
SURGICAL FASTENER AND CUTTER WITH SINGLE CABLE ACTUATOR  CROSS REFERENCE TO
RELATED APPLICATIONS [00011 The present application is a
continuation-in-part of U.S. Application No. 11/344,021 filed  on January
31, 2006 and entitled "Electro-Mechanical Surgical Cutting And Fastening
Instrument Having A Rotary Firing And Closure System With Parallel Closure
And Anvil  Alignment Components," which is hereby expressly incorporated by
reference in its entirety.  FIELD OF THE INVENTION [0002] The present
invention relates broadly to methods and devices for controlling movement
and actuation of an end effector on a surgical device. BACKGROUND OF THE
INVENTION [0003] Endoscopic surgical instruments are often preferred over
traditional open surgical devices  since the use of a natural orifice 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 working end of a
tool at a desired  surgical site through a natural orifice. These tools can
be used to engage and/or treat tissue in a  number of ways to achieve a
diagnostic or therapeutic effect. [0004] One tool commonly used in
endoscopic surgery is a surgical stapler and cutter, which  typically
includes an end effector that simultaneously makes a longitudinal incision
in tissue and  applies lines of staples on opposing sides of the incision.
The end effector includes a pair of  cooperating jaw members that are
capable of passing through a cannula passageway. One of the  jaw members
receives a staple cartridge having at least 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. The instrument
includes a plurality of 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 anvil. The
instrument also includes a knife  that cuts the stapled tissue. [0005]
Surgical staplers/cutters continue to increase in complexity and function
with each  - 1  generation due to the desire to introduce the devices
endoscopically. However, endoscopic  



surgery requires that the shaft of the device be flexible while still
allowing the end effector to be  articulated and/or rotated to angularly
orient the end effector relative to the tissue, and to be  actuated to close
the end effector and fire the staples. Integration of the controls for
articulating,  rotating, and/or actuating an end effector tend to be
complicated by the use of a flexible shaft and  by the size constraints of
an endoscopic instrument. Generally, the control motions are all
transferred through the shaft as longitudinal translations, which can
interfere with the flexibility  of the shaft. [0006] There is also a desire
to lower the force necessary to actuate the end effector to a level  that
all or a great majority of surgeons can handle. One known solution to lower
the force-to-fire  is to use electrical motors. However, surgeons typically
prefer to experience feedback from the  end-effector to assure proper
operation of the end effector. The user-feedback effects are not  suitably
realizable in present motor-driven devices. [0007] Accordingly, there
remains a need for improved methods and devices for controlling  movement
and actuation of an end effector on an endoscopic surgical device. SUMMARY
OF THE INVENTION [0008] The present invention generally provides methods and
devices for controlling movement,  i.e., rotation, and actuation, i.e.,
closing and firing, of an end effector on an endoscopic surgical  device. In
one exemplary embodiment, an endoscopic stapling device is provided and
includes  an elongate shaft having proximal and distal ends, an end effector
coupled to a distal end of the  elongate shaft for engaging tissue and
delivering at least one fastener to the engaged tissue, a  handle coupled to
a proximal end of the elongate shaft, and an actuator operatively associated
with the end effector and the handle. The actuator has a first position in
which rotation of the  actuator is effective to rotate the end effector, and
a second position in which rotation of the  actuator is effective to fire at
least one fastener from the end effector. The actuator can also be  adapted
to translate along a longitudinal axis of the elongate shaft between the
first and second  positions. Translation of the actuator from the first
position to the second position can be  effective to close the end effector
for engaging tissue. -2 [0009] The end effector can have a variety of
configurations, but in one embodiment, the end  



effector can include opposed jaws for engaging tissue therebetween. The
actuator can include a  clutch on the distal end thereof, and, when the
actuator is translated from the first position to the  second position, the
clutch can be adapted to abut against a cam surface formed on at least one
of  the jaws to close the jaws. The end effector can also include a
cartridge removably disposed  therein and containing a plurality of staples
for stapling tissue and a blade for cutting stapled  tissue. [0010] The
actuator can also have a variety of configurations, but in one embodiment it
can be a  rotatable and translatable drive shaft operatively associated with
the handle and the end effector.  The drive shaft can include a clutch on a
distal end thereof. When the actuator is in the first  position, the clutch
can be adapted to engage a housing of the end effector such that rotation of
the actuator and the clutch is effective to rotate the end effector. When
the actuator is in the  second position, the clutch can be adapted to engage
and rotate a gear assembly that advances a  driver disposed within the end
effector to fire at least one fastener from the end effector. In other
embodiments, at least a portion of the drive shaft can be formed from an
electroactive polymer  material, and wherein the handle is effective to
deliver energy to the drive shaft to cause the  electroactive polymer
material to axially contract and radially expand and thereby translate the
drive shaft. [00111 The handle of the device can also have a variety of
configurations, and in one  embodiment the handle can include a translating
member that is adapted to translate the actuator  between the first and
second positions, and a rotatable member that is adapted to rotate the
actuator relative to the elongate shaft. The device can also include other
features, such as an  optical image gathering unit disposed on a distal end
of the elongate shaft and configured to  acquire images during endoscopic
procedures. The optical image gathering unit can couple to an  external
image display screen, or an image display screen can be disposed on a
proximal portion  of the device for communicating with the optical image
gathering unit to display the acquired  images. [0012] In another
embodiment, an endoscopic stapling device is provided having an elongate
shaft with an end effector coupled to a distal end thereof, a handle movably
coupled to a -3 



proximal end thereof, and a drive shaft operatively associated with the
handle and the end  effector and adapted to rotate the end effector relative
to the elongate shaft, to close the end  effector to engage tissue, and to
fire at least one fastener from the end effector. The drive shaft  can be
movable between a first position, in which rotation of the drive shaft
causes  corresponding rotation of the end effector relative to the elongate
shaft without closing and firing  the end effector, and a second position,
in which rotation of the drive shaft causes closing and  firing of the end
effector without rotating the end effector relative to the elongate shaft.
The  drive shaft can also be adapted to translate relative to a longitudinal
axis of the elongate shaft to  move between the first and second positions.
Translation of the drive shaft from the first  position to the second
position can be adapted to close opposed jaws of the end effector. For
example, a distal end of the drive shaft can engage a portion of the end
effector to rotate the end  effector when the drive shaft is in the first
position, and a distal end of the drive shaft can engage  a gear assembly to
rotate the gear assembly when the drive shaft is in the second position.
Rotation of the gear assembly can be effective to advance a driver disposed
within the end  effector to fire at least one fastener from the end
effector. [0013] Methods for fastening tissue are also provided, and in one
exemplary embodiment the  method includes inserting an elongate shaft into a
body lumen to position an end effector  coupled to a distal end of the
elongate shaft adjacent to tissue to be fastened. A proximal end of  the
elongate shaft can include a handle assembly movably coupled thereto. The
method can  further include rotating a rotatable member in a first position
on the handle assembly to rotate the  end effector about a longitudinal axis
of the elongate shaft, and rotating the rotatable member in  a second
position on the handle assembly to fire at least one fastener disposed
within the end  effector without rotating the end effector. The method can
also include moving a translating  member on the handle assembly to close
opposed jaws of the end effector around tissue to be  fastened. While the
method can be used in various procedures, in certain exemplary  embodiments
the elongate shaft is flexible and is inserted translumenally. BRIEF
DESCRIPTION OF THE DRAWINGS [0014] The invention will be more fully
understood from the following detailed description  taken in conjunction
with the accompanying drawings, in which: 



-4 [0015] FIG. IA is a perspective view of one exemplary embodiment of a
surgical stapling device  in accordance with the present invention; [0016]
FIG. I B is a perspective view of an end effector of the surgical stapling
device of FIG.  IA; [0017] FIG. 2 is a perspective, partially cut-away view
of a portion of an elongate shaft of the  surgical stapling device of FIG.
IA, showing a drive shaft extending through the elongate shaft;  [0018] FIG.
3 is a side cross-sectional view of the end effector of the surgical
stapling device of  FIG. IA; [0019] FIG. 4 is a top view of a portion of the
end effector of the surgical stapling device of FIG.  IA, showing a clutch
engaging the end effector to effect rotation thereof; [0020] FIG. 5A is an
enlarged side cross-sectional view of a portion of the end effector of FIG.
IA; [0021] FIG. 5B is a side cross-sectional view of the end effector shown
in FIG. 5A, showing the  jaws moved to a closed position; [0022] FIG. 6 is a
side view of a portion of the end effector of FIG. I A, showing a gear and
driver assembly; [0023] FIG. 7 is a perspective view of a portion of the end
effector of FIG. I A, showing a lead  screw being driven through the end
effector to fire staples from the cartridge; [0024] FIG. 8A is a perspective
view of a cartridge of the end effector of FIG. I A;  [0025] FIG. 8B is a
perspective view of a drive sled of the cartridge of FIG. 8A;  [0026] FIG.
9A is a perspective view of a handle of the device of FIG. IA; [0027] FIG.
9B is a perspective view of the handle of FIG. 9A, showing a knob in a
second  position; and [0028] FIG. 10 is a perspective view of a portion of
the elongate shaft of the device of FIG. 1 A,  -5 showing an optical image
gathering unit.  DETAILED DESCRIPTION OF THE INVENTION [0029] 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 invention. [0030]
The present invention provides method and devices for controlling movement,
i.e.,  rotation, and actuation, i.e., closing and/or firing, of an end
effector on a surgical stapling device.  In general, the surgical stapling
device can include an elongate shaft having a distal end with an  end
effector extending therefrom for engaging tissue and delivering one or more
fasteners to the  engaged tissue, and a proximal end with a handle for
controlling rotation of the end effector  whereby the end effector swivels
about the longitudinal axis of the elongate shaft, and actuation  of the end
effector whereby the end effector is closed and fired to deliver one or more
fasteners  and optionally cut tissue being fastened. In an exemplary
embodiment, the device includes a  single actuation mechanism that is
configured to effect both rotation and actuation of the end  effector. The
actuation mechanism can be operatively associated with the handle and the
end  effector and it can have a first position in which the actuation
mechanism is effective to rotate  the end effector without actuating the end
effector, and a second position in which the actuation  mechanism it is
effective to fire at least one fastener from the end effector without
rotating the  end effector. The actuation mechanism can also be configured
such that movement from the first  position to the second position is
effective to close the end effector to engage tissue. Various  other
features are also provided to facilitate use of the device. A person skilled
in the art will  appreciate that the particular configuration of the end
effector can vary and that the various  control techniques described herein
can be used on a variety of surgical instruments. -6 [0031] FIG. 1A
illustrates one exemplary embodiment of an endoscopic surgical device that
is in  the form of a linear stapling and cutting device 10 for applying
multiple linear rows of staples to  



tissue and for cutting the stapled tissue. As shown, the device 10 generally
includes an elongate  shaft 12 having a proximal end 12a with a handle 14
coupled thereto, and a distal, working end  12a having an end effector 16
coupled thereto or formed thereon. The elongate shaft 12 can have  a variety
of configurations. For example, it can be solid or hollow, and it can be
formed from a  single component or multiple segments. As shown in FIG. IA,
the elongate shaft 12 is hollow  and is formed from multiple connecting
segments to allow the elongate shaft 12 to flex. The  flexibility of the
shaft 12, as well as a relatively small diameter, allows the shaft 12 to be
used in  endoscopic procedures, whereby the device is introduced
translumenally through a natural  orifice. The end effector 16 can also have
a variety of configurations, but in the illustrated  embodiment, as shown in
more detail in FIG. 113, the end effector 16 includes opposed first and
second jaws 18, 20 that are that are pivotally coupled to one another and
that are adapted to  receive tissue therebetween. The first jaw 18 is
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 end effector 16 can be coupled
to the distal end of  the elongate shaft using various techniques, but in an
exemplary embodiment the end effector 16  is rotatably coupled to the
elongate shaft such that the end effector 16 can rotate about an axis of
the elongate shaft. The end effector 16 can also be pivotally coupled to the
distal end of the  elongate shaft, or it can include a flexible neck 26
formed thereon for allowing angular  movement of the end effector relative
to the elongate shaft. [0032] While not an essential feature of the present
invention, FIG. I A also illustrates a handle  14 that is operatively
associated with the end effector 16 such that pivotal movement of the
handle 14 is mimicked by the end effector 16, thereby allowing the handle 14
to be used to  articulate the end effector 16 in multiple planes. The
particular mechanism for achieving  mimicking motion is described in more
detail in the following U.S. Patent Applications filed on  even date
herewith: "Methods and Devices for Controlling Articulation," by Mark S.
Ortiz,  Frederick E. Shelton IV, and James Spivey (Atty. Docket No.
100873-32 (END5568USANPI)),  "Articulating Endoscopic Accessory Channel," by
James Spivey, Mark S. Ortiz, and Frederick  E. Shelton IV (Atty. Docket No.
100873-105 (END5568USANP2)), and "Surgical Fastener and  Cutter with
Mimicking End Effector," by Mark S. Ortiz and Frederick E. Shelton IV (Atty.



-7 Docket No. 100873-109 (END5568USANP3)), each of which is hereby
incorporated by  reference in its entirety. [0033] The device 10 can also
include an actuation mechanism for controlling movement and  actuation of
the end effector 16. Movement can include rotation of the end effector 16
about the  longitudinal axis A of the elongate shaft 12, and actuation of
the end effector, whereby the jaws  18, 20 are closed to engage tissue and
the staples are fired from the end effector into the engaged  tissue.
Actuation can also include cutting the stapled tissue. In an exemplary
embodiment, a  single actuation mechanism is operatively associated with the
handle and the end effector such  that it can effect rotation and actuation
of the end effector. While the actuation mechanism can  have a variety of
configurations, in the illustrated embodiment the actuation mechanism is in
the  form of a drive shaft 28, which is shown in FIG. 2 extending through a
portion of the elongate  shaft 12. The drive shaft 28 can be in the form of
an elongate cable, multiple wound or braided  cables, or a rod or shaft, and
it is preferably flexible to allow flexion as the flexible shaft 12 of  the
device 10 is inserted translumenally through a tortuous pathway. The drive
shaft 28 includes  proximal and distal ends that are coupled to various
portions of the handle 14 and the end  effector 16, respectively, as will be
discussed in more detail below. In use, the drive shaft 28 is  configured to
rotate and translate (slide) relative to the elongate shaft 12 to effective
rotation and  actuation of the end effector 16. [0034] The distal end 28b of
the drive shaft 28 and the end effector 16 are shown in more detail  in FIG.
3, and as shown the distal end 28b of the drive shaft 28 extends distally
from the elongate  shaft 12 and extends into a proximal end of the end
effector 16. The distal end 28b of the drive  shaft 28 is preferably
configured to rotate the end effector 16 when the drive shaft 28 is in a
first  position, and to fire the end effector 16 when the drive shaft 28 is
in a second position. Movement of the drive shaft 28 from the first position
to the second position can also be  effective to close the jaws 18, 20 of
the end effector 16. While various techniques can be used to  allow the
drive shaft 28 to effect rotation, closing, and firing of the end effector
16, in the  illustrated embodiment the distal end 28b of the drive shaft 28
includes a clutch 20 formed  thereon or fixedly mated thereto. The clutch 30
can have various shapes and sizes, but it is  



preferably asymmetrical to allow the clutch 30 to engage various mechanism
within the end  effector 16, as will be discussed below. In the illustrated
embodiment, the clutch 30 has a -8 hexagonal shape. When the clutch 30 is in
a first position, e.g., a distal position shown in FIG. 3,  it can be in
engaged with the end effector 16 such that rotation of the drive shaft 28
and the  clutch 30 is effective to rotate the end effector 16. In
particular, as shown in FIG. 4, the opposed  inner walls of first jaw 18 can
include opposed protrusions (only one protrusion 18a is shown in  FIG. 4)
formed thereon that are configured to engage the clutch 30 therebetween.
Thus, when  the clutch 30 is positioned between the protrusions, rotation of
the clutch 30 is effective to rotate  the end effector 16 about its
longitudinal axis and relative to the elongate shaft 12. [0035] Once the end
effector 16 is rotated to a desired position, the drive shaft 28 and clutch
30  can be moved axially relative to the elongate shaft 12 to remove the
clutch 30 from between the  protrusions in the first jaw 18. In an exemplary
embodiment, the drive shaft 28 and clutch 30 are  translated along the
elongate shaft 12 in a proximal direction to position the drive shaft 28,
and  thus the clutch 30, in the second position. As the drive shaft 28 and
clutch 30 are moved  proximally, the drive shaft 28 and clutch 30 can be
effective to close the jaws 18, 20 of the end  effector 16. In particular,
as shown in FIG. 5, the second jaw, i.e., the anvil 20, can include a
proximal end 20a having a ramped surface 20r formed thereon and extending
into a path of  movement of the clutch 30. The ramped surface 20r on the
anvil 20 is located proximal to a  pivot point at which the anvil 20 is
attached to the first jaw 18. As the clutch 30 moves  proximally with the
drive shaft 28, the clutch 30 can abut against the ramped surface 20r,
pushing the surface upward away from the first jaw 18. As a result, the
anvil 20 will pivot to a  closed position, as shown in FIG. 513, to engage
tissue positioned between the jaws 18, 20. When the drive shaft 28 and
clutch 30 are in the second proximal position, the second jaw or  anvil 20
will remain closed as the clutch 30 will prevent the proximal end 20a of the
second jaw  or anvil 20 from returning to its initial position. [0036] Once
the drive shaft 28 and clutch 30 are in the second position, rotation of the
drive  shaft 28 and clutch 30 can be effective to fire at least one fastener
from the jaws 18, 20. In  particular, the clutch 30 can be configured to
engage a gear assembly that is effective to advance  



a driver through the end effector 16. The gear assembly is shown in FIG. 6
and includes first  (upper) and second (lower) drive gears 32, 34 that are
in the form of cylindrical members having  teeth formed therearound. The
first drive gear 32 includes a socket 32a (shown in FIGS. 5A and  5B) formed
therein that has a shape that complements a shape of a portion of the clutch
30 such -9 that the socket 32a can receive and engage the clutch 30 on the
drive shaft 28. In particular, the  clutch 30 can include a second hexagonal
member 30a (FIG. 4) formed thereon and configured  to be received in the
socket 32a. The second drive gear 34 is positioned adjacent to and in
engagement with the first drive gear 32. As a result, when the drive shaft
28 and clutch 30 are  rotated, the first drive gear 32 will rotate to rotate
the second drive gear 34. The second drive  gear 34, in turn, includes a
shaft or lead screw 36 extending distally therefrom and fixedly  coupled
thereto. The lead screw 36 has threads (not shown) formed on an external
surface  thereof, and a lead nut 38 is threadably disposed around the lead
screw 36. As the second drive  gear 34 and lead screw 36 are rotated, the
lead screw 36 remains in a fixed axial position, i.e., it  does not
translate longitudinally, thereby causing the lead nut 38 to move distally
through the  end effector 16, as shown in FIG. 7. The lead nut 38, in turn,
is coupled to or abuts against a  proximal end of a drive sled 40 that is
effective to drive one or more fasteners from a cartridge  42 disposed
within the first jaw 18. Thus, as the drive shaft 28 and clutch 30 are
rotated, the first  drive gear 32 rotates to rotate the second drive gear 34
and the lead screw 36 attached thereto. As the lead screw 36 rotates, the
lead nut 38 is moved distally within the end effector 16, thereby  advancing
the drive sled 40 distally within the end effector 16. The drive sled 40
will force one  or more fasteners through one or more fastener receiving
slots formed in the cartridge 42. The  fasteners will extend through tissue
engaged between the jaws 18, 20, and will deform against  the anvil 20 to
fasten the tissue. The drive sled 40 can also include a blade formed thereon
and  configured to cut tissue being fastened. [0037] While the particular
configuration of the drive sled 40 and the cartridge 42 can vary  depending
on the particular configuration of the end effector 16, in an exemplary
embodiment, as  shown in FIG. 8A, the cartridge 42 is configured to apply
multiple linear rows of staples, and to  form a cut extending between the
rows of staples to separate the stapled tissue. In particular, the  



cartridge 42 is in the form of a generally elongate housing that can be
removably disposed within  a channel formed in the first jaw 18. The housing
includes several, e.g., six, linear rows of  staple-receiving slots 44
formed therein, and each slot contains a staple therein. Several driver
members (not shown) are positioned underneath the staples for supporting the
staples and  advancing the staples through the staple-receiving slots 44.
The drive sled 42 is shown in more  detail in FIG. 8B and it includes
several, e.g., four, upright members 41 a, 41b, 41c, 41d formed  thereon and
having a wedge-shaped configuration. As the sled 40 is advanced distally
through -10 the end cartridge 40, the upright members 41a-d will abut
against the driver members, moving  them upward toward the anvil 20, thereby
driving the staples toward the anvil 20. The drive sled  40 also includes a
central member that extends through the middle of the cartridge, and that
has  a blade 40b formed thereon for cutting the stapled tissue. [0038] In
use, the cartridge 42, with the drive sled 40 coupled thereto, can be
disposed within the  end effector 16 for a single use application. Once the
staples are fired from the cartridge 42, a  new cartridge having a new drive
sled 40 can be placed in the jaw 18. Such a configuration is  particularly
advantageous as the blade 40b can be replaced with each use, rather than
most  stapling devices in which the drive sled and blade are disposed within
the jaw of the end effector,  rather than being removable with the
cartridge. A person skilled in the art will appreciate that  virtually any
cartridge known in the art can be used with the various devices disclosed
herein,  and that the illustrated cartridge 42 is merely one exemplary
embodiment of a cartridge. [0039] As indicated above, the proximal end of
the drive shaft 28 is coupled to various portions  of the handle 14 that are
effective to rotate the drive shaft 28 in the first position to thereby
rotate  the end effector 16, to translate the drive shaft 28 axially into a
second position to thereby close  the jaws 18, 20, and to rotate the drive
shaft 28 in the second position to fire the staples from the  cartridge 42
in the end effector 16. While various techniques known in the art can be
used to  effect rotation and translation of the drive shaft 28, in one
exemplary embodiment the handle 14  can include a rotatable and translatable
knob 50 for rotating and translating the drive shaft 28  relative to the
elongate shaft 12 of the device 10. The knob 50 of the handle 14 is shown in
more  detail in FIG. 9A and 9B, and as shown the knob 50 is merely a
cylindrical member disposed on  



the proximal-most end of the handle 14 and coupled to the proximal end of
the drive shaft 28.  FIG. 9A illustrates the knob 50 in a first position, in
which rotation of the knob 50 will rotate the  drive shaft 28 to thereby
rotating the end effector 16. FIG. 9B illustrates the knob 50 moved
proximally to a second position, i.e., retracted relative to the elongate
shaft 12, to thereby close  the jaws 18, 20. Movement of the knob 50 can be
achieved by simply pulling on the knob 50, or  alternatively the device 10
can include a separate translating member 55 formed on the handle 14  and
coupled to the drive shaft 28 for moving the drive shaft 28, and
consequently the knob 50)  between the first and second positions. In an
exemplary embodiment, as shown, the translatable  member 55 is shaped to fit
within a palm of a user's hand. A toggle link or over-center link -11
extends between the translatable member 55 and the handle 14 for controlling
movement of the  translatable member 55 relative to the handle. In use, the
translatable member 55 can be  squeezed to close the translatable member 55,
thereby applying a proximally directed force to the  drive shaft 28 to move
the drive shaft 28 to the second position, shown in FIG. 913, Rotation of
the knob 50 in the second position will be effective to fire the staples
from the cartridge 42, as  previously explained, thereby stapling the tissue
engaged between the jaws. The tissue can also  be cut simultaneous with or
subsequent to firing the staples. A person skilled in the art will
appreciate that the particular location and configuration of the knob or
other member used to  effect rotation and translation of the drive shaft 28
can vary. [0040] While FIGS. 9A-9B illustrate a rotatable and translatable
knob, in other embodiments,  the drive shaft 28 used to effect rotation and
actuation of the end effector 16 can optionally be  formed from an
electroactive polymer material. 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 is applied. The
conductive polymer can be paired to some 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 I V to 4kV can be applied  depending
on the particular polymer and ionic 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. Thus, the drive shaft 28
previously disclosed herein can be replaced by  an EAP actuator, and the
handle 14 can be configured to activate an external or internal energy
source to selectively deliver energy to the EAP cable to cause the EAP cable
to axially contract  and move the clutch 30 from the first position to the
second position. The EAP cable can then be  rotated, e.g., using a rotatable
knob, to fire one or more staples from the end effector 16. When  energy
delivery is terminated, the EAP cable will axially expand to return the
clutch 30 to the  first position. [0041] The various devices disclosed
herein can also include a variety of other features to  facilitate use
thereof. For example, the device 10 can include an optical image gathering
unit  disposed on a distal end of the elongate shaft 12, or on the end
effector 16, and configured to -12 acquire images during endoscopic
procedures. While the location of the unit can vary, FIG. 10  illustrates a
ramp-shaped housing 60 that protrudes from an outer surface of a coupling 63
on the  elongate shaft 12, and that contains the optical image gathering
unit therein. A viewing window  62 is formed on a distal-facing surface of
the housing 60 to allow the unit to acquire images of  the end effector 16
and surrounding surgical site. The images from the optical image gathering
unit can be transferred to an external image display screen, or
alternatively the device 10 can  include image display screen disposed on or
coupled to a proximal portion of the device. FIGS.  9A-9B illustrates one
embodiment of an image display screen 70 protruding outward from the  handle
14. [0042] The present invention also provides exemplary methods for
fastening and optionally  cutting tissue. In one exemplary embodiment, the
elongate shaft of a surgical stapling and  cutting device, such as device 10
of FIG. IA, can be inserted translumenally, i.e., trans-orally or
trans-anally, into a body lumen to position the end effector 16 coupled to
the distal end 12b of  the elongate shaft 12 adjacent to tissue to be
fastened. The end effector 16 can then be  manipulated to position tissue to
be fastened within the jaws 18, 20, and the knob 50 can be  moved as
previously described to rotate the end effector 16, close the jaws 18, 20,
and fire the  staples. 



[0043] In another embodiment, the various devices disclosed herein,
including portions thereof,  can be designed to be disposed of after a
single use, or they can be designed to be used multiple  times. In either
case, the device can be reconditioned for reuse after at least one use.
Reconditioning can include any combination of the steps of disassembly of
the device, followed  by cleaning or replacement of particular pieces, and
subsequent reassembly. By way of example,  the cartridge, including the
drive sled, can be removed from the end effector and replaced with a  new
cartridge containing one or more fasteners therein. The cartridge can also
preferably  contain a blade formed on the drive sled for cutting fastened
tissue, Various other portions of the  device can also be removed and
replaced. Upon cleaning and/or replacement of particular parts,  the device
can be reassembled for subsequent use either at a reconditioning facility,
or by a  surgical team immediately prior to a surgical procedure. Those
skilled in the art will appreciate  that reconditioning of a device can
utilize a variety of techniques for disassembly,  cleaning/replacement, and
reassembly. Use of such techniques, and the resulting reconditioned -13
device, are all within the scope of the present application. [0044] 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 in
their  entirety. -14 CLAIMS:  1. An endoscopic stapling device, comprising:
an elongate shaft having proximal and distal ends; an end effector coupled
to a distal end of the elongate shaft for engaging tissue and  delivering at
least one fastener to the engaged tissue; a handle coupled to a proximal end
of the elongate shaft; and an actuator operatively associated with the end
effector and the handle, the actuator  having a first position in which
rotation of the actuator is effective to rotate the end effector, and  



a second position in which rotation of the actuator is effective to fire at
least one fastener from  the end effector. 2. The device of claim 1, wherein
the actuator is adapted to translate along a longitudinal  axis of the
elongate shaft between the first and second positions, and wherein
translation of the  actuator from the first position to the second position
is effective to close the end effector for  engaging tissue. 3. The device
of claim 2, wherein the end effector includes opposed jaws for engaging
tissue therebetween and the actuator includes a clutch on the distal end
thereof, and wherein,  when the actuator is translated from the first
position to the second position, the clutch is adapted  to abut against a
cam surface formed on at least one of the jaws to close the jaws. 4. The
device of claim 1, wherein the actuator comprises a rotatable and
translatable drive  shaft operatively associated with the handle and the end
effector. 5. The device of claim 4, wherein the drive shaft includes a
clutch on a distal end thereof.  6. The device of claim 5, wherein, when the
actuator is in the first position, the clutch is  adapted to engage a
housing of the end effector such that rotation of the actuator and the
clutch is  effective to rotate the end effector. 7. The device of claim 5,
wherein, when the actuator is in the second position, the clutch is  adapted
to engage and rotate a gear assembly that advances a driver disposed within
the end  effector to fire at least one fastener from the end effector. -15
8. The device of claim 2, wherein the handle includes a translating member
that is adapted  to translate the actuator between the first and second
positions, and a rotatable member that is  adapted to rotate the actuator
relative to the elongate shaft. 9. The device of claim 1, wherein the end
effector includes a cartridge removably disposed  therein, the cartridge
containing a plurality of staples for stapling tissue and a blade for
cutting  stapled tissue. 10. The device of claim 4, wherein at least a
portion of the drive shaft is formed from an  electroactive polymer
material, and wherein the handle is effective to deliver energy to the drive
shaft to cause the electroactive polymer material to axially contract and
radially expand and  



thereby translate the drive shaft. 11. The device of claim 1, further
comprising an optical image gathering unit disposed on a  distal end of the
elongate shaft, the optical image gathering unit being adapted to acquire
images  during endoscopic procedures. 12. The device of claim 11, further
comprising an image display screen disposed on a  proximal portion of the
device and adapted to communicate with the optical image gathering unit  to
display the acquired images. 13. A method of reconditioning the device of
claim 1, comprising: removing and replacing a cartridge removably disposed
in the end effector to prepare the  device for re-use, the cartridge
containing a plurality of fasteners disposed therein. 14. The method of
claim 13, wherein the cartridge includes a blade disposed therein for
cutting fastened tissue. 15. An endoscopic stapling device, comprising: an
elongate shaft having an end effector coupled to a distal end thereof, a
handle movably  coupled to a proximal end thereof, and a drive shaft
operatively associated with the handle and  the end effector and adapted to
rotate the end effector relative to the elongate shaft, to close the  end
effector to engage tissue, and to fire at least one fastener from the end
effector. 16. The device of claim 15, wherein the drive shaft is movable
between a first position, in  -16 which rotation of the drive shaft causes
corresponding rotation of the end effector relative to the  elongate shaft
without closing and firing the end effector, and a second position, in which
rotation of the drive shaft causes closing and firing of the end effector
without rotating the end  effector relative to the elongate shaft. 17. The
device of claim 16, wherein the drive shaft is adapted to translate relative
to a  longitudinal axis of the elongate shaft to move between the first and
second positions, and  wherein translation of the drive shaft from the first
position to the second position is adapted to  close opposed jaws of the end
effector. 18. The device of claim 16, wherein a distal end of the drive
shaft engages a portion of the  end effector to rotate the end effector when
the drive shaft is in the first position, and wherein a  



distal end of the drive shaft engages a gear assembly to rotate the gear
assembly when the drive  shaft is in the second position, rotation of the
gear assembly being effective to advance a driver  disposed within the end
effector to fire at least one fastener from the end effector. 19. A method
for fastening tissue, comprising: inserting an elongate shaft into a body
lumen to position an end effector coupled to a  distal end of the elongate
shaft adjacent to tissue to be fastened, a proximal end of the elongate
shaft include a handle assembly movably coupled thereto; rotating a
rotatable member in a first position on the handle assembly to rotate the
end  effector about a longitudinal axis of the elongate shaft; and rotating
the rotatable member in a second position on the handle assembly to fire at
least  one fastener disposed within the end effector without rotating the
end effector. 20. The method of claim 19, further comprising moving a
translating member on the handle  assembly to close opposed jaws of the end
effector around tissue to be fastened. 21. The method of claim 19, wherein
the elongate shaft is flexible and is inserted  translumenally. -17 




