the expanded configuration can be substantially linear
with each end portion having a curvilinear or arcuate portion, the curvilinear portion curving and
extending proximally to a connection point. The width dimension 637 can include, for example,
tapered portions 639 such that the width dimension changes at one or more portions along the
length thereof. For example, the distal reinforcing segment 629 can include a first portion 641
and a second portion 643, the first portion 641 having a smaller width dimension than the second
portion 643, a tapered portion providing the transition between the first portion 641 and the
second portion 643. Along the length of the distal reinforced segment 629 there can be several
tapered portions or changes in width. The depth dimension of the distal reinforced segment 629
may be similar to the depth dimension of other portions of the frame (e.g., depth-thickness DT
shown in FIG. 12B).

[00156] Further, cach distal reinforcing segment 629 of the first distal anchor 610 and
the second distal anchor 612 can be substantially coplanar with each other such that they are

cach in a substantially flat configuration. In another embodiment, each distal reinforcing
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segment 629 can be substantially coplanar with the central portion 604 and the other segments
628 of each distal anchor as well as substantially coplanar with the proximal anchors of the
frame 602 such that the frame sits in a substantially flat configuration.

[00157] With the distal reinforcing segments 629 of this embodiment, the closure
device 600 can more readily maintain a stable position within a tissue opening, such as in a PFO
in the heart, to resist pull-through and disengagement from a deployed position. For example,
pull-through can occur when a physician deploys the closure device 600 in a PFO and the
physician manually pulls on the handle of the delivery device (not shown in FIG. 15) to
determine if the closure device is firmly positioned within the PFO. Such reinforcing segments,
cumulatively or in combination, provide resistance to pull-through so the physician can have a
more affirmative indication that the closure device is stabilized with the PFO through increased
resistance. Such resistance to pull-through may provide two to three times greater resistance
than the previous embodiments of the closure device that do not include the additional distal
reinforcing segment 629 of this embodiment. Furthermore, as previously set forth, certain
portions of the distal reinforcing segments 629 may include a width dimension 637 greater than
other portions along the length dimension 635 or may include tapered portions 639. Such
characteristics in the distal reinforcing segments 629 provide for greater rigidity along certain
portions of the length than on other portions, the portions with a greater width having the greater
rigidity of the distal reinforced segments. In this manner, the closure device 600 can be
deployed and retracted, in and out of the catheter or delivery device, over numerous iterations
without causing undue fatigue, stress or hardening within the struts and segments of the frame
602. Such tapered portions 639 are calculated to distribute and manipulate the stress of the struts
and segments of the frame 602 when being deployed and/or when placed in a constricted
orientation in, for example, the tip portion of a catheter to maximize the strength of the struts and
segments while minimizing the mass and size of the frame 602.

[00158] As previously set forth, the currently described embodiment may include
engaging members 622, or otherwise referred to as miniature anchors, on the distal side of both
the first proximal anchor 606 and the second proximal anchor 608. More particularly, according
to one aspect of the present invention, the engaging members 622 exhibit a wave-crest
configuration or profile. Such a wave-crest configuration includes a base portion 623, a peak
portion 625 and a tip portion 627. The base portion 623 may extend from a strut or segment of
the frame 602 and, in this embodiment, the distal surface of, for example, the first proximal

anchor 606 or the second proximal anchor 608. The peak portion 625 extends from the base
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portion 623 and can be sized and configured to include a curved surface (without a sharp point)
or rather, an atraumatic surface. Such curved peak portion 625 is specifically sized and
configured to engage tissue without piercing the tissue that it engages. The tip portion 627 of
the wave-crest profile extends downward or back away from the peak portion 625 and provides
an edge 619 (see FIG. 16A) having a depth dimension (not shown) that extends substantially
transverse to the plane of the closure device. The depth dimension of the edge 619 may be
substantially the same as the depth dimension of the anchor segment from which the engaging
member extends. In the presently considered embodiment, the depth dimension is substantially
larger than the width dimension of the proximal anchor segments (as previously discussed in
relation to aspect ratio), thereby, providing a substantial edge, along the depth dimension, sized
and configured to aggressively engage tissue, but not configured to pierce tissue.

[00159] With reference now to FIG. 16A, the engaging members 622, with the wave-
crest configuration, are shown when the closure device is pulled into a catheter 615. In the
constricted, undeployed configuration within the catheter 615, the engaging members 622 are
positioned directly against the inside surface 617 of the catheter 615. With the wave-crest
configuration, the peak portion 625 is positioned against the semi-hard surface of the catheter
615. If the peak portion included an acute oblique point, the closure device may not readily be
able to be moved to a deployed orientation due to such point catching or causing resistance
against the surface of the catheter as the closure device is displaced relative to the inside surface
617 of the catheter 615. However, the curved, blunt surface of the peak portion 625 provides
minimal resistance during such displacement to facilitate ready deployment of the closure device
from the catheter 615. On the other hand, as depicted in FIG. 16B, when the engaging members
615 with the wave crest configuration are in contact and positioned against tissue 613, the tissue
is conformable with such wave crest configuration, such that the curved surface of the peak
portion 625 provides an atraumatic surface specifically designed to engage, but not pierce the
tissue 613 such as shown.

[00160] Further, the wave crest configuration will provide aggressive engagement or
resistance in the direction of arrow 611 at the tip portion 627 and edge of the engaging members
622. With this arrangement, the engaging members 622 having the wave crest configuration
provide advantages when in contact with a hard surface, such as the inner surface 617 of a
catheter 615 so as to limit resistance while providing aggressive engagement with tissue 613 in a
predetermined direction, arrow 611; atraumatic engagement at the peak portion 625 of the wave-

crest configuration; and, further, non-piercing/atraumatic engagement at the tip portion 627 of
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the wave crest configuration when deployed adjacent tissue 613 or within a tissue structure, such
as a PFO.

[00161] With reference now to FIG. 17, another embodiment of a frame 702 of a
closure device 700 is shown. The frame 702 of this embodiment is similar in many respects to a
frame depicted in previous embodiments (e.g., FIG. 3A). For example, the frame 702 may
include a central portion 704 with first and second proximal anchors 706 and 708 extending
from a proximal portion of the central portion 704. The frame also includes first and second
distal anchors 710 and 712 extending from a distal portion of the central portion 704. The
central portion 704 may include a plurality of segments or struts 714 that define a multi-cellular
structure. In one embodiment, the multiple struts 714 may define four cells: a first central cell
716, a second central cell 718, a proximal cell 720 and a distal cell 722, the multiple struts 714
collectively defining the central portion 704 of the frame 702. Similar to previous embodiments,
the frame 702 may be in the form of a generally flat plane or substantially planar (or may be
described as including or exhibiting a substantially flat configuration) such that the frame may
remain in a substantially flat configuration when constricted within the tip portion of the catheter
(not shown) or at any other deployment stage. In one embodiment, the first and second
proximal anchors 706 and 708 may be co-planar with the central portion 404. In another
embodiment, the first and second distal anchors 710 and 712 may be co-planar with the central
portion 704.

[00162] In one embodiment, each cell may include four struts 714 defining a particular
cell. Adjacent cells may share one or more struts 714. For example, cells having four struts
may include at least two struts 714 that are common with two adjacent cells. Further, each cell
may include one or more nodes configured to interconnect adjacent struts 714. Furthermore,
cells having four struts 714 may include four nodes associated therewith, each node being
associated with two adjacent struts. Such nodes may additionally interconnect struts 714 of
adjacent cells or, in other words, one cell may share one or more nodes of adjacent cells. In one
embodiment, the central portion 704 can include nine nodes: eight peripheral nodes and one
central node. The interconnection of the nodes the struts 714 may define, in whole or in part, the
multi-cellular structure of the central portion 704, the central node interconnecting the struts 714
for each of the four cells. With this arrangement, the multi-cellular structure, including nodes
and struts, is configured to maximize outward expansion force while also minimizing the

material or mass required for such expansion force.
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[00163] Further, as in the previous embodiments, the first and second proximal anchors
706 and 708 may include multiple proximal anchor segments to define at least a portion of a
closed periphery. Likewise, the first and second distal anchors 710 and 712 may include
multiple distal anchor segments to define at least a portion of a closed periphery. For example,
the first proximal anchor 706 may include a first proximal anchor segment 724 extending from a
right lateral node 736 of the proximal cell 720 and a second proximal anchor segment 726
extending from a right-lateral node 738 of the first central cell 716, the first and second proximal
anchor segments 724 and 726 extending to and interconnecting at a proximal anchor node 740.
Such proximal anchor node 740 may also be employed as an attachment portion for tethering the
frame to the delivery system (not shown). Thus, a closed periphery or a closed loop is defined
by the anchor segments 724 and 726 in conjunction with nodes 736, 738 and 740.

[00164] In one embodiment, the first and second proximal anchors 706, 708 may
include an additional proximal anchor segment or a third proximal anchor segment 728. Such
third proximal anchor segment 728 may extend, similar to the first proximal anchor segment
724, between the right lateral node 736 of the proximal cell 720 to the proximal anchor node
740. Further, the third proximal anchor segment 728 may extend substantially parallel to or
along with the first proximal anchor segment 724. In one embodiment, the third proximal
anchor segment 728 may include a first flexible portion 730 and a second flexible portion 732
with a rigid portion 734 extending therebetween. Each flexible portion may include a taper
along a portion of a length of such flexible portion such that the tapering may extend or
transition to the rigid portion 734. The first proximal anchor segment 724, extending along-side
the third proximal anchor segment 728, may include similar structural features as that of the
third proximal anchor segment 728 or generally mirror the structural features thereof. In this
manner, the third proximal anchor segment 728 for each of the first and second proximal
anchors 706 and 708 provides additional resistance to the proximal anchors to prevent the
closure device from moving or migrating to the left atrium of the heart (not shown in FIG. 17)
when deployed in a PFO.

[00165] In addition, the frame 702 of the closure device 700 may include one or more
struts or dual struts extending along-side or substantially parallel with each other on the
proximal side of the proximal cell 720. In comparison to the frame shown in FIG. 3A, the frame
depicted in FIG. 17 exhibits a first additional strut 742 extending between a proximal node 746
of the proximal cell 720 to a right lateral node 736 of the proximal cell 720. Similarly, a second
additional strut 744 can extend between the proximal node 746 of the proximal cell 720 to a left
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lateral node 750 of the proximal cell 720. Further, similar to the other struts of the central
portion 704, the first and second additional struts 742 and 744 may include a first flexible
portion 752 and a second flexible portion 754 with an intermediate rigid portion 756
therebetween. The flexible portions 752 and 754 may taper or otherwise transition to the rigid
portion 756. With this arrangement, the first and second additional struts 742 and 744, in
combination to the adjacent interior proximal struts of the proximal cell 720, are configured to
provide additional resistance in comparison to a single strut configuration (e.g., see FIG. 3A)
within the central portion 704 to minimize any potential of the closure device moving or
migrating to the left atrium.

[00166] Furthermore, in another embodiment, the frame 702 may include dual distal
struts of the distal cell 722 of the central portion 704 that may extend along-side or substantially
parallel with each other. More specifically, the distal cell 722 may include a first additional strut
758 and a second additional strut 760, each extending from a distal node 762 of the distal cell
722 to a right lateral node 764 of the distal cell 722 and a left lateral node 766 of the distal cell
722, respectively. Such first and second additional struts 758 and 760 of the distal cell 722 can
each include a first flexible portion 768 and a second flexible portion 770 with a rigid portion
772 therebetween. The flexible portions may be sized and configured to taper to or otherwise
transition to the rigid portion 772. In this manner, the dual struts of the distal cell 722 are sized
and configured to provide additional resistance, in comparison to a single strut configuration of
the central portion 704, in further preventing the closure device 700 from moving to the right
atrium, or provide additional pull through resistance when tethered to the delivery system.

[00167] In addition, the embodiment depicted in FIG. 17 may provide engaging
members 780 having a wave-crest configuration such as described above with respect to FIGS.
15, 16A and 16B. The engaging members 780 may be positioned along the second proximal
anchor segment 726 (along a distal surface of such segment) for both the first and second
proximal anchors 706, 708. As in the previous embodiment, the engaging members 780 are
sized and configured to not pierce the tissue, but rather, aggressively engage the tissue if the
closure device 700 moves toward the left atrium, thereby, substantially preventing potential
migration or movement of the closure device 700 into the left atrium. In one embodiment, as
shown, engagement members having a wave-crest configuration may be located on the proximal
anchors 706 and 708, but not on the distal anchors 710 and 712. In another embodiment,
engagement members having a wave-crest configuration may be located on any one, or on all of

the anchors.
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[00168] In another embodiment, in comparison to the embodiment depicted in FIG. 3A,
the first and second proximal anchors 706, 708 exhibit an increased length. With such increased
length, the first proximal anchor segment 724 and the second proximal anchor segment 726, at
their initial curvilinear extension from the central portion 704, include a first radius 782 and a
second radius 784, respectively, that is greater than the corresponding radii of the previous
embodiment. Such larger radii provides a reduction in the strain exhibited in the first and second
proximal anchor segments 724 and 726 when the frame 702 is moved between an expanded
configuration and a strained or stressed configuration, such as when constricted within a
catheter. It should be noted that the first radius 782 and the second radius 784 of the first and
second proximal anchor segments 724, 726, respectively, may be substantially similar.
Additionally, the first and second radii 782 and 784 may be as large as, or larger than the radius
of the strut or segment ends of adjacent cells (e.g., 716, 718 and 720).

[00169] In accordance with another aspect of the present invention, in one embodiment,
the structural lengths, tapers, rigid portions, etc. between various portions, i.¢., struts, anchor
segments, etc., of the frame 702 may be similar with other like or similar portions in order to
effectively and substantially symmetrically facilitate movement between a strained position
within a catheter and an expanded position deployed from a catheter. For example, in one
embodiment, the structural components for one half of the frame or right side of the frame may
be equivalent or substantially a mirror image of the structural components for the other half or
left side of the frame. In another embodiment, the struts 714 that define each of the four cells of
the central portion 704, may be substantially similar in length, with substantially equivalent
flexible portions, tapered portions and rigid portions. In another embodiment, the distal most
struts 714 in the distal cell 722 include a substantially similar length. In another embodiment,
the distal struts 714 of the first and second central cell 716 and 718 (which include the proximal
struts of the distal cell 722) include a substantially similar length. Similarly, in another
embodiment, the proximal struts 714 of the first and second central cell 716 and 718 include a
substantially similar length. In still another embodiment, the proximal most struts 714 of the
proximal cell 720 include a substantially similar length.

[00170] Furthermore, the various anchor segments of the first and second proximal
anchors 706 and 708 and the first and second distal anchors 710 and 712 include common
relationships in order to effectively and substantially symmetrically strain or stress the frame 702
when is constrained within an associated catheter or other delivery device. For example, the first

proximal anchor segment 724 is substantially the same length as the second proximal anchor
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segment 726. The first proximal anchor segment 724 extending between the right lateral node
736 of the proximal cell 720 and the proximal anchor node 740. The second proximal anchor
segment 726 extending between the right lateral node 738 of the first central cell 716 and the
proximal anchor node 740. It should be noted that the undulations in the second proximal
anchor segment 726 (that also include the engaging members 780) facilitate the range of motion
of the first and second proximal anchors 706 and 708 in being strained and moved in a proximal
direction when being constricted within a catheter (similar to that depicted in FIG. 3B). When
constricted within a catheter, the undulations typically may not completely straighten and,
therefore, the second proximal anchor segment 726 may be slightly longer than the first
proximal anchor segment 724. In this manner, the symmetrical characteristics between the
various structural components of the frame minimize fatigue in the frame and maximize a
smooth transition between an un-deployed and deployed state of the frame 702 with respect to
the catheter.

[00171] Further, in another embodiment, first and second distal anchors 710 and 712 of
the frame 702 may exhibit common lengths within their respective distal anchor segments. For
example, first and second distal anchor segments 786 and 788 or reinforcing segments, in
combination with the length of the strut 714 between the right lateral node 738 of the first central
cell 716 and the right lateral node 764 of the distal cell 722, may be substantially similar in
length to a third distal anchor segment 790 extending between the right lateral node 738 of the
first central cell 716 and a distal anchor node 792. As shown, the third distal anchor segment
790 exhibits undulations to increase the length of the third distal anchor segment 790 and allow
the distal anchors with the necessary range of motion to move to the constricted position in a
catheter or other delivery device. When in the constricted position, the undulations of the third
distal anchor segment 790 may not completely straighten and, thus, the third distal anchor
segment 790 may be slightly longer than the length of the first and second distal anchor
segments 786 and 788 plus the length of the strut 714, as previously set forth.

[00172] Now referring to FIGS. 18 and 19, another embodiment of a closure device
800, depicting an unfinished process for attaching a tissue growth member 802 to a frame 804 of
the closure device 800. In particular, in this embodiment, the tissue growth member 802, may
be thermally welded to, or about, the central portion 806 of the frame 804. As depicted, the
tissue growth member 802, such as foam, may be thermally welded to one or more struts 808 of
the central portion 806. The process of thermally welding may include a welding fixture 810

sized and configured to clamp down, for example, on both sides of a strut 808 within the central
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portion 806 and with two layers of a tissue growth member 802 therebetween. The welding
fixture 810 heats and fuses the tissue growth member 802 together at an approximate
predetermined temperature to, thereby, attach the tissue growth member 802 to particular struts
of the central portion 806 of the frame 804. Once the tissue growth member 802 is thermally
welded to the frame, as depicted in FIG. 18, the tissue growth member 802 may then be cut or
otherwise trimmed to a desired configuration, generally similar to that depicted in FIG. 12A or
any other suitable configuration. It should be noted that the configuration may vary slightly
from that depicted in FIG. 12A due to the tissue growth member being thermally welded to both
sides of selected struts 808 or the central frame segments. Further, various slits or openings may
be cut or formed within the thermally welded foam (for example, within the cells of the central
portion 806) that will facilitate the tissue growth member to readily conform between a
constrained orientation within a catheter, and an expanded, un-constrained (or minimally
constrained, as-deployed) orientation.

[00173] With respect to FIG. 20, another embodiment of the previously described
closure device 700 is provided. This embodiment is similar to that depicted and described with
respect to FIG. 17, except this embodiment does not include the first and second additional struts
758 and 760 (FI1G. 17) distal the distal cell 722 of the frame 702. This embodiment does,
however, include the first and second additional struts 742 and 744 or central frame segments
proximal the proximal cell 720. Further, this embodiment also may exhibit the additional
proximal anchor segments or the third proximal anchor segment 728 for each of the first
proximal anchor 706 and the second proximal anchor 708. Further, the frame may also include
the engaging members 780, as previously described, on the first and second proximal anchors.
In addition, this embodiment may define various eyelets 733 in the first and second proximal
anchors 706, 708. The eyelets 733 may also be defined in the central frame segments or central
frame struts 714 as well as the first and second additional struts 742, 744. Such eyelets 733 may
be employed, for example, for sewing a tissue growth member (not shown) thereto. The frame
702 of the closure device 700, depicted in this embodiment, may include a tissue growth
member for inducing tissue in-growth, as previously described, that may be attached, for
example, via stitching, sewing, clipping, or by adhesive with a similar configuration as that
depicted and described with respect to FIGS. 12A and 12B, or it may be thermally attached as
previously set forth in conjunction with FIGS. 19 and 20.

[00174] As previously set forth, the frame may be a generally flat frame or substantially

planar or includes a substantially flat configuration when in an expanded configuration and
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resists movement out of such substantially planar or flat configuration. Further, the first and
second proximal anchors may be co-planar with the central portion. Likewise, the first and
second distal anchors may be co-planar with the central portion. Further, the frame may remain
in a substantially flat configuration when constricted within the tip portion of the catheter or at
any other deployment stage.

[00175] The present invention may be embodied in other specific forms without
departing from its spirit or essential characteristics. The described embodiments are to be
considered in all respects only as illustrative and not restrictive. Various features of one
embodiment may be described in features of other embodiments. The scope of the invention is,
therefore, indicated by the appended claims rather than by the foregoing description. All changes
which come within the meaning and range of equivalency of the claims are to be embraced
within their scope. Thus, it should be understood that the invention is not intended to be limited
to the particular forms disclosed. Rather, the invention includes all modifications, equivalents,
and alternatives falling within the spirit and scope of the invention as defined by the following

appended claims.
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CLAIMS
What is claimed is:
L. An expandable medical device deployable at least partially within a hole defined

in a tissue structure between a first atrium and a second atrium of a heart, the hole defining an
axis oriented axially through the hole, the medical device comprising:

a framework configured to assume a substantially flat configuration oriented
substantially parallel to, or extending substantially along, the axis of the hole when in a state for
intended deployment within the tissue structure, said framework comprising a central portion, a
first proximal anchor, a second proximal anchor and at least one distal anchor extending from
said central portion, wherein said first and second proximal anchors are configured to extend in
the first atrium and said at least one distal anchor configured to extend in the second atrium;

wherein said first proximal anchor and said second proximal anchor each include a
plurality of anchor frame segments, wherein at least two of the plurality of anchor frame
segments extend substantially parallel to each other along at least a portion of their respective

lengths for each of the first proximal anchor and the second proximal anchor.

2. A medical device as recited in claim 1, wherein said at least one proximal anchor
and said at least one distal anchor are each configured to extend substantially coplanar with said

central portion.

3. A medical device as recited in claim 1, wherein said central portion comprises

multiple interconnecting central frame segments defining a multi-cellular structure.

4. A medical device as recited in claim 1, wherein said central portion comprises
central frame segments having a length and a width, wherein the width of at least one of said
central frame segments varies along at least a portion of the length of said at least one of said

central frame segments in a tapered configuration.

5. A medical device as recited in claim 1, wherein said central portion comprises
central frame segments, at least one of said central frame segments including a longitudinal

length dimension and having an aspect ratio of a depth dimension to a lateral width dimension of
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at least 2 to 1, wherein said depth dimension is defined to extend substantially perpendicular

relative to said substantially flat configuration of said frame.

6. A medical device as recited in claim 1, wherein said first proximal anchor and
said second proximal anchor comprise engaging members, at least one of the engaging members

having a wave-crest configuration.

7. A medical device as recited in claim 1, wherein said first proximal anchor and
said second proximal anchor comprise engaging members, at least one of said engaging
members extending from a segment of its respective anchor to a blunt peak portion and having
an edge configured to aggressively engage tissue, said edge being positioned between the

segment of the respective anchor and said peak portion.

8. A medical device as recited in claim 1, wherein said central portion comprises
central frame segments, at least two central frame support segments extending substantially

alongside each other.

9. A medical device as recited in claim 1, further comprising a tissue growth

member attached to said framework.

10. A medical device as recited in claim 9, wherein the tissue growth member
comprises an elongated member positioned along the central portion of the framework and
configured to be positioned in the hole and oriented substantially transverse to the axis of the

hole.

11. A medical device as recited in claim 9, wherein the tissue growth member
comprises:

a first elongate tissue growth portion positioned along the central portion of the
framework and configured to be positioned in the hole and oriented substantially transverse to
the axis of the hole; and

a second elongate tissue growth portion positioned proximal to the first elongate tissue
growth portion, the second elongate tissue growth portion configured to be oriented substantially

transverse to the axis of the hole.
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12. A medical device as recited in claim 9, wherein the tissue growth member
comprises a polyurethane foam.
13. A medical device as recited in claim 9, wherein the tissue growth member

comprises a porous member configured to induce tissue in-growth.

14. A medical device as recited in claim 9, wherein the tissue growth member

comprises a polymeric material.

15. A medical device as recited in claim 9, wherein the tissue growth member is

configured to substantially extend out-of-plane relative to the substantially flat configuration.

16. A medical device as recited in claim 9, wherein the tissue growth member
comprises a longitudinal length, a width and a depth, the depth configured to substantially
extend out-of-plane relative to the substantially flat configuration, the depth being a greater

dimension than the width.

17. A medical device as recited in claim 9, wherein the framework comprises a
frame depth thickness defining a thickness of the substantially flat configuration, the depth of the
tissue growth member having a dimension that is about three to about twenty-five times greater

than the frame depth thickness.

18. A medical device as recited in claim 9, wherein the framework comprises a
frame depth thickness defining a thickness of the substantially flat configuration, the depth of the
tissue growth member having a dimension that is about eight to about seventeen times greater

than the frame depth thickness.

19. A medical device as recited in claim 9, wherein at least one of the central frame
portion and the at least one proximal anchor comprise one or more clips, the one or more clips
being configured to attach the tissue growth member to at least one of the central frame portion

and the at least one anchor.
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