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Fig.1A

(57) Abstract: A surgical instrument and method for forming a plurality of staples in tissue of a patient includes a body having a fir-
ing mechanism, a shaft assembly, an end effector with an anvil, and a cartridge received within the end effector that is operatively
connected to the firing mechanism. The cartridge includes a cartridge housing having a plurality of staple slots, a plurality of staples
respectively positioned within the plurality of staple slots, and a driver assembly. The driver assembly has a plurality of drivers re -
spectively supporting the plurality of staples within the plurality of staple slots. The firing mechanism is configured to selectively
move the plurality of drivers distally toward the anvil for forming the plurality of staples therebetween. At least one driver of the
plurality of drivers has a variable distal height relative to at least another driver of the plurality of drivers in a predetermined variable
height pattern.
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SURGICAL STAPLER WITH VARTABLE HEIGHT DRIVERS FOR UNIFORM STAPLE

[0601]

[0602]

FORMATION

ACKGROUND

Some surgical staplers are operable to clamp down on one or more layers of
patient tissue, form staples through the layers of tissue to substantially seal the layers of
tissue together near the formed staples, and cut through the layers of tissue for forming
severed ends of operatively sealed tissue. An exemplary stapling instrument may include
a pair of cooperating elongate jaw members, where each jaw member may be adapted to
be mserted into a patient and positioned relative to tissue that s to be stapled and/or
mcised. One of the jaw members may support a staple cartridge with at least two
laterally spaced rows of staples contained therein, and the other jaw member may support
an anvil with staple-forming pockets aligned with the rows of staples in the staple
cartridge. Generally, the stapling instrument may further include a pusher bar and a knife
blade that are slidable relative to the jaw members to sequentially or simultaneously eject
the staples from the staple cartridge via camming surfaces on the pusher bar and/or
cammuing surfaces on a wedge sled that s pushed by the pusher bar. The camming
surfaces may be configured to activate one or more staple drivers carried by the cartridge
and associated with the staples in order to push the staples against the anvil and form
laterally spaced rows of deformed staples in the tissue gripped between the jaw members.
Such rows may be arranged as linear rows and/or arcuate rows for sequentially or
simultaneocusly stapling and cutting the tissue of the patient in the form of a
predetermined pattern. The knife blade may trail the carmoming surfaces and cut the tissue

along a hinear or arcuate line between the rows of staples formed in the tissue.

Merely exemplary surgical staplers are disclosed in US. Pat No. 6,988,650,
entitled “Retaining Pin Lever Advancement Mechanism for a Curved Cutter Stapler,”
issued January 24, 2006; U.S. Pat. No. 7,134,587, entitled “Krufe Retraction Arm for a
Curved Cutter Stapler,” issued November 14, 2006, U.8. Pat. No. 7,147,139, entitled
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“Closure Plate Lockout for a Curved Cutter Stapler,” 1ssued December 12, 2006, U.S.
Pat. No. 7,147,140, entitled “Cartridge Retainer for a Curved Cutter Stapler,” issued
December 12, 2006; U.S. Pat. No. 7,204,404, entitled “Slotted Pins Guiding Knife in a
Curved Cutter Stapler,” ssued April 17, 2007, and U.8. Pat. No. 7,207,472, entitled
“Cartridge with Locking Knife for a Curved Cutter Stapler,” issued April 24, 2007, The
disclosure of each of the above-cited U.S. Patents 13 incorporated by reference herem.
Additional merely exemplary surgical staplers are disclosed m US. Pat. Pub. No.
2005/0139636, entitled “Replaceable Cartridge Module for a Surgical Stapling and
Cutting Instrument,” published on June 30, 2005; U.8. Pat Pub. No. 2005/0143759,
entitled “Curved Cutter Stapler Shaped for Male Pelvis,” published on June 30, 2005,
and U.S. Pat Pub. No. 2005/0145672, entitled “Curved Cutter Stapler with Aligned
Tissue Retention Feature,” published on July 7, 2005, The disclosure of each of the

above-cited U.8. Patent Publications is incorporated by reference herein.

A surgical stapler may be inserted into a patient to perform colorectal surgery.
Such procedures may include the use of the stapler to operatively seal, sever, and remove
the colon of the patient, in whole or 1 part. For instance, a proctocslectomy may be
performed during a lower anterior resection {(“LAR”) for treating and inhuibiting the
spread of colorectal cancer cells. Of course, surgical staplers may be used in various

other settings and procedures.

While various kinds of surgical stapling instruments and associated components
have been made and used, it is believed that no one prior to the inventor(s) has made or

used the mvention described in the appended claims.
BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in and constitute a part of
this specification, illustrate embodiments of the mvention, 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.
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[0006] FIG. 1A depicts a right front perspective view of an exemplary surgical stapling
mstrument with a pin actuation mechamism i an open position and a staple cartnidge

open position,

[0007] FIG. 1B depicts a night front perspective view of the surgical stapling instrument
of FIG. 1A with the pin actuation mechamsm in a closed position and the staple cartridge

i1 the open position;

[0008] FIG. 1C depicts a night front perspective view of the surgical stapling instrument
of FIG. 1A with the pin actuation mechanisin in the closed position and the staple

cartridge 1n a closed posttion via actuation of a closure mechanism;

[0009] FIG. 1D depicts a right front perspective view of the surgical stapling instrument
of FIG. 1A with the pin actuation mechanmism and the staple cartridge mn the closed

positions and a firing trigger in a fired posttion for stapling and cutting tissue of a patient;

{00018} FIG. 2A depicts a right side view of a handle assembly of the surgical stapling
mstrument of FIG. 14, with various components removed for clanty, and with the pin

actuation mechanism i a closed position and the staple cartridge in the open position;

{80011} FIG. 2B depicts a right side view of the handle assembly of the surgical stapling
mstrument of FIG. 1A, with vanous components removed for clarity, and with the pin
actuation mechanism in the closed posttion and the staple cartridge in the closed position

vig actuation of the closure mechanism;

{00012} FIG. 2C depicts a right side view of the handle assembly of the surgical stapling
mstrument of FIG. 1A, with vanious components removed for clarty, and with the pin
actuation mechanism and the staple cartridge m the closed positions and the firing trigger
m the fired position for stapling and cutting tissue of a patient;

{60013} FIG. 3 depicts a partially exploded right front perspective view of the surgical

stapling instrament of FIG. 1A showing the staple cartridge removed from a remainder of

an end effector;
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[00014] FIG. 4 depicts a right front perspective view of the staple cartridge of FIG. 3;

[00015] FIG. 5 depicts a rear perspective view of the staple cartridge of FIG. 3;

{80016} FIG. 6 depicts an exploded rear perspective view of the staple carinidge of FIG. 3;

{00817} FIG. 7A depicts a left side view of the end effector of FIG. 1A with various
components removed for clarity;

{00018] FIG. 7B depicts a left side view of the end effector of FIG. 1A with various

components removed for clarity, and with the pin actuation mechanism in a closed

position and the staple cartridge in the open posttion;

{00019] FIG. 7C depicts a left side view of the end effector of FIG. 1A with various
components removed for clarity, and with the pin actuation mechanism in the closed
position and the staple cartridge in the closed position via actuation of the closure

mechanism;

{00020] FIG. 7D depicts a left side view of the end effector of FIG. 1A with various
components removed for clarity, and with the pin actuation mechanism and the staple
cartridge in the closed positions and the firing trigger in the fired position for stapling and

cutting tissue of a patient;

{00021} FIG. 8 depicts a cross-sectional view of the end effector of FIG. 7D, taken along
section line 8-8 of F1G. 713,

{00022} FIG. 9 depicts an enlarged cross-sectional view of a portion of the end effector of
FIG §;
{00023] FIG. 10A depicts a left side view of the end effector of FIG. 1A, with various

components removed for clarity, with the staple cartridge returned to the open position

after actuating the firing trigger;

{00024] FIG. 10B depicts a left side view of the end effector of FIG 1A, with various

components removed for clarity, with the staple cartridge removed trom the remainder of
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[00025] FIG 11 depicts a right perspective view of another exemplary surgical stapling

mstrument;
[006026] FIG. 12 depicts a right side view of the surgical stapling instrument of FIG. 11;

{00027} FIG. 13 depicts a right side view of an end effector of the surgical stapling
mstrument of FIG. 11 with a pin actuation mechanism in a closed position and a staple

cartridge in a closed position;

[00028] FIG. 14 depicts the end effector of FIG. 13 having a staple driver assembly with

various components removed for clarity;

[00029] FIG. 15 depicts a right perspective view of the staple driver assembly of FIG. 14;

{00030} FIG. 16 depicts an upper side view of the staple driver assembly of FIG. 14;

{00031} FIG. 17 depicts a right side view of the staple driver assembly of FIG. 14;

{00032} FIG. 18 depicts a left side view of the staple driver assembly of FIG. 14;

{00033} FIG. 19 depicts a right perspective view of another exemplary staple driver
assembly;

{60034 FIG. 20 depicts an upper side view of the staple driver assembly of FIG. 19;

{B0035] FIG. 21 depicts a right side view of the staple driver assembly of FIG. 19;

{60036] FIG. 22 depicts a left side view of the staple driver assembly of FIG. 19;

{60037} FIG. 23 depicts a right perspective view of another exemplary staple driver
assembly;

{60038] FIG. 24 depicts an upper side view of the staple driver assembly of FIG. 23;

{06039} FIG. 25 depicts a right side view of the staple driver assembly of FIG. 23; and
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{00040} FIG. 26 depicts a left side view of the staple driver assembly of FIG. 23.
{00041} The drawings are not intended to be limiting 1n any way, and it 15 contemplated

that various embodiments of the invention may be carried out in a variety of other ways,
mcluding those not necessarily depicted n the drawings. The accompanying drawings
mcorporated tn and forming a part of the specification illustrate several aspects of the
present invention, and together with the description serve to explain the principles of the
mvention; it being understood, however, that this mvention 15 not limited to the precise

arrangements shown.
DETAILED DESCRIPTION

[00042] The following description of certain examples of the invention should not be used
to hmit the scope of the present mvention. Other examples, features, aspects,
embodiments, and advantages of the mvention will become apparent to those skilled n
the art from the following description, which s by way of illustration, one of the best
modes conternplated for carrving out the mvention.  As will be realized, the invention is
capable of other different and obvious aspects, all without departing from the invention.
Accordingly, the drawings and descriptions should be regarded as illustrative in nature

and not restrictive.

{60043 It 13 further understood that any one or more of the teachings, expressions,
embodiments, examples, etc. described herein may be combined with any one or more of
the other teachings, expressions, embodiments, examples, etc. that are described herein.
The following-described teachings, expressions, embodiments, examples, etc. should
therefore not be viewed in isolation relative to each other. Various suitable ways in
which the teachings herein may be combined will be readily apparent to those of ordinary
skill in the art in view of the teachings herem. Such modifications and variations are

mtended to be included within the scope of the claims.

{60044] For clarity of disclosure, the terms “proximal” and “distal” are defined herein

relative to a human or robotic operator of the surgical instrument. The term “proximal”
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refers the position of an element closer to the human or robotic operator of the surgical
mstrument and further away from the surgical end effector of the surgical mstrument.
The term “distal” refers to the position of an element closer to the surgical end effector of
the surgical 1nstrument and further away from the human or robotic operator of the
surgical instrument. 1t will be further appreciated that for convenience and clarity, spatial
terms such as “vertical,” “horizontal,” “lower,” “upper,” “front,” and “rear” are used
heremn with respect to the drawings. However, surgical mstruments are used m many

orientations and positions, and these terms are not intended to be linmting and/or

absolute.
[B0045] L Exemplary Surgical Stapler
{80046} FIG. 1A depicts an exemplary surgical staphing and severing mstrument {10) that

mchudes a handle assembly (12}, a shaft assembly (14}, and an end effector (16} distally
projecting from shaft assembly (14) It should be understood that terms such as
“proximal,” “distal,” “night,” and “left” are used herein with reference to a clinician
gripping handle assembly (12} of surgical stapling instrement (10). Thus, end effector
(16) is distal with respect to the relatively proximal handle assembly (14). Except as
otherwise described herein, mstrument {10) may be configured and operable n
accordance with at least some of the teachings of U.8. Pat Pub. No. 2005/0143759,
entitled “Curved Cotter Stapler Shaped for Male Pelvis,” published on June 30, 2005, the
disclosure of which ts mcorporated by reference herein; and/or U.S. Pat. Application No.
14/813,242 entitled “Surgical Instrument Comprising Systems for Assuring the Proper
Sequential Operation of the Surgical Instrument,” filed on July 30, 2015, the disclosure

of which is incorporated by reference herein.

{00047} Handle assembly (12) includes several actuation mechanisms for operating end
effector (16) during the surgical procedure. To this end, exemplary handle assembly (12)
includes a saddle shaped slide (18}, a closure trigger (20), and a firing trigger (22) in
communication with end effector (16} via shaft assembly {14). As shown in FIG 1A,

slide (18) and closure trigger (20} are in open configurations such that end effector (16) 15
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configured to receive fissue laterally within a gap (25) between an anvil (26) and a
cartridge (28} of end effector (16). Translating slide (18} distally toward end effector
(16} shides a retaining pin {30) of end effector distally as shown in FIG 1B for capturing
the tissue between anvil (26) and cartridge (28}, With respect to FIGS. 1C and 1D,
sequentially actuating closure trigger {20) and firing trigger (22) respectively compresses
the tissue between anvil {26) and cartridge (28} 1n a closed configuration and then forms
a plurality of staples {not shown) within the tissue and severs the tissue with a knufe (32)
{see FIG. 6} for treatment. Additional details regarding these exemplary actuation

mechanisms will be provided below in greater detail.
[60048] A Exemplary Handle Assembly and Shatt Assembly

{060049] As shown mn FIGS. TA and 24, handle assernbly (12} has a handle housing (34), a
pair of handle frame plates (35, 36) within handie housing (34) extending along shaft
assembly (14}, saddle shaped slide (18), closure trigger (20}, and firing trigger (22} as
briefly discussed above. Handle housing (34) defines a hand grip (38), which the
operator, such as a surgeon, grasps with the palm of at least one hand. Handle housing
(34) 1s formed by a right shroud handle portion (40} and a left shroud handle portion (42).
Closure trigger {20} is proximally positioned relative to firing trigger (22) and each are
pivotally mounted to frame plates (35, 36) to extend underneath a remainder of handle
assembly {12) for manipulation by the fingers of the operator. Closure and firing triggers
(20, 22} are shown in unactuated positions prior to closing end effector (16) and firing
staples {(not shown} and/or knife (32) (see FIG. 6). Consequently, cartridge (28) is

spaced from anvil (26} for recetving tissue within gap (25) therebetween.

{00050} Surgical stapling mstrument (10} captures tissue via a tissue retaining pin
actuation mechanism (37) prior to actuation of the closure and firing triggers (20, 22).
FI1G. 1A shows retaining pin actuation mechamsm (37), which includes slide (18), in the
open configuration, whereas FIG. 2A shows retaining pin actuation mechanism (37)
the closed configuration m greater detatl. With respect to FIG. ZA, shide (18) 15 mounted

on an upper surface of handle housing (34) and is configured to linearly translate



WO 2017/116784 PCT/US2016/067433

-9.

between proximal and distal positions. Slide (18) connects to posts (44), which extend
laterally outwardly from a push rod driver (46), through slots (48} (see FIG. 1A). Push
rod driver {40) 15 restrained within handle housing (34) along longitudinal movement by
slots (48}, Push rod driver {46) 15 connected to a proximal end of a push rod (30}, A
distal end of push rod (50) connects to retaining pin (30} {see FIG. 6} such that distal
movement of slide (13} causes push rod (50} to simularly shide proximally along shaft
assembly {14} for moving retaining pin (30) {see FIG 6) to the closed configuration,

which will be discussed below mn greater detail

{00051} A closure mechanism {52), which nclades closure trigger (20}, 15 configured to
selectively move cartridge (28} toward the tissue positioned between anvil (26} and
cartridge {28) m the closed configuration in anticipation of stapling and/or cutting the
tissue. Closure mechanism (52) further includes an elongated closure member (54), with
a generally U-shaped cross-section, extending distally from handle assembly (12),
through shaft assembly {14}, and into end effector {16) for receiving a cartridge (28} (see
FI1G. 3) at a distal end portion thereof as discussed below. A proximal end portion of
closure member {54} is operatively connected to closure trigger (20} by a plurality of
linkages configured to convert pivoting motion of closure trigger (20} into translation of
closure member (54). More particularly, the intermediate and proximal end portions of
closure member (54} extend through handle assembly (12) between left and right handle
trame plates (35, 36). Right and left closure links {56) are respectively pivotally attached
at the right and left proximal ends of closure member (54) by an integral closure link pin
{58). At an opposite end of the closure links (56), closure links {56} are pivotally
attached to another integral closure link pin (60). Closure link pin {60) connects closure
links (56} to a slotted closure arm hnk {(62), which s pivotally mounted to handle frame
plates (35, 36) at a closure trigger pin (64). Closure trigger (20) descends from the
slotted closure arm link {62} for pivotal rotation about closure trigger pivot pin (64) both
toward and away from hand grip (38). A closure spring (66) housed within hand
grip (38} is secured to the slotted closure arm link (62) to provide a desired resistance

when the operator squeezes closure trigger (20) toward hand grip (38), and to bias
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closure trigger (20) toward the open position.

{00052} Closure member (54} 1s further configured for directing movement of tissue
retaining pin actuation mechanism (37) to automatically direct movement of the retaining
pin {30} to the closed configuration while the operator squeezes closure trigger (20).
Such automation may be useful 1n the event that the operator did not manually move the
slide (18) to the distal posttion before actuating trigger {20). Closure member {54)
mcludes posts (68), which extend laterally on each opposing side of closure member (54)
within handle housing (34}, Posts (68) slidably connect to a yoke {70) via L-shaped slots
(72). Yoke {70} 1s prvotally rmounted within handle housing (34) by a pivot pin (74).
Yoke (70) further includes cam pins {76} that are configured to push camming surfaces
{78) on push rod driver (46). Thus, actuating closure trigger {20) to an intermediate
position shown in FIG. 2A directs the closure member (52) distally and, in turn, causes
voke (70} to engage push rod driver (46} and force retaining pin {30} (see FIG. 1B) to the
closed position. Shde (18) s thereby dragged along handle housing (34} from the
proximal position to the distal position in the event that the operator did not manually

manipulate slide (18} to the distal position before actuating trigger (20},

{60053 The operator further squeezes the closure trigger (20) to the hand grip (38) as
shown in FIGS. 1C and 2B to effectively set surgical stapling instrument (10} in the
closed configuration prior to forming the staples (not shown) and severing the tissue as
discussed briefly above. Exemplary handle assembly (12} 1s configured to form the
staples (not shown} and sever the tissue via a firing mechanism (80) upon operator
manipulation of firing trigger (22) toward closure trigger (20} as shown in FIGS. 1D and
2C. With respect to FIGS. 1C, 1D, 2B, and 2C, firing mechanism {80), which includes
firing trigger (22), has a firing bar (82} extending distally from handle assembly {12) and
within end effector (16). A distal end of firing bar {(82) cooperates with cartridge (28) as
discussed below in greater detail, whereas a proximal end of firing bar (82) 1s operatively

connected to firing trigger (80) for selective firing thereof.

{00054] Firing bar (82} has a rectangular receiving slot {(84) {see FIG. ZA) in a portion of
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firing bar (82) positioned within handle housing (34). Integral closure link
pin {58} extends through receiving slot(84). The underside of the proximal end
portion of firing bar (82) has a sliding surface (86}, The proximal end portion of firing
bar (823 also has a termunal side engagement surface {82) extending from shiding
surface {86}, Firing trigger {22) 1s pivotally mounted to handle frame plates (35, 36) by a
firing trigger pin (90} spaced from closure trigger pin (64 such that each of pins {90, 64)
pivot about mutually independent axes. Firing trnigger (22) includes an arcuate firing
trigger link (92} extending from firmg tnigger (223 at firmg trigger pin (90) to an
apex (94), which rests on shliding surface (86) of the proximal end portion of firing
bar (82}, Within handle assembly {12}, fining trigeger (22} 15 attached to firing trigger
spring arms {95, 96), respectively. Firing trigger spring arms (95, 96) support a torsion
spring {not shown) on the right half of finng trigger (22). Finally, a firing bar return
spring (98) 1s secured to the underside of firing bar (82)at the portion of finng
bar (82} within handle assembly {(12}to bias firing bar (82} toward its unactuated

position.

{B0055] As the operator squeezes closure trigger {20} toward hand grip (38}, slotted
closure arm link (62} and closure links (56} move distally within receiving slot (84) of
firing bar (82). This distal movement causes closure member (54} to correspondingly
move distally. Likewise, firing bar (82) concurrently moves distally with closure
member (54), because integral closure link pin (58), to which closure links (56) are
attached, extends through recetving slot (84) in firing bar {(82) (see FIG. 2A). Thereby,
firing bar (82) 1s forced distally to form the staples {(not shown) in the tissue and/or sever
the tissue with knife (32) (see FIG. 6). Fmally, the operator may fully squeeze firing
trigger (22) toward hand grip (38) to “fue” surgical stapling instrument (10} and force
firing bar (82) further distally to form the staples (not shown) and sever the tissue. This
distal movement of firing bar (82) may also be referred to herein as “firing” the firing bar

(82} to the actuated or “fired” position.

{00036} Upon operator release of one or both of closure and firing triggers (20, 22) while
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one or both of triggers (20, 22) is/are in a fired position, or n an intermediate position
between the unactuated and fired positions, surgical staphing instrument (10} may be
further configured to releasably lock i one of a variety of configurations. The operator
may then release the hand grip (38) to free one or more hands for another task during the
surgtcal procedure and, when desired, release surgical stapling instrument (10} from s
tocked position by release button (24). By way of example, surgical stapling instrument
(10) has an mtermediate closure detent position and a closure detent position. With
respect to FIGS. 2A-2C, the top side of the slotted closure arm bink (62) has a clamp
sliding surface (102) that  displays an  intermediate detent{104)and a closure
detent (106). A release pawl (108) slides on clamp sliding surface {102} and may engage
intermediate and closure detents {104,106). Release pawl (108} has a laterally extending

pawl lug (110} at 1ts distal end.

{60037} Release pawl (108} 1s located within handle assembly (12} and is integrally
formed with release button (24), which is situated exterior of handle housing (34) for
manipulation by the operator. Release button (24} has a thumb rest (112} prvotally
attached to handle housing (34) by a release trunnion (114} Release bution (24) 15
biased outwardly from handle housing (34} and, therefore, release pawl (108} 15 biased
downwardly toward clamp sliding surface (102) by a release spring (116). Release
spring {116} s mounted to handle housing (34) by a spring retention pin (118} and is
mounted to release button (24) by a button spring post {120).  Slotted closure arm
link (62) has an arcuate recess (122)located between intermediate and closure
detents (104, 106). Resting within arcuate recess (122} for rotational movement are
mtegrally connected left and right hand toggles (124). Each toggle (124) has a toggle

arm (126) that is engageable with pawl lug (110).

[00058] In order to releasably lock handle assembly (12}, toggle arms (126} from pawl
lug (110} disengage from pawl lug (110} as closure trigger {20} 18 squeezed toward hand
grip {38y, Consequently, as toggle (124) continues to rotate in a clockwise direction,

release pawl lug (108) rides up toggle arms (126} and, with continued motion of closure
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trigger (20), falls into one of mtermediate and closure detents (104, 106), depending on
the position of closure trigger (20) n use.  As release pawl (108) rides up toggle
arm (126}, release pawl (108) rotates release button (24) clockwise.  Release pawl
(108) thereby falls nto one of intermediate and detents (104, 106) and generates an
audible clicking sound alerting the surgeon that one of the mtermediate and closure

positions have been reached.

[00059] In order to release handle assembly (12) from the wntermediate or closure
positions discussed herein, the surgeon depresses release button (24). In turn, release
pawl {108) pivots about release trunnion (114} in a clockwise direction to dislodge pawl
hug (110} from one of the intermediate and closure detents (104, 106). As pawl tug (110)
ts dislodged, pawl tug (110) rides on toggle arms {126) to another posttion, such as the
unactuated position. Therefore, the operator may release closure and firing triggers (20,

22} such that each may return to the unactuated positions FIG. 1A and FIG. 3.

[006060] Surgical stapling instrument (10) of the present example mcludes each of handle
frame plates {35, 36), push rod (50}, closure member (54), and firing bar (82) extending
continuously from handle assembly (12} to end effector {16), thereby defining shaft
assembly {14} extending therebetween. Handle frame plates (35, 36), push rod (50},
closure member (54), and firing bar (82} of surgical stapling instrument (10} provide
merely a subset of elongated components extending distally from handle assembly (12)
as shaft assembly (14). Alternatively, shaft assembly (14) may mclude additional
components, such as an articulating joint, or may include a rearrangement of various
components such that shaft assembly (14) may be modular relative to handle assembly
(12). Inany case, it will be appreciated that the invention is not intended to be limited to
shaft assembly (14} described herein, and may include various alternative arrangements
tor operatively connecting end effector {16} to handle assembly (12}, Of course, handle
assembly (12} and shaft assembly (14} may have a variety of other components, features,
and operabilities, in addition to or in hieu of any of those noted above. Other suitable

configurations for handle and shaft assemblies (12, 14) will be apparent to those of
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ordinary skill in the art in view of the teachings herein.

{00061} B. Exemplary End Effector
{00062} As also shown in FIGS. 3-5 and discussed briefly above, end effector (16} of the

present example includes anvil (26), replaceable cartridge (28) including a plurality of
staples {(not shown)} and kmfe (32) (see FIG. 6), and retainer pin (30}, While end
effector (16} of the present example 15 adapted for use in conyunction with replaceable
cartridge (28) having various components, it will be appreciated that the concepts
underlying the present invention could be applied to a varety of end effector and

cartridge constructions for treating the patient.

{00063] End effector (16} provides a surgical fasterung assembly that mcludes cartridge
{28} recerved within a U-shaped supporting structure €128} The term C-shaped 13 used
throughout  the  specification  fo describe  the concave nature of  supporting
structore {128y and  cartridge (28} The C-shaped construction faciditates enhanced
functionahty and access (o tissue within the patient. The term “{C-shaped” as used heremn
should be construed to mclade a vanety of concave shapes that would simidarly enhance
the functionality of surgical stapling and culting instruments. By way of example only,
the {"-shape of supporting structure {128} may be sized to promote access to the lower
colon within the pelvic bowl of a patient, such as to perform a LAR in a proctocolectomy

procedure.

{00064 Supporting struciure {128) of end effecior {16} 15 respectively atiached to handie
frame plates (35, 363 of shaft assembly {14) by a shoulder srivet (129 and
posts {130} which extend from supporting structure {128} mite recenving holes 1 handle
frame plates (35, 36} The distal end of closure member (54) 15 disposed 1o receive
cartridge {28} thereon for directing cartridge (28} to the closed configuration. Upon
return of cariridge {28} from the closed configuration 1o the open configuration, cartridge
{28} further includes a safety lockout mechanism {131} {see FIG 7A} configured to
inhibit madvertently re-firing cartridge (283 Safety lockout mechanism (131} will be

discussed below in additional detail
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[00065] Cartridge (28} inchudes anvil {26) conpled 1o a cartridge housing {132 Carnidge
{28} also wcludes retaming pin (30) and a tesue coutacting surface (34}, which defines a
phurabity of staple-contaming slots (136} mn staggered formation m one or more rows on
either side of kmie (32) (see FIG &) Staples {pot shown} are fired from cartridge
housmg (132} agamst a staple-formmg surface (138 of anvid (26} that faces tissue-
contacting surface {134} of cartridge housing (132}, Cartnidge (28) may also include a
removable retaner {not shown) for storage between anvil {26} and tissue countacting
surface (34} prior to andVor after use i order to bt vointended contact with vanous

portions of carirdge {28}

{80866} As shown in FIGS. 4-6, cartridge (28} includes a staple driver assembly {140}
within cartridge housing (132} and proximally positioned behind the pluraluy of staples
{not shown} within staple-contaming slots (136} Driver assembly {140} of the present
example 18 formed as a unitary structure of a plurality of staple drivers {141} Thus, the
term “assembly” 8 not infended to be limited to an assembly of individeal components,
but may also inchede integrally formed components with umiary structures.  Driver
assembly (140} 13 configured to push the staples (not shown) respectively oot of siaple
contairung slots (136} and toward anvil {20} for formation. A kmfe holder (142} 1s
disposed immediately proximal of driver assembly (140} in cartridge housing {132) and
defines a  slot{iddyand ledge (140} for imteraction with a  kmife  retractor
hook {148} {see FIG. 10B}), which is discussed below in greater detail  Knmife
holder (142} 15 attached to kiufe (32} such that knife (32} extends distally from kmufe
holder (142 through a slot {150y m  driver assembly {(140)and through another
slot {152} 1o cartridge housing (132). Although kmife (32} 15 disclosed as hemng within
caritidge housing {132} 1n the present example, other configurations may also be used.
For example, 1t will be gappreciated that canndge (28) may aliernavvely not include krute

{32} for abieroative treatroents,

[06067] Kuoife holder (142) has a detent post {(1534) that extends through g sl (1533

cartridge housing {132} Detent post {154} 15 postioned i order to contact a detent
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protrusion {136} of carndge slot {1551 duning the longiudmal travel of krute (132} and
bfe holder (142}, Swularly, driver assembly {1403 has a detent post {158} positioned

order (o contact proximal and distal detent protrosions {159, 160} of cartridge slot {135}

{00068] Eyufe (32} and slots (150, 152} are posttioned such that there 15 at least one row of
stapies (not shown) on either side of knife (132} Tu some verstons, two rows of staple
slots {1363 comtaning respective rows of staples (not shown) are provided on each side of

slot {152} of cartridge housing (132}

[60069] Cartridge housing (132} defines two longiudinally extending, generally circular
holes (162, 164} at respective ends of kufe slot {152} More parbiculardy, hole (1623 at a
tower portion of cartridge housing {1323 13 shaped and dimensioned to recetve a guide
pin {166} through cartridge housing (1323 Hole (164} at an upper portion of cartnidge
housing {132} 18 shaped and dimensioned 1o shidably receive retaming pin (30} through
cartridge housing {132). Staple slots (136} of the present example are arranged such that

the staples (not shown) laterally extend past the generally cucnlar holes (162, 164}

{B0G70] Arnvil (26} of the present example meludes a plastic cotting washer (168} and a
metailic staple-forming surface (138). Anvil (26} 15 disposed to mainiain staple-formung
surface {1383 m alignment with the staples (not shown) 1o receive and form the staples
{not shown) thereon.  Retainmg pin 30} 1s connected to a couplet {170} by a
circumferential slot €172} m retatning pin (30} and & groove {not shown} m couplet {176}
Couplet {170} 1s disposed within an arm {176} of cartridge housing (132} and 18 secured

to arm {1763 by an end cap (178}

{00071} Guide min (1663 and retaming pin (30 include respective slots {180, 182) (see
also FIGS. 8-9) mto which lowsr and apper ends (184, 180) of kmufe (32} are slidably
disposed. A proximal end {188) of guide pin (166} 13 connecied to anvil {263, whereas a
distal end (190} of guide pin (166 extends from cartridge housing (132} and axiends
through a shot{192)m anvil (263  Cutiing washer (168 ships onto anvil {263 via
groove {194y Thereby, cutting washer (168} s configured to trap guide pin {166) n the

opening formed by slot {1921 in anvil {28} and a cutting surface {157} of anvil {25} for
{ 2 3 £ ) g (£ gas)
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connecting anvit (26} to cartndge housing {132),

{00072} Lockout mechamism {131} 15 shown i FIGG. 7A i greater detarl  Lockout
mechanism {131} 18 configured to whibit full proxumal movement of cartnidge housing
{132} 1o is unactated position after finng. To this end, lockout mechanism (131} of the
present example inclhudes a lockout tever (196} that o pivotally mounted to the distal
end of closure member {(34) by a pin (1983, Lockout lever (196} 15 spring biased toward
the proximal end portion of supporting structure (128 by a spring {(not shown). A
proximal end portion of tockont lever (196} has a cam surface (200} and a locking
groove (2023 Supporting structure {128} of end effector {16} also has a ledge (204} that
13 configured 1o cooperate with locking groove (202} wheo lockout mechanism (131) 13
engaged.  In contrast, supporting structure {128} has a base surface (206} configured to

cooperate with cam surface {200) when lockout lever (131} 15 not engaged.

{60073 C. Exemplary Actuation of Cartridge
{80074} In the present example, cartridge {28) 15 driven toward anvil (26} via closure

member (54) until reaching the closed configuration with tissue positioned between
cartridge (28} and anvil {26} as discussed above with respect to handle assembly (12).
From the closed configuration, knife (32} and staple driver assembly (140} are further
moved toward anvil (26} via firing bar (82) to form staples {not shown) in the tissue,
fluadly seal the tissue, and sever the tissue for treating the patient. While actuation of
cartridge {28} includes stapling and severing tissue in this example, 1t will be appreciated
that one or more of these steps may be omitted from treatment as desired by the operator.
Moreover, it will be appreciated that surgical stapling instrument (10} may be
reconfigured to perform these steps simultaneously or sequentially as desired. For
example, actuation of firing bar (82} causes driver assembly (140} and knife (32) to move
distally toward anvil (26) in the present example. Alternatively, surgical stapling
mstrument (10} may be reconfigured to selectively fire one of staples {(not shown) or
knife (32), or selectively fire staples {not shown)} and then knife (32), or vice versa. It

should therefore be understood that the invention s not intended to be limited to the



WO 2017/116784 PCT/US2016/067433

-18 -
particular operation of surgical stapling instrument (10} or the associated treatment.

[B0075] As shown in FIG. 7A, cartridge (28) is spaced proximally from anvil (26) to
recetve tissue within gap (25) in the open configuration. With tissue received between
cartridge (28) and anvil (26), the operator manually directs push rod (50} distally via
shde (18} as discussed above and shown in FIG. 7B, Push rod (50) is operatively
connected to couplet {70} (see FIG. 6), which 13 connected to retaining pin (30}). Thus,
distally translating push rod (50} similarly translates retaining pin (30} to extend from
cartridge {28} to anvil (26} and capture tissue between retaining pin (30} and guide pin

(166).

[60676] As shown m FIG. 7C, manipulation of closure trigger {20) (see FIG. 1C) forces
closure member (54) to translate distally relative to supporting structure {128) of end
effector {16). Closure member (54) supports cartridge (28) thereon such that distal
translation of closure member (54) similarly moves firing bar (82} and cartridge (28)
toward anvil {26). With cartridge (28) in the closed configuration and the fissue
effectively captured in the end effector {16), the operator manipulates firing trigger (22
(see FI(z. 1D) toward anvil (26} to the fired posttion. Distal translation of firing bar (82)
causes firing bar (82) to engage knife holder {142}, which supports both driver assembly
(140) and knife (32} extending through driver assembly (140} as shown in FIG. 7D. In
turn, driver assembly (140) directs staples (not shown} from staple slots (136} and against
staple-forming surface (138) to form the staples {(not shown) within the tissue for fluidly
sealing the tissue. As the staples {not shown) are formed, knife (32) continues to
translate distally through tissue and into anvil (26} to sever the fluidly sealed tissue.
FIGS. 8-9 llustrate the fired cartridge (28) in greater detail, with knife (32) guided along
cartridge housing slot (152}, guide pin slot (180); and with retamning pin slot (182)

between rows of staple slots (136) toward anvil (26},

{00077} Once fired, the operator may depress release button (24} (see FIG. 2C) and
withdraw closure member (54) and firing bar (82) proximally from the actuated, fired

position to the unactuated position shown in FIGS. 10A-10B. More particularly,
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retractor hook (148) engages krufe holder (142 to pull knde (32) prowmmally. At
approxunately the same tiwe, as cartridge {28) translates proximally with closure
member (54}, lockout lever (196} of lockout mechanism (131} engages cartridge housing
{132} to bold cartridge housing (132) 1 position.  Thereby, the continued pull of knife
(32) retracts knife (32) within cartnidge housing {(132) to inbubit unintended contact by
operator with knite (32).  Cartridge (28) may then be removed from supporting structure
(128} of end effector (16), discarded, and replaced for further treatment 1f so deswed. Of
course, various suitable settings and procedures in which surgical stapling instrument
(10} may be used will be apparent to those of ordinary skill in the art in view of the

teachings herein,

{60678] It should also be understood that any other components or features of surgical
stapling instrument {10} may be configured and operable in accordance with any of the
various references cited herein.  Additional exemplary modifications that may be
provided for surgical stapling instrument (10} will be described in greater detail below.
Various suitable ways in which the below teachings may be incorporated into surgical
stapling instrument {10) will be apparent to those of ordinary skill in the art. Similarly,
various suitable ways in which the below teachings may be combined with various
teachings of the references cited herein will be apparent to those of ordinary skill in the
art. It should also be understood that the below teachings are not himited to surgical
stapling instrument (10} or devices taught in the references cited herein. The below
teachings may be readily applied to various other kinds of instruments, including
mstruments that would not be classified as surgical staplers. Various other suitable
devices and settings in which the below teachings may be applied will be apparent to

those of ordinary skill in the art in view of the teachings herein.
{00079] IL Exemplary Surgical Stapling Instruments with Alternative End Effectors

{00080] While the above surgical stapling instrument (10} provides one example of end
effector {16} projecting distally from handle assembly (12}, it will be appreciated that the

operator may desire an alternative end effector depending on one of a variety particular
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treatments. Various fissues may be more or less difficult to treat depending on size
and/or density within the patient. Despite the operator properly positioning end effector
(16} relative to tissue for accurately and precisely stapling and severing the tissue, thicker
and/or denser tissues often require added force to be transmutied along surgical stapling
mstrument (10} and, 0 turn, may cause one or more components of mstrument (10) to
deform during use. For example, compressing a portion of the colon between anvil (26}
and cartridge {28) in the closed configuration may deform supporting structure (128) of
end effector {16}, particularly as the tissue 13 stapled and severed. Thus, the particular
location in which the staples form and the knife (32) cuts may vary or deviate a small, but
relatively meaningful, amount that may negatively impact the effectiveness of the

treatment.

{60081} While reducing deflection or deformation of end effector {16} by one or more
structural modifications may increase accuracy and precision to improve treatment, it will
be appreciated that some deflection or deformation may remain or even be desirable in
some instances. In turn, rather than reduce deflection or deformation, end effector (16)
may be augmented to accommodate such deflection or deformation. For example, staples
may be driven to differing depths to correspondingly offset such deflection or
deformation such that the staples are arranged more uniformly in the tissue of the patient.
Alternatively, staples may be driven non-uniformly to differing depths to accommodate
alternative staples of varying size or even to position the staples at varving depths within
the patient as determined by the operator. It may therefore be desirable to provide
surgical stapling mstrument (310) with a staple driver assembly (440, 740, 1040) that s
configured to offset deflection or deformation for umformity; or provide varying
desirable staple depths for one of any variety of patterns for non-uniformity, as discussed

below.

{00082} End effector (316} 1s described below in the context of a proctocolectomy surgical
procedure.  While the following description of end effector (316) and methods of

treatment 13 provided in the context of staphng and/or cutting colon tissue, it will be



WO 2017/116784 PCT/US2016/067433

-1 -

oy

appreciated that surgical stapling mstrument (310) and end effector (316} may be
alternatively configured to treat any tissue in the human body with similar features. It
should also be understood that the features discussed below may be readily ncorporated
into surgical stapling mstrument (10) discussed above. To this end, like numbers indicate

ike features described above n greater detail.
{00083 A, Exemplary End Effector with Varable Height Driver Assembly

[00084] FIGS. 13 and 14 show end effector (316) extending distally from shaft assembly
{314} as discussed above in greater detail. Cartridge (328) has been moved to the closed
position for firing or actuating firing bar (82) distally to both form staples in the tissue
with a driver assembly (440} and sever tissue with knife (323 With respect to staple
formation, driver assembly (440) has a plurality of staple drivers (441} extending distally
from a driver base (595} below corresponding staple containing slots {136} {see FIGS. 8-
9}. Each driver (441) has a groove (596) extending along a distal driver surface (597).
Each groove (596} 1s configured to cradle a respective staple thereon for forcing the
staple distally toward anvil {26} for formation. While driver assembly {440} has drivers
{441} 1n a predetermined pattern with predetermined heights for various staple
formations, it will be appreciated that alternative driver assemblies may be configured
with other patterns or heights as contemplated herein to generate other desirable staple
formations in tissue as determined to be desirable by the operator. Such predetermined
patterns and heights of drivers (441} may also be referred to herein as a predetermined

variable height pattern.

{60085 Driver assembly (440} of the present example has four offset rows of drivers

y

{441}, which will be referred to below as a “front outer row,” a “front inner row,” a “back

outer row,” and a “back inner row,” that extend from a “left side” to a “right side.” The

y

terms “front outer row,” “front inner row,” “back outer row,” “back inner row,” are taken
with respect to FIG. 13 with like terms being similarly used to describe alternative driver
embodiments below. To this end, the terms “front row,” “back row,” “left side,” and

“right side” are for relative reference and not intended to unnecessarily limit the



WO 2017/116784 PCT/US2016/067433
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{00086} The following examples include driver assemblies with drivers that have different
heights (within the same driver assembly). Despite the fact that drivers within the same
driver assembly have different heights in this example, these drivers assemblies are
configured to ultimately provide formed staples in tissue having the same, anmiform
height. In other words, for any of the driver assemblies described below, the staples that
are driven by the driver assembly will all have the same formed height, despite the fact
that the drivers within the assembly have different heights. Drivers that are relatively
short within a given driver assembly may have associated staples that are relatively tall.
Conversely, drivers that are relatively tall within the same driver assembly may have
associated staples that are relatively short. Thus, the unformed staple heights may vary
based on variations in driver height, to ultimately vield formed staple heights that are all
uniform. This may be desirable to account for uneven load distribution across the length
and/or width of the staple driver, to account for variations in tissue thickness, etc.
Alternatively, these drivers may be configured with like of varying heights to similarly

provide formed staples in tissue having one or more varying, non-uniform height. Such

o0

variation may be desirable to accommodate deflection, produce varying forms of staples,

or some combination thereof

{66087 1. Exemplary Arcuate Driver Assembly with Variable Height

Drivers i a First Predetermined Pattern

{00088} Driver assembly (440) inchudes two pairs of offset rows of drivers {441) that are
configured to direct two pairs of offset rows of staples in tissue for fluidly sealing tissue
and inhibit fluid, such as blood, from leaking between the paired rows of staples. To this
end, driver assembly (440) of FIG 15 includes a front outer row (598a) of drivers
positioned proximate to a front inner row {598b) on one side of slot (150) and a rear outer
row {599a) positioned proximate to a rear inner row {599b) on an opposing side of slot
{150). Thereby, drivers (441) are configured to form cooperating staple rows in tissue on

each side of knife (32} (see FIG. 6) to fluidly seal the severed tissue on each severed end.
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In the present example, rows (598a, 598b, 599, 598b) are arranged along a
predetermined arcuate pattern having an mmer radius of curvature of between
approximately 1.0 mch and approximately 1.2 inches and an outer radius of curvature of
between approximately 1.3 inches and approximately 1.5 inches. More particularly the
mner radius of curvature 1s approxamately 1.1 inches, and the outer radius of curvature 13
approximately 1.4 imches. However, it will be appreciated that drivers {441) may be
alternatively arranged i other various predetermuned patierns, such as other another

arcuate pattern, a linear pattern, or some combination thereof.

{000689] As shown n FIGS. 16-18, drivers {441) extend upwardly from driver base (595)
with varying heights such that distal driver surfaces (5973 collectively define a
predetermined curvature that 1s configured to drive staples to various depths and/or offset
a predetermined deflection relative to anvil (26) (see FIG 14). Such predetermined
curvature may extend in one dimension, two dimensions, or three dimensions along distal
driver surfaces {5397) of driver assembly (440}, In other words, at least one driver {(441)

has a height larger or smaller than another driver (441).

{00056} For example, FIGS. 16-18 illustrate a reference plane (600} to more clearly show
height differences among drivers (441} FIG. 16 shows a right side of driver assembly
{440} having front outer and inner rows (598a, 598b) with a height that is greater than the
heights of rear inner and outer rows {599b, 599a). More particularly, the varying height
of drivers (441} tends to taper down from front outer row (598a) toward rear outer row
(599a). As shown in FIGS. 17-18, each row (598a, 598b, 599a, 598b) of drivers (441} is
configured with relatively larger drivers (441) to the left and right sides and relatively
smaller drivers (441) in the middle between the left and right sides. Rows (598a, 598b,
599a, 598b) thus taper down from the left and right sides toward the middle.

{00051} 2. Exemplary Arcuate Driver Assembly with Varnable Height

Pirivers i a Second Predetermined Pattern

{00092] Another exemplary driver assembly {740) shown in FIG. 19 includes two pairs of

offset rows of drivers (741} that are configured to direct two pairs of offset rows of
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staples n tissue for fluidly sealing tissue and mnbubit fluid, such as blood, from leaking
between the paired rows of staples. To this end, driver assembly (740} of FIG. 19
mcludes a front outer row (898a) of drivers {741) that 1s positioned proximate to a front
mnner row {898b} on one side of slot (150); and a rear cuter row {899a} that 1s positioned
proximate to a rear inner row (899b) on an opposing side of slot {150}, Drivers (741) are
thereby configured to form cooperating staple rows in tissue on each side of knife (32)
{see FIG. 6) to fluidly seal the severed tissue on each severed end. In the present
example, rows (898a, 898b, 899, 898b) are arranged along a predetermined arcuate
pattern having an inner radius of curvature of between approximately 1.0 inch and
approximately 1.2 inches and an outer radius of curvature of between approximately 1.3
inches and approximately 1.5 inches.  More particularly the inner radius of curvature s
approximately 1.1 inches, and the outer radius of curvature is approximately 1.4 mches.
However, it will be appreciated that drivers (741) may be alternatively arranged in other
various predetermined patterns, such as another arcuate pattern, a linear pattern, or some

combination thereof

{06093} As shown i FIGS. 20-22, drivers (741) extend upwardly from driver base (895
with varying heights such that distal driver surfaces (897) collectively define a
predetermined curvature that 1s configured to drive staples to various depths and/or offset
a predetermined deflection relative to anvil (20} (see FIG. 14). Such predetermined
curvature may extend in one dimension, two dimensions, or three dimensions along distal
driver surfaces (897) of driver assembly {740). In other words, at least one driver (741)

has a height larger or smaller than another driver (741}

{00094] For example, FIGS. 20-22 illustrate a reference plane (300} to more clearly show
height differences among drivers {741}, FIG. 20 shows a right side of driver assembly
(840} having front ocuter and inner rows (898a, 898b} with a height that 1s greater than the
heights of rear inner and outer rows (899b, 8993). More particularly, the varying height
of drivers (741) tends to taper down from front outer row {898a) toward rear outer row

(899a). As shown i FIGS. 21-22) each row (898a, 898b, 8§899a, 898b) of drivers (741)
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has a generally uniform height from the left side to the right side despite having varying

heights from front to rear.

[006005] 3. Exemplary Linear Driver Assembly with Variable Height
Drivers in a Third Predetermined Pattern
{00096} Another exemplary driver assembly (1040) shown in FIG. 23 includes two pairs

of offset rows of drivers (1041} that are configured to direct two pairs of offset rows of
staples n tissue for fluidly sealing tissue and mnbubit fluid, such as blood, from leaking
between the paired rows of staples. To this end, driver assembly {1040) of FIG. 23
mchudes a front outer row {1198a) of drivers positioned proximate to a front inner row
{1198b) on one side of slot (not shown) and a rear outer row {11993} positioned
proximate to a rear inner row {1199b} on an opposing side of slot {(not shown). Drivers
{1041} are thereby configured to form cooperating staple rows 1n tissue on each side of
knite (32) (not shown) to fluidly seal the severed tissue on each severed end. In the
present example, rows (1198a, 1198b, 1199a, 1198b) are arranged along a predetermined
linear pattern. However, it will be appreciated that drivers {1041) may be alternatively
arranged in other varicus predetermined patterns, such as another linear pattern, an
arcuate pattern, or some combination thereof It will be further appreciated that knife
{not shown) and slot (not shown) may be configured to extend linearly but function
stmilarty to slot (150} and knife (32} as shown 1n FIG. 6 and discussed above in greater

detail.

{00097} As shown in FIGS. 24-26, drivers (1041} extend upwardly from driver base
(1195} with varying heights such that distal driver surfaces (1197} collectively define a
predetermined curvature that is configured to drive staples to various depths and/or offset
a predetermined deflection relative to anvil (not shown}. Such predetermined curvature
may extend in one dimension, two dimensions, or three dimensions along distal driver
surfaces (1197} of driver assembly (1040}, In other words, at least one driver {1141) has

a height larger or smaller than another driver (1141},

{00098} For example, FIGS. 24-26 lustrate a reference plane (1200} to more clearly show
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height differences among drivers (1141). FIG 24 shows a side of driver assembly (1040)
having front outer and inner rows {1198a, 1198b} and rear outer and inner rows {11993,
1199b} with a generally uniform height, respectively, from the front side to the rear side
despite having varying heights from left to nght. As shown mn FIGS. 25-26, each row
{1198a, 1198b, 11993, 1198b) of drivers (1041} 15 generally larger on the right side,

tapers down toward the middle, and remams uniform from the middle to the right side.

{00099] 1S Exemplary Combinations
{000100] The following examples relate to various non-exhaustive ways in which the

teachings heremn may be combined or apphed. It should be understood that the following
examples are not intended to restrict the coverage of any claims that may be presented at
any time in this application or in subsequent filings of this application. No disclaimer 1s
mtended.  The following examples are being provided for nothing more than merely
illustrative purposes. It s contemplated that the various teachings herein may be
arranged and applied in numerous other ways. It s also contemplated that some
variations may omit certain features referred to in the below examples. Therefore, none
of the aspects or features referred to below should be deemed critical unless otherwise
exphcitly indicated as such at a later date by the inventors or by a successor in interest to
the mventors. If any claims are presented in this application or in subsequent filings
related to this application that include additional features beyond those referred to below,
those additional features shall not be presumed to have been added for any reason

relating to patentability
{600101] Example 1

{000162] A surgical instrument comprising: {a) a body having a firing mechanism
configured to be selectively manipulated by an operator; {(b) a shaft assembly extending
distally from the body; (c) an end effector extending distally from the shaft assembly, the
end effector including an anvil; and (d} a cartridge received within the end effector

opposite the anvil and operatively connected to the firing mechanism, the cartridge
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including: (1) a cartridge housing having a plurality of staple slots, (i1) a plurality of
staples respectively positioned within the plurality of staple slots, and (i) a dnver
assernbly having a plurality of dnivers respectively supporting the plurabity of staples
thereon within the plurality of staple slots, wheren the firing mechanism 15 configured to
selectively move the plarality of drivers distally toward the anvil for forming the phurality
of staples therebetween, wheremn at least one driver of the plurality of drivers has a
variable distal height relative to at least another driver of the plurality of drivers in a

predetermined variable height pattern.
{BO0103] Example 2

[000104] The surgical mnstrument of Example 1, wheremn the predetermined variable height
patiern of the plurality of drivers 1s configured to uniformly form the plurality of staples
between the anvil and the driver assembly thereby accommodating deflection of the end

effector.
{600105] Example 3

[000106] The surgical instrument of Example 1, wheremn the predetermined vaniable height
pattern of the plurality of drivers 1s configured to non-uniformly form the plurality of

staples between the anvil and the driver assembly.
(806167} Example 4

{000108] The surgical mstrument of any one or more of Exarmples 1 through 3, wherein the
plurality of drivers ncludes a first row of drivers and a second row of drivers arranged in
the predetermined vanable height pattern, and wherein predetermined vanable height

pattern tapers down from the second row of drivers toward the first row of drivers.
[B00109] Example S

{000110] The surgical instrument of Example 4, wherein the first row of drivers has a first

uniform distal height, wherein the second row of drivers has a second uniform distal
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height, and wherein the first uniform distal height is less than the second uniform distal

height.
[000111} Example 6

(006112] The surgical mstrument of Example 4, wherein the driver assembly has a knife
slot configured to receive a knife therethrough, and the first and second rows of drivers
are arranged on one side of the knife slot, wherein the plurality of drivers includes a third
row of drivers and a fourth row of drivers arranged 1n the predetermined variable height
pattern on another side of the knife slot, wherein the predetermined variable height

pattern tapers down from the fourth row of drivers toward the third row of drivers.
(006113) Example 7

000114} The surgical strument of Example 6, wherein the first row of drivers has a first
uniform distal height, wherein the second row of drivers has a second uniform distal
height, wherein the first uniform distal height 1s less than the second uniform distal
height, wherein the third row of drivers has a third uniform distal height, the fourth row
of drivers has a fourth uruform distal height, and wherein the third uniform distal height

15 less than the fourth uniform distal height.
HUB RIS Example 8

(600116} The surgical instrument of Example 7, wherein the second umiform distal height is

less than the third uniform distal height.
{000117] Example 9

{000118] The surgical mstrument of any one or more of Examples 1 through 3, wherein the
plurality of drivers includes a first row of drivers arranged in the predetermined variable
height pattern from a first end to a second end and a muddle therebetween, wherein the
predetermined variable height pattern tapers down from the respective first and second

ends toward the middle.
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{000119] Example 10
[000120] The surgical instrument of Example 9, wherein the plurality of drivers includes a

second row of drivers arranged in the predetermined variable height pattern from the first
end to the second end and the middle therebetween, wherein the predetermined vanable

height pattern tapers down from the second row of drivers toward the first row of drivers.
[060121]  Example 11

[000122] The surgical mstrument of Example 10, wherein the driver assembly has a knife
slot configured to receive a knife therethrough and the first and second rows of drivers
are arranged on one side of the knife slot, wherein the plurality of drivers includes a thurd
row of drivers and a fourth row of drivers arranged in the predetermined variable height
patiern on another side of the knife slot from the first end to the second end and the
middie therebetween, and wherein the predetermined variable height pattern tapers down

from the fourth row of drivers toward the third row of drivers.
[060123]  Example 12

{000124] The surgical mstrument of any one or more of Examples 1 through 3, wherein the
plurality of drivers mcludes a first row of drivers arranged in the predetermuned variable
height pattern from a first end to a second end and a nuddle therebetween, wherein the
predeternuned vanable height pattern of the first row of drivers tapers down from the
respective first end toward the muddle and 1s generally uniform from the nuddle toward

the second end.
[000125] Example 13

[000126] The surgical instrument of Example 12, wherein the plurality of drivers includes a
second row of drivers arranged in the predetermined variable height pattern from the first
end to the second end and a middle therebetween, and wherein the predetermined

variable height pattern of the second row of drivers tapers down from the first end toward
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the middle and s generally uniform from the nuddle toward the second end.
[060127]  Example 14

[000128] The surgical instrument of Example 13, wherein the first and second rows of

drivers are 1dentical,
{000129] Example 15

{600130] The surgical imstrument of any one or more of Examples 13 through 14, wherein
the driver assembly has a knife slot configured to receive a knife therethrough and the
first and second rows of drivers are arranged on one side of the knife slot, wherein the
plurality of drivers includes a third row of drivers and a fourth row of drivers arranged in
the predetermined variable height pattern on another side of the knife slot from the first
end to the second end and the middle therebetween, and wherein the predetermined
variable height pattern of the third and fourth rows of drivers tapers down from the
respective first end toward the muddle and 1s generally uniform from the muddle toward

the second end.
000131} Example 16

[000132] The surgical instrument of Example 15, wherein the first, second, third, and fourth

rows of drivers are identical.
[060133]  Example 17

{000134] A cartridge received n a surgical mstrument, the cartridge comprising. {(a) a
cartridge housing having a plurality of staple slots; (b) a plurality of staples respectively
positioned within the plurality of staple slots; and (¢} a driver assembly having a plurality
of drivers respectively supporting the plurality of staples thereon within the plurality of
staple slots, wherein at least one driver of the plurality of drivers has a variable distal
height relative to at least another driver of the plurality of drivers in a predetermined

variable height pattern.



WO 2017/116784 PCT/US2016/067433

[000135] Example 18

[000136] A method of forming a plurality of staples in a tissue of a patient with a surgical
instrument, the surgical instrument including a body have a fuiring mechanism configured
to be selectively manipulated by an operator, a shaft assembly extending distally from the
body, and a cartnidge received within the end effector opposite the anvil and operatively
connected to the firing mechamsm, the cartridge having a cartridge housing with a
plurality of staple slots, a plurality of staples respectively position within the plurabity of
staple slots, and a driver assembly with a plurality of drivers respectively supporting the
plurality of staples thereon within the plurality of staple slots, wheremn the fining
mechanism 1s configured to selectively move the plurality of drivers distally toward the
anvil for forming the staples therebetween, wherein at least one driver of  the plurality of
drivers has a variable distal height relative to at least another driver of the plurality of
drivers in a predetermined variable height pattern, the method comprising: (a} selectively
manipulating the firtng mechanism and directing the plurality of drivers with the
respective plurality of staples toward the anvil in the predetermined varable height
pattern; (b} pressing the phurality of staples between the driver assembly and anvil; and
{c)forming the plurality of staples within the tissue of the patient and thereby fhudly

sealing the tissue along the formed plurality of staples therewith.
{600137] Example 19

{000138] The method of Example 18, further comprising deflecting a portion of the end
effector with the anvil relative to the plurality of drivers a predetermined deflection such
that the predetermined vanable height pattern accommodates the predetermined
deflection, and wherein forming the plurality of staples further includes uniformly

forming the plurality of staples within the tissue.
{600139] Example 20

[00606140] The method of Example 18, wherein formung the plurality of staples further
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includes non-uniformly forming the plurality of staples within the tissue.
(0006141} IV,  Miscellaneous

[000142] It should be understood that any one or more of the teachings, expressions,
embodiments, examples, etc. described herein may be combined with any one or more of
the other teachings, expressions, embodiments, examples, etc. that are described heremn.
The above-described teachings, expressions, embodiments, examples, etc. should
therefore not be viewed in wsolation relative to each other. Various suitable ways n
which the teachings herein may be combined will be readily apparent to those of ordinary
skill in the art in view of the teachings herein. Such modifications and variations are

mtended to be included within the scope of the claims.

[B00143] It should be appreciated that any patent, publication, or other disclosure matenial,
in whole or in part, that is said to be incorporated by reference herein 1s incorporated
herein only to the extent that the incorporated material does not conflict with existing
definitions, statements, or other disclosure material set forth 1n this disclosure. As such,
and to the extent necessary, the disclosure as exphicitly set forth herein supersedes any
conflicting material mcorporated herem by reference. Any material, or portion thereof,
that 1s sawd to be incorporated by reference herein, but which conflicts with existing
definmitions, statements, or other disclosure material set forth heren will only be
mcorporated to the extent that no conflict arises between that incorporated material and

the existing disclosure material.

[B00144] The surgical instrument systems described herein have been described
connection with the deployment and deformation of staples; however, the embodiments
described heren are not so limuted.  Various embodiments are envisioned which deploy
fasteners other than staples, such as clamps or tacks, for example. Moreover, various
embodiments are envisioned which utilize any switable means for sealing tissue. For

instance, an end effecior in accordance with various embodiments can comprise
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electrodes configured to heat and seal the tissue. Also, for instance, an end effector in

accordance with certain embodiments can apply vibrational energy to seal the tissue.

[B00145] Versions of the devices described above may be designed to be disposed of aftera
single use, or they can be designed to be used multiple timmes. Versions may, n either or
both cases, be reconditioned for reuse after at least one use. Reconditioning may include
any combination of the steps of disassembly of the device, followed by cleaning or
replacement of particular pieces, and subsequent reassembly. In particular, some
versions of the device may be disassembled, and any number of the particular preces or
parts of the device may be selectively replaced or removed in any combination. Upon
cleaning and/or replacement of particular parts, some versions of the device may be
reassembled for subsequent use either at a reconditioning facility, or by an operator
mmmediately prior to a procedure.  Those skilled n the art will appreciate that
reconditioning of a device may utilize a variety of techniques for disassembly,
cleaning/replacement, and reassembly. Use of such techniques, and the resulting

reconditioned device, are all within the scope of the present application.

{000146] By way of example only, versions described herein may be sterilized before
and/or after a procedure. In one sterilization technique, the device is placed in a closed
and sealed container, such as a plastic or TYVEK bag. The container and device may
then be placed in a field of radiation that can penetrate the container, such as gamma
radiation, x-rays, or high-energy electrons. The radiation may kill bacteria on the device
and in the contamer. The sterilized device may then be stored in the sterile container for
later use. A device may also be sterilized using any other technigue known in the art,

mncluding but not limited to beta or gamma radiation, ethylene oxide, or steam.

{0006147] The entire disclosures of: U.S. Patent No. 5,403,312, entitled “Electrosurgical
Hemostatic Device,” which issued on April 4, 1995; U.S. Patent No. 7,000,818, entitied
“Surgical Stapling Instrument having Separate Distinct Closing and Firing Systems,”
which 1ssued on February 21, 2006; U.S. Patent No. 7,422,139, entitled “Maotor-Driven

Surgical Cutting and Fastening Instrument with Tactile Position Feedback,” which issued
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on September 9, 2008; U.S. Patent No. 7,464,849, entitled “Electro-Mechanical Surgical
Instrument with Closure System and Anvil Alignment Components,” which issued on
December 16, 2008; 1J.S. Patent No. 7,670,334, entitled “Surgical Instrument Having An
Articulating End Effector,” which issued on March 2, 2010; UK. Patent No. 7,753,245,
entitled “Surgical Stapling Instruments,” which issued on July 13, 2010 U.S. Patent No.
&,393,514, entitled “Selectively Orientable Implantable Fastener Cartridge,” which issued
on March 12, 2013 UK. Patent Apphication Senial No. 11/343 803, entitled “Surgical
Instrument Having Recording Capabilities;” now U.S. Patent No. 7,845,537, U.S. Patent
Application Senal No. 12/031,573, entitled “Surgical Cutting And Fastening Instroment
Having RF Electrodes,” filed February 14, 2008, U.S. Patent Application Ser. No.
12/031,873, entitled “End Effectors For A Surgical Cutting And Stapling Instrument,”
filed February 15, 2008, now U.S. Patent No. 7,980,443, U.S. Patent Application Senal
No. 12/235,782, entitled “Motor-Driven Surgical Cutting Instrument,” now U.S. Patent
No. 8210411, US. Patent Application Serial No. 12/249117, entitled “Powered
Surgical Cutting And Stapling Apparatus With Manually Retractable Firing System,”
now U.S. Patent No. 8,608,045, U.S. Patent Application Serial No. 12/647,100, entitled
“Motor-Driven Surgical Cutting Instrument with Electric Actuator Directional Control
Assembly,” filed December 24, 2009; now U.S. Patent No. 8220688, US. Patent
Application Ser. No. 12/893 461, entitled “Staple Cartridge,” filed September 29, 2012,
now U.S. Patent No. 8,733,613, U.S. Patent Application Ser. No. 13/036,647, entitled
“Surgical Stapling Instrument,” filed February 28, 2011, now U.S. Patent No. 8,561,870;
U.S. Patent Application Serial No. 13/118,241, entitled “Surgical Stapling Instruments
With Rotatable Staple Deployment Arrangements,” now U.S. Patent Application
Publication No. 2012/0298719; U.S. Patent Application Serial No. 13/524,049, entitled
“Articulatable Surgical Instrument Comprising A Firing Drive,” filed on June 15, 2012;
now US. Patent Application Publication No. 2013/0334278; U.S. Patent Application
Serial No. 13/800,025, entitled “Staple Cartridge Tissue Thickness Sensor System,” filed
on March 13, 2013, now U.S. Patent Application Publication No. 2014/0263551; U.S.

Patent Application Serial No. 13/800,067, entitled “Staple Cartridge Tissue Thickness
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Sensor System,” filed on March 13, 2013, now U.S. Patent Application Publication No.
2014/0263552; U.8. Patent Application Publication No. 2007/017595S5, entitled “Surgical
Cutting And Fastening Instrament With Closure Trigger Locking Mechamsm,” filed
January 31, 2006; and U.S. Patent Application Publication No. 2010/0264194, entitled
“Surgical Stapling Instrument With An Articulatable End Effector,” filed April 22, 2010,

now U.S. Patent No. 8,308,040, are hereby mcorporated by reference heremn,

[B00148] Having shown and described various embodiments of the present nvention,
further adaptations of the methods and systems described herein may be accomplished by
appropriate modifications by one of ordinary skill in the art without departing from the
scope of the present mvention.  Several of such potential modifications have been
mentioned, and others will be apparent to those skilled in the art. For instance, the
examples, embodiments, geometrics, materials, dimensions, ratios, steps, and the like
discussed above are illustrative and are not required. Accordingly, the scope of the
present invention should be considered in terms of the following claims and s
understood not to be limited to the details of structure and operation shown and described

in the specification and drawings.
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A surgical instrument comprising:

(a)

a body having a firing mechanism configured to be selectively

manipulated by an operator;

a shaft assembly extending distally from the body;

an end effector extending distally from the shaft assembly, the end effector

mecloding an anvil; and

a cartridge received within the end effector opposite the anvil and

operatively connected to the firing mechanism, the cartridge meluding:

(1)
(i1)

(iii)

a cartridge housing having a plurality of staple slots,

a plurality of staples respectively posttioned within the plurality of
staple slots, and

a driver assembly having a plurality of drivers respectively
supporting the plurality of staples thereon within the plurality of
staple slots, wherein the firing mechamism 1s configured to
selectively move the plurality of drivers distally toward the anvil
for forming the plurality of staples therebetween, wherein at least
one driver of the plurality of drivers has a variable distal height
relative to at least another driver of the plurality of drivers n a

predetermined variable height pattern.

The surgical instrument of claim 1, wherein the predetermined variable height

pattern of the plurality of drivers 1s configured to uniformly form the plurality of staples between

the anvil and the driver assembly thereby accommeodating deflection of the end effector.

3.

The surgical nstrument of claim 1, wherein the predetermined variable height

patiern of the plurality of drivers is configured to non-uniformly form the plurality of staples

between the anvil and the driver assembly.
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4. The surgical instrument of claim 1, wherein the plurality of drivers includes a first
row of drivers and a second row of drivers arranged in the predetermined variable height pattern,
and wherein predetermined variable height pattern tapers down from the second row of drivers
toward the first row of drivers.

5. The surgical instrument of claim 4, wherein the first row of drivers has a first
uniform distal height, whereimn the second row of drivers has a second uniform distal height, and

wheretn the first uniform distal height s less than the second uniform distal height

6. The surgical instrument of claim 4, wherein the driver assembly has a knife slot
configured to receive a knife therethrough, and the first and second rows of drivers are arranged
on one side of the knife slot, wherein the plurality of drivers includes a third row of drivers and a
fourth row of drivers arranged in the predetermined variable height pattern on another side of the
knife slot, wherein the predetermined variable height pattern tapers down from the fourth row of
drivers toward the third row of drivers.

7. The surgical mstrument of claim 6, wherein the first row of drivers has a first
uniform distal height, wherein the second row of drivers has a second uniform distal height,
wherein the first uniform distal height is less than the second uniform distal height, wherein the
third row of drivers has a third uniform distal height, the fourth row of drivers has a fourth
uniform distal height, and wherein the third uniform distal height 15 less than the fourth umiform

distal height.

8. The surgical mstrument of claim 7, wherein the second uniform distal height is

less than the third uniform distal height.

9. The surgical mstrument of claum 1, wheren the plurality of dnvers includes a first
& k o

row of drivers arranged in the predetermined variable height pattern from a first end to a second
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end and a middle therebetween, wherein the predeternuned vanable height pattern tapers down

from the respective first and second ends toward the muddle.

10. The surgical mstrument of claim 9, wherein the plurality of drivers includes a
second row of drivers arranged n the predetermined vanable height pattern from the first end to
the second end and the middle therebetween, wherein the predetermined variable height pattern

tapers down from the second row of drivers toward the first row of drivers.

11, The surgical mstrument of claim 10, wherein the driver assembly has a knife slot
configured to receive a knife therethrough and the first and second rows of drivers are arranged
on one side of the knife slot, wherein the plurality of drivers includes a third row of drivers and a
fourth row of drivers arranged in the predetermined variable height pattern on another side of the
knife slot from the first end io the second end and the middle therebetween, and wherein the
predetermined variable height pattern tapers down from the fourth row of drivers toward the

third row of drivers.

12. The surgical instrument of claim 1, wherein the plurality of drivers includes a first
row of drivers arranged in the predetermined variable height pattern from a first end to a second
end and a middle therebetween, wherein the predetermined variable height pattern of the first
row of drivers tapers down from the respective first end toward the middle and is generally

uniform from the muddle toward the second end.

13, The surgical instrument of claim 12, wherein the plurality of drivers mcludes a
second row of drivers arranged n the predetermined variable height pattern from the first end to
the second end and a nuddle therebetween, and wherein the predetermined variable height
pattern of the second row of drivers tapers down from the first end toward the middle and 1s

generally uniform from the niddle toward the second end.
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14, The surgical mstrument of claim 13, wherein the first and second rows of drivers
are identical.
15 The surgical mstrument of claim 13, wherein the driver assembly has a kmife slot

configured to receive a knife therethrough and the first and second rows of drivers are arranged
on one side of the knife slot, wherein the phurality of drivers includes a third row of drivers and a
fourth row of drivers arranged i the predetermuned varniable height pattern on anocther side of the
knife slot from the first end to the second end and the middle therebetween, and wherein the
predetermined variable height pattern of the third and fourth rows of drivers tapers down from
the respective first end toward the middle and is generally uniform from the middle toward the

second end.

16. The surgical instrument of claim 15, wherein the first, second, third, and fourth

rows of drivers are identical.

17. A cartridge received in a surgical instrument, the cartridge comprising:

(a) a cartridge housing having a plurality of staple slots;

{b) a plurality of staples respectively positioned within the plurality of staple
slots; and

{c} a driver assembly having a plurality of drivers respectively supporting the
plurality of staples thereon within the plurality of staple slots, wherein at
least one driver of the plurality of drivers has a variable distal height
relative to at least another driver of the plurality of drivers in a

predetermined vanable height pattern.

18, A method of forming a plurality of staples in a tissue of a patient with a surgical
instrument, the surgical mstrument including a body have a firing mechanism configured to be
selectively manipulated by an operator, a shaft assembly extending distally from the body, and a

cartridge received within the end effector opposite the anvil and operatively connected to the
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firing mechanism, the cartridge having a cariridge housing with a plurality of staple slots, a
plurality of staples respectively position within the phurality of staple slots, and a driver assembly
with a plurality of drivers respectively supporting the plarality of staples thereon within the
plurality of staple slots, wherein the firing mechanism s configured to selectively move the
plurality of drivers distally toward the anvil for forming the staples therebetween, wherein at
least one driver of  the plurality of drivers has a varnable distal height relative to at least

another driver of the plarality of drivers in a predetermined vanable height pattern, the method

COMPrising;

{(a) selectively manipulating the firing mechanism and directing the plurality
of drnivers with the respective plurality of staples toward the anvil in the
predetermined variable height pattern;

(by  pressing the plurality of staples between the driver assembly and anvil;
and

()  forming the plurality of staples within the tissue of the patient and thereby
flidly sealing the tissue along the formed plurality of staples therewith.

19, The method of claim 18, further comprising deflecting a portion of the end

effector with the anvil relative to the plurality of drivers a predetermined deflection such that the
predetermined variable height pattern accommodates the predetermined deflection, and wherein
forming the plurality of staples further includes uniformly forming the plurality of staples within

the tissue.

20. The method of claim 18, wherein fornung the plurality of staples further includes

non-uniformly formung the plurality of staples within the tissue.
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because they relate to subject matter not required to be searched by this Authority, namely:

see FURTHER INFORMATION sheet PCT/ISA/210

2. I:' Claims Nos.:
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because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
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claims.
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3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
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payment of a protest fee.
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I:' No protest accompanied the payment of additional search fees.
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Continuation of Box II.1

Claims Nos.: 18-20

Pursuant to Article 17(2)(a)(i) PCT, this Authority is not required to
search the subject-matter of claims 18-20, since the method as defined in
claim 18 is a method for treatment of the human or animal body by surgery
(Rule 39.1(iv) and Rule 43bis PCT). Indeed, the step of forming a
plurality of staples in a tissue of a patient is a surgical step.
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