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one another by a first interconnecting
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' forming holes through two overlapping
layers (60, 62) of tissue. Subsequent to
140 forming holes through the two layers of
tissue, the suturing device is positioned
through the holes to join or bring into
contact the two layers of overlapping
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DEVICES, SYSTEMS, AND METHODS FOR SUTURING TISSUE

Cross-Reference to Related Application

[0001] This application incorporates by reference, and claims priority to and the benefit of,

United States provisional application Serial No. 60/501,948, which was filed on September 11,

2003.

Technical Field

[0002] The invention generally relates to devices, systems, and methods for percutaneously
suturing tissue. More particularly, the invention relates to a suturing device that includes at least

two tissue engaging members connected to one another by an interconnecting member.

Background

[0003] A septum is generally defined as a dividing muscular wall, membrane, or tissue between
two or more bodily spaces. For example, the human heart 1s divided into four compartments or
chambers. The left and right atria are located in the upper portion of the heart and the left and
right ventricles are located in the lower portion of the heart. The left and right atria are separated
from each other by the intraatrial septum, while the ventricles are separated by the
intraventricular septum.

[0004] Septal defects can take various forms. An exemplary septal defect is a patent foramen
ovale. The patent foramen ovale is a persistent, one-way, usually flap-like opening or tunnel in
the wall between the right atrium and the left atrium of the heart. More specifically, the patent
foramen ovale is formed by two layers of partially overlapping, but unfused, cardiac tissue (z e.,
the septum primum and the septum secundum).

[0005] Under certain conditions, right atrial pressure exceeds left atrial pressure, creating the

possibility for right to left shunting of blood through the patent foramen ovale. Blood clots may
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thereby enter the systemic circulation. This is particularly problematic for patients who are
prone to forming venous thrombus, such as those with deep vein thrombosis or clotting

abnormalities.

[0006] Improved devices, systems, and methods for suturing septal defects, such as, for example,

patent foramen ovale, are needed.

Summary of the Invention

[0007] The present invention relates to devices, systems, and methods for suturing together
biological material, such as layers of tissue. In particular, in one embodiment, the present
invention facilitates the percutaneous closure of a patent foramen ovale. According to an
embodiment of the invention, the physician forms holes, for example, through the septum
secundum and the septum primum in an area where the septa overlap. Subsequent to forming the -
holes, the physician positions the suturing device of the invention through the holes to bring into
contact the two overlapping layers of tissue. Optionally, the physician also uses altissue
stabilization device to facilitate the procedure of closing the patent foramen ovale.

[0008] In general, in one aspect, the invention relates to a suturing system. The suturing system
includes a suturing device, which itself includes first and second tissue engaging members and a
first interconnecting member. The first tissue engaging member includes a first end, a second
end, and a first intermediate portion positioned between the first end and the second end, while
the second tissue engaging member includes a third end, a fourth end, and a second intermediate
portion positioned between the third end and the fourth end. The first interconnecting member
includes a first fixed end connected to the first intermediate portion of the first tissue engaging
member, and a second fixed end connected to the second tissue engaging member. The suturing
device 1s insertable into a patient in this connected configuration.

[0009] Various embodiments of this aspect of the invention include the following features. The

second fixed end of the first interconnecting member may be connected to the second
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intermediate portion of the second tissue engaging member. The first and/or second tissue
engaging members may be substantially cylindrical and they may have an atraumatic structure.
For example, one or more ends of the first and/or second tissue engaging members may be
rounded. In another embodiment, the first interconnecting member is made, either entirely or in
part, from a resilient material. In one such embodiment, the first interconnecting member is
reciprocally moveable between an unstressed position and a deformed position. In yet another
embodiment, the first interconnecting member includes a stretchable material.

[0010] In still another embodiment, the tissue engaging members and/or the first interconnecting
member include a material for stimulating tissue growth, such as, for example, collagen.
Alternatively, the tissue engaging members and/or the first interconnecting member include a
bioabsorbable material, such as, for example, a polylactic acid.

[0011] In one embodiment, the suturing device further includes a second interconnecting
member connected to the first tissue engaging member and/or the second tissue engaging
member. Moreover, the suturing device may further include a third tissue engaging member
connected to the second interconnecting member, or, alternatively, to the first fixed end or the
second fixed end of the first interconnecting member.

[0012] In a further embodiment, the suturing system also includes an elongate member. The
elongate member includes a proximal end, a distal end, a wall extending from the proximal end
to the distal end, and a cutting member positioned at the distal end. In one such embodiment, the
wall of the elongate member defines a lumen that extends from the proximal end to the distal end
of the elongate member, and the wall also defines an opening at the distal end of the elongate
member. Moreover, the suturing device and a delivery member, which may be releasably
connected to the suturing device, may be disposed within the lumen of the elongate member.
Also, the elongate member may further include a retractable gate member positioned at the distal

end of the elongate member. Alternatively, in another such embodiment, the first tissue
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engaging member includes a first lumen that extends from the first end to the second end of the
first tissue engaging member, the second tissue engaging member includes a second lumen that
extends from the third end to the fourth end of the second tissue engaging member, and the
elongate member is disposed within the first lumen of the first tissue engaging member and also
within the second lumen of the second tissue engaging member.

[0013] In another aspect, the invention provides another suturing device. The suturing device
includes a first tissue engaging member, a second tissue engaging member, a first
interconnecting member connecting the first tissue engaging member to the second tissue
engaging member, and a first anchor connected to the first tissue engaging member.

[0014] In one embodiment of this aspect of the invention, the suturing device further includes a
second anchor connected to the second tissue engaging member. One or both of the first anchor
and the second anchor may be a spiral tissue anchor or a barbed tissue anchor.

[0015] In yet another aspect, the invention provides methods for suturing tissue. The methods
include inserting one of the suturing devices described above into a heart of a patient and
attaching the suturing device to one or more tissue surfaces in the heart of the patient.

[0016] In one embodiment of this aspect of the invention, the septum primum and the septum
secundum are the tissue surfaces in the heart of the patient to which the suturing device is
attached. In one such embodiment, the method for suturing tissue further includes positioning a
tissue stabilization device in a patent foramen ovale.

[0017] In another embodiment, attaching the suturing device to the tissue surfaces in the heart of
a patient includes extending the first tissue engaging member through a first hole in a first tissue
layer and through a second hole in a second tissue layer, positioning the first tissue engaging
member on a tissue surface of the second tissue layer, and positioning the second tissue engaging
member on a tissue surface of the first tissue layer. Alternatively, in yet another embodiment,

attaching the suturing device to the tissue surfaces in the heart of the patient includes extending
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the first tissue engaging member through a first hole in a first tissue layer, po sitioning the first

tissue engaging member on a tissue surface of the first tissue layer, extending the second tissue

engaging member through a second hole in a second tissue layer, and positioning the second

tissue engaging member on a tissue surface of the second tissue layer.

[0018] The foregoing and other objects, aspects, features, and advantages of the invention will

become more apparent from the following description and from the claims.

Brief Description of the Drawings

[0019] In the drawings, like reference characters generally refer to the same parts throughout the
different views. Also, the drawings are not necessarily to scale, emphasis instead generally
being placed on illustrating the principles and concepts of the invention.

[0020] FIG. 1 1s a cutaway view of a heart illustrating a patent foramen ovale. 5

[0021] FIG. 2 is a schematic fragmented view of a tissue suturing system according to an
illustrative embodiment of the invention.

[0022] FIG. 3 1s a schematic cross-sectional view of a distal end of an elongate member for a
tissue suturing system, with a gate member of the elongate member in an extended position,

according to an illustrative embodiment of the invention.

10023] FIG. 4 1s a schematic cross-sectional view of the distal end of the illustrative elongate

- member of FIG. 3 with the gate member of the elongate member in a retracted position.

[0024] FIG. 5 1s a schematic perspective view of a suturing device in a connected configuration
according to an 1llustrative embodiment of the invention.

[0025] FIG. 6 1is a schematic fragmented view of a tissue suturing system according to another
1l]ustrative embodiment of the invention.

[0026] FIG. 7 1s a schematic perspective view of a suturing device according to another

illustrative embodiment of the invention.
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[0027] FIG. 8 is a schematic side view of a suturing device according to another illustrative
embodiment of the invention.

[0028] FIG. 9 is a schematic side view of a suturing device according to another illustrative
embodiment of the invention.

10029] FIG. 10 is a schematic side view of a suturing device according to another illustrative
embodiment of the invention.

[0030] FIG. 11 is a schematic side view of a suturing device according to another illustrative
embodiment of the invention.

[0031] FIGS. 12A-12D illustrate the stages in one embodiment of a method for suturing the
intraatrial septum in the heart of a patient in accordance with the invention.

[0032] FIG. 13 illustrates a suturing device implanted into the intraatrial septum in the heart of a
patient in accordance with another embodiment of the invention.

[0033] FIG. 14 illustrates a suturing device implanted into the intraatrial septum in the heart of a

patient in accordance with another embodiment of the invention.

Description
[0034] The present invention relates to devices, systems, and methods for percutaneously
suturing together biological material, such as layers of tissue. For example, in accordance with
the invention, the septum primum and the septum secundum of a patent foramen ovale are
sutured together.
[0035] Throughout the description, where devices are described as having, including, or
comprising specific components, or where methods are described as having, including, or
comprising specific method steps, it is contemplated that the devices of the present invention
also consist essentially of, or consist of, the recited components, and that the methods of the

present invention also consist essentially of, or consist of, the recited method steps.
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[0036] In broad overview, a suturing device of the invention includes, in one embodiment, two
tissue engaging members interconnected by an interconnecting member. In order to suture
together two layers of tissue, the suturing device of the invention is, in one embodiment, placed
through holes formed in the two layers of tissue. Each of the two tissue engaging members then
engages one of the two layers of tissue. Optionally, a suturing system of the invention includes a
cutting member for forming the holes in the layers of tissue.

[0037] FIG. 1 depicts a cutaway view of a heart 50, including an exemplary abnormal opening, a
patent foramen ovale 52, that can be corrected by the devices, systems, and methods of the
present invention. The view of the heart 50 depicted in FIG. 1 includes a septum 54 that divides
a right atrium 56 from a left atrium 58. The septum 54 includes a septum primum 60 and a
septum secundum 62. The patent foramen ovale 52 is located between the septum primum 60
and the septum secundum 62. The patent foramen ovale 52 pfovides an undesirable fluid
communication between the right atrium 56 and the left atrium 58 and, under certain conditions,
allows for the shunting of blood from the right atrium 56 to the left atrium 58. If the patent

foramen ovale 52 is not closed or obstructed in some manner, a patient is placed at high risk for

an embolic stroke.

[0038] FIG. 2 depicts a tissue suturing system 100 according to an illustrative embodiment of the
invention. In one embodiment, the tissue suturing system 100 includes a sheath 102, an elongate
member 104, a delivery member 106, a suturing device 108, an interface 110, a first controller
112, and a second controller 114.

[0039] In one embodiment, the sheath 102 includes a proximal end 116 (i.e., an end that is
closest to a physician when the physician is operating the tissue suturing system 100) and an
opposite, distal end 118. In one embodiment, the proximal end 116 of the sheath 102 is
connected to the interface 110. In another embodiment, the sheath 102 defines a lumen 120 that

extends from the proximal end 116 to the distal end 118 of the sheath 102, and an opening 122
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located at the distal énd 118 of the sheath 102. The opening 122 is in fluid communication with
the lumen 120 of the sheath 102. In one embodiment, the sheath 102 is a transseptal sheath, such
as, for example, item number RCF-10.0-38-80-J-RB Large Check-Flo® Blue Introducer Set,
which is manufactured by Cook Incorporated of Bloomington, Indiana.

5 [0040] With continued reference to FIG. 2, at least partially disposed within the lumen 120 of
the sheath 102 is the elongate member 104. The elongate member 104 includes a proximal end
124, an opposite, distal end 126, and a wall 128 extending from the proximal end 124 to the
distal end 126. In one embodiment, the wall 128 of the elongate member 104 defines a lumen
130 that extends from the proximal end 124 to the distal end 126 of the elongate member 104,

10  and an opening 132 at the distal end 126 of the elongate member 104. In another embodiment,
the elongate member 104 includes, at its distal end 126, a cutting member 134 that is used, for
example, to create one or more holes through a patient’s tissues. The cutting member 134 may
be, for example, a sharp point or protrusion formed at the distal end 126 of the elongate member
104 by, for example, trimming the distal end 126 of the elongate member 104 at an angle from a

15  line 133 drawn perpendicular to the long axis of the elongate member 104.

0041} The elongate member 104 according to the invention can achieve an extended position
and a retracted position. Referring to FIG. 2, in the extended position of the elongate member
104, a distal portion 135 of the elongate member 104 is positioned distal to the distal end 118 of
the sheath 102. In the retracted position of the elongate member 104, the entire elongate member

20 104 is positioned proximal to the distal end 118 of the sheath 102, i.e., within the lumen 120 of
the sheath 102 (not shown). The sheath 102 may thus enclose the cutting member 134 of the
clongate member 104 while the physician inserts the tissue suturing system 100 into the heart of
a patient.

[0042] In one embodiment, the elongate member 104 is reciprocally moved between the

25  extended and retracted positions by slideable movement of the elongate member 104 within the
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lumen 120 of the sheath 102 along the longitudinal axis of the sheath 102. Alternatively, the
elongate member 104 may be stationary and may be alternated between the extended position
and the retracted position by proximally withdrawing the sheath 102 over the elongate member
104 to extend the elongate member 104, and by distally advancing the sheath 102 over the
elongate member 104 to retract the elongate member 104.

[0043] Referring still to FIG. 2, in one embodiment, the delivery member 106 and the suturing
device 108 are initially disposed within the lumen 130 of the elongate member 104. The
exemplary delivery member 106 includes a proximal end 136 and an opposite, distal end 138.
The distal end 138 of the delivery member 106 may be positioned adjacent the suturing device
108 to engageably contact the suturing device 108. In one embodiment, the distal end 138 of the
delivery member 106 is releasably connected to the suturing device 108. For example, the distal
end 138 of the delivery member 106 may include a mechanical claw (not shown) for grasping
and releasing the suturing device 108. Alternatively, in another embodiment, the suturing device
108 mcludes an eyelet (not shown). In one such embodiment, thread (not shown) is connected to
the delivery member 106 and is passed through the eyelet of the suturing device 108 to connect
the delivery member 106 to the suturing device 108. Cutting the\thread releases the suturing
device 108 from the delivery member 106. A variety of other means may be used to releasably
connect the distal end 138 of the delivery member 106 to the suturing device 108.

[0044] The delivery member 106 slideably moves within the lumen 130 of the elongate member
104. Accordingly, because the delivery member 106 may be positioned to abut and/or to
engageably contact the suturing device 108, slideable movement of the delivery member 106
along a longitudinal axis of the elongate member 104 can result in a corresponding movement of

the suturing device 108 along the longitudinal axis of the elongate member 104. In one

embodiment, extending the delivery member 106 toward the distal end 126 of the elongate
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member 104 extends the sﬁturing device 108 toward the distal end 126 of the elongate member
104 and distal to the opening 132 located at the distal end 126 of the elongate member 104.
[0045] FIGS. 3 and 4 depict a schematic cross-sectional view of the distal end 126 of the
elongate meﬁlber 104 according to illustrative embodiments of the invention. Optionally, as
illustrated in FIGS. 3 and 4, the elongate member 104 can include a gate member 137. In one
embodiment, the gate member 137 is positioned, as illustrated in FIGS. 3 and 4, at the distal end
126 of the elongate member 104. Alternatively, the gate member 137 may be positioned
anywhere along the long axis of the elongate member 104.
[0046] In one embodiment, the gate member 137 is moveable between an extended position,
ﬂlustrated in FIG. 3, and a retracted position, illustrated in FIG. 4. When placed in the extended
position, the gate member 137 projects from an inner surface 139 of the wall 128 of the elongate
member 104 into the lumen 130 of the elongate member 104, thereby preventing the suturing
device 108 from being extended distal to the opening 132 located at the distal end 126 of the
elongate member 104.
[0047] In one embodiment, the distal end 126 of the elongate member 104 is designed such that
the gate member 137 achieves the extended position unless the physician acts to move the gate
member 137 from the extended position by, for example, applying a force to or actuating the
gate member 137. For example, the distal end 126 of the elongate member 104 may be made of
a shape memory material designed to place the gate member 137 in its extended position absent
any forces on, or actuation of, the gate member 137. In one such embodiment, one or more
actuating strings 127 extend along a length of the elongate member 104 from the proximal end
124 of the elongate member 104 towards the distal end 126 of the elongate member 104. As
llustrated in FIGS. 3 and 4, the one or more actuating strings 127 may be encapsulated within
the wall 128 of the elongate member 104 and each one of the actuating string(s) 127 may

connect at a distal end 129 of the actuating string(s) 127 to an end 131 of the gate member 137.
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Accordingly, with the gate member 137 in the extended position (FIG. 3), to place the gate
member 137 1n the retracted position (FIG. 4), the physician pulls on the actuating string(s) 127
in the direction of arrow 141 to rotate the gate member 137 away from the lumen 130 of the
clongate member 104. When the physician releases the actuating string(s) 127, the shape
memory material of the distal end 126 of the elongate member 104 returns the gate member 137
to the extended position.
[0048] Alternatively, in another embodiment, the gate member 137 requires actuation to be
placed in the extended position. In one such embodiment, the physician places the gate member
137 1n the extended position by, for example, rotating the entire, or one or more portions of the,
wall 128 at the distal end 126 of the elongate member 104 towards the lumen 130 of the elongate
member 104. For example, the physician employs a controller, as described below, to rotate the
gate member 137 between the extended position and the retracted position.
[0049] In one embodiment, as illustrated in FIG. 3, the gate member 137, when placed in the
extended position, continuously extends from and around the entire perimeter of the inner
surface 139 of the elongate member 104. Alternatively, the gate member 13 7: may extend from a
single portion of the perimeter of the inner surface 139, or the gate member 137 may
intermittently extend from different portions of the perimeter of the inner surface 139 of the
elongate member 104.
[0050] With reference to FIG. 4, when the gate member 137 is retracted to the retracted position,
the gate member 137 no longer projects into the lumen 130 of the elongate member 104.
Accordingly, with the gate member 137 placed in the retracted position, the suturing device 108
may be extended distal to the opening 132 located at the distal end 126 of the elongate member
104.
[0051] In one embodiment, the elongate member 104 and the delivery member 106 are flexible

tubes fabricated from biocompatible materials, such as, for example, polyethylene, polyether-



10

15

20

CA 02538476 2006-03-08

WO 2005/034763 PCT/US2004/012913
- 12 -

block amide copolymer (e.g. ,‘ PEBAX", which is manufactured by Atofina Chemicals of
Philadelphia, Pennsylvania), polyurethane, or fluorinated ethylene propylene. In another
embodiment, the elongate member 104 and/or the delivery member 106 are made entirely from
metal (e.g., stainless steel or Nitinol, which is a nickel-titanium alloy manufactured by Nitinol
Devices and Components of Freemont, California). In yet another embodiment, the clongate
member 104 and/or the delivery member 106 have a polymer shaft with a metallic tip.

[0052] Referring again to FIG. 2, also illustrated is an exemplary interface 110 that permits, in
some embodiments, the first controller 112 and the second controller 114 to communicate with
the elongate member 104 and the delivery member 106, respectively. To enable such
communication, the proximal end 124 of the elongate member 104 and the proximal end 136 of
the delivery member 106 each connect to the interface 110. The éxemplary first controller 112
and the exemplary second controller 114 may, for example, extend, retract, or otherwise
manipulate the elongate member 104, including the gate member 137 of the elongate member
104, and the delivery member 106, respectively.

[0033] A single controller could, alternatively, control all functions and operations of the tissue
suturing system 100 and the instruments disposed therein. Alternatively, a plurality of
controllers (e.g., a distal end controller for extending and retracting the distal end of an
instrument, a tip bending controller for altering the angular orientation of a portion of an
instrument, and an extension controller for extending and retracting a component of an
instrument) may be provided, each one controlling different components or functions of the

tissue suturing system 100, as is known to one skilled in the art. For example, a separate gate

member controller may be provided for extending, retracting, or otherwise manipulating the gate
member 137 of the elongate member 104. In yet another embodiment, the physician operates the

tissue suturing system 100 by extending, retracting, or otherwise manipulating the elongate
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member 104, the gate member 137 of the elongate member 104, and the delivery device 106
manually, without the use of any controllers.

[0054] FIG. 5 depicts a suturing device 108 in a connected configuration according to an
illustrative embodiment of the invention. Referring to FIGS. 2 and 5, the illustrative suturing
device 108 includes a first tissue engaging member 140, a second tissue engaging member 142,
and a first interconnecting member 144. In one embodiment, the first tissue engaging member
140 1ncludes a first end 146, an opposite, second end 148, and an intermediate portion 147 that is
positioned between the first end 146 and the second end 148. Similarly, the second tissue
engaging member 142 includes a first end 150, a second end 152 that is opposite to the first end
150, and an intermediate portion 151 that is positioned between the first end 150 and the second
end 152. For its part, the first interconnecting member 144 includes a first fixed end 154 that is
connected to the first tissue engaging member 140, and an opposite, second fixed end 156 that is
connected to the second tissue engaging member 142.

[0055] FIG. 6 depicts the tissue suturing system 100 according to another illustrative
embodiment of the invention. Referring now to FIGS. 5 and 6, in one embodiment, the first
tissue engaging member 140 includes a lumen 157 that extends from the first end 146 to the
second end 148 of the first tissue engaging member 140, and the second tissue engaging member
142 1includes a lumen 159 that extends from the first end 150 to the second end 152 of the second
tissue engaging member 142. Accordingly, in one embodiment, as depicted in FIG. 6, the
elongate member 104 may be initially positioned within and through the lumen 159 of the
second tissue engaging member 142 and within and through the lumen 157 of the first tissue
engaging member 140.

[0056] With reference to FIG. 6, in one embodiment, the delivery member 106 includes a lumen -

161 that extends from the proximal end 136 to the distal end 138 of the delivery member 106.

Accordingly, the elongate member 104 may also be initially positioned within and through the
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lumen 161 of the delivery member 106. In another embodiment, the delivery member 106, the
first tissue engaging member 140, and the second tissue engaging member 142 are slideably
moved over an outer surface 163 of the wall 128 of the elongate member 104. Extending the
delivery member 106 toward the distal end 126 of the elongate member 104 extends the suturing
device 108 toward the distal end 126 of the elongate member 104 and distal to the distal end 126
of the elongate member 104. Additionally, in another embodiment, one or both ends 146, 148 of |
the first tissue engaging member 140 and/or one or both ends 150, 152 of the second tissue
engaging member 142 are rounded, tapered, or beveled to facilitate the passage of the first tissue
engaging member 140 and/or the second tissue engaging member 142 through a patient’s tissues.
[0057] Referring again to FIG. 5, in one embodiment, as shown, the first fixed end 154 of the
first interconnecting member 144 is connected to the first tissue engaging member 140 at a point
located between the first end 146 and the second end 148 of the first tissue engaging member
140, rather than at one of the opposing ends 146, 148 of the first tissue engaging member 140.
Accordingly, in such an embodiment, the first fixed end 154 of the first intereconnecting
member 144 is connected to the intermediate portion 147 of the first tissue engaging member
140 and the opposing ends 146, 148 of the first tissue engaging member 140 are both free ends.
Alternatively, in another embodiment, the first fixed end 154 of the first interconnecting member
144 1s connected to the first tissue engaging member 140 either at the first end 146 or at the
second end 148 of the first tissue engaging member 140. Accordingly, in such an embodiment,
one of the first end 146 and the second end 148 of the first tissue engaging member 140 is a
fixed end. In a similar fashion, the second fixed end 156 of the first interconnecting member 144
may be connected to the second tissue engaging member 142 at a point located between the first
end 150 and the second end 152 of the second tissue engaging member 142 (i.e., the first

interconnecting member 144 may be connected to the intermediate portion 151 of the second
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tissue engaging member 142), or, alternatively, at one of the opposing ends 150, 152 of the
second tissue engaging member 142.

[0058] In one embodiment, the first interconnecting member 144 is connected at its first fixed
end 154 to the first tissue engaging member 140 and at its second fixed end 156 to the second
tissue engaging member 142 by, for example, an adhesive, such as a glue. Alternatively, the first
interconnecting member 144 includes a first hinge 158 at its first fixed end 154 and a second
hinge 160 at its second fixed end 156. In one such embodiment, the first hinge 158 connects the
first interconnecting member 144 to the first tissue engaging member 140 and the second hinge
160 connects the first interconnecting member 144 to the second tissue engaging member 142.
In one embodiment, the first hinge 158 and the second hinge 160 allow for rotational movement
of the first tissue engaging member 140 and the second tissue engaging member 142,
respectively, relative to each other and relative to the first interconnecting member 144.

[0059] In one embodiment, the suturing device 108 is pre-assembled (e.g., manufactured) so that
the first interconnecting member 144 continuously connects the first tissue engaging member
140 to the second tissue engaging member 142. In other words, the physician need not, at any
point during his or her use of the suturing system 100, connect one portion of the first
interconnecting member 144 to another portion of the first interconnecting member 144, or
connect either one of the two tissue engaging members 140, 142 to the first interconnecting
member 144. Rather, the suturing device 108 is insertable into a patient in its connected
configuration, illustrated in, and described with respect to, for example, FIG. 5.

[0060] In one embodiment, the first interconnecting member 144 is made from a flexible yet
resilient material, allowing the first interconnecting member 144 to alternate between a deformed
position (e.g., a bent position), as illustrated in FIGS. 2 and 6, and an unstressed position, such as
the straight configuration illustrated in FIG. 5. In one embodiment, the first interconnecting

member 144 alternates between the deformed and unstressed positions through the application
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and removal of, respectively, a force. Referring to FIG. 5, in the unstressed position of the first
interconnecting member 144, a longitudinal axis of the first tissue engaging member 140 and a
longitudianal axis of the second tissue engaging member 142 are, in one embodiment, each
substantially perpendicular to a longitudinal axis of the first interconnecting member 144. With
reference to FIGS. 2 and 6, in the deformed position of the first interconnecting member 144, a
longitudinal axis of the first tissue engaging member 140 and a longitudinal axis of the second
tissue engaging member 142 are, in one embodiment, each substantially parallel to the
longitudinal axis of the first interconnecting member 144.

[0061] Referring to FIG. 2, in operation, in one embodiment, the suturing device 108 is initially
positioned within the lumen 130 of the elongate member 104 with its first interconnecting
member 144 1n the deformed position. Moreover, in one embodiment, the wall 128 of the
elongate member 104 constrains the first interconnecting member 144 of the suturing device 108 -
in the deformed position while the suturing device 108 is located within the lumen 130 of the
elongate member 104. Once the suturing device 108 is advanced distally to exit through the
opening 132 at the distal end 126 of the elongate member 104, the resiliency of the first
interconnecting member 144 causes, in one embodiment, the first interconnecting member 144
of the suturing device 108 to regain 1ts unstressed position, illustrated in FIG. 5.

[0062] Exemplary resilient materials from which the first interconnecting member 144 can be
manuféctured include bioabsorbable materials such as, but not exclusively, polyldbtic acid
(PLA), polyethylene glycol (PEG), polycaprolactone (PCL), polyglycolic acid (PGA), or
magnesium, non-resorbable materials such as, but not exclusively, a metal (e.g., nitinol) or a
polymer (e.g., urethane), and/or rubber.

[0063] In some embodiments of the invention, the first interconnecting member 144 of the
suturing device 108 possesses elastic properties. For example, in one embodiment, the first

Interconnecting member 144 can be stretched, and thereafter returned to its original state when
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the stretching force is removed. More particularly, in one embodiment, as the first
interconnecting member 144 is stretched, moving the first tissue engaging member 140 away
from the second tissue engaging member 142, a restoring force is generated in the first

interconnecting member 144. The restoring force acts to pull the first tissue engaging member

140 back towards the second tissue engaging member 142 when the stretching force is removed. .

Exemplary elastic materials from which the first interconnecting member 144 can be
manutactured include bioabsorbable materials such as, but not exclusively, polylactic acid
(PLA), polyethylene glycol (PEG), polycaprolactone (PCL), or polyglycolic acid (PGA), non-
resorbable materials such as, but not exclusively, a polymer or a polymer blend (e.g., urethane),

and/or rubber.

[0064] Referring now to FIG. 5, in one embodiment, the first tissue engaging member 140
and/or the second tissue engaging member 142 are substantially cylindric;al. Alternatively, the
first tissue engaging member 140 and the second tissue engaging member 142 may have other
shapes (e.g., a rectangular prism). In another embodiment, one or both of the first tissue
engaging member 140 and the second tissue engaging member 142 has/have an atraumatic
structure, i.e., 1s/are devoid of any outward projections or protrusions that migilt cause injury or
trauma to a patient’s tissue. There is, therefore, no impediment to contacting a patient’s tissue
directly and ntimately with the first tissue engaging member 140 and/or the second tissue
engaging member 142. For example, in one embodiment where the tissue engaging members
140, 142 are atraumatic, one or both of the opposing ends 146, 148 of the first tissue engaging
member 140 and/or one or both of the opposing ends 150, 152 of the second tissue engaging
member 142 are rounded.

[0065] In one embodiment, the first interconnecting member 144 has a length of between about
1.0 mm and about 20.0 mm and a cross-sectional diameter between about 0.01 mm and about 2.0

mm. In another embodiment, a tissue engaging member, for example the first tissue engaging
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member 140, has a length 162 from about 1.0 mm to about 20.0 mm and a cross-sectional
diameter 164 from about 0.05 mm to about 5.0 mm.

[0066] FIG. 7 depicts the suturing device 108 according to another illustrative embodiment of
the mvention. According to the illustrative embodiment, the suturing device 108 also includes
one or more third tissue engaging members 168. For example, the suturing device 108 includes

two third tissue engaging members 168a, 168b, one of which is connected to the first fixed end

154 of the first interconnecting member 144 and another of which is connected to the second
fixed end 156 of the first interconnecting member 144. In one embodiment, a midpoint 170
along the longitudinal axis of the first tissue engaging member 140 is connected to a midpoint
172 along the longitudinal axis of a third tissue engaging member 168a. In one embodiment, the

first tissue engaging member 140 and that third tissue engaging member 168a are delivered,

through the lumen 130 of the elongate member 104, co-axially. Upon exiting the opening 132 at

the distal end 126 of the elongate member 104, the first tissue engaging member 140 and that
third tissue engaging member 168a rotate, for example, relative to one another such that, in one
embodiment, the longitudinal axis of the first tissue engaging member 140 is oriented
substantially perpendicular to the longitudinal axis of that third tissue engaging member 168a,
thereby forming a cross or an X-shape. Similarly, a midpoint 174 along the longitudinal axis of
the second tissue engaging member 142 may be connected to a midpoint 176 along the
longitudinal axis of another third tissue engaging member 168b. In one embodiment, the second
tissue engaging member 142 and that third tissue engaging member 168b are delivered, through
the lumen 130 of the elongate member 104, co-axially. Upon exiting the opening 132 at the
distal end 126 of the elongate member 104, the second tissue engaging member 142 and that
third tissue engaging member 168b rotate, for example, relative to one another such that, in one
embodiment, the longitudinal axis of the second tissue engaging member 142 is oriented

substantially perpendicular to the longitudinal axis of that third tissue engaging member 168b,
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thereby forming a cross or an X- shape. Alternatively, in other embodiments, when the suturing
device 108 exits the opening 132 at the distal end 126 of the elongate member 104, the
longitudinal axis of the first tissue engaging member 140 and the longitudinal axis of the second
tissue engaging member 142 are each oriented at an angle between 0 degrees and 180 degrees
relative to the longitudinal axis of their respective third tissue engaging member 168a, 168b.
[0067] FIG. 8 depicts the suturing device 108 according to yet another illustrative embodiment
of the invention. According to the illustrative embodiment, the suturing device 108 further
includes one or more second interconnecting members 178. For example, in one embodiment,
the suturing device 108 includes a chain of second interconnecting members 178. In one such
embodiment, at least one of the second interconnecting members 178 is connected to either the
first tissue engaging member 140 or the second tissue engaging member 142. For example, as

1llustrated in FIG. 8, a second interconnecting member 178A is connected to the second tissue

engaging member 142. Moreover, each one of the second interconnecting members 178 in the
chain may be separated from an adjacent second interconnecting member 178 by a third tissue
engaging member 168. For example, as illustrated in FIG. 8, a second interconnecting member
178 A 1s separated from an adjacent second interconnecting member 178B by a third tissue
engaging member 168A. Accordingly, the suturing device 108 of the invention may consist of a
series of alternating tissue engaging members and interconnecting members. Any number of
alternating tissue engaging members and interconnecting members may be connected in series to
form the chain. Moreover, in general, the second interconnecting members 178 may include
some or all of the properties of the first interconnecting member 144 described above, including,
for example, the resiliency of the first interconnecting member 144. Accordingly, the second

interconnecting members 178 may also alternate between a deformed position and an unstressed

position.
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[0068] FIG. 9 depicts the suturing device 108 according to still another illustrative embodiment

of the invention. According to the illustrative embodiment, two or more interconnecting

members may connect adjacent tissue engaging members. For example, both the first
interconnecting member 144 and a second interconnecting member 178E may connect the first
tissue engaging member 140 to the second tissue engaging member 142. Similarly, as another
example, three second interconnecting members 178B, 178F, 178G may connect two adjacent
third tissue engaging members 168A, 168B.

[0069] FIG. 10 depicts a suturing device 108 according to another illustrative embodiment of
the invention. The exemplary suturing device 108’ includes a first interconnecting member 144,
a first tissue engaging member 140°, and a second tissue engaging member 142’ similar to those
described above. In one embodiment, the suturing device 108’ additionally includes a tightening
mechanism 180 connected to the first interconnecting member 144°. The first interconnecting
member 144’ may be, for example, a thread. Following implantation of the suturing device 108’
in the patient’s tissués, the tightening mechanism 180 may be used to remove a slack in the first
interconnecting member 144’ between the first tissue engaging member 140’ and the second

tissue engaging member 142°. In one embodiment, for example, the tightening mechanism 180

1s a ratchet. Alternatively, in other embodiments, the tightening mechanism 180 is a wire-tie, a

slip-knot, or a screw mechanism.

|0070] In one embodiment, referring still to FIG. 10, the first tissue engaging member 140’
and/or the second tissue engaging member 142’ includes an anchor 182, such as, for example, a
spiral tissue anchor 179. Accordingly, the first tissue engaging member 140’ and/or the second
tissue engaging member 142’ may be screwed into a patient’s tissues. Alternatively, in another
embodiment, the first tissue engaging member 140’ and/or the second tissue engaging member
142’ includes a differently shaped anchor 182 for implanting the tissue engaging member 140°,

142 1nto the patient’s tissue. For example, the first tissue engaging member 140’ and/or the
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second tissue engaging member 142’ may include a barbed tissue anchor 181, as illustrated in
FIG. 11. Accordingly, the barbed tissue anchor 181 of the first tissue engaging member 140’
and/or the second tissue engaging member 142’ may be pushed into a patient’s tissues to secure
the engaging member 140°, 142’ in the patient’s tissues.

[0071] Some or all of the tissue engagixig members 140, 140°, 142, 142°, 168, the
interconnecting members 144, 144°, 178, and the tightening mechanism 180 may be
manufactured from a bioabsorbable material that, following placement in the patient’s body,
biodegrades over time and is absorbed into the patient’s body, such as, for example, polylactic
acid (PLA), polyethylene glycol (PEG), polycaprolactone (PCL), polyglycolic acid (PGA), or
magnesium. In other embodiments, some or all of the tissue engaging members 140, 140°, 142,
142°, 168, the interconnecting members 144, 144°, 178, and the tightening mechanism 180 may
be manufactured from a biological material (e.g., an extracellular matrix material) that allows for
tissue ingrowth when the suturing device 108, 108’ is implanted within a patient’s tissues. In yet
otherlembodiments, some or all of the tissue engaging members 140, 140°, 142, 142°, 168, the
interconnecting members 144, 144°, 178, and the tightening mechanism 180 are coated and/or
impregnated with a material (e.g:, a reactive material) for stimulating tissue growth. In one
embodiment, the growth stimulating material is collagen. In another embodiment, the growth
stimulating material is a growth factor, such as a vascular endothelial growth factor, a basic fibro
erowth factor, or an angiogenic growth factor. In yet another embodiment, the growth
stimulating material is a pharmacological agent for stimulating tissue growth, such as, for
example, cells or genes. Alternatively, in still another embodiment, the growth stimulating
material is an irritant for encouraging an inflammatory response, such as, for example, cotton
seed oilo or alcohol.

[0072] Materials that are not bio-absorbable could, alternatively, be used to manufacture

different parts of the suturing device 108, 108°. The tissue engaging members 140, 140°, 142,
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142°, 168 and/or the tightening mechanism 180 could, for example, be manufactured using a
polymer material, (e.g., polyethylene, nylon, polypropylene, polyester, or polyurethane), a shape
memory material, or a metal. For their part, the interconnecting members 144, 144°, 178 could,
for example, be manufactured using a polymer material, (e.g., polyethylene or polyurethane), a
shape memory material, a metal, a thread, a spring, or an elastomer. For example, the tissue
engaging members 140, 140, 142, 142°, 168, and the interconnecting members 144, 144°, 178
could be manufactured using a nickel-titanium alloy, such as Nitinol. As another example, the
tissue engaging members 140, 140°, 142, 142°, 168, and the interconnecting members 144, 144°,
178 can be manufactured as an integral unit by, for example, molding or stamping them from a
single piece of material, such as a polymer.

[0073] In yet another embodiment, some or all of the tissue engaging members 140, 140°, 142,
142°, 168, the interconnecting members 144, 144°, 178, and the tighteniﬁg mechanism 180 are
coated with a material that reduces thrombosis, such as, for example, heparin. In still another
embodiment, some or all of the tissue engaging members 140, 140°, 142, 142°, 168, the
Interconnecting members 144, 144°, 178, and the tightening mechanism 180 include a
radiopaque material.

[0074] In another aspect, the invention provides a method for suturing tissue. FIGS. 12A-12D
1llustrate one embodiment of a method for percutaneously suturing closed a patent foramen ovale
52 1n the intraatrial septum in the heart of a patient in accordance with the invention. Referring
first to FIG. 12A, the physician positions a distal end 183 of a tissue suturing system, such as the
tissue suturing system 100 of FIG. 2, within the right atrium 56 of the patient in proximity to the
septum secundum 62.

[0075] Optionally, as illustrated in FIG. 12A, the physician also employs a tissue stabilization
device 184 with the tissue suturing system 100. In one such embodiment, the tissue stabilization

device 184 is connected to a catheter 185. The catheter 185 includes a proximal end (not
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shown), a distal end 187, a lumen 189 that extends from the proximal end to the distal end 187,
and an opening 191 that is positioned at the distal end 187 of the catheter 185 and that is in fluid
communication with the lumen 189 of the catheter 185. In one embodiment, as illustrated, the
catheter 185 1s positioned within the lumen 120 of the sheath 102. The elongate member 104,
the delivery member 106, and the suturing device 108 are positioned within the lumen 189 of the
catheter 185.

[0076] In one embodiment, the physician positions the tissue stabilization device 184 within and
through the patent foramen ovale 52 between the septum secundum 62 and the septum primum
60 of the patient’s heart. The tissue stabilization device 184 is used by the physician to, for
example, limit movement of the septum secundum 62 and the septum primum 60 prior to
forming, as explained below, holes through the septum secundum 62 and the septum primum 60
with the cutting member 134 of the elongate member 104. The tissue stabilization device 184
also serves to position the distal end 187 of the catheter 185 in the area where the septum
secundum 62 and the septum primum 60 overlap. Accordingly, when the elongate member 104
1s extended to exit through the opening 191 at the distal end 187 of the catheter 185, the cutting
member 134 of the elongate member 104 pierces holes through the septum secundum 62 and the
septum primum 60 in the area where they overlap. In accordance with the method further
described below, the suturing device 108 is thereby placed through the septa 60, 62 in the area
where they overlap.

[0077] Exemplary tissue stabilization devices and flexible members suitable for stabilizing
cardiac tissues in a patient and for placing the elements described above in the area where the
septum secundum 62 and the septum primum 60 overlap include those described in United States
patent application Serial No. 10/660,444, the disclosme of which is hereby incorporated herein
by reference 1in its entirety. For example, the tissue stabilization device 184 may: i) be a flexible

coil having a spiral shape, illustrated in FIG. 12A, ii) include three flexible hexagonal members
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forming, generally, a planar array, iii) include two flexible members, each one of which includes

a leg, such as a wire, that is pre-shaped to articulate one or more times upon exit from a lumen,

1v) include two flexible members, each one of which includes a loop section, or v) be a single

flexible member that forms a closed loop.

|0078] Alternatively, in another embodiment, the physician does not employ the tissue
stabilization device 184 in suturing the patent foramen ovale 52. Accordingly, while FIGS.
12B-12D do not, for the purposes of simplifying and clarifying the drawings, illustrate the tissue
stabilization device 184, it is understood that the tissue stabilization device may or may not be
present 1n practice.

[0079] Referring now to FIG. 12B, the physician extends, in one embodiment, the elongate
member 104 distally, so that the cutting member 134 of the elongate member 104 contacts a
tissue surface 186 of the septum secundum 62 at a point where the septum secundum 62 overlaps
the septum primum 60. By continuing to advance the elongate member 104, the physician forms
a first hole 188 in the septum secundum 62 and, subsequently, a second hole 190 in the
overlapping septum primum 60.

[0080] Referring now to FIG. 12C, with the distal end 126 of the elongate member 104 in the
left atrium 58, the delivery member 106 is advanced toward the distal end 126 of the elongate
member 104 until the first tissue engaging member 140 exits the opening 132 at the distal end
126 of the elongate member 104. Once the first tissue engaging member 140 exits the opening
132, the resiliency of the first interconnecting member 144 causes the first fixed end 154 of the
first interconnecting member 144 to return to an unstressed (e.g., a straight) position, such that
the longitudinal axis of the first tissue engaging member 140 is substantially perpendicular to the
longitudinal axis of the first interconnecting member 144.

[0081] Reterring now to FIG. 12D, the physician then retracts the elongate member 104

proximally back through the second hole 190 and the first hole 188, such that the first tissue
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engaging member 140 is located adjacent a surface 192 of the septum primum 60. The physician
continues to retract the elongate member 104 until the distal end 126 of the elongate member 104
1s positioned in the right atrium 56. The delivery member 106 is then further advanced distally
until the second tissue engaging member 142 exits the opening 132 at the distal end 126 of the
elongate member 104. Once the second tissue engaging member 142 exits the opening 132, the
resiliency of the first interconnecting member 144 causes the second fixed end 156 of the first
interconnecting member 144 to return to an unstressed (e.g., a straight) position, such that the
longitudinal axis of the second tissue engaging member 142 is substantially perpendicular to the
longitudinal axis of the first interconnecting member 144. The second tissue engaging member
142 1s thereby positioned adjacent a tissue surface 186 of the septum secundum 62. Configured
as such, the suturing device 108 holds the septum primum 60 and the septum secundum 62
between the first tissue engaging member 140 and the second tissue engaging member 142.
[0082] FIG. 13 depicts a suturing device 108 implanted into the intraatrial septum in the heart of
a patient in accordance with another embodiment of the invention. According to the illustrative
embodiment, rather than creating the first hole 188 through the septum secundum 62 and the
second hole 190 through the septum primum 60 at a point where the septum secundum 62 and
the septum primum 60 overlap, as described above, the physician creates the holes 188, 190 at a
point where the septum secundum 62 and the septum primum 60 do not overlap. For example,
the physician uses the cutting member 134 to create the first hole 188 through the septum
secundum 62, positions the first tissue engaging member 140 in the left atrium 58 adjacent a
tissue surface of the septum secundum 62, proximally withdraws the elongate member 104 back
into the right atrium 56, uses the cutting member 134 to create the second hole 190 through the
septum primum 60, positions the second tissue engaging member 142 in the left atrium 58
adjacent a tissue surface of the septum primum 60, and proximally withdraws the elongate

member 104 back into the right atrium 56 for eventual removal from the patient’s body. The
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suturing device 108 thus captures the septum primum 60 and the septum secundum 62 as
1llustrated in FIG. 13, without occupying a position in the tunnel of the patent foramen ovale 52.
Alternatively, in another embodiment, the physician creates the holes 188, 190 in the septum
secundum 62 and the septum primum 60 in the opposite order.

[0083] FIG. 14 depicts a suturing device 108’ implanted into the intraatrial septum in the heart
of a patient in accordance with another embodiment of the invention. According to the
1llustrative embodiment, rather than forming holes 188, 190 through the septum secundum 62
and the septum primum 60 to access the left atrium 58, the physician advances the spiral tissue
anchors 179 (or the barbed tissue anchors 181) of the tissue engaging members 140°, 142’ into
the right atrial wall of the septum primum 60 and the septum secundum 62. In one such
embodiment, the distal end 126 of the elongate member 104 is adapted to engage the tissue
engaging members 140°, 142° as they are advanced by the delivery member 106 to the distal end
126 of the elongate member 104. Once a tissue engaging member 140°, 142’ is engaged by the
distal end 126 of the elongate member 104, the physician then rotates the elongate member 104
to screw the spiral tissue anchor 179 of the tissue engaging member 140°, 142’ into the patient’s
tissue, or, alternatively, the physician advances the elongate member 104 to push the barbed
tissue anchor 181 of the tissue engaging member 140°, 142’ into the patient’s tissue.
Accordingly, the suturing device 108’ captures the septum primum 60 and the séptum secundum
62 as illustrated 1n FIG. 14. Optionally, the physician may then use the tightening mechanism
180 to remove any slack in the first interconnecting member 144° between the first tissue
engaging member 140° and the second tissue engaging member 142°.

[0084] In other embodiments, to deliver a suturing device 108, 108 that includes a series of
alternating tissue engaging members and interconnecting members, as illustrated in FIGS. 8 and
9, the physician repeats the steps described above with reference to either FIGS. 12A—-12D, FIG.

13, or FIG. 14. In some such embodiments, to distally advance the suturing device 108, 108’
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through the lumen 130 of the elongate member 104, the delivery member 106 abuts the distal
most tissue engaging member (e.g., the third tissue engaging member 168D in FIGS. 8 and 9) in
the series of alternating tissue engaging members and interconnecting members.

[0085] It should be understood that the order of the steps in the above described methods and/or
the order for performing certain actions is immaterial so long as the invention remains operable.
Moreover, two or more steps or actions may be conducted simultaneously.

[0086] Certain embodiments of the present invention were described above. It is, however,
expressly noted that the present invention is not limited to those embodiments, but rather the
intention is that additions and modifications to what was expressly described herein are also
included within the scope of the invention. Moreover, it 1s to be understood that the features of
the various embodiments described herein were not mutually exclusive and can exist in various
combinations and permutations, even if such combinations or permutations were not made
express herein, without departing from the spirit and scope of the invention. In fact, variations,
modifications, and other implementations of what was described herein will occur to those of
ordinary skill in the art without departing from the spirit and the scope of the invention. As such,

the invention is not to be defined only by the preceding illustrative description.

[0087] What 1s claimed 1s:



.

O o0 3 S e B W

10
11

CA 02538476 2006-03-08

WO 2005/034763 PCT/US2004/012913
- - 28 -

Claims

1. A suturing system, comprising:

a suturing device, comprising:

a first tissue engaging member comprising a first end, a second end, and a first
intermediate portion positioned between the first end and the second end;

a second tissue engaging member comprising a third end, a fourth end, and a
second intermediate portion positioned between the third end and the fourth end; and

a {1rst interconnecting member comprising a first fixed end connected to the first
intermediate portion of the first tissue engaging member, and a second fixed end
connected to the second tissue engaging member,

wherein the suturing device is insertable into a patient in a connected

configuration.

2. The suturing system of claim 1, wherein the second fixed end of the first interconnecting

member 1s connected to the second intermediate portion of the second tissue engaging member.

3. The suturing system of claim 1, wherein the suturing device further comprises a second
interconnecting member connected to at least one of the first and second tissue engaging

members.

4. The suturing system of claim 3, wherein the suturing device further comprises a third tissue

engaging member connected to the second interconnecting member.

5. The suturing system of claim 1, wherein the suturing device further comprises a third tissue
engaging member connected to at least one of the first fixed end and the second fixed end of the

first interconnecting member.

6. The suturing system of claim 1 further comprising
an elongate member comprising a proximal end, a distal end, a wall extending from the
proximal end to the distal end, and a cutting member positioned at the distal end, the wall

defining a lumen extending from the proximal end to the distal end of the elongate member, and

" the wall defining an opening at the distal end of the elongate member,

wherein the suturing device 1s disposed within the lumen of the elongate member.

7. The suturing system of claim 6, wherein the elongate member further comprises a retractable

gate member positioned at the distal end of the elongate member.
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8. The suturing system of claim 6 further comprising

a delivery member disposed within the lumen of the elongate member.

9. The suturing system of claim 8, wherein the delivery member is releasably connected to the

suturing device.

10. The suturing system of claim 1, wherein the first tissue engaging member further comprises
a first lumen extending from the first end to the second end of the first tissue engaging member,
and wherein the second tissue engaging member further comprises a second lumen extending

trom the third end to the fourth end of the second tissue engaging member.

11. The suturing system of claim 10 further comprising

an elongate member comprising a proximal end, a distal end, a wall extending from the
proximal end to the ‘distal end, and a cutting member positioned at the distal end,

wherein the elongate member is disposed within the first lumen of the first tissue

engaging member and within the second lumen of the second tissue engaging member.

12. The suturing system of claim 1, wherein at least one of the first and second tissue engaging

members 1s substantially cylindrical.

13. The suturing system of claim 1, wherein at least one end of at least one of the first and

second tissue engaging members is rounded.

14. The suturing system of claim 1, wherein the first interconnecting member is reciprocally

moveable between an unstressed position and a deformed position.

15. The suturing system of claim 1, wherein the first interconnecting member comprises a

stretchable material.

16. The suturing system of claim 1, wherein at least one of the first and second tissue engaging
members and the first interconnecting member comprises a material for stimulating tissue

growth.

17. The suturing system of claim 16, wherein the material for stimulating tissue growth

comprises collagen.

18. The suturing system of claim 1, wherein at least one of the first and second tissue engaging

members and the first interconnecting member comprises a bioabsorbable material.

19. The suturing system of claim 18, wherein the bioabsorbable material comprises polylactic

acid.
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20. A suturing device, comprising:
a first tissue engaging member:;
a second tissue engaging member;
a first interconnecting member connecting the first tissue engaging member to the second
tissue engaging member; and {

a first anchor connected to the first tissue engaging member.

21. The suturing device of claim 20 further comprising a second anchor connected to the second

tissue engaging member.

22. The suturing device of claim 21, wherein at least one of the first anchor and the second

anchor 1s a spiral tissue anchor.

23. The suturing device of claim 21, wherein at least one of the first anchor and the second

anchor 1s a barbed tissue anchor.

24. A method for suturing tissue, comprising:
Inserting a suturing device into a heart of a patient, the suturing device comprising:

a first tissue engaging member comprising a first end, a second end, and a first
intermediate portion positioned between the first end and the second end;

a second tissue engaging member comprising a third end, a fourth end, and a
second intermediate portion positioned between the third end and the fourth end;
and

a first interconnecting member comprising a first fixed end connected to the
first intermediate portion of the first tissue engaging member, and a second fixed
end connected to the second tissue engaging member,

wherein the suturing device is insertable into a patient in a connected

configuration, and

attachirig the suturing device to at least one tissue surface in the heart of the patient.

25. The method for suturing tissue of claim 24, wherein attaching the suturing device comprises
extending the first tissue engaging member through a first hole in a first tissue layer and through
a second hole in a second tissue layer, positioning the first tissue engaging member on a tissue

surface of the second tissue layer, and positioning the second tissue engaging member on a tissue

surface of the first tissue layer.
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26. The method for suturing tissue of claim 24, wherein attaching the suturing device comprises
extending the first tissue engaging member through a first hole in a first tissue layer, positioning
the first tissue engaging member on a tissue surface of the first tissue layer, extending the second
tissue engaging member through a second hole in a second tissue layer, and positioning the

second tissue engaging member on a tissue surface of the second tissue layer.

27. The method for suturing tissue of claim 24, wherein the at least one tissue surface in the

heart of the patient comprises a tissue surface of a septum primum and a tissue surface of a

septum secundum.

28. The method for suturing tissue of claim 27 further comprising positioning a tissue

stabilization device in a patent foramen ovale.
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