wo 2018/071497 A1 | 00000 O 0

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

19 April 2018 (19.04.2018)

(10) International Publication Number

WO 2018/071497 A1l

WIPO I PCT

(5D

2D

22)

(25)
(26)
(30$)

an

a2

74

62y

International Patent Classification:
A61B 17/068 (2006.01) A61B 17/3211 (2006.01)

International Application Number:
PCT/US2017/056075

International Filing Date:
11 October 2017 (11.10.2017)

Filing Language: English
Publication Language: English
Priority Data:

62/406,845 11 October 2016 (11.10.2016)  US

Applicant: INTUITIVE SURGICAL OPERATIONS,
INC. [US/US]; 1020 Kifer Road, Sunnyvale, California
94086 (US).

Inventors: BURBANK, William A.; ¢/o Intuitive Surgical
Operations, Inc., 1020 Kifer Road, Sunnyvale, California
94086 (US). WIXEY, Matthew A.; c¢/o Intuitive Surgical
Operations, Inc., 1020 Kifer Road, Sunnyvale, California
94086 (US). RAGOSTA, Nicholas; c/o Intuitive Surgical
Operations, Inc., 1020 Kifer Road, Sunnyvale, California
94086 (US).

Agent: MEI, Yiming et al.; Intuitive Surgical Operations,
Inc., 1020 Kifer Road, Sunnyvale, California 94086 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ,BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH, CL,CN, CO,CR, CU, CZ, DE, DJ, DK, DM, DO,

(84)

DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK, LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM,KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: STAPLER CARTRIDGE WITH AN INTEGRAL KNIFE

(57) Abstract: Stapler cartridges and surgical apparatus that include a stapler cartridge can include a knife that retracts into the stapler
cartridge after cutting stapled tissue to prevent an operator being cut by the knife during replacement of the used stapler cartridge with
a new stapler cartridge. A stapler cartridge includes a staple pushing shuttle, a knife member slidably coupled with the staple pushing
shuttle, and a cartridge body. The staple pushing shuttle is slidably coupled to the cartridge body. The cartridge body includes a guide
track engaged by the knife member and configured so that a cutting blade of the knife member protrudes from the cartridge body during
a first portion of a distal movement of the staple pushing shuttle and the cutting blade is retracted into the cartridge body during a second
portion of the distal movement of the staple pushing shuttle.



10

15

20

25

WO 2018/071497 PCT/US2017/056075

STAPLER CARTRIDGE WITH AN INTEGRAL KNIFE

CROSS REFERENCE TO RELATED APPLICATION DATA
[0001] The present application claims the benefit of US Provisional Appln. No. 62/406,845
filed October 11, 2016; the full disclosure which is incorporated herein by reference in its

entirety for all purposes.

BACKGROUND
[0002] Minimally invasive surgical techniques are aimed at reducing the amount of
extraneous tissue that is damaged during diagnostic or surgical procedures, thereby reducing
patient recovery time, discomfort, and deleterious side effects. As a consequence, the
average length of a hospital stay for standard surgery may be shortened significantly using
minimally invasive surgical techniques. Also, patient recovery times, patient discomfort,

surgical side effects, and time away from work may also be reduced with minimally invasive

surgery.

[0003] A common form of minimally invasive surgery is endoscopy, and a common form
of endoscopy is laparoscopy, which is minimally invasive inspection and/or surgery inside
the abdominal cavity. Reloadable stapling devices can be used in conjunction with these
surgeries. Often, such devices have common features such as a knife for cutting stapled
tissue following stapling of the tissue, with the knife translating from a proximal end to a
distal end. Prior devices have used replaceable cartridges where the knife is integral to the
surgical instrument, and the cartridge primarily houses staples. Hence, the knife is used with
multiple stapling cartridges. The primary drawback to such designs is that the knife becomes

duller with each use.

[0004] Other cartridge designs have a knife that is integral to the cartridge and disposed of
along with the spent cartridge. This provides the advantage of a fresh knife for each stapling
operation. However, to date, such prior designs are complex with respect to the knife and the
knife driving mechanism, which may require the knife to be returned back to its starting
position. Such designs can have undesirable failure modes. Thus, the cost and risk of using

known knife-integral cartridges may be entirely prohibitive.
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BRIEF SUMMARY
[0005] Embodiments disclosed herein relate to a stapling cartridge that includes an integral
knife member. In some embodiments, a stapling cartridge includes a cartridge body and a
staple pushing shuttle and knife assembly that is pushed from a proximal end of the cartridge
body to a distal end of the cartridge body by an actuation assembly. In many embodiments,
the staple pushing shuttle and knife assembly remains at the distal end and the actuation
assembly is retracted and thereby separates from the staple pushing shuttle and knife
assembly. In some embodiments, the knife member engages a guide track that restrains the
knife member in a deployed cutting position relative to the staple pushing shuttle during a
first segment of the movement from the proximal end to the distal end. Near the end of the
movement from the proximal end to the distal end, the guide track is shaped to retract the
knife member to a lower position (stowed position) relative to the staple pushing shuttle to
retract the knife member within the cartridge body, thereby preventing accidental touching of
the knife member after use. In many embodiments, because the knife member is integral to
the stapling cartridge, the knife member is used once and then discarded with the stapling
cartridge, thereby ensuring a sharp knife for each use. In contrast, in prior designs where the
knife is integral to the surgical instrument instead of the replaceable stapling cartridge, the
knife member can become comparatively dull after some number of uses. By retracting the
knife to an unexposed stowed position at the distal end of the cartridge and retaining the
staple pushing shuttle and knife member assembly at the distal end of the cartridge, the
actuation mechanism can be simplified relative to an actuation mechanism that would return
the knife back to the proximal end of the cartridge. Because the actuation mechanism can be
simplified, the cost of the surgical instrument and/or the stapling cartridge can be reduced and
the overall length of the stapling cartridge can be reduced, thereby enabling increased

surgical access.

[0006] Thus, in one aspect, a stapler cartridge includes a staple pushing shuttle, a knife
member, and a cartridge body. The knife member is slidably coupled to the staple pushing
shuttle. The knife member includes a cutting blade and a first guide track engagement
feature. The cartridge body has a proximal end and a distal end. The staple pushing shuttle is
slidably coupled to the cartridge body. The cartridge body includes a plurality of openings at
an upper surface for ejecting staples via a distal movement of the staple pushing shuttle. The
cartridge body includes a first guide track engaged by the first guide track engagement
feature. The first guide track is configured so that the cutting blade protrudes from the
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cartridge body during a first portion of the distal movement of the staple pushing shuttle and
the cutting blade is retracted into the cartridge body during a second portion of the distal

movement of the staple pushing shuttle.

[0007] In many embodiments of the stapler cartridge, the first guide track includes a
section that induces the retraction of the cutting blade of the knife member into the cartridge
body during the second portion of the distal movement of the staple pushing shuttle. For
example, in many embodiments of the stapler cartridge, the first guide track includes a
section inclined relative to the upper surface of the cartridge body to induce retraction of the

cutting blade into the cartridge body.

[0008] In many embodiments of the stapler cartridge, the knife member is slidably
mounted to the staple pushing shuttle. For example, in many embodiments of the stapler
cartridge, the staple pushing shuttle includes a knife channel in which the knife member is

slidably disposed.

[0009] In many embodiments of the stapler cartridge, the cartridge body includes a
centrally disposed slot along which the knife member travels and a guide track on either side
of the centrally disposed slot. Each of the guide tracks is engaged by the knife member to
control the position of the knife member relative to the staple pushing shuttle throughout the
distal movement of the staple pushing shuttle and the knife member. For example, in many
embodiments of the stapler cartridge, the knife member further includes a second guide track
engagement feature and the cartridge body further includes a second guide track. The second
guide track engagement feature is disposed on an opposite side of the knife member relative
to the first guide track engagement feature. The second guide track is engaged by the second
guide track engagement feature and configured so that the cutting blade protrudes from the
cartridge body during the first portion of the distal movement of the staple pushing shuttle
and the cutting blade is retracted into the cartridge body during the second portion of the

distal movement of the staple pushing shuttle.

[0010] In many embodiments of the stapler cartridge, the knife member slidably interfaces
with opposite sides of a vertical rib of the staple pushing shuttle so as to stabilize the knife
member relative to the staple pushing shuttle for all positions of the knife member relative to
the staple pushing shuttle. For example, in some embodiments of the stapler cartridge, each
of the first guide track engagement feature and the second guide track engagement feature

protrude distally to interface with a vertical rib of the staple pushing shuttle to stabilize a
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position and/or an orientation of the knife member relative to the staple pushing shuttle. In
some embodiments of the stapler cartridge, each of the first guide track engagement feature

and the second guide track engagement feature slidingly interfaces with the vertical rib.

[0011] In many embodiments of the stapler cartridge, the staple pushing shuttle and the
knife member remain at the distal end of the cartridge body after being moved from the
proximal end of the cartridge body to the distal end of the cartridge body. For example, in
some embodiments of the stapler cartridge, the cartridge body includes a retaining feature
that retains the staple pushing shuttle at the distal end of the cartridge body. In some
embodiments of the stapler cartridge, the retaining feature includes a flexible tab that engages
the staple pushing shuttle to retain the staple pushing shuttle at the distal end of the cartridge
body.

[0012] In many embodiments of the stapler cartridge, the cartridge body is pivotally
mountable to an end effector. For example, in some embodiments of the stapler cartridge, the
cartridge body includes an attachment feature proximate to the proximal end and configured
to removably couple with an end effector that includes an upper jaw. In many embodiments

of the stapler cartridge, the stapler cartridge forms a lower jaw of the end effector.

[0013] In another aspect, a surgical apparatus includes an elongated shaft, an end effector
movably coupled to the shaft, and a stapler cartridge detachably mounted to the end effector.
The end effector includes an upper jaw and a beam member. The beam member includes a
first portion and a second portion. The first portion slidably interfaces with the upper jaw.
The stapler cartridge forms a hinged lower jaw. The stapler cartridge includes a staple
pushing shuttle, a knife member, and a cartridge body. The knife member is slidably coupled
to the staple pushing shuttle. The knife member includes a cutting blade and a first guide
track engagement feature. The cartridge body has a proximal end and a distal end. The
staple pushing shuttle is slidably coupled to the cartridge body. The cartridge body includes a
plurality of openings at an upper surface for ejecting staples via a distal movement of the
staple pushing shuttle. The cartridge body includes a first guide track engaged by the first
guide track engagement feature. The first guide track is configured so that the cutting blade
protrudes from the cartridge body during a first portion of the distal movement of the staple
pushing shuttle and the cutting blade is retracted into the cartridge body during a second

portion of the distal movement of the staple pushing shuttle.
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[0014] In many embodiments of the surgical apparatus, the first guide track includes a
section that induces the retraction of the cutting blade of the knife member into the cartridge
body during the second portion of the distal movement of the staple pushing shuttle. For
example, in many embodiments of the surgical apparatus, the first guide track includes a
section inclined relative to the upper surface of the cartridge body to induce retraction of the

cutting blade into the cartridge body.

[0015] In many embodiments of the surgical apparatus, the knife member is slidably
mounted to the staple pushing shuttle. For example, in many embodiments of the surgical
apparatus, the staple pushing shuttle includes a knife channel in which the knife member is

slidably disposed.

[0016] In many embodiments of the surgical apparatus, the cartridge body includes a
centrally disposed slot along which the knife member travels and a guide track on either side
of the centrally disposed slot. Each of the guide tracks is engaged by the knife member to
control the position of the knife member relative to the staple pushing shuttle throughout the
distal movement of the staple pushing shuttle and the knife member. For example, in many
embodiments of the surgical apparatus, the knife member further includes a second guide
track engagement feature and the cartridge body further includes a second guide track. The
second guide track engagement feature is disposed on an opposite side of the knife member
relative to the first guide track engagement feature. The second guide track is engaged by the
second guide track engagement feature and configured so that the cutting blade protrudes
from the cartridge body during the first portion of the distal movement of the staple pushing
shuttle and the cutting blade is retracted into the cartridge body during the second portion of

the distal movement of the staple pushing shuttle.

[0017] In many embodiments of the surgical apparatus, the knife member slidably
interfaces with opposite sides of a vertical rib of the staple pushing shuttle so as to stabilize
the knife member relative to the staple pushing shuttle for all positions of the knife member
relative to the staple pushing shuttle. For example, in some embodiments of the surgical
apparatus, each of the first guide track engagement feature and the second guide track
engagement feature protrude distally to interface with a vertical rib of the staple pushing
shuttle to stabilize a position and/or an orientation of the knife member relative to the staple

pushing shuttle. In some embodiments of the surgical apparatus, each of the first guide track



10

15

20

25

WO 2018/071497 PCT/US2017/056075

engagement feature and the second guide track engagement feature slidingly interfaces with

the vertical rib.

[0018] In many embodiments of the surgical apparatus, the staple pushing shuttle and the
knife member remain at the distal end of the cartridge body after being moved from the
proximal end of the cartridge body to the distal end of the cartridge body. For example, in
some embodiments of the surgical apparatus, the cartridge body includes a retaining feature
that retains the staple pushing shuttle at the distal end of the cartridge body. In some
embodiments of the surgical apparatus, the retaining feature includes a flexible tab that
engages the staple pushing shuttle to retain the staple pushing shuttle at the distal end of the
cartridge body.

[0019] In many embodiments of the surgical apparatus, the cartridge body is pivotally
mountable to an end effector. For example, in some embodiments of the surgical apparatus,
the cartridge body includes an attachment feature proximate to the proximal end and
configured to removably couple with an end effector that includes an upper jaw. In many
embodiments of the surgical apparatus, the stapler cartridge forms a lower jaw of the end

effector.

[0020] The details of one or more implementations are set forth in the accompanying
drawings and the description below. Other features will be apparent from the description and

drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 shows a surgical tool, in accordance with some embodiments.
[0022] FIG. 2A shows a stapling cartridge, in accordance with some embodiments.

[0023] FIG. 2B shows a staple pushing shuttle and a knife member assembly of the

stapling cartridge of FIG. 2A, in accordance with some embodiments.

[0024] FIGS. 3A-3C show cross-sectional views of the stapling cartridge of FIG. 2A, in

accordance with some embodiments.

[0025] FIGS. 4A shows the knife member of the staple pushing shuttle and knife member
assembly of FIG. 2B.

[0026] FIGS. 4B shows the staple pushing shuttle and knife member assembly of FIG. 2B.
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[0027] FIGS. SA-5D shows cross-sectional views of the surgical tool of FIG. 1, in

accordance with some embodiments.

DETAILED DESCRIPTION
[0028] FIG. 1 shows a surgical tool 10 that includes a proximal chassis 12, an instrument
shaft 14, a distal end effector 16 that can be articulated to grip tissue, and a wrist
assembly 18. The proximal chassis 12 can include input couplers that can be interfaced with
and driven by corresponding output couplers of a telesurgical surgery system, such as the
system disclosed within Pub. No. US 2014/0183244 Al, which is incorporated by reference
herein. The input couplers can be drivingly coupled with one or more actuation members that
are disposed within the instrument shaft 14. The actuation members are drivingly coupled

with the end effector 16.

[0029] The end effector 16 is moveably connected to the instrument shaft 14 by the wrist
assembly 18. The wrist assembly 18 has at least two degree of freedom and provides for
attachment of the end effector 16 to the elongated instrument shaft 14 for articulation of the
end effector 16 about two orthogonal axes relative to the instrument shaft 14. The end
effector 16 includes an upper jaw 20 and a lower jaw 22. The upper jaw 20 and/or the lower
jaw 22 can be configured to articulate and grasp tissue. All or part of the lower jaw 22 take
the form of a cartridge that can be removed from the end effector 16. The lower jaw 22 can
house surgical staples for stapling cut tissue as well as a cutting mechanism that is housed

solely within the cartridge.

[0030] FIG. 2A shows a view of a cartridge 100, which can be used as the lower jaw 22 of
surgical tool 10 or part of the lower jaw 22. The cartridge 100 is shown without some
components for ease of description. The components of the cartridge 100 not shown in

FIG. 2A are discussed below. The cartridge 100 has a cartridge body 102 with proximal

end 104 that can be hingably coupled to the end effector 16 and a distal end 106 disposed at a
corresponding distal end of the end effector 16. In some embodiments, the overall length of
the cartridge 100 is greater than 45 mm, for example, over 60 mm. The cartridge body 102
includes a longitudinal slot 110 and multiple rows of staple openings 108 at an upper

surface 107 of the cartridge body 102. In some embodiments, a staple is disposed in each of
the staple openings 108 for deployment there from. The cartridge 100 can be configured to

be the entire lower jaw 22, or in some embodiments attach to a framework of the lower jaw
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22. In case of the latter, the cartridge body 102 can also include features adapted to be

secured to holding features of the lower jaw 22.

[0031] FIG. 2B shows a view of a staple pushing shuttle and knife member assembly 111
that is housed within the cartridge body 102. The assembly 111 includes a staple pushing
shuttle 112 and a knife member 122. The staple pushing shuttle 112 includes ramp

portions 114 configured to interface with staple pushers 116, which in turn interface with
staples 118. The staple pushing shuttle 112 slidingly interfaces with the cartridge body 102.
Movement of the staple pushing shuttle 112 towards the distal end 106 of the cartridge
body 102 results in engagement of the staple pushers 116 by the ramp portions 114 of the
staple pushing shuttle 112 to drive the staple pushers 116 up relative to the cartridge

body 102 to deploy the staples 118 out of the staple openings as the staple pushing

shuttle 112 moves towards the distal end 106 of the cartridge body 102.

[0032] The staple pushing shuttle 112 includes a knife slot 120 that aligns with the
longitudinal slot 110 of the cartridge body 102. The knife member 122 is slidingly disposed
within the knife slot 120. The position of the knife member 122 within the knife slot 120 is
controlled during a first portion of the movement of the staple pushing shuttle 112 from the
proximal end 104 of the cartridge body 102 to the distal end 106 of the cartridge body 106 so
that a cutting blade of the knife member 122 extends above the knife slot 120 and the
longitudinal slot 110. At an initial, proximal position of the staple pushing shuttle and knife
assembly 111, the knife member 122 is housed within a proximal garage 124 (shown in

FIG. 3A and FIG. 3B) of the cartridge body 102. Both the knife slot 120 and the
longitudinal slot 110 accommodate the cutting blade of the knife member 122 as the
assembly 111 is moved toward the distal end 106 of the cartridge body 102 from the proximal
garage 124. The staple pushing shuttle 112 also includes a guide member 126, which has a
cylindrical outer surface in the illustrated embodiment. The guide member 126 provides a
bearing surface that cooperates with a similarly shaped surface of the cartridge body 102, and
hence guides movement of the staple pushing shuttle 102. The guide member 126 extends
from a vertical rib member 127 of the staple pushing shuttle 112, which forms a central
portion of the staple pushing shuttle 112 and provides a vertical interface for the knife
member 122. The knife slot 120 is formed within the guide member 126 to help stabilize the

knife member 122 during movement of the assembly 111.
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[0033] In operation, the staples 118 are sequentially deployed starting at the cartridge
proximal end 104 and proceeding to the cartridge distal end 106. In the illustrated
embodiment, the knife member 122 is positioned distal to the ramp portions 114 of the staple
pushing shuttle 112 so that only fully stapled tissue is cut. The knife member 122, or at least
the cutting blade thereof, is retracted below the upper surface 107 of the cartridge body 102
prior to the assembly 111 reaching its distal most position adjacent to the distal end 106 of
the cartridge body 102. With the cutting blade of the knife member 112 disposed below the
upper surface 107 of the cartridge body 102 when the assembly 111 is at its distal most
position, the cartridge 100 can be removed safely from the surgical tool without danger of the
cutting blade of the knife member 122 cutting the operator. The retraction of the blade of the
knife member 122 below the upper surface 107 is described in further detail below.

[0034] FIGS. 3A-3C depict cross-sectional views of the cartridge 100. As shown in

FIG. 3B, the staple pushing shuttle and knife member assembly 111 is initially disposed at
the proximal garage 124 with the knife member 122 protruding past the upper surface 107.
At this position, the knife member 122 is concealed by the proximal garage 124 to prevent
injury via contact with the knife member 122 during handling and installation of the
cartridge 100. The guide member 126 of the staple pushing shuttle 112 is arranged to
translate along an elongated lumen 128 formed within the cartridge body 102. The elongated
lumen 128 has a circular profile to match the shape of the cylindrically shaped guide
member 126. The profile of the guide member 126 and the elongated lumen 128, however, is
not limited to being circular. Accordingly, the profile of the guide member 126 and the
elongated lumen 128 can have any suitable shape, such as, for example, rectangular or

hexagonal.

[0035] One or more sliding guide track engagement features (discussed in more detail
below) of the knife member 122 are positioned to slide along one or more guide tracks
formed within the cartridge body 102. In some embodiments, a first guide track is disposed
on one side of the longitudinal slot 110. In some embodiments, a second guide track is
disposed on the other side of the longitudinal slot 110. Each of the first guide track and the
second guide track can have a first track segment 130. The first track segment 130 is
elongated within the cartridge body 102 and extends along the elongated lumen 128.
Generally, the first track segment 130 includes at least one bearing surface for a sliding guide
track engagement feature of the knife member 122 to translate along. In some embodiments,

the first track segment 130 extends from the proximal end 104 of the cartridge body 102 to a
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transition ramp 132 disposed near the distal end 106 of the cartridge body 102. In some
embodiments, the first track segment 130 runs parallel to the upper surface 107. The
transition ramp 132 joins the first track segment 130 to a second track segment 134 that is
further away from the upper surface 107 than the first track segment 130. When the one or
more sliding guide track engagement features engage the transition ramp 132 during the
distal movement of the assembly 111, the knife member 122 is retracted to a position below
the upper surface 107 as shown in FIG. 3C. In this retracted position, the knife member 122
is safely stowed such that the cartridge 100 can be safely removed from the surgical tool

without danger the operator being cut by the knife member 122.

[0036] FIG. 4A shows a view of the knife member 122, which includes a cutting blade 136
for cutting tissue. The cutting blade 136 is arranged above a guide track engagement
assembly 138 configured to slide along the first guide track and the second guide track. The
guide track engagement assembly 138 includes a first guide track engagement feature 140
and a second guide track engagement feature 142. The first guide track engagement

feature 140 and the second guide track engagement feature 142 share a common bottom
surface and extend laterally from the knife member 122 to act as stops against the guide
member 126, as shown in FIG. 4B. Each of the first guide track engagement feature 140 and
the second guide track engagement 142 feature protrude distally to interface with a vertical
rib 127 of the staple pushing shuttle 112 to stabilize a position and/or an orientation of the
knife member 122 relative to the staple pushing shuttle 112. A distal separation between the
first guide track feature 140 and the second guide track feature 142 defines a gap 143. The
gap 143 accommodates the vertical rib 127 of the staple pushing shuttle 112 as the knife
member 122 is moved relative to the staple pushing shuttle 112. In this manner, the gap 143
helps stabilize the knife member 122 during the distal movement of the assembly 111 and
during the retraction of the knife member 122 below the upper surface 107 that occurs near

the end of the distal movement of the assembly 111.

[0037] The distal movement of the assembly 111 and actuation of the lower jaw 22 is
controlled by movement of a drive member 144, as depicted at FIGS. SA-5D. The drive
member 144 can be driven by an elongated and flexible cable that is housed within the

shaft 14 of FIG. 1. The drive member 144 includes an upper flange 146 that is captured and
slides within a rail feature 148 of the upper jaw 20. The drive member 144 also includes a
lower flange 150 that cooperates with a bottom surface of the cartridge 100. Because the

cartridge 100 is attached via a hinged connection, distal movement of the drive member 144

10
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causes the lower flange 150 to forcibly cause the cartridge to actuate towards the upper

jaw 20, which in some embodiments is fixed. The drive member 144 also pushes the
assembly 111 in the distal direction to cause ejection of the staples 118 into tissue and an
anvil surface of the upper jaw 20 to flatten the staples. Actuation of the assembly 111 by the

drive member 144 also causes knife member 122 to move distally and cut stapled tissue.

[0038] As shown in FIG. 5A, the cartridge 100 can be attached and removed from the
surgical tool 10 by way of an elongated attachment feature 152 that is hingeably coupled
below the upper jaw 20 and around the drive member 144. As shown in FIG. 5B, distal
movement by the drive member 144 causes the lower flange 150 to move undemeath the
proximal portion of the cartridge 100 and forcibly actuate the cartridge 100 towards the upper
jaw 20. Further distal movement of the drive member 144 further pushes the assembly 111
towards the distal end of the cartridge 100 to staple tissue and cut the stapled tissue until the
assembly 111 reaches the position shown in FIG. 5C. In the configuration shown in

FIG. 5C, the knife member 122 has been partially retracted via interaction of the guide track

engagement assembly 138 with the transition ramp 134.

[0039] In the configuration shown in FIG. 5D, the assembly 111 has been advanced to a
point that the knife member 122 has been retracted below the upper surface 107. The drive
member 144 can then be retracted in the proximal direction to the configuration shown in
FIG. SA and the assembly 111 remains at the distal end. One or more retention features,
such as a tab 154, can be used to retain the assembly 111 at the distal end of the

cartridge 100. After the drive member 144 has been retracted proximally to a position that
the drive member 144 no longer engages the lower surface of the cartridge 100, the

cartridge 100 can then be removed and replaced with a new cartridge 100.

[0040] Other variations are within the spirit of the present invention. The various aspects,
embodiments, implementations or features of the described embodiments can be used
separately or in any combination. Various aspects of the described embodiments associated
with operation of telesurgical tools can be implemented by software, hardware or a
combination of hardware and software. Thus, while the invention is susceptible to various
modifications and alternative constructions, certain illustrated embodiments thereof are
shown in the drawings and have been described above in detail. It should be understood,
however, that there is no intention to limit the invention to the specific form or forms

disclosed, but on the contrary, the intention is to cover all modifications, alternative

11
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constructions, and equivalents falling within the spirit and scope of the invention, as defined

in the appended claims.

[0041] The use of the terms “a” and “an” and “the” and similar referents in the context of
describing the invention (especially in the context of the following claims) are to be
construed to cover both the singular and the plural, unless otherwise indicated herein or
clearly contradicted by context. The terms “comprising,” “having,” “including,” and
“containing” are to be construed as open-ended terms (i.e., meaning “including, but not
limited to,”) unless otherwise noted. The term “connected” is to be construed as partly or
wholly contained within, attached to, or joined together, even if there is something
intervening. Recitation of ranges of values herein are merely intended to serve as a shorthand
method of referring individually to each separate value falling within the range, unless
otherwise indicated herein, and each separate value is incorporated into the specification as if
it were individually recited herein. All methods described herein can be performed in any
suitable order unless otherwise indicated herein or otherwise clearly contradicted by context.
The use of any and all examples, or exemplary language (e.g., “’such as™) provided herein, is
intended merely to better illuminate embodiments of the invention and does not pose a
limitation on the scope of the invention unless otherwise claimed. No language in the
specification should be construed as indicating any non-claimed element as essential to the

practice of the invention.

[0042] Preferred embodiments of this invention are described herein, including the best
mode known to the inventors for carrying out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary skill in the art upon reading the
foregoing description. The inventors expect skilled artisans to employ such variations as
appropriate, and the inventors intend for the invention to be practiced otherwise than as
specifically described herein. Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims appended hereto as permitted by
applicable law. Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the invention unless otherwise indicated herein or

otherwise clearly contradicted by context.
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WHAT IS CLAIMED IS:

1. A stapler cartridge comprising:

a staple pushing shuttle;

a knife member slidably coupled to the staple pushing shuttle, the knife
member comprising a cutting blade and a first guide track engagement feature; and

a cartridge body having a proximal end and a distal end, the staple pushing
shuttle being slidably coupled to the cartridge body, the cartridge body comprising a plurality
of openings at an upper surface for ejecting staples via a distal movement of the staple
pushing shuttle, the cartridge body comprising a first guide track engaged by the first guide
track engagement feature and configured so that the cutting blade protrudes from the
cartridge body during a first portion of the distal movement of the staple pushing shuttle and
the cutting blade is retracted into the cartridge body during a second portion of the distal

movement of the staple pushing shuttle.

2. The stapler cartridge of claim 1, wherein the first guide track
comprises a section inclined relative to the upper surface to induce retraction of the cutting

blade into the cartridge body.

3. The stapler cartridge of claim 1, wherein the staple pushing shuttle

comprises a knife channel in which the knife member is slidably disposed.

4, The stapler cartridge of claim 1, wherein:

the knife member further comprises a second guide track engagement feature
disposed on an opposite side of the knife member relative to the first guide track engagement
feature; and

the cartridge body further comprises a second guide track engaged by the
second guide track engagement feature and configured so that the cutting blade protrudes
from the cartridge body during the first portion of the distal movement of the staple pushing
shuttle and the cutting blade is retracted into the cartridge body during the second portion of

the distal movement of the staple pushing shuttle.
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5. The stapler cartridge of claim 4, wherein each of the first guide track
engagement feature and the second guide track engagement feature protrude distally to
interface with a vertical rib of the staple pushing shuttle to stabilize a position and/or an

orientation of the knife member relative to the staple pushing shuttle.

6. The stapler cartridge of claim 5, wherein each of the first guide track
engagement feature and the second guide track engagement feature slidingly interfaces with

the vertical rib.

7. The stapler cartridge of claim 1, wherein the cartridge body comprises
a retaining feature that retains the staple pushing shuttle at the distal end of the cartridge
body.

8. The stapler cartridge of claim 7, wherein the retaining feature
comprises a flexible tab that engages the staple pushing shuttle to retain the staple pushing
shuttle at the distal end of the cartridge body.

9. The stapler cartridge of claim 1, wherein the cartridge body comprises
an attachment feature proximate to the proximal end, the attachment feature being configured

to removably couple with an end effector that includes an upper jaw.

10.  The stapler cartridge of claim 9, wherein the cartridge forms a lower

jaw of the end effector.

11. A surgical apparatus comprising:
an elongated shaft;
an end effector movably coupled to the shaft, the end effector comprising an
upper jaw and a beam member, the beam member includes a first portion and a second
portion, the first portion slidably interfacing with the upper jaw; and
a stapler cartridge detachably mounted to the end effector and forming a
hinged lower jaw, the stapler cartridge comprising;
a staple pushing shuttle;
a knife member slidably coupled to the staple pushing shuttle, the knife

member comprising a cutting blade and a first guide track engagement feature; and
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a cartridge body having a proximal end and a distal end, the staple
pushing shuttle being slidably coupled to the cartridge body, the cartridge body comprising a
plurality of openings at an upper surface for ejecting staples via a distal movement of the
staple pushing shuttle, the cartridge body comprising a first guide track engaged by the first
guide track engagement feature and configured so that the cutting blade protrudes from the
cartridge body during a first portion of the distal movement of the staple pushing shuttle and
the cutting blade is retracted into the cartridge body during a second portion of the distal

movement of the staple pushing shuttle.

12. The surgical apparatus of claim 11, wherein the first guide track
comprises a section inclined relative to the upper surface to induce retraction of the cutting

blade into the cartridge body.

13.  The surgical apparatus of claim 11, wherein the staple pushing shuttle

comprises a knife channel in which the knife member is slidably disposed.

14, The surgical apparatus of claim 11, wherein:

the knife member further comprises a second guide track engagement feature
disposed on an opposite side of the knife member relative to the first guide track engagement
feature; and

the cartridge body further comprises a second guide track engaged by the
second guide track engagement feature and configured so that the cutting blade protrudes
from the cartridge body during the first portion of the distal movement of the staple pushing
shuttle and the cutting blade is retracted into the cartridge body during the second portion of

the distal movement of the staple pushing shuttle.

15.  The surgical apparatus of claim 14, wherein each of the first guide
track engagement feature and the second guide track engagement feature protrude distally to
interface with a vertical rib of the staple pushing shuttle to stabilize a position and/or an

orientation of the knife member relative to the staple pushing shuttle.

16.  The surgical apparatus of claim 15, wherein each of the first guide
track engagement feature and the second guide track engagement feature slidingly interfaces

with the vertical rib.
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17.  The surgical apparatus of claim 11, wherein the cartridge body
comprises a retaining feature that retains the staple pushing shuttle at the distal end of the

cartridge body.

18.  The surgical apparatus of claim 17, wherein the retaining feature
comprises a flexible tab that engages the staple pushing shuttle to retain the staple pushing
shuttle at the distal end of the cartridge body.

19.  The surgical apparatus of claim 11, wherein the cartridge body
comprises an attachment feature proximate to the proximal end, the attachment feature being

configured to removably couple with an end effector that includes an upper jaw.

20.  The surgical apparatus of claim 19, wherein the cartridge forms a

lower jaw of the end effector.
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