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ABSTRACT OF THE DISCLOSURE

Methods and devices are provided for actuating and/or articulating a surgical stapler.
In one embodiment, a surgical stapler is provided having a stapling mechanism or end
effector that 1s movably coupled to a distal end of an elongate shaft. An electrically
expandable and contractible actuator, such as an electroactive polymer actuator, can be used
to pivotally or angularly adjust a position of the stapling mechanism relative to the elongate
shaft by delivering energy to the electroactive polymer actuator. In another embodiment, an
electroactive polymer actuator can be used to actuate the staple applying assembly, thereby
driving one or more staples, and preferably at least two linear rows of staples, mnto tissue.

The actuator can alternatively or additionally drive a blade distally to cut tissue being stapled.
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ELECTROACTIVE POLYMER-BASED ACTUATION MECHANISM FOR LINEAR
SURGICAL STAPLER

FIELD OF THE INVENTION

[0002] The present invention relates broadly to surgical devices, and in particular to methods
and devices for articulating and actuating a surgical stapler using electrically expandable and

contractible actuators, such as electroactive polymers.
BACKGROUND OF THE INVENTION

[0003] Endoscopic surgical instruments are often preferred over traditional open surgical
devices since a smaller incision tends to reduce the post-operative recovery time and
complications. Consequently, significant development has gone into a range of endoscopic
surgical instruments that are suitable for precise placement of a distal end effector at a desired
surgical site through a cannula of a trocar. These distal end effectors engage the tissue in a
number of ways to achieve a diagnostic or therapeutic effect (e.g., endocutter, grasper, cutter,
staplers, clip applier, access device, drug/gene therapy delivery device, and energy device

using ultrasound, RF, laser, etc.).

10004] Known surgical staplers include an end effector that can articulate relative to the
staple shaft, and that can be actuated to apply staples to tissue. Some linear end effectors
simultaneously make a longitudinal incision in tissue and apply lines of staples on opposing
sides of the incision. The end effector includes a pair of cooperating jaw members that, if the
instrument 1s 1tended for endoscopic or laparoscopic applications, are capable of passing
through a cannula passageway. One of the jaw members receives a staple cartridge having at
Ieast two laterally spaced rows of staples. The other jaw member defines an anvil having
staple-forming pockets aligned with the rows of staples in the cartridge. Some current
staplers also use reciprocating wedges which, when driven distally, pass through openings in
the staple cartridge and engage drivers supporting the staples to effect the firing of the staples

toward the anwvil.

[0005] One drawback to current stapling devices is that a large force is required to effect
articulation and actuation, and the force changes throughout the course of the firing stroke.
Most current stapling devices utilize one or more hand-squeezed triggers. During

articulation, the load 1s low when the end effector is close to linearly aligned with the shaft,
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and it increases as the end effector is articulated. During actuation, the load 1s low during
early portions of the stroke when the staples are advancing out of the cartridge and piercing
the tissue. Once the staples enter into the anvil pockets, the resistance and load rises rapidly
as the staple legs buckle. Then the resistance and load drop down and rise again as the
staples are formed. In contrast, the operator has maximum effective strength at the early and
mid-stages of the firing stroke, whereas the effective strength 1s minimized during the final
stages of closure. The large force necessary to effect articulation and actuation, as well as the
variations in the force, can often exceed the surgeon’s hand strength and could potentially
result in binding or other malfunctions that may occur when an unexpectedly higher force 1s

required.

[0006] The large force required to effect firing can also interfere with the flexibility or
adjustability of the shaft. Currently, the end effector can be pivotally coupled to the shatft, or
the shaft can be flexible to allow the shaft to travel through a curved pathway. The transfer
of force from the handle to the end effector can necessarily interfere with the pivoted or

curved orientation of the shaft, potentially causing it to straighten.

[0007] Accordingly, there remains a need for methods and devices for actuating and/or
articulating a surgical stapler, and in particular for methods and devices that require a low

force to effect actuation and/or articulation of a surgical stapler.
SUMMARY OF THE INVENTION

|0008] The present invention generally provides methods and devices for actuating and/or
articulating a surgical stapler. In one embodiment, a surgical stapler is provided having a
stapling mechanism or end effector that 1s movably coupled to a distal end of an elongate
shaft. An electrically expandable and contractible actuator, such as an electroactive polymer
actuator, can be used to pivotally or angularly adjust a position of the stapling mechanism
relative to the elongate shaft by delivering energy to the electroactive polymer actuator. In
another embodiment, an electroactive polymer actuator can be used to actuate the staple
applying assembly, thereby driving one or more staples, and preferably at least two linear
rows of staples, into tissue. The actuator can alternatively or additionally drive a blade

distally to cut tissue being stapled.

10009] In one exemplary embodiment, the surgical stapler can include at least one

clectroactive polymer actuator coupled between an elongate shaft and a linear staple applying

2.
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assembly, and the electroactive polymer actuator(s) can be adapted to selectively pivot the
linear staple applying assembly relative to the elongate shaft when energy is delivered to at
least one of the electroactive polymer actuators. The linear staple applying assembly can be
movably coupled to the shaft using a variety of mating techniques. For example, the linear
staple applying assembly can be coupled to the elongate shaft by a pivot joint. The elongate
shaft can include a slide bar extending therethrough and having a distal end coupled to the

p1ivot joint for moving the linear staple applying assembly.

10010] While various techniques can be used to move the slide bar and effect pivotal
movement of the staple applying assembly, in one exemplary embodiment the electroactive
polymer actuator(s) can be configured to expand radially when energy is delivered thereto to
move the shide bar laterally and thereby effect pivotal movement of the linear staple applying
assembly. In an exemplary embodiment, the device includes a first electroactive polymer
actuator disposed adjacent to a first side of the slide bar, and a second electroactive polymer
actuator disposed adjacent to a second side of the slide bar. The first and second
electroactive polymer actuators can be configured to expand radially when energy is
delivered thereto to move the slide bar laterally. The slide bar can optionally include gears
formed on a distal end thereof and adapted to engage corresponding gears formed in the pivot

joint.

[0011] In another embodiment, the electroactive polymer actuator(s) can be configured to
axially contract and radially expand. For example, the elongate shaft can include a first
electroactive polymer actuator pivotally coupled to a first lateral side of the linear staple
applying assembly, and a second electroactive polymer actuator coupled to a second opposed
lateral side of the linear staple applying assembly. The first electroactive polymer actuator
can axially contract when energy 1s delivered thereto to pivot the linear staple applying
assembly 1n a first direction, and the second electroactive polymer actuator can axially
contract when energy 1s delivered thereto to pivot the linear staple applying assembly in a

second direction opposite to the first direction.

[0012] In another embodiment, the linear staple applying assembly can be movably coupled
to the elongate shaft by a flexible portion. Several electroactive polymer actuators can be
coupled to the flexible portion at distinct locations, and each of the electroactive polymer

actuators can be configured to change orientations when energy is selectively delivered

thereto to flex the flexible portion in a desired direction.

23 -
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[0013] A method for stapling tissue 1s also provided and 1t can include nserting an elongate
shaft of a surgical stapler into a body lumen to position a staple applying assembly movably
coupled to a distal end of the elongate shaft adjacent to a surgical site, capturing tissue
between opposed jaws of the staple applying assembly, delivering energy to at least one
electroactive polymer actuator to pivot the staple applying assembly relative to the elongate
shaft, and actuating the staple applying assembly to drive at least one linear row of staples
from one of the jaws and into the tissue. In one exemplary embodiment, the elongate shaft
can include a slide bar extending therethrough and having a distal end coupled to a pivot joint
formed between the elongate shaft and the staple applying assembly. Energy delivery to at
least one electroactive polymer actuator can be effective to radially expand the electroactive
polymer actuator(s) to move the slide bar laterally and thereby effect pivotal movement of the
staple applying assembly. The amount of energy delivered to the each electroactive polymer
actuator can correspond to a degree of movement of the staple applying assembly. In another
embodiment, the linear staple applying assembly can be movably coupled to the elongate
shaft by a flexible portion. The electroactive polymer actuator can include a plurality of
electroactive polymer actuators coupled to the flexible portion at distinct locations, and
energy can be is selectively delivered to the plurality of electroactive polymer actuators to

flex the flexible portion in a desired direction.

[0014] In yet another embodiment, a surgical stapler i1s provided having an elongate shaft
with a linear staple applying assembly formed on a distal end thereof and adapted to receive
tissue. The staple applying assembly 1s coupled to at least one electroactive polymer actuator
that 1s configured to drive at least one linear row of staples into tissue when energy 1s
delivered to the electroactive polymer actuator. In one exemplary embodiment, the staple
applying assembly includes a stapling mechanism and an anvil opposed to the stapling
mechamism. The stapling mechanism can include a plurality of drivers disposed therein and
adapted to drive a plurality of staples from the stapling mechanism toward the anvil. The
electroactive polymer actuator can be coupled to each of the plurality of drivers such that
energy can be selectively delivered to at least one of the electroactive polymer actuators to
move at least one of the drivers and thereby drive at least one staple into tissue. In another
embodiment, a plurality of electroactive polymers can be disposed within the staple applying
assembly, and each electroactive polymer can be effective to drive a linear row of staples into
tissue when energy 1s delivered thereto. The electroactive polymers can be adapted to be

individually actuated to drive a staple from the stapling mechanism toward the anvil.
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[0015] In yet another embodiment, the surgical stapler can include a push rod slidably
disposed within the elongate shaft and adapted to drive a plurality of staples from the stapling
mechanism toward the anvil when the push rod 1s moved distally. The push rod can be
coupled to an electroactive polymer actuator that 1s adapted to move the push rod distally
when energy 1s delivered to the electroactive polymer actuator. In an exemplary
embodiment, the electroactive polymer actuator coupled to the push rod 1s adapted to axially

expand and radially contract when energy 1s delivered thereto to move the push rod distally.

[0016] A method for applying one or more surgical staples to tissue 1s also provided and can
include capturing tissue between opposed first and second jaws, and delivering energy to an
electroactive polymer actuator to drive at least one linear row of staples from the first jaw
through the tissue and against an anvil formed on the second jaw. In one embodiment, one or
more driver(s) can be movably disposed within the first jaw, and energy delivery to the
electroactive polymer actuator can be etfective to move the driver(s) within the first jaw to
drive staples therethrough and against the anvil. In another embodiment, delivering energy to
the electroactive polymer actuator can be effective to move a push rod distally to advance a
plurality of staple drivers that drive at least one linear row of staples from the first jaw
through the tissue and against an anvil formed on the second jaw. In other aspects, energy
can be selectively delivered to a plurality of electroactive polymer actuators disposed within
the first jaw to drive at least one linear row of staples from the first jaw through the tissue and
against an anvil formed on the second jaw. In yet another embodiment, delivering energy to
an electroactive polymer actuator can be effective to advance a blade distally to cut tissue

being stapled.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The invention will be more fully understood from the following detailed description

taken 1n conjunction with the accompanying drawings, in which:
[0018] FIG. 1A 1s a cross-sectional view of a prior art fiber bundle type EAP actuator;
[0019] FIG. 1B 1s a radial cross-sectional view of the prior art actuator shown in FIG. 1A;

10020] FIG. 2A 1s a cross-sectional view of a prior art laminate type EAP actuator having

multiple EAP composite layers;
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'0021] FIG. 2B is a perspective view of one of the composite layers of the prior art actuator

shown 1n FIG. 2A;

[0022] FIG. 3 is a side view of one exemplary embodiment of a surgical stapler having a

handle, an elongate shaft, and an end effector coupled to a distal end of the elongate shatt;

[0023] FIG. 4A is a partially cross-sectional view of the end effector shown n FIG. 3,

showing EAP actuators for effecting articulation of the end ettector;

[0024] FIG. 4B is a cross-sectional view of the end effector shown in FIG. 4A, showing the

EAP actuators in a non-actuated configuration;

[0025] FIG. 4C is a cross-sectional view of the end effector shown in FIG. 4A, showing one

of the EAP actuators electrically actuated to articulate the end eftector;

[0026] FIG. 5A is a partially cross-sectional view of another embodiment of an end effector
movably coupled to a distal portion of an elongate shaft and having EAP actuators for

articulating the end effector;

[0027] FIG. 5B is a partially cross-sectional view of the end effector and elongate shatt
shown in FIG. 5A, showing one of the EAP actuators electrically actuated to articulate the

end effector;

[0028] FIG. 6A i1s a partially cross-sectional view of yet another embodiment of an end
effector movable coupled to a distal portion of an elongate shaft and having EAP actuators

for articulating the end effector;

[0029] FIG. 6B is a partially cross-sectional view of the end effector and elongate shaft
shown in FIG. 6A, showing one of the EAP actuators electrically actuated to articulate the

end effector;

[0030] FIG. 7 1s a perspective view of another embodiment of an end effector coupled to an
elongate shaft having a flexible portion for articulating the end effector, and having multiple

EAP actuators for flexing the flexible portion;

[0031] FIG. 8A 1s an exploded perspective view showing various components of the end

effector and elongate shaft of the surgical stapler shown in FIG. 3;
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[0032] FIG. 8B is an end perspective view of the end effector of FIG. 3, showing opposed

jaws In an open position;

10033] FIG. 8C is a side cross-sectional view of the end effector shown in FIG. 8B showing a

cutting blade 1n a proximal position;

5 [0034] FIG. 8D is a side cross-sectional view of the end effector shown in FIG. 8C showing

the cutting blade in a distal position;

[0035] FIG. 9A is a top perspective view of a portion of another embodiment of an end

effector having driver elements for driving staples and EAP actuators strips for driving the

driver elements;

10  [0036] FIG. 9B is a side view of the end effector shown in FIG. 9A showing one of the EAP

actuator strips positioned to drive several driver elements;

[0037] FIG. 10A 1s a top perspective view of another embodiment of an end etfector for use

with a surgical stapler, showing EAP drivers for directly driving staples; and

[0038] FIG. 10B is a top perspective view of a portion of the end effector shown 1n FIG. 10A,

15  showing a staple positioned on one of the EAP drivers.

DETAILED DESCRIPTION OF THE INVENTION

[0039] The present invention generally provides methods and devices for effecting movement
of one or more components of a surgical stapler. In one exemplary embodiment, a surgical
stapler is provided having a stapling mechanism or end effector that 1s movably coupled to a

20  distal end of an elongate shaft. An electrically expandable and contractible actuator, such as
an electroactive polymer actuator, can be used to pivotally or angularly adjust a position of
the stapling mechanism relative to the elongate shaft by delivering energy to the electroactive
polymer actuator. In another embodiment, an electroactive polymer actuator can be used to
actuate the end effector, thereby driving one or more staples, and preferably at least two

25  linear rows of staples, into tissue. The actuator can alternatively or additionally drive a blade
distally to cut tissue being stapled. A person skilled in the art will appreciate that the surgical
stapler can have a variety of configurations, and that the electroactive polymer actuator(s) can

be coupled to one or more components of the surgical stapler to effect movement.
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[0040] ELECTROACTIVE POLYMERS

10041] Electroactive polymers (EAPs), also referred to as artificial muscles, are materials that
exhibit piezoelectric, pyroelectric, or electrostrictive properties in response to electrical 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
form of 10nic fluid or gel and electrodes, and the flow of 1ons 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 10nic fluid or gel used. It 1s important to note that EAPs do not change volume when

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

10042] 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
difterent 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 is caused when voltage is applied.

[0043 ] There are two basic types of EAPs and multiple configurations for each type. The
first type 1s a fiber bundle that can consist of numerous fibers bundled together to work in
cooperation. The fibers typically have a size of about 30-50 microns. These fibers may be
woven 1nto 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 shorten. The
fibers can alternatively be configured to expand or lengthen. An example of a commercially

available fiber EAP material is manufactured by Santa Fe Science and Technology and sold

as PANION™ fiber and described in U.S. Pat. No. 6,667,825, which is hereby incorporated

by reference 1n its entirety.
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[0044] FIGS. 1A and 1B 1illustrate 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 is 1in the form of an elongate cylindrical 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 1s further shown, the
outer sheath 102 is coupled to an energy delivering electrode 108a and a return electrode
108b. In the 1llustrated embodiment, the energy delivering electrode 108a extends through
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 it can be coupled to any
portion of the outer sheath 102. The conductive outer sheath 102 can also include an tonic
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 in 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 10ns 1n the 10onic fluid to enter into the EAP fibers 104,
thereby causing the fibers 104 to expand in one direction, e.g., radially such that an outer
diameter of each fiber 104 increases, and to contract in a transverse direction, €.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.

10045] 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 is applied, the laminate structure
expands 1n one direction and contracts in 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 material is 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.
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[0046] FIGS. 2A and 2B illustrate 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¢, 103d disposed
therebetween. One of the layers, 1.e., layer 210, 1s shown 1n 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
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 1n FIG. 2B. In use, energy can be delivered to the
actuator 200 through the active energy delivering electrode 218a. The energy will cause the
10ons 1n the 10nic 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 change shape with the EAP
layer 214.

[0047] SURGICAL STAPLER

[0048] As previously indicated, in an exemplary embodiment surgical stapling methods and
devices are provided that utilize electrically expandable and contractible actuators, such as
EAP actuators, to etfect articulation and/or actuation of various components of the device.
While the various embodiments are described as having EAP actuators for affecting
articulation and/or actuation without mechanical assistance, the actuators can alternatively be
configured to supplement mechanical articulation and/or actuation. For example, the EAP
actuators can be used to reduce the force 1n closing an end effector on a surgical stapler,
including firing the staples and optionally driving a knife or blade through the assembly to
cut the stapled tissue. FIG. 3 illustrates one exemplary embodiment of a surgical stapler 10
that can include one or more EAP actuators for effecting articulation and/or actuation. As
previously noted, the various methods and devices disclosed herein for effecting articulation
and actuation can be incorporated into virtually any surgical stapler known in the art. The
1llustrated surgical stapler 10 can also include a variety of other features known in the art and

not disclosed herein.

[0049] In general, the stapler 10 includes an elongate shaft 12 having a handle 14 coupled to

a proximal end 12a thereof, and a staple applying assembly or end effector 16 coupled to a

- 10 -
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distal end 12b thereof. The end effector 16 includes opposed first and second jaws 18, 20
that are adapted to receive tissue therebetween. The first jaw 18 1s adapted to contain a staple
cartridge having multiple staples disposed therein and configured to be driven into tissue, and

the second jaw 20 forms an anvil for deforming the staples. The handle 14 can include one or
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more triggers coupled thereto for articulating the end effector 16 relative to the elongate shaft
12, closing the end eftector 16, and/or actuating (firing) the stapling apparatus. FIG. 3
illustrates a first trigger 14a movably coupled to the handle 14 for closing the opposed jaws
18, 20 of the end effector 16. Actuation of the first trigger 14a 1s effective to slide a closure
tube 12¢ over the jaws 18, 20 to close the jaws 18, 20. The handle 14 also includes a second
trigger 14b movably coupled thereto for firing the staple cartridge in the first jaw 20 to
deliver one or more staples or clips 1nto tissue. The second trigger 14b can also be effective
to advance a blade distally through the staple cartridge 1n the first jaw 18 to cut stapled tissue.
Exemplary techniques for firing staples and cutting tissue will be discussed in more detail
below. While not shown, the handle 14 can additionally or alternatively include a trigger,
rotatable knob, lever, sliding knob, or other mechanism for articulating the end effector 16
relative to the elongate shaft 16, closing the jaws, and actuating the end effector 16. In use,
the surgical stapler 10 1s particularly suitable for endoscopic and laparoscopic procedures, as
the relative small diameter of the elongate shaft 12 allows 1t to fit through small access ports

or pathways. The stapler, however, can be adapted for use 1n a variety of medical procedures.

[0050] ARTICULATION

10051] FIGS. 4A-7 1llustrate various exemplary embodiments of techniques for articulating
the end effector 16 relative to the elongate shaft 12 to facilitate positioning of the end effector

16 adjacent to tissue to be stapled. Referring first to FIGS. 4A-4C, a distal end 12b of the

clongate shaft 12 1s shown coupled to a proximal end of the end effector 16 by a pivot joint
22, such that the end effector 16 can pivot relative to the shaft 12 about the pivot joint 22.
The device 10 also includes a slide bar 24 extending through the elongate shaft and having a
distal end 24d with gear teeth 24t formed thereon and adapted to engage corresponding gear
teeth 16t tormed on the end effector 16. The device 10 can also include one or more
electrically expandable and contractible actuators, such as an EAP actuator, for moving the
slide bar 24 to cause the gear teeth 24t on the slide bar 24 to move the gear teeth 16t on the
end effector 16 and thereby pivot the end effector 16 relative to the elongate shaft 12. While

the EAP actuator(s) can effect movement of the slide bar 24 using a variety of techniques, in

- 11 -
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one exemplary embodiment the EAP actuators are configured to move the slhide bar 24
laterally. In particular, a first EAP actuator 26a can extend through at least a portion of the
clongate shaft 12 adjacent to a first lateral side of the slide bar 24, and a second EAP actuator
26b can extend through at least a portion of the elongate shaft 12 adjacent to a second,
opposed lateral side of the shide bar 24, as shown 1n FIGS. 4A-4C. Either type of EAP
actuator can be used, but in an exemplary embodiment the EAP actuators 26a, 26b are
laminate type EAP actuators that are adapted to expand laterally when energy is delivered
thereto. FIGS. 4A and 4C 1illustrate the first EAP actuator 26a laterally expanded to move the
slide bar 24 laterally toward the second EAP actuator 26b, thereby causing the slide bar 24 to
prvot the end effector 16 1n a direction opposite to the direction of movement of the slide bar
24. FIG. 4B illustrates both actuators 26a, 26b in a non-expanded, un-actuated configuration,
where no energy 1s delivered to either actuator 26a, 26b. Energy can be delivered to the
actuators 26a, 26b through electrodes extending through the shaft 12 and coupled to an
energy source disposed within the handle 14 or coupled to the handle 12, e.g., via an
electrical outlet or other energy source. The handle 14 can also include a control mechanism,
such as a rotatable knob or dial, coupled thereto and adapted to control the amount of energy
delivered to each actuator 26a, 26b. The amount of energy delivered to each actuator 26a,
26b 1s determinative of the amount of expansion of the actuators 26a, 26b, thus allowing the

amount of pivotal movement of the end effector 16 to be selectively adjusted.

10052] A person skilled in the art will appreciate that, while FIGS. 4A-4C illustrate a
laterally-moving slide bar 24 with laterally expanding EAP actuators 263, 26b, the slide bar
24 and actuators 26a, 20b 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 12 and the slide bar 24. When energy 1s delivered to the actuators, the
actuators can contract or shorten 1n length to pull the slide bar 24 toward the elongate shaft
12, thereby moving the slide bar 24 laterally. Alternatively, the slide bar 24 can be
configured to move longitudinally to effect movement of the end effector 16, and the EAP
actuator can be used to effect longitudinal movement of the slide bar 24. In other
embodiments, the slide 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.

[0053] FIGS. 5SA and 5B illustrate another embodiment of a technique for articulating an end
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etfector 16' relative to an elongate shaft 12'. In this embodiment, the elongate shaft 12
includes a shide bar 24' extending therethrough and having a ball 24t' formed on a distal end
thereof and received within a corresponding socket 16s' formed 1n a proximal end of the end
effector 16'. The shide bar 24' also includes cam surfaces 25a', 25b' formed thereon,
preferably at a location proximal to the distal end of the elongate shaft 12'. The cam surfaces
25a', 25b' can have a vaniety of shapes and sizes, but in an exemplary embodiment, as shown,
the cam surfaces 25a’, 25b' extend outward from opposed sides of the slide bar 24' 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 26a;', 26b,' extending through the
elongate shaft 12' and positioned on opposed sides of the slide bar 24'. Each actuating
member 26a;', 26b' includes a cam surface 27a', 27b' formed thercon and adapted to abut
against the cam surfaces 25a', 25b' formed on the shide bar 24'. As a result, distal movement
of the first actuating member 262’ will cause the cam surface 27a' formed thereon to slide
against the cam surface 25a' formed on the slide bar 24', thereby moving the slide bar 24’
laterally away from the first actuating member 26a'. As a result of the lateral movement of
the shide bar 24/, the ball 24t' will cause the end effector 16' to pivot relative to the elongate
shaft 12'. Conversely, distal movement of the second actuating member 26b' will cause the
cam surface 27b' formed thereon to slide against the cam surface 25b' formed on the slide bar
24', thereby moving the slide bar 24' laterally away from the second actuating member 26b',
and thus ptvoting the end effector 16' in an opposite direction. A biasing element (not
shown), such as a spring, can be disposed on each side of the slide bar 24' to bias the slide bar
24" to the central, resting position shown in FIG. 5A, thereby allowing the slide bar 24' to

return to the resting position when the actuating member 26a', 26b' is moving proximally.

10054] In an exemplary embodiment, movement of each actuating member 26a,', 26b,' can
be achieved using an EAP actuator coupled thereto. As shown in FIGS. 5A and 5B, an EAP
actuator cord 26a,', 26b,’, preferably in the form of a fiber bundle type actuator, extends
between a distal end of each actuating member 26a;', 26b,' and a distal end of the shaft 12"
When energy is selectively delivered to one of the EAP actuating cords, e.g., the first
actuating cord 26a,', the cord 26a,' will axially contract or shorten, as shown in FIG. 5B,
thereby pulling the actuating member 26a;' coupled to the actuated EAP cord 26a,' in a distal
direction. The cam surface 27a’ on the actuating member 26a,' will abut against the cam
surface 252’ on the slide bar 24' to move the slide bar 24’ laterally toward the second actuating

member 26b,". As a result, the ball 24t' on the distal end of the slide bar 24' will cause the
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end effector 16' to articulate or pivot thereabout.

[0055] A person skilled in the art will appreciate that the EAP actuators can have a variety ot
other configurations, and they can effect movement of the slide bar 24' using a variety of
other techniques. For example, rather than pulling the shide bar 24' distally when energy 1s
delivered to the EAP actuating cords 26a;', 26b,', the EAP actuators can be coupled to a
proximal end of the slide bar 24' and they can be adapted to push the shde bar 24" distally. In
other embodiments, the cam surface 27a', 27b' formed on each actuating member 26a,’, 26b,’
can be formed from an EAP actuator such that energy delivery to the cam surface 27a', 27b'
causes the cam surface 27a’, 27b' to expand toward the slide bar 24', thereby moving the slide
bar 24' in a desired direction to articulate the staple applying apparatus 16'. The amount of
movement of each actuating member 26a;', 26b;’, and thus the amount of articulation of the
staple applying apparatus 16', can also be controlled by controlling the amount of energy

delivered to each EAP actuator.

[0056] FIGS. 6A and 6B illustrate yet another embodiment of a technique for articulating an
end effector 16". In this embodiment, rather than using a shide bar to pivot the end effector
16", two actuating members 26a", 26b" are coupled directly to opposed sides of the staple
applying apparatus 16" to push and pull the staple applying apparatus 16" to effect
articulation. In particular, a distal end of each actuating member 262", 26b" 1s coupled to a
proximal end of the staple applying apparatus 16" by a pivot joint, such that proximal
movement of the first actuating member 26a" causes the staple applying apparatus 16" to
pivot about the second actuating member 26b", and proximal movement of the second
actuating member 26b" causes the staple applying apparatus 16" to pivot about the first
actuating member 26a". The actuating members 26a", 26b" can be moved using a variety of
techniques. For example, all or a portion of each actuating member 26a", 26b" can be formed
from an EAP that is adapted to axially expand, or the actuating members 26a", 26b" can be
coupled to an EAP actuator for moving the actuating members 26a", 26b" proximally and

distally to articulate the end effector.

10057] FIG. 7 illustrates yet another embodiment of a technique for articulating an end
effector 16™. In this embodiment, the elongate shaft 12" includes a flexible portion 12p" that
is adapted to allow the end effector 16™ to articulate relative to the shaft 12™'. One or more
EAP actuators can be positioned within, on, or around the flexible portion 12p™ of the

clongate shaft 12" at vanous locations, and the EAP actuators can be configured to flex the
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flexible portion 12p"™ when energy 1s delivered to the actuators, thereby articulating the end

effector 16". FIG. 7 1llustrates multiple EAP actuators 26;, 26,, 263, 264, 265 extending
axially along distinct portions of the flexible portion 12p"™ of the elongate shaft 12"™. While
not shown, multiple EAP actuators can be positioned at various other locations around the
circumference of the flexible portion 12p™. In use, energy delivery to the first actuator 26,
tor example, can cause the first actuator 26, to axially contract thereby bending the a portion
of the flexible portion 12p™. A user can thus selectively deliver energy to one or more

actuators to articulate and position the end effector 16" as desired.

10058] A person skilled 1n the art will appreciate that the EAP actuators can be incorporated
into a variety of other articulation mechanisms to effect articulation of the end effector. By
way of non-limiting example, U.S. Patent Application No. 10/061,908, entitled “Surgical
Instrument Incorporating A Fluid Transfer Controlled Articulation Mechanism” and filed on
February 18, 2005, which 1s hereby incorporated by reference in its entirety, discloses a
variety of articulation mechanisms that utilize fluid bladders to effect articulation of a
surgical stapling assembly. Rather than using a fluid bladder, an EAP actuator can be used to

apply a force to the device to effect articulation.

[0059] ACTUATION

10060] As previously indicated, the present invention also provides exemplary methods and
devices for actuating an end effector on a surgical stapler, including firing the staples and
optionally driving a knife or blade through the assembly to cut the stapled tissue. FIGS. 8A-
10B 1llustrate various exemplary embodiments of techniques for firing an end effector 16 and
for driving a blade through the end effector to cut stapled tissue using one or more EAP
actuators. A person skilled 1n the art will appreciate that the end effector can have a variety

of configurations, and that EAP actuators can be incorporated into a variety of other end

effectors to effect firing and/or cutting.

[0061] FIGS. 8A-8D illustrate one exemplary embodiment of a technique for firing staples
and cutting tissue using an EAP actuator. In this embodiment, an EAP actuator is used to
longitudinally drive an assembly through the elongate shaft to drive a plurality of staple
drivers disposed within a staple cartridge, and to cut tissue being stapled. FIG. 8A illustrates
a distal portion of the surgical stapling device 10 of FIG. 3 in more detail, showing some of

the components that form the elongate shaft 12 and the end effector 16. As previously
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discussed, the end effector 16 includes first and second opposed jaws 18, 20, which are
shown in the open position in FIG. 8B. The first jaw 18 houses a tray 30 that holds a staple
cartridge 34. The staple cartridge 34 1s adapted to contain staples 33, preferably oriented in
longitudinally-extending rows, as well as staple drivers 32, which are also preferably oriented
in longitudinally-extending rows. The drnivers 32 are efiective to drive the staples 33 through
openings 34a formed 1n the staple cartridge 34. In particular, as shown in more detail in FIG.
8C, movement of the drivers 32 toward the second jaw 20 will advance the staples 33 through
the openings 34a formed 1n the staple cartrnidge 34 and toward corresponding grooves 20a

formed in the second jaw 20, which forms the anwvil.

10062] The drivers 32 can be moved using a varnety of techniques, but in the 1llustrated
embodiment the drivers 32 are moved by advancing a wedge sled driver 42 through a
longitudinally-extending slot formed 1n the staple cartridge 34. The wedge sled driver 42 can
include camming surfaces that contact and hft the staple drivers 32 upward, driving the
staples 33 up through openings 34a formed in the staple cartridge 34 and into the
corresponding grooves 20a formed in the second jaw 20. In an exemplary embodiment, the
wedge sled driver 42 can be moved using a push rod 40 that is slidably disposed through the
elongate shaft 12 and that includes a distal end 41 that engages the wedge sled driver 42 to
slide the wedge sled driver 42 relative to the staple cartrnidge 34. The distal end 41 of the
push rod 40 can also include a cutting surface 41a formed thereon for cutting tissue during or

after the tissue 1s stapled.

[0063] In one exemplary embodiment, the push rod 40 can be advanced through the elongate
shaft 12 of the device 10 using an EAP actuator. As shown in FIG. 8A, the proximal end of
the push rod 40 1s configured to couple to a firing trough 44. An EAP actuator 46 extends
through the firing trough 44 and mates to the firing trough 44 at 1ts distal end. A proximal
end of the EAP actuator 46 can couple to a portion of the housing 14, and an electrode can be
used to deliver energy to the EAP actuator 46 from an energy source disposed within or
coupled to the housing 14. When energy is delivered to the EAP actuator 46, the actuator can
axially expand to move the firing trough 44 and push rod 40 from an initial position, as
shown 1n FIG. 8C, to a distal-most position, as shown in FIG. 8D. When the firing trough 44
and push rod 40 are moved distally, the wedge sled driver 42 drives the staple drivers 32
disposed within the staple cartridge 34 toward the second jaw 20, thereby driving the staples
33 through tissue engaged between the first and second jaws 18, 20. When energy delivery is
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terminated, the EAP actuator 46 will return to its unexpanded state, thereby moving the push
rod 40 and firing trough 44 proximally to their imitial position, and allowing the drivers 32 to
return to their initial, un-actuated position. As 1s further shown 1n FIG. 8A, a portion of the
push rod 40 can extend through a guide 37 that 1s effective to maintain alignment of the push
rod 40 with the staple cartridge 34. A frame 36 can also be disposed around the push rod 40
and firing trough 44, and the entire assembly can move longitudinally within the closure tube

12¢ of the elongate shaft 12.

(0064] In one embodiment, energy delivery to the EAP actuator 46 can be controlled using
the second trigger 14b that is movably coupled to the housing. The second trigger 14b can be
coupled to an energy source, such as a battery disposed within the housing 14, an external
battery pack, or an clectrical outlet. Actuation of the second trigger 14b can be effective to
increase the amount of energy delivered from the energy source, through an electrode, and to
the EAP actuator 46, there moving the firing trough 44 and push rod 40. The amount of
energy delivered can correspond to the amount of movement of the firing trough 44 and push
rod 30. Alternatively, rather than using a pivoting trigger 14b, the handle 14 can include a
button, lever, knob, dial, or other mechanism to control energy delivery to the EAP actuator
46. A person skilled in the art will appreciate that a variety of techniques can be used to

control energy delivery to the EAP actuator 46.

[0065] While FIGS. 8A-8D illustrate an EAP actuator 46 that drives the firing trough 44 and
the push rod 40 distally, the EAP actuator can have a variety of other configurations to move
the wedge sled driver 42 through the staple cartridge 34. For example, in another
embodiment the EAP actuator can be configured to axially contract or shorten, rather than
axially expand or lengthen. As such, the EAP actuator can be coupled to the firing trough 44
or the push rod 40 in such a manner that will allow the EAP actuator to pull the firing trough
44 and push rod 40 distally as the EAP actuator axially contracts. In another embodiment,
the EAP actuator 46 can replace the firing trough 44 and it can be directly connected to the
push rod 40 to move the push rod 40 through the elongate shaft 12. Alternatively, a portion
of the push rod 40 can be formed from an EAP actuator for directly moving the push rod 40,
or the EAP actuator can replace the entire push rod 40, directly driving the wedge sled driver
42 through the staple cartridge 34.

10066] In another embodiment, rather than using a wedge sled drive 42 to move the drivers

32, multiple EAP actuator strips can be used to directly drive a plurality of staple drivers
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disposed within a staple cartridge. One such exemplary embodiment is illustrated in FIGS.
9A-9B, which show a portion of a closure tube 12¢' and a portion of a staple cartridge. As
shown, the staple cartridge includes multiple longitudinally-extending rows of drivers 32’
Each row of drivers 32' can include one or more EAP actuator strips 35' disposed there under
and adapted to expand or increase in height when energy is delivered thereto to move the
drivers 32' toward the anvil or second jaw 20. In an exemplary embodiment, the EAP
actuator strips 35' are of the laminate type. The quantity of EAP actuator strips 35', and the
number of drivers 32' driven by each EAP actuator strip 35', can vary. In the embodiment
shown 1n FIGS. 9A and 9B, the staple cartridge (not shown) includes six longitudinally-
extending rows of staple dnivers 32', with eleven drivers 32' in each row. A single EAP
actuator 35' can be disposed under each driver 32', or one or more elongate EAP actuator strip
35" can be disposed under several drivers 32'. FIGS. 9A and 9B illustrate a longitudinally-
oriented EAP actuator strip 35' disposed under six drivers 32'in a first row of drivers. When
energy 1s delivered to the EAP actuator strip 35', the EAP actuator strip 35' expands to move
the drivers 32' disposed thereon toward the second jaw (not shown). The drivers 32' thus
drive staples 33" disposed thereon into the recesses formed in the second jaw, to thereby
staple tissue disposed between the jaws. Energy can be delivered to each actuator strip 35’

through an electrode 37' that is coupled thereto and that is coupled to a power source.

[0067] As 1s further shown 1n FIGS. 9A and 9B, the device can also include a cutting blade
41" positioned between the rows of staple drivers 32'. The cutting blade 41' can be configured
to move up and down between a retracted position wherein the cutting blade 41' is retracted
into the staple cartridge, and an extended position, as shown, wherein the cutting blade 41' is
extended toward the second jaw (not shown). A longitudinally-oriented EAP actuator strip
(not shown) can be disposed under the cutting blade 41', and it can be adapted to expand or
increase in height when energy is delivered thereto to move the cutting blade 41' from the
retracted position to the extended position, thereby cutting tissue engaged between the jaws.

Termination of energy delivery to the EAP actuator will return the cutting blade 41° to its

retracted position.

[0068] FIGS. 10A-10B illustrate yet another embodiment of a technique for firing staples
using an EAP actuator. In this embodiment, multiple EAP actuators are used to directly drive
a plurality of staples disposed within a staple cartridge. As shown, the staple cartridge 34",

which 1s coupled to a distal end of the closure tube 12¢", includes multiple elongate EAP
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actuator strips 35a-g" disposed therein. The actuator strips 35a-g" are arranged to directly
drive staples 33" through the staple cartridge 34" and toward the second jaw, which forms the
anvil. Multiple actuator strips 35a-g" can be used as they allow groups or zones of staples
33" to be separately driven into tissue. A person skilled in the art will appreciate that the
EAP actuators 35a-g" can each be configured to individually drive a single staple or any
number of staples. In use, when energy 1s delivered to the actuators 35a-g", e.g., via
electrodes, the actuators 35a-g" expand toward the second jaw to drive the staples 33" toward
the second jaw. When energy delivery is terminated, the actuators 35a-g" contract to return

to an unexpanded state.

[0069] One skilled in the art will appreciate further features and advantages of the invention
based on the above-described embodiments. Accordingly, the invention 1s not to be limited
by what has been particularly shown and described, except as indicated by the appended
claams. All publications and references cited herein are expressly incorporated herein by

reference 1n their entirety.
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CLAIMS:

1. A surgical stapler, comprising:

an elongate shaft having a linear staple applying assembly formed on a distal end
thereof and adapted to receive tissue, the staple applying assembly being coupled to at least
one electroactive polymer actuator that 1s configured to drive at least one linear row of staples

into tissue when energy is delivered to the electroactive polymer actuator.

2. The device of claim 1, wherein the staple applying assembly includes a stapling

mechanism and an anvil opposed to the stapling mechanmism.

3. The device of claim 2, wherein the stapling mechanism includes a plurality of drivers
disposed therein and adapted to drive a plurality of staples from the stapling mechanism

toward the anvil.

4. The device of claim 3, wherein an electroactive polymer actuator i1s coupled to each of
the plurality of drivers such that energy can be selectively delivered to at least one of the
electroactive polymer actuators to move at least one of the drivers and thereby drive at least

on¢ staple into tissue.

S. The device of claim 1, wherein a plurality of electroactive polymer strips are disposed
within the staple applying assembly, each electroactive polymer strip being effective to drive

a linear row of staples into tissue when energy is delivered thereto.

0. The device of claim 1, wherein the at least one electroactive polymer actuator
comprises a plurality of electroactive polymer drivers disposed within the stapling

mechanism and adapted to expand when energy is delivered thereto to drive a plurality of

staples from the stapling mechanism toward the anvil.

7. The device of claim 6, wherein each electroactive polymer driver is adapted to be

individually actuated to drive a staple from the stapling mechanism toward the anvil.

8. | The device of claim 1, further comprising a push rod slidably disposed within the
clongate shaft and adapted to drive a plurality of staples from the stapling mechanism toward
the anvil when the push rod is moved distally, the push rod being coupled to an electroactive
polymer actuator that 1s adapted to move the push rod distally when energy is delivered to the

electroactive polymer actuator.
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9. The device of claim 8, wherein the electroactive polymer actuator coupled to the push
rod 1s adapted to axially expand and radially contract when energy is delivered thereto to

move the push rod distally.

10.  The device of claim 1, further comprising a handle formed on a proximal end of the
elongate shaft and including a control mechanism adapted to selectively deliver energy to the

at least one electroactive polymer actuator.

11. The device of claim 1, wherein the stapling mechanism includes a blade that 1s

adapted to cut tissue being stapled.

12. A surgical stapler, comprising:

an clongate shaft having a handle formed on a proximal end thereof and a stapling
assembly formed on a distal end thereof, the stapling assembly including opposed first and
second jaws adapted to recerve tissue therebetween, the first jaw including a staple applying
mechanism disposed therein and at least one electroactive polymer actuator that 1s adapted to
actuate the staple applying mechanism to drive at least one linear row of staples into tissue
when energy 1s delivered to the at least one electroactive polymer actuator, and the second

jaw 1ncluding an anvil adapted to deform the at least one linear row of staples.

13.  The surgical stapler of claim 12, wherein the staple applying mechanism includes a

plurality of drivers disposed therein for driving at least one row of staples into tissue.

14.  The surgical stapler of claim 13, wherein an electroactive polymer actuator is
positioned adjacent to each of the plurality of drivers and 1s effective to move the driver when

encrgy 18 deltvered to the electroactive polymer actuator.

15. The surgical stapler of claim 13, wherein a push rod 1s movably disposed within the
elongate shaft and is adapted to move distally to move the plurality of drivers to drive at least
one row of staples into tissue, and an electroactive polymer actuator is coupled to the push
rod and 1s adapted to move the push rod distally when energy is delivered to the electroactive

polymer actuator.

16. A method for applying one or more surgical staples to tissue, comprising:

capturing tissue between opposed first and second jaws; and

delivering energy to an electroactive polymer actuator to drive at least one linear row
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of staples from the first jaw through the tissue and against an anvil formed on the second jaw.

17. The method of claim 16, wherein at least one driver 1s movably disposed within the
first jaw, and wherein delivering energy to the electroactive polymer actuator 1s effective to

move the driver within the first jaw to drive staples therethrough and against the anwvil.

18.  The method of claim 16, wherein delivering energy to the electroactive polymer
actuator moves a push rod distally to advance a plurality of staple drivers that drive at least
one linear row of staples from the first jaw through the tissue and against an anvil formed on

the second jaw.

19.  The method of claim 16, wherein energy 1s selectively delivered to a plurality of
electroactive polymer actuators disposed within the first jaw to drive at least one linear row

of staples from the first jaw through the tissue and against an anvil formed on the second jaw.

20. The method of claim 16, wherein delivering energy to an electroactive polymer

actuator 1s further effective to advance a blade distally to cut tissue being stapled.

21.  The use of a surgical stapler as claimed 1n any one or claims 1 to 15 for applying a

surgical staple to tissue.
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