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(57) ABSTRACT

Methods and devices for approximating tissue are disclosed.
The methods and devices utilize a device for applying an
implantable tissue fastener and a variety of implantable tissue
fasteners. The tissue-fastening device can be delivered endo-
scopically and can be adapted to function along side or in
conjunction with a flexible endoscope. In general, the device
can include a flexible shaft having an implantable tissue fas-
tener applier disposed at a distal end thereof and a handle for
operating the implantable tissue fastener applier disposed ata
proximal end thereof. A variety of self-deploying implantable
tissue fasteners can be used with the tissue fastener applier
device.
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TISSUE APPROXIMATION METHODS

FIELD OF THE INVENTION

[0001] The present invention relates to methods and
devices for approximating tissue.

BACKGROUND OF THE INVENTION

[0002] Gastroesophageal reflux disease (GERD) is a com-
mon upper gastrointestinal disorder. GERD is a condition in
which acidic contents of the stomach flow inappropriately
from the stomach into the esophagus. Chronic irritation of the
esophagus leads to inflammation of the esophagus, known as
esophagitis. In addition to esophagitis, complications of
GERD include Barrett’s esophagus. esophageal stricture,
intractable vomiting, asthma, chronic bronchitis, and aspira-
tion pneumonia. Pharmacological therapy is available and
commonly used. However, this therapy does not address the
fundamental problem of stomach content flowing in the inap-
propriate retrograde and into the esophagus.

[0003] Normally, the lower esophageal sphincter (LES)
allows food to pass from the esophagus to the stomach, while
otherwise remaining closed, thus preventing reflux. Closure
of the LES is an active process, requiring a combination of
proper mechanics and intact innervation. Additionally, the
diaphragm may act on the esophagus normally to keep it
closed at the LES. Backflow of gastric contents into the
esophagus results when gastric pressure is sufficient to over-
come the pressure gradient that normally exists at the gas-
troesophageal junction (GEJ) or when gravity acting on the
contents is sufficient to cause flow, retrograde through the
GEJ. This situation arises when the gastric pressure is
elevated or when the competence of the LES is comprised.
Gastric pressure is elevated in association with eating, bend-
ing at the waist, squatting, constriction of the waist by cloth-
ing, obesity, pregnancy, partial or complete bowel obstruc-
tion, etc. Gravitational effects occur when a patient with this
condition becomes recumbent. Incompetence of the LES can
be functional or anatomic in origin. Function incompetence is
associated with hiatus hernia, denervation, myopathy, sclero-
derma, and chemical or pharmacological influences (smok-
ing, smooth muscle relaxants, caffeine, fatty foods, and pep-
permint). Anatomic incompetence is associated with
congenital malformation, surgical disruption (myotomy, bal-
loon dilatation or bouginage), neoplasm, etc.

[0004] The principal types of operations that address the
issues with GERD have included some type of reconstruction
of the antireflux barrier, which may include a gastric wrap, as
in classic Nissen fundoplication, Toupet fundoplication, a
nongastric wrap, e.g., the Angelchik prothesis, a ligamentum
teres cardiopexy, and fixation of a part of the stomach to an
immobile structure, e.g., the preaortic fascia, as in the Hill
repair or the anterior rectus sheath. Several of these opera-
tions also include a crural repair of the esophageal hiatus in
the diaphragm.

[0005] Other clinical studies have shown that tightening the
LES helps reduce GERD. The requirement is to gather tissue
from various locations forming a serosa-to-serosa plication,
and securing the tissue position until the tissue unites. The
resulting tightening in the LES will increase competency in
preventing acid reflux.

[0006] Typically, these procedures are performed surgi-
cally through an open incision or with traditional laparo-
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scopic and laparotomy techniques. Accordingly, a need exists
for methods and devices for approximating tissue using an
endoscopic approach.

SUMMARY OF THE INVENTION

[0007] The present invention generally provides devices
and methods for approximating tissue. In one embodiment, a
device for applying an implantable tissue fastener is provided
having an elongate sheath, a handle that can be disposed at a
proximal end of the elongate sheath, and an applier mecha-
nism that can be disposed at a distal end of the elongate sheath
and can be adapted to retain a tissue fastener. The elongate
sheath can be flexible or it can be rigid. At least one actuator
mechanism that can be disposed on the handle for actuating
various operations of the device. For example, an actuator
mechanism can be operatively associated with the applier
mechanism such that actuating the actuator mechanism is
effective to release the tissue fastener and thereby apply the
tissue fastener to a targeted tissue.

[0008] The applier mechanism can have a variety of con-
figurations. For example, in one exemplary embodiment, the
applier mechanism can include at least one movable member
for releasably retaining a tissue fastener. The at least one
movable member can be in the form of a movable jaw that is
adapted to open and close and retain the tissue fastener in a
tissue grasping condition and a natural condition in the open
and closed positions, respectively. An actuator mechanism
can be operatively associated with the at least one movable
member such that actuating the mechanism is effective to
move the at least one movable member. In one embodiment,
the actuator mechanism can bea trigger that is disposed on the
handle of the device. Applying a force to the trigger can be
effective to move the at least one movable member between
open and closed positions.

[0009] The device can also include a tissue grasping mem-
ber that is slidably disposed in a longitudinally extending
channel formed in the device. Another actuator mechanism
can be disposed on the handle and be operatively associated
with the tissue grasping member such that actuating the
mechanism is effective to slidably move the tissue grasping
member with respect to the device.

[0010] A variety of implantable tissue fasteners are also
provided. In one exemplary embodiment, an implantable tis-
sue fastener is provided having a central body portion, a first
anchor arm, and a second anchor arm. The first anchor arm
can extend from a first end of the central body portion and can
have a terminal end that is opposite the first end of the central
body portion. The second anchor arm can extend from a
second end of the central body portion and can have a terminal
end that is opposite the second end of the central body por-
tion. The terminal ends of the first and second anchor arms
can be biased towards each other such that terminal ends are
in close proximity with each other when the tissue fastener is
in a natural condition.

[0011] The central body portion of the tissue fastener can
have a variety of configurations. For example, in an exem-
plary embodiment, the central body portion can include a
curved portion. The first and second anchor arms can extend
from the curved central body portion, and the terminal ends
can overlap to form a circular-shaped fastener when the fas-
tener is in a natural condition. In another embodiment, the
firstanchor arm can be curved and can extend from the curved
central body portion and continue along the same curve. The
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second anchor arm can be straight and can include a terminal
end that extends perpendicular thereto.

[0012] In one embodiment, the central body portion can
take the form of a spring. In another embodiment, the central
body portion can be formed from a super elastic alloy. The
central body portion can be part of a unitary structure with the
first and second anchor arms or can be a separate element that
is coupled to the first and second anchor arms.

[0013] A variety of configurations are available for the first
and second anchor arms. For example, the first and second
anchor arms can be straight or can have an arcuate shape. The
terminal ends of the first and second anchor arms can be
rounded or blunt or can have tissue piercing points that are
adapted to penetrate tissue. In an exemplary embodiment, the
piercing points can extend at an angle with respect to an axis
of the anchor arm.

[0014] In another aspect of the invention, a method for
applying a fastener to tissue is provided and can generally
include inserting a device for applying an implantable tissue
fastener, positioning the device adjacent a targeted tissue,
actuating the device to move the tissue fastener from its
natural condition to atissue grasping condition, reconfiguring
the targeted tissue, and releasing the tissue fastener to
approximate the targeted tissue. In one embodiment, the
device can be used in conjunction with an endoscope to
facilitate viewing of at least a portion of the method for
approximating and can be inserted translumenally through a
working channel of the endoscope or through an accessory
channel that is mated to the endoscope. In another embodi-
ment, the device can be used in conjunction with a laparo-
scope and can be inserted through a trocar that extends from
an access port. A variety of configurations are available for the
approximating device, but the device can generally have at
least one movable member that is adapted to retain and
release at least one selectively releasable tissue fastener in its
natural condition.

[0015] Actuating the device to move the tissue fastener
from its natural condition to a tissue grasping condition can
include moving the at least one movable member from a
closed to an open position. The method can also include
actuating the device to move the at least one movable member
from an opento a closed position to apply a clamping force to
a tissue fastener. Reconfiguring the targeted tissue can
include manipulating the tissue with a tissue grasping mem-
ber. In an exemplary embodiment, reconfiguring the targeted
tissue can include retracting the tissue to position the tissue
adjacent the at least one movable member. Retracting the
tissue can be effective to release the tissue fastener. In one
embodiment, reconfiguring and applying the fastener to the
targeted tissue can be performed using only the device for
applying the implantable tissue fastener. Applying the fas-
tener to approximate the targeted tissue can include engaging
and applying a force to the targeted tissue with an arcuate
portion of the tissue fastener. In another embodiment, apply-
ing the fastener to the targeted tissue can include penetrating
the tissue with piercing points that are disposed on the tissue
fastener. In another aspect of the invention, the steps of actu-
ating the device to move the tissue fastener from its natural
condition to a tissue grasping condition, reconfiguring the
targeted tissue, and releasing the tissue fastener can be
repeated as desired.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The invention will be more fully understood from
the following detailed description taken in conjunction with
the accompanying drawings, in which:
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[0017] FIG. 1isa perspective view of one embodiment of a
device for applying an implantable tissue fastener;

[0018] FIG. 2 is a perspective view of the distal end of the
device shown in FIG. 1 showing one embodiment of an
implantable tissue fastener disposed therein;

[0019] FIG. 3 is a perspective view of the distal end of the
device shown in FIG. 1 showing another embodiment of an
implantable tissue fastener disposed therein;

[0020] FIG. 4 is a perspective view of the distal end of the
device shown in FIG. 3 showing a tissue grasping member
extending from the device;

[0021] FIG. 5 is a perspective view of one embodiment of
an implantable tissue fastener;

[0022] FIG. 6is a perspective view of another embodiment
of an implantable tissue fastener;

[0023] FIG. 7is a perspective view of another embodiment
of an implantable tissue fastener;

[0024] FIG. 8is a perspective view of another embodiment
of an implantable tissue fastener;

[0025] FIG. 9A is a perspective view of another embodi-
ment of an implantable tissue fastener;

[0026] FIG. 9B is a perspective view of the implantable
tissue fastener shown in FIG. 9A in use;

[0027] FIG. 10A is a perspective view of one embodiment
of an implantable tissue fastener;

[0028] FIG. 10B is a perspective view of the implantable
tissue fastener shown in FIG. 10A in an engaged position;
[0029] FIG. 11A is a perspective view of one embodiment
of a device for applying an implantable tissue fastener posi-
tioned adjacent a target tissue;

[0030] FIG. 11B is a perspective view of one embodiment
of a device for applying an implantable tissue fastener posi-
tioned adjacent a target tissue showing a tissue grasping
member engaging and reconfiguring a target tissue;

[0031] FIG. 11C is a perspective view of one embodiment
of a device for applying an implantable tissue fastener releas-
ing a tissue fastener to approximate a target tissue; and
[0032] FIG. 11D is a perspective view of one embodiment
of an implantable tissue fastener deployed in a target tissue.

DETAILED DESCRIPTION OF THE INVENTION

[0033] Certain exemplary embodiments will now be
described to provide an overall understanding of the prin-
ciples of the structure, function, manufacture, and use of the
devices and methods disclosed herein. One or more examples
of these embodiments are illustrated in the accompanying
drawings. Those skilled in the art will understand that the
devices and methods specifically described herein and illus-
trated in the accompanying drawings are non-limiting exem-
plary embodiments and that the scope of the present invention
is defined solely by the claims. The features illustrated or
described in connection with one exemplary embodiment
may be combined with the features of other embodiments.
Such modifications and variations are intended to be included
within the scope of the present invention.

[0034] The present invention generally provides methods
and devices for approximating tissue. The methods and
devices utilize a device for applying an implantable tissue
fastener and a variety of implantable tissue fasteners. The
tissue-fastening device can be delivered endoscopically and
can be adapted to function along side of or in conjunction with
a flexible endoscope. In general, the device can include a
flexible shaft having an implantable tissue fastener applier
mechanism disposed at a distal end thereof and a handle for
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operating the implantable tissue fastener applier mechanism
disposed at a proximal end thereof. For example, in an exem-
plary embodiment, the device can have a flexible elongate
sheath, a handle that can be disposed at a proximal end of the
elongate sheath, and an applier mechanism that can be dis-
posed at a distal end of the elongate sheath and can be adapted
to retain a tissue fastener. At least one actuator mechanism
that can be disposed on the handle for actuating various
operations of the device. Forexample, an actuator mechanism
can be operatively associated with the applier mechanism
such that actuating the actuator mechanism is effective to
release the tissue fastener and thereby apply the tissue fas-
tener to a targeted tissue. Although the device is shown and
described forendoscopic use, one skilled in the art will appre-
ciate that device could include a rigid shaft for laproscopic
use.

[0035] FIGS.1-4illustrate one exemplary embodiment ofa
device 10 for applying an implantable tissue fastener. As
indicated above, the device can generally include an elongate
sheath 12 having an implantable tissue applier mechanism 14
disposed at a distal end 1256 thereof and a handle 16 for
operating the implantable tissue applier mechanism 14 at a
proximal end 124 thereof. The implantable tissue applier 14
can have a variety of configurations, but in one exemplary
embodiment, shown in FIGS. 1-4, the tissue applier mecha-
nism 14 takes the form of first and second movable members
or jaws 14a, 145 that are pivotably coupled to the distal end
124 of the elongate sheath 12 and are adapted to releasably
retain a tissue fastener. The applier mechanism 14 can have a
variety of shapes and sizes, but can generally be sized and
shaped such that it can function along side of or in conjunc-
tion with a flexible endoscope. For example, the applier
mechanism 14 can be sized and shaped such that the device 10
can be inserted through a working channel of endoscope,
through an accessory channel that is mated to endoscope, or
along a guide wire under endoscopic visualization.

[0036] Theappliermechanism 141s shown in more detail in
FIGS. 2-4. As shown, the mechanism 14 includes first and
second members 14a, 145. One or both of the first and second
members 14a, 145 can be movable, and the jaw formed by the
first and second members 14a, 145 can be adapted to pivot
between open and closed positions. The movable jaw can be
adapted to retain a tissue fastener in a tissue grasping condi-
tion and a natural condition in the open and closed positions,
respectively. The movable jaw can be in the closed position as
the device is inserted and advanced to a treatment site. Once
the device is positioned adjacent the targeted tissue, the first
and second members 14a, 145 can be pivoted from the closed
position to the open position to allow the movable jaw to be
positioned around the targeted tissue.

[0037] FIGS. 2-4 show the applier mechanism 14 in the
open or tissue grasping position. As indicated above, the
applier mechanism 14 can be adapted to retain a tissue fas-
tener in both a natural condition and a tissue grasping condi-
tion. While the applier mechanism 14 can employ a variety of
techniques to retain the tissue fastener, in an exemplary
embodiment, shown in FIGS. 3 and 4, the first and second
members 14a, 145 have tabs 30 that are disposed on an inner
facing surface thereof 32 and are adapted to secure a tissue
fastener 34 to the jaws. As shown, the tissue fastener 34
includes complementary shaped slots 34q that are cut therein
and are adapted to align with the tabs 30 disposed on the jaws
to allow the fastener 34 to be released from the device 10. In
use, a tissue fastener 34 can be disposed in the jaws such that
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the slots 34a cut therein are not aligned with the tabs 30
disposed on the first and second members 14a, 145. To release
the fastener 34, a force can be applied to move the fastener 34
with respect to the first and second members 14a, 145 until
the slots 34a are aligned with the tabs 30 thereby releasing the
tissue fastener 34 from the jaws. In one embodiment, the force
can be applied by the targeted tissue as it is retracted between
the first and second members 14a, 144 of the jaws. In another
exemplary embodiment, the fastener 34 can be stationary
with respect to the jaws and the tabs 30 can be movable. In
such a configuration, the tabs 30 can be advanced proximally
or distally to align with the slots 34a in the fastener 34 and
thereby release the fastener 34. In yet another embodiment,
the tabs 30 can be entirely retractable to allow the fastener 34
to be released. In this embodiment, the tissue fastener need
not have slots cut therein.

[0038] Theapplier mechanism can also have a tissue grasp-
ing member 42 associated therewith. FIG. 4 illustrates an
exemplary embodiment of a tissue grasping member 42 that is
slidably disposed in a longitudinally extending channel 40
that is formed in the device 10. The tissue grasping member
42 can have a variety of configurations. For example, as
shown in FIG. 4, the tissue grasping member 42 can be a
flexible elongate member 42a that includes a double hook 425
disposed at its distal end. Other exemplary embodiments for
the distal end of the tissue grasping member include, but are
not limited to, a single hook, an anvil, needle, corkscrew, or
clamping mechanism. As shown, the tissue grasping member
42 extends distally from the flexible elongate sheath 12 and
through an opening 44 formed in the tissue fastener 34 that is
disposed between the first and second members 14a, 145 of
the applier mechanism 14. The tissue grasping member 42
need not extend through the tissue fastener 34. For example,
in another exemplary embodiment the grasping member can
extend along side a fastener that is disposed in the applier
mechanism. The tissue grasping member 42 can be advanced
distally to engage or grasp the targeted tissue. Once the tar-
geted tissue is engaged, the grasping member 42 can be
retracted proximally to reconfigure and reposition the tissue
between the first and second members 14a, 145 of the applier
mechanism 14. Although the tissue grasping member 42 is
shown and described as extending through a channel 40 that
is formed in the flexible elongate sheath 12 of the device, one
skilled in the art will appreciate that the tissue grasping mem-
ber can be separate from the applier device. For example, in
an exemplary embodiment, the tissue grasping member can
be a separate device that is inserted through a different work-
ing channel of the endoscope or through an accessory channel
that is mated to the endoscope.

[0039] The handle portion 16 of the device can have a
variety of configurations but is generally positioned at a
proximal portion 12a of the elongate sheath 12 and is config-
ured to operate the applier mechanism 14 described above. In
one exemplary embodiment, the handle 16 can include one or
more actuator mechanisms for actuating various operations
of the tissue approximating procedure. As shown in FIG. 1,
the device includes an actuator mechanism 16a for moving
the at least one movable member of the applier mechanism 14
between open and closed positions and an actuator mecha-
nism 165 for advancing and retracting the tissue grasping
member 42. As illustrated, the actuator mechanism 16a for
moving the first and second members 14a, 145 can take the
form ofa trigger 164’ that is disposed on the handle portion 16
of the device 10. Applying a force to the trigger 16a' can be
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effective to cause the first and second members 14a, 145 to
pivot between open and closed positions. Referring back to
FIG. 1, the actuator mechanism 165 for operating the tissue
grasping member 42 can take the form of a pull knob 164' that
is adapted to advance and/or retract the grasping member 42
upon actuation. The pull knob 164' can be operatively asso-
ciated with the tissue grasping member 42 such that applying
a force to the knob 164" is effective to slidably move the
grasping member 42 with respect to the device 10. As shown,
the grasping member actuator mechanism 165 includes a
cutout 165" to allow the user to grasp the pull knob 165'. As
indicated above, the tissue grasping member 42 can retract
the targeted tissue into the jaws of the applier mechanism 14
such that the tissue applies a force to the tissue fastener to
cause the fastener to be released from the jaws. Although the
device 10 is shown and described as having two separate
actuator mechanisms 16a, 165, one skilled in the art will
appreciate that a variety of combinations and configurations
of actuator mechanisms can be used to carry out the opera-
tions of the tissue approximating procedure. For example, in
another exemplary embodiment, where the tissue fastener is
not self-deploying, the device 10 can include an additional
actuator mechanism for deploying an implantable tissue fas-
tener 34 that is retained by the applier mechanism 14.

[0040] A variety of implantable tissue fasteners can be used
with the tissue fastener applier device 10 described above. For
example, as shown in FIGS. 5-10B, the implantable tissue
fastener generally includes a central body portion, a first
anchor arm, and a second anchor arm. The first anchor arm
can extend from a first end of the central body portion and can
have a terminal end that is opposite the first end of the central
body portion. The second anchor arm can extend from a
second end of the central body portionand can have a terminal
end that is opposite the second end of the central body por-
tion. The terminal ends of the first and second anchor arms
can be biased towards each other such that terminal ends are
in close proximity with each other, or overlapping, when the
tissue fastener is in a natural condition (i.e., when no force is
being applied to the tissue fastener).

[0041] FIG. 5 illustrates one exemplary embodiment of a
tissue fastener 50 having a central body portion 52 and first
and second anchor arms 54, 56. The central body portion 52
of the tissue fastener can have a variety of configurations. For
example, as shown, the central body portion takes the form of
a torsional spring 58. The spring 58 can be adapted to deliver
sufficient torque energy to allow the first and second anchor
arms 54, 56 to apply an approximate compressive force to the
targeted tissue of up to about 7.5 Ibf. The central body portion
52 can be formed from a variety of materials including, but
not limited to, stainless steel, titanium, and super elastic
alloys such as a nickel titanium alloy. Where the central body
portion 52 is formed from a super elastic alloy, the central
body portion 52 need not take the form of a spring (FIGS.
7-10B) as the super elastic alloy can allow the central body 52
to deliver a similar torque energy without the spring structure.
The central body portion 52 and the first and second anchor
arms 54, 56 can be formed entirely of a single material or can
be formed from any combination of materials. For example,
in an exemplary embodiment, the first and second anchor
arms 54,56 can be formed from stainless steel and the central
body portion 52 can be formed from a super elastic alloy. The
materials can also be selected such that the fastener 50 can be
used as a marker when deployed in a target tissue.
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[0042] A variety of configurations are also available for the
first and second anchor arms 54, 56. In general, the first and
second anchor arms can extend from the central body portion
to form a substantially U-shaped or V-shaped fastener. In one
exemplary embodiment, shown in FIG. 5, the central body
portion 52 and the first and second anchor arms 54,56 are part
of a unitary structure. In another embodiment, the central
body portion can be a separate element that is coupled to the
first and second anchor arms. The first and second anchor
arms 54, 56 can have a variety of shapes and sizes. For
example, as shown in FIG. 5, the anchor arms 54, 56 have an
arcuate shape. Such a configuration can allow the arcuate
portion of the anchor arms 54, 56 to engage and apply a
compression force to the targeted tissue. In another embodi-
ment, the anchor arms can be substantially straight. As illus-
trated, one arm is greater in length than the other such that the
terminal ends 54a, 56a of the first and second anchor arms are
staggered. However, in another exemplary embodiment, the
first and second anchor arms can be equal in length.

[0043] AsshowninFIG. 5, the first and second anchor arms
54, 56 extend from first and second ends 52a, 525 of the
central body portion 52 and each have a terminal end 54a, 56a
that is opposite the first and second ends 52a, 526 of the
central portion 52, respectively. The terminal ends 54a, 56a of
the anchor arms 54, 56 can be biased towards to each other
such that the terminal ends 54a, 564 are in close proximity, or
overlapping, when the tissue fastener 50 is in a natural con-
dition. A variety of configurations are available for the termi-
nal ends 54a, 56a of the first and second anchor members 54,
56. For example, in one embodiment, the terminal ends 54a,
56a can be blunt or rounded, as it is not necessary for the
terminal ends 54a, 56a to penetrate the target tissue. Alterna-
tively, the terminal ends can include piercing points that are
adapted to penetrate tissue. The piercing points can extend
along the axis of the first and second anchor arms or can
extend at angle with respect to the axis of the arm. In yet
another embodiment, the terminal ends of the first and second
anchor arms can include mating elements that are adapted to
lock the tissue fastener in a closed position when it is
deployed in atarget tissue. Whilea variety of mating elements
can be used, in one exemplary embodiment, the terminal end
of the first anchor arm can be received by a recess formed in
the terminal end of the second anchor arm and be secured by
interference fit or my mechanism interlock.

[0044] FIG. 6 illustrates another exemplary embodiment of
a tissue fastener 60 having a central body portion 62 and first
and second anchor arms 64, 66. Similar to the embodiment
shown in FIG. 5, the central body portion 62 takes the form of
atorsional spring 68 and the first and second anchor arms 64,
66 differ in length such that the terminal ends 64a, 66a of the
anchor arms 64, 66 are staggered. However, in this embodi-
ment, instead of having an arcuate shape, the first and second
anchor arms 64, 66 are straight.

[0045] Another exemplary embodiment of a tissue fastener
70 is shown in FIG. 7. As shown, the fastener 70 has a central
body portion 72 and first and second anchor arms 74, 76.
Unlike the embodiments described above, the central body
portion 72 is not in the form of a spring but is, instead, a
substantially U-shaped member that can be formed from a
super elastic alloy. As described above, the fastener 70 can
include slots 34a that are cut therein and are adapted to align
with tabs disposed on the applier jaws to allow the fastener 70
to be released from the device 10. The fastener 70 can include
an additional opening or cutout 44 that is formed in the central
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body portion 72 and can be configured to allow a tissue
grasping member to extend therethrough in use. As shown,
the fastener 70 further includes piercing points P extend at
angle with respect to the axes of the first and second arms 74,
76 and are in the form of a plurality of teeth that are disposed
on the terminal ends 74a, 76a thereof.

[0046] FIG. 8illustrates another exemplary embodiment of
a tissue fastener 80 wherein the central body portion 82 and
first and second anchor arms 84, 86 are curved such that they
form a fastener 80 having one continuous curve. As shown,
the terminal ends 84a, 86a of the curved first and second
anchor arms 84, 86 overlap forming a substantially circular-
shaped fastener when the fastener is in a natural condition.
The fastener 80 also includes piercing points P that extend
along the curve of the first and second arms 84, 86 and are in
the form of terminal ends 84a, 86a that are sharp or pointed.
[0047] FIGS. 9A-9B illustrate another exemplary embodi-
ment of a tissue fastener 90 having a curved central body
portion 92. Similar to the embodiment shown in FI1G. 8, a first
anchor arm 94 can be curved and can extend from the curved
central body portion 92 such that it continues along the same
curve. The second anchor arm 96, however, can be straight
and can include a terminal end 96« that extends perpendicular
thereto. Such a configuration can allow the terminal end 96a
of the second anchor arm 96 to function as a tissue grasping
member. As shown in FIG. 9B, the terminal end 96a of the
second anchor arm 96 engages the target tissue 98 to draw it
into the jaws of the applier mechanism 14 before the fastener
90 is deployed.

[0048] FIGS. 10A-10B illustrate yet another exemplary
embodiment of a tissue fastener 100, Similar to several of the
embodiments described above, the tissue fastener 100 is gen-
erally U-shaped in its tissue grasping condition (FIG. 10A)
and includes first and second anchor arms 104, 106 that are
straight. In its natural condition (FIG. 10B), however, the
terminal ends 104a, 1064 of the first and second anchor arms
104, 106 wrap around to form a generally rectangular-shaped
fastener that resembles a box staple.

[0049] The present invention also provides methods of
approximating a target region of tissue. The method can
include inserting to a target site a device for applying an
implantable tissue fastener. The device can be used in con-
junction with an endoscope to facilitate viewing of at least a
portion of the method for approximating and can be inserted
through a working channel of the endoscope, through an
accessory channel that is mated to the endoscope, or inserted
translumenally along a guide wire under direct endoscopic
vision. The approximating device can take the form of any of
the embodiments described above but can generally include a
flexible elongate sheath, a handle that can be disposed at a
proximal end of the elongate sheath, and an applier mecha-
nism that can be disposed at a distal end of the elongate sheath
and can be adapted to releasably retain a tissue fastener. FIGS.
11A-11D illustrate one exemplary embodiment of approxi-
mating a target region of tissue. As shown in FIG. 114, the
approximating device 10 is positioned adjacent the target
tissue 110 of an internal organ such as the stomach. Once the
device 10 is positioned adjacent the target tissue 110, the
device 10 can be actuated to pivot the first and second mov-
able members 14a, 145 of the applier mechanism 14 from a
closed to an open position and move the tissue fastener from
its natural condition to a tissue grasping condition.

[0050] The target tissue can then be reconfigured in a
desired orientation. Reconfiguring the targeted tissue can
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include engaging and manipulating an inner surface of the
targeted tissue to change the shape of the targeted tissue. The
reconfigured tissue can take a variety of shapes including, for
example, a fold, a bulge, a mound, a plication, a ridge, a tube,
a cone, and a horn. FIGS. 11B shows the target tissue 110
being reconfigured or manipulated by a tissue grasping mem-
ber 42 that is slidably disposed in a longitudinally extending
channel formed in the device 10.

[0051] After manipulating the tissue to draw the tissue into
the jaws of the applier mechanism 14 and reconfigure the
tissue 110 in a desired orientation, the device 10 can be
actuated to deploy a tissue fastener 34 the target tissue 110 to
secure the tissue 110 in the reconfigured orientation. Prior to
release, the fastener 34 is retained by the applier mechanism
14 in a tissue grasping condition such that upon deployment
or release from the applier 14 jaws the fastener 34 will revert
to its natural condition or unconstrained shape to engage and
secure the reconfigured tissue 110. Following deployment of
the fastener 34, the jaws of the applier mechanism 14 can be
pivoted to a closed position to applying clamping force to the
tissue fastener 34. Although not necessary as the fastener is
self-deploying, it may be desirable to apply a clamping force
to secure any mating elements that are disposed on the termi-
nal ends of the first and second anchor arms of the fastener.
[0052] The steps of actuating the device to move the tissue
fastener from its natural condition to a tissue grasping condi-
tion, reconfiguring the target tissue, and actuating the device
to deploy atissue fastener can be repeated as needed. Once the
target tissue is reconfigured and secured as desired, the first
and second movable members of the applier mechanism can
be pivoted to a closed position and the device can be removed
from the treatment site. FIG. 11D shows an exemplary
embodiment of a reconfigured target tissue 110 secured by a
fastener 34 following the removal of the device 10.

[0053] A person skilled in the art will appreciate that the
present invention has application in conventional endoscopic
and open surgical instrumentation as well application in
robotic-assisted surgery.

[0054] The devices disclosed herein, and particularly the
applier device, can be designed to be disposed of after a single
use, or they can be designed to be used multiple times. In
either case, however, the device can be reconditioned for
reuse after at least one use. Reconditioning can include any
combination of the steps of disassembly of the device, fol-
lowed by cleaning or replacement of particular pieces, and
subsequent reassembly. In particular, the device can be dis-
assembled, and any number of the particular pieces or parts of
the device can be selectively replaced or removed in any
combination. Upon cleaning and/or replacement of particular
parts, the device can be reassembled for subsequent use either
at areconditioning facility, or by a surgical team immediately
prior to a surgical procedure. Those skilled in the art will
appreciate that reconditioning of a device can utilize a variety
of techniques for disassembly, cleaning/replacement, and
reassembly. Use of such techniques, and the resulting recon-
ditioned device, are all within the scope of the present appli-
cation.

[0055] Preferably, the devices described herein will be pro-
cessed before surgery. First, a new or used instrument is
obtained and if necessary cleaned. The instrument can then be
sterilized. In one sterilization technique, the instrument is
placed in a closed and sealed container, such as a plastic or
TYVEK bag. The container and its contents are then placed in
a field of radiation that can penetrate the container, such as
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gamma radiation, x-rays, or high-energy electrons. The radia-
tion kills bacteria on the instrument and in the container. The
sterilized instrument can then be stored in the sterile con-
tainer. The sealed container keeps the instrument sterile until
it is opened in the medical facility.

[0056] It is preferred that device is sterilized. This can be
done by any number of ways known to those skilled in the art
including beta or gamma radiation, ethylene oxide, steam.
[0057] Oneskilled in the art will appreciate further features
and advantages ofthe invention based on the above-described
embodiments. Accordingly, the invention is not to be limited
by what has been particularly shown and described, except as
indicated by the appended claims. All publications and refer-
ences cited herein are expressly incorporated herein by ref-
erence in their entirety.

What is claimed is:

1. A method for applying a fastener to tissue, comprising:

inserting to a target site a device for applying an implant-

able tissue fastener, the device having associated there-
with at least one movable member adapted to retain and
release at least one selectively releasable tissue fastener
in its natural condition;

positioning the device adjacent the targeted tissue;

actuating the device to move the tissue fastener from its

natural condition to a tissue grasping condition;
reconfiguring the targeted tissue; and

releasing the tissue fastener to approximate the targeted

tissue.

2. The method of claim 1, wherein actuating the device to
move the tissue fastener from its natural condition to a tissue
grasping condition comprises moving the at least one mov-
able member from a closed to an open position.

3. The method of claim 2, wherein moving the at least one
movable member comprises actuating an actuator mecha-
nism disposed on a handle of the device to move the movable
member from a closed to an open position.

4. The method of claim 2, further comprising actuating the
device to move the atleast one movable member from an open
to a closed position to apply a clamping force to the tissue
fastener.

5. The method of claim 1, wherein reconfiguring the tar-
geted tissue comprises retracting the tissue to position the
tissue adjacent the at least one movable member.

6. The method of claim 5, wherein retracting the tissue is
effective to release the tissue fastener.

7. The method of claim 1, wherein reconfiguring the tar-
geted tissue comprises manipulating the tissue with a tissue
grasping member.
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8. The method of claim 7, wherein the tissue grasping
member is slidaby disposed in a longitudinally extending
channel formed in the device.

9. The method of claim 7, wherein the tissue grasping
member is a separate device.

10. The method of claim 7, wherein manipulating the tissue
with a tissue grasping member comprises actuating an actua-
tor mechanism disposed on a handle of the device to move the
tissue grasping member distally with respect to the device and
into engagement with the targeted tissue.

11. The method of claim 1, wherein reconfiguring the
targeted tissue comprises manipulating the tissue to be in the
shape selected from the group consisting of a plication, a
bulge, a flap, a tube, and a cone.

12. The method of claim 1, further comprising repeating
the steps of actuating the device to move the tissue fastener
from its natural condition to a tissue grasping condition,
reconfiguring the targeted tissue, and releasing the tissue
fastener to approximate the targeted tissue.

13. The method of claim 1, wherein reconfiguring and
approximating the targeted tissue are performed using only
the device for applying an implantable tissue fastener.

14. The method of claim 1, further comprising endoscopi-
cally viewing at least a portion of the method for applying the
fastener.

15. The method of claim 1, wherein inserting the device
comprises inserting the device translumenally.

16. The method of claim 1, wherein inserting the device
comprises inserting the device laparoscopically.

17. The method of claim 1, wherein inserting the device for
applying an implantable tissue fastener comprises inserting
the device through a working channel of an endoscope.

18. The method of claim 1, wherein inserting the device for
applying an implantable tissue fastener comprises inserting
the device through an accessory channel mated to an endo-
scope.

19. The method of claim 1, wherein the targeted tissue is an
internal organ that is endoscopically accessed.

20. The method of claim 1, wherein the tissue fastener
comprises a central body portion having is a spring.

21. The method of claim 1, wherein the tissue fastener
comprises a central body portion formed from a super elastic
alloy.

22. The method of claim 1, wherein targeted tissue is
approximated by engaging and applying a force to the tar-
geted tissue with an arcuate portion of the tissue fastener.

23. The method of claim 1, wherein the targeted tissue is
approximated by penetrating the targeted tissue with piercing
points disposed on the tissue fastener.
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