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Description

Field of the Invention

[0001] The present invention relates in general to sur-
gical instruments that are suitable for endoscopically in-
serting an end effector that is actuated by a longitudinally
driven firing member, and more particularly a surgical
stapling and severing instrument that has an articulating
shaft.

Background of the Invention

[0002] Endoscopic surgical instruments are often pre-
ferred over traditional open surgical devices since a
smaller incision tends to reduce the post-operative re-
covery time and complications. Consequently, significant
development has gone into a range of endoscopic sur-
gical 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.).

[0003] Positioning the end effector is constrained by
the trocar. Generally these endoscopic surgical instru-
ments include a long shaft between the end effector and
a handle portion manipulated by the clinician. This long
shaft enables insertion to a desired depth and rotation
about the longitudinal axis of the shaft, thereby position-
ing the end effector to a degree. With judicious placement
of the trocar and use of graspers, for instance, through
another trocar, often this amount of positioning is suffi-
cient. Surgical stapling and severing instruments, such
as described in U.S. Pat. No. 5,465,895, are an example
of an endoscopic surgical instrument that successfully
positions an end effector by insertion and rotation.
[0004] More recently, U.S. Pat. Serial No. 10/443,617,
"SURGICAL STAPLING INSTRUMENT INCORPORAT-
ING AN E-BEAM FIRING MECHANISM" to Shelton et
al., filed on 20 May 2003, and now published as US
6,978,921, describes an improved "E-beam" firing bar for
severing tissue and actuating staples. Some of the ad-
ditional advantages include affirmatively spacing the
jaws of the end effector, or more specifically a staple
applying assembly, even if slightly too much or too little
tissue is clamped for optimal staple formation. Moreover,
the E-beam firing bar engages the end effector and staple
cartridge in away that enables several beneficial lockouts
to be incorporated.

[0005] Depending upon the nature of the operation, it
may be desirable to further adjust the positioning of the
end effector of an endoscopic surgical instrument. In par-
ticular, it is often desirable to orient the end effector at
an axis transverse to the longitudinal axis of the shaft of
the instrument. The transverse movement of the end ef-
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fector relative to the instrument shaft is conventionally
referred to as "articulation". This is typically accom-
plished by a pivot (or articulation) joint being placed in
the extended shaft just proximal to the staple applying
assembly. This allows the surgeon to articulate the staple
applying assembly remotely to either side for better sur-
gical placement of the staple lines and easier tissue ma-
nipulation and orientation. This articulated positioning
permits the clinician to more easily engage tissue in some
instances, such as behind an organ. In addition, articu-
lated positioning advantageously allows an endoscope
to be positioned behind the end effector without being
blocked by the instrument shaft.

[0006] Approaches to articulating a surgical stapling
and severing instrument tend to be complicated by inte-
grating control of the articulation along with the control
of closing the end effector to clamp tissue and fire the
end effector (i.e., stapling and severing) within the small
diameter constraints of an endoscopic instrument. Gen-
erally, the three control motions are all transferred
through the shaft as longitudinal translations. For in-
stance, U.S. Pat. No. 5,673,840 discloses an accordion-
like articulation mechanism ("flex-neck") that is articulat-
ed by selectively drawing back one of two connecting
rods through the implement shaft, each rod offsetrespec-
tively on opposite sides of the shaft centerline. The con-
necting rods ratchet through a series of discrete posi-
tions.

[0007] Another example of longitudinal control of an
articulation mechanism is U.S. Pat. No. 5,865,361 that
includes an articulation link offset from a camming pivot
such that pushing or pulling longitudinal translation of the
articulation link effects articulation to a respective side.
Similarly, U.S. Pat. No. 5,797,537 discloses a similar rod
passing through the shaft to effect articulation.

[0008] In co-pending and commonly owned U.S. Pat-
ent Application Ser. No. 10/615,973, "SURGICAL IN-
STRUMENT INCORPORATING AN ARTICULATION
MECHANISM HAVING ROTATION ABOUT THE LON-
GITUDINAL AXIS", to Frederick E. Shelton IV et al, and
now published as US 7,111,769, a rotational motion is
used to transfer articulation motion as an alternative to
a longitudinal motion.

[0009] In the application entitled "SURGICAL STA-
PLING INSTRUMENT INCORPORATING AN E-BEAM
FIRING MECHANISM" to Shelton et al., Ser. No.
10/443,617, filed on 20 May 2003, and now published as
US 6,978,921, asurgical severing and staling instrument,
suitable for laparoscopic and endoscopic clinical proce-
dures, clamps tissue within an end effector of an elongate
channel pivotally opposed by an anvil. An E beam firing
bar moves distally through the clamped end effector to
sever tissue and to drive staples on each side of the cut.
The E-beam firing bar affirmatively spaces the anvil from
the elongate channel to assure properly formed closed
staples, especially when an amount of tissue is clamped
thatis inadequate to space the end effector. In particular,
an upper pin of the firing bar longitudinally moves through
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an anvil slot and a channel slot is captured between a
lower cap and a middle pin of the firing bar to assure a
minimum spacing. While this E-beam firing bar has a
number of advantages, additional features are desirable
to enhance manufacturability and to minimize dimension-
al variations.

[0010] Consequently, a significant need exists for a
surgical instrument with a firing bar that advantageously
assures proper spacing between clamped jaws of an end
effector and which facilitates articulation of its shaft.
[0011] US-A-5865361 discloses a surgical stapling de-
vice for endoscopic procedures comprising a housing
pivotally connected to a cartridge contained in a tool as-
sembly, said pivotal connection provided by members
which engage the distal portion of the housing to facilitate
pivotal articulation of the cartridge assembly relative to
the housing. A channel is defined in the housing for sli-
dably receiving a laminated drive assembly. A pair of
plates is positioned adjacent to the distal ends of the
housing and drive assembly to prevent outward bulging
of the latter during articulation of the assembly. An artic-
ulation member provided in the device enables the user
to pivotally articulate the tool assembly.

[0012] EP-A-0832605 discloses an articulating endo-
scopic cutter stapler. At its proximal end, the stapler has
a stationary hand grip for placement in the palm of the
hand, and pivoting clamping and firing triggers for re-
motely clamping tissue and firing staples into the
clamped tissue, respectively. An elongated endoscopic
shaft extends to the distal end, at which the stapler has
an end effector in the form of an endoscopic surgical
fastening assembly comprising an elongated anvil facing
an elongated channel adapted to receive a surgical car-
tridge containing a plurality of staples. The end effector
is responsive to closing and firing motions transferred
down the shaft. The anvil is pivotally coupled to the elon-
gate channel responsive to the closing motion from the
shaft. A flexible neck is provided between the elongated
channel and the shaft. Neck ribs, each having an interior
plate and an exterior dish, extend from a central longitu-
dinal rib separating a pair of flexible neck portions of the
assembly. A pair of transmission band assemblies, each
having an interior articulation band and an attached ex-
terior reinforcement band, reciprocate in opposite direc-
tions within side slots of the neck ribs in response to ac-
tuation of the articulation transmission assembly. The
central longitudinal rib separating the first and second
flexible neck portions has a central longitudinal slot pro-
viding a passage for stapler actuating members and a
knife blade for cutting the tissue between staple lines
during or after firing.

Brief Summary of the Invention

[0013] The invention overcomes the above-noted and
other deficiencies of the prior art by providing a firing
mechanism that affirmatively vertically spaces an end
effector of a surgical stapling and severing instrument.
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Thus, the instrument structurally assures adequate spac-
ing to achieve proper stapling, even in instances where
too little tissue is clamped in the end effector. Integrally
forming these features into an E-beam that includes a
cutting edge realizes consistent spacing and perform-
ance as the E-beam fires through an end effector such
as a severing and stapling assembly. Further, proximally
attaching a separate, thinned firing bar to the E-beam
enhances use in articulating surgical instruments where-
in reduced cross sectional area and the ability to flex in
a plane of articulation are desirable.

[0014] In one aspect of the invention, a surgical instru-
ment includes a handle portion operable to produce a
firing motion that actuates an implement portion. This
implement portion has an elongate channel that receives
a staple cartridge opposed by a pivotally attached anvil.
A firing device includes a distally presented cutting edge
longitudinally received between the elongate channel
and the anvil, an upper member engageable to the anvil
channel, alower member engaging the channel slot, and
a middle member operable to actuate the wedge sled,
which is integral to the staple cartridge. The middle mem-
ber advantageously opposes pinching of the end effector,
assuring proper staple formation even when an otherwise
too small amount of tissue has been clamped. These
spacing and cutting features are advantageously formed
into an E-beam while flexibility for articulation is provided
by a thinned firing bar attached to the E-beam.

[0015] These and other objects and advantages of the
present invention shall be made apparent from the ac-
companying drawings and the description thereof.

Brief Description of the Figures

[0016] The accompanying drawings, which are incor-
porated in and constitute a part of this specification, il-
lustrate embodiments of the invention, and, together with
the general description of the invention given above, and
the detailed description of the embodiments given below,
serve to explain the principles of the present invention.

FIGURE 1 is a perspective view of an endoscopic
surgical stapling instrument for surgical stapling and
severing in an open, unarticulated state.

FIGURE 2is a left, front perspective view of an open
staple applying assembly of the surgical stapling in-
strument of FIG. 1 with a right half portion of a re-
placeable staple cartridge included in a staple chan-
nel.

FIGURE 3 is an exploded perspective view of the
staple applying assembly of FIG. 2 with a complete
replaceable staple cartridge and an alternative non-
articulating shaft configuration.

FIGURE 4 is a perspective view of a two-piece knife
and firing bar ("E-beam") of the staple applying as-
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sembly of FIG. 2.

FIGURE 5 is a perspective view of a wedge sled of
a staple cartridge of the staple applying assembly of
FIG. 1.

FIGURE 6 is a left side view in elevation taken in
longitudinal cross section along a centerline line 6-6
of the staple applying assembly of FIG. 2.

FIGURE 7 is a perspective view of the open staple
applying assembly of FIG. 2 without the replaceable
staple cartridge, a portion of the staple channel prox-
imate to a middle pin of two-piece knife and firing
bar, and without a distal portion of a staple channel.

FIGURE 8 is a front view in elevation taken in cross
section along line 8-8 of the staple applying assem-
bly of FIG. 2 depicting internal staple drivers of the
staple cartridge and portions of the two-piece knife
and firing bar.

FIGURE 9 is a left side view in elevation taken gen-
erally along the longitudinal axis of line 6-6 of a
closed staple applying assembly of FIG. 2 to include
center contact points between the two-piece knife
and wedge sled but also laterally offset to show sta-
ples and staple drivers within the staple cartridge.

FIGURE 10 is a left side detail view in elevation of
the staple applying assembly of FIG. 9 with the two-
piece knife retracted slightly more as typical for sta-
ple cartridge replacement.

FIGURE 11 is a left side detail view in elevation of
the staple applying assembly of FIG. 10 with the two-
piece knife beginning to fire, corresponding to the
configuration depicted in FIG. 9.

FIGURE 12 is a left side cross-sectional view in el-
evation of the closed staple applying assembly of
FIG. 9 after the two-piece knife and firing bar has
distally fired.

FIGURE 13 is left side cross-sectional view in ele-
vation of the closed staple applying assembly of FIG.
12 after firing of the staple cartridge and retraction
of the two-piece knife.

FIGURE 14 is a left side cross-sectional detail view
in elevation of the staple applying assembly of FIG.
13 with the two-piece knife allowed to drop into a
lockout position.

FIGURE 15 is a top view in section taken along lines
15-15 of an articulation joint (flex neck) of the surgical
stapling instrument of FIG. 1.
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FIGURE 16 is a front view in elevation taken in ver-
tical cross section along lines 16-16 of the articula-
tion joint of FIG. 15, showing electroactive polymer
(EAP) plate articulation actuators and EAP support
plates for a firing bar.

FIGURE 17 is a top view in section along lines 15-15
of the articulation joint of FIG. 16 after articulation.

FIGURE 18 is a perspective view of the articulation
joint of FIG. 15.

Detailed Description of the Invention

[0017] In FIGS. 1-3, a surgical stapling instrument 10
has at its distal end an end effector, depicted as a staple
applying assembly 12, spaced apart from a handle 14
(FIG. 2) by an elongate shaft 16. The staple applying
assembly 12 includes a staple channel 18 for receiving
a replaceable staple cartridge 20. Pivotally attached to
the staple channel 18 is an anvil 22 that clamps tissue
to the staple cartridge 20 and serves to deform staples
23 (FIG. 3) driven up from staple holes 24 in the staple
cartridge 20 against staple forming recesses 26 (FIG. 6)
in an anvil undersurface 28 into a closed shape. When
the staple applying assembly 12 is closed, its cross sec-
tional area, as well as the elongate shaft 16 are suitable
for insertion through a small surgical opening, such as
through a cannula of a trocar (not shown).

[0018] With particular reference to FIG. 1, correct
placement and orientation of the staple applying assem-
bly 12 is facilitated by controls on the handle 14. In par-
ticular, a rotation knob 30 causes rotation of the shaft 16
about its longitudinal axis, and hence rotation of the sta-
ple applying assembly 12. Additional positioning is ena-
bled at an articulation joint 32 in the shaft 16 that pivots
the staple applying assembly 12 in an arc from the lon-
gitudinal axis of the shaft 16, thereby allowing placement
behind an organ or allowing other instruments such as
an endoscope (not shown) to be oriented behind the sta-
ple applying assembly 12. This articulation is advanta-
geously effected by an articulation control switch 34 on
the handle 14 that transmits an electrical signal to the
articulation joint 32 to an Electroactive Polymer (EAP)
actuator 36, powered by an EAP controller and power
supply 38 contained within the handle 14.

[0019] Once positioned with tissue in the staple apply-
ing assembly 12, a surgeon closes the anvil 22 by draw-
ing a closure trigger 40 proximally toward a pisyol grip
42. Once clamped thus, the surgeon may grasp a more
distally presented firing trigger 44, drawing it back to ef-
fect firing of the staple applying assembly 12, which in
some applications is achieved in one single firing stroke
and in other applications by multiple firing strokes. Firing
accomplishes simultaneously stapling of at least two
rows of staples while severing the tissue therebetween.
[0020] Retraction of the firing components may be au-
tomatically initiated upon full travel. Alternatively, a re-
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traction lever 46 may be drawn aft to effect retraction.
With the firing components retracted, the staple applying
assembly 12 may be undamped and opened by the sur-
geon slightly drawing the closure trigger 40 aft toward
the pistol grip 42 and depressing a closure release button
48 and then releasing the closure trigger 40, thereby re-
leasing the two stapled ends of severed tissue from the
staple applying assembly 12.

Staple applying assembly.

[0021] While an articulation joint 32 is depicted in FIG.
1, for clarity and as an alternative application, the surgical
stapling instrument 10 of FIGS. 2-14 omit an articulation
joint 32. It should be appreciated, however, that aspects
of the present invention have particular advantages for
articulation as described below with regard to FIGS.
15-18.

[0022] In FIGS. 1-3, the staple applying assembly 12
accomplishes the functions of clamping onto tissue, driv-
ing staples and severing tissue by two distinct motions
transferred longitudinally down the shaft 16 over a shaft
frame 70. This shaft frame 70 is proximally attached to
the handle 14 and coupled for rotation with the rotation
knob 30. An illustrative multi-stroke handle 14 for the sur-
gical stapling and severing instrument 10 of FIG. 1 is
described in greater detail in the co-pending and co-
owned U.S. patentapplication entitled "SURGICAL STA-
PLING INSTRUMENT INCORPORATING A MULTIST-
ROKE FIRING POSITION INDICATOR AND RETRAC-
TION MECHANISM" to Swayze and Shelton, Ser. No.
10/674,026, and now published as US 7,364,061, with
additional features and variation as described herein.
While a multi-stroke handle 14 advantageously supports
applications with high firing forces over a long distance,
applications consistent with the present invention may
incorporate a single firing stroke, such as described in
co-pending and commonly owned U.S. patent applica-
tion "SURGICAL STAPLING INSTRUMENT HAVING
SEPARATE DISTINCT CLOSING AND FIRING SYS-
TEM" to Frederick E. Shelton IV, Michael E. Setser, and
Brian J. Hemmelgam, Ser. No. 10/441,632 and now pub-
lished as US 7,000,818.

[0023] With particular reference to FIG. 3, the distal
end of the shaftframe 70 is attached to the staple channel
18. The anvil 22 has a proximal pivoting end 72 that is
pivotally received within a proximal end 74 of the staple
channel 18, just distal to its engagement to the shaft
frame 70. The pivoting end 72 of the anvil 22 includes a
closure feature 76 proximate but distal to its pivotal at-
tachment with the staple channel 18. Thus, a closure
tube 78, whose distal end includes a horseshoe aperture
80 that engages this closure feature 76, selectively im-
parts an opening motion to the anvil 22 during proximal
longitudinal motion and a closing motion to the anvil 22
during distal longitudinal motion of the closure tube 78
sliding over the shaft frame 70 in response to the closure
trigger 40.
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[0024] The shaft frame 70 encompasses and guides a
firing motion from the handle 14 through a longitudinally
reciprocating, two-piece knife and firing bar 90. In partic-
ular, the shaft frame 70 includes a longitudinal firing bar
slot 92 that receives a proximal portion of the two-piece
knife and firing bar 90, specifically a laminate tapered
firing bar 94. It should be appreciated that the laminated
tapered firing bar 94 may be substituted with a solid firing
bar or of other materials in applications not intended to
pass through an articulation joint, such as depicted in
FIGS. 2-14.

[0025] An E-beam 102 is the distal portion of the two-
piece knife and firing bar 90, which facilitates separate
closure and firing as well as spacing of the anvil 22 from
the elongate staple channel 18 during firing. With partic-
ular reference to FIGS. 3-4, in addition to any attachment
treatment such as brazing or an adhesive, the knife and
firing bar 90 are formed of a female vertical attachment
aperture 104 proximally formed in the E-beam 102 that
receives a corresponding male attachment member 106
distally presented by the laminated tapered firing bar 94,
allowing each portion to be formed of a selected material
and process suitable for their disparate functions (e.g.,
strength, flexibility, friction). The E-beam 102 may be ad-
vantageously formed of a material having suitable mate-
rial properties for forming a pair of top pins 110, a pair of
middle pins 112 and a bottom pin or foot 114, as well as
being able to acquire a sharp cutting edge 116. In addi-
tion, integrally formed and proximally projecting top guide
118 and middle guide 120 bracketing each vertical end
of the cutting edge 116 further define a tissue staging
area 122 assisting in guiding tissue to the sharp cutting
edge 116 prior to being severed. The middle guide 120
also serves to engage and fire the staple applying appa-
ratus 12 by abutting a stepped central member 124 of a
wedge sled 126 (FIG. 5) that effects staple formation by
the staple applying assembly 12, as described in greater
detail below.

[0026] Forming these features (e.g., top pins 110, mid-
dle pins 112, and bottom foot 114) integrally with the E-
beam 102 facilitates manufacturing at tighter tolerances
relative to one another as compared to being assembled
from a plurality of parts, ensuring desired operation dur-
ing firing and/or effective interaction with various lookout
features of the staple applying assembly 12.

[0027] In FIGS. 6-7, the surgical stapling instrument
10 is shown open, with the E-beam 102 fully retracted.
During assembly, the lower foot 114 of the E-beam 102
is dropped through awidened hole 130in the staple chan-
nel 18 and the E-beam 102 is then advanced such that
the E-beam 102 slides distally along a lower track 132
formed in the staple channel 18. In particular, the lower
track 132 includes a narrow slot 133 that opens up as a
widened slot 134 on an undersurface of the staple chan-
nel 18 toform an inverted T-shape in lateral cross section,
as depicted particularly in FIGS. 7 and 8, which commu-
nicates with the widened hole 130. Once assembled, the
components proximally coupled to the laminate tapered
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firing bar 94 do not allow the lower foot 114 to proximally
travel again to the widened hole 130 to permit disengage-
ment.

[0028] In FIG. 9, the laminate tapered firing bar 94 fa-
cilitates insertion of the staple applying assembly 12
through a trocar. In particular, a more distal, downward
projection 136 raises the E-beam 102 when fully retract-
ed This is accomplished by placement of the downward
projection 136 at a point where it cams upwardly on a
proximal edge of the widened hole 130 in the staple chan-
nel 18.

[0029] In FIG 10, the laminate tapered firing bar 94
also enhances operation of certain lockout features that
may be incorporated into the staple channel 18 by includ-
ing a more proximal upward projection 138 that is urged
downwardly, by the shaftframe 70 during an initial portion
ofthe firing travel. In particular, a lateral bar 140 is defined
between a pair of square apertures 142 in the shaft frame
70 (FIG. 3). A clip spring 144 that encompasses the lat-
eral bar 140 downwardly urges a portion of the laminate
tapered firing bar 94 projecting distally out of the longi-
tudinal firing bar slot 92, which ensures certain advanta-
geous lockout features are engaged when appropriate.
This urging is more pronounced or confined solely to that
portion of the firing travel when the upward projection
138 contacts the clip spring 144.

[0030] In FIGS. 6-7, the E-beam 102 is retracted with
the top pins 110 thereof residing within an anvil pocket
150 near the pivoting proximal end of the anvil 22. A
downwardly open vertical anvil slot 152 (FIG. 2) laterally
widens in the anvil 22 into an anvil internal track 154 that
captures the top pins 110 of the E-beam 102 as they
distally advance during firing, as depicted in FIGS. 9-10,
affirmatively spacing the anvil 22 from the staple channel
18. Thus, with the E-beam 102 retracted, the surgeon is
able to repeatably open and close the staple applying
assembly 12 until satisfied with the placement and ori-
entation of tissue captured therein for stapling and sev-
ering, yet the E-beam 102 assists in proper positioning
of tissue even for a staple applying assembly 12 of re-
duced diameter and correspondingly reduced rigidity.
[0031] In FIGS. 2-3, 5-6, 8-14, the staple applying as-
sembly 12 is shown with the replaceable staple cartridge
20 that includes the wedge sled 126. Longitudinally
aligned and parallel plurality of downwardly open wedge
slots 202 (FIG. 8) receive respective wedges 204 integral
to the wedge sled 126. In FIGS. 8-10, the wedge sled
126 thus cams upwardly a plurality of staple drivers 206
that are vertically slidable within staple driver recesses
208. In this illustrative version, each staple driver 206
includes two vertical prongs, each translating upwardly
into a respective staple hole 210 to upwardly force out
and deform a staple 23 resting thereupon against a staple
forming surface 214 (FIG. 10) of the anvil 22. A central
firing recess 216 (FIG. 3) defined within the staple car-
tridge 20 proximate to the staple channel 18 allows the
passage of the bottom, horizontal portion 218 (FIG. 5) of
the wedge sled 126 as well as the middle pins 112 of the
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E-beam 102. Specifically, a staple cartridge tray 220
(FIGS. 3, 8) attaches to and underlies a polymer staple
cartridge body 222 that has the staple driver recesses
208, staple holes 210, and central firing recess 216
formed therein. As staples 23 are thus formed to either
side, the sharp cutting edge 116 enters a vertical through
slot 230 passing through the longitudinal axis of the staple
cartridge 20, excepting only a most distal end thereof.
[0032] Firing the staple applying assembly 12 begins
as depicted in FIG. 10 with the two-piece knife and firing
bar 90 proximally drawn until the downward projection
136 cams the middle guide 120 on the E-beam 102 up-
ward and aft, allowing a new staple cartridge 20 to be
inserted into the staple channel 18 when the anvil 22 is
open as depicted in FIGS. 2, 6.

[0033] InFIG. 11, the two-piece knife and firing bar 90
has been distally advanced a small distance, allowing
the downward projection 136 to drop into the widened
hole 130 of the lower track 132 under the urging of the
clip spring 144 against the upward projection 138 of the
laminate tapered firing bar 94. The middle guide 120 pre-
vents further downward rotation by resting upon the
stepped central member 124 of the wedge sled 126, thus
maintaining the middle pin 112 of the E-beam within the
central firing recess 216.

[0034] InFIG. 12, the two-piece knife and firing bar 90
has been distally fired, advancing the wedge sled 126 to
cause formation of staples 23 while severing tissue 242
clamped between the anvil 22 and staple cartridge 20
with the sharp cutting edge 116. Thereafter, in Fig. 13,
the two-piece knife and firing bar 90 is retracted, leaving
the wedge sled 126 distally positioned.

[0035] InFIG 14,the middle pin 112 is allowed to trans-
late down into a lockout recess 240 formed in the staple
channel 18 (also see FIGS. 7, 10). Thus, the operator
would receive a tactile indication as the middle pin 112
encounters the distal edge of the lockout recess 240
when the wedge sled 126 (not shown in FIG. 14) is not
proximally positioned (i.e., missing staple cartridge 20 or
spent staple cartridge 20).

[0036] InFIG. 1, an articulation joint 32 is depicted that
advantageously benefits from the flexible strength of the
two-piece knife and firing bar 90. In FIGS. 15-18, the
articulation joint 32 is depicted as a flex neck joint 300
formed by vertebral column body 302 having laterally
symmetric pairs of arcing recesses 304 that allow artic-
ulation in an articulation plane. It is generally known to
simultaneously compress and expand respective lateral
sides 306, 308 by selective movement of control rods
(not shown) that longitudinally pass through the respec-
tive lateral sides 306, 308. Depicted, however, are EAP
plate actuators 310, 312, each capable of powered de-
flection to one or both lateral directions.

[0037] A central passage 320 (FIG. 16) defined longi-
tudinally through the vertebral column body 302 receives
a pair of support plates 322, 324 that prevent buckling
and binding of the laminate tapered firing bar 94. In the
illustrative version, each support plate 322, 324 has a
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proximal fixed end 326 (FIG. 15) and a sliding end 328
to accommodate changes in radial distance during artic-
ulation. Having a firing bar 94 of a thinner thickness is
thus supported.

[0038] While the presentinvention has been illustrated
by description of several embodiments and while the il-
lustrative embodiments have been described in consid-
erable detail, it is not the intention of the applicant to
restrict or in any way limit the scope of the appended
claims to such detail. Additional advantages and modifi-
cations may readily appear to those skilled in the art.
[0039] For example, while there are a number of ad-
vantages to having a wedge sled integral to a staple car-
tridge, in some applications consistent with aspects of
the present invention, the wedge sled may be integral
instead to an E-beam. Forinstance, an entire end effector
may be replaceable rather than just the staple cartridge.

Claims

1. A surgical instrument (10) for stapling and cutting
comprising:

ahandle portion (14) operable to produce afiring
motion and a closing motion; and

a staple applying assembly (12) for endo-surgi-
cal use responsive to the firing motions from the
handle portion (14), the staple applying assem-
bly (12) comprising:

a shaft (16) coupled to the handle portion
(14) operable to separately transfer the fir-
ing motion and the closing motion,

an elongate channel (18) coupled to the
shaft (16) and including a channelslot (230),
said elongate channel (18) suitable for en-
gaging a staple cartridge (20),

an anvil (22) pivotally coupled to the elon-
gate channel (18), responsive to the closing
motion from the shaft (16), and including an
anvil channel (154),

an articulation joint (32) proximally coupled
to the elongate channel (18) and distally
coupled to the shaft (16), said articulation
joint (32) having a vertebral column body
(302) with a central passage (320) defined
longitudinally therethrough,

characterized in that the staple applying
assembly (12) further comprises :

a two-piece firing bar (90) comprising:

afiring device (102) including adis-
tally presented cutting edge (116)
longitudinally received between
the elongate channel (18) and the
anvil (22), the firing device (102) in-
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cluding a lower portion (114) slid-
ingly engaged to the elongate
channel (18), an upper portion
(110) positioned to slidingly en-
gage the anvil (22) during firingand
a middle portion (120) operable to
engage andfire the staple applying
apparatus (12), engagement of the
firing device (90) to the elongate
channel (18) and the anvil (22)
maintaining a spacing therebe-
tween; and a flexible tapered lam-
inate firing strip (94) proximally at-
tached to the firing device (102) op-
erable to transfer the firing motion
to the firing device (102), and

a pair of support plates (322, 324) on
either side of the flexible tapered lami-
nate firing strip (94), said pair of support
plates (322, 324) housed in the central
passage (320) of the articulation joint
(32) each having a proximal end (326)
fixed onto the vertebral column body
(302) and a sliding end (328).

The surgical instrument (10) of claim 1, wherein the
anvil (22) forms a pivotal attachment to the elongate
channel (18) inwardly biased at respective distal
ends to assist the firing device (102) in affirmatively
spacing between the anvil (22) and elongate channel
(18) during firing.

The surgical instrument of claim 1, further comprising
a staple cartridge (20), wherein said staple cartridge
(20) includes a proximally opened slot (230) for re-
ceiving the cutting edge (116) of the firing device
(102), the staple cartridge (20) including a plurality
of staples (23) cammed upwardly by the distal lon-
gitudinal movement of the firing mechanism.

The surgical instrument of claim 3, wherein the staple
cartridge (20) further includes a plurality of drivers
(206) supporting the plurality of staples (23) and a
wedge sled (126) responsive to the distal longitudinal
movement of the firing mechanism to cam upwardly
thedrivers (206) and thus form the plurality of staples
(23) against the anvil (22).

The surgical instrument (10) of claim 3, wherein the
staple cartridge (20) is selected to have a thickness
for a desired spacing between the anvil (22) and
elongate channel (18) and staples (23) having a
length suitable for the desired spacing.

The surgical instrument (10) of claim 5, wherein the
wedge sled (126) comprises a plurality of connected
camming wedges (204) each having a preselected
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height configured for the selected staple cartridge,
the middle member (120) of the firing device (102)
oriented to abut the selected staple cartridge.

Patentanspriiche

Chirurgisches Instrument (10) zum Klammern und
Schneiden, umfassend:

einen Griffabschnitt (14), der dahingehend be-
tatigbar ist, eine Ausldsebewegung und eine
SchlieBbewegung zu erzeugen, und

eine Klammeranbringanordnung (12) fiir die en-
dochirurgische Verwendung, die auf die Auslo-
sebewegungen vom Griffabschnitt (14) reagiert,
wobei die Klammeranbringanordnung (12) Fol-
gendes umfasst:

einen an den Griffabschnitt (14) gekoppel-
ten Schaft (16), der dahingehend betéatigbar
ist, die Auslésebewegung und die
SchlieBbewegung getrennt zu Gbertragen,
einen langlichen Kanal (18), der an den
Schaft (16) gekoppelt ist und einen Kanal-
schlitz (230) aufweist, wobei der langliche
Kanal (18) geeignet ist, ein Klammermaga-
zin (20) in Eingriff zu nehmen,

einen Amboss (22), der schwenkbar an den
langlichen Kanal (18) gekoppelt ist, auf die
SchlieBbewegung vom Schaft (16) reagiert
und einen Ambosskanal (154) aufweist,
eine Gelenkverbindung (32), die proximal
an den langlichen Kanal (18) und distal an
den Schaft (16) gekoppeltist, wobei die Ge-
lenkverbindung (32) einen Wirbelsaulen-
korper (302) mit einem in Langsrichtung
dort hindurch definierten mittleren Durch-
gang (320) hat,

dadurch gekennzeichnet, dass die Klam-
meranbringanordnung (12) ferner Folgen-
des umfasst:

einen zweiteiligen Auslésestab (90),
der Folgendes umfasst:

eine Ausldsevorrichtung (102), die
einen distal angeordneten
Schneidrand (116) aufweist, derin
Langsrichtung zwischendemlang-
lichen Kanal (18) und dem Amboss
(22) aufgenommen ist, wobei die
Auslésevorrichtung (102) einen
unteren Abschnitt (114), der mit
dem langlichen Kanal (18) in Gleit-
eingriff steht, einen oberen Ab-
schnitt (110), der so positioniert ist,
dass er den Amboss (22) wéhrend

10

15

20

25

30

35

40

45

50

55

des Auslésens in Gleiteingriff
nimmt, und einen mittleren Ab-
schnitt (120) aufweist, der dahin-
gehend betatigbar ist, das Klam-
meranbringgerat (12) in Eingriff zu
nehmen und auszulésen, wobei
durch den Eingriff der Auslésevor-
richtung (90) in den langlichen Ka-
nal (18) und den Amboss (22) ein
Abstand dazwischen aufrechter-
halten wird, und

einen proximal an der Auslésevor-
richtung (102) angebrachten fle-
xiblen, sich verjingenden Ausl6-
sestreifen (94), der dahingehend
betatigbar ist, die Ausldsebewe-
gung auf die Ausldsevorrichtung
(102) zu Ubertragen, und

ein Paar Stitzplatten (322, 324) zu bei-
den Seiten des flexiblen, sich verjin-
genden Ausldsestreifens (94), wobei
das Paar Stltzplatten (322, 324), das
im mittleren Durchgang (320) der Ge-
lenkverbindung (32) untergebracht ist,
jeweils ein proximales Ende (326), das
am Wirbelsaulenkérper (302) befestigt
ist, und ein Gleitende (328) hat.

Chirurgisches Instrument (10) nach Anspruch 1, wo-
bei der Amboss (22) eine Schwenkanbringung am
Ianglichen Kanal (18) bildet, die an jeweiligen dista-
len Enden nach innen vorgespannt ist, um die Aus-
I6sevorrichtung (102) bei der sicheren Beabstan-
dung zwischen dem Amboss (22) und dem langli-
chen Kanal (18) wahrend des Ausldsens zu unter-
stutzen.

Chirurgisches Instrument nach Anspruch 1, ferner
umfassend ein Klammermagazin (20), wobei das
Klammermagazin (20) einen proximal gedffneten
Schlitz (230) zur Aufnahme des Schneidrands (116)
der Ausldsevorrichtung (102) aufweist, wobei das
Klammermagazin (20) eine Vielzahl von Klammern
(23) aufweist, die durch die distale Langsbewegung
des Auslésemechanismus nach oben aufgekantet
werden.

Chirurgisches Instrument nach Anspruch 3, wobei
das Klammermagazin (20) ferner eine Vielzahl von
Treibern (206), die die Vielzahl von Klammern (23)
stitzen, und einen Keilschlitten (126) aufweist, der
auf die distale Langsbewegung des Auslésemecha-
nismus reagiert, um die Treiber (206) nach oben auf-
zukanten und so die Vielzahl von Klammern (23) ge-
gen den Amboss (22) zu formen.

Chirurgisches Instrument (10) nach Anspruch 3, wo-
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bei das Klammermagazin (20) so gewahlt ist, dass
es eine Dicke fur einen gewlinschten Abstand zwi-
schen dem Amboss (22) und dem langlichen Kanal
(18) und Klammern (23) mit einer fiir den gewlinsch-
ten Abstand geeigneten Lange hat.

Chirurgisches Instrument (10) nach Anspruch 5, wo-
bei der Keilschlitten (126) eine Vielzahl von verbun-
denen Aufkantkeilen (204) umfasst, die jeweils eine
fur das gewahlte Klammermagazin konfigurierte vor-
gewahlte Hohe haben, wobei das mittlere Element
(120) der Auslésevorrichtung (102) so ausgerichtet
ist, dass es an das gewahlte Klammermagazin an-
stoRt.

Revendications

Instrument chirurgical (10) pour agrafer et découper,
comprenant :

une portion de poignée (14) apte a produire un
mouvement de tir et un mouvement de
fermeture ; etun ensemble d’application d’agra-
fes (12) pour une utilisation endo-chirurgicale
en réponse aux mouvements de tir de la portion
de poignée (14), l'ensemble d'application
d’agrafes (12) comprenant

une tige (16) accouplée a la portion de poi-
gnée (14), apte a transférer séparément le
mouvement de tir et le mouvement de fer-
meture,

un canal allongé (18) accouplé a la tige (16)
et comportantune fente de canal (230), ledit
canal allongé (18) étant approprié pour
s’engager avec une cartouche d’agrafes
(20),

une enclume (22) accouplée de maniere pi-
votante au canal allongé (18), réagissant au
mouvement de fermeture de la tige (16) et
comportant un canal d’enclume (154),

un joint d’articulation (32) accouplé en po-
sition proximale au canal allongé (18) etac-
couplé en position distale a la tige (16), ledit
joint d’articulation (32) ayant un corps de
colonne vertébrale (302) avec un passage
central (320) défini longitudinalement a tra-
vers lui,

caractérisé en ce que I'ensemble d’appli-
cation d’agrafes (12) comprend en outre :

une barre de tir en deux parties (90)
comprenant :

undispositifde tir (102) comportant
un bord de coupe se présentant en
position distale (116) recu longitu-
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dinalement entre le canal allongé
(18) et 'enclume (22), le dispositif
de tir (102) comportant une portion
inférieure (114) engagée par cou-
lissement avec le canal allongé
(18), une portion supérieure (110)
positionnée de maniere a s’enga-
ger par coulissement avec I'enclu-
me (22) au cours du tir et une por-
tion centrale (120) apte a s’enga-
ger avec et a déclencher le tir de
'appareil d’application d’agrafes
(12), 'engagement du dispositif de
tir (90) avec le canal allongé (18)
etl’'enclume (22) maintenantun es-
pacement entre eux ; et

une bande de tir en stratifié de sec-
tion conique flexible (94) attachée
en position proximale au dispositif
de tir (102) et apte a transférer le
mouvement de tir au dispositif de
tir (102), et

une paire de plaques de support (322,
324) de chaque cb6té de la bande de tir
en stratifié de section conique flexible
(94), ladite paire de plaques de support
(322, 324) étant recue dans le passage
central (320) du joint d’articulation (32),
chacune ayant une extrémité proxima-
le (326) fixée sur le corps de colonne
vertébrale (302) et une extrémité cou-
lissante (328).

Instrument chirurgical (10) selon la revendication 1,
dans lequel I'enclume (22) forme une fixation pivo-
tante au canal allongé (18) sollicitée vers l'intérieur
au niveau d’extrémités distales respectives de ma-
niere a aider le dispositif de tir (102) a produire un
espacement positif entre 'enclume (22) et le canal
allongé (18) au cours du tir.

Instrument chirurgical selon la revendication 1, com-
prenant en outre une cartouche d’agrafes (20), ladite
cartouche d’agrafes (20) comportant une fente
ouverte en position proximale (230), pour recevoir
le bord de coupe (116) du dispositif de tir (102), la
cartouche d’agrafes (20) comportant une pluralité
d’agrafes (23) déplacées vers le haut par engréne-
ment par le mouvement longitudinal distal du méca-
nisme de tir.

Instrument chirurgical selon la revendication 3, dans
lequel la cartouche d’agrafes (20) comportant en
outre une pluralité de dispositifs d’entrainement
(206) supportant la pluralité d’agrafes (23) et un cha-
rioten forme de cale (126) réagissant au mouvement
longitudinal distal du mécanisme de tir pour déplacer
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par engrénement vers le haut les dispositifs d’entrai-
nement (206) et ainsi déformer la pluralité d’agrafes
(23) contre I'enclume (22).

Instrument chirurgical (10) selon la revendication 3,
dans lequel la cartouche d’agrafes (20) est choisie
de maniére a avoir une épaisseur permettant un es-
pacement souhaité entre I'enclume (22) et le canal
allongé (18) et des agrafes (23) ayant une longueur
appropriée pour 'espacement souhaité.

Instrument chirurgical (10) selon la revendication 5,
dans lequel le chariot en forme de cale (126) com-
prend une pluralité de cales d’engrenement (204)
connectées ayant chacune une hauteur présélec-
tionnée configurée pour la cartouche d’agrafes sé-
lectionnée, 'organe central (120) du dispositif de tir
(102) étant orienté de maniére a buter contre la car-
touche d’agrafes sélectionnée.
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