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(57) Abstract: A surgical kit includes an instrument and two or more cartridges. The instrument includes a body, a shaft assembly,
and a cartridge receiving assembly. The cartridge receiving assembly has a movable output feature, which is configured to move in
response to activation of the actuation input feature. The cartridges may include a first suturing cartridge and a second suturing cart -
ridge, with first and second suture needles, respectively. The second suture needle may extend along an arc that has a larger radius of
curvature than an arc associated with the first suture needle. The cartridges may also include a drive assembly that is operable to
drive the needle along an orbital path in response to movement of the actuation input feature. The cartridges may also include fea-
tures that are operable to apply clips or staples. The cartridges may also include features that are operable to grasp or cut.



WO 2016/205184 PCT/US2016/037350

SUTURING INSTRUMENT WITH MULTI-MODE CARTRIDGES

BACKGROUND

{00061} Sutures may be used in a wide variety of surgical procedures. Manual suturing
may be accomplished by the surgeon using a fine pair of graspers to grab and hold a
suture needle, pierce the tissue with the needle, let go of the needle, and re-grasp the
needle to pull the needle and accompanying suture thread through the tissues to be
sutured. Such needles may be curved with the suture attached to the trailing end of the

needle.

{0002} Some surgical mstrumenis automate at least part of the suturing procedure.
Examples of automated suturing instruments are described in U.S. Pat. No. 8,702,732,
entitled “Laparoscopic Suturing Instrument with Dual-Action Needle Graspers,” issued
April 22, 2014, the disclosure of which 1s incorporated by reference herein, U S. Pub. No.
2011/0313433, entitled “Laproscopic Suture Device with Asynchronous In-Line Needle
Movement,” published December 22, 2011, the disclosure of which is incorporated by
reference herein; U.S. Pub. No. 2014/0171970, entitled “Circular Needle Applier with
Articulating and Rotating Shaft” published June 19, 2014, the disclosure of which is
mcorporated by reference herein; and US. Pat. App. No. 14/297,993, entitled “Jawed
Cartridge receiving assembly for Needle Cartridge,” filed June 6, 2014, the disclosure of

which 1s incorporated by reference herein,

(8003} Whule various kinds of suturing instruments and associated components have been
made and used, it 1s 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

{0004] While the specification concludes with claims which particularly point out and
distinctly claim this technology, it is believed this technology will be better understood

from the following description of certain examples taken in conjunction with the
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accompanying drawings, in which like reference numerals identify the same elements and

i which:
{0065} FIG. 1 depicts a side view of an exemplary surgical suturing instrument;

{06006] FIG. 2A depicts top perspective exploded view of a cartridge receiving assembly

of the instrument of FIG. 1

{B007] FIG. 2B depicts bottom perspective exploded view of the cartridge receiving

assembly of FIG. 24,

{BO08] FIG 3A depicts a top perspective view of an exemplary cartridge configured for

receipt in the cartridge receiving assembly of FIG. 2A;

{B009] FIG. 3B depicts a bottom perspective view of the cartridge of FIG. 34,
{0010] FIG. 4 depicts an exploded view of the cartridge of FIG. 34,
{061 1] FIG. SA depicts a perspective view of a drive asserbly of the cartridge of FIG.

3A, with the drive assembly at one end of its stroke;

[0012] FIG. 5B depicts a perspective view of the drive assembly of FIG. 5A, with the

drive assembly at mid-stroke;

{0013} FIG. 5C depicts a perspective view of the drive assembly of FIG. 5A, with the

drive assembly at the other end of its stroke;

[0014] FIG. 6 depicts a partial plan view of a needle driver of the cartridge of FIG 3A

engaging a needle of the cartridge of FIG. 3A;

[0015] FIG. 7 depicts a perspective view of an exemplary alternative cartridge that may

be used with the instrument of FIG. 1;

{0016} FIG. 8 depicts another perspective view of the cartridge of FIG. 7,
{0617} FIG. 9 depicts a top plan view of the cartridge of FIG. 7, with a housing of the

cartridge shown in cross-section;

3]
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{0018] FIG. 10 depicts an exploded perspective view of needle drive components of the

cartridge of FIG. 7,

{0019} FIG. 11 depicts a perspective view of another exemplary alternative cartridge that

may be used with the instrument of FIG. 1;
{0020} FIG. 12 depicts another perspective view of the cartridge of FIG. 11,

{0621] FIG 13 depicts an exploded perspective view of the cartridge of FIG. 11, with a

housing of the cartridge shown m cross-section,

{0022] FIG. 14A depicts a top cross-sectional view of the cartridge of FIG. 11, with a

first chip positioned for clamping by jaws of the cartridge;

{0023] FIG. 14B depicts a top cross-sectional view of the cartridge of FIG. 11, with the

first chip being clamped by the jaws;

{0024] FIG. 14C depicts a top cross-sectional view of the cartridge of FIG. 11, with a

second clip positioned for clamping by the jaws;

[0025] FIG. 1S depicts a perspective view of another exemplary alternative cartridge that

may be used with the mstrument of FIG. 1;
[0026] FIG. 16 depicts another perspective view of the cartridge of FIG. 15;

{0027] FIG.17 depicts an exploded perspective view of the cartridge of FIG. 15, with a

housing of the cartridge shown in cross-section;

{0028] FIG. 18A depicts a top cross-sectional view of the cartridge of FIG 15, with a

first chip positioned for clamping by jaws of the cartridge;

{0029] FIG. 18B depicts a top cross-sectional view of the cartridge of FIG. 15, with a
portion of an actuation collar broken away to reveal internal components, and with the

first clip being clamped by the jaws;
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{0036} FIG. 18C depicts a top cross-sectional view of the cartridge of FIG. 15, with a
portion of an actuation collar and rack member broken away to reveal internal

components, and with a second clip positioned for clamping by the jaws;

{0631} FIG. 19 depicts a perspective view of another exemplary alternative cartridge that

may be used with the mstrument of FIG. 1
{0632] FIG. 20 depicts another perspective view of the cartndge of FIG. 19,

{0033] FIG. 21 depicts a perspective view of a sutare anchor clip of the cartridge of FIG.

19, in a non-actuated state;

{0034] FIG. 22 depicts a side elevational view of the suture anchor clip of FIG. 21, i an

actuated state;

[0035] FIG. 23 depicts a perspective view of another exemplary alternative cartridge that

may be used with the mstrument of FIG. §;

{0036] FIG. 24 depicts another perspective view of the cartridge of FIG. 23;
[0037] FIG. 25 depicts an exploded perspective view of the cartridge of FIG. 23, with a

housing of the cartridge shown m cross-section;

[0038] FIG. 20A depicts a top cross-sectional view of the cartnidge of FIG. 23, with a

jaws of the cartridge 1 an opeun state;

{0039] FIG. 26B depicts a top cross-sectional view of the cartridge of FIG. 23, with the

jaws driven from the open state to a closed state;

{0040] FIG. 26C depicts a top cross-sectional view of the cartridge of FIG. 23, with the

jaws driven from the closed state back to the open state;

{0041} FIG. 27 depicts a perspective view of another exemplary alternative cartridge that

may be used with the instrument of FIG. 1;

{0042} FIG. 28 depicts another perspective view of the cartridge of FIG. 27,
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{0043} FIG. 29 depicts a perspective view of another exemplary alternative cartridge that

may be used with the instrument of FIG. 1;
{0044} FIG. 30 depicts another perspective view of the cartridge of FIG. 29;

{0045] FIG. 31 depicts an exploded perspective view of the cartridge of FIG. 29, with a

housing of the cartridge shown in cross-section;

{00406] FIG. 32 depicts a perspective view of a staple stop assembly of the cartridge of

FI1G. 29;

{8047} FIG. 33 depicts a perspective view of a staple buasing saddle of the cartridge of

FI1G. 29;

{0048] FIG. 34 depicts a perspective view of a staple driver of the cartnidge of FIG. 29;

{0049] FIG. 35 depicts a perspective view of an anvil member of the cartridge of FIG.
24,

[0050] FIG. 36 depicts a perspective view of a staple guide member of the cartridge of
FIG 29;

{0051] FIG. 37A depicts a top cross-sectional view of the cartridge of FIG. 29, with the

cartridge in a pre-firing state;

{0052] FIG. 378 depicts a top cross-sectional view of the cartridge of FIG. 29, with a

tirst staple advanced into engagement with the anvil member;

{0053] FIG. 37C depicts a top cross-sectional view of the cartridge of FIG. 29, with the

staple driver deforming the first staple against the anvil member;

{0054] FIG. 38A depicts a partial, side elevational view of staple driving and guide

components of the cartridge of FIG. 29, with the cartridge 1n a pre-firing state;
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{0055} FIG. 38B depicts a partial, side elevational view of staple driving and guide
components of the cartnidge of FIG. 29, with the first staple advanced into engagement

with the anvil member; and

{0656] FIG. 38C depicts a partial, side elevational view of staple driving and guide
components of the cartridge of FIG. 29, with the staple driver deforming the first staple

against the anvil member.

{0057} The drawings are not intended to be himiting 1n any way, and it is contemplated
that various embodiments of the technology may be carried out in a variety of other ways,
including those not necessarily depicted in the drawings. The accompanying drawings
mcorporated in and forming a part of the specification illustrate several aspects of the
present technology, and together with the description serve to explain the principles of
the technology; it being understood, however, that this technology is not limited to the

precise arrangements shown.
DETAILED DESCRIPTION

{0058} The following description of certain examples of the technology should not be
used to limit its scope. Other examples, features, aspects, embodiments, and advantages
of the technology will become apparent to those skilled in the art from the following
description, which is by way of illustration, one of the best modes contemplated for
carrying out the technology. As will be realized, the technology described herein 1s
capable of other different and obvious aspects, all without departing from the technology.
Accordingly, the drawings and descriptions should be regarded as illustrative in nature

and not restrictive.
[0059] I. Overview of Exemplary Surgical Suturing Instrument

{0660} FIG. 1 illustrates an example of a surgical suturing instrument {2}, Instrument {2}
comprises a handle assembly (10}, an elongate shaft (20), and a cartridge receiving
assembly {50}, which s operable to receive a needle applier cartridge (30). Shaft (20)
has a proximal end (21), a distal end (22), and a longiudinal axis extending

therebetween. Handle assembly (10} 15 connected to the proximal end (21} of the shaft

-6 -
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{20}. In this example handle assembly (10} 1s a manual pistol grip handle. However, a
variety of sther manual actuators could also be used, including but not limited to a scissor
grip handle, a syringe grip handle, endoscopic rotary knobs, and the like. Handle
assembly (10} could also take the form of a robotic interface, such as a DAVINCI puck,

or a housing comprising gears or pulleys, servomechanisms, and the like.

{0661] Needle applier cartridge {30} is connected to the distal end (22} of shaft (20} via
cartridge receiving assembly (50}, Needle applier cartridge (30) 1s operable to rotate an
arced needle in a circular path enabling a surgeon to selectively apply sutures. In some
alternative versions, needle applier cartridge (30} 1s integral with shaft (20) and handle
assembly (10} as a unitary disposable mnstrument intended for a single surgical procedure.
Needie apphier cartridge (30) may also be integral with shaft (20) and handle assembly
(10} as a reusable instrument. Optionally, as llustrated here, needle applier cartridge (30)
may be provided in a disposable cartridge body (90) and shaft (20} includes cartridge
receiving assembly (30) to releasably hold cartridge body (90). In some such versions,
shaft (20) and handle assembly (10} may also be disposable or reusable. Versions with
reusable components are intended to be cleaned, sterilized, and reused for a multiple
surgical procedures, and may mclude a flush port (18) to facilitate cleaning. The
preferable life cycle of a reusable instrument is at least SO operations, more preferably at
teast 150 operations, and most preferably at least 200 operations. Reusable components
may be built using materials that can withstand autoclave stenihization temperatures of at
teast 135 degrees Celsius, although low temperature materials can also be used with low

temperature sterilization techniques known in the art.

[0062] A first input (12}, shown here as a trigger that pivots between opened and closed
positions, may be used to selectively actuate needle applier cartridge (30} The trigger
may be spring biased to return the trigger to s open position. A second mput (14),
shown here as a rotary knob, may be used to selectively articulate shaft (20). A third
mput {16}, shown here as a rotary knob, may be used to selectively rotate needle apphier
cartridge {30) about shaft (20). Of course, the number, type, configuration, and operation

of mputs (12, 14, 16} may vary.

~J
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{0063} FIGS. 2ZA-2B lustrate exploded views of cartridge receiving assembly (50) of the
present example. Distal end (22} of shaft {20) comprises an articulation joint (23} and a
rotational bearing (24).  Articulation joint (23) includes a knuckle {(23A) that receives
pins (238, 23C), which are connected to bearing supports {24B, 23C). Thus, pins (23B,
2C) define the pivoting axis for articulation joint (23), enabling cartridge receiving
assembly (50} to articulate left and right relative the shaft (20), away from the
longitudinal axis defined by shaft (203 Rods (27A, 27B) are operably connected to
articulation joint (23). In this example, rods {27A, 27B) extend through shaft (20),
through knuckle (23A), and connect to pins {(Z9A, 29B) on bearing support (24C). Rods
(27A, 278B) are operatively connected to rotary knob (14) to opposingly push and pull
rods (27A, 27B). In other words, rotary kuob (14) 1s operable to drive rods (274, 27B) at
the same time in opposite longitudinal directions, such that rod (27A) will translate
distally while rod (27B) translates proxamally; and such that rod (27B) will translate
distally while rod (27A) translates proximally. Because pins (294, B) are laterally
spaced from the pivoting axis, the simultaneous push and pull action will in tumn

articulate cartridge recetving assembly (50) about joint (23) relative to shaft (20).

[0064] Rotational bearing (24) 15 postitioned distal to articulation joint (23). Bearing (24)
mcludes a circumferential flange (24A) that 15 captured between the bearing supports
(248, 24C) such that the flange (24A) can rotate relative the bearing supports (248, 24C)
and enabling unbounded rotation of cartrnidge receiving assembly (50} relative shaft (20)
about the longitudinal axis defined by shaft (20). A drive rod (28) extends through shaft
(20). In this example, drive rod (28) comprises a proximal rigid portion (28A) and a
distal bendable portion (28B) that are fixedly connected to one another. Bendable portion
(28B) extends through articelation joint {23} and through bearing (24); distal end (28C) 1s

fixedly connected to a mount (49} on a rack {45).

[0065] Rack {(45) reciprocates longitudinally in lower jaw (51} with followers {454, 458,
45C, 45D) constrained in tracks (SSA, 55B, 55C, 55D, respectively. Tracks (S5A, 55B,
S55C, 55D) open through lower jaw (S1), providing fhud passages to the internal
components within the lower jaw (51), thus facilitating easier cleaning. A pinion (47) 13

mounted to lower jaw (51} by the pin (46) n the rack (45} such that longitudinal
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[0666]

{6067}

reciprocation of the rack (45} is converted into rotational reciprocation of pinion (473 A
key (48) communicates the reciprocating rotation to a rotary input {94) in cartridge body

(20}, which n turn actuates needle applier cartridge (30).

Drive rod (28} 13 operatively connected to first input (12} and to third input (16).
Actuation of first input {12} will impart axial push and pull loads on drive rod (28} to
longitudinally reciprocate rack (45) and thereby actuate needle applier cartridge (30).
Actuation of third input {16} will impart a rotational load on drive rod (28} thus rotating
cartridge receiving assembly (50} about bearing (24) relative to shaft (20). Accordingly,
a single drive rod (28) operates to both actuate needle applier cartridge (30} as well as
control distal rotation of needle applier cartridge (30} about the longitudinal axis of shaft
(20). By consolidating dual functions with a single drive rod (28}, the number of
components s reduced, and more space 1s provided i1n the shaft (20}, which may make

the device less expensive to manufacture and easier to clean.

Cartridge receiving assembly (50} i1s dimensioned and adapted to receive and hold
cartridge body (90). As shown in FIGS. 2A-2B, cartridge receiving assembly (50) of this
example has upper and lower jaws {56, 51) that are operable to transition between an
open configuration and a closed configuration. In the closed configuration, jaws (56, 51}
are operable to receive and retain cartridge body (90). In the closed configuration, jaws
(56, 51) are operable to release cartridge body (90). In the present example, lower jaw
(51} 1s stationary and upper jaw (36) pivots. Alernatively, the arrangement could be
reversed, or in some versions both jaws (56, 31) could pivot. Lower jaw (51) has two
laterally offset longitudinal rails (52) that are dimensioned and adapted to receive
cartridge body (90). Rails (52) help longitudimally align cartridge body (90} in cartridge

receiving assembly (50) and laterally retain cartridge body (90} m jaws {51, 56). Upper

1aw (56} pivots relative lower jaw (51} about a pin {53) that 15 received in holes (57). A

tooth {59) 15 resihiently oriented downwardly from upper jaw (56} toward lower jaw (51)
with a ramped distal face and a stepped proxamal face. Tooth (59} 15 dimensioned and

adapted to latch with cartridge body (90) and longitudinally retain cartridge body (90} i

taws {51, 56). Tooth (59) deflects by virtue of a resilient cantilevered arm extending

proximally from the distal end of upper jaw (56}, In this example, tooth (59} and the

-0



WO 2016/205184 PCT/US2016/037350

caniiievered arm are monolithic with upper jaw (56), thus reducing the number of
components and moving pieces, which may make the device less expensive to

manufacture and easier 1o clean.

{0668] A button (60} ts operable to open and close jaws {51, 56). While button {60)
could be placed on or near the handle assembly (10} tn some versions, in this example
button (60} 18 positioned adjacent cartridge receiving assembly (50}, which eliminates a
linkage in shaft (20} thus creating space in shaft (20) and making the device less
expensive and easier to clean. The action of button {60} may vary, but in this example
button (60) ptvots relative to lower jaw (51} about a pin (63) that 1s recetved hole (61). A
follower (62) 1s received by cam slots (54, 58). Pivoting button (60} proximally will
open jaws {51, 563, while pivoting button (60} distally will close jaws (51, 56). A spring
(64) engages and biases button (60} distally. By pulling button (60) proximally, follower
(62} will drive cam slot (58) to open upper jaw (56). When button {60} 15 released, spring
(64} will resiliently drive button (60) distally to close upper jaw (36),

{0069} FIGS. 3A-3B illustrate cartridge body (90} of the present example in greater
detail. A lower face (91) of cartridge body (90) is adapted to engage lower jaw (51); and
an upper face {96) to engage upper jaw {56). Poke-yoke features on cartridge body (90)
prevent improper msertion of cartridge body (90) into cartridge receiving assembly (50},
but also contribute to the aesthetic appearance of cartridge body (90). For instance, lower
face (91) has a pair of longitudinal notched shoulders (92) that are dimensioned to
mnterface and mate with rails (52). In this example, notched shoulders (92) are shaped as
a stepped rabbet, but a variety of other aesthetic shapes could also be employed such as
chamfers and radin. In contrast, upper face (96) is asymmetrical relative lower face (91)
and lacks shoulder notches, so upper face (96} would interfere with rails (52} 1f cartnidge
body (90} were mserted upside-down 1n cartridge receiving assembly (50). In anocther
mstance, the geometry of a proximal face (98) of cartridge body (90) s vertically
asymmetrical and thus prevents cartnidge body (90) from being inserted upside-down
between jaws {531, 56). In this example, proximal face (98) comprises a curved surface
that gently transitions to upper face (96}, which matches sumilar geometry in cartridge

receiving assembly (50}, while the transition to lower face (91) has a tighter radius. OF

-10 -
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72]

course, a variety of other asymmetrical aesthetic geometries could also be employed that
could contribute to the visual appearance and/or poke-yoke aspecis of cariridge body

(90).

Arms {93A, 93B) define a generally U-shaped distal end on cartridge body (90).
A slot (95) and rotary input (94) are aligned and dimensioned to receive the key (48)
while cartridge body (90) is being shid into cartridge receiving assembly (50). When
cartridge body (90} is fully seated mto cartridge receiving assembly (50}, a step (99)
aligns with and receives tooth (59) to latch cartridge body (90} in cartridge receiving
assembly (50). Key (48) also aligns with rotary input (94), thereby providing a torsional
mterface that rotationally couples pinion (47) and rotary input (94). In use, the needle

{70} exits arm (93A) and enters arm (93B).

As shown in FIGS. 3A-4, cartridge body (90) further comprises a lower body
(81}, an upper body (82}, a needle (70), and a needle cover {83). Needle driver {86),
rotary input {94}, and a link (85} are captured between lower body (81) and upper body
{82). Bodies (81, 82) may be attached to one another using a variety of known
techniques, including welds, pins, adhesives, and the like to form cartridge body (90).
Needie (70} has a leading end (71} and a length of suture (73) extending from the tratling
end (72). Needle {(70) orbits in a circular path defined by a needle track (84) and between
arms (93A, 93B). Needle (70) includes notches (74) that are configured to faciitate
engagement between needle driver (86) and needle (70). Needle (70) is captured in
needle track (84} by needle cover (83). A cage (87) shdes over bodies (81, 82) and

needle cover (83) to attach needle cover (83) against lower body (81).

FIGS. SA-SC illustrate an example of a drive stroke of the transnmussion in
cartridge body (90) for driving needle (70) in a circular, orbital path. However, ut should
be understood that needle (70) and suture (73) omitted from FIGS. SB-5C. Needle driver
(86) rides in a carrier track (88) and extends wnto needle track (84) to engage and drive
needle (70). A link (85) conuects rotary input {94} to needle driver (86). FIG. SA shows
needle driver {(86) positioned at one end of 1ts stroke in carrer track (88}, As shown i

FIG. 5B, counterclockwise rotation of rotary put (94) will translate needle driver (86)

-11 -
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clockwise along carrier track (88), thereby driving needle {70) clockwise. As shown in
F1G. 5C, continued counterclockwise rotation of the rotary input {94} will continue to
translate needle driver {86) and thereby drive needle (70} clockwise until it reaches the
other end of its stroke in carrier track (88}, In this example, the drive stroke rotates the
needle {70) in ts circular path along an angular range of about 180 degrees. For the
return stroke, the sequence can be reversed by rotating the rotary input {94) clockwise,
which will translate needle driver (86} counterclockwise in carrier track (88) Needle
driver {86} 15 disengaged from needle (70) during the return stroke until needle driver
(86} reaches the end of the return stroke. Needle driver (86) will re-engage needle (86}
upon completing the return stroke. Thus, a sequence of drive and return strokes will

rotate the needle (70) 1n a circular path.

{0073] FIG. 6 illustrates a detailed view of needle driver (86} engaging needle (70}
Needle driver (86) comprises a carrier (86A) and a driver (86B).  Carrier {80A) 1s
dimenstoned to shideably fit in carrier track (88). Driver (80B) 1s attached to carrier (75)
and 1s operative to engage needle {70} at an oblique angle. Leftward movement of needle
driver {86) will cause driver (86B) o engage proximal notch (74) of needle (70) during
the drive stroke. When so engaged, needle (70} will slide 1 needle track {84} in uruson
with needle driver (86). Due to the oblique angle, nightward movement of needle driver
{(86) will disengage driver (86B) from proxumal notch (74) of veedle (70} and slide over

the stationary needle (70) during the return stroke.

{0674] Referring back to FIGS. 3A-5C, when first input (12} is depressed, closing the
trigger, needle driver (86) will be actuated through its drive stroke where it orbits along
an angular range of motion at least about 180 degrees counterclockwise to a driven
position as shown in FIG. 5C. During the drive stroke, driver (86B) engages proximal
notch {74) and will in unison rotate needle {70) about 180 degrees along an orbital path to
its extended position. Needle (70) will span across arms (93A, 93B) between exit port
(95} and entrance port (97). Tissue mterposed between arms (93A, 93B) will be pierced

by leading end (71) of needle (70}.
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{0075} When first input {(12) 1s released and the spring return opens the trigger, needle
driver (86) reciprocates through its return stroke where it orbits along an angular range of
motion about 180 degrees clockwise back to the return position shown i FIG. SA
Druring the return stroke, driver (86B) slides over the needle (70). Driver (86B) 1s then
adjacent the distal notch (74). When first input {12} is depressed again closing the
trigger, needle driver (86) will again be actuated through its drive stroke where it orbits
along an angular range of motion about 180 degrees counterclockwise to the driven
position as shown in FIG. 5C. During the drive stroke, driver (86B) engages distal notc
(74} and will in unison drive needle (70} orbitally along an angular range of motion about
180 degrees back to its retracted position. Suture (73) will follow needle (70) and be

threaded through the pierced tissue.

{6076} When first input (12) is again released and the spring return opens the trigger,
needle driver (86} again reciprocates through its return stroke where it orbits along an
angular range of motion about 180 degrees clockwise back to its returned position as
shown in FIG. 5A. During the return stroke, driver (86B) shides over needle (70). Thus,
needle (70} 1s driven in a complete circular path spanning an angular range of 360° in
response to first input (12) being actuated twice. The sequence may be repeated as

needed by the surgeon to achieve the desired suturing task.

[0077] Rotary knob (14} 1s operable to selectively articulate joint (23). Rotary knob (14)
rotates 1n a plane spaced below and generally parallel with shaft (20). An axle (121)
connects rotary knob (14) to a disk (120) in shroud (11) that also rotates in a plane
generally parallel with the shaft (20). As shown in FIG. 8, disk {120} comprises first and
second cam slots (122A, 122B), each having a length with angular and radial
components. In this embodiment, the cam slots (1224, 122B} are two identical spirals
offset 180 degrees from one another. Fach cam slot (122A, 122B) has an angular span
between about 220 degrees and about 300 degrees, with thewr angular spans overlapping
one another. Cam slots (122A, 122B} also increase their distance from the center of disk
(120} in the same angular direction. Each cam slot {1224, 122B) has a radial span of
about 0.100 inches and about 0.155 inches. Of course, the configuration and dimensions

of cam slots (1224, 122B) may alternatively differ from the foregoing.
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16678

10079]

[0680]

Cam slot (122A) receives a cam follower (124A) on a distal half of disk (120},
and cam slot (122B) recetves a cam follower (124B) on the proximal half of disk (120).
Followers (124A, 124B) extend downwardly and generally normal from the proximal
ends of rods {27A, 27B), respectively. In this example, followers (124A, 124B) are
medially offset from longitudinal axes of the respective drive rod (27A, 278B). Rods
(27A, 278} are constrained to shde axially, so counterclockwise rotation of disk (120)
moves rod (27B) proximally and simultaneously moves rod (27A) distally to articulate
joint {23) to the left of the longitudinal axis (LA} of shaft (20), as shown 1n the transition
tfrom FIG. 11A to FIG. 11B. Similarly, clockwise rotation of disk (120) moves rod (27B)
distally and simultaneously moves rod (27A) proximally, thereby articulating joint (23) to
the right of the longitudinal axis (LA) of shaft {20), as shown in the transition from FIG.

11Ato FIG 11C

Cam slots (122A, 122B) each define a tangent axis {126A, 126B) where cam slot
(122A, 122B) 15 engaged by the respective cam followers (124A, 124B). The tangent
axes (126A, 126B) may be substantially normal to the longitudinal axes of rods (274,
27B) so axial push and pull loads on rods (27A, 27B) mtroduced by side loads on
cartridge receiving assembly (50} will not cause disk (120) to rotate. Accordingly, joint
(23) will remain locked at its articulated angle. Frictional interfaces or detents may be
added to further prevent unintentional articulation, such as between followers (124A,
124B) and cam slots (1224, 122B), between disk (120} and shroud {11), between axle

{121) and shroud (11), and/or 10 any other suttable fashion,

FIG. 9 illustrates an alternative example of an articulation control. A plurality of
detents {125) are positioned along cam slots (1224, 122B). In addition to preventing
anintentional articulation, detents (125) may provide feedback to the surgeon mdicating
various angular positions of needle applier cariridge (30} relative shaft (20). Detents
{(125) may be indexed to correspond to one or more predeternuned articulation angles,
such as O degrees, 15 degrees, 45 degrees, and the like; or detents (125) may be equally
distributed along cam slots (122A, 122B). Larger detents (127) may be located at the

ends of the cam slots (1224, 122B).
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{0081} Detents (125) open to the top surface of disk (120}, but only partially extend into
cam slots (122A,) 122B). As shown in FIG. 10, follower (124} extends downwardly from
articulation rod (27). Follower (124) includes a straight portion (124C) that closely fits in
cam slots (122A, 122B) and a radius portion (124D) dimensioned to be recetved by
detents (125}, As disk (120) rotates, radius portion {124D} will raise and lower into
detents (125} but the straight portion {124C) will follow and remain engaged in the cam
slots (122A, B). In some versions, rod {27) will be biased downwardly toward disk (120)

to provide a tactile and/or audible “click” as radius portion (124D) engages detents (125).

{0082] Further details, explanations, examples, and alternative embodiments of surgical
suturing devices and subcomponents of the foregoing are disclosed in U.S. Pub. No.
2014/0171970, entitled “Circular Needle Applier with Articulating and Rotating Shaft,”
published June 19, 2014, the disclosure of which 1s incorporated by reference herein;
U.S. Pat App. No. 14/297993, entitled “Jawed Cartridge Recetving Assembly for
Needle Cartridge,” filed June 6, 2014, the disclosure of which is incorporated by
reference herein; and U.S. Pat. App. No. 14/298,038, entitled “Circular Needle Applier
with Cleats,” filed January 30, 20153, the disclosure of which 15 incorporated by reference
herein. It should be understood that such details, explanations, examples, and alternative
embodiments may be readily apphed to the above-described instrument (10} and

subcomponents thereof.
[0683] IL Exemplary Alternative Cartridges

{0084] In some instances, it may be desirable to use different cartridges with instrument
(10} to perform different surgical functions. For instance, it may be desirable to use an
alternative cartridge with instrument (10} in order to perform a suturing operation with a
needle having a greater length and radius of curvature than needle (70). As another
exarmple, it may be desirable to use an alternative cartridge with instrument (10} 10 order
to apply malleable surgical clips at a surgical site.  As another example, it may be
desirable to use an alternative cartridge with mstrument {10) in order to apply an anchor
clip to a suture {73) after suture (73} has been passed through tissue to form one or more

stitches, to prevent suture {73) from undesuwably pulling through the tissue and
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compromising the one or more stitches. As another example, it may be desirable to use
an alternative cartridge with instrument (10} in order to grasp or sever tissue and/or other
items within a patient. As another example, it may be desirable to use an alternative
cartridge with mstrument (10} i order to apply staples to tissue in a patient.  These
various kinds of operating modalities may be selected based on the particular surgical
procedure at hand  Moreover, an operator may use different cartridges providing
different kinds of operating modalities with the same instrument {10) in a single surgical
procedure. For instance, if one stage of the surgical procedure calls for suturing, the
operator may secure a suturing cartridge to nstrument (10}, If another stage of the same
surgical procedure calls for stapling, the operator may remove the suturing cartridge from

mstrument (10} and secure a stapling cariridge to instrument (10).

{0085] The configuration of cartridge recetving assembly (50} lends itself to accepting
varigus kinds of cartridges that provide various kinds of operating modalities such as
those noted above, provided that the modular carinidges are configured to fit n cartridge
recetving assembly (50) and are operable to receive a rotary drive mput from key (48) of
cartridge receiving assembly (50). The following description relates to various examples
of modular cartridges that may be received n cartridge receiving assembly (30} and that
may thereby convert a rotary drive input from key (48) into an actuation motion. [t
should therefore be understood that each of the exemplary cartridges described below
may be driven 1n response to actuation of first input (12). It should also be understood
that the following cartridges are just merely llustrative examples. Other examples will

be apparent to those of ordmary skill 1o the art 1n view of the teachings herein.
{0086] A Exemplary Cartridge with Large Needle

{0087] FIGS. 7-10 show another exemplary cartridge (100} that may be readily used with
mstrument (10). In particular, cartridge (100} is configured to be removably received in
cartridge receiving assembly (50). Tt should be understood that cartridge (100) may be
selectively secured m and released from cartridge receiving assembly (50) in the same
manner i which cartridge (30) 1s selectively secured m and released from cartridge

recetving assembly (50} as described above. Cartridge (100) mclodes a housing (102)
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and a rotary input {194). As best seen in FIG. 8, rotary input {194) includes a slot that s
configured to mate with key (48} of cartridge recetving assembly (50}, such that cartridge
{100) 1s actuated by rotation of key (48) as will be described 1n greater detail below. It
should therefore be understood that cartridge {100} 1s actuated by actuation of first input
(12}, As will also be described in greater detail below, cartridge (100} will drive a needle
(170} from a first arm {193 A) to a second arm {1938} when cartridge (100} 1s actuated by

first input (12).

{0088] As shown i FIGS. 9-10, cartridge (100} includes an integral needle (170}, a
needle driver (186), a drive hnk (185), and a rotary cam (130). Needle (170} s
configured just like needle (70), except that needle (170) of this example has a larger
radius of curvature than needle (70} and 1s longer than needle (70). By way of example
only, needle {170) may extend along an arc having a radius of curvature {(along the
centerline of needle (170)) of approximately 0.325 mches and a length of approximately
1.355; while needle (70) may extend along an arc having a radius of curvature {along the
centerline of needle (70}) of approximately 0.196 inches and a length of approximately
0.826 inches. As another merely illustrative example, etther needle (70, 170) may have a
radius of curvature {along the centerline of needle (70, 170)) of approximately 0.275
mches and a length of approximately 1.151 inches. Of course, these values are merely

tlustrative examples. Needles (70, 170) may instead have any other sizes.

{0089] Needle driver (186) and drive link (185) are configured to operate substantially
wdentically to needle driver (86) and link (85) described above, though 1t should be
understood that needle driver (186) and link (85) drive needle (170) along an orbital path
having a larger radius than the orbital path of needle (70). As best seen in FIG. 10, link
(185) mcludes a distal opening (122) that pivotably receives an integral post of needle
driver (186}, Link (185) further includes an integral post (124) that 1s shidably disposed
within a cam slot (140} of rotary cam (130).  As 15 also shown wn FIG 10, rotary cam
{130) 15 an mntegral feature of rotary mput (194}, It should therefore be understood that
rotation of rotary input (194} will cause cam slot (140} to rotate about a central axis of
rotary mnput {194). As best seen in FIG. 9, link (185} also ncludes an elongate slot (120}

that shidably receives an mtegral post (110} of housing (102}

¥
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{0090} It should be understood that rotary osciliation of rotary mput {194) will cause link
(185) to move in a manner similar to that shown in FIGS. 5A-5C and described above
with respect to link (85). This movement of link (185} will be driven by the engagement
of post (124) in slot (140) and will be guided by post (110} in slot {120). This movement
of link (185} will result in orbital oscillation of needle driver {186), and thus orbital
motion of needle (170), as described above with reference to FIGS. SA-5C in the context
of driver (86) and needle (70). Cartridge (100} of this example thus operates
substantially similarly to cartridge (30). However, the larger size of needle (170} and the
wider spacing of arms (193A, 193B)} allow cartridge (100} to be used with tissue
thicknesses that are greater than those accommodated by cartridge (30). An operator may
thus choose cartridge {30} when a particular surgical procedure (or particular stage within
a surgical procedure) calls for suturing tissue with a relatively small thickness; and
choose cartridge (100} when a particular surgical procedure {or particular stage within a
surgical procedure) calls for suturing tissue with a relatively large thickness. As noted
above, the operator may even use both kinds of cartridges (30, 100} with the same
mstrument {10) at different stages of the same surgical procedure. Other suitable ways in
which cartridge (100) may be modified and used will be apparent to those of ordinary

skill in the art in view of the teachings herein.

[0091] B Exemplary Cartridge with Malleable Surgical Clips and Single
Rack Drive
[0092] FIGS. 11-14C show another exemplary cartridge (200) that may be readily used

with instrument (10).  In particular, cariridge (200} 1s configured to be removably
recetved in cartridge receiving assembly (50} It should be understood that cartridge
(200} may be selectively secured in and released from cartridge receiving assembly {50)
n the same manner in which cartridge (30} 15 selectively secured in and released from
cartridge receiving assembly {50} as described above. Cartridge (200} includes a housing
(202) and a rotary imput (250}, As best seen i FIG. 12, rotary input (250} includes a slot
that 15 configured to mate with key {48) of cartridge receiving assembly (50}, such that
cartridge {200} 1s actuated by rotation of key (48) as will be described 1 greater detail

below. It should therefore be understood that cartridge (200) 15 actuated by actuation of
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first tnput (12} As will also be described in greater detail below, cartridge (200} will

apply a surgical clip (220) to tissue when cartridge {200} is actuated by first input (12).

{00583} Cartridge (200} 1s configured to provide mnstrument {10) with functionality similar
to that of a LIGAMAX™ mstrument by Ethicon Endo-Surgery, Inc. of Cincinnati, Ohio.
In particular, cartridge (200} is operable to apply a selected number of surgical clips
(220} to tissue, such as to ligate a vessel within the patient and/or for any other suitable
purpose(s). Each clip (220) of the present example has a pair of legs {222) and a crown
portion (224}, providing each clip (220) with a “U” shape. As will be described in
greater detail below, each clip (220) may be deformed by urging legs (222} toward each
other. The material forming clip (220) 1s malleable such that clip (220} will maintain the
deformed configuration. Clip (220) 1s thus suitable for ligating vessels that are captured
between legs (222} By way of example only, clip (220} may be constructed and
operable in accordance with at least some of the teachings of U.S. Patent No. 7,699,860,
entitled “Surgical Clip,” 1ssued April 20, 2010, the disclosure of which is incorporated by

reference herein. Alternatively, chip (220) may have any other suitable configuration.

{0094] Cartridge (200} of the present example is operable to deform clip (220} by
actuating a pair of jaws (210}, which extend distally from housing {(202). As best seen in
FIG. 13, each jaw (210) has a distal end (212) and a proximal end (214). Jaws (210)
overlap with each other and are pivotably secured together by a pin (216}, which 13
located between ends (212, 214) as shown mn FIGS. 14A-14C. Jaws (210) are actuated by
an actuation collar (230}, which 1s driven by a driver (240). Collar (230) s slidably
disposed about the exterior of housing (202) and is operable to move between a distal
position and a proximal position as will be described in greater detail below. As best
seen in FIG. 13, driver {240) comprises a pawr of distally projecting arms (242}, each arm
{242) having a respective coupling feature (244} that couples driver (240} with collar

(230}). Driver (240) also includes a proximally projecting rack {246).

{8095} Rack (246) has teeth that mesh with teeth of a puion gear (256), which is
rotatably supported m housing (202). The teeth of pinion gear (256} mesh with the teeth

of an 1dler gear (254), which ts also rotatably supported in housing (202}, The teeth of
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tdler gear (254) mesh with the teeth of a drive gear (252), which s also rotatably
supported 1n housing (202}, Drive gear (252} 1s an integral feature of rotary nput (250).
It should therefore be understood that when key (48) rotates rotary input {250), such
rotation will ultimately be communicated to pinion gear (256} via gears (252, 254). It
should also be understood that rotation of pinion gear (256} will cause longitudinal
translation of rack (246}, which will in turn cause longitudinal translation of collar (230).
As will be described in greater detail below, this longitudinal translation of collar (230)

will transition jaws (210) between an open state and a closed state.

{0096} In the present example, pinion gear (256} is taller than gears {252, 254). Rack
(246) engages pinion gear {250) at an upper section of pinion gear (256} while idler gear
{254) engages pinion gear {2506} at a lower section of pinion gear (256). Drive gear (252)
is located at the same vertical position as idler gear (254) such that the vertical position of
drive gear {252) corresponds with the lower section of pinion gear (256} This vertical
arrangement of gears (252, 254, 256) enables rack (246) to pass above gears (252, 254),
without engaging gears (252, 254), as rack (246) translates to a proximal position. Of
course, gears {252, 254, 256) may instead be positioned in any other suitable arrangement

that enables rack (246) to translate longitudinally without engaging gears (252, 254),

(8097} In the present example, cartridge (200) houses four surgical clips {(220a, 220b,
220¢, 220d). Alternatively, cartridge {(200) may house any other suitable number of clips
(220). As best seen in FIG. 13, cartridge (200) includes a biasing saddle (260} coupled
with a resilient member (262). Resilient member (262) s further engaged with housing
(202) and 15 configured to resiliently urge biasing saddle (260} distally. Biasing saddle
(260} 1s configured to engage the proximal-most clip (220d) and thereby urge the
proximal-most clip (220d) distally. Chips (220a, 220b, 220c, 220d) are arranged to
contact each other 10 a line such that the distal bias provided to chp (220d} 1s further

provided to the rest of clips (220a, 220b, 220¢).

[0098] Cartridge (200) further includes a retainer (290) that 1s configured to selectively
retain clips {220} in housing (202). Retamer (290) comprises a dogleg-shaped leaf

spring. A proximal end of retainer (290} 1s fixedly secured to housing (202} while a
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distal end of retainer (290} is positioned to engage crown (224} of the distal-most clip
(220a). In some verstons, retainer {290) prevents the distal-most clip (220a) from
traveling distally while jaws (210} are in the open configuration, despite the distal bias
mmparted by resilient member {262} and saddle (260). In addition or in the alternative,
retainer {290) prevents the distal-most chip {220a} from traveling proximally while jaws
(210} are in the open position. 1t should also be understood that jaws (210) may nclude
teatures that prevent the resilient bias of biasing saddle (260) and resilient member (262)
from prematurely gjecting the distal-most chip (220a} from jaws (210}, Various suitable
ways m which clips (220} may be selectively retained in cartridge (200) will be apparent

to those of ordinary skill in the art in view of the teachings herein.

{0099} FIGS. 14A-14C show cartridge {200} at various stages of operation. In particular,
F1G. 14A shows cartridge (200} in a pre-actuated state where distal-most clip {220a) is
positioned between open jaws (210}, In this state, the proximal ends (214} of jaws (210)
protrude outwardly from housing (202).  Actuation collar (230) is positioned distally,
distal to the protruding proximal ends (214) of jaws (210). Cartridge (200) may be
loaded i cartridge receiving assembly (50} while cartridge (200) is in the pre-actuated

state shown mn FIG. 14A.

{00100] After the operator loads cartridge (200} in cartridge recetving assembly (50), the
operator may position cartridge (200) in a location where a vessel or other anatomical
structure 15 positioned between legs (222) of distal-most chip (220a). The operator may
then actuate first input (12) to drive rotation of key (48) as described above. Thus rotation
of key (48) n a first angular direction 15 commumicated to rotary input (230), thereby
rotating drive gear (252} in the first angular direction as shown i FIG. 14B. This
rotation of drive gear (252} 13 communicated to pinion gear (256} via idler gear {254).
The rotation of pinion gear (256} drives rack {246) proximally. The proximal movement
of rack (246} drives collar (230} proximally via arms (242} and coupling features (244).
As collar {230} moves proximally, collar {230} bears on proximal ends (214) of jaws
(210} and thereby drives proximal ends (214} of jaws (210} tnwardly. As proximal ends
(214) of jaws (210) move wmwardly, jaws (210) pivot about pin (216}, thereby driving

distal ends {212) of jaws (210} toward each other.
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{00101} As distal ends (212} of jaws (210) pivot toward each other, distal ends (212) urge
legs (222) of distal-most clip (220a} toward each other, thereby compressing distal-most
clip (220a). As shown in FIG. 14B, legs (222) are compressed against each other in
apposition. While not shown in FIG. 14B, it should be understood that a vessel or other
anatomical structure may be captured between legs (222} such that legs (222) provide
ligation of the vessel or other anatomical structure. The malleable properties of the
material fornung clip (220} will maintain the compressed configuration until clip (220) 1s

absorbed or otherwise disintegrates.

{00102} When the operator releases first input (12}, key {(48) will rotate in a second
angular direction.  This rotation of key (48) i a second angular direction is
communicated to rotary input (250}, thereby rotating drive gear (252) in the second
angular direction as shown i FIG 14C.  This rotation of drive gear (252} is
communicated to pinion gear (256) via idler gear (254}, The rotation of pinion gear (256)
drives rack (246) distally. The distal movement of rack (246} drives collar (230} distally
via arms (242) and coupling features (244). As collar (230) moves distally, collar (230)
disengages proximal ends (214) of jaws (210), allowing proximal ends (214) of jaws
(210) to pivot outwardly. As proxumal ends (214) of jaws (210) move outwardly, jaws
(210} pivot about pin (216), thereby driving distal ends {212} of jaws (210) away from

each other.

{00103} As distal ends (212) of jaws (210) pivot away from each other, jaws (210} release
the deformed distal-most clip (220a). In some versions, a leaf spring, torsion spring, or
other kind of resilient member urges jaws (210) toward the open position as soon as
collar {230} 1s translated distally. In some other versions, a caroming feature drives jaws
(210} toward the open position as collar {230} 1s translated distally. Various suitable
components, features, and configurations that may be used to urge jaws {210) toward the
open position as collar (230} 15 translated distally will be apparent to those of ordinary

skill i the art in view of the teachings herem.

[60104] In addition to releasing the deformed distal-most clip (220a), and as shown m

FIG. 14C, the opened jaws (210} will recetve a second clip (220b) that was previously

-22 -



WO 2016/205184 PCT/US2016/037350

just proximal to distal-most clip {220a). In particular, biasing saddle {260) and resilient
member {262) will urge second chip (220b) distally via the other clips (220¢, 2204),
thereby positioning second clip (220b) between distal ends (212) of jaws (210). In some
versions, distal ends (212) of jaws (210) include features that arrest distal movement of
second clip (220b) at this stage. In addition or in the alternative, retainer (290) may arrest
distal movement of second chip (220b) at thus stage. It should be understood that retainer
{290) may flex to accommodate distal movement of ¢lip (220a) and/or clip (220b) during

the transition from the state shown i FIG. 14B to the state shown m FIG. 14C.

{00105 It should be understood from the foregoing that an operator may successively
apply each clip {220) in cartridge (200} by repeatedly actuating and releasing first input
(12). In the event that all of the clips (220} in cartridge (200) have been used and the
operator wishes to apply additional clips (220}, the operator may simply remove the spent
cartridge (200) from cartridge recetving assembly (50) and secure a new cartridge (200)
to cartridge receiving assembly (50). Alternatively, the operator may secure any other
cartridge described herein to cartridge receiving assembly (50), such as to perform

additional surgical tasks of different modalhities.

{00106} C. Exemplary Cartridge with Malleable Surgical Clips and Dual Rack
Drive
{00107} FIGS. 15-18C show another exemplary cartridge (300} that may be readily used

with instrument (10}, In particular, cartridge (300} i1s configured to be removably
recetved in cartridge receiving assembly (50} It should be understood that cartridge
(300) may be selectively secured mn and released from cartridge receiving assembly {50)
n the same manner in which cartridge (30} 15 selectively secured in and released from
cartridge recetving assembly (50} as described above. Cartridge (300) includes a housing
(302) and a rotary mnput {(350). As best seen in FIG. 16, rotary input (350) includes a slot
that 1s configured to mate with key (48) of cartridge receiving assembly (50), such that
cartridge (300} 1s actuated by rotation of key (48) as will be described in greater detail

below. It should therefore be understood that cartridge (300) 15 actuated by actuation of
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first tnput (12}, As will also be described in greater detail below, cartridge (300} will

apply a surgical elip (320) to tissue when cartridge {300} is actuated by first input (12).

{60108} Cartridge (300} 1s configured to provide mnstrument {10) with functionality similar
to that of a LIGAMAX™ mstrument by Ethicon Endo-Surgery, Inc. of Cincinnati, Ohio.
In particular, cartridge (300} is operable to apply a selected number of surgical clips
(320} to tissue, such as to ligate a vessel within the patient and/or for any other suitable
purpose(s). Each clip (320) of the present example has a pair of legs {322) and a crown
portion (324}, providing each clip (320) with a “U” shape. As will be described in
greater detail below, each clip (320) may be deformed by urging legs (322} toward each
other. The material forming clip (320) 1s malleable such that clip (320) will maintain the
deformed configuration. Clip (220) 1s thus suitable for ligating vessels that are captured
between legs (322} By way of example only, clip (320} may be constructed and
operable in accordance with at least some of the teachings of U.S. Patent No. 7,699,860,
entitled “Surgical Clip,” 1ssued April 20, 2010, the disclosure of which is incorporated by

reference herein. Alternatively, chip (320) may have any other suitable configuration.

{00109] Cartridge (300} of the present example is operable to deform clip (320} by
actuating a pair of jaws (310}, which extend distally from housing {(302). As best seen in
FIG. 17, each jaw (310) has a distal end (312) and laterally presented bearing surface
(314). Jaws (310) overlap with each other and are pivotably secured together by a pin
{not shown}, which is disposed in overlapping openings (318} at the proximal ends of
jaws (310}, Jaws (310) are actuated by an actuation collar (330), which 1s driven by a
driver {(340). Collar (330) 15 shidably disposed about the exterior of housing (302) and 1s
operable to move between a distal position and a proximal position as will be described
m greater detail below.  As best seen m FIG. 17, driver (340) comprises a distally
projecting arm (342} having a coupling feature (344) that couples driver {340) with collar

(330). Driver (340) also includes a proximally projecting rack {346).

{60110} Rack (346) has teeth that mesh with teeth of a puion gear (356), which is
rotatably supported m housing (302). The teeth of pinion gear (356} mesh with the teeth

of an 1dler gear (354), which ts also rotatably supported in housing (302}, The teeth of
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tdler gear (354) mesh with the teeth of a drive gear (352), which s also rotatably
supported 1n housing (302}, Drive gear (352} 1s an integral feature of rotary nput (350).
It should therefore be understood that when key (48) rotates rotary input {350), such
rotation will ultimately be communicated to pinion gear (356} via gears (352, 354). It
should also be understood that rotation of pinion gear (356} will cause longitudinal
translation of rack (346}, which will in turn cause longitudinal translation of collar (330).
As will be described in greater detail below, this longitudinal translation of collar (330)

will transition jaws (310) between an open state and a closed state.

{00111} In the present example, pinion gear (356} is taller than gears (352, 354). Rack
(346) engages pinion gear {350) at an upper section of pinion gear (356} while idler gear
(354) engages pinion gear {350) at a lower section of pinion gear {(356). Drive gear (352)
is located at the same vertical position as idler gear (354) such that the vertical position of
drive gear {352) corresponds with the lower section of pinion gear (356} This vertical
arrangement of gears (352, 354, 356) enables rack (346) to pass above gears (352, 354),
without engaging gears (352, 354), as rack (346) translates to a proximal position. Of
course, gears {352, 354, 356) may instead be positioned in any other suitable arrangement

that enables rack (346) to translate longitudinally without engaging gears (352, 354).

{00112} In the present example, cartridge (300) houses five surgical chips {(320a, 320b,
320c¢, 320d, 330e). Alternatively, cartridge (300) may house any other suitable number
of clips (320). As best seen 10 FIG. 17, cartridge (300) mcludes a buasing saddle (360)
coupled with a restlient member (362). Resilient member (362) 1s further engaged with
housing (302} and 1s configured to resiliently urge biasing saddle (360) distally. Biasing
saddle {360} 1s configured to engage the proximal-most clip (320e) and thereby urge the
proximal-most clip {320} distally. Chips {320a, 320b, 320c¢, 320d, 320d) are arranged to
contact each other 1o a line such that the distal bias provided to clip (320e) 15 further

provided to the rest of chips {320a, 320b, 320¢, 320d).

{00113} Cartridge (300) further includes a retainer (390) that 1s configured to selectively
retain clips {320} in housing (302). Retamer (390) comprises a dogleg-shaped leaf

spring. A proximal end of retainer (390} 15 fixedly secured to an arm (392). A rack {(394)
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projects proximally from arm (392}, The teeth of rack (394) are engaged with the teeth
of pinion gear (356} on the lateral side of pinion gear {356) that is opposite to the lateral
side of pinion gear {356} where rack (346} is engaged with pinion gear (356). It should
therefore be understood that rotation of pinion gear (356} in a first angular direction will
cause simultaneous distal movement of rack {346) and proximal movement of rack (394);
while rotation of pinion gear (356} in a second angular direction will cause simultaneous

proximal movement of rack {346) and distal movement of rack {(394).

{00114] In the present example, and as will be described 1n greater detail below, retainer
(390) provides powered indexing of clips (320) relative to jaws (310} as jaws (310} are
actuated successively. Retainer (390} also prevents the distal-most clip (320a) from
traveling proximally while jaws (310} are in the open position. It should also be
understood that jaws (310) may include features that prevent the resilient bias of biasing
saddle (360} and resilient member (362) from prematurely ejecting the distal-most clip
(320a) from jaws (310). Various suitable ways in which clips (320) may be selectively
retained 1n cartridge (300) will be apparent to those of ordinary skill in the art m view of

the teachings herein.

{00115} FIGS. 18A-18C show cartridge (300} at various stages of operation. In particular,
FI1G. 18A shows cartridge (300} in a pre-actuated state where distal-most clip {320a) is
positioned between open jaws (310}, In this state, actuation collar (330) is spaced
proximally of bearing surfaces (314), which protrude outwardly from housing (302).
Cartridge (300) may be loaded i cartridge receiving assembly (50) while cariridge (300)

is in the pre-actuated state shown i FIG. 18A.

{00116} After the operator loads cartridge (300) in cartridge receiving assembly (50}, the
operator may position cartridge {300} in a location where a vessel or other anatomical
structure 1s positioned between legs (322) of distal-most clip (320a). The operator may
then actuate first iuput (12) to drive rotation of key (48) as described above. This rotation
of key (48} in a first angular direction s communicated to rotary input (350), thereby
rotating drive gear {352) in the first angular direction as shown m FIG. 18B. This

rotation of drive gear {352) is communicated to pinion gear {356} via wdler gear (354},
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The rotation of pinion gear (356} drives rack {346) distally while simultaneously driving
rack (394} proximally. The distal movement of rack (346} drives collar (330} distally via
arm {342) and coupling feature (244). As collar (Z30) moves distally, collar (230} bears
on bearing surfaces (214) of jaws (210} and thereby drives distal ends (212) of jaws {210)

toward each other.

{66117} As distal ends (312} of jaws (310) pivot toward each other, distal ends (312} urge
legs (322} of distal-most clip (320a) toward each other, thereby compressing distal-most
clip (320a). As shown mn FIG 18B, legs (322) are compressed against each other in
apposition. While not shown in FIG. 18B, 1t should be understood that a vessel or other
anatomical structure may be captured between legs {322) such that legs (322) provide
ligation of the vessel or other anatomical structure. The malleable properties of the
material forming clip (320} will maintain the compressed configuration until clip (320) s

absorbed or otherwise disintegrates.

{60118} The proximal movement of rack (394) as seen in the transition from FIG. 18A to
FIG. 18B translates retainer (390) proximally via arm (392). In particular, retainer (390)
transitions from engaging crown (324} of distal-most clip (320a} to engaging crown {324)
of second clip (320b). Durmg this transition, retainer {390} may flex slightly to shde
over a top surface of second clip (320b) before snapping back downwardly to position the
distal tip of retainer {390} just proximal to the proxamal facing surface of crown (324) of

second clip (320b).

{00119} When the operator releases first nput (12), key (48) will rotate m a second
angular direction.  This rotation of key (48) m a second angular direction is
communicated to rotary imput (350), thereby rotating drive gear (352) in the second
angular direction as shown m FIG. 18C.  This rotation of drive gear (352) s
communicated to pinion gear (356) via idler gear (354). The rotation of pinion gear (356)
drives rack {346} proximoally. The proxumal movement of rack (346) drives collar (330)
proximally via arm (342) and coupling feature (344). As collar {(330) moves proximally,
collar {330} disengages bearing surfaces (314} of jaws {310), allowing distal ends (312)

of jaws (310} to pivot outwardly away from each other.
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{00128} As distal ends {312} of jaws (310} pivot away from each other, jaws (310} release
the deformed distal-most clip (320a). In some versions, a leaf spring, torsion spring, or
other kind of restlient member urges jaws (310) toward the open position as soon as
collar (330} 1s translated proximally. In some other versions, a camming feature drives
jaws (310} toward the open position as collar {330} s translated proximally. Various
suttable components, features, and configurations that may be used to urge jaws (310)
toward the open position as collar (330} is translated proximally will be apparent to those

of ordinary skill in the art in view of the teachings herein.

{00121} In addition to releasing the deformed distal-most clip (320a), and as shown in
F1G. 18C, the opened jaws (310) will receive second clip (320b), which was previously
just proximal to distal-most clip (320b). In particular, rotation of gears (352, 354, 356) in
the transition from the state shown in FIG. 18B to the state shown in FIG. 18C will drive
rack (394} distally, which will i turn drive retainer (390) distally. As noted above, the
distal end of retainer (390} 1s engaged with the proximal face of crown (324) of second
clip (320b) in the state shown in FIG. 18B. Thus, as retainer {390) advances distally
from the position shown 1 FIG. 18B to the position shown in FIG. 18C, retainer (390)
drives second clip (320b) distally to position chip (320b) between open jaws (310).
Biasing saddle (360} and resibient member (362) will urge the rest of the clips (320c,
320d, 320¢) distally, mamntaining the adjacent positioning of clips {320¢, 320d, 320¢)

proximal to second clip (320b}.

[60122] It should be understood from the foregoing that an operator may successively
apply each clip (320) in cartridge (300} by repeatedly actuating and releasing first input
(12). In the event that all of the chips {320) in cartridge (300} have been used and the
operator wishes to apply additional clips {320), the operator may simply remove the spent
cartridge (300) from cartridge recetving assembly (50) and secure a new cartridge (300)
to cartridge receiving assembly (50).  Alternatively, the operator may secure any other
cartridge described herein to cartridge receiving assembly (50), such as to perform

additional surgical tasks of different modahities.

{60123} B. Exemplary Suture Anchor Clip Applier Cartridge
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{00124} FIGS. 19-20 show another exemplary cartridge (400} that may be readily used
with instrument (10). In particular, cartridge (400} s configured to be removably
recetved in cartridge receiving assembly {50). It should be understood that cartridge
(400) may be selectively secured in and released from cartridge receiving assembly (50)
in the same manner in which cartridge (30) 1s selectively secured in and released from
cartridge recetving assembly (50} as described above. Cartridge {400) includes a housing
{(402) and a rotary input (450). As best seen in FIG. 20, rotary input (450} includes a slot
that 1s configured to mate with key (48} of cartridge receiving assembly {(50), such that
cartridge {400} 1s actuated by rotation of key (48) as will be described in greater detail
below. It should therefore be understood that cartridge (400) 1s actuated by actuation of
first iput (12}, As will also be described in greater detail below, cartridge (400) will

apply a suture anchor clip (420) when cartridge (400) 15 actuated by first mput (12).

{00125} Cartridge (400} 1s configured to provide instrument {10) with functionality sinular
to that of a LAPRA-TY® Suture Chip Applier instrument by Ethicon Endo-Surgery, Inc.
of Cincmnati, Ohio. In particular, cartridge (400) is operable to apply a selected number
of suture anchor clips {(420) to secure the position of suture that 15 applied to tissue. As
best seen i FIGS. 21-22, each chip (420) of the present example has a pair of legs (422,
426} that are joined together by a hving hinge (425). First leg (422) has a latching feature
{(423) and an engagement feature (424). Second leg (426) has a latching feature (427)
and an engagement feature (428}, Laiching features (423, 427} are configured to engage
each other to bind clip (420} i a latched configuration as shown wn FIG. 22 In this
latched configuration, clip (420} 1s configured to securely hold a length of suture between
legs (422, 426). Chip {420} 1s also sized such that chip {420} will not pull through tissue
when placed under a normal load. Thus, when a length of suture is passed through tissue
to form one or more stitches, a clip (420) may be secured to the suture at each end of the
stitch or stitches i order to secure the stitch or stitches. Engagement features (424, 428)
may assist in preventing clip (420} from being pulled through the tissue. In addition or in
the alternative, engagement features (424, 428) may assist in holding and/or manipulation
of clip (420) by jaws {410} of cartridge (400). In some other versions, clips (420} are
configured in accordance with at least some of the teachings of U.S. Pub. No.

2012/0290005, entitled “Suture Fastening Device,” published November 15, 2012, the
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disclosure of which is incorporated by reference herein. Gther suitable forms that clips
(420} may take will be apparent to those of ordinary skill in the art in view of the

teachings herein.

{66126} Aside from applying clips (420) instead of clips (320), and having jaws {410} that
are configured differently to accommodate clips (420}, cartridge (400} of this example 1s
substantially identical to cartridge (300). Thus, rotation of rotary input {(450) will cause
translation of a drive collar (430} relative to housing {(402) via a driver (440). Driver
(440) includes an arm (442}, a coupling feature (444}, and a rack {not shown} just like
driver (340} described above. Collar {(430) will bear against bearing surfaces {414) of
jaws (410} as collar {430) 1s translated distally, thereby pivoting the distal ends (412) of
jaws {410) toward each other to transition the distal-most clip (420} from the open
configuration shown in FIG. 21 to the closed configuration shown in FIG. 22, When
collar (430} 15 subsequently translated proximally, jaws (410} will transition back to the
open configuration, thereby releasing the applied clip (420) and allowing the next chip to
be mmdexed between jaws (410}, The mnternal components of cartridge (400) may be
configured and operable just like the internal components of cartridge (300) as described

above.

{60127} It should be understood from the foregoing that an operator may successively
apply each clip (420) in cartridge (400) by repeatedly actuating and releasing first input
(12). In the event that all of the clips (420} wn cartridge (400) bave been used and the
operator wishes to apply additional clips (420), the operator may simply remove the spent
cartridge (400) from cartridge receiving assembly (50) and secure a new cartridge (300)
to cartridge receiving assembly (50). Alternatively, the operator may secure any other
cartridge described herein to cartridge receiving assembly (503, such as to perform

additional surgical tasks of different modalities.

[06128] E. Exemplary Cartridge with Grasping Jaws
{00129} FIGS. 23-26C show another exemplary cartridge (500) that may be readily used

with instrument (10).  In particular, cariridge (500} 1s configured to be removably

recetved m cartridge recetving assembly (30). Cartridge (500) mncludes a housing (502)
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and a rotary input {550). It should be understood that cartridge (500) may be selectively
secured 1n and released from cartridge receiving assembly (50} in the same manner in
which cartridge (30} 15 selectively secured in and released from cartridge receiving
assembly (50} as described above. As best seen in FIG. 24, rotary input (550} includes a
slot that is configured to mate with key (48) of cartridge receiving assembly (50}, such
that cartridge (500} is actuated by rotation of key (48) as will be described in greater
detatl below. It should therefore be understood that cartridge (500} is actuated by
actuation of first input (12}, As will also be described 1n greater detail below, cartridge
(500) will selectively grasp tissue or other objects with jaws (510} when cartridge (500} 18

actuated by furst input (12).

{00130} Cartridge (500} 1s configured to provide instrument {10) with functionality sinular
to that of a conventional grasper instrument. In particular, cartridge (500} includes a pair
of grasping jaws {510} with opposing surfaces that are operable to securely grasp tissue
or other objects. As best seen in FIG. 25, each jaw (510} has a distal end (S12) and a
proximal end (514). Proximal end (514) of each jaw (510} includes a first opening (516)
and a second opening (518), which 15 proxamal to first opening (516). Jaws {510} are
positioned in an overlapping arrangement with a pin (520} disposed in openings {516).

Jaws (510) are configured to pivot about pin (520), which 1s secured n housing (502).

{00131} Cartridge (500} also includes a first link (530} and a second link (540). First hink
(530} 1s positioned beveath proximal ends (514} of jaws (510) while second link (540} 1s
positioned above proximal ends (514) of jaws (510). First link (530) includes an integral,
upwardly extending distal post (532) and an integral, upwardly extending proximal post
(534). Dustal post {(332) 15 pivotably disposed in the second opening (518) of one of the
jaws {510}, Second link {540) includes an integral, downwardly extending distal post
{542) and an integral, downwardly extending proxamal post (544). Distal post (542} 13

pivotably disposed in the second opening (518} of the other one of the jaws (510).

{00132} Proximal posts (534, 544) of links (530, 540) are axually aligned with each other
and are each pivotably secured to the distal end of an actuator {(560). The proximal end

of actuator (562} mclodes an mtegral rack (562). The teeth of rack {562} mesh with the
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teeth of a pinion gear (554), which 1s rotatably supported in housing (502). The teeth of
pinion gear (554} mesh with the teeth of a drive gear {552}, which 15 also rotatably
supported in housing (502). Drive gear (552) 1s an integral feature of rotary input (550).
It should therefore be understood that when key (48) rotates rotary input (550}, such
rotation will ultimately be communicated to pinion gear {554) via gear {552). It should
also be understood that rotation of pinion gear {554) will cause longitudinal translation of
rack (562}, which will in turn cause longitudinal translation of actuator (560}, As will be
described in greater detail below, this longitudinal translation of actuator (560} will

transition jaws {510) between an open state and a closed state.

{60133 In the present example, pinion gear (554} 1s taller than drive gear (552} Rac
(562) engages pinion gear {554} at an upper section of pinion gear (554) while drive gear
(552) engages pinion gear {554) at a lower section of pinion gear (554} This vertical
arrangement of gears (532, 554) enables rack (562) to pass above drive gear {552),
without engaging gear (552}, as rack (562) translates to a proximal position. Of course,
gears (552, 554) may mstead be positioned in any other suitable arrangement that enables

rack (562} to translate longitudinally without engaging gear (552).

{00134} FIGS. 26A-26C show cartridge {500} at various stages of operation. In particular,
FI1G. 26A shows cartridge (500} in a pre-actuated state where jaws (510) are in an open
configuration. In this state, actuator {360} 1s n distal position. After the operator loads
cartridge (500) in cartridge receiving assembly (50), the operator may position cartridge
{500) 1 a location where tissue or some other structure 13 posttioned between jaws (510).
The operator may then actuate first input (12) to drive rotation of key (48) as described
above. This rotation of key (48) in a first angular direction 15 communicated to rotary
mput (550), thereby rotating drive gear (552} 1o the first angular direction as shown
FIG. 26B. This rotation of drive gear (552} 15 communicated to pinion gear (554), which
drives actuator (560} proximally via rack (§54). As actuator {560) moves proximally, the
proximal ends of links (830, 540) move proximally, causing links (530, 540} to pivot
about the axis shared by proximal posts (534, 544). This pivotal movement of hinks {530,
540} drives proximal ends (514) of jaws (510} to pivot toward each other about pin (520),

thereby causing distal ends (512} of jaws (510) to pivot toward each other about pin
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{520). Jaws (510} are thus transitioned to the closed configuration. Jaws (510) may be
held in this closed configuration as long as desired in order to grasp tissue or some other

structure.

{60135] When the operator wishes to release the tissue or other structure from the grasp of
jaws (510}, the operator may releases first input (12}, thereby causing key {48) to rotate
in a second angular direction. This rotation of key {48) in a second angular direction is
communicated to rotary input (550}, thereby rotating drive gear (552} in the second
angular direction as shown i FIG 26C.  This rotation of drive gear (552} is
communicated to pinion gear (554}, which drives actuator (560} distally via rack (562).
The distal movement of actuator (560} driving the proximal ends of links (530, 540)
distally, causing links (530, 540} to pivot about the axis shared by proximal posts (534,
544). This pivotal movement of links (530, 540} drives proximal ends (514} of jaws
{510} to pivot away from each other about pin (520}, thereby causing distal ends (512} of
jaws (510) to pivot away each other about pin (520). Jaws (510) are thus transitioned
back to the open configuration. As jaws (510) pivot back to the open configuration, jaws

(510) release the tissue or other structure that had been grasped between jaws (510).

{00136} It should be understood from the foregoing that an operator may selectively grasp
and release tissue or other structures any desired number of times by repeatedly actuating
and releasing first input (12). In the event that the operator wishes to perform some other
task using a different modality, the operator may simply remove cartridge (300) from
cartridge receiving assembly (50) and secure a different kind of cartridge {(e.g., any other

cartridge described herein) to cartridge receiving assembly (50).

{80137} F. Exemplary Cartridge with Scissor Blades
{00138] FIGS. 27-28 show another exemplary cartridge (600) that may be readily used

with mnstrument (10). In particular, cartridge (600} is configured to be removably
received in cartridge receiving assembly (50). It should be understood that cartridge
(600) may be selectively secured 1 and released from cartridge receiving assembly (50)
i the same manner in which cartridge (30) s selectively secured in and released from

cartridge receiving assembly (50} as described above. Cartridge (600} includes a housing



WO 2016/205184 PCT/US2016/037350

{602} and a rotary input (550}. As best seen in FIG. 28, rotary input (650} includes a slot
that 1s configured to mate with key {48} of cartridge receiving assembly {50), such that
cartridge {600} is actuated by rotation of key (48) as will be described in greater detail
below. It should therefore be understood that cartridge (600) 15 actuated by actuation of
first input (12}, As will also be described in greater detail below, cartridge (600} will
selectively cut tissue or other objects with blades (610) when cartridge (600) 1s actuated

by first input (12},

{00139] Cartridge {600} 1s configured to provide mstrument (10} with functionality similar
to that of a conventional scissor instrument. In particular, cartridge (600} includes a pawr
of scissor blades (610} that cooperate to cut tissue or other structures through a shearing
action. Each blade (610) has a distal end (612) and a proximal end (614}, Blades (610)
are positioned in an overlapping arrangement. A pin (620} provides a pivotal coupling
tor blades (610). A link (630, 640) is pivotably secured to the proximal end (614} of a
corresponding blade (610). Links (630, 640} are configured and operable just like links
{530, 540) described above. Moreover, the rest of the internal components of cartridge
(600} may be configured and operable just like the internal components of cartridge (S00)
as described above. Thus rotation of rotary input (650} 1n a first angular direction will
cause blades (610} to pivot to a closed position; while rotation of rotary mput (650) m a
second angular direction will cause blades (610} to pivot to an open position. As blades
(610} pivot from the open position to the closed position, blades (610) will cut tissue or
other structures disposed between blades {610). This cutting will be provided through a
shearing action from blades (610}, Other than the differences between jaws (510) and
blades (610), cartridge (600} may be configured and operable identically to cartnidge

(500} described above.
[B0140] G. Exemplary Stapling Cartridge

{00141} FIGS. 29-31 show another exemplary cartridge (700} that may be readily used
with mstrument (10).  In particular, cartridge (700} is configured to be removably
recetved m cariridge receiving assembly (30). It should be understood that cartridge

{700) may be selectively secured 10 and released from cartridge receiving assembly (50)
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in the same manner in which cartridge (30) 1s selectively secured in and released from
cartridge recetving assembly (50} as described above. Cartridge (700) includes a housing
(702) and a rotary input (750). As best seen in FIG. 30, rotary input (750} includes a slot
that 1s configured to mate with key (48} of cartridge receiving assembly {(50), such that
cartridge {700} 1s actuated by rotation of key (48) as will be described in greater detail
below. It should therefore be understood that cartridge (700) 15 actuated by actuation of
first input (12}, As will also be described in greater detail below, cartridge (700} will
drive a formed staple (710} from an opening (704) (FIG. 29) of housing (702) when

cartridge {700) 1s actuated by first input.

{00142} Cartridge {700} 1s configured to provide mstrument (10} with functionality similar
to that of a surgical stapling instrument. In particular, cartridge (700} 15 operable to apply
a selected number of staples (710} m tissue. Each staple {710} of the present example
comprises a pair of legs (712) and a crown portion {714). Staples {(710) are provided in
cartridge (700} with legs (712) in a pre-bent configuration. The configuration of the pre-
bent portions of staples (710} are configured such that each staple (710} will generally
form a “B” shape when staples (710) are applied to tissue as will be described in greater

detail below.

{00143} As shown in FIG. 31, cartridge (700} of the present example comprises a staple
gutde member (720}, an anvil member (730), a staple stop assembly (740}, and a staple
driver {760). A staple biasing saddle (724} 1s slidably disposed on staple guide member
(720) and s configured to transfer a distally oriented resihient buas from a resilient
member (728) to an array of staples (710} disposed in cartridge (700). Staple guide
member (720) 15 configured to guide staples (710) toward anvil member (730) as staples
(710} advance distally. Staple stop assembly (740} s configured to regulate distal
advancement of staples (710} as cartridge (700) 1s repeatedly actuated. Staple driver
(760} 15 configured to drive the distal-most staple into anvil member (730} and deform

the staple agawnst anvil {730} as will be described 10 greater detail below.

[60144] As best seen m FIG. 32, staple stop assembly (740} comprises a mounting plate

(742), a leal spring (744), and a stop block (746). Mounting plate (742) s fixedly
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secured 1n housing {702). Leaf spring (744) 1s configured to flex to allow stop block
(746} to translate along a substantially vertical plane. However, leaf spring {744) is
restliently biased to assume a flat configuration, such that leaf spring (744) will bias stop
block (746} downwardly when stop block (746} travels upwardly. Stop block (748)
includes a pair of chamfered proximal surfaces (748) that are configured to provide a
camming action with other portions of cartridge (700} as described in greater detail

below.

[00145] As best seen in FIG. 33, staple biasing saddle (724) comprises a slot {726} and a
distal surface (727). Slot (726) 1s configured to shidably receive staple guide member
(720} such that staple biasing saddle (724) may freely slide along staple guide member
{(720). Dustal surface {727) has a configuration similarly to the configuration of staples
(710}, including the preformed bend of legs (712}, Distal surface (727) 1s configured to
bear against the proximal-most staple (710). Restlient member (728} is interposed
between the proximal end of staple biasing saddle (724) and a distally facing feature of
housing (702), such that resilient member (728) resiliently urges staple biasing saddie

(724) distally. Thus distal bias 15 imparted to the array of staples via staple biasing saddle.

{00146} As best seen in FIG. 34, staple driver {(760) comprises a plate (762) with two
distally projecting prongs (764) and a proximally extending rack {760). Prongs (764)
curve downwardly 1n the present example to provide guidance to staples (710) as will be
described in greater detail below. Rack (766) includes teeth that mesh with teeth of a
pinion gear {756), which 1s rotatably supported in housing (702). The teeth of pinion
gear (756) mesh with the teeth of an 1dler gear (754), which 1s also rotatably supported in
housing (702). The teeth of 1dler gear (754} mesh with the teeth of a drive gear (752),
which 15 also rotatably supported in housing {702). Drive gear {752} 15 an integral feature
of rotary mput (750}, Tt should therefore be understood that when kev (48) rotates rotary
mput {750), such rotation will ultimately be communicated to pinion gear {756) via gears
(752, 754). 1t should also be understood that rotation of pinion gear {756) will cause
longitudinal translation of rack (766), which will 10 turn cause longitudinal translation of

staple driver (760).  As will be described n greater detail below, this longitudinal
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translation of staple driver {760} will cause advancement and deformation of the distal-

most staple {710), thereby applying the distal-most staple (710} in tissue.

{00147} As best seen in FIG. 35, anvil member (730} comprises an upwardly projecting
distal portion (732} with a proximally facing edge {734). As will be described in greater
detail below, edge (734) is configured to engage the distal-most staple (710} during
actuation of cartridge (700). In particular, edge (734) 15 configured to mamntain the
position and configuration of crown (714) of the distal-most staple (710} as prongs (764)

of staple driver (760} deform legs (712} of the distal-most staple (710).

{00148} As best seen in FI(G 36, staple gunde member {720) comprises a pair of prongs
(722} that extend distally and upwardly at obligque angles. Prongs (722} are configured to
guide the distal-most staple (710} into engagement with proximally facing edge (734} of
anvil member (730). In the present example, prongs (722} are closer together than prongs
{764). Thus, as shown in FIG. 38C and as will be described in greater detail below,
staple driver (760} may be advanced to a potion where prongs (764) are positioned

laterally outside of prongs (722).

{00149] FIGS. 37A-37C and 38A-38C depict cartridge (700} at various stages of
actuation. In particular, FIG. 37A and 38A depict cartridge (300} in a pre-actuated state
where a distal-most staple (710} 15 positioned between prongs {722), stop block (746},
and prongs {764). At this stage, prongs (764) separate the distal-most staple (710} from
the next proximal staple (710), as driver (760} 1s in a proximal-most position. Cartridge
{(700) may be loaded in cartridge receiving assembly (50} while cartridge (700} 15 11 the

pre-actuated state shown in FIGS. 37A and 38A.

{00150} After the operator loads cartridge (700} 1n cartridge receiving assembly (50}, the
operator may position cartridge {300} in a location where the operator wishes to staple
tissue {e.g., to provide tissue apposition, stomach plication, etc). In particular, the
operator would press the distal end of cartridge (700) agamnst tissue in which the operator
wishes to apply staples (710). The operator may then actuate first input (12) to drive
rotation of key (48) as described above. This rotation of key (48) in a first angular

direction 1s communicated to rotary input {(750), thereby rotating drive gear (752) m a
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first angular direction as shown in FIG. 37B. This rotation of drive gear {752} 1s
commumnicated to pinion gear {756) via idler gear {754). The rotation of pinion gear (756}
drives rack {766} distally. The distal movement of rack (766) drives prongs (764) distally
via plate (762). As prongs {764} advance distally, prongs drive the distal-most staple
(710} distally such that crown (714} of staple (710) engages the proximally facing edge
{734) of anvil member (730} as shown in FIGS. 378 and 38B. As is also shown m FIG.
38B, prongs (722} of staple guide member (720} guide staple (710} upwardly along an
obliquely angled path to engage proximally facing edge (734) of anvil member (730). In
addition, prongs (764) engage stop block (746} and thereby drive stop block upwardly

(746), causing deformation of leaf spring (744) as staple driver {(760) s driven distally.

{00151} As may also be seen in the transition from FIG. 37A to FIG 37B, staple biasing
saddle (724} translates distally under the urging of resilient member (728} during the
transition from the state shown in FIGS. 37A and 38A to the state shown m FIGS. 37B
and FIG. 38B. The state shown in FIGS. 378 and 38B represents completion of only a
portion of the distal actuation stroke of staple driver (760). As key (48) continues to
drive rotary input {750} in the first angular direction, drive gear (752) continues to rotate
in the first angular direction, thereby turther driving gears (754, 756). The continued
rotation of gear {(756) drives staple driver (760) further distally via rack (766) to the
position shown i FIGS. 37C and 38C. This causes prongs {764) to translate distally past
the distal position of proximally facing edge (734} of anvil member (730). Since crown
{(714) of staple (710} remains engaged with proximally facing edge (734) of anvil
member (730}, the distally moving prongs {764) bend legs {712) around the lateral edges
of distal portion (732} of anvil member (730). Since legs (712} already have preformed
bends, the deformation provided by prongs {764) results m staple (710} generally forming
a “B” shape as best seen m FIG. 37C. As legs (712) are driven to the position shown in
FIG. 37C, legs (712) will penetrate the tissue that 1s adjacent to the distal end of cartridge
(700}, With legs (712) deformed to provide the “B” shape, legs {712) will secure staple
{710} in the tissue. Thus, as the operator pulls cartridge {700} away from the tissue, the
formed staple (710) will remain in the tissue. It should also be understood that the
obliquely angled orientation of prongs (722} may assist in guiding the formed staple

(710} away from cartridge (700).
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{00152} When the operator releases furst input (12}, key (48) will rotate in a second
angular direction.  This rotation of key {48) m a second angular direction is
communicated to rotary input (750}, thereby rotating drive gear {752) in a second angular
direction. This rotation of drive gear (752) 1s communicated to pinion gear {756} via
tdler gear {754). The rotation of pinion gear (756} drives needle driver (760) proximally
via rack (766}). The proximal movement of needle driver {760) eventually results in a
state simtlar to that shown i FIGS. 37A and FIG. 38A, with the next staple {(710) being
mdexed for deployment by cartridge (700). 1t should be understood that the resilient
properties of leaf spring (744) will return stop block (746} from the position shown in
FIG. 38C to the position shown in FIG. 38A once staple driver {(760) reaches a proximal

position.

[60153] It should be understood from the foregoing that an operator may successively
apply each staple (710} 1n cartridge (700} by repeatedly actuating and releasing first input
(12). In the event that all of the staples (710} in cartridge (700) have been used and the
operator wishes to apply additional staples (710), the operator may simply remove the
spent cartridge (700) from cartridge receiving assembly (50) and secure a new cartridge
(700} to carinidge receiving assembly (50). Alernatively, the operator may secure any
other cartridge described herein to cartridge receiving assembly (50), such as to perform

additional surgical tasks of different modalities.

[00154] L Exemplary Combinations
{00155 The following examples relate to various non-exhaustive ways in which the

teachings herein may be combined or applied. 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 m this application or in subsequent flings of this application. No disclaimer is
mtended. The following examples are being provided for nothing more than merely
itlustrative purposes. It 15 contemplated that the various teachings herein may be
arranged and applied in numerous other ways. It 5 also contemplated that some
variations may omut certain features referred to tn the below examples. Therefore, none

of the aspects or features referred to below should be deemed critical unless otherwise
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explicitly indicated as such at a later date by the mmventors or by a successor in interest to
the inventors. 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.
{60156] Example 1

{00157} A surgical kit comprising: (a) a swgical instrument, wherein the surgical
mstrument comprises: {1} a body, wherein the body comprises an actuation input feature,
(i1} a shaft assembly extending distally from the body, and (111) a cariridge receiving
assembly located at a distal end of the shaft assembly, wherein the cartridge receiving
assembly comprises a movable output feature, wherein the movable output feature 1is
configured to move in response to activation of the actuation input feature; (b} a first
suturing cartridge, wherein the cartridge receiving assembly is operable to removably
receive the first suturing cartridge, wherein the first suturing cartridge comprises: (1) a
first curved needle, wherein the first curved needle extends along an arc defined by a first
radius of curvature, (11} a first drive assembly, wherein the first drive assembly is
operable to drive the first curved needle along an orbital path through a plurality of
revolutions, and (11) a first input feature, wherein the first input feature is configured to
couple with the movable output of the cartridge receiving assembly, wherein the first
mput feature 1s configured to actuate the first drive assembly in response to movement of
the movable output; and (¢) a second suturing cartridge, wherein the cartridge receiving
assembly 1s operable to removably receive the second suturing cartridge, wherein the
second suturing cartridge comprises: (1} a second curved needle, wherein the second
curved needle extends along an arc defined by a second radius of curvature, wherein the
second radius of curvature 1s larger than the first radius of curvature, (i1) a second drive
assembly, wherein the second drive assembly 15 operable to drive the second curved
needle along an orbital path through a plurality of revolutions, and (1) a second nput
feature, wherein the second mput feature 15 configured to couple with the movable output
of the cartridge receiving assembly, wherein the second mput feature 15 configured to

actuate the second drive assembly n response to movement of the movable output.

- 40 -



WO 2016/205184 PCT/US2016/037350

{00138} Example 2

{60159] The surgical kit of Example 1, further comprising a clip applier cartridge, wherein
the cartridge recetving assembly is operable to removably receive the clip apphier
cartridge, wherein the clip applier cartridge comprises: (1) a clip, wherein the clip is
configured to transition from an open configuration to a closed configuration, wherein the
clip 13 configured to remain in the closed configuration upon transitioning from the open
configuration to the closed configuration, (11} a third drive assembly, wherein the third
drive assembly is operable to drive the clip from the open configuration to the closed
configuration, and (11t} a third mput feature, wherein the third input feature is configured
to couple with the movable output of the cartridge receiving assembly, wherein the third
imput feature 1s configured to actuate the thurd drive assembly in response to movement of

the movable output.
{00160} Example 3

{60161} The surgical kit of Example 2, wherein the clip comprises a pair of legs and a
crown joining the pair of legs together, wherein the third drive assembly comprises a pair

of jaws operable to drive the legs toward each other to reach the closed configuration.
{60162] Example 4

{60163 The surgical kit of Example 3, wherein the clip comprises a malleable matenal,
wherein the malleable matenial forming the clip 18 configured to hold the clip in the

closed configuration upon transitioning from the open configuration to the closed

configuration.
{60164 Example S
[60165] The surgical kit of any one or more of Examples 2 through 4, wherein the clip

comprises a pair of legs and a living hinge joming the pair of legs together, wherein the
legs of the clip comprise complementary iatching features that are configured to hold the
clip in the closed configuration upon transitioning from the open configuration to the

closed configuration.

- 41 -



WO 2016/205184 PCT/US2016/037350

{00166} Example 6
{60167] The surgical kit of any one or more of Examples 2 through 5, wherein the third

drive assembly comprises a pair of jaws and a collar, wherein the collar is configured to
transition between a proximal position and a distal position, wherein the jaws are
configured to close in response io longitudinal movement of the collar to thereby

transition the clip from the open configuration to the closed configuration.
{00168} Example 7

[{080169] The surgical kit of Example 6, wherein the jaws are configured to close n
response to proximal movement of the collar to thereby transition the clip from the open

configuration to the closed configuration.

{60176} Example &
{60171} The surgical kit of any one or more of Example 6, wherein the jaws are

configured to close n response to distal movement of the collar to thereby transition the

clip from the open configuration to the closed configuration.

{60172} Example 9
{00173} The surgical kit of any one or more of Examples 6 through 8, wherein the thurd

drive assembly further comprises a rack and pinion assembly operable to drive the collar

longitudinally.
(00174} Example 10
{00175} The surgical kit of Example 9, wherein the third nput feature comprises a rotary

mput operable to rotate the pinion.

{00176} Example 11

{86177} The surgical kit of any one or more of Examples 2 through 10, wherein the clip
applier cartridge further comprises a plurality of clips, wherein the third drive assembly 13

operable to drive a succession of the clips from the open configuration to the closed
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configuration.
{60178] Example 12
{60179] The surgical kit of Example 11, wherein the clip applier cartridge further

comprises a retamner, wherein the retainer 13 operable to selectively retaim one or more of
the clips as the third drive assembly drives the succession of clips from the open

configuration to the closed configuration.

{60180] Example 13

{00181} The surgical kit of Example 12, wherein the third drive assembly further
comprises a patr of jaws, wherein the jaws are configured to close in response movement
of the third mnput feature to thereby transition the chp from the open configuration to the

closed configuration.

{60182} Example 14
{00183} The surgical kit of Example 13, wherein the retainer is configured to reciprocate

longitudinally in response to movement of the third mnput feature to thereby successively

mdex the chips 1n the succession relative to the jaws.

{00184} Example 15

(00185] The surgical kit of Example 14, wherein the clip applier cartridge further
comprises a rack and pinion assembly, wherein the rack and pmion assembly is
configured to reciprocate the retainer longitudinally in response to rotary movement of

the third input feature.

(00186} Example 16
{00187} The surgical kit of any one or more of Examples 1 through 15, further comprising

a grasper cartridge, wherein the cartridge recetving assembly is operable to removably
recetve the grasper cartridge, wherein the grasper cartridge comprises: (i) a pawr of

grasping jaws, wherein the grasping jaws are configured to transition from an open
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configuration to a closed configuration, {1t} a third drive assembly, wherein the third
drive assembly 13 operable to drive the grasping jaws from the open configuration to the
closed configuration, and (in) a third input feature, wherein the third input feature is
configured to couple with the movable output of the cartridge receiving assembly,
wherein the third input feature is configured to actuate the third drive assembly m

response to movement of the movable output.
{00188} Example 17

{66189} The surgical kit of Example 16, wherein the third drive assembly comprises a pair
of links pivotably coupled with the pair of grasping jaws, wherein the links are operable

to drive the grasping jaws from the open configuration to the closed configuration.
{60190} Example 18

{60191} The surgical kit of Example 17, wherein each of the hinks has a distal end and a
proximal end, wherein the third drive assembly further comprises an actuator, wherein
the distal end of each of the links s pivotably secured to a proximal end of a
corresponding grasping jaw of the pair of grasping jaws, wherein the proximal end of

each of the finks is pivotably coupled with the actuator.

{60192} Example 19
{60193} The surgical kit of Example 18, wherein the actuator 1s configured to translate

longitudinally in response to rotation of the third mput feature to thereby drive the hinks.
{60194 Example 20

(00195} The surgical kit of Example 19, wheremm the third drive assembly further
comprises a rack and pinion assembly, wherein the rack 15 secured to the actuator,
wherein the pinion 1s coupled with the third input feature such that the rack s configured

to drive the actuator longitudinally in response to rotation of the third input feature.

(00196] Example 21
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{60197} The surgical kit of anv one or more of Examples 1 through 20, further comprising
a scissor cartridge, wherein the cartridge receiving assembly is operable to removably
recetve the scissor cartridge, wherein the scissor cartridge comprises: (1) a pair of scissor
blades, wherein the scissor blades are configured to transition from an open configuration
to a closed configuration, {11} third drive assembly, wherein the third drive assembly 1s
operable to drive the scissor blades from the open configuration to the closed
configuration, and (11t} a third mput feature, wherein the third input feature is configured
to couple with the movable output of the cartridge receiving assembly, wherein the third
imput feature 1s configured to actuate the thurd drive assembly in response to movement of

the movable output.
{00198} Example 22

{00199} The surgical kit of Example 21, wherein the scissor blades are configured to cut
tissue through a shearing action in response to movement of the scissor blades from the

open configuration to the closed configuration.
{00200} Example 23

{60261] The surgical kit of any one or more of Examples 1 through 22, further comprising
a stapling cartridge, wherein the cartridge recetving assembly is operable to removably
receive the staphing cartridge, wherein the stapling cartridge comprises: {1} a plurality of
staples,{11} a staple driver, wherein the staple driver is operable to drive the staples
distally, (11t} a third drive assembly, wherein the third drive assembly is operable to drive
the staple driver distally, and (iv) a thurd input feature, wherein the third input feature is
configured to couple with the movable output of the cartridge receiving assembly,
wherein the third input feature is configured to actuate the third drive assembly m

response to movement of the movable output.
100202] Example 24

{66203} The surgical kit of Example 23, wherein each staple comprises a pair of legs and a

crown, wherein the legs of each staple include preformed bends.
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{00204} Example 25

{60205] The surgical kit of any one or more of Examples 23 through 24, wherein the
stapling cartridge further comprises an anvil member, wherein the staple dniver is
configured to cooperate with the anvil member to deform the staples in response to distal

movement of the staple driver.
{80206] Example 26

{00267] The surgical kit of Example 25, wherein each staple comprises a pair of legs and a

crown, wherein the anvil member 1s configured to engage the crown,

{60208] Example 27
{060209] The surgical kit of Example 26, wherein the staple driver comprise a pair of

distally projecting prongs, wherein the prongs are configured to bend the legs of a distal-
most staple of the plurality of staples around the anvil member while the crown of the

distal-most staple is engaged with the anvil member.

{00210} Example 28

(00211} The surgical kit of any one or more of Examples 25 through 47, wherein the
stapling cartridge further comprises a guide member, wherein the guide member has an
obliquely angled guide feature configured to guide a distal-most staple of the plurality of

staples into engagement with the anvil member.

(00212} Example 29
{00213} The surgical kit of any one or more of Examples 25 through 47, wherein the

stapling cartridge further comprises a biasing member configured to resiliently urge the

staples distally.

(00214} Example 30
{00215} The surgical kit of Example 29, wherein the stapling cartridge further comprises a

stop member configured to regulate distal positioning of staples by the hiasing member.
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{00216} Example 31
{66217} The surgical kit of Example 30, whergin the stop member comprises a leaf spring

and a stop block, wherein the stop block is configured to arrest distal movement of the
staples, wherein the leaf spring is configured to deform to allow a single staple to move

distal to the stop block in each actuation of the stapling cartridge.
{60218 Example 32

[00219] The surgical kit of any one or more of Examples 1 through 31, wherein the body

comprises a handle assembly.
{B0220] Example 33

{60221} The surgical kit of Example 32, wherein the actuation input feature comprises a

pivotable trigger.

{00222} Example 34
(00223} The surgical kit of any one or more of Examples 1 through 33, wheremn the

movable output feature 1s configured to rotate in response to activation of the actuation

mput feature.
[00224] Example 35

[00225] The surgical kit of Example 34, wherein the shaft assembly defines a longitudinal
axis, wherein the movable output feature is configured to rotate about a rotation axis that

15 perpendicular to the longitudinal axis of the shaft assembly.
{00226} Example 36

{00227} The surgical kit of Example 35, wherein the first drive assembly comprises a first
link operable to convert rotation of the first input feature into orbital motion of the first

curved needle.

{60228} Example 37
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{00229} The surgical kit of Example 36, wherein the first link 15 operable to convert
rotation of the first mput feature into orbital motion of the first curved needle about an

orbit axis, wherein the orbit axis is perpendicular to the longitudinal axis of the shaft

assembly.

{60230} Example 38

{66231} The surgical kit of Example 37, wherein the rotation axis is paraliel to the orbit
axis.

{60232} Example 39

{00233] A surgical kit comprising: (a) a surgical instrument, wheremn the surgical

mstrument comprises: {1} a body, wherein the body comprises an actuation input feature,
(11} a shaft assembly extending distally from the body, and (111} 3 cartridge receiving
assembly located at a distal end of the shaft assembly, wherein the cartnidge receiving
assembly comprises a movable output feature, wherein the movable output feature 1is
configured to move in response to activation of the actuation input feature; and (b} a clip
applier cartridge, wherein the cartridge receiving assembly is operable to removably
receive the clip applier cartridge, wherein the clip apphier cartridge comprises: (1) a clip,
wherein the clip is configured to transition from an open configuration to a closed
configuration, wherein the clip i1s configured to remain in the closed configuration upon
transitioning from the open configuration to the closed configuration, (1) a drive
assembly, wherein the drive assembly is operable to drive the clip from the open
configuration to the closed configuration, and (i1} an input feature, wherein the mput
feature 1s configured to couple with the movable output of the cartridge receiving
assembly, wherein the nput feature i1s configured to actuate the drive assembly in

response to movement of the movable output.
100234} Example 40

{66235} A surgical kit comprising: (a) a surgical instrument, wherein the surgical
mstrument comprises: {1} a body, wherein the body comprises an actuation input feature,

(it} a shaft assembly extending distally from the body, and {(11) a cartridge receiving
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assembly located at a distal end of the shaft assembly, wherein the cartridge receiving
assembly comprises a movable ouiput feature, wherein the movable ouiput feature is
configured to move in response to activation of the actuation input feature; and (b} a
grasper cartridge, wherein the cartridge receiving assembly is operable to removably
recetve the grasper cartridge, wherein the grasper cartridge comprises: (1) a pair of
grasping jaws, wherein the grasping jaws are configured to transition from an open
configuration to a closed configuration, (it} a drive assembly, wherein the drive assembly
is operable to drive the grasping jaws from the open configuration to the closed
configuration, and (111} an input feature, wherein the input feature i1s configured to couple
with the movable output of the cartridge receiving assembly, wherein the input feature 1s

configured to actuate the drive assembly n response to movement of the movable output.
[00236] Example 41

{00237} A surgical kit comprising: {(a) a surgical instrument, wherein the surgical
mstrument comprises: {1} a body, wherein the body comprises an actuation input feature,
(11) a shaft assembly extending distally from the body, and (11} a cartridge receiving
assembly located at a distal end of the shaft assembly, wherein the cartridge receiving
assembly comprises a movable output feature, wherein the movable output feature 1s
configured to move in response to activation of the actuation input feature; and (bja
scissor cartridge, wherein the cartridge receiving assembly 1s operable to removably
receive the scissor cartridge, wherein the scissor cartridge comprises: (i) a pair of scissor
blades, wherein the scissor blades are configured to transition from an open configuration
to a closed configuration, {11} a drive assembly, wherein the drive assembly is operable to
drive the scissor blades from the open counfiguration to the closed configuration, and (111
an mput feature, wheremn the input feature 1s configured to couple with the movable
cutput of the cartridge recetving assembly, wheremn the wnput feature 13 configured to

actuate the drive assembly in response to movement of the movable output.

{00238} Example 42
(00239} A surgical kit comprising: {(a) a surgical instrument, wherein the surgical

mstrument comprises: {1} a body, wherein the body comprises an actuation input feature,
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(i1} a shaft assembly extending distally from the body, and (111} a cariridge receiving
assembly located at a distal end of the shaft assembly, wherein the cartridge receiving
assembly comprises a movable output feature, wherein the movable output feature 1s
configured to move in response to activation of the actuation input feature; and (b} a
stapling cartridge, wherein the cartridge receiving assembly is operable to removably
receive the stapling cartridge, wherein the stapling cartridge comprises: {1} a plurality of
staples, (11} a staple driver, wherein the staple driver is operable to drive the staples
distally (111} a third drive assembly, wherein the third drive assembly is
operable to drive the staple driver distally, and (1v} a third input feature, wherein the third
mput feature 1s configured to couple with the movable output of the cartridge receiving
assembly, wherein the third mnput feature 1s configured to actuate the third drive assermbly

i response to movement of the movable output.
{00240} Example 43

{00241} A surgical kit comprising: (a) a surgical instrument, wherein the surgical
mstrument comprises: {1} a body, wherein the body comprises an actuation input feature,
(it} a shaft assembly extending distally from the body, and {(11) a cartridge receiving
assembly located at a distal end of the shaft assembly, wherein the cartridge receiving
assembly comprises a movable output feature, wherein the movable output feature is
configured to move 1n response to activation of the actuation mnput feature; (b) at least
two cartridges selected from the following cartridges: (1) a fust suturing cartridge,
wherein the cartridge receiving assembly is operable to removably receive the first
suturing cartridge, wherein the first suturing cartridge comprises: {A) a first curved
needle, wherein the first curved needle extends along an arc defined by a first radius of
curvature, (B} a first drive assembly, wherein the first drive assembly 1s operable to drive
the first curved needle along an orbital path through a plurality of revolutions, and (C) a
first input feature, wherem the first input feature 13 configured to couple with the movable
cutput of the cartridge recetving assembly, wherein the first input feature 1s configured to
actuate the first drive assembly m response to movement of the movable output, and (i) a
second suturing cartridge, wherein the cartridge receiving assembly 15 operable to

removably receive the second suturing cartridge, wherein the second suturing cartridge
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comprises: {A) a second curved needle, wherein the second curved needle extends along
an arc defined by a second radius of curvature, wherein the second radius of curvature s
larger than the first radius of curvature, (B) a second drive assembly, wherein the second
drive assembly is operable to drive the second curved needle along an orbutal path
through a plurality of revolutions, and {(C) a second input feature, wherein the second
input feature 15 configured to couple with the movable output of the cartridge receiving
assembly, wherein the second input feature is configured to actuate the second drive
assembly in response to movement of the movable output, (111} a clip applier cartridge,
wherein the cartridge receiving assembly is operable to removably receive the clip apphier
cartridge, wherein the clip applier cartridge comprises: (A} a clip, wherein the clip is
configured to transttion from an open configuration to a closed configuration, wherein the
clip 1s configured to remain in the closed configuration upon transitioning from the open
configuration to the closed configuration, (B) a third drive assembly, wherein the third
drive assembly 1s operable to drive the clip from the open configuration to the closed
configuration, and (C) a third mput feature, wherein the third 1nput feature 1s configured
to couple with the movable output of the cartridge receiving assembly, wherein the third
mput feature 1s configured to actuate the third drive assembly 1n response to movement of
the movable output, (iv} a grasper cartridge, wheremn the cartridge receiving assembly 1s
operable to removably recetve the grasper cartridge, wherein the grasper cartridge
comprises: {A) a pair of grasping jaws, wherein the grasping jaws are configured to
transition from an open configuration to a closed configuration, (B) a fourth drive
assembly, wherein the third drive assembly is operable to drive the grasping jaws from
the open configuration to the closed configuration, and (C) a fourth input feature, wherein
the fourth mput feature 18 configured to couple with the movable output of the cartridge
receiving assembly, whergin the fourth mput feature is configured to actuate the fourth
drive assembly in response to movement of the movable output, (v} a scissor cartridge,
wherein the cartridge receiving assembly is operable to removably receive the scissor
cartridge, wherein the scissor cartridge comprises: {A} a pair of scissor blades, wherein
the scissor blades are configured to transition from an open configuration to a closed
configuration, (B) a fifth drive assembly, wherein the third drive assembly is operable to

drive the scissor blades from the open configuration to the closed configuration, and (C a
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fifth input feature, wherein the fifth input feature is configured to couple with the
movable output of the cartridge receiving assembly, wherein the fifth input feature is
configured to actuate the fifth drive assembly in response to movement of the movable
output, and (vi) a stapling cartridge, wherein the cartridge receiving assembly is operable
to removably receive the stapling cartridge, wherein the stapling cartridge comprises: (A)
a plurality of staples, (B) a staple driver, wherein the staple driver is operable to drive the
staples distally, (C}  third drive assembly, wherein the third drive assembly is operable
to drive the staple driver distally, and (D)} a third input feature, wherein the third mnput
feature is configured to couple with the movable output of the cartridge receiving
assembly, wherein the third nput feature 1s configured to actuate the third drive assembly

in response to movement of the movable output.
{00242} Iv.  Muiscellaneous

{00243} It should also 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 herein.
The above-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 herein. Such modifications and variations are

mtended to be included within the scope of the claims.

{80244 It should be appreciated that any patent, publication, or other disclosure matenial,
i whole or 1n part, that is said to be incorporated by reference herein is incorporated
herein only to the extent that the incorporated material does not contlict with existing
defiitions, statements, or other disclosure material set forth in this disclosure. As such,
and to the extent necessary, the disclosure as exphicitly set forth herein supersedes any
conflicting material incorporated herein by reference. Any material, or portion thereof,
that 15 said to be incorporated by reference herein, but which conflicts with existing

definttions, statements, or other disclosure material set forth heremn will only be
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mcorporated to the extent that no conflict arises between that incorporated matenial and

the existing disclosure material.

{00245} Verstons of the devices described above may have application in conventional
medical treatments and procedures conducted by a medical professional, as well as
application in robotic-assisted medical treatments and procedures. By way of example
only, various teachings herein may be readily incorporated into a robotic surgical system

such as the DAVINCI™ gystem by Intuttive Surgical, Inc., of Sunnyvale, California.

{60246 Versions described above may be designed to be disposed of after a single use, or
they can be designed to be used multiple times. Versions may, in 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 pieces 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 faciity, or by a user
immediately prior to a procedure. Those skilled in the art will appreciate that
reconditioning of a device may utilize a varnety of techniques for disassembly,
cleaning/replacement, and reasserobly. Use of such techniques, and the resulting

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

{00247} By way of example only, versions described herein may be sterilized before
and/or after a procedure. In one sterilization technique, the device 1s placed in a closed
and sealed container, such as a plastic or TYVEK bag. The container and device may
then be placed m 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 container. The sterilized device may then be stored in the sterile container for
later use. A device may also be stertlized using any other technique known in the art,

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

[00248] Having shown and described various embodiments of the present invention,
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turther 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 invention. 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 tllustrative and are not required. Accordingly, the scope of the
present invention should be considered 1n terms of the following clatms and 1s understood
not to be limited to the detatls of structure and operation shown and described in the

specification and drawings.

]

(v

i
'



WO 2016/205184

I/'We Claim:

PCT/US2016/037350

A surgical kit comprising:

(2)

a surgical instrument, wherein the surgical instrument comprises:

(1) a body, wherein the body comprises an actuation input feature,

(1) a shaft assembly extending distally from the body, and

(i1}  a cartridge receiving assembly located at a distal end of the shaft
assembly, wherein the cartridge recetrving assembly comprises a
movable output feature, wherein the movable output feature is
configured to move n response 1o activation of the actuation input
feature;

a fust suturing cartridge, wherein the cartridge receiving assembly is

operable to removably receive the first suturing cartridge, wherein the first

suturing cartridge comprises:

(1) a first curved needle, wherein the first curved needle extends along
an arc defined by a first radius of curvature,

(11} a first drive assembly, wherein the first drive assembly 1s operable
to drive the first curved needle along an orbital path through a
plurality of revolutions, and

(1} a first input featore, wherein the first input feature 13 configured to
couple with the movable output of the cartnidge receiving
assembly, wherein the first input feature 15 configured to actuate
the first drive assembly in response to movement of the movable
output; and

a second suturing cartridge, wherein the cartridge receiving assembly is

operable to removably receive the second suturing cartridge, wherein the

second suturing cartridge comprises:

(1) a second curved needle, wherein the second curved needle extends
along an arc defined by a second radius of curvature, wherein the
second radius of curvature 1s larger than the first radus of

curvature,
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(11)  a second drive assembly, wherein the second drive assembly 1s
operable to drive the second curved needle along an orbutal path
through a plurality of revolutions, and

(11} a second input feature, wherein the second input feature is
configured to couple with the movable output of the cartridge
receiving assembly, wherein the second mnput feature is configured
to actuate the second drive assembly in response to movement of

the movable output.

2. The surgical kit of claim 1, further comprising a clip applier cartridge, wherein
the cartridge receiving assembly 1s operable to removably receive the clip applier cartridge,
wherein the clip applier cartridge comprises:

(1) a clip, wherein the chip is configured to transition from an open
configuration to a closed configuration, wherein the clip is
configured to remain in the closed configuration upon transitioning
from the open configuration to the closed configuration,

(11} a third drive assembly, wherein the thud drive assembly 13
operable to drive the clip from the open configuration to the closed
configuration, and

(1} a third mput feature, wherein the third 1oput feature 15 configured
to couple with the movable output of the carindge receiving
assembly, wherein the third input feature is configured to actuate
the third drive assembly in response to movement of the movable

output.

3. The surgical kit of claim 2, wherein the clip comprises a pair of legs and a crown
joining the pair of legs together, wherein the third drive assembly comprises a pair of jaws

operable to drive the legs toward each other to reach the closed configuration.
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-

4. The surgical kit of claim 3, wherein the chp comprises a malleable material,
wherein the malleable material forming the clip s configured to hold the clip in the closed

configuration upon transitioning from the open configuration to the closed configuration.

5. The surgical kit of claim 2, wherein the clip comprises a pair of legs and a living
hinge joining the pair of legs together, wherein the legs of the clip comprise complementary
latching features that are configured to hold the clip in the closed configuration upon

transitioning from the open configuration to the closed configuration.

6. The surgical kit of claim 2, wherein the thurd drive assembly comprises a pair of
jaws and a collar, wherein the collar s configured to transition between a proximal posttion and
a distal position, wherein the jaws are configured to close o response to longitudinal movement
of the collar to thereby transition the clip from the open configuration to the closed

configuration.

7. The surgical kit of claim 6, wherein the jaws are configured to close in response
to proximal movement of the collar to thereby transition the clip from the open configuration to

the closed configuration.

8. The surgical kit of claim 6, wherein the jaws are configured to close in response
to distal movement of the collar to thereby transition the chip from the open configuration to the

closed configuration.

9. The surgical kit of claim 6, wherein the third drive assembly further comprises a

rack and pinion assembly operable to drive the collar longitudinally.

10. The surgical kit of claim 9, wherein the third mmput feature comprises a rotary

mput operable to rotate the pinion.

3
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1t The surgical kit of claim 2, wherein the clip applier cartridge further comprises a
plurality of clips, wherein the third drive assembly is operable to drive a succession of the clips

from the open configuration to the closed configuration.

12, The surgical kit of claim 11, wherein the clip applier cartridge further comprises a
retainer, wherein the retainer is operable to selectively retain one or more of the clips as the third
drive assembly drives the succession of clips from the open configuration to the closed

configuration.

13. The surgical kit of claim 12, wheremn the third drive assembly further comprises a
pair of jaws, wherein the jaws are configured to close in response movement of the third input

feature to thereby transition the clip from the open configuration to the closed configuration

14. The surgical kit of claim 13, wherein the retainer i1s configured to reciprocate
longitudinally in response to movement of the third input feature to thereby successively ndex

the clips in the succession relative to the jaws.

i3, The surgical kit of claim 14, wherein the chip applier cartridge further comprises a
rack and pimion assembly, wherem the rack and piion assembly is configured to reciprocate the

retainer longttudinally in response to rotary movement of the third input feature.

16. The surgical kit of claim 1, further comprising a grasper cartridge, wherein the
cartridge receiving assembly 1s operable to removably receive the grasper cartridge, wherein the
grasper cartridge comprises:

(i) a pair of grasping jaws, wherein the grasping jaws are configured
to transition from an open configuration to a closed configuration,

(1)  a thud drive assembly, wherein the third drive assembly is
operable to drive the grasping jaws from the open configuration to
the closed configuration, and

(i1} a third mput feature, wherein the third input feature 1s configured

to couple with the movable output of the cartridge receiving

¥
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assembly, wherein the third input feature is configured to actuate
the third drive assembly in response to movement of the movable

output.

17. The surgical kit of claim 16, wherein the third drive assembly comprises a pair of
links pivotably coupled with the pair of grasping jaws, wherein the links are operable to drive the

grasping jaws from the open configuration to the closed configuration.

18 The surgical kit of claim 17, wherein each of the links has a distal end and a
proximal end, wherein the third drive assembly further comprises an actuator, wherein the distal
end of each of the hinks 1s pivotably secured to a proximal end of a corresponding grasping jaw
of the pair of grasping jaws, wherein the proximal end of each of the links is pivotably coupled

with the actuator.

19. The surgical kit of claim 18, wherein the actuator 15 configured to translate

longttudinally in response to rotation of the third input feature to thereby drive the links.

20. The surgical kit of claim 19, wheremn the third drive assembly further comprises a
rack and pinion assembly, wherem the rack 15 secured to the actuator, wherem the pinion is
coupled with the third 1oput feature such that the rack 1s configured to drive the actuator

longitudinally 1n response to rotation of the third input feature.

21 The surgical kit of claim 1, further comprising a scissor cartridge, wheremn the
cartridge receiving assembly is operable to removably receive the scissor cartridge, wherein the
scissor cartridge comprises:

(1) a pair of scissor blades, wherein the scissor blades are configured
to transition from an open configuration to a closed configuration,

(1}  a third drive assembly, wherein the third drive assembly s
operable to drive the scissor blades from the open configuration to

the closed configuration, and
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(i1} a third mput feature, wherein the third input feature 1s configured
to couple with the movable output of the cartnidge receiving
assembly, wherein the third input feature 1s configured to actuate
the third drive assembly m response to movement of the movable

output.

22, The surgical kit of claim 21, wherein the scissor blades are configured to cut
tissue through a shearing action in response to movement of the scissor blades from the open

configuration to the closed configuration.

23 The surgical kit of claim 1, further comprising a stapling cartridge, wherein the
cartridge receiving assembly is operable to removably receive the staphing cartridge, wherein the
stapling cartridge comprises:

(U a plurality of staples,

(11)  a staple driver, wherein the staple driver is operable to drive the
staples distally,

(1} a thud drive assernbly, wheremn the third drive assembly s
operable to drive the staple driver distally, and

(1ivy & third mput feature, wherein the third input feature 1s configured
to couple with the movable output of the cartridge receiving
assembly, wherein the third input feature 1s configured to actuate
the third drive assembly in response to movement of the movable

output.

24. The surgical kit of claim 23, wherein each staple comprises a pair of legs and a

crown, wherein the legs of each staple include preformed bends.
25. The surgical kit of claim 23, wherein the stapling cartridge further comprises an
b s § & &

anvil member, wherein the staple driver is configured to cooperate with the anvil member to

deform the staples in response to distal movement of the staple driver.
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26. The surgical kit of claim 25, wherein each staple comprises a pair of legs and a

crown, wherein the anvil member is configured to engage the crown.

27. The surgical kit of claim 26, wherein the staple driver comprise a pair of distally
projecting prongs, wherein the prongs are configured to bend the legs of a distal-most staple of
the plurality of staples around the anvil member while the crown of the distal-most staple is

engaged with the anvil member.

28. The surgical kit of claim 25, wherein the stapling cartridge further comprises a
guide member, wherein the guide member has an obliquely angled guide feature configured to

guide a distal-most staple of the plurality of staples into engagement with the anvil member,

29, The surgical kit of claim 25, wherem the staphing carinidge further comprises a

biasing member configured to resiliently urge the staples distally.

30. The surgical kit of claim 29, wherein the stapling cartridge further comprises a

stop member configured to regulate distal positioning of staples by the biasing member.

31 The surgical kit of claim 30, wherem the stop member comprises a leaf spring and
a stop block, wherein the stop block s configured to arrest distal movement of the staples,
wheren the leaf spring 15 configured to deform to allow a single staple to move distal to the stop
block in each actuation of the stapling cartridge.

32, The surgical kit of claim 1, wherein the body comprises a handle assembly.

33 The surgical kit of claim 2, wherein the actuation input feature comprises a

pivotable trigger.

34 The surgical kit of claim 1, wherein the movable output feature is configured to

rotate i response to activation of the actuation input feature.
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35. The surgical kit of claim 34, wherein the shaft assembly defines a longitudinal
axis, wherein the movable output feature i1s configured to rotate about a rotation axis that is

perpendicular to the longitudinal axis of the shaft assembly.

36. The surgical kit of claim 35, wherein the first drive assembly comprises a first
link operable to convert rotation of the first input feature mto orbital motion of the first curved

needle.

37. The surgical kit of claim 36, wherein the first link i1s operable to convert rotation
of the fust input feature into orbital motion of the first curved needle about an orbit axis, wherem

the orbit axis is perpendicular to the longitudinal axis of the shaft assembly.

38 The surgical kit of claim 37, wherein the rotation axis is parallel to the orbit axus.
39 A surgical kit comprising:
{(a) a surgical instrument, wherein the surgical mnstrument comprises:
(1) a body, wherein the body comprises an actuation input feature,

{11} a shaft assembly extending distally from the body, and

(1}  a cartridge receiving assembly located at a distal end of the shaft
assembly, wheremn the cartridge recetving assembly comprises a
movable output feature, wherein the movable output feature 13
configured to move in response 1o activation of the actuation input
feature; and

{b) a chip applier cartridge, wherein the cartridge receiving assembly is

operable to removably receive the clip applier cartridge, wherein the clip

applier cartridge comprises:

(i) a clip, wherein the chip is configured to transition from an open
configuration to a closed configuration, wherein the clip s
configured to remain in the closed configuration upon transitioning

from the open configuration to the closed configuration,
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(11)  a drive assembly, wherein the drive assembly is operable to drive
the clip from the open configuration to the closed configuration,
and

(11}  an mput feature, wherein the nput feature is configured to couple
with the movable output of the cartridge receiving assembly,
wherein the mput feature i1s configured to actuate the drive

assembly in response to movement of the movable output.

40. A surgical kit comprising:
&
{(a) a surgical instrument, wherein the surgical mnstrument comprises:
(1) a body, wherein the body comprises an actuation input feature,

(1) a shaft assembly extending distally from the body, and

(11}  a cartridge receiving assembly located at a distal end of the shaft
assembly, wherein the cartridge receiving assembly comprises a
movable output feature, wherein the movable output feature is
configured to move n response 1o activation of the actuation input
feature; and

{b) a grasper cartridge, wheremn the cartridge receiving assembly 1s operable

to removably receive the grasper cartridge, wherem the grasper cartridge

comprises;

(1) a pair of grasping jaws, wherein the grasping jaws are configured
to transition from an open configuration to a closed configuration,

(1)  a drive assembly, wherein the drive assembly is operable to drive
the grasping jaws from the open configuration to the closed
configuration, and

(11}  an input feature, wherein the input feature 15 configured to couple
with the movable output of the cartridge receiving assembly,
wherein the input feature 1s configured to actuate the drive

assermbly in response to movement of the movable output.

41 A surgical kit comprising;
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{a} a surgical instrument, wherein the surgical mstrument comprises:
(i) a body, wherein the body comprises an actuation input feature,
{1t} a shaft assembly extending distally from the body, and
(11}  a cartridge receiving assembly located at a distal end of the shaft
assembly, wherein the cartridge receiving assembly comprises a
movable output feature, wherein the movable output feature is
configured to move in response to activation of the actuation input
feature; and
{b) a scissor cartridge, wherein the cartridge receiving assembly 1s operable to
removably receive the scissor cartridge, wherein the scissor cartridge
COMPTISES:
(U a pair of scissor blades, wherein the scissor blades are configured
to transition from an open counfiguration to a closed configuration,
(1)  a drive assembly, wherein the drive assernbly s operable to drive
the scissor blades from the open configuration to the closed
configuration, and
(1}  an mput feature, wherein the input feature 15 configured to couple
with the movable output of the cartridge receiving assembly,
wherein the mput feature 13 configured to actuate the drive
assermnbly 1n response to movement of the movable output.
42, A surgical kit comprising:
{(a) a surgical instrument, wherein the surgical instrument comprises:

(1)
(i1)
(1ii)

a body, wherein the body comprises an actuation input feature,

a shaft assembly extending distally from the body, and

a cartridge receiving assembly located at a distal end of the shaft
assembly, wherein the cartridge receiving assembly comprises a
movable output feature, wherein the movable output feature is
configured to move in response to activation of the actuation input

feature; and
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{b) a stapling cartridge, wherein the cariridge receiving assembly is operable
to removably receive the stapling cartridge, wherein the stapling cartridge
COMPTISES:

(1) a plurality of staples,

{1t} a staple driver, wherein the staple driver is operable to drive the
staples distally,

(i1}  a third drive assembly, wherein the third drive assembly is
operable to drive the staple driver distally, and

(iv}  a third mput feature, wherein the third input feature 1s configured
to couple with the movable output of the cartridge receiving
assembly, wherein the third input feature is configured to actuate
the third drive assembly mn response to movement of the movable
output.

43 A surgical kit comprising:
{(a) a surgical nstrument, wherein the surgical instrument comprises:

(1) a body, wherein the body comprises an actuation input feature,

{11} a shaft assembly extending distally from the body, and

(1}  a cartridge receiving assembly located at a distal end of the shaft
assembly, wheremn the cartridge recetving assembly comprises a
movable output feature, wherein the movable output feature 13
configured to move in response 1o activation of the actuation input
feature,

{b) at least two cartridges selected from the following cartridges:

(i)

a first suturing cartridge, wherein the cartridge receiving assembly
1s operable to removably receive the first suturing cartridge,
wherein the first suturing cartridge comprises:

(A} a fust curved needle, whereimn the first curved needle

extends along an arc defined by a first radius of curvature,
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(1ii)

(B)

©
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a first drive assembly, wherein the first drive assembly 1s
operable to drive the first curved needle along an orbital
path through a plurality of revolutions, and

a first input feature, wherein the first input feature is
configured to couple with the movable output of the
cartridge receiving assembly, wherein the first mput feature
is configured to actuate the first drive assembly in response

to movement of the movable output, and

a second suturing cartridge, wherein the cartridge receiving

assernbly 15 operable to removably receive the second suturing

cartridge, wherem the second suturing cartridge comprises:

(4)

©)

a second curved needle, wherein the second curved needle
extends along an arc defined by a second radius of
curvature, wherein the second radius of curvature is larger
than the first radius of curvature,

a second drive assembly, wherein the second drive
assembly 1s operable to drive the second curved needie
along an orbital path through a plurality of revolutions, and
a second input feature, wherein the second input feature 18
configured to couple with the movable output of the
cartridge recetving assembly, wherein the second input
feature is configured to actuate the second drive assembly

in response to movement of the movable output,

a chip applier cartridge, wherein the cartridge receiving assembly is

operable to removably receive the clip applier cartridge, wherein

the clip applier cartridge comprises:

(A)

a clip, wherein the clip 1s configured to transition from an
open configuration to a closed configuration, wherein the
chip 1s configured to remain in the closed configuration
upon transitioning from the open configuration to the

closed configuration,
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(By  a third drive assembly, wherein the third drive assembly 1s
operable to drive the clip from the open configuration to the
closed configuration, and

{(Cy a third mput feature, wherein the third mput feature is
configured to couple with the movable output of the
cartridge receiving assembly, wherein the third input
feature 15 configured to actuate the third drive assembly in
response to movement of the movable output,

a grasper cartridge, wherein the cartridge recetving assembly is

operable to removably receive the grasper cariridge, wherein the

grasper cartridge comprises:

(A} a paw of grasping jaws, wherein the grasping jaws are
configured to transition from an open configuration to a
closed configuration,

(B)  afourth drive assembly, wherein the third drive assembly 13
operable to drive the grasping jaws from the open
configuration to the closed configuration, and

{(Cy  a fourth input feature, wherein the fourth input feature s
configured to couple with the movable output of the
cartridge receiving assembly, wherein the fourth nput
feature 1s configured to actuate the fourth drive assembly in
response to movement of the movable output,

a scissor cartridge, wherein the cartridge receiving assembly is

operable to removably receive the scissor cartridge, wherein the

scissor cartridge comprises:

(A} a pawr of scissor blades, wherein the scissor blades are
configured to transition from an open configuration 1o a
closed configuration,

{(B) a fifth drive assembly, wherein the third drive assembly is
operable to drive the scissor blades from the open

configuration to the closed configuration, and
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a fitth input feature, wherein the fifth input feature 1s
configured to couple with the movable output of the
cartridge receiving assembly, wherein the fifth input feature
is configured to actuate the fifth drive assembly in response

to movement of the movable output, and

a stapling cartridge, wherein the cartridge recetving assembly is

operable to removably receive the stapling cartridge, wherein the

stapling cartridge comprises:

(A)
(8)

©

(D)

a plurality of staples,

a staple driver, wherein the staple driver is operable to
drive the staples distally,

a third drive assembly, wherein the third drive assembly is
operable to drive the staple driver distally, and

a third wmput feature, wheremn the third mput feature is
configured to couple with the movable output of the
cartridge receiving assembly, wherein the third input
feature 18 configured to actuate the third drive assembly n

response to movement of the movable output.
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Fig.5B
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INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/037350
A. CLASSIFICATION OF SUBJECT MATTER
INV. A61B17/04 A61B17/068 A61B17/128 A61B17/29 A61B17/32
ADD. A61B17/00 A61B17/06

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

A61B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 20157133967 Al (MARTIN DAVID T [US]) 1,32,
14 May 2015 (2015-05-14) 34-38,43
A paragraph [0039] - paragraph [0041]; 2-15,33,
figure 1 39
paragraph [0047] - paragraph [0055];
figures 4-5C
paragraph [0061] - paragraph [0065];
figures 8-15
X US 20147166514 Al (MARTIN DAVID T [US] ET 1,32,
AL) 19 June 2014 (2014-06-19) 34-38
A the whole document 2-15,33,
39
X US 2009/264904 Al (ALDRICH GEORGE [US] ET 39
AL) 22 October 2009 (2009-10-22)
A the whole document 1-15
- / -

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

7 September 2016

Date of mailing of the international search report

14/11/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Strazdauskas, Gedas

Form PCT/ISA/210 (second sheet) (April 2005)
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C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

the whole document

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A EP 2 792 308 A2 (ETHICON ENDO SURGERY INC 1-15,
[US]) 22 October 2014 (2014-10-22) 32-39,43

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




International application No.
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Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:' Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. I:' Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
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:

see additional sheet

-

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:
4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-15, 32-39(completely); 43(partially)
Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the

payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-15, 32-39(completely); 43(partially)

a surgical kit according to claim 2 or claim 39,
characterized by the clip applier cartridge as further
defined in those claims. This cartridge solves the technical
problem of lack of clipping means.

2. claims: 16-20, 40(completely); 43(partially)

a surgical kit according to claim 16 or claim 40,
characterized by the grasper cartridge as further defined in
those claims. This cartridge solves the technical problem of
lack of grasping means.

3. claims: 21, 22, 41(completely); 43(partially)

a surgical kit according to claim 21 or claim 41,
characterized by the scissor cartridge as further defined in
those claims. This cartridge solves the technical problem of
lack of cutting means.

4. claims: 23-31, 42(completely); 43(partially)

a surgical kit according to claim 23 or claim 42,
characterized by the stapling cartridge as further defined
in those claims. This cartridge solves the technical problem
of lack of stapling means
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US 2015133967 Al 14-05-2015 US 2015133967 Al 14-05-2015
US 2015351748 Al 10-12-2015
WO 2015187379 Al 10-12-2015

US 2014166514 Al 19-06-2014 AU 2013359152 Al 02-07-2015
CN 104936534 A 23-09-2015
CN 105105804 A 02-12-2015
CN 105193463 A 30-12-2015
CN 105266861 A 27-01-2016
CN 105266862 A 27-01-2016
EP 2931136 Al 21-10-2015
EP 2974668 Al 20-01-2016
EP 2974669 A2 20-01-2016
EP 2974670 Al 20-01-2016
EP 2974671 Al 20-01-2016
JP 2015231572 A 24-12-2015
JP 2015231573 A 24-12-2015
JP 2016013462 A 28-01-2016
JP 2016013463 A 28-01-2016
JP 2016500298 A 12-01-2016
RU 2015133676 A 10-12-2015
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US 2014166514 Al 19-06-2014
US 2014171970 Al 19-06-2014
US 2014171971 Al 19-06-2014
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EP 2792309 A2 22-10-2014
EP 2792310 Al 22-10-2014
EP 2792311 A2 22-10-2014
EP 2792312 A2 22-10-2014
US 2014305987 Al 16-10-2014
US 2014305989 Al 16-10-2014
US 2014305990 Al 16-10-2014
US 2014305992 Al 16-10-2014
US 2014309665 Al 16-10-2014
WO 2014172208 Al 23-10-2014
WO 2014172209 A2 23-10-2014
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