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MEDICAL DEVICE FOR MODIFICATION OF LEFT ATRIAL APPENDAGE AND
RELATED SYSTEMS AND METHODS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of United States Provisional Patent
Application No. 61/143,360, filed January 8, 2009, entitled MEDICAL DEVICE FOR
MODIFICATION OF LEFT ATRIAL APPENDAGE AND RELATED SYSTEMS AND
METHODS, and of United States Provisional Patent Application No. 61/160,247, filed March
13,2009, entitled MEDICAL DEVICE FOR MODIFICATION OF LEFT ATRIAL
APPENDAGE AND RELATED SYSTEMS AND METHODS, and of United States
Provisional Patent Application No. 61/164,313, filed March 27, 2009, entitled MEDICAL
DEVICE FOR MODIFICATION OF LEFT ATRIAL APPENDAGE AND RELATED
SYSTEMS AND METHODS, the disclosure of each of which are incorporated by reference

herein in their entireties.

TECHNICAL FIELD
[0002] The present invention relates generally to the modification of an atrial
appendage and, more specifically, to devices, systems and methods for occluding or otherwise

structurally altering such appendages.

BACKGROUND

[0003] The atrial appendage is a feature of all human hearts. The upper chambers of
the heart, the atria, have this appendage attached to each of them. The physiologic function of
such appendages is not completely understood, but they do act as a filling reservoir during the
normal pumping of the heart. The appendages typically protrude from the atria and cover an
external portion of the atria. Atrial appendages differ substantially from one to another in size,
shape and specific location with respect to the atria. For example, one atrial appendage may be
configured as a tapered protrusion while another atrial appendage may be configured as a re-
entrant, sock-like hole. The inner surface of an appendage is conventionally trabeculated with

cords of muscular cardiac tissue traversing its surface with one or more lobes.
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[0004] The atrial appendages are inert while blood is being pumped through them
during normal heart function. In other words, the appendages don’t have a noticeable effect on
blood pumped through them during normal heart function. However, in cases of atrial
fibrillation, when the atria go into arrhythmia, blood may pool and thrombose inside of the
appendages. Among other things, this can pose a stroke risk when it occurs in the
left appendage since the thrombus may be pumped out of the heart and into the cranial
circulation. Such can also lead to ischemic damage of other organs of the body.

[0005] Historically, atrial appendages have sometimes been modified surgically to
reduce the risk imposed by atrial fibrillation. In more recent years, devices which may be
delivered percutaneously into the left atrial appendage have been introduced. The basic function
of these devices is to exclude the volume within the appendage with an implant which then
allows blood within the appendage to safely thrombose and then to be gradually incorporated
into cardiac tissue. This can leave a smooth, endothelialized surface where the appendage used
to be.

[0006] In comparison to surgical procedures, devices implanted percutaneously are
clearly a less invasive means for addressing the problems associated with the left atrial
appendage. However, due to the wide variability of the size of the ostium and the volume of an
atrial appendage, implant devices that are currently used typically include structure that cannot
meet such variability, resulting in inadequate devices for many left atrial appendages. Further,
such implant devices are substantially limited by the orientation by which they can successfully
be deployed. Thus, successful placement and deployment of such devices becomes limited.

[0007] As such, it would be advantageous to provide percutaneous systems, methods
and devices that, among other things, address one or more issues such as implant orientation and
the variability in sizes of the left atrial appendage in order to provide high success in left atrial

appendage modification.

DISCLOSURE OF THE INVENTION
[0008] The present invention includes various embodiments of medical devices,
systems and methods for modifying an atrial appendage. In accordance with one embodiment, a
medical device system for modifying a left atrial appendage is provided. The system includes a

catheter having a lumen extending therethrough. A tether extends through the lumen of the
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catheter and an anchoring member is coupled with the tether. At least one tissue growth
member is slidably coupled with the tether and sized and configured to be positioned within the
left atrial appendage. A locking element is associated with the at least one tissue growth
member and the tether.

[0009] In one embodiment, the tissue growth member may include a foam material.
In certain embodiments the at least one tissue growth member may include a plurality of tissue
growth members which are similarly or differently configured as compared to each other. The
system may include a pusher member configured to advance the at least one tissue growth
member through the catheter. Various other embodiments may provide anchors of various
configuration, use of different deployment mechanisms, and tissue growth members or
occluders of various configurations.

[0010] In accordance with another embodiment of the present invention, a method for
modifying a left atrial appendage is provided. The method includes positioning a catheter
adjacent the left atrial appendage. A tether is anchored within the left atrial appendage and at
least one tissue growth member is slid over the tether. The at least one tissue growth member is
deployed within the left atrial appendage and maintained therein with a locking element.

[0011] The method may further include, as part of anchoring the tether, positioning
the catheter having an anchoring member in a constrained configuration within the catheter
relative to the left atrial appendage, and deploying the anchoring member in an expanded
configuration to anchor the anchoring member in the left atrial appendage.

[0012] In one embodiment, the method may further include deploying the at least one
tissue growth member within a first lobe of the left atrial appendage and wherein the method
further comprises deploying at least one other tissue growth member in a second lobe of the left

atrial appendage.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] The foregoing and other advantages of various embodiments of the invention
will become apparent upon reading the following detailed description and upon reference to the
drawings in which:
[0014] FIG. 1 is an exploded view of various components of a medical device system,

according to an embodiment of the present invention;
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[0015] FIG. 1A is another embodiment of various components of a medical device
system, according to the present invention;

[0016] FIGS. 2A, 2B and 2C are cross-sectional views of a loading mechanism for
loading a tissue growth member into a handle of the medical device system, according to one
embodiment of the present invention;

[0017] FIGS. 3A through 3D are cross-sectional views of respective steps utilizing the
medical device system for modifying a left atrial appendage utilizing the medical device system,
according to another embodiment of the present invention;

[0018] FIGS. 4A through 4C are cross-sectional views of respective steps utilizing the
medical device system for modifying a left atrial appendage having a plurality of appendage
lobes, according to another embodiment of the present invention;

[0019] FIG. 5 is a perspective view of an anchoring member at a distal end of a tether,
according to one embodiment of the present invention;

[0020] FIG. 6 is a perspective view of another embodiment of the anchoring member
deployed from a distal end of a catheter, according to the present invention;

[0021] FIGS. 7A through 7E are various views of components that may be used in one
or more embodiments of the present invention;

[0022] FIGS. 8 and 9 are perspective views of respective distal and proximal sides of
an occluder, including a tissue growth member and a frame, that may be employed with the
medical device system of FIGS. 1 and 1A, according to an embodiment of the present invention;

[0023] FIGS. 10 and 11 is a perspective view and a simplified side view of the frame
of FIGS. 7 and 8, according to another embodiment of the present invention;

[0024] FIGS. 12A and 12B are perspective views of a clip in an open position and a
closed position, respectively, formed in the frame depicted in FIGS. 10 and 11, according to
another embodiment of the present invention;

[0025] FIGS. 13 and 14 are simplified perspective views of a hub in an open and
closed position, respectively, taken along a center line of the frame depicted in FIG. 10,
depicting a portion of a medical device system, according to another embodiment of the present
invention;

[0026] FIGS 15A and 15B are side views of components that may be used in a frame

for an occluder in accordance with various embodiments of the present invention;
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[0027] FIG. 16 is a simplified perspective view of the frame, depicting a portion of a
medical device system taken along a center line, according to another embodiment of the present
invention;

[0028] FIG. 17 is a perspective view of a portion of the frame of FIG. 16, according to
the present invention;

[0029] FIG. 18 is a perspective view of the proximal side of an occluder in accordance
with another embodiment of the present invention; and

[0030] FIG. 19 is a partial cross-sectional side view of the occluder shown in FIG. 18.

BEST MODE(S) FOR CARRYING OUT THE INVENTION

[0031] Referring to FIG. 1, a medical device system 10 is shown that may be used to
occlude or modify an opening or cavity such as, for example, a left atrial appendage (LAA). In
one embodiment, the medical device system 10 may include a handle 12 with an actuator 14 and
fluid port 16. The fluid port 16 may be used to flush out the catheter when in use as will be
appreciated by those of ordinary skill in the art. In addition, the system 10 includes a catheter 18
with a catheter lumen 20 extending longitudinally therethrough and attached to a distal end of
the handle 12. The catheter lumen 20 may coincide and communicate with a handle lumen 22 as
well as communicate with the fluid port 16. The actuator 14 may be configured to actuate or
move the catheter 18 proximally and distally, relative to an associated tether 26, to deploy and
capture, respectively, an anchoring member 24 disposed at a distal end of the tether 26. The
tether 26 may be configured to extend through and be positioned within the catheter lumen 20.
The tether 26 may also extend through the handle lumen 22 and may extend out of a proximal
end of the handle 12.

[0032] The medical device system 10 may also include a capturing member 28, a
pusher member 30 and a loading member 32 (which, in one example, as shown, may be
configured as a funnel structure or device) may be for loading a tissue growth member 40 into
the handle 12. As will be discussed in further detail below, the tissue growth member 40 may be
displaced through the handle 12 and over the tether 26 to a distal portion 34 of the catheter 18
for deployment during a desired procedure to modify an atrial appendage. As depicted in FIG.
1, the tissue growth member 40 may exhibit various sizes and shapes. For example, the tissue

growth member 40 may exhibit a shape similar to a cup, a disk, a cylinder, a coil configuration,
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or any other suitable shape or configuration, such as a spherical or semispherical geometry or the
like. Such tissue growth members may also include a support structure 42 extending internally
or externally (or both) of the tissue growth member 40. The tissue growth member 40 may be
configured to be constrained and confined within the narrow configuration of a catheter 18 and,
when released from the catheter, self expand to a larger configuration. The support structure 42
may be configured to assist the tissue growth member 40 to expand to its intended larger
configuration as well as configured to assist the tissue growth member to be predictably captured
within the capturing member 28 and pushed distally through the handle 12 and catheter 18.

Such support structure 42 may be formed, for example, from a shape-memory alloy, such as a
nickel-titanium alloy (also referred to as Nitinol), from a polymeric material or any other
suitable flexible material known in the art.

[0033] According to one aspect of the present invention, the tissue growth member 40
may be a self expanding porous member, such as a polymer based foam or a polyurethane foam.
Other materials with desired porosity may also be used, such as, for example, felt, fabric, a
polyester fiber such as polyethylene terephthalate (PET, also known commercially as Dacron®),
Nitinol braded wire, or Nitinol felt. In the case of foam, such foam may be a reticulated foam,
typically undergoing a chemical or heating process to open the pours within the foam as known
in the art. The foam may also be a non-reticulated foam. The foam may also include graded
density and graded porosity, as desired, and manipulated to expand in a desired geometry when
the support structure 42 is moved to the expanded configuration. The tissue growth member 40
is configured to induce tissue in-growth therethrough to, thereby, close the LAA opening.
Further, the tether 26 may be formed from a metal or polymer based material or any other
material suitable for maintaining access to the LAA with the anchor and to facilitate
interconnection for one or more tissue growth members.

[0034] FIG. 1A is another embodiment of a medical device system 310 with an
additional component as compared to the embodiment shown in FIG. 1. The system 310
includes an anchor catheter 319 having an anchor catheter handle 313 with an actuator 315 and
fluid port 317. The anchor catheter 319 also includes an anchor 324 and tether 326 combination,
similar to that previously described, disposed within the anchor catheter 319. As such, the
medical device system 310 includes a primary catheter 318 with a handle 312 and the anchor

catheter 319 having the anchor catheter handle 313. Although only one anchor catheter 319 is
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depicted, there may be one or more anchor catheters in the system 330, depending on the
number of tethers needed to be anchored within a particular atrial appendage. Further, the
medical device system 310 of this embodiment also may include a elements shown in FIG. 1
such as a capturing member 28, loading member 32 and pusher member 30 to facilitate sliding
the tissue growth member 40 in the handle 312 and through the primary catheter 318 of this
embodiment.

[0035] Referring still to FIG. 1A, the anchor catheter 319 includes an anchor 324
positioned at a distal portion 334 of the anchor catheter 319 and a tether 326 coupled to, and
extending from, the anchor 324. As in the previous embodiment, the tether 326 may extend
through the anchor catheter 319 and the anchor catheter handle 313. Such anchor catheter 319 is
sized and configured to be advanced through the handle 312 and the primary catheter 318 (or
rather through associated lumens of the handle 312 and the primary catheter 318) for deploying
the anchor 324 within the LAA. Likewise, the primary catheter 318 is sized and configured to
receive the anchor catheter 319 through the handle 312 to be advanced distally through the
primary catheter 318. With this arrangement, the primary catheter 318 may first be employed by
advancing the primary catheter 318 through the right atrium, through the atrial septum wall via a
septal puncture to enter the left atrium and navigated adjacent the LAA, utilizing standard
catheterization techniques, as known to one of ordinary skill in the art. The anchor catheter 319
may then be advanced in the primary catheter 318 and, further, advanced beyond the primary
catheter 318 and within the LAA. The anchor 324 may then be deployed via the actuator 315
and anchored within the LAA. The anchor catheter 319 may then be withdrawn from the LAA
and from the primary catheter 318, leaving the tether 326 attached to the anchor 324 and
extending through the primary catheter 318 while maintaining the primary catheter adjacent the
LAA. The tissue growth member 40 (FIG. 1) may then be positioned over the tether 326 and
advanced in the handle 312, similar to, for example, the embodiment disclosed in more detail
below with respect to FIGS. 2A —2C.

[0036] FIGS. 2A through 2C illustrate one method for loading the tissue growth
member 40 into the handle 12 utilizing the capturing member 28, the loading member 32 and
pusher member 30. For example, an opening 44 defined in the tissue growth member 40 may be
configured such that the tether 26 passes therethrough. In one embodiment, the opening 44 may
be defined centrally within the tissue growth member 40. The tether 26 may also be positioned
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through respective central bores 52, 54, 56 defined in each of the loading member 32, capturing
member 28 and pusher member 30. As depicted in FIG. 2A, the pusher member 30 may be
displaced distally through the capturing member 28 and loading member 32 and the loading
member 32 may be attached to the distal end of the capturing member 28. The pusher member
30 may include a grasping portion 58 configured to grasp the tissue growth member 40. In one
embodiment, the grasping portion 58 grabs or attaches to a portion of exposed support structure
42 (see FIG. 1) that, for example, extends through the tissue growth member 40 at a location
adjacent the opening 44 of the tissue growth member 40. With this arrangement, the pusher
member 30 may be moved distally, as indicated by arrow 55, to grab the tissue growth member
40.

[0037] As shown in FIG. 2B, the pusher member 30 may then be displaced
proximally, as indicated by arrow 57, to pull the tissue growth member 40 against a surface 60
of the loading member 32 to assist the tissue growth member 40 to collapse or be compacted in a
constricted and confined configuration and into the capturing member 28. As shown in FIG. 2C,
once the tissue growth member 40 is constricted or contained within the capturing member 28,
the loading member 32 may be removed from the capturing member 28, such as indicated by
arrows 59. The tissue growth member 40 may then be moved distally, as indicated by arrow 61,
into the handle 12 (or, more specifically, the handle lumen 22) via the pusher member 30 which
may continue to push the tissue growth member 40 distally to a distal portion of the catheter (not
shown). Tt is also contemplated that once the tissue growth member 40 is contained within the
capturing member 28, the tissue growth member 40 may be moved to the distal portion of the
catheter by other means. For example, the tissue growth member 40 may be displaced
hydraulically such as by pushing saline through a fluid port to displace the tissue growth
member distally. Further, it is contemplated that in another embodiment, the tissue growth
member 40 may be loaded directly into the handle 12. In another embodiment, the tissue growth
member 40 may be loaded or pre-loaded into a separate catheter and advanced distally over the
tether 26, through the handle 12 and catheter 18, similar to that disclosed with respect to the
anchor catheter 319 (see FIG. 1A).

[0038] Referring now to FIGS. 3 A through 3D, use of a medical device system 10
for modifying a left atrial appendage 15 is shown according to an embodiment of the present

invention. As shown in FIG. 3A, the catheter 18 of the medical device system 10 is advanced to



WO 2010/081033 PCT/US2010/020539

9

the left atrial appendage 15 of the heart. Such may be accomplished, for example, by advancing
the catheter 18 through the septum wall of the heart via a trans-septal puncture. Imaging
techniques, as known in the art, may be utilized for preferred positioning of the catheter 18 by
advancing, for example, contrast through the catheter and into the left atrial appendage 15. Once
a desired position of the catheter 18 is established, the catheter 18 may be moved proximally, via
the actuator 14 (FIG. 1), to deploy an anchoring member 24 from a distal portion 34 of the
catheter 18, as depicted in FIG. 3B. The anchoring member 24 is sized and configured to self
expand and lodge within the left atrial appendage 15 such as by pressing and engaging against
and with the walls of the left atrial appendage 15. The anchoring member 24 is configured to
readily engage with the trabeculated tissue deep within the LAA. The physician or operator may
pull on the tether 26, which is attached to the anchoring member 24, to ensure that the anchoring
member 24 is sufficiently lodged within the left atrial appendage. If the anchoring member 24
becomes dislodged, the anchoring member 24 may be readily re-sheathed into the catheter 18
and another attempt may be made to position and lodge the anchoring member 24 within the left
atrial appendage 15. It is noted that the tether 26 extends from a proximal end of the anchoring
member 24 and through the catheter 18. Thus, the anchoring member 24 and tether 26
combination allow the physician to maintain catheter access to the left atrial appendage.

[0039] As depicted in FIG. 3C, atissue growth member 40 is slid over the tether 26
through the catheter 18 and deployed in a desired position within the left atrial appendage 15.
As previously set forth, the tissue growth member 40 may be loaded over the tether 26, as shown
in FIGS. 2A through 2C, utilizing, for example, the catheter systems depicted in either FIG. 1 or
1A, or any other suitable method for delivering the tissue growth member 40, such as previously
set forth. At this juncture, the physician may continue and utilize imaging techniques to
determine if the tissue growth member 40 has sufficiently provided a surface that will
substantially prevent thrombus from migrating from the left atrial appendage 15. If needed,
depending on the wide breadth of variations of left atrial appendages, the physician may release
one or more additional tissue growth members 40, as depicted in FIG. 3D. Once the physician is
satisfied with the procedure, a locking element 44 may be slid over the tether 26 adjacent the
proximal most tissue growth member 40, after which the tether 26 may be cut or otherwise

terminated proximally of such locking element 44. The locking element 44 may be a clamp slid
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up the tether or a knot formed in the tether or any other suitable fixture configured to ensure the
tissue growth element 40 does not migrate from its deployed position.

[0040] Tt should be noted that the medical device system of the present invention may
include differently sized or shaped tissue growth members 40 so that a physician can utilize the
size and shape necessary and best suited to create a surface that will substantially prevent
thrombus from migrating from the left atrial appendage 15. In this manner, the physician can
obtain imaging information while conducting the procedure and determine if proper occlusion of
the LAA has been obtained and, if not, continue to determine and selectively choose
appropriately sized additional tissue growth members to slide into the left atrial appendage to,
thereby, occlude virtually any size or other variation that may be encountered when conducting
such a procedure. Furthermore, it is noted that once the anchor 24 is lodged within the LAA for
sliding one or more of the tissue growth members 40 over the tether 26 and into the LAA 15,
any potential issues of device orientation are substantially eliminated as the tether provides a
guide into the LAA 15 for placement of the tissue growth members 40.

[0041] Referring now to FIGS. 4A through 4C, another method for employing the
medical device system 10 of the present invention is provided wherein there are multiple lobes
in the left atrial appendage 15. As depicted in FIG. 4A, a first tissue growth member 40a is
positioned in a first lobe 17 of the left atrial appendage 15 by being slid over a tether 26 the
tether 26 being held in place with the anchoring member 24 in the first lobe 17 (such as
described with respect to FIGS. 3A-3C above), and the first tissue growth member 40a being
prevented from migrating via the locking element 44 locked on the tether 26 at the proximal side
of the first tissue growth member 40a. Another catheter 18 may then be advanced to deploy the
anchoring member 24 in a second lobe 19 in the left atrial appendage 15 to anchor therein. As
depicted in FIG. 4B, a second tissue growth member 40b may then be selectively chosen and
deployed in the second lobe 19 with the tether 26 maintaining access to preferred positioning
within the left atrial appendage 15 via its attachment to the anchor member 24 that has been
deployed within the second lobe 19. As previously set forth, positioning the tissue growth
member 40 in the LAA 15, in each instance, may include the step of loading the tissue growth
member 40 over the tether 26 after the step of lodging the anchoring member 24 in the LAA 15
with the tether 26 extending therefrom. In some embodiments, deployment of individual tissue

growth members 40a and 40b may be sufficient for occlusion or modification of the LAA 15.
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However, in other situations, deployment of additional tissue growth members may be desired
or even required.

[0042] For example, as depicted in FIG. 4C, a third tissue growth member 40c may be
selectively chosen and deployed so as to be sized and configured to best fit within the remaining
space and effectively provide a surface that will substantially prevent thrombus from migrating
from the left atrial appendage. Although the tissue growth members, due to the self expanding
characteristics thereof, effectively lodge themselves within the left atrial appendage 15, to ensure
such tissue growth members do not migrate from the left atrial appendage, the locking element
44 can be slid over the tether 26 and clamped to the tether 26 adjacent to the proximal side of the
third tissue growth member 40c. In this manner, a left atrial appendage 15 with multiple lobes
(e.g., 17 and 19) may be occluded to substantially prevent emboli from migrating from the left
atrial appendage 15 and, over time, the tissue growth members will induce tissue in-growth
therein to permanently create a tissue seal within the left atrial appendage 15.

[0043] As will be readily understood by one of ordinary skill in the art, instead of the
catheter 18 employed in the embodiments disclosed with respect to FIGS. 3A through 3D and
FIGS. 4A through 4C, the anchor catheter 319 may be employed with the primary catheter 318
as set forth and described with respect to FIG. 1A.

[0044] FIG. 5 depicts an anchoring member 24 interconnected to a distal end of the
tether 26 according to one embodiment. Such an anchoring member 24 is sized and configured
to be collapsed in a constrained configuration at the distal portion of the catheter (see FIG. 1).
As previously set forth, once such anchoring member 24 is deployed from the catheter, the
anchoring member 24 may self expand to an expanded or deployed configuration, as shown.
The anchoring member 24 may include multiple legs 62 extending from a center portion 64, the
center portion being interconnected to the tether 26. In the embodiment depicted in FIG. 5, there
are four legs 62 extending from the center portion 64, however, in other embodiments there may
be any suitable number of legs. Each leg 62 may extend radially outward and include a looped
portion 66 at the radial outermost end thereof. Such looped portion 66 extends distally and then
returns both radially inwardly and proximally such that a distal leg end 68 extends beyond a
more proximal portion of the leg so as to act as an engagement nub to engage with the
trabeculated tissue within the LAA. In this manner, the legs are sized and configured to extend

within the left atrial appendage and anchor within such tissue. The looped portion 66 and the
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outward extending legs 62 may provide a spring effect to allow the physician to pull on the
tether 26 without damaging the tissue when determining if the anchoring member 24 is
sufficiently lodged within the left atrial appendage.

[0045] It is noted that a variety of other configurations may be employed for the
anchoring member 24. For example, a variety of anchoring structures are disclosed in U.S.
Patent Application No. 12/253,831 entitled MEDICAL DEVICE FOR MODIFICATION OF
LEFT ATRIAL APPENDAGE AND RELATED SYSTEMS AND METHODS, filed on Oct.
17, 2008, the disclosure of which is incorporated by reference herein in its entirety. Such
anchoring systems or structures may be incorporated into embodiments of the present invention
in conjunction with an associated tether and tissue growth member.

[0046] FIG. 6 depicts another embodiment of an anchoring member 25 which may be
used in connection with the medical devices of the present invention. In this embodiment, the
anchoring member 25 may include multiple j-shaped portions 72 extending radially outward to
self expand from the distal portion of the catheter 18. Each j-shaped portion 72 includes a
curved extension 74 and a distal coiled end 76. The periphery of each coiled end 76 may
include one or more tapered nubs 78. In this manner, the coiled ends 76 of the j-shaped
configuration can self expand and nest within the left atrial appendage and substantially anchor
therein. Further, the spring-like quality of the curved extensions 74 allows for substantial pull
on the tether to determine proper anchoring while substantially limiting any damage to the tissue
within the left atrial appendage. It should be noted that it is not required that there by three j-
shaped portions as is shown in the drawings. Rather, there may be more or additional j-shaped
portions than shown as may be desired.

[0047] Referring now to FIGS. 7A-7E, another embodiment of an anchor is shown
that may be used in accordance with one or more embodiments of the present invention. FIG.
7A shows a perspective view of the anchor 80, FIG. 7B shows a side view of the anchor 80,
FIG. 7C shows a side view of the anchor 80 rotated approximately 90 degrees relative to that
shown in FIG. 7B, and FIGS. 7D and 7E show side views of individual components used in
forming the anchor 80. The anchor 80 may include multiple frame members 81 A and 81B
assembled together. While the frame members 81A and 81B may be substantially similar to one

another, they are not necessarily identical to each other.
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[0048] For example each frame member 81A and 81B may include one or more
anchor legs 82 (in the present depicted embodiment, each frame member includes two anchor
legs) with various features. The anchor legs 82 may include an arcuate distal end 83 having
increased mass compared to the rest of the leg 82, the arcuate distal end 83 curving radially
inwardly. Such arcuate distal ends act as atraumatic tips to help prevent potential puncture of
the walls of the LAA when deploying the anchor 80. The inward curvature of the anchor legs
distal ends are configured so that if the ends 83 are pushed against tissue within the LAA, the
ends of the anchor legs 83 will roll radially inward. The anchor legs 82 may also include tissue
engaging features 84 that are configured to press against and engage the trabeculated tissue wall
of the LAA. The engaging features 84 may include, for example, proximally extending nubs,
which may also be tapered. The engaging features 84 (as well as various tissue engaging
features of other anchors and structures described herein) are configured to be atraumatic. For
example, the engaging features 84 may engage with the tissue of an LAA by nestling amongst
the trabeculations along the tissue wall.

[0049] The anchor legs 82 may further include a flare 85 or projection that extends or
deviates radially outwardly relative to the remaining path of the anchor legs 82. The flare 85
assists in loading the anchor 80 into a catheter or other delivery mechanism such that when the
flare engages the periphery of a catheter lumen, it causes the anchor legs 82 to deflect radially
inwardly a sufficient distance to avoid the interference of the engaging features 84 with the inner
wall of the catheter’s lumen. It is also noted that the anchor legs 82 may exhibit different
lengths than one another to further help facilitate placement of the anchor 80 within a catheter or
other delivery mechanism. Thus, in one embodiment, each anchor leg 82 of a give anchor 80
may exhibit a different length than every other anchor leg.

[0050] The frame members 81A and 81B also include hub members 86A and 86B,
respectively, that are cooperatively configured to effect mating or assembly of the frame
members 81A and 81B to form the anchor 80. For example, referring specifically to FIGS. 7D
and 7E, the hub 86A of one frame member 81A may include a slot 87 which may be accessed
by displacing the free ends of two adjacent leg members 88A and 88B. The slot 87 may be
sized and configured to accept, and mate with, a body portion 89 of hub member 86B from the
other frame member 81B. The body portion 89 may have engagements surfaces 90A and 90B
and be sized to fit snugly within the slot 87 of hub 86A. Other slots 91 and 92 within the hub
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members 86A and 86B may be used in facilitating assembly of the anchor members 81A and
81B.

[0051] The anchor members 81A and 81B may also include a plurality of through
holes 93A, 93B and 93C and/or slots 94 or notches. These through holes 93A through 93C may
be used for coupling of the tether 26 to the assembled anchor 80. For example, as shown in FIG.
7B, the tether 26 may pass through the various through holes 93A-93C, while also wrapping
around the assembled hub members 86A and 86B to couple the tether 26 with the anchor 80 and
to help maintain assembly to the frame members 81A and 81B. The tether may have a clip, a
knot or otherwise be staked, as shown at 95, to keep the tether 26 from becoming unattached
from the anchor 80.

[0052] In one embodiment, each frame member 81A and 81B may be formed as an
integral, unitary and seamless component. For example, the frame members 81A and 81B may
be formed by laser cutting from a sheet of material such as a nickel-titanium alloy. Thus, the
anchor legs 82 of a given frame member 81A or 81B would lie in a common plane.

[0053] It is noted that the anchor 80, as well as other anchors described herein, are
configured to be deployed deep within an atrial appendage. The ability to vary the relative
position of an anchor with an associated tissue growth member (e.g., by varying the position of
the two components along an associated tether) provides substantial flexibility in modifying an
atrial appendage, particularly in light of the extreme variability from one atrial appendage to
another.

[0054] With respect to FIGS. 8 and 9, there is disclosed an embodiment of an occluder
member 350, depicting perspective views of a distal side and a proximal side, respectively, of
the occluder member 350. The occluder member 350 may be used in place of (or in some
instances, in addition to) the tissue growth members 40 and associated support structure 42
described hereinabove.

[0055] The presently considered embodiment of the occluder member 350 may be
employed with the medical device system depicted in FIG. 1 or FIG. 1A. The occluder member
350 includes a tissue growth member 352 and a frame 354. As with previously described
embodiments, the tissue growth member 352 may include a porous member configured to
promote tissue in-growth therein. The tissue growth member 352 may be a polymeric material,

such as foam or other materials such as discussed above. In the embodiment shown in FIGS. 8
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and 9, the tissue growth member 352 may exhibit a cup-like shape having an outer (or convex)
surface 356 and an inner (or concave) surface 358, the outer surface 356 including a distal
surface portion 360 and a proximal surface portion 362. The distal surface portion 360 of the
tissue growth member 352 is sized and configured to be in direct contact with tissue within the
LAA (such as shown with respect to tissue growth members 40a-40c in FIG. 4C).

[0056] The frame 354 or support structure of the occluder member 350 is configured
to assist in expanding the tissue growth member 352 and to assist in collapsing the tissue growth
member 352 for delivery through an associated catheter or other medical device. Such frame
354 may include an expander portion 366, a collapser portion 368 and a hub portion 370. The
expander portion 366 may extend from the hub portion 370 with multiple expanding legs 372.
In one embodiment, the legs 372 may extend along the inner surface 358 of the tissue growth
member 352. The collapser portion 368 also may extend from the hub portion 370 with multiple
collapsing legs 374. In one embodiment, the collapsing legs 374 may extend along the proximal
surface portion 362 of the tissue growth member 352. With this arrangement, the collapser
portion 368 of the frame 354 assists in collapsing the tissue growth member 352 (such as during
a loading procedure) to a size wherein the occluder member 350 fits within the lumen of a
catheter and may be displaced therethrough without damaging the tissue growth member 352.
Further, when deploying the collapsed tissue growth member 352 from a catheter, the expander
portion 366 of the frame 354 is configured to self expand to assist in opening the tissue growth
member 352 so that much (if not all) of the distal surface portion 360 of the tissue growth
member 352 is in direct contact with the tissue of the LAA.

[0057] Referring now to FIGS. 10 and 11, FIG. 10 shows a perspective view and FIG.
11 shows a side view of the frame 354 previously described with respect to FIGS. 8 and 9.
FIGS. 10 and 11 do not depict the tissue growth member 352 for purposes of clarity.
Additionally, FIG. 10 is shown in a simplified form (i.e., some frame components are not
shown) for purposes of clarity.

[0058] The frame 354 may include multiple discrete frame segments 364 that may be
assembled with the hub portion 370 to collectively provide the frame 354. Each frame segment
364 includes a hub extension 376 with an expanding leg 372 and a collapsing leg 374 extending

from a proximal end 376 of the hub extension 376.
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[0059] Further, each frame segment 364 is configured to be substantially flat.
Otherwise said, the hub extension 376, expanding leg 372 and collapsing leg 374 of a given
frame segment 364 are substantially coplanar with respect to each other. In one embodiment,
the frame segments 364 may each be laser cut or otherwise formed from a flat sheet of Nitinol,
thereby, providing a substantially flat configuration to each of the frame segments 364. In this
manner, the frame 354 (when assembled from the plurality of frame segments 364) may be
configured to collapse within a catheter as well as self expand when deployed from a catheter
with the frame segments 364 being deflected and displaced in the process.

[0060] Each frame segment 364 may be positioned radially and substantially
symmetrical with respect to each other about a longitudinal axis 375 that extends through the
hub portion 370. The frame segments 364 may be coupled with one or more rings 378 having
notches on a radial inner surface, a radial outer surface or both to correspond with notches
formed within the hub extension 376 of the frame segment. Due to each frame segment 364
being discrete with respect to the other frame segments 364, the expanding leg 372 and
collapsing leg 374 may collapse or expand substantially independent from the other expanding
and collapsing legs of the other frame segments 364. With this arrangement, when the tissue
growth member 352 is deployed from a catheter, each of the frame segments 364 self expand,
independent of each other, to facilitate the tissue growth member 352 to be in direct contact with
the tissue of the LAA in a non-rigid and conformable manner. Further, the frame segments 364
each independently self expand so as to adapt to the varying anatomy that is encountered within
the LAA.

[0061] Each of the collapsing legs 374 and the expanding legs 372 may include one or
more clips 380 formed therewith. FIGS. 12A and 12B are perspective enlarged views of clips
380 in an open and closed position, respectively, in accordance with an embodiment of the
present invention. Such clips 380 may be formed in the proximal and/or distal portions of the
legs for attaching the tissue growth member thereto (see FIGS. 8 and 9). The clips 380 may
include a leg base portion 382, a cantilevered extension 384 with a free-end 386, and a pawl 388
that is configured to receive the free-end 386 of the cantilevered extension 384. Also, the clips
380 may include nubs 390 extending from the leg base portion 382 to provide traction or
additional engagement with the tissue growth member 352. With the clips 380 formed in the

collapsing and expanding legs of the frame, portions of the tissue growth member 352 are



WO 2010/081033 PCT/US2010/020539

17

tucked between the cantilevered extension 384 and the leg base portion 382 and clipped to the
legs by simply closing or pressing the free-end 386 against the pawl 388 until the free-end snaps
under the pawl and is locked in position. As shown in FIGS. 10 and 11, the clips 382 may be
integrally formed into the frame segments, such as by laser cutting. In other embodiments, other
means of fastening the tissue growth member 352 to the frame 354 may be used (in lieu of, or in
addition to the clips 380) including, for example, adhesives, sutures, or other mechanical
structures or devices.

[0062] Referring now to FIGS. 13 and 14, a simplified side view of portions of a
medical device system 400 in an open position (also referred to as an expanded or deployed
position) and a closed position (also referred to as a contracted position), according to one
embodiment, is depicted. The medical device system 400 may include the occluder member
350, a tether filament 402 and a pusher member 404. It is noted that, for purposes of clarity, a
tissue growth member is not shown in FIGS. 13 and 14, although one is contemplated and those
of ordinary skill in the art will recognize its use an implementation in the following description.
Additional reference is made during the following description to FIGS. 15A and 15B which
show side views of frame segments 364 A and 364B. 1t is noted that the frame 354 of the
occluder member 350 may be formed of a plurality of frame segments 364A and 364B. In one
embodiment, the frame of the occluder member 350 may include four of each type of frame
segments 364A and 364B which alternate in their positions (i.e., each frame segment 364A is
adjacent to two frame segments 364B and vice versa). As set forth above, the frame segments
364A and 364B may include expanding legs 374, collapsing legs 372 and hub extensions 376
that have inner and outer notches 379 for engaging ring members during assembly of the frame.
As previously noted, such frame segments 364A and 364B may be formed, for example by laser
cutting from a flat sheet of desired material such as a nickel-titanium alloy (e.g., Nitinol). Such
a configuration provides for the expanding leg 374, collapsing leg 372 and hub extension 376 to
be coplanar.

[0063] Additional detail regarding the function and structure of a hub portion 370 of
the occluder member 350, as facilitated with the tether filament 402 and the pusher member 404,
is now set forth in accordance with one embodiment of the invention. The hub portion 370 may
define a hole 406 extending centrally therethrough and may further include a threaded portion
408 that at least partially defines the hole 406. As previously set forth, the hub portion 370 is
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defined via the assembled multiple hub extensions 376 radially oriented and positioned with the
one or more rings 378. The hub portion of the frame 354 enables the occluder member 350 to
slide over the tether filament 402, such as previously depicted in the embodiments described in
FIGS 3A-3D and 4A-4C.

[0064] The pusher member 404 includes a distal end 410 and a proximal end (not
shown) with a lumen 412 extending longitudinally through at least a portion of the pusher
member 404. The pusher member 404 includes a coupling member 414 at or proximate the
distal end 410 of the pusher member 404 and a cutter 416 disposed within the lumen 412, a
distal end of the cutter 416 being proximal or adjacent to an outlet 422 defined in a wall of the
pusher member 404. The coupling member 414 may include a threaded portion 418 and a non-
threaded distal extension 420, the extension 420 extending distal of the threaded portion 418.

[0065] As depicted in FIG. 13, when the threaded portion 418 is fully engaged within
the hole 406 defined in the hub portion 370, the non-threaded distal extension 420 engages the
hub extensions 376 and places a gripper portion 424 of the hub portion 370 in an open position.
In this manner, the occluder member 350 may slide or move over the tether filament 402,
through a catheter while in a collapsed position as well as once deployed from the catheter, with
the tether filament 402 extending through at least the coupling portion 414 or a distal portion of
the pusher member 404 and exiting from the pusher member 404 through the outlet 422 defined
in the wall of the pusher member 404.

[0066] With respect to FIG. 14, once the occluder member 350 is positioned as
desired such that the tissue growth member (not shown) is in direct contact with tissue in the
LAA, the pusher member 404 may be un-threaded or removed from the occluder member 350,
thereby causing the gripper portion 424 of the hub portion 370 to engage or grip the tether
filament 402. That is, as the pusher member 404 is un-threaded, the distal extension 420 is
moved proximally which causes the gripper portion 424 to move to the radially inward position
(i.e., the radially closed position) to grip onto the tether filament 402 that is anchored distally and
deep within a lobe of the LAA. In one embodiment, the gripper portion 424 may include bands
426 disposed around the gripper portion 424 to bias the gripper portion in the closed state and
assist in more effectively gripping the tether filament 402. In other embodiments, the hub
extensions may be configured to be biased towards the closed position even without the aid of

other biasing elements. This configuration enables the hubs to work as a locking element to
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maintain the occluder member 350 in a desired position relative to the tether (and, thus, relative
to an associated anchor).

[0067] The pusher member 404 can then be fully removed from the hub portion 370
of the occluder member 350 and, if the physician is satisfied with the position of the occluder
member, the cutter element 416 can be moved distally to slice the tether filament 402.
Alternatively, depending on the anatomy of the LAA, another occluder member may be loaded
in a catheter and slid over the tether filament 402 to position within the LAA.

[0068] With reference to FIGS. 16 and 17, another embodiment of a portion of the
medical device system 400 is depicted. This embodiment is similar to the embodiment
described with respect to FIGS. 14 and 15, except in this embodiment, the hub extensions 376
may include a guide portion 430 that may be associated with the gripper portion 424. Further,
at the distal end of the guide portion 430, there is a pawl 432 to latch a tether guide coil 434.
The tether guide coil 434 extends distally and the tether filament 402 extends axially through the
tether guide coil 434. The tether guide coil 434 extends a length sufficient to substantially
prevent the tissue growth member (not shown) from contacting the tether filament 402 while the
occluder 350 is in a collapsed position and being pushed distally within a catheter.

[0069] It is also contemplated that the pusher member 404 may include a coil (not
shown) that is positioned proximal to the coupling member 414 and over the pusher member
404 such that the coil and the lumen 412 of the pusher member 404 have a common axis.
Further, it is also contemplated that the occluder 350, the pusher member 404 and the tether
filament 402 may include radiopaque characteristics or markers so that the relevant portions of
the medical device system 400 can be viewed with imaging techniques known in the art.

[0070] Referring now to FIGS. 18 and 19, an occluder 350 is shown in accordance
with another embodiment of the present invention. FIG. 18 shows a front perspective view
while FIG. 19 shows a side, partial cross-sectional view of the occluder 350. The occluder 350
is similar to the embodiments show and described with respect to FIGS. 7 and 8, but also
includes an additional material layer 390 associated with the tissue growth member 352. FIG.
19 shows the additional material layer 390 in an “exploded” state for purposes of illustration.
However, the additional material layer 390 is, in actuality, contiguous with the underlying foam
or other material forming the tissue growth member 352, the additional material layer 390 being

attached thereto by, for example, an adhesive. The additional material layer 390 may include a
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polytetrafluoroethylene (PTFE) or expanded PTFE (ePTFE). Such a surface provides a smooth
surface on the proximal side of the tissue growth member to tailor the tissue growth pattern once
the occluder is deployed within an atrial appendage. It is noted the additional material layer 390
may be configured to allow a portion of the frame to be exposed on the proximal side (e.g., the
hub portion) such as shown in FIG. 18, or it may be configured to cover substantially all of the
frame along the proximal side such as is shown in FIG. 19.

[0071] While the invention may be susceptible to various modifications and
alternative forms, specific embodiments have been shown by way of example in the drawings
and have been described in detail herein. However, 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:
1. A medical device system for modifying a left atrial appendage, comprising:

a catheter including a lumen extending therethrough;

a tether extending through the lumen of the catheter;

an anchoring member coupled with the tether;

at least one tissue growth member slidably coupled with the tether and sized and
configured to be positioned within the left atrial appendage; and

a locking element associated with the at least one tissue growth member and the tether.

2. The medical device system of claim 1, wherein the at least one tissue growth

member comprises polyurethane foam.

3. The medical device system of claim 1, wherein the at least one tissue growth

member comprises a plurality of tissue growth members.

4. The medical device system of claim 3, wherein the plurality of tissue growth
members comprises at least two tissue growth members having different configurations from

one another.

5. The medical device system of claim 4, wherein the at least two tissue growth

members exhibit different sizes

6. The medical device system of claim 4, wherein the at least two tissue growth

members exhibit different shapes.

7. The medical device system of claim 1, further comprising a handle coupled with

the catheter and having a lumen in communication with the lumen of the catheter.
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8. The medical device system of claim 7, further comprising a pusher member

configured to displace the at Ieast one tissue growth member relative to the tether.

9 The medical device system of claim &, further comprising a capturing member
associated with the pusher member and configured to engage the tissue growth, the capturing

member being selectively coupled with the handle.

10. The medical device system of claim 9, further comprising a loading member
removably coupled with the capturing member and configured to assist displacement of the at

least one tissue growth member within the capturing member in a constrained state.

11. The medical device system of claim 7, further comprising an actuator associated

with the handle, the actuator configured to displace the catheter relative to the tether.

12. The medical device system of claim 1, wherein the locking element is configured

to coupled with the tether and maintain the tissue growth member on the tether.

13. The medical device system of claim 12, further comprising a device for

selectively severing the tether.

14. The medical device system of claim 1, wherein the anchoring member includes a
plurality of anchoring legs, the anchoring member being configured to be in a first collapsed
state within the lumen of the catheter and a second deployed state wherein the legs extend

radially outward relative to the first collapsed state.

15. The medical device system of claim 14, wherein each of the plurality of

anchoring legs includes one or more tapered nubs.

16. The medical device system of claim 14, wherein each of the plurality of

anchoring legs exhibits at least one loop.
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17. The medical device system of claim 14, wherein each of the plurality of includes

a distal end that curves radially inward.

18. The medical device system of claim 14, wherein the plurality of anchoring legs

comprise a nickel-titanium alloy.

19.  The medical device system of claim 1, wherein the at least one tissue growth

member further comprises a support structure.

20. A method for modifying a left atrial appendage, comprising:

positioning a catheter adjacent the left atrial appendage;

anchoring a tether within the left atrial appendage;

sliding at least one tissue growth member over the tether and deploying the at least one
tissue growth member within the left atrial appendage; and

maintaining the at least one tissue growth member in the left atrial appendage with a

locking element.

21. The method according to claim 20, wherein anchoring a tether further comprises:

positioning the catheter having an anchoring member in a constrained configuration
within the catheter relative to the left atrial appendage; and

deploying the anchoring member in an expanded configuration to anchor the anchoring

member in the left atrial appendage.

22. The method according to claim 20, wherein the sliding the at least one tissue
growth member over the tether comprises sliding a plurality of tissue growth members over the

tether and within the left atrial appendage.

23. The method according to claim 20, further comprising selectively choosing the at
least one tissue growth member from a variety of differently configured tissue growth members

to slide over the tether.
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24, The method according to claim 23, further comprising obtaining imaging
information regarding the left atrial appendage and wherein selectively choosing is based, at

least in part, on the obtained imaging information.

25. The method according to claim 20, further comprising selectively choosing a

specific number of tissue growth members for sliding within the left atrial appendage.

26. The method according to claim 20, further comprising selectively choosing a
specific size from a plurality of tissue growth members for placing within the left atrial

appendage.

27. The method according to claim 20, wherein sliding at least one tissue growth
member over the tether further comprises positioning the catheter within the left atrial
appendage and deploying the tissue growth member from the catheter while slidably coupled
with the tether.

28. The method according to claim 20, wherein the sliding at least one tissue growth
member over the tether further comprises sliding an expandable porous tissue growth member

over the tether.

29. The method according to claim 20, wherein the sliding at least one tissue growth
member over the tether further comprises pushing the at least one tissue growth member over

the tether with a pusher member.

30. The method according to claim 20, further comprising loading the at least one
tissue growth member into the lumen of a catheter in a constrained state prior to deploying the at

least one tissue growth member in the left atrial appendage.

31. The method according to claim 20, wherein deploying the at least one tissue

growth member within the left atrial appendage includes deploying the at least one tissue growth
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member within a first lobe of the left atrial appendage and wherein the method further comprises

deploying at least one other tissue growth member in a second lobe of the left atrial appendage.
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This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

. Claims Nos. 20-31

because they relate to subject matter not required to be searched by this Authority, namely:

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

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

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

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

This Interational Searching Authority found muliiple inventions in this international application, as follows:

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

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

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

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

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

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

|:] No protest accompanied the payment of additional search fees.
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