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Description

Cross Reference to Related Applications

[0001] The present application is related to four co-
pending and commonly-owned applications, these four
applications being respectively entitled:

(1) "SURGICAL STAPLING INSTRUMENT HAV-
ING A SINGLE LOCKOUT MECHANISM" to Fred-
erick E. Shelton IV, Mike Setser, and Bruce Weisen-
burgh (EP 1479348)

(2) "SURGICAL STAPLING INSTRUMENT HAV-
ING SEPARATE DISTINCT CLOSING & FIRING
SYSTEMS" to Frederick E. Shelton, Mike Setser,
and Brian J. Hemmelgam; (EP 1479349)

(3) "SURGICAL STAPLING INSTRUMENT HAV-
ING A SPENT CARTRIDGE LOCKOUT" to Freder-
ick E. Shelton IV, Mike Setser, Bruce Weisenburgh
(EP 1479345); and

(4) "SURGICAL STAPLING INSTRUMENT HAV-
INGAFIRING LOCKOUT FOR AN UNCLOSED AN-
VIL" to Frederick E. Shelton IV, Mike Setser, and
Bruce Weisenburgh (EP 1479347).

Field of the Invention

[0002] The presentinvention relates in general to sur-
gical stapler instruments that are capable of applying
lines of staples to tissue while cutting the tissue between
those staple lines and, more particularly, to improve-
ments relating to stapler instruments and improvements
in processes for forming various components of such sta-
pler instruments.

Background of the Invention

[0003] Surgical staplers have been used in the prior
art to simultaneously make a longitudinal incision in tis-
sue and apply lines of staples on opposing sides of the
incision. Such instruments commonly include a pair of
cooperating jaw members that, if the instrument is intend-
ed for endoscopic or laparoscopic applications, are ca-
pable 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 in-
strument includes a plurality of reciprocating wedges
which, when driven distally, pass through openings in the
staple cartridge and engage drivers supporting the sta-
ples to effect the firing of the staples toward the anvil.

[0004] The simultaneous severing of tissue while form-
ing rows of staples on each side of the cut reduces bleed-
ing and simplifies the surgical procedure. However, an
appropriate amount oftissue should be clamped between
the jaws so that proper staple formation is achieved and
so that a cutting member does not bind or otherwise fail
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to fully cut the clamped tissue.

[0005] A stapling and severing instrument that main-
tains @ maximum jaw spacing is described in U.S. Pat.
No. 4,429,695. In particular, a central knife carrier has
an upper shoe that enters an upper passageway through
an opening when the upper jaw is closed and has a lower
shoe that is received within a lower passageway of the
lower jaw. Thus, as the knife carrier is advanced distally,
the shoes vertically and laterally position the upper and
lower jaws. U.S. Pat. No. 4,429,695 teaches that the
shoes are attached to the central knife carrier to resist
vertical deflection (opening) of the jaws during ejection
and forming of staples. As taught, the forces tend to ver-
tically open the jaws during stapling. However, no men-
tion is made of resisting forces that might be applied to
vertically close the jaws. Additionally, this reference
teaches that the device described therein is assembled
from two separate, unconnected elements that are
brought together and clamped onto tissue. The two ele-
ments form a device suitable only for an open procedure
that has no size limitations.

[0006] Increasingly, endoscopic and laparoscopic pro-
cedures are preferred over open procedures due to their
reduced post-operative recovery times and other advan-
tages. Endoscopic stapling and severing instruments use
along slender jaw member that tends to deflect upwardly
when clamped onto thick tissues. On thick tissue, this
upward deflection of the free (distal) end of the jaw can
cause differences in height of the formed staples as the
distal gap between the anvil and cartridge is larger than
the proximal gap. To ensure more uniform proximal to
distal staple formation, the anvil is frequently cambered
or bent inwardly toward the staple cartridge. This camber
is betterfor thick tissue and can cause tighter staple forms
at the distal end when used on thin tissue. To overcome
this tight distal closure, pins or bumps have been added
to the clamping surface of the cartridge adjacent to the
distal end of the cartridge. The closure of the anvil onto
the pin ensures a minimum gap at the distal end. How-
ever, surgeons were concerned about the pins or bumps
causing tissue trauma. What is needed is a mechanism
for maintaining a minimal gap between the anvil and car-
tridge and a mechanism for maintaining a maximum gap
between the anvil and cartridge.

[0007] Anexample of a surgical stapler suitable for en-
doscopic applications is described in U.S. Pat. No.
5,465,895, which advantageously provides distinct clos-
ing and firing actions. Thereby, a clinician is able to close
the jaw members upon tissue to position the tissue prior
to firing. Once the clinician has determined that the jaw
members are properly gripping tissue, the clinician can
then fire the surgical stapler, thereby severing and sta-
pling the tissue. The simultaneous severing and stapling
avoids complications that may arise when performing
such actions sequentially with different surgical tools that
respectively only sever or staple.

[0008] One specific advantage of being able to close
upon tissue before firing is that the clinician is able to
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verify via an endoscope that a sufficient amount of tissue
has been captured between opposing jaws. Otherwise,
opposing jaws may be drawn too close together, espe-
cially pinching at their distal ends, and thus not effectively
forming closed staples in the severed tissue. Moreover,
afiring bar that traverses between opposing jaws to sever
the tissue and to drive the wedges that drive the staples
may encounter resistance due to the pinched opposing
jaws.

[0009] Thus, while such surgical staplers have been a
significant advance in surgical procedures, an opportu-
nity has been recognized for enhancing their effective-
ness. In particular, it would be desirable to affirmatively
maintain proper spacing between the opposing jaws dur-
ing firing, both opening and closing deflections. In par-
ticular, endoscopic devices need to fit into an access de-
vice such a trocar, and must maintain a small shaft di-
ameter. To date, no endoscopic stapling device has been
provided that has room for a pair for longitudinal pas-
sageways for shoes on a cutter that resists both tensile
and compressive jaw loadings.

[0010] Furthermore, it is desirable to maintain other
advantages of U.S. Pat. No. 5,465,895 to include a
wedge sled integral to a staple cartridge, rather than hav-
ing camming surfaces attached to a cutter. Thereby, fab-
rication of the cutter is simplified, as is installation of the
staple cartridge. Significantly, an integral wedge sled
may be designed specifically for each size and applica-
tion of a staple cartridge, allowing the stapling and sev-
ering instrument increased number of uses. In particular,
the thickness of the staple cartridge may be based on
the desired tissue thickness. Also, the number and spac-
ing of rows of staples may vary.

[0011] US 6,109,500 is considered to represent the
closest prior art with respect to the present invention and
discloses a surgical device that applies parallel rows of
surgical fasteners to body tissue and concomitantly forms
an incision between the rows of staples during an endo-
scopic or laparoscopic surgical procedure.

[0012] This device is generally similar to the device of
the present invention, but the anvil slot does not define
upper and lower inner surfaces, nor is a middle member
disclosed which is slidable against the upper surface of
the elongate channel.

[0013] Consequently, a significant need exists for an
improved surgical stapling and severing instrument that
maintains proper spacing in its end effector to achieve
proper stapling of the severed tissue, yet retains the ad-
vantages of a staple cartridge having an integral wedge
sled.

Brief Summary of the Invention

[0014] 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.
Thus, the instrument structurally assures adequate spac-
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ing to achieve proper stapling, even in instances where
too little tissue is clamped in the end effector.

[0015] The present invention provides a surgical in-
strument as in appended claim 1.

[0016] 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

[0017] 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.

[0018] FIG. 1 depicts a partially cut-away side eleva-
tion view of a surgical stapling and severing instrument
in an open position.

[0019] FIG. 2 depicts a cross-sectional side elevation
detail view along the line 2-2 of FIG. 1 of an end effector
of the surgical stapling and severing instrument.

[0020] FIG. 3 depicts an enlarged side elevation view
of the firing bar of the surgical stapling and severing in-
strument of FIG. 2.

[0021] FIG.4 depicts anenlarged frontview of the firing
bar of the surgical stapling and severing instrument of
FIG. 2.

[0022] FIG. 5 depicts a cross-sectional side elevation
detail view of an alternative end effector for the surgical
stapling and severing instrument of FIG. 1, incorporating
afiring bar that lacks a middle pin for preventing pinching
of the end effector.

[0023] FIG. 6 depicts a side elevational view of a han-
dle portion of a proximal end of the surgical stapling and
severing instrument of FIG. 1 with a left side removed to
expose interior parts in an unclamped, unfired ("start")
position.

[0024] FIG. 7 depicts a perspective, exploded view of
the handle portion of the proximal end of the surgical
stapling and severing instrument of FIG. 1.

[0025] FIG. 8 depicts a side elevational view of the
handle portion of the proximal end of the surgical stapling
and severing instrument of FIG. 1 with the left side re-
moved to expose interior parts in the closed ("clamped")
position.

[0026] FIG. 9 depicts a side elevational view of the
handle portion of proximal end of surgical stapling and
severing instrument of FIG. 1 with the left side removed
to expose interior parts in the stapled and severed
("fired") position.

[0027] FIG. 10 depicts an isometric view of the end
effector at the distal end of the surgical stapling and sev-
ering instrument of FIG. 1 with the anvil in the up or open
position exposing the staple cartridge and cutting edge
of the firing bar.

[0028] FIG. 11 depicts an isometric, exploded view of
the implement portion of the surgical stapling and sever-
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ing instrument of FIG. 1.

[0029] FIG. 12 depicts an isometric view of the end
effector at the distal end of the surgical stapling and sev-
ering instrument of FIG. 1 with the anvil in the up or open
position with the cartridge largely removed exposing a
single staple driver and a double staple driver as exem-
plary and the wedge sled in its start position against a
middle pin of the firing bar.

[0030] FIG 13 depicts an isometric view of the distal
end of the surgical stapling and severing instrument of
FIG. 1 with the anvil in the up or open position with the
staple cartridge completely removed and a portion of an
elongate channel removed to expose a lowermost pin of
the firing bar.

[0031] FIG. 14 depicts a side elevation view in section
showing a mechanical relationship between the anvil,
elongate channel, and staple cartridge in the closed po-
sition of the surgical stapling and severing instrument of
FIG. 1, the section generally taken along lines 14-14 of
FIG. 10 to expose wedge sled, staple drivers and staples
but also depicting the firing bar along the longitudinal
centerline.

[0032] FIG. 15 depicts a section view of the end effec-
tor of the surgical stapling and severing instrument with
the cartridge and firing bar in the start position taken along
line 15-15 of FIG. 10.

[0033] FIG. 16 depicts a section view taken along line
16-16 of Fig. 15 showing the cross-sectional relationship
between the firing bar, elongate channel, wedge sled,
staple drivers, staples and staple cartridge.

[0034] FIG. 17 depicts a side elevation section view of
the surgical stapling and severing instrument of FIG. 1
taken along the longitudinal centerline of the end effector
in a partially closed but unclamped position gripping tis-
sue.

[0035] FIG. 18 depicts a partially cut-away side eleva-
tional view of the surgical stapling and severing instru-
ment of FIG. 1 in the closed or clamped position.
[0036] FIG. 19 depicts a side elevation view in center-
line section of the distal end of the surgical stapling and
severing instrument of FIG. 1 in the closed or clamped
position with tissue properly compressed.

[0037] FIG. 20 depicts a partially cut-away side eleva-
tion view of the surgical stapling and severing instrument
of FIG. 1 in a partially fired position.

[0038] FIG. 21 depicts a view in centerline section of
the distal end of the surgical stapling and severing instru-
ment of FIG. 1 in a partially fired position.

[0039] FIG. 22 depicts a partially cut-away side eleva-
tion view of the surgical stapling and severing instrument
of FIG. 1 in a fully fired position.

[0040] FIG. 23 depicts a view in centerline section of
the distal end of the surgical stapling and severing instru-
ment of FIG. 1 in a fully fired position.

Detailed Description of the Invention

[0041] Turning to the Drawings, wherein like numerals
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denote like components throughout the several views,
FIG. 1 and 2 depict a surgical stapling and severing in-
strument 10 that is capable of practicing the unique ben-
efits of the present invention. The surgical stapling and
severing instrument 10 incorporates an end effector 12
having an E-beam firing mechanism ("firing bar") 14 that
advantageously controls the spacing of the end effector
12. In particular, an elongate channel 16 and a pivotally
translatable anvil 18 are maintained at a spacing that
assures effective stapling and severing. The problems
are avoided associated with varying amounts of tissue
being captured in the end effector 12.

[0042] The surgical and stapling and severing instru-
ment 10 includes a handle portion 20 connected to an
implement portion 22, the latter further comprising a shaft
23 distally terminating in the end effector 12. The handle
portion 20 includes a pistol grip 24 toward which a closure
trigger 26 is pivotally drawn by the clinician to cause
clamping, or closing, of the anvil 18 toward the elongate
channel 16 of the end effector 12. A firing trigger 28 is
farther outboard of the closure trigger 26 and is pivotally
drawn by the clinician to cause the stapling and severing
of clamped tissue in the end effector 12.

[0043] It will be appreciated that the terms "proximal"
and "distal" are used herein with reference to a clinician
gripping a handle of an instrument. Thus, the end effector
12 is distal with respect to the more proximal handle por-
tion 20. It will be further appreciated that for convenience
and clarity, spatial terms such as "vertical" and "horizon-
tal" are used herein with respect to the drawings. How-
ever, surgical instruments are used in many orientations
and positions, and these terms are not intended to be
limiting and absolute.

[0044] Closure trigger 26 is actuated first. Once the
clinician is satisfied with the positioning of the end effector
12, the clinician may draw back the closure trigger 26 to
its fully closed, locked position proximate to the pistol grip
24.Then, thefiring trigger 28 is actuated. The firing trigger
28 springedly returns when the clinician removes pres-
sure. A release button 30 when depressed on the prox-
imal end of the handle portion 20 releases any locked
closure trigger 26.

[0045] A closure sleeve 32 encloses aframe 34, which
in turn encloses a firing drive member 36 that is posi-
tioned by the firing trigger 28. The frame 34 connects the
handle portion 20 to the end effector 12. With the closure
sleeve 32 withdrawn proximally by the closure trigger 26
as depicted, the anvil 18 springedly opens, pivoting away
from the elongate channel 16 and translating proximally
with the closure sleeve 32.

[0046] The elongate channel 16 receives a staple car-
tridge 37 that is responsive to the firing bar 14 to drive
staples into forming contact with the anvil 18. It will ap-
preciated that although a readily replaceable staple car-
tridge 37 is advantageously described herein, a staple
cartridge 37 consistent with aspects of the presentinven-
tion may be permanently affixed or integral to the elon-
gate channel 16, for instance when a larger portion of
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the end effector 12 is replaced after each firing.

[0047] E-BEAM FIRING MECHANISM

[0048] Of particular relevance to the presently claimed
invention and with particular reference to FIGS. 2-4, the
firing bar 14 includes three vertically spaced pins that
control the spacing of the end effector 12 during firing.
In particular, an upper pin 38 is staged to enter an anvil
pocket 40 near the pivot between the anvil 18 and elon-
gate channel 16. When fired with the anvil 18 closed, the
upper pin 38 advances distally within a longitudinal anvil
slot 42 extending distally through anvil 18. Any minor
upward deflection in the anvil 18 is overcome by a down-
ward force imparted by the upper pin 38.

[0049] Firing bar 14 also includes a lower most pin, or
firing bar cap, 44 that upwardly engages the elongate
channel 16, adjacent a channel slot 45 thereby cooper-
ating with the upper pin 38 to draw the anvil 18 and the
elongate channel 16 slightly closer together in the event
of excess tissue clamped therebetween.

[0050] The firing bar 14 advantageously includes a
middle pin 46 that passes through a firing drive slot 47
formed in a lower surface of the cartridge 37 and an up-
ward surface of the elongate channel 16, thereby driving
the staples therein as described below. The middle pin
46, by sliding against the elongate channel 16, advanta-
geously resists any tendency for the end effector 12 to
be pinched shut at its distal end. To illustrate an advan-
tage of the middle pin 46, FIG. 5 depicts an alternative
end effector 12’ that lacks a middle pin on a firing bar 14’.
In this depiction, the end effector 12’ is allowed to pinch
shut at its distal end, which tends to impair desired staple
formation.

[0051] ReturningtoFIGS. 2-4, adistally presented cut-
ting edge 48 between the upper and middle pins 38, 46
on the firing bar 14 traverses through a proximally pre-
sented, vertical slot 49 in the cartridge 37 to sever
clamped tissue. The affirmative positioning of the firing
bar 14 with regard to the elongate channel 16 and anvil
18 assure that an effective cut is performed:

[0052] CAMBERED ANVIL WITH SELECTED CAR-
TRIDGE GAP
[0053] The affirmative vertical spacing provided by the

E-Beam firing bar 14 is suitable for the limited size avail-
able forendoscopic devices. Moreover, the E-Beam firing
bar 14 enables fabrication of an anvil 16 with a camber
imparting a vertical deflection at its distal end, similar to
the position depicted in FIG. 5. This cambered anvil 16
advantageously assists in achieving the desired gap in
the end effector 12 even with an anvil 16 reduced thick-
ness, which is thus more suited to the size limitations of
an endoscopic device.

[0054] The E-Beam firing bar 14 further enables in-
creased applications, especially in combination with a
range of configurations of staple cartridges. Forinstance,
a clinician may select a gray staple cartridge yielding a
0.02 mm tissue gap, a white staple cartridge yielding a
0.04 mm tissue gap, a blue cartridge yielding a 0.06 mm
tissue gap, or a green cartridge yielding a 0.10 mm tissue
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gap. The vertical height of each respective staple car-
tridge in combination with the length of staples and an
integral wedge sled (described in more detail below) pre-
determines this desired tissue thickness with the anvil 18
appropriately vertically spaced by the E-Beam firing bar
14.

[0055] TWO-AXIS HANDLE

[0056] With reference to FIGS. 6-9, the handle portion
20 is comprised of first and second base sections 50 and
52, which are molded from a polymeric material such as
a glass-filled polycarbonate. The first base section 50 is
provided with a plurality of cylindrical-shaped pins 54.
The second base section 52 includes a plurality of ex-
tending members 56, each having a hexagonal-shaped
opening 58. The cylindrical-shaped pins 54 are received
within the hexagonal-shaped openings 58 and are fric-
tionally held therein for maintaining the first and second
base sections 50 and 52 in assembly.

[0057] Arotating knob 60 has abore 62 extending com-
pletely through it for engaging and rotating the implement
portion 22 about its longitudinal axis. The rotating knob
60 includes an inwardly protruding boss 64 extending
along at least a portion of the bore 62. The protruding
boss 64 is received within a longitudinal slot 66 formed
at a proximal portion of the closure sleeve 32 such that
rotation of the rotating knob 60 effects rotation of the clo-
sure sleeve 32. It will be appreciated that the boss 64
further extends through frame 34 and into contact with a
portion of the firing drive member 36 to effect their rotation
as well. Thus, the end effector 12 (not shown in FIGS.
6-9) rotates with the rotating knob 60.

[0058] A proximal end 68 of the frame 34 passes prox-
imally through the rotating knob 60 and is provided with
a circumferential notch 70 that is engaged by opposing
channel securement members 72 extending respectively
from the base sections 50 and 52. Only the channel se-
curement member 72 of the second base section 52 is
shown. The channel securement members 72 extending
from the base sections 50, 52 serve to secure the frame
34 to the handle portion 20 such that the frame 34 does
not move longitudinally relative to the handle portion 20.
[0059] The closure trigger 26 has a handle section 74,
a gear segment section 76, and an intermediate section
78. A bore 80 extends through the intermediate section
78. A cylindrical support member 82 extending from the
second base section 52 passes through the bore 80 for
pivotably mounting the closure trigger 26 on the handle
portion 20. A second cylindrical support member 83 ex-
tending from the second base section 52 passes through
a bore 81 of firing trigger 28 for pivotally mounting on the
handle portion 20. A hexagonal opening 84 is provided
in the cylindrical support member 83 for receiving a se-
curement pin (not shown) extending from the first base
section 50.

[0060] A closure yoke 86 is housed within the handle
portion 20 for reciprocating movement therein and serves
to transfer motion from the closure trigger 26 to the clo-
sure sleeve 32. Support members 88 extending from the
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second base section 52 and securement member 72,
which extends through a recess 89 in the yoke 86, sup-
port the yoke 86 within the handle portion 20.

[0061] A proximal end 90 of the closure sleeve 32 is
provided with a flange 92 that is snap-fitted into a receiv-
ing recess 94 formed in a distal end 96 of the yoke 86.
A proximal end 98 of the yoke 86 has a gear rack 100
that is engaged by the gear segment section 76 of the
closure trigger 26. When the closure trigger 26 is moved
toward the pistol grip 24 of the handle portion 20, the
yoke 86 and, hence, the closure sleeve 32 move distally,
compressing a spring 102 that biases the yoke 86 prox-
imally. Distal movement of the closure sleeve 32 effects
pivotal translation movement of the anvil 18 distally and
toward the elongate channel 16 of the end effector 12
and proximal movement effects closing, as discussed
below.

[0062] The closure trigger 26 is forward biased to an
open position by a front surface 130 interacting with an
engaging surface 128 of the firing trigger 28. Clamp first
hook 104 that pivots top to rear in the handle portion 20
about a pin 106 restrains movement of the firing trigger
28 toward the pistol grip 24 until the closure trigger 26 is
clamped to its closed position. Hook 104 restrains firing
trigger 28 motion by engaging a lockout pin 107 in firing
trigger 28. The hook 104 is also in contact with the closure
trigger 26. In particular, a forward projection 108 of the
hook 104 engages a member 110 on the intermediate
section 78 of the closure trigger 26, the member 110 be-
ing outward of the bore 80 toward the handle section 74.
Hook 104 is biased toward contact with member 110 of
the closure trigger 26 and engagement with lockout pin
107 in firing trigger 28 by a release spring 112. As the
closure trigger 26 is depressed, the hook 104 is moved
top to rear, compressing the release spring 112 that is
captured between a rearward projection 114 on the hook
104 and a forward projection 116 on the release button
30.

[0063] As the yoke 86 moves distally in response to
proximal movement of the closure trigger 26, an upper
latch arm 118 of the release button 30 moves along an
upper surface 120 on the yoke 86 until dropping into an
upwardly presented recess 122 in a proximal, lower por-
tion of the yoke 86. The release spring 112 urges the
release button 30 outward, which pivots the upper latch
arm 118 downwardly into engagement with the upwardly
presented recess 122, thereby locking the closure trigger
26 in a tissue clamping position, such as depicted in FIG.
8.

[0064] The latch arm 118 can be moved out of the re-
cess 122 to release the anvil 18 by pushing the release
button 30 inward. Specifically, the upper latch arm 118
pivots upward about pin 123 of the second base section
52. The yoke 86 is then permitted to move proximally in
response to return movement of the closure trigger 26.
[0065] Afiring trigger return spring 124 is located within
the handle portion 20 with one end attached to pin 106
of the second base section 52 and the other end attached
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to apin 126 on the firing trigger 28. The firing return spring
124 applies a return force to the pin 126 for biasing the
firing trigger 28 in a direction away from the pistol grip 24
of the handle portion 20. The closure trigger 26 is also
biased away from pistol grip 24 by engaging surface 128
of firing trigger 28 biasing front surface 130 of closure
trigger 26.

[0066] As the closure trigger 26 is moved toward the
pistol grip 24, its front surface 130 engages with the en-
gaging surface 128 on the firing trigger 28 causing the
firing trigger 28 to move to its "firing" position. When in
its firing position, the firing trigger 28 is located at an angle
of approximately 45° to the pistol grip 24. After staple
firing, the spring 124 causes the firing trigger 28 to return
to its initial position. During the return movement of the
firing trigger 28, its engaging surface 128 pushes against
the front surface 130 of the closure trigger 26 causing
the closure trigger 26 to return to its initial position. A stop
member 132 extends from the second base section 52
to prevent the closure trigger 26 from rotating beyond its
initial position.

[0067] The surgical stapling and severing instrument
10 additionally includes a reciprocating section 134, a
multiplier 136 and a drive member 138. The reciprocating
section 134 comprises a wedge sled in the implement
portion 22 (not shown in FIG. 6-9) and a metal drive rod
140.

[0068] Thedrive member 138includes firstand second
gear racks 141 and 142. A first notch 144 is provided on
the drive member 138 intermediate the first and second
gearracks 141, 142. During return movement of the firing
trigger 28, a tooth 146 on the firing trigger 28 engages
with the first notch 144 for returning the drive member
138 toits initial position after staple firing. A second notch
148 is located at a proximal end of the metal drive rod
140 for locking the metal drive rod 140 to the upper latch
arm 118 of the release button 30 in its unfired position.

[0069] The multiplier 136 comprises first and second
integral pinion gears 150 and 152. The firstintegral pinion
gear 150 is engaged with a first gear rack 154 provided
on the metal drive rod 140. The second integral pinion
gear 152 is engaged with the first gear rack 141 on the
drive member 138. The first integral pinion gear 150 has
a first diameter and the second integral pinion gear 152
has a second diameter which is smaller than the first
diameter.

[0070] FIGS. 6, 8 and 9 depict respectively the handle
portion 20 in the start position (open and unfired), a
clamped position (closed and unfired) and a fired posi-
tion. The firing trigger 28 is provided with a gear segment
section 156. The gear segment section 156 engages with
the second gear rack 142 on the drive member 138 such
that motion of the firing trigger 28 causes the drive mem-
ber 138 to move back and forth between a first drive
position, shown in FIG. 8, and a second drive position,
shown in FIG. 9. In order to prevent staple firing before
tissue clamping has occurred, the upper latch arm 118
on the release button 30 is engaged with the second
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notch 148 on the drive member 138 such that the metal
drive rod 140 is locked in its proximal-most position, as
depicted in FIG. 6. When the upper latch arm 118 falls
into the recess 122, the upper latch arm 118 disengages
with the second notch 148 to permit distal movement of
the metal drive rod 140, as depicted in FIG. 9.

[0071] Because the first gear rack 141 on the drive
member 138 and the gear rack 154 on the metal drive
rod 140 are engaged with the multiplier 136, movement
of the firing trigger 28 causes the metal drive rod 140 to
reciprocate between a first reciprocating position, shown
in FIG. 8, and a second reciprocating position, shown in
FIG. 9. Since the diameter of the first pinion gear 150 is
greater than the diameter of the second pinion gear 152,
the multiplier 136 moves the reciprocating section 134 a
greater distance than the drive member 138 is moved by
the firing trigger 28. The diameters of the first and second
pinion gears 150 and 152 may be changed to permit the
length of the stroke of the firing trigger 28 and the force
required to move it to be varied.

[0072] It will be appreciated that the handle portion 20
is illustrative and that other actuation mechanisms may
be employed. For instance, the closing and firing motions
may be generated by automated means.

[0073] SEPARATE AND DISTINCT CLOSING AND
FIRING END EFFECTOR

[0074] The end effector 12 of the surgical stapling and
severing instrument 10 is depicted in further detail in
FIGS. 10-16. As described above, the handle portion 20
produces separate and distinct closing and firing motions
that actuate the end effector 12. The end effector 12 ad-
vantageously maintains the clinical flexibility of this sep-
arate and distinct closing and firing (i.e., stapling and sev-
ering). In addition, the end effector 12 introduces the
aforementioned ability to affirmatively maintain the
closed spacing during firing after the clinician positions
and clamps the tissue. Both features procedurally and
structurally enhance the ability of the surgical stapling
and severing instrument 10 by ensuring adequate spac-
ing for instances where an otherwise inadequate amount
of tissue is clamped and to enhance the clamping in in-
stances where an otherwise excessive amount of tissue
has been clamped.

[0075] FIG. 10 depicts the end effector 12, which is in
an open position by a retracted closure sleeve 32, with
a staple cartridge 37 installed in the elongate channel
16. On a lower surface 200 of the anvil 18, a plurality of
stapling forming pockets 202 are arrayed to correspond
to a plurality of stapler apertures 204 in an upper surface
206 of the staple cartridge 37. The firing bar 14 is at its
proximal position, with the upper pin 38 aligned in a non-
interfering fashion with the anvil pocket 40. The anvil
pocket 40 is shown as communicating with the longitu-
dinal anvil slot 42 in the anvil 18. The distally presented
cutting edge 48 of the firing bar 14 is aligned with and
proximally from removed from the vertical slot 49 in the
staple cartridge 37, thereby allowing removal of a spent
cartridge and insertion of an unfired cartridge, which is
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snapfit into the elongate channel 16. Specifically, exten-
sion features 208, 210 of the staple cartridge 37 engage
recesses 212, 214 (shown in FIG. 12) of the elongate
channel 16.

[0076] FIG. 11 shows the implement portion 22 of the
surgical stapling and severing instrument 10 in disas-
sembled form. The staple cartridge 37 is shown as being
comprised of a cartridge body 216, a wedge sled 218,
single and double drivers 220, staples 222, and a car-
tridge tray 224. When assembled, the cartridge tray 224
holds the wedge sled 218, single and double drivers 220,
and staples 222 inside the cartridge body 216.

[0077] Having a wedge sled 218 integral to the staple
cartridge 37 enables a number of flexible design options
as compared to incorporating camming surfaces onto a
firing bar itself. For instance, a number of different staple
cartridges may be selected for use in the instrument 10
with each staple cartridge having a different configuration
of rows of staples, each thus having a unique wedge sled
configured to contact the middle pin 46 of the firing bar
14 while causing the driving of the staples 222. As an-
other example, the integral wedge sled 218 provides an
opportunity for a number of lockout features, described
in greater detail in the first and third aforementioned co-
pending applications.

[0078] The elongate channel 16 has a proximally
placed attachment cavity 226 that receives a channel
anchoring member 228 on the distal end of the frame 34
for attaching the end effector 12 to the handle portion 20.
The elongate channel 16 also has an anvil cam slot 230
that pivotally receives an anvil pivot 232 of the anvil 18.
The closure sleeve 32 that encompasses the frame 34
includes a distally presented tab 234 that engages an
anvil feature 236 proximate but distal to the anvil pivot
232 on the anvil 18 to thereby effect opening and closing
of the anvil 18. The firing drive member 36 is shown as
being assembled from the firing bar 14 attached to afiring
connector 238 by pins 240, which in turn is rotatingly and
proximally attached to the metal drive rod 140. The firing
bar 14 is guided at a distal end of the frame by a slotted
guide 239 inserted therein.

[0079] With particular reference to FIG. 12, a portion
of the staple cartridge 37 is removed to expose portions
of the elongate channel 16, such as recesses 212, 214
and to expose some components of the staple cartridge
37 in their unfired position. In particular, the cartridge
body 216 (shown in FIG. 11) has been removed. The
wedge sled 218 is shown at its proximal, unfired position
with a pusher block 242 contacting the middle pin 46 (not
shown in FIG. 12) of the firing bar 14. The wedge sled
218 is in longitudinal sliding contact upon the cartridge
tray 224 and includes wedges 228 that force upward the
single and double drivers 220 as the wedge sled 218
moves distally. Staples 222 (not shown in FIG. 12) resting
upon the drivers 220 are thus also forced upward into
contact with the anvil forming pockets 202 on the anvil
18 to form closed staples. Also depicted is the channel
slot 45 in the elongate channel 16 that is aligned with the
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vertical slot 49 in the staple cartridge 37.

[0080] FIG. 13 depicts the end effector 12 of FIG. 12
with all of the staple cartridge 37 removed to show the
middle pin 46 of the firing bar 14 as well as portion of the
elongate channel 16 removed adjacent to the channel
slot45 to expose the firing bar cap 44. In addition, portions
of the shaft 23 are removed to expose a proximal portion
of the firing bar 14. Projecting downward from the anvil
18 near the pivot, a pair of opposing tissue stops 244
prevent tissue being positioned too far up into the end
effector 12 during clamping.

[0081] FIG. 14 depicts the end effector 12 closed in a
tissue clamping position with the firing bar 14 unfired.
The upper pin 38 is in the anvil pocket 40, vertically
aligned with the anvil slot 42 for distal longitudinal move-
ment of the firing bar 14 during firing. The middle pin 46
is positioned to push the wedge sled 218 distally so that
wedge 228 sequentially contacts and lifts double drivers
220 and the respective staples 222 into forming contact
with staple forming pockets 202 in the lower surface 200
of the anvil 18.

[0082] FIG. 15 depicts the upper surface 206 of the
staple cartridge 37 with the firing bar 14 in its unfired,
proximal position. The stapler apertures 204 are arrayed
on each side of the vertical slot 49 in the staple cartridge
37.

[0083] FIG. 16 depicts the end effector 12 near the
pivot showing that the elongate channel 16 has opposing
ramp portions 246 to thereby cooperate with the tissue
stops 244 of the anvil 18 (not shown in FIG. 16) to prevent
tissue from jamming the end effector 12. Also depicted
in greater detail are the double drivers 220 and their re-
lation to the staples 222.

[0084] OPERATION

[0085] Inuse,the surgical stapling and severing instru-
ment 10 is used as depicted in FIGS 1, 2, and 17-23. In
FIGS. 1-2, the instrument 10 is in its start position, having
had an unfired, fully loaded staple cartridge 37 snap-fitted
into the distal end of the elongate channel 16. Both trig-
gers 26, 28 are forward and the end effector 12 is open,
such as would be typical after inserting the end effector
12 through a trocar or other opening into a body cavity.
The instrument 10 is then manipulated by the clinician
such that tissue 248 to be stapled and severed is posi-
tioned between the staple cartridge 37 and the anvil 18,
as depicted in FIG. 17.

[0086] With reference to FIGS. 18-19, next, the clini-
cian moves the closure trigger 26 proximally until posi-
tioned directly adjacent to the pistol grip 24, locking the
handle portion 20 into the closed and clamped position.
The retracted firing bar 14 in the end effector 12 does
not impede the selective opening and closing of the end
effector 12, but rather resides within the anvil pocket 40.
With the anvil 18 closed and clamped, the E-beam firing
bar 14 is aligned for firing through the end effector 12. In
particular, the upper pin 38 is aligned with the anvil slot
42 and the elongate channel 16 is affirmatively engaged
about the channel slot 45 by the middle pin 46 and the
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firing bar cap 44.

[0087] With reference to FIGS. 20-21, after tissue
clamping has occurred, the clinician moves the firing trig-
ger 28 proximally causing the firing bar 14 to move distally
into the end effector 12. In particular, the middle pin 46
enters the staple cartridge 37 through the firing drive slot
47 to effect the firing of the staples 222 (not shown in
FIGS. 20-21) via wedge sled 218 toward the anvil 18.
The lower most pin, or firing bar cap 44, cooperates with
the middle pin 46 to slidingly position cutting edge 48 of
the firing bar 14 to sever tissue. The two pins 44, 46 also
position the upper pin 38 of the firing bar 14 within lon-
gitudinal anvil slot 42 of the anvil 18, affirmatively main-
taining the spacing between the anvil 18 and the elongate
channel 16 throughout its distal firing movement.
[0088] WithreferencetoFIGS. 22-23, the clinician con-
tinues moving the firing trigger 28 until brought proximal
to the closure trigger 26 and pistol grip 24. Thereby, all
of the ends of the staples 222 are bent over as a result
of their engagement with the anvil 18. The firing bar cap
44 is arrested against a firing bar stop 250 projecting
toward the distal end of the channel slot 45. The cutting
edge 48 has traversed completely through the tissue.
The process is complete by releasing the firing trigger 28
and by then depressing the release button 30 while si-
multaneously squeezing the closure trigger 26 to open
the end effector 12.

[0089] While the presentinvention has beenillustrated
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.
[0090] Forexample, the affirmative spacing of the anvil
18 and elongate channel 16 is achieved in part with two
pins 44, 46 on the firing bar 14 engaging opposite sides
of a channel slot 47 and a single upper pin 38 entrained
within an anvil slot 42.

[0091] For another example, although the E-beam fir-
ing beam 14 has advantages for an endoscopically em-
ployed surgical severing and stapling instrument 10, a
similar E-Beam may be used in other clinical procedures.
It is generally accepted that endoscopic procedures are
more common than laparoscopic procedures. Accord-
ingly, the present invention has been discussed in terms
of endoscopic procedures and apparatus. However, use
herein of terms such as "endoscopic", should not be con-
strued to limit the present invention to a surgical stapling
and severing instrument for use only in conjunction with
an endoscopic tube (i.e., trocar). On the contrary, it is
believed that the present invention may find use in any
procedure where access is limited to a small incision,
including but not limited to laparoscopic procedures, as
well as open procedures.

[0092] For yet another example, although an illustra-
tive handle portion 20 described herein is manually op-
erated by a clinician, it is consistent with aspects of the



15 EP 1 479 346 B1 16

invention for some or all of the functions of a handle por-
tion to be powered (e.g., pneumatic, hydraulic, electro-
mechanical, ultrasonic, etc.). Furthermore, controls of
each of these functions may be manually presented on
a handle portion or be remotely controlled (e.g., wireless
remote, automated remote console, etc.).

Claims
1. A surgical stapling instrument (10) comprising:

ahandle portion (20) operable to produce a firing
motion;

an implement portion (22) responsive to the fir-
ing motions from the handle portion (20), the im-
plement portion (22) comprising:

an elongate channel (16) coupled to the
handle portion (20) and including a channel
slot (45),

a staple cartridge (37) received by the elon-
gate channel (16) and incorporating a prox-
imally positioned wedge member aligned to
cam upward a driver (220) supporting a sta-
ple (222),

an anvil (18) pivotally coupled to the elon-
gate channel (16) and including an anvil slot
(42) defining upper and lower inner surfaces
extending substantially along the longitudi-
nal length of the anvil (18),

afiring device including a distally presented
cutting edge (48) longitudinally received be-
tween the elongate channel (16) and the an-
vil (18), an upper member (38) comprised
of an upper pin slidably engageable with the
upper and lower inner surfaces of the anvil
channel (18), a lower member (44) upward-
ly engagable with the elongate channel (16)
adjacent the channel slot (45), and a middle
member (46) operable to actuate the staple
cartridge (37) by distally translating the
wedge member of the staple cartridge (37)
and slidable against an upper surface of the
elongate channel (16), such that the firing
device positively engages both the elongate
channel (16) and the anvil (18) during lon-
gitudinal firing travel to maintain vertical
spacing between the elongate channel (16)
and the anvil (18), thus resisting both a
pinching together and a forcing apart of the
elongate channel (16) and the anvil (18).

2. The surgical instrument of claim 1, wherein:
the handle portion is further operable to produce

a closing motion;
the implement portion is diametrically dimen-
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sioned for endo-surgical use, and the implement
portion further comprises:

a shaft coupled to the handle portion oper-
able to separately transfer the firing motion
and the closing motion; wherein

the elongate channel is coupled to the shaft,
and

the anvil is responsive to the closing motion
from the shaft.

The surgical instrument of claim 2, wherein the staple
cartridge includes a proximally opened slot for re-
ceiving the cutting edge of the firing device, the staple
cartridge including a plurality of staples arranged so
as to be cammed upwardly by the distal longitudinal
movement of the firing mechanism.

The surgical instrument of claim 3, wherein the staple
cartridge further includes a plurality of drivers sup-
porting the plurality of staples and the wedge mem-
ber comprises a wedge sled responsive to the distal
longitudinal movement of the firing mechanism to
cam upwardly the drivers and thus form the plurality
of staples against the anvil.

The surgical instrument of claim 3, wherein the
wedge member comprises a wedge sled (218) hav-
ing a plurality of connected camming wedges (228)
each having a preselected height configured for a
selected type of staple cartridge (37), the middle
member (46) of the firing device oriented to abut each
of the plurality of staple cartridge types.

Patentanspriiche

Chirurgisches Klammerinstrument (10), enthaltend:

einen Handgriff (20), mit dem eine Feuerbewe-
gung zu erzeugen ist;

einen Werkzeugabschnitt (22), der auf die Feu-
erbewegungen des Handgriffes (20) anspricht,
enthaltend:

einen langlichen Kanal (16), der an den Hand-
griff (20) gekuppelt ist, und einen Kanalschlitz
(45) aufweist,

eine Klammerpatrone (37), die von dem langli-
chen Kanal (16) aufgenommen ist, und ein pro-
ximal angeordnetes Keilteil aufweist, welches
so ausgerichtet ist, dak es einen Treiber (220)
nach oben driickt, welcher eine Klammer (222)
abstutzt,

einen Ambo0R (18), der schwenkbar an den lang-
lichen Kanal (16) gekuppelt ist, und einen Am-
boRschlitz (42) aufweist, welcher obere und un-
tere Innenseiten bildet, welche sich im wesent-
lichen entlang der in Langsrichtung gerichteten
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Lange des Ambosses (18) erstrekken,

eine Feuereinrichtung mit einer distal angeord-
neten Schneidkante (48), welche in Langsrich-
tung zwischen dem langlichen Kanal (16) und
dem AmboRl (18) aufgenommen ist, einem
Oberteil (38), welches einen oberen Stift auf-
weist, welcher gleitbar mit den oberen und un-
teren Innenseiten des AmbofRkanals (18) in Ein-
griff zu bringen ist, einem Unterteil (44), welches
nach oben mit dem langlichen Kanal (16) be-
nachbart zu dem Kanalschlitz (45) in Eingriff zu
bringen ist, und einem Mittelteil (46), mit dem
die Klammerpatrone (37) durch distales Uber-
tragen des Keilteils der Klammerpatrone (37)
und Gleiten gegen eine Oberseite des langli-
chen Kanals (16) zu betatigen ist, so dafl die
Feuereinrichtung wéahrend der langsgerichteten
Feuerbewegung sowohl mit dem langlichen Ka-
nal (16) als auch mit dem AmbofR (18) in Eingriff
ist, um einen vertikalen Zwischenraum bzw. Ab-
stand zwischen dem langlichen Kanal (16) und
dem Ambol} (18) aufrechtzuerhalten, und auf
diese Weise sowohl ein Aneinanderschlagen
als auch ein Auseinanderbewegen des langli-
chen Kanals (16) und des Ambosses (18) zu
verhindern.

2. Chir urgisches Instrument nach Anspruch 1, wobei:

der Handgriff weiterhin so zu betatigen ist, dal®
er eine SchlieBbewegung erzeugt;

der Werkzeugabschnitt diametral fiir einen en-
do-chirurgischen Gebrauch dimensioniert ist,
und weiterhin aufweist:

eine an den Handgriff gekuppelte Welle, mittels
welcher die Feuerbewegung und die SchlieRbe-
wegung separat zu Ubertragen sind; wobei

der langliche Kanal an die Welle gekuppelt ist,
und

der Ambof3 auf die SchlieRbewegung der Welle
anspricht.

Chir urgisches Instrument nach Anspruch 2, wobei
die Klammerpatrone einen proximal offenen Schlitz
zur Aufnahme der Schneidkante der Feuereinrich-
tung aufweist, und wobei die Klammerpatrone eine
Mehrzahl von Klammern aufweist, die so angeordnet
sind, daf sie durch die distale Langsbewegung der
Feuereinrichtung nach oben bewegt werden.

Chir urgisches Instrument nach Anspruch 3, wobei
die Klammerpatrone weiterhin eine Mehrzahl von
Treibern aufweist, welche die Mehrzahl von Klam-
mern abstitzt, und das Keilteil einen Keilschlitten
aufweist, welcher auf die distale Langsbewegung
der Feuereinrichtung anspricht, um die Treiber nach
oben zu bewegen, und somit die Mehrzahl von Klam-
mern gegen den Ambof} zu bewegen.
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5.

Chir urgisches Instrument nach Anspruch 3, wobei
das Keilteil einen Keilschlitten (218) aufweist, wel-
cher eine Mehrzahl von verbundenen Keilen (228)
aufweist, welche jeweils eine vorgewahlte Hohe auf-
weisen, welche fir einen ausgewahlten Typ einer
Klammerpatrone (37) ausgebildet ist, und wobei das
Mittelteil (46) der Feuereinrichtung so orientiert ist,
daB es an jede der mehreren Typen von Klammer-
patronen anschlagt.

Revendications

1.

Instrument d’agrafage chirurgical (10) comprenant:

une partie servant de poignée (20) actionnable
de fagon a produire un mouvement d’amorgage;
une partie d’exécution (22) répondant aux mou-
vements d’amorgage de la partie servant de poi-
gnée (20), la partie dexécution (22)
comprenant :

un canal allongé (16) couplé a la partie ser-
vant de poignée (20) et comprenant une
fente de canal (45),

une cartouche d’agrafes (37) regue par le
canal allongé (16) et comprenant un élé-
ment a clavette placé de fagon proximale,
aligné de fagon a mettre en prise vers le
haut, un pilote (220) soutenant une agrafe
(222),

une enclume (18) couplée de fagon a pivo-
ter, au canal allongé (16) et comprenantune
fente d’enclume(42) définissant des surfa-
ces internes supérieure et inférieure s’éten-
dant essentiellement le long de I'axe longi-
tudinal de I'enclume (18),

un dispositif d’amorgage comprenant un
bord coupant présenté sur le plan distal (48)
recu longitudinalement entre le canal allon-
gé (16) et 'enclume (18), un élément supé-
rieur (38) constitué d’'une broche supérieure
en prise de maniére a coulisser avec les
surfaces intérieures supérieure etinférieure
du canal de I'enclume (18), un élément in-
férieur (44) en prise vers le haut avec le ca-
nal allongé (16) adjacent a la fente de canal
(45) etun élément médian (46) fonctionnant
de maniére a actionner la cartouche d’agra-
fes (37) par translation distale de I'élément
a clavette de la cartouche d’agrafes (37) et
pouvant coulisser contre une surface supé-
rieure du canal allongé (16) de sorte que le
dispositif d’amorgage soit positivement en
prise avec a la fois le canal allongé (16) et
'enclume (18) pendant le déplacement
d’amorcage longitudinal pour maintenir un
espacement vertical entre le canal allongé
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(16) et I'enclume (18), résistant ainsi a la
fois a un pincement conjoint et a un forgage
séparé du canal allongé (16) etde I'enclume
(18).

Instrument chirurgical selon la revendication 1, dans
lequel :

la partie servant de poignée peut en outre étre
actionnée pour produire un mouvement de fer-
meture;

la partie d’exécution est diamétralement dimen-
sionnée pour une utilisation endo-chirurgicale
et la partie d’exécution comprend en outre :

une tige couplée a la partie servant de poi-
gnée, actionnable afin de transférer sépa-
rément le mouvement d’amorgage et le
mouvement de fermeture; dans lequel

le canal allongé est couplé a la tige, et
I'enclume répond au mouvement de ferme-
ture venant de la tige.

Instrument chirurgical selon la revendication 2, dans
lequel la cartouche d’agrafes comprend une fente
ouverte de fagon proximale pour recevoir le bord
coupant du dispositif d’amorgage, la cartouche
d’agrafes comprenant une pluralité d’agrafes dispo-
sées de fagon a étre en prise vers le haut par le
mouvement longitudinal distal du mécanisme
d’amorgage.

Instrument chirurgical selon la revendication 3, dans
lequel la cartouche d’agrafes comprend en outre une
pluralité de pilotes soutenant la pluralité d’agrafes et
I'élément a clavette comprend un traineau de cla-
vette répondant au mouvement longitudinal distal du
mécanisme d’amorgage pour mettre en prise vers le
haut des pilotes et former ainsi la pluralité d’agrafes
contre I'enclume.

Instrument chirurgical selon la revendication 3, dans
lequel I'élément a clavette comprend un traineau a
clavette (218) présentant une pluralité de clavettes
reliées en prise (228), chacune ayant une hauteur
présélectionnée, configurée pour un type choisi de
cartouche d’agrafes (37) I'élément médian (46) du
dispositif d’amorgage étant orienté de fagon a mettre
bout a bout chacun des multiples types de cartou-
ches d’agrafes.
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