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ABSTRACT

Methods and devices are provided for effecting movement of one or more
components of a multifire device, such as a clip applier, hernia tacker, or skin stapler. In one
exemplary embodiment, a surgical fastening instrument 1s provided having an elongate shaft
with an end effector coupled thereto and adapted to apply one or more surgical fasteners to
tissue. An electrically expandable and contractible actuator, such as an electroactive polymer
actuator, can be used to drive a fastener advancing or forming assembly through the elongate
shaft, thereby driving a surgical fastener into tissue. In another embodiment, an electrically
expandable and contractible actuator, such as an electroactive polymer actuator, can be used
to effect movement of an articulation joint formed between the elongate shaft and the end

effector.
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ELECTROACTIVE POLYMER-BASED ARTICULATION MECHANISM FOR MULTI-
FIRE SURGICAL FASTENING INSTRUMENT

FIELD OF THE INVENTION

[0001] The present invention relates broadly to surgical devices, and in particular to methods
and devices for articulating and/or actuating an end effector on a surgical fastening

instrument, such as a clip applier, hernia tacker, or skin stapler.
BACKGROUND OF THE INVENTION

[0002] Surgical fastening instruments carry a number of surgical fasteners which are
typically placed to ligate a vessel, hemostatically staple and cut tissue, or to attach a
prosthetic to tissue. All of these instruments contain a plurality of fasteners, which can be
placed in a single firing, or in multiple firings. Single firing instruments, such as endocutters
or various stapling instruments, contain a plurality of fasteners that are placed within tissue in
a single firing. Multifire instruments, such as clip appliers and hernia tackers, contain a
plurality of fasteners that are held within the surgical instrument, and the fasteners can be
applied one at a time. These types of instruments can be fired repeatedly until the instrument

runs out of fasteners or the surgery 1s complete.

0003 | One well known multifire instrument 1s a chip applier such as the ER320
LIGACLIP™ Multiple Clip Applier manufactured and sold by Ethicon EndoEND-Surgery,
Cincinnati, Ohio. Clip appliers are used to close or ligate vessels during surgery, and are
commonly used to ligate the cystic duct and cystic artery during the removal of a gall
bladder. These surgical instruments can contain up to twenty clips and contain a feed shoe
that pushes or feeds the clips distally within the instrument. In particular, a cam tube is
advanced over Jaws formed on the distal end of the device, thereby camming the jaws closed
and crushing a clip disposed between. Some devices also simultaneously retract a feed bar
while the cam tube is being advanced to reposition the feed bar in a position to advance the
next clip. Once the clip 1s fully formed, the cam tube is retracted thereby releasing a return
spring which 1s coupled to and advances the feed bar to advance the next clip into the jaws.

Similar mstruments can be used to deliver a hernia tack or skin staple.

[0004] One of the challenges with multifire devices is that a small stroke is repeatedly fired.

The stroke must be controlled to allow for rapid repeat firing. Current mechanisms utilize
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mechanical linkages to accomplish this, however such linkages can be difficult to use m
devices having a flexible shaft. In particular, the transfer of force from a handle to an end
effector of a device having a flexible shaft can interfere with the tortuous orientation of the

shaft, potentially causing it to straighten.

5  [0005] Accordingly, there remains a need for methods and devices for actuating surgical
fastening instruments, such as clip appliers, hernia tackers, and skin staplers, and in particular

for methods and devices that require a low force to effect actuation.
SUMMARY OF THE INVENTION

[0006] The present invention provides various devices and methods for actuating and/or

10 articulating a surgical fastening instruments, such as a clip applier, hernia tacker, or skin
stapler. In one exemplary embodiment, a surgical fastener delivery device is provided having
a housing with an elongate shaft extending therefrom, and a fastener advancing assembly
extending through the housing and the elongate shaft, and movable to sequentially advance a
plurality of clips through the elongate shaft. An electroactive polymer actuator is coupled to

15 the fastener advancing assembly such that energy delivery to the electroactive polymer
actuator will effect movement of the fastener advancing assembly to advance a plurality of

clips through the elongate shalft.

[0007] In one embodiment, a surgical fastener delivery device 1s provided having an elongate

shaft, and an end effector movably coupled to the elongate shaft by an articulation joint. The
20  end eftector can be configured to sequentially deliver a plurality of fasteners to tissue. The

device can also include an electroactive polymer actuator coupled to the articulation joint and

adapted to move the end effector about the articulation joint relative to the elongate shaft

when energy 1s delivered to the electroactive polymer actuator.

(0008] Whitle various techniques can be used to move the articulation joint using the end
25>  effector, in one embodiment the elongate shaft can include a slide bar extending therethrough
and having a distal end coupled to the articulation joint. The electroactive polymer actuator
can be configured to move the slide bar laterally to effect movement of the end effector. For
example, the electroactive polymer actuator can include first and second electroactive
polymer actuators disposed on opposed sides of the slide bar. The slide bar can include gears
30  formed on a distal end thereof and adapted to engage corresponding gears formed in the

articulation joint. In another embodiment, the articulation joint can be in the form of a pivot
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joint, and the electroactive polymer actuator can include a first electroactive polymer actuator
extending between a first side of the end effector and a first side of the elongate shaft, and a
second electroactive polymer actuator extending between a second opposed side of the end
eftector and a second opposed side of the elongate shaft. In yet another embodiment, the
articulation joint can be in the form of a flexible portion formed between the elongate shaft
and the end effector. The electroactive polymer actuator can include a plurality of
electroactive polymer actuators coupled to the flexible portion at distinct locations, each of
the plurality of electroactive polymer actuators being configured to change orientations when

energy 1s selectively delivered thereto to flex the flexible portion.

[0009] A method for fastening tissue 1s also provided and 1in one embodiment includes
inserting an elongate shaft of a fastener delivery device into a body lumen to position an end
effector movably coupled to a distal end of the elongate shaft adjacent to a surgical site,
delivering energy to an electroactive polymer actuator to angularly position the end effector
relative to the elongate shaft, and sequentially actuating the device to sequentially deliver a
plurality of fasteners to tissue disposed adjacent to the end effector. Delivering energy to the
electroactive polymer actuator can cause the electroactive polymer actuator to radially expand
to move a slide bar, extending through the elongate shaft and coupled to an articulation joint
formed between the elongate shaft and the end effector, laterally and thereby effect pivotal
movement of the end effector. Alternatively, delivering energy to the electroactive polymer
actuator can cause the electroactive polymer actuator to axially contract move a slide bar,
extending through the elongate shaft and coupled to an articulation joint formed between the
elongate shaft and the end effector, laterally and thereby effect pivotal movement of the end
effector. In other embodiments, energy can be delivered to a first electroactive polymer
actuator to move the end effector 1n a first direction, and to a second electroactive polymer
actuator to move the end eftector in a second, opposed direction. The amount of energy
delivered to the electroactive polymer actuator can correspond to a degree of movement of
the end effector. In yet another embodiment, delivering energy to an electroactive polymer
actuator can angularly position the end effector relative to the elongate shaft by flexing a

flexible portion extending between the elongate shaft and the end effector.

[0010] In another embodiment, an electroactive polymer actuator can be effective to actuate a
fastener advancing assembly. While the electroactive polymer actuator can effect movement

of the fastener advancing assembly using a variety of techniques, in one embodiment the
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electroactive polymer actuator can be disposed within the housing. For example, the
electroactive polymer actuator can be coupled to a proximal portion of the fastener advancing
assembly. Energy delivery to the electroactive polymer actuator can cause the electroactive
polymer actuator to apply a force to the fastener advancing assembly to move the fastener
advancing assembly distally to advance a plurality of fasteners through the elongate shaft. In
particular, energy delivery to the electroactive polymer actuator can cause the electroactive
polymer actuator to axially expand to move the fastener advancing assembly from a p}oximal
position to a distal position. The housing can optionally include an actuation mechanism,

such as a trigger, formed thereon and adapted to actuate clectrical energy delivery to the

- electroactive polymer actuator. The trigger can also be adapted to advance the fastener

advancing assembly in conjunction with the electroactive polymer actuator.

[0011] In another embodiment, the electroactive polymer actuator can be disposed within the
clongate shaft. For example, the electroactive polymer actuator can be adapted to apply a
force to a distal-most portion of the fastener advancing assembly when energy is delivered to
the electroactive polymer actuator to advance the distal-most portion of the fastener assembly
toward a distal end of the elongate shaft. In an exemplary embodiment, where the fastener
deliver device includes an articulation joint formed on the elongate shaft and configured to
allow a distal end portion of the elongate shaft to be angularly positioned relative to a
proximal portion of the elongate shaft, the electroactive polymer actuator can be coupled to

the fastener advancing assembly at a location distal to the articulation joint.

[0012] Exemplary methods for delivering a fastener to tissue are also provided, and in one
embodiment the method can include positioning a distal end of an clongate shaft of a fastener
delivery device adjacent to tissue to be fastened, and delivering energy to an electroactive
polymer actuator disposed within the fastener delivery device to advance a fastener through
the elongate shaft and to thereby fasten the tissue. Energy delivery to the electroactive
polymer actuator can cause the electroactive polymer actuator to expand to move a fastener
advancing assembly through the elongate shaft, thereby causing the fastener advancing
assembly to sequentially advance a plui’ality of fasteners. In one embodiment, the
electroactive polymer can apply a force to a proximal portion of the fastener advancing
assembly that 1s disposed within a housing of the fastener delivery device. In another
embodiment, the electroactive polymer can cause the electroactive polymer actuator to apply

a force to a distal portion of the fastener advancing assembly that is disposed within the
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elongate shaft of the fastener delivery device. Energy can be delivered to the electroactive
polymer actuator using a variety of techniques, but in one embodiment energy can be
delivered to the electroactive polymer by actuating a trigger movably coupled to a handle
housing of the fastener advancing assembly. The trigger can also advance the fastener

advancing assembly in conjunction with the electroactive polymer actuator.
BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The invention will be more fully understood from the following detailed description

taken in conjunction with the accompanying drawings, in which:
[0014] FIG. 1A 1s a cross-sectional view of a prior art fiber bundle type EAP actuator;
[0015] FIG. 1B 1s a radial cross-sectional view of the prior art actuator shown 1n FIG. 1A;

[0016] FIG. 2A 1s a cross-sectional view of a prior art laminate type EAP actuator having

multiple EAP composite layers;

[0017] FIG. 2B 1s a perspective view of one of the composite layers of the prior art actuator

shown 1n FIG. 2A;
[0018] FIG. 3A 1s perspective view of one embodiment of a surgical clip applier;
[0019] FIG. 3B 1s an exploded view of the surgical clip applier shown 1n FIG. 3A;

[0020] FIG. 3C 1s a cross-sectional view of the handle housing of the surgical clip applier
shown 1n FIGS. 3A and 3B;

[0021] FIG. 4A 1s a perspective view of one embodiment of a skin stapler;
[0022] FIG. 4B 1s an exploded view of the skin stapler shown 1n FIG. 4A;

[0023] FIG. 4C 1s a perspective view of a distal portion of a fastener advancing assembly of

the skin stapler shown in FIGS. 4A and 4B;

[0024] FIG. 5 1s a perspective view of a portion of a handle housing of a skin stapler in

accordance with another embodiment;

10025] FIG. 6A 1s a cross-sectional view of a distal portion of a fastener delivery device,
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showing EAP actuators in a non-actuated configuration for effecting articulation of an end

effector of the fastener delivery device;

[0026] FIG. 6B is a cross-sectional view of the distal portion of the fastener delivery device
shown in FIG. 6A, showing one of the EAP actuators electrically actuated to articulate the

end effector;

[0027] FIG. 7A is a partially exploded perspective view of another embodiment of an end
effector movably coupled to a distal portion of an elongate shaft of a fastener delivery device,

showing EAP actuators for articulating the end ettector;

[0028] FIG. 7B is a partially cross-sectional view of the fastener delivery device shown in

FIG. 7A, showing one of the EAP actuators electrically actuated to articulate the end ettector;

[0029] FIG. 8 is a partially cross-sectional view of another embodiment of an end etffector
movably coupled to a distal portion of an elongate shaft of a fastener delivery device,

showing EAP actuators for articulating the end ettector;

[0030] FIG. 9A 1s a partially cross-sectional view of another embodiment of an end effector
movably coupled to a distal portion of an elongate shaft of a fastener delivery device,

showing EAP actuators for articulating the end ettector;

[0031] FIG. 9B 1s a partially cross-sectional view of the fastener delivery device shown 1n

FIG. 9A, showing one of the EAP actuators electrically actuated to articulate the end eftector;

[0032] FIG. 10A 1s a partially cross-sectional view of yet another embodiment of an end

cffector movably coupled to a distal portion of an elongate shaft of a fastener delivery device,

showing EAP actuators for articulating the staple applying assembly;

[0033] FIG. 10B 1s a partially cross-sectional view of the fastener delivery device shown in

FIG. 10A, showing one of the EAP actuators electrically actuated to articulate the end

effector;

10034] FIG. 11 1s a perspective view of yet another embodiment of an end effector movably
coupled by a flexible portion to a distal portion of an elongate shaft of a fastener delivery

device, showing EAP actuators for articulating the end effector;

[0035] FIG. 12A 1s a perspective view of one exemplary embodiment of a locking
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mechanism in an unactivated position for locking a movable joint between an end ettector

and an elongate shaft of a fastener delivery device;

[0036] FIG. 12B is a perspective view of the locking mechanism of FIG. 12A activated to

lock the movable joint in a fixed position.
DETAILED DESCRIPTION OF THE INVENTION

[0037] Certain exemplary embodiments will now be described to provide an overall
understanding of the principles 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 of ordinary skill in the art will understand that the
devices and methods specifically described herein and illustrated in the accompanying
drawings are non-limiting exemplary 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

1nvention.

[0038] The present invention generally provides methods and devices for effecting
movement of one or more components of a multifire device, such as a clip applier, hernia
tacker, or skin stapler. In one exemplary embodiment, a surgical fastening instrument 1s
provided having an elongate shaft with an end effector coupled thereto and adapted to apply
one or more surgical fasteners to tissue. An electrically expandable and contractible actuator,
such as an electroactive polymer actuator, can be used to drive a fastener advancing or
forming assembly through the elongate shaft, thereby driving a surgical fastener into tissue.
A person skilled 1n the art will appreciate that the surgical fastening instrument can have a
variety of configurations, and that one or more electroactive polymer actuators can be

coupled to one or more components of the surgical fastening instrument to effect movement.

[0039] ELECTROACTIVE POLYMERS

[0040] Electroactive polymers (EAPs), also referred to as artificial muscles, are materials that
exhibit piezoelectric, pyroelectric, or electrostrictive properties in response to electriéal or
mechanical fields. In particular, EAPs are a set of conductive doped polymers that change

shape when an electrical voltage 1s applied. The conductive polymer can be paired to some
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form of ionic fluid or gel and electrodes, and the flow of ions from the fluid/gel into or out of
the conductive polymer can induce a shape change of the polymer. Typically, a voltage
potential in the range of about 1V to 4kV can be applied depending on the particular polymer
and 1onic fluid or gel used. It is important to note that EAPs do not change volume when

energized, rather they merely expand in one direction and contract in a transverse direction.

[0041] One of the main advantages of EAPs is the possibility to electrically control and fine-
tune their behavior and properties. EAPs can be deformed repetitively by applying external
voltage across the EAP, and they can quickly recover their original configuration upon
reversing the polarity of the applied voltage. Specific polymers can be selected to create
different kinds of moving structures, including expanding, linear moving, and bending
structures. The EAPs can also be paired to mechanical mechanisms, such as springs or

flexible plates, to change the effect that 1s caused when voltage is applied.

[0042] There are two basic types of EAPs and multiple configurations for each type. The
first type is a fiber bundle that can consist of numerous fibers bundled together to work 1n
cooperation. The fibers typically have a size of about 30-50 microns. These fibers may be
woven into the bundle much like textiles and they are often referred to as EAP yarn. In use,
the mechanical configuration of the EAP determines the EAP actuator and its capabilities for
motion. For example, the EAP may be formed into long stands and wrapped around a single
central electrode. A flexible exterior outer sheath will form the other electrode for the
actuator as well as contain the 10onic fluid necessary for the function of the device. When
voltage 1s applied thereto, the EAP will swell causing the strands to contract or shortén. The
fibers can alternatively be configured to expand or lengthen. An example of a commercially
available fiber EAP matenal 1s manufactured by Santa Fe Science and Technology and sold

as PANION™ fiber and described 1n U.S. Pat. No. 6,667,825, which 1s hereby incorpforated

by reference 1n 1ts entirety.

[0043] FIGS. 1A and 1B 1llustrate one exemplary embodiment of an EAP actuator 100
formed from a fiber bundle. As shown, the actuator 100 generally includes a flexible
conductive outer sheath 102 that 1s in the form of an elongate cyhindrical member having
opposed end caps 102a, 102b formed thereon. The outer sheath 102 can, however, have a
variety of other shapes and sizes depending on the intended use. As is further shown, the
outer sheath 102 1s coupled to an energy delivering electrode 108a and a return electrode

108b. In the illustrated embodiment, the energy delivering electrode 108a extends through
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one of the end caps, e.g., end cap 102a, through the inner lumen of the conductive outer

sheath 102, and into the opposed end cap, e.g., end cap 102b. The energy delivering

electrode 108a can be, for example, a platinum cathode wire, and 1t can be coupled to any

portion of the outer sheath 102. The conductive outer sheath 102 can also include an 1onic

fluid or gel 106 disposed therein for transferring energy from the energy delivering electrode
108a to the EAP fibers 104, which are disposed within the outer sheath 102. In particular,
several EAP fibers 104 are arranged 1n parallel and extend between and into each end cap
102a, 102b. As noted above, the fibers 104 can be arranged 1n various orientations to provide
a desired outcome, e.g., radial expansion or contraction, or bending movement. In use,
energy can be delivered to the actuator 100 through the active energy delivering electrode
106a. The energy will cause the 10ons 1n the 1onic fluid to enter into the EAP fibers 104,
thereby causing the fibers 104 to expand 1n one direction, e.g., radially such that an outer
diameter of each fiber 104 increases, and to contract in a transverse direction, e.g., axially
such that a length of the fibers decreases. As a result, the end caps 102a, 102b will be pulled

toward one another, thereby contracting and decreasing the length of the flexible outer sheath

102.

[0044] The other type of EAP 1s a laminate structure, which consists of one or more layers of
an EAP, a layer of 1onic gel or fluid disposed between each layer of EAP, and one or more
flexible plates attached to the structure. When a voltage 1s applied, the laminate structure
expands in one direction and contracts 1n a transverse or perpendicular direction, thereby
causing the flexible plate(s) coupled thereto to shorten or lengthen, or to bend or flex,
depending on the configuration of the EAP relative to the flexible plate(s). An example of a
commercially available laminate EAP matenal 1s manufactured by Artificial Muscle Inc, a
division of SRI Laboratories. Plate EAP material, referred to as thin film EAP, is also
available from EAMEX of Japan.

10045] FIGS. 2A and 2B 1illustrate an exemplary configuration of an EAP actuator 200
formed from a laminate. Referring first to FIG. 2A, the actuator 200 can include multiple
layers, e.g., five layers 210, 210a, 210b, 210c, 210d are shown, of a laminate EAP composite
that are affixed to one another by adhesive layers 103a, 103b, 103¢c, 103d disposed
therebetween. One of the layers, 1.e., layer 210, 1s shown in more detail in FIG. 2B, and as
shown the layer 210 includes a first flexible conductive plate 212a, an EAP layer 214; an

1onic gel layer 216, and a second flexible conductive plate 212b, all of which are attached to
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one another to form a laminate composite. The composite can also include an energy
delivering electrode 218a and a return electrode 218b coupled to the flexible conductive
plates 212a, 212b, as further shown in FIG. 2B. In use, energy can be delivered to the
actuator 200 through the active energy delivering electrode 218a. The energy will cause the
ions in the ionic gel layer 216 to enter into the EAP layer 214, thereby causing the layer 214
to expand in one direction and to contract in a transverse direction. As a result, the flexible

plates 212a, 212b will be forced to flex or bend, or to otherwise c.hange shape with the EAP
layer 214.

[0046] EAP ACTUATION

10047] As previously indicated, in an exemplary embodiment methods and devices are
provided that utilize electrically expandable and contractible actuators, such as EAP
actuators, to effect actuation of various components of a surgical fastening instrument. In an
exemplary embodiment, the surgical fastening instrument 1s a multifire instrument that is
configured to sequentially deliver multiple fasteners to a target site. Exemplary multifire
instruments include, by way of non-limiting example, clip appliers, hernia tackers, and skin
staplers. A person skilled 1n the art will appreciate that these instruments can have virtually
any configuration, and that the instruments illustrated and described herein are merely relied
on to demonstrate use of an electroacttve polymer actuator to effect actuation. The actuation
mechanisms using electroactive polymer actuators can be incorporated into virtually any
surgical fastener delivery device known 1n the art. The EAP actuators can also have a variety
of configurations, and the actuators can be in the form of the laminate type EAP or the fiber-
bundle type EAP. In an exemplary embodiment, the EAP actuator(s) 1s in the form of a

laminate or composite EAP that is configured to expand in a direction of desired movement,

c.g., along a longitudinal axis of the device.

[0048] FIGS. 3A 1illustrates one exemplary embodiment of a surgical fastener device in the
form of a chip applier 300. As shown, the clip applier 300 generally includes a handle
housing 302 having an elongate shaft 304 extending distally therefrom. A pair of opposed

jaws 306 are formed on a distal end of the elongate shaft 304, and they are adapted to receive

a clip therebetween and to deform the clip to engage tissue. The 1llustrated device 300 also

includes first and second triggers 308a, 308b coupled thereto and movable from an open

position to a closed position to advance multiple clips though the elongate shaft to position a

clip within the jaws, and to close the jaws 306 to deform the clip around tissue disposed

- 10 -
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between the opposed jaws 306. While two triggers 308a, 308b are shown, a person skilled 1n
the art will appreciate that the device 300 can include any number of triggers, or alternatively

or additionally 1t can include other actuating mechanisms, such as a knob, dial, lever, etc.

[0049] FIG. 3B 1illustrates the internal components of the clip applier 300 shown 1n FIG. 3A.
In general, the clip applier 300 includes a clip advancing assembly for advancing a clip
through the elongate shaft 304, and a clip closing assembly for closing the jaws 306 to
deform a chip disposed therebetween. While the clip advancing assembly and the clip closing
assembly can each have a variety of configurations, in the embodiment shown in FIG. 3B
each assembly includes several components which are linked together and which are movable
between a proximal position and a distal position when the triggers 308a, 308b are closed. In
particular, the clip advancing assembly includes a clip feed plate 310 disposed within the
handle housing (two housing halves 302a, 302b are shown) and coupled at its proximal end to
the triggers 308a, 308b by a pair of proximal lever arms 312a, 312b. The lever arms 312a,
312b are effective to move the clip feed plate 310 and the other components of the clip
advancing assembly 1n a proximal direction when the triggers 308a, 308b are closed. A distal
end of the clip feed plate 310 1s coupled to a feed bar 314 having a distal end that 1s adapted
to advance a clip into the jaws 306. The clip closing assembly includes a clip closing plate
316 that 1s disposed within the housing and that 1s coupled at a distal end to a cam channel
318 that 1s adapted to close the jaws 306. The clip closing assembly also includes an
electrically expandable and contractible actuator, such as an EAP actuator 320, as will be
discussed 1n more detail below, that 1s configured to apply a force to the clip closing plate
316 to drive the clip closing plate 316 and cam channel 318 distally, thereby closing the jaws
306 to deform a clip disposed therebetween. The device 300 can also include other elements
to facilitate clip advancing and clip closing. By way of non-limiting example, other
exemplary components are disclosed in U.S. Patent No. 5,431,668 filed on April 29, 1993
and entitled “Clip Applier,” and in U.S. Patent No. 5,171,249 filed on April 4, 1991 and

entitled “Endoscopic Multiple Ligating Clip.” These patents are commonly assigned to

Ethicon, Inc., and are hereby incorporated by reference in their entireties.

10050] The EAP actuator 1s shown 1in more detail in FIG. 3C, and as shown, the EAP actuator
320 1s positioned between a proximal-most end of the clip closing plate 310 and the inner
proximal-most wall of the housing 302. While not shown, the EAP actuator 320 can include

electrodes extending therefrom and coupled to a power source, such as a battery, disposed
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within the housing 302, or the electrodes can be configured to couple to an external power
source, such as a electrical outlet via an electrical cord. Energy delivery to the EAP actuator
320 can be actuated using a mechanism, such as a trigger, button, lever, sliding knob, rotating
dial, etc., formed on the handle housing 302. For example, the triggers 308a, 308b can be
configured to imitiate energy delivery by establishing an electrical connection point between a
portion of each trigger 308a, 308b and the EAP actuator 320. A person skilled in the art will
appreciate that a variety of techniques known 1n the art can be used to initiate energy delivery

to the EAP actuator 320.

[0051] When energy 1s delivered to the EAP actuator 320, the actuator 320 will expand 1n a
distal direction (contracting in an opposite direction). As a result, the EAP actuator 320 will
apply a distally-directed force to the clip closing plate 310, advancing the clip closing plate
310 distally and thus advancing the cam channel 318, which 1s coupled to the clip closing
plate 310, distally to cause the cam channel 318 to close the jaws 306 and deform a clip
disposed therebetween. When energy delivery is terminated, the EAP actuator 320 can return
to 1ts 1nitial configuration, as shown in FIG. 3C, allowing the clip closing plate 310 and cam
channel 318 to return to their proximal position. In order to facilitate proximal movement of
the clip closing plate 310 when energy delivery to the EAP actuator 320 is terminated, a
biasing element, such as a spring, can be coupled to the clip closing plate 310 to bias the plate

310 to the proximal position.

[0052] While not shown; additionally or alternatively an EAP actuator can be used to move
the clip advancing assembly to advance a clip into the jaws 306. For example, an EAP
actuator can be disposed within the handle housing 302 at a location in which it is effective to
apply a distally-directed force to the clip feed plate 310, thereby advancing the clip feed plate
310 and chip feed bar 314 distally to advance a clip into the jaws. The timing of electrical
energy delivery to an EAP actuator coupled to the clip advancing and clip closing assemblies
can also vary. For example, movement of the triggers 308a, 308b, or some other actuation
mechanism, can be effective to first deliver energy to an EAP actuator coupled to the clip
advancing assembly to advance a clip into the jaws. Energy delivery to the clip advancing
assembly can then be terminated, and energy can be delivered to an EAP actuator coupled to
the clip closing assembly to close the jaws to deform the clip. Alternatively, energy cfelivery
can occur simultaneously. In other embodiments, an EAP actuator can be conﬁguredito

apply a proximally-directed force to the clip advancing and/or clip closing assembly. For
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example, the clip advancing assembly can be biased to a distal position, and energy can be
delivered to an EAP actuator to move the clip advancing assembly to a proximal position, in
which the clip advancing assembly is positioned behind the next clip to be advanced. Once
energy delivery is terminated, the clip advancing assembly can return to its distal position,
thereby advancing a clip into the jaws. A person skilled in the art will appreciate that EAP

actuator(s) can be used to effect movement of various components of a surgical fastening

instrument.

[0053] While FIG. 3C illustrates one embodiment of an EAP actuator disposed within a
handle housing for driving a proximal portion of a clip advancing and/or clip closing
assembly of a surgical fastener delivery device, in other embodiments one or more EAP
actuators can be disposed within the elongate shaft of a surgical fastening device. Such a
configuration is particularly advantageous as 1t allows the elongate shaft to be flexible or to
have an articulation joint formed thereon. The EAP actuator could be disposed distal of the
flexible portion or articulation joint such that it will not interfere with pivotal movement of

the end effector relative to the elongate shatft.

[0054] By way of non-limiting example, FIGS. 4A-4B illustrates one embodiment of a skin
stapler 400 having an EAP actuator 420 disposed within the elongate shaft for advancing a
staple. In general, as shown in FIG. 4A, the skin stapler 400 includes a handle housing 402
having an elongate shaft 404 extending distally therefrom. The handle housing 402 includes
a stationary trigger 406, and a trigger 408 that 1s movably coupled to the handle housing 402.
As previously explained with respect to the clip applier 300 of FIG. 3A, the skin stapler 400
can Include any number of triggers and/or other actuating mechanisms, such as a knob,

button, dial, or lever.

[0055] The internal components of the skin stapler 400 are shown in more detail in FIG. 4B,
and as shohwn the device 400 generally includes a single staple advancing/forming aséembly
that 1s adapted to advance a series of staples through the elongate shaft 404, and to deform a
distal-most staple around an anvil to staple tissue positioned adjacent to the distal end of the
clongate shaft. In particular, the staple advancing/forming assembly includes a drive block

410 that 1s disposed within the handle housing (two housing halves 402a, 402b are shown), a

drive train 412 coupled to a distal end of the drive block 410, and a staple former 414 coupled
to a distal end of the driver train 412 and extending through the elongate shaft (two shaft
housing halves 404a, 404b are shown). An EAP actuator 420, which will be discussed in
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more detail below, is formed on a portion of the staple former 414 and it 1s configured to
apply a force to the staple former 414 to advance the at least a portion of the staple former
414 distally toward an anvil 418, thereby deforming a staple around the anvil 418. The skin
stapler 400 can also include other elements to facilitate staple advancing and forming. By
way of non-limiting example, other exemplary components are disclosed 1n U.S. Patent No.

5,330,087 filed on May 14, 1993 and entitled “Rotating Head Skin Stapler,” which 1s

assigned to Ethicon, Inc., and which is hereby incorporated by reference in its entirety.

[0056] The EAP actuator 420 is shown in more detail in FIG. 4C, and as shown the EAP
actuator 420 forms a linkage between a proximal portion 414a of the staple former 414 and a
distal portion 414b of the staple former 414. In particular, the staple former 414, which
extends through the elongate shaft 404, 1s formed from two separate pieces, 1.e., proximal and
distal portions 414a, 414b. The EAP actuator 420 1s coupled to and extends between the
proximal and distal portions 414a, 414b to link the portions 414a, 414b to one another. As a
result, when energy is delivered to the EAP actuator 420, the EAP actuator 420 will expand
in a direction that moves the distal portion 414b of the staple former 414 1n a distal direction
relative to the proximal portion 414a of the staple former 414. The distal portion 414b will
thus advance a staple to deform the staple against the anvil 418, thereby stapling tissue
positioned adjacent to the distal end of the elongate shaft 402. A person skilled in the art will
appreciate that the EAP actuator can alternatively be disposed between a fixed member, such
as a portion of the elongate shaft 402, and the staple former 414, rather than between
proximal and distal portions 414a, 414b of the staple former 414. The EAP actuator can also
have a variety of other configurations which allow it to effect distal movement of the staple
former 414. While not shown, the device 400 can also include an articulation joint,

exemplary embodiments of which will be discussed 1n more detail below. Where an
articulation joint 1s provided to allow the end effector or distal portion of the shaft 404 to be
angularly oriented relative to the shaft 404, the EAP actuator 1s preferably disposed distal of

the articulation joint such that actuation does not interfere with articulation of the end

effector.

[0057] While FIGS. 3C and 4C illustrate embodiments of EAP actuators that replace
mechanical actuators for driving a fastener forming and/or advancing assembly, 1n other
embodiments one or more EAP actuators can be used in conjunction with a mechanical

actuator to reduce the amount of force required to effect actuation, 1.e., the EAP actuator(s)
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can assist the mechanical drive mechanism. By way of non-limiting example, FIG. 5
illustrates a handle housing 402' of a skin stapler 400' that 1s similar to the skin stapler 400
shown in FIGS. 4A-4B, but that includes an EAP actuator that works 1n conjunction with the
trigger to deliver a fastener. In particular, an EAP actuator 420' 1s disposed between a fixed
wall or protrusion 422' extending from the housing (only one housing half 402' 1s shown),
and a wall or protrusion 422' formed on the drive block 418'. Energy delivery to the EAP
actuator 420' causes the EAP actuator 420' to expand, thereby advancing the dfive block 418,
as well as the drive train and staple former (not shown), distally to advance a staple and
deform the staple around the anvil. As is further shown in FIG. 5, the movable trigger 408" 1s
configured to engage and drive the drive block 418’ distally when the trigger 408' 1s pivoted
to the closed position. Thus, when energy is delivered to the EAP actuator 420', the EAP
actuator 420' will assist the trigger 408' to drive the drive block 418', drive train, and staple

former distally to deform a staple around the anvil.

[0058] In an exemplary embodiment, an electrical connection can be established at a point of
contact 426' between the trigger 408' and the drive block 418', such that energy delivery to
the EAP actuator 420' will be activated when the trigger 408' comes into contact with the
drive block 418'. As a result, energy 1s only delivered to the EAP actuator 420" when the
trigger 408" is being closed to drive the drive block 418', drive train, and staple former
distally to deform a staple around the jaws. When the trigger 408' 1s released to return to its
open position, energy delivery to the EAP actuator 420' 1s terminated such that the EAP
actuator 420' will contract to allow the drive block 418' to return to i1ts proximal position. A
person skilled in the art will appreciate that the EAP actuator can be positioned at various
other locations, and that the trigger can alternatively be in the form of a button, lever, knob,

dial, etc.

[0059] In use, each of the aforementioned devices can be delivered through a lumen, e.g., via
a cannula or trocar, to position a distal end of the device adjacent to tissue. A trigger and/or
other actuator disposed on the handle housing can then be actuated to deliver energy to the

EAP actuator(s). Energy can be supplied from an internal energy source, such as a battery, or
from an external energy source, such as an external battery or via an electrical outlet. The
energy can be delivered to the EAP actuator(s) via an electrode, as previously described,
which can extend through the handle housing and optionally through the elongate shaft,

depending on the location of the EAP actuator. Once energy 1s delivered to the EAP actuator,
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the EAP actuator will expand 1n a direction (and contract in a transverse direction) that will
apply a force to the fastener advancing and/or forming assembly to move the assembly
relative to the elongate shaft. In an exemplary embodiment, the EAP actuator drives the
fastener closing assembly distally, thereby driving one or more fasteners through the shaft,
and causing a distal-most fastener to advance into tissue (e.g., staple tissue), or to deform
around tissue to engage the tissue (e.g., clip tissue). Where the device includes a separate
fastener advancing assembly, the EAP actuator, or a separate EAP actuator, can be used to
drive the fastener advancing assembly in a distal direction with the fastener closing assembly,
or alternatively in a proximal direction to position the fastener advancing assembly proximal
to the next clip to be advanced, as previously explained. Termination of energy dehvery to
the EAP actuator will cause the EAP actuator to return to its resting configuration, thereby
moving the fastener advancing and/or forming assembly in an opposite direction. One or
more biasing elements, such as springs, can also be used to facilitate movement of the

fastener advancing and/or forming assembly to their initial resting position.

[0060] ARTICULATION

[0061] As previously indicated, the present invention also provides exemplary methods and
devices for articulating a surgical fastening instrument. FIGS. 6A-12B illustrate various
exemplary embodiments of articulation joints and electroactive polymer actuators for
effecting articulation. These articulation joints can be incorporated into any surgical

fastening instrument, including those exemplary prior art instruments described above.

[0062] Referring first to FIGS. 6 A-6B, a distal end 612b of the elongate shaft 612 1s shown
coupled to a proximal end of the end effector 611 by a pivot joint 616, such that the end

effector 611 can pivot relative to the shaft 612 about the pivot joint 616. The device also
includes a slide bar 624 extending through the elongate shaft 612 and having a distal end

624d with gear teeth 624t formed thereon and adapted to engage corresponding gear teet};
616t formed on the end effector 611. The device can also include one or more electricallily
expandable and contractible actuators, such as an EAP actuator, for moving the slide bar 624
to cause the gear teeth 624t on the slide bar 624 to move the gear teeth 624t on the end
etfector 611 and thereby pivot the end effector 611 relative to the elongate shaft 612. While
the EAP actuator(s) can effect movement of the slide bar 624 using a variety of techniques, in
one exemplary embodiment the EAP actuators are conﬁgured to move the shde bar 624

laterally. In particular, a first EAP actuator 626a can extend through at least a portion of the
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elongate shaft 612 adjacent to a first lateral side of the slide bar 624, and a second EAP
actuator 626b can extend through at least a portion of the elongate shaft 612 adjacentto a
second, opposed lateral side of the shide bar 624, as shown in FIGS. 6 A-6B. Either type of
EAP actuator can be used, but in an exemplary embodiment the EAP actuators 626a, 626b
are laminate type EAP actuators that are adapted to expand laterally when energy is delivered
thereto. FIG. 6A illustrates both actuators 626a, 626b 1n a non-expanded, un-actuated
configuration, where no energy is delivered to either actuator 626a, 626b. FIG. 6B illustrates
the first EAP actuator 626a laterally expanded to move the shide bar 624 laterally toward the
second EAP actuator 626b, thereby causing the slide bar 624 to pivot the end effector 611 in
a direction opposite to the direction of movement of the slide bar 624. Energy can be
delivered to the actuators 626a, 626b through electrodes extending through the shaft 612 and
coupled to an energy source disposed within or coupled to a handle of the device, e.g., a
battery source or an electrical outlet or other energy source. The handle can also include a
control mechanism, such as a shiding lever, rotatable knob, or dial, coupled thereto and
adapted to control the amount of energy delivered to each actuator 626a, 626b. The amount
of energy delivered to each actuator 626a, 626b 1s determinative of the amount of expansion
of the actuators 626a, 626b, thus allowing the amount of pivotal movement of the end

effector 611 to be selectively adjusted.

[0063] A person skilled in the art will appreciate that, while FIGS. 6A-6B illustrate a
laterally-moving slide bar 624 with laterally expanding EAP actuators 626a, 626b, the slide
bar 624 and actuators 626a, 626b can have a variety of other configurations. For example,
multiple EAP actuators in the form fiber bundles can extend laterally between an inner
surface of the elongate shaft 612 and the slide bar 624. When energy is delivered to the
actuators, the actuators can contract or shorten in length to pull the slide bar 624 toward the
clongate shaft 612, thereby moving the shide bar 624 laterally. Alternatively, the slide bér
624 can be configured to move longitudinally to effect movement of the end effector 61 1, and
the EAP actuator can be used to effect longitudinal movement of the slide bar 624. In other

embodiments, the shide bar itself, or at least a portion of the slide bar, can be formed from an

EAP actuator that 1s adapted to expand axially in a desired direction to move the slide bar

laterally.

[0064] FIGS. 7A-7B illustrate another embodiment of a technique for articulating a surgical

fastening instrument. In this embodiment, the end effector 711 is pivotally coupled to the
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elongate shaft 712 by first and second opposed arms 790a, 790b coupled to opposed sides of
the elongate shaft 712. First and thaird EAP actuators 726a, 726c¢ are attached to and extend
from opposed sides of a terminal end of the first arm 790a, and second and fourth EAP
actuators 726b, 726d are attached to and extend from opposed sides of a terminal end of the
second arm 790b. The distal end of each EAP actuator 726a-d 1s coupled to an inner sidewall
of the elongate shaft 712 at an attachment point (first, second, and third attachment points
792a, 792b, 792c¢ are shown). As a result, the first and second actuators 726a and 726b are
attached to one side of the elongate shaft 712, and the third and fourth actuators 726¢ and
726d are attached to an opposite side of the elongate shaft 712. In use, energy can be
delivered to the first and second EAP actuators 726a, 726b to cause the actuators 726a, 726b
to axially contract or shorten, thereby pulling the first and second arms 790a, 790b 1n a lateral
direction towards the first and second attachment points 792a, 792b. As a result, the end
etfector 711 1s pivoted in a first direction. When energy delivery 1s terminated, the first and
second actuators 726a, 726b will axially expand returming to their initial configuration,
thereby moving the end effector 711 to its initial position in which it 1s longitudinally aligned
with the elongate shaft 712. Energy can be delivered to the third and fourth actuators 726c,
726d to similarly move the end effector 711 in an opposite direction. As previously
discussed, the amount of energy delivered can be controlled to control the amount of pivotal
movement of the end effector 711. As shown in FIG. 7B, the device can also include a
covering 799 surrounding at least a portion of the pivot frame assembly 757 to provide

support thereto.

10065] FIG. 8 1llustrates yet another embodiment of a technique for articulating a surgical
fastening instrument. In this embodiment, one or more actuating members can be
incorporated into a pulley 898 that 1s part of a pivoting frame assembly 857. The pulley 898 '
can be made entirely of EAP actuators or, alternatively, EAP actuators can be attached to
proximal and distal ends of the pulley 898. In the illustrated embodiment, first and second
EAP actuators 826a, 826b are attached to the proximal and distal ends of the pulley 898. The
EAP actuators 826a, 826b are anchored to the elongate shaft 812 to push and pull the end

etfector 811 to effect articulation. In particular, energy delivery to one of the EAP actuators,
e.g., the first EAP actuator 826a, causes the first EAP actuator 826a to axially contract or
shorten to move the pulley 898 in a first direction, thereby causing the end effector 811 to
pivot 1n a first direction. Conversely, energy delivery to the second EAP actuator 826b

causes the second EAP actuator to axially contract or shorten to move the pulley 898 in a
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second, opposite direction, thereby causing the end effector 811 to pivot 1n a second, opposite
direction. Again, energy delivery can be controlled to control the amount of movement of the

end effector 811.

[0066] FIGS. 9A-9B illustrate another embodiment of a technique for articulating an end
effector relative to an elongate shaft of a surgical fastening instrument. In this embodiment,
the elongate shaft 912 includes a slide bar 924 extending therethrough and having a ball 924t
formed on a distal end thereof and received within a corresponding socket 916s formed in a
proximal end of the end effector 911. The slide bar 924 also includes cam surfaces 925a,
925b formed thereon, preferably at a location proximal to the distal end of the elongate shaft
912. The cam surfaces 925a, 925b can have a vanety of shapes and sizes, but 1n an
exemplary embodiment, as shown, the cam surfaces 925a, 925b extend outward from
opposed sides of the shde bar 924 and they are wedge-shaped members that increase in width
in a proximal-to-distal direction. The device also includes first and second actuating
members 926a, 926b extending through the elongate shaft 912 and positioned on opposéd
sides of the slide bar 924. Each actuating member 926a, 926b includes a cam surface 927a,
92°7b formed thereon and adapted to abut against the cam surfaces 925a, 925b formed on the
shide bar 924. As a result, distal movement of the first actuating member 926a will cause the
cam surface 927a formed thereon to slide against the cam surface 925a formed on the slide
bar 924, thereby moving the shde bar 924 laterally away from the first actuating member
926a. As a result of the lateral movement of the slide bar 924, the ball 924t will cause the
end effector 911 to pivot relative to the elongate shaft 912. Conversely, distal movement of
the second actuating member 926b will cause the cam surface 927b formed thereon to slide
against the cam surface 925b formed on the slide bar 924, thereby moving the slide bar 924
laterally away from the second actuating member 926b, and thus pivoting the end effector
911 1n an opposite direction. A biasing element (not shown), such as a spring, can be
disposed on each side of the slide bar 924 to bias the slide bar 924 to the central, resting

position shown 1n FIG. 9A, thereby allowing the slide bar 924 to return to the resting position

when the actuating members 926a, 926b are moving proximally.

[0067] In an exemplary embodiment, movement of each actuating member 926a, 926b can be
achieved using an EAP actuator coupled thereto. As shown in FIGS. 9A and 9B, an EAP
actuator cord 926a’, 926b', preferably in the form of a fiber bundle type actuator, extends
between a distal end of each actuating member 926a, 926b and a distal end of the shaft 912.
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When energy is selectively delivered to one of the EAP actuating cords, e.g., the first
actuating cord 926a’, the cord 926a' will axially contract or shorten, as shown in FIG. 9B,
thereby pulling the actuating member 926a coupled to the actuated EAP cord 926a’ in a distal
direction. The cam surface 927a on the actuating member 926a will abut against the cam
surface 925a on the slide bar 924 to move the slide bar 924 laterally toward the second
actuating member 926b. As a result, the ball 924t on the distal end of the shde bar 924 will

cause the end effector 911 to articulate or pivot thereabout.

[0068] A person skilled in the art will appreciate that the EAP actuators can have a vanety of
other configurations, and they can effect movement of the slide bar using a variety of other
techniques. For example, rather than pulling the slide bar 924 distally when energy is
delivered to the EAP actuating cords 926a’, 926b', the EAP actuators can be coupled to a
proximal end of the shde bar 924 and they can be adapted to push the shide bar 924 distally.
In other embodiments, the cam surface 927a, 927b formed on each actuating member 926a,
926b can be formed from an EAP actuator such that energy delivery to the cam surface 927a,
927b causes the cam surface 927a, 927b to expand toward the slide bar 924, thereby moving
the slide bar 924 1n a desired direction to articulate the end effector 911. The amount of
movement of each actuating member 926a, 926b, and thus the amount of articulation of the
end effector, can also be controlled by controlling the amount of energy delivered to each

EAP actuator.

[0069] FIGS. 10A-10B 1illustrate yet another embodiment of a technique for articulating an
end effector 1012 of a surgical fastening instrument. In this embodiment, rather than using a

slide bar to pivot the end effector 1012, two actuating members 1026a, 1026b are coupled

~directly to opposed sides of the end effector 1012 to push and pull the end effector 1012 to

effect articulation. In particular, a distal end of each actuating member 1026a, 1026b is
coupled to a proximal end of the end effector 1012 by a pivot joint, such that proximal
movement of the first actuating member 1026a causes the end effector 1012 to pivot about
the second actuating member 1026b, and proximal movement of the second actuating
member 1026b causes the end effector 1012 to pivot about the first actuating member 1026a.
The actuating members 1026a, 1026b can be moved using a variety of techniques. For k
example, all or a portion of each actuating member 1026a, 1026b can be formed from an EAP
that 1s adapted to axially expand, or the actuating members 1026a, 1026b can be couplecfl.to
an EAP actuator for moving the actuating members 1026a, 1026b proximally and distally to
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articulate the end effector 1012.

[0070] FIG. 11 illustrates another embodiment of a technique for articulating an end effector
of a surgical fastening instrument. In this embodiment, the elongate shaft 1120 includes a
flexible portion formed by a plurality of cut out portions 1122, 1124, 1126, 1128, 1130, 1132,
1134, 1136, 1138, 1140, 1142 (hereinafter 1122-1142) formed on opposed sides of the
elongate shaft 1120. The cut out portions allow the elongate shaft 1120 to flex thereabout.
One or more actuators can be positioned relative to the cut out portions to eftect pivotal or
bending movement of an end effector (not shown) relative to the elongate shaft 1120. FIG.
11 1llustrates multiple EAP actuator cords 1144, 1146, 1148, 1150, 1152, 1154 (hereinafter
1144-1154) extending longitudinally through the elongate shaft 1120 where the cut out
portions are formed. The EAP actuator cords 1144-1154 extend longitudinally parallel to one
another, and they are coupléd to the elongate shaft 1120 at a first end just proximal to the cut
out portions 1122-1142 and at a second end just distal to the cut out portions 1122-1142. In
use, energy can be selectively delivered to any one or combination of the EAP actuator cords
1144-1154 to flex the cut out portions 1122-1142 and thereby articulate the end effector in a
desired direction. For example, energy can be delivered to the first EAP actuator cord 1144
to cause the first actuator cord 1144 to axially contract or shorten, thereby pulling the
opposed ends of the cord 1144 toward one another. Since the ends of the first actuator cord
1144 are attached to the elongate shaft 1120 at opposed ends of the cut out portions, and since
the first EAP actuator cord 1144 1s offset from a central axis of the elongate shaft 1120, the
first EAP actuator cord 1144 will cause the elongate shaft 1120 to bend in a first direction.
Accordingly, one or more actuator cords 1144-1154 can be selectively activated, i.e., energy
can be selectively delivered thereto, to effect movement of the end effector in a desired

direction. A person skilled in the art will appreciate that a variety of other techniques can be

used to cause the cut out portions to bend.

[0071] In other embodiments, one or more EAP actuators can be positioned within, on, or
around the flexible portion of the elongate shaft at various locations, and the EAP actuators
can be configured to flex the flexible portion when energy is delivered to the actuators,
thereby articulating the end effector. For example, multiple EAP actuators can extend axially
along distinct portions of a flexible portion of an elongate shaft, or they can be positioned at
vartous other locations around the circumference of the flexible portion. In use, energy

delivery to a first actuator, for example, to cause the first actuator to axially contract thereby
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bending a portion of the flexible portion. A user can thus selectively deliver energy to one or

more actuators to articulate and position the end effector as desired.

10072] A person skilled in the art will appreciate that any of the above embodiments can
include a locking feature that allows the device to maintain its articulated position when
energy delivery 1s terminated to the EAP actuators. In particular, when energy delivery is
terminated the EAP actuator(s) axially expands to return the end effector to its initial position
in which 1t 1s longitudinally aligned with the elongate shaft. A locking mechanism can thus
be used to lock the end effector in a desired articulated position prior to terminating energy

delivery to the EAP actuators.

10073] While the locking mechanism can have a variety of configurations, FIGS. 12A-12B
1llustrate one exemplary embodiment of an articulation lock 1270 that is incorporated into a
pivoting articulation joint 1262. As shown, the articulation joint 1262 includes a rotary
structure 1272 having a plurality of holes 1264a, 1264b, 1264c, 1264d, 1264e that are
adapted to receive a plunger to prevent rotational movement of the articulation joint 1262. A
stop, which 1n one embodiment can be a spring loaded plunger 1266, is formed within the
clongate shaft of the device and located proximal to the rotary structure 1272. The plunger
1266 1s also coupled to an EAP actuator (not shown) that, when actuated with energy, effects
movement of the plunger 1266 thereby allowing the articulation joint 1262 to move. In
particular, as shown in FIG. 12A, when the device is in an un-actuated position, the plunger
66 rests 1n one of the holes (hole 64¢ as shown) of the rotary structure 1272, thereby
maintaining the end effector in a fixed position. Energy delivery to the EAP actuator, as
shown in FIG. 12B, will pull the plunger 1266 out of the hole 1264e to allow the articulation

jomnt 1262 to move to a desired position. The various techniques previously described can be

used to articulate the end effector. Once the end effector is moved to a desired articulated
position, the EAP actuator can be de-actuated, i.e., energy delivery can be terminated,
allowing the spring to bias the plunger 1266 into one of the holes of the rotary structure 1272.
The end effector 1s thereby again maintained in a fixed position. One skilled in the art will
appreciate that a variety of other locking mechanism can be incorporated into an articulating

joints, such as a ratchet and teeth system.

[0074] A person skilled in the art will appreciate that the EAP actuators can have a variety of
other configurations to effective movement of the plunger. For example, in another

embodiment an EAP actuator can replace the plunger and can be directly connected to a
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driver to move the driver distally through the elongate shaft. One skilled in the art will
appreciate further features and advantages of the 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

references cited herein are expressly incorporated herein by reference 1n their entirety.
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CLAIMS:

. A surgical fastener delivery device, comprising:

an clongate shaft;

an end etfector movably coupled to the elongate shaft by an articulation joint, the end
effector being configured to sequentially deliver a plurality of fasteners to tissue; and

an electroactive polymer actuator coupled to the articulation joint and adapted to
move the end effector about the articulation joint relative to the elongate shaft when energy is

delivered to the electroactive polymer actuator.

2. The device of claim 1, wherein the elongate shaft includes a slide bar extending
therethrough and having a distal end coupled to the articulation joint, the electroactive

polymer actuator being configured to move the slide bar laterally to effect movement of the

end effector.

3. The device of claim 2, wherein the electroactive polymer actuator comprises first and

second electroactive polymer actuators disposed on opposed sides of the slide bar.

4, The device of claim 2, wherein the slide bar includes gears formed on a distal end

- thereot and adapted to engage corresponding gears formed in the articulation joint.

5. The device of claim 1, wherein the articulation joint comprises a pivot joint, and the
electroactive polymer actuator comprises a first electroactive polymer actuator extending
between a first side of the end effector and a first side of the elongate shaft, and a second

electroactive polymer actuator extending between a second opposed side of the end effector

- and a second opposed side of the elongate shaft.

6. The device of claim 1, wherein the articulation joint comprises a flexible portion

formed between the elongate shaft and the end effector.

7. The device of claim 6, wherein the electroactive polymer actuator comprises a

plurality of electroactive polymer actuators coupled to the flexible portion at distinct

locations, each of the plurality of electroactive polymer actuators being configured to change

orientations when energy is selectively delivered thereto to flex the flexible portion.
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8. The device of claim 1, further comprising a fastener advancing assembly disposed
through the elongate shaft and adapted to sequentially advance a plurality of fasteners into the

end eftector.

0. The device of claim 1, wherein the end effector includes opposed jaws adapted to

recelve a fastener in the form of a clip therebetween.

10.  The device of claim 1, wherein the end effector comprises a stapling mechanism for
stapling tissue.
11. The device of claim 1, wherein the end effector comprises a stapling mechanism for

stapling tissue.

12. A method for fastening tissue, comprising:

inserting an elongate shaft of a fastener delivery device mnto a body lumen to position
an end effector movably coupled to a distal end of the elongate shaft adjacent to a surgical
site;

delivering energy to an electroactive polymer actuator to angularly position the end
effector relative to the elongate shaft; and

sequentially actuating the device to sequentially deliver a plurality of fasteners to

tissue disposed adjacent to the end effector.

13.  The method of claim 12, wherein delivering energy to the electroactive polymer
actuator radially expands the electroactive polymer actuator to move a shide bar, extending
through the elongate shaft and coupled to an articulation joint formed between the elongate

shaft and the end effector, laterally and thereby effect pivotal movement of the end effector.

14. The method of claim 12, wherein delivering energy to the electroactive polymer
actuator axially expands the electroactive polymer actuator to move a slide bar, extending
through the elongate shaft and coupled to an articulation joint formed between the elongate

shaft and the end effector, laterally and thereby effect pivotal movement of the end effector.

15.  The method of claim 12, wherein delivering energy comprises delivering energy to a
first electroactive polymer actuator to move the end effector in a first direction, and

delivering energy to a second electroactive polymer actuator to move the end effector in a

second, opposed direction.
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16.  The method of claim 12, wherein an amount of energy delivered to the electroactive

polymer actuator corresponds to a degree of movement of the end eftector.

17.  The method of claim 12, wherein delivering energy to an electroactive polymer

actuator angularly positions the end effector relative to the elongate shaft by flexing a flexible

portion extending between the elongate shaft and the end effector.

18.  The method of claim 12, wherein sequentially actuating the device to sequentially
deliver a plurality of fasteners to tissue disposed adjacent to the end effector comprises

actuating a fastener advancing assembly to sequentially drive a plurality of fasteners through

the elongate shaft.

19. The method of claim 12, wherein sequentially actuating the device comprises

sequentially driving a plurality of staples into tissue.

20.  The method of claim 12, wherein sequentially actuating the device comprises

sequentially deforming a plurality of clips around tissue.

21.  The use of a surgical fastener delivery device as claimed in any one of claims 1 to 11

for fastening tissue.
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