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

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
03 January 2019 (03.01.2019)

(10) International Publication Number

WO 2019/002967 A1l

WIPO I PCT

(51) International Patent Classification:

(US). VENDELY, Michael J.; 4545 Creek Road, Cincin-

A61B 17/072 (2006.01) nati, Ohio 45242 (US).
(21) International Application Number: (74) Agent: SHIRTZ, Joseph F. et al.; Johnson & Johnson,
PCT/IB2018/053665 One Johnson & Johnson Plaza, New Brunswick, New Jer-
(22) International Filing Date: sey 08933 (US).
23 May 2018 (23.05.2018)  (81) Designated States (unless otherwise indicated, for every
.1e . kind of national protection available). AE, AG, AL, AM,
(25) Filing Language: English AO, AJ”IF, AU, AZ‘?BA, BB, BG, BH, 1)3N, BR, BW, BY, BZ,
(26) Publication Language: English CA,CH,CL,CN,CO, CR,CU, CZ,DE, DJ, DK, DM, DO,
.. DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(30) Priority Data: HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
15/634,385 27 June 2017 (27.06.2017) us KR,KW,KZ,LA,LC, LK, LR, LS, LU, LY, MA, MD, ME,
(71) Applicant: ETHICON LLC [US/US]; #475 Street C, Suite MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
401, Los Frailes Industrial Park, Guaynabo, 00969 (PR). OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
. SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
(72) Inventmjs: .SHELTO.N, IV, Frederick E.; 4545 Creek TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
Road, Cincinnati, Ohio 45242 (US). YATES, David C.;
4545 Creek Road, Cincinnati, Ohio 45242 (US). HAR- (84) Designated States (unless otherwise indicated, for every

RIS, Jason L.; 4545 Creek Road, Cincinnati, Ohio 45242

kind of regional protection available): ARIPO (BW, GH,
GM,KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,

(54) Title: APPARATUS AND METHOD TO DETERMINE END OF LIFE OF BATTERY POWERED SURGICAL INSTRUMENT

Fig.1

wo 20197002967 A1 | I0K 000 O O

(57) Abstract: A surgical instrument includes a handle assembly, a power source coupled with the handle assembly, and a control
circuit coupled with the handle assembly and the power source. The handle assembly, the power source, and the control circuit are
configured to drive an end eftector of a shaft assembly coupled with the handle assembly to perform an operation on tissue. The control
circuit is configured to receive life deduction event data. The control circuit is configured to determine an end of life for the power
source based on the life deduction event data.

[Continued on next page]



WO 2019/002967 A1 {10000 NSO R

UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IF, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

— as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:

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



WO 2019/002967 PCT/IB2018/053665

APPARATUS AND METHOD TO DETERMINE END OF LIFE OF BATTERY POWERED
SURGICAL INSTRUMENT

BACKGROUND

{0001} In some settings, endoscopic surgical instruments may be preferred over traditional
open surgical devices since a smaller incision may reduce the post-operative recovery time
and complications. Consequently, some endoscopic surgical instruments may be suitable
for placement of a distal end effector at a desired surgical site through the cannula of a
trocar. These distal end effectors may engage tissue in various ways to achieve a diagnostic
or therapeutic effect {e g., endocutter, grasper, cutter, stapler, clip applier, access device,
drug/gene therapy delivery device, and energy delivery device using ultrasonic vibration,
REF, laser, etc.). Endoscopic surgical instruments may include a shaft between the end
effector and a handle portion, which is manipulated by the clinician. Such a shaft may
enable insertion to a desired depth and rotation about the longitudinal axis of the shaft,
thereby facilitating positioning of the end effector within the patient. Positioning of an end
effector may be further facilitated through inclusion of one or more articulation joints or
features, enabling the end effector to be selectively articulated or otherwise deflected

relative to the longitudinal axis of the shaft.

{0062} Examples of endoscopic surgical instruments include surgical staplers. Some such
staplers are operable to clamp down on layers of tissue, cut through the clamped layers of
tissue, and drive staples through the fayers of tissue to substantially seal the severed layers
of tissue together near the severed ends of the tissue layers. Merely exemplary surgical
staplers are disclosed in U.S. Pat. No. 7,000,818, entitled “Surgical Stapling Instrument
Having Separate Distinct Closing and Firing Systems,” issued February 21, 2006, U.S. Pat.
No. 7,380,696, entitled “Articulating Surgical Stapling Instrument Incorporating a Two-
Piece E-Beam Finng Mechanism,” issued June 3, 2008; US. Pat. No. 7,404,508, entitled
“Surgical Stapling and Cutting Device,” issued July 29, 2008; U.S. Pat. No. 7,434,715,
entitted “Surgical Staphing Instrurnent Having Multistroke Firing with Opening Lockout,”

issued October 14, 2008; U.S. Pat. No. 7,721,930, entitled “Disposable Cartridge with
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Adhesive for Use with a Stapling Device,” issued May 25, 2010; U.S. Pat. No. 8,408,439,
entitled “Surgical Stapling Instrument with An Articulatable End Effector,” 1ssued April 2,
2013; and U.S. Pat. No. 8,453,914, entitled “Motor-Driven Surgical Cutting Instrument
with Electric Actuator Directional Control Asserably,” issued June 4, 2013, The disclosure

of each of the above-cited 1) 8. Patents 1s incorporated by reference herein.

{0003} While the surgical staplers referred to above are described as being used in
endoscopic procedures, it should be understood that such surgical staplers may also be used
in open procedures and/or other non-endoscopic procedures. By way of example only, a
surgical stapler may be inserted through a thoracotomy, and thereby between a patient’s
ribs, to reach one or more organs 1n a thoracic surgical procedure that does not use a trocar
as a conduit for the stapler. Such procedures may include the use of the stapler to sever
and close a vessel leading to a lung. For instance, the vessels leading to an organ may be
severed and closed by a stapler before removal of the organ from the thoracic cavity. Of

course, surgical staplers may be used in various other settings and procedures.

[0004] Examples of surgical staplers that may be particularly suited or use through a
thoracotomy are disclosed in U.S. Patent Application Publication No. 2014/0243801,
entitled “Surgical Instrument End Effector Articulation Drive with Pinion and Opposing
Racks,” published on August 28, 2014, U.S. Patent Application Publication No.
2014/0239041, entitted “Lockout Feature for Movable Cutting Member of Surgical
Instrument,” Published Awugust 28, 2014; US. Patent Application Publication No.
2014/0239038, entitled “Surgical Instrument with Multi-Diameter Shaft” published
August 28, 2014; and U S, Patent Application Publication No. 2014/0239044, entitled
“Installation Features for Surgical Instrument End Effector Cartridge,” published August
28, 2014. The disclosure of each of the above-cited U.S. Patemt Applications is

incorporated by reference herein.

{0005} While several surgical instruments and systems have been made and used, it is
believed that no one prior to the inventors has made or used the invention described in the

appended claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

{0066} While the specification concludes with claims which particularly point out and
distinetly claim this technology, it is believed this technology will be better understood
trom the following description of certain examples taken in conjunction with the
accompanying drawings, in which like reference numerals identify the same elements and

in which:

{0087} Fi(3 1 depicts a perspective view of an exemplary surgical instrument including an

interchangeable shaft asserably and a handle assembly;

{0008] FIG. 2 depicts a perspective view of the instrument of FIG. 1, showing the shaft

assembly disassembled from the handle assembly of the instrument;

{0009} FIG. 3 depicts a partial perspective view of the instrument of FIG. 1, showing the

shaft assembly disassembled from the handle assembly of the instrument;

{06010] FIG. 4A depicts a side elevational view of a proximal portion of the instrument of
FIG. 1, with a closure trigger in a first pivotal position and a firing trigger in a first pivotal
position;

[00011] FIG. 4B depicts a side elevational view of a proximal portion of the iostrument of
FIG. 1, with the closure trigger in a second pivotal position and the firing trigger in a second
pivotal position;

[00012] FIG. 4C depicts a side elevational view of a proximal portion of the instrument of
FIG. 1, with the closure trigger tn the second pivotal position and the firing trigger in a
third pivotal position;

[000613] FIG. 5 depicts a perspective view of a proximal portion of the instrument of FIG.

1, with a battery removed from the handle assembly;

{00814 FIG. 6 depicts a side elevational view ot an array of alternative shaft assemblies

that may be used with the instrument of FIG. |;

[00015] FIG. 7 depicts a flowchart of an exemplary method for determining the end of life

for a power source of the instrument of FIG. 1;
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[{00016] FiG. 8 depicts a schematic view of exemplary life deduction event data and metrics

for use in determining the end of life for the power source of the instrument of FIG. 1;

00017 FIG. 9 depicis g flowchart of an exemplary method for determining the number of
P plary g

life debits to apply to the handle assembly of the instrument of FIG. 1;

2

{00018] FIG. 10 depicts a flowchart of an exemplary method for initiating self-disposal

mode of the power source of the instrument of FIG. 1

[00019] FIG 11 depicts a side elevational view of a variation of the handie assermbly of the

instrument of FIG. 1, with an exemplary manual input clip; and

[{00020] FIG. 12 depicts a top plan view of another variation of the handle assembly of the

instrurnent of FIG. 1, with an exeroplary manual input dial.

[00021] The drawings are not intended to be limiting 1o 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
incorporated in and forming a part of the specification illustrate several aspects of the
present technology, and together with the description explain the prnciples of the
technology, it being understood, however, that this techuology is not limited to the precise

arrangements shown.
DETAILED DESCRIPTION

[00022] The following description of certain examples of the technology should not be used
to limit 1ts 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 is 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.

{00023] It is further understood that any one or more of the teachings, expressions,

embodiments, examples, etc. described herein may be combined with any one or more of
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the other teachings, expressions, embodiments, examples, etc. that are described
herein. The following-described teachings, expressions, embodiments, examples, etc.
should therefore not be viewed in 1solation relative to each other. Various suitable ways
in which the teachings herein roay 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

intended to be included within the scope of the claims.

[00024] For clanty of disclosure, the terms “proximal” and “distal” are defined herein
relative to an operator or other operator grasping a surgical instrument having a distal
surgical end effector. The term “proximal” refers the position of an element closer to the
operator or other operator and the term “distal” refers to the position of an element closer
to the surgical end effector of the surgical instrument and further away from the operator
or other operator. Although the surgical instruments described herein comprise motorized
implements for cutting and stapling, it will be appreciated that the configurations described
herein may be used with any suitable type of electrical surgical instrument such as cutters,
claspers, staplers, RF cutter/coagulators, ultrasonic cutter/coagulators, and laser

cutter/coagulators, for example.

[000625] L Overview of Exemplary Surgical Instrument
[00826] FIG. 1 depicts a motor-driven surgical cutting and fastening instrument (10) that

includes a handle assembly (11} and a removable shaft assembly (16}, In some versions,
handle assembly (11) and shaft assembly (16} are each provided a single-use, disposable
components. In some other versions, handle assembly (11) and shaft assembly (16} are
each provided as reusable components. As another merely illustrative example, shaft
assembly (16) may be provided as a single-use, disposable component while handle
assembly is provided as a reusable component. Various suitable ways in which reusable
versions of handle assembly (11) and shaft assembly (16) may be suitable reprocessed for

reuse will be apparent to those of ordinary skill in the art in view of the teachings herein.
{00027] Handle assembly (11} of the present example includes a housing (12), a closure
trigger (32}, and a finog tngger (33). At least a portion of housing {(12) forms a handle

(14} that ts configured to be grasped, manipulated and actuated by the clinician. Housing

]
W
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{12) 1s configured for operative attachment to shaft assembly (16}, which has a surgical
end effector (18) operatively coupled thereto. As described below, end effector (18) is
configured to perform one or more surgical tasks or procedures. In particular, end etfector
(18) of the example shown in FIG. 1 is operable to perform a surgical cutting and stapling
procedure, in a manner similar to an end effector of a conventional endocutter, though it

should be understood that this is just one merely illustrative example.

{00028] FIG. 1iilustrates surgical instrument ( 10) with interchangeable shaft assembly (16)
operatively coupled to handle assembly (11). FIGS. 2-3 illustrate attachment of
interchangeable shaft assembly (16) to housing (12) of handle (14). Handle (14} includes
a patr of interconnectable handle housing segments (22, 24) that may be interconnected by
screws, snap features, adhesive, etc. In the illustrated arrangement, handle housing
segments {22, 24} cooperate to form a pistol grip portion (26} that can be grasped and
manipulated by the clinician. As will be discussed in further detail below, handle (14)
operatively supports a plurality of drive systems therein that are configured to generate and
apply various control motions to corresponding portions of interchangeable shaft assembly
{16} that 1s operatively attached thereto. As will also be discussed 1n further detail below,
triggers {32, 33) are pivotable toward pistol grip portion (26} to activate at least some of

the drive systems in handle (14).

[00029] At least some of the drive systems in handle assembly (11} are ultimately driven by
a motor (118}, which is shown schematically in FIG. S. In the present example, motor
{118} 1s located in pistol grip portion (26), though it should be understood that motor {118)
may be located at any other suitable position. Motor (118) receives power from a battery
pack (110), which is secured to handle (14). In the present example, and as shown in FIG.
5, battery pack (110} s removable from handle (14). In some other versions, battery pack
(110} is not removable from handie (14). In some such versions, battery pack (110} {or a
variation: thereof) 1s fully contained within handle housing segments (22, 24). Various
suitable forms that motor (118) and battery pack (110} may take will be apparent to those

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

{60030] As also shown schematically in FIG. 5, a control circuit (117} is contained within

handle (14). By way of example only, control circuit (117) may comprise a microcontrolier
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and/or varicus other components as will be apparent to those of ordinary skill in the art in
view of the teachings herein. Control circuit (117) is configured to store and execute
control algorithms to drive motor {(118). Control circuit (117} is also configured to drive a
graphical user interface (116). which s located at the proxirnal end of handle assembly
(11} In some versions, control circuit (117} is configured to recetve and process one or
more signals from shaft assembly (16). By way of example only, control circuit (117) may
be configured and operable in accordance with at least some of the teachings of US. Pub.
No. 2015/0272575, entitled “Surgical Instrument Comprising a Sensor System,” published
October 1, 2015, the disclosure of which s incorporated by reference herein. Other suitable
ways in which control circuit (117) may be configured and operable will be apparent to

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

{00831 As best seen in FIG. 3, a frame (28) of handie (14) operatively supports a plurality
of drive systems. In this particular example, frame (28} operatively supports a “first” or
closure drive system, generally desigunated as (30), which may be employed to apply
closing and opening motions to interchangeable shaft assembly (16} that is operatively
attached or coupled thereto. Also in this particular example, closure drive system (30)
includes an actuator in the form of a closure trigger (32) that is pivotally supported by
trame (28). More specifically, closure trigger (32) 1s pivotally coupled to housing (14) by
a pin (not shown). Such arrangeroent enables closure trigger (32) to be manipulated by a
clinician such that when the clinician grasps pistol grip portion (26) of handle (14), closure
trigger (32) may be casily pivoted from a starting or “unactuated” position (FIG. 4A)
toward pistol grip portion (26) to an “actuated” position; and more particularly to a fully
compressed or fully actuated position (FIG. 4B). Closure trigger {32) may be biased into

the unaciuated position by spring or other biasing arrangement (not shown}.

[60032] In the present example, closure drive system (30} further includes a closure linkage
assembly (36) pivotally coupled to closure trigger (32). A portion of closure linkage
assembly (36} is shown in FIG. 3. Closure linkage assembly (36} may include a first
closure link {(not shown} and a second closure link (38) that are pivotally coupled to closure
trigger (32) by a pin (not shown). Second closure link (38) may also be referred to herein

as an “attachment member” and includes a transverse attachment pin (42). As shown in
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FIG. 3, attachment pin (42} is exposed when shaft assembly (16) is detached from handle
assembly (11). Attachment pin (42) may thus couple with a complementary feature of a
shaft assembly (16} when shaft assembly (16} is coupled with handle assembly (11), as

described in greater detail below.

[00033] Still referring to FIGS. 1-3, first closure link {(not shown} is configured to cooperate
with a closure release assembly (44} that is pivotally coupled to frame (28). In at least one
example, closure release assembly (44) has a release button assembly (46) with a distally
protruding locking pawl (not shown) formed thereon. Release button assembly {46} may
be pivoted in a counterclockwise direction by a release spring (not shown). Asthe clinician
depresses closure trigger (32} from its unactuated position toward pistol grip portion (26}
of handle (14}, first closure link (not shown) pivots upwardly to a point where a locking
pawl (not shown) drops into retaining engagement with first closure link (not shown),
thereby preventing closure trigger (32) from returning to the unactuated position. Thus,
closure release assembly (44) serves 1o lock closure trigger (32) in the fully actuated

position.

{00034] When the clinician desires to unlock closure trigger (32) from the actuated position
to return to the unactuated position, the clinician simply pivots closure release button
assembly (46) by urging release button assembly (46) distally, such that locking pawl (not
shown) is moved out of engagement with the first closure link {(not shown) When the
locking pawl (not shown} has been moved out of engagement with first closure link (not
shown), closure trigger (32} may return back to the unactnated position in response to a
resilient bias urging closure trigger (32) back to the unactuated position. Other closure

trigger locking and release arrangements may also be employed.

{00035] Interchangeable shaft assembly (16) further includes an articulation joint (32) and
an articulation tock (not shown) that can be configured to releasably hold end effector (18)
inn a desired position relative to a longitudinal axis of shaft assembly (16). In the present
example, articulation joint {52) 1s configured to allow end effector (18) to be laterally
deflected away from the longitudinal axis of shaft assembly (16), as is known in the art.
By way of example only, end effector (18), articulation joint (52), and the articulation lock

(not shown) may be configured and operable in accordance with at least some of the
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teachings of U.S. Pub. No. 2014/0263541, entitled “Articulatable Surgical Instrument

Comprising an Articulation Lock.” published September 18, 2014,

{00036] In the present example, articulation at articulation jornt {(52) 1s motorized via motor
{118}, based on control input from the operator via an articulation control rocker (112) on
handle assembly (11). By way of example only, when the operator presses on the upper
portion of articulation control rocker (112}, end effector (18) may laterally pivot to the right
(viewing instrument {10} from above) at articulation joint (52); and when the operator
presses on the lower portion of articulation conirol rocker (112), end effector (18} may
laterally pivot to the left (viewing instrument (10) from above) at articulation joint (52). In
some versions, the other side of handle assembly (11) includes another articulation control
rocker (112). In such versions, the articulation control rocker (112 on the other side of
handle assembly (11) may be configured to provide pivoting of end effector (I18) in
directions opposite to those listed above in response to upper actuation of articulation
control rocker (112) and lower actuation of articulation control rocker (112). By way of
example only, articulation control rocker (112) and the rest of the features that provide
motorized articulation of end effector (18) at articulation joint (52) may be configured and
operable in accordance with at least some of the teachings of U.S. Pub. No. 2015/0280384,
entitled “Surgical Instrument Comprising a Rotatable Shaft” published October 1, 2015,
the disclosure of which is mcorporated by reference herein. Other suitable ways in which
articulation control rocker (112} and the rest of the features that provide motorized
articulation of end effector (18) at articulation joint (52) may be configured and operable

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

{000637] End effector {18} of the present example comprises a lower jaw in the form of an
elongated chanuel (48) that 153 configured to operatively a support staple cartridge (20)
therein End effector (18) of the present example further includes an upper jaw in the form
of an anvil (50) that is pivotally supported relative to elongated channel (48).
interchangeable shatt assembly (16} further includes a proximal housing or nozzle (54)
comprised of nozzle portions (56, 58); and a closure tube (60) that can be utilized to close
and/or open anvil (30) of end effector (18). Shaft asserubly (16} also includes a closure

shuttle (62) that 1s slidably supported within a chassis (64) of shaft assembly (16} such that

-9.
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closure shuttle (62) may be axially moved relative to chassis (64). Closure shuttle (62)
includes a patr of proximally-protruding hooks (66) that are configured for attachment to
attachment pin (42) that is attached to second closure link (38). A proximal end (not
shown) of closure tube {60) is coupled to closure shuttle (62} for relative rotation thereto,
though the coupling of closure tube (60} with closure shuttle (62) provides that closure tube
{(60) and closure shuttle (62) will translate longitudinally with each other. A closure spring
{not shown} is journaled on closure tube (60) and serves to bias closure fube (60} in the
proximal direction (PD), which can serve to pivot closure trigger (32) into the unactuated

posttion when shaft assernbly (16) 1s operatively coupled to handle (14).

{60038] In the present example, articulation joint {52} inchudes a double pivot closure sleeve
assembly (70). Double pivot closure sleeve assembly (70} includes an end effector closure
sleeve assembly (72) for engaging an opening tab on anvil (50} in the various manners
described in U.S. Pub. No. 2014/0263541, the disclosure of which is incorporated by
reference herein. It should be understood that double pivot closure sleeve assembly (70)
is coupled with closure tube (60} such that double pivot closure sleeve assembly (70)
translates with closure tube {60} in response to pivotal movement of closure trigger (32),
even when articulation joint (52) is in an articulated state (i.e., when end effector (18} is
pivotally deflected laterally away from the longitudinal axis of shaft assembly (16} at
articulation joint (32)). Moreover, the engagement of end effector closure sleeve assembly
{72} with anvil (50) provides pivotal movement of anvil (50) toward staple cartridge (20)
in response to distal translation of double pivot closure sleeve assembly (70) and closure
tube (60}, and pivotal movement of anvil {50} away from staple cartridge (20) in response
to proximal translation of double pivot closure sleeve assembly (70) and closure tube (60).
While shaft assembly (16) of the present example includes articulation joint (52), other

interchangeable shaft assemblies may lack articulation capabilities.

{60039] As shown in FIG. 3, chassis (64) includes a pair of tapered attachment portions (74)
formed thereon that are adapted to be received within corresponding dovetail siots (76)
formed within a distal attachment flange portion (78) of frame (28). Each dovetail slot (76)
may be tapered or generally V-shaped to seatingly receive attachment portions (74) therein.

A shaft attachment lug (80) is formed on the proximal end of an intermediate firing shaft
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(82). Thus, when interchangeable shaft assembly (16) is coupled to handle (14), shaft
attachment lug (80} 1s received in a firing shaft attachment cradle (84) formed 10 a distal
end of a longitudinal drive member (86). When shaft attachment lug (80} is received in
firing shaft attachment cradle (84), intermediate fuing shaft (82) will travslate
longitudinally with longitudinal drive member (86) When intermediate firing shaft (82)
translates distally, intermediate firing shaft (82) actuates end effector (18} to drive staples
into tissue and cut the tissue, as is known in the art. By way of example only, this actuation
of end effector (18) may be carried out in accordance with at least some of the teachings
of U.S. Pub. No. 2015/0280384, he disclosure of which is incorporated by reference herein;

and/or in accordance with the teachings of various other references cited herein.

{00040] FIGS. 4A-4C show the different states of handle assembly (11} during the different
states of actuation of end effector (18). InFIG. 4A. handle assembly (11) 1s1n a state where
closure trigger (32) is in a non-actuated pivotal position and firing trigger (33} is in a non-
actuated pivotal position. At this stage, end effector (18) is in an opened state where anvil

(50} is pivoted away from staple cartridge (20),

[00041] In FIG. 4B, handle assembly (11} is in a state where closure trigger (32) is in an
actuated pivotal position.  As noted above, closure trigger (32) will be locked in this
position until the operator actuates release button assembly (46). At this stage, end effector
isin a closed but unfired state where anvil (50) is pivoted toward staple cartridge (20), such
that tissue is being compressed between anvil (50) and cartridge (20). However, firing
shaft (82) has not yet been driven distally to actuate staples trom staple cartridge (20}, and
the knife at the distal end of firing shaft (82) has not vet severed the tissue between anvil
(20} and staple cartridge (20). It should be noted that firing trigger (33) is in a partially-
actuated pivotal position 1n FIG. 48, due to the travel of closure trigger (32) from the von-
actuated pivotal position to the actuated pivotal position. However, this movement of firing
trigger (33} 1s only provided in order to improve access to firing trigger (33) for the
operator. In other words, this movement of firing trigger (33) from the position shown in

FIG. 4A to the position shown in FIG. 4B does not yet activate a firing sequence.

[00042] In FIG. 4C, handle assembly is in a state where closure trigger (32) remains in the

actuated pivotal position, and firing trigger (33) has been pivoted to an actuated pivotal
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position. This actuation of firing trigger (33) activates motor (118) to drive longitudinal
drive member (86) longitudinally, which in turn drives firing shaft (82) longitudinally. The
longitudinal movement of firing shaft (82) results in actuation of staples from staple
cartridge (20) into the tissue compressed between anvil (50) and staple cartridge (20); and
further results in the severing of the tissue compressed between anvil (50) and staple
cartridge (20). In some versions, an additional safety trigger is provided. For instance, the
additional safety trigger may prevent actuation of firing trigger (33} until the safety trigger
is actuated. In other words, after reaching the state shown in FIG. 4B, when the operator
is ready to actuate firing trigger (33), the operator must first actuate the safety trigger and
then actuate firing trigger (33}, ¥t should be understood that the presence of a safety trigger

may prevent inadvertent actuation of firing trigger (33).

[00843] It should also be understood that, in the present example, the actuation of anvil (S0)
toward staple cartridge (20) is provided through purely mechanical couplings between
closure trigger (32) and anvil (50}, such that motor (118) 18 not used to actuate anvil (50).
it should also be understood that, in the present example, the actuation of firing shatt (82}
{(and, hence, the actuation of staple cartridge (20)) is provided through activation of motor
(118}, In addition, the actuation of articulation joint (52} is provided through activation of
motor {118) in the present example. This motorized actuation of articulation joint (52) is
provided via longitudinal translation of drive member (86). A cluich assembly (not shown)
within shaft assembly (16} is operable to selectively couple fongitudinal transiation of drive
member (86} with features to cither drive articulation joint {52) or actuate staple cartridge
{(20). Such selective coupling via the clutch assembly is based on the pivotal position of
closure trigger (32). In particular, when closure trigger (32) is in the non-actuated position
shown in FIG. 4A, activation of motor (118) (in response to activation of articulation
control rocker (112)) will drive articulation joint (52). When closure trigger (32) is in the
actuated position shown in FIG. 4B, activation of motor (118) (in response to actuation of
firing trigger (33)) will actuate staple cartridge (20} By way of example only, the cluich
assembly may be configured and operable in accordance with at least some of the teachings
of U.S. Pub. No. 2015/0280384, the disclosure of which is incorporated by reference

herein.
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[{00044] In the present example, handle assembly {11} also includes a “home” button (114}
By way of example only, when anvil (50) 15 in a closed position, “home” button (114) may
be operable to activate motor (118} to retract drive member (86) proximally to a proximal-
most, “horoe” position. In addition, or in the alternative, when anvil {30) is in an open
position, “home” button (114} may be operable to activate motor (118} to drive asticulation
joint (52) to achieve a non-articulated state, such that end effector (18) 15 coaxially aligned
with shaft assembly (16). In addition, or in the alternative, “home™ button (114) may
activate graphical user interface {(116) to return to a “home” screen. Other suitable
operations that roay be provided in response to activation of “home” button (114} will be

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

{00045] Shaft assembly (16) of the present example further includes a latch system for
removably coupling shaft assembly (16} to handle assembly (1 1) and, more specifically, to
trame (28). By way of example only, this latch system may include a lock yoke or other
kind of Jock member that 1s movably coupled to chassis (64). As shown in FIG. 3, such a
lock yoke may include two proximally protruding lock hugs (96} that are configured for
releasable engagement with corresponding lock detents or grooves (98) in frame (28). In
some versions, the lock voke 1s biased in the proximal direction by a resilient member {(e.g.,
a spring, etc.). Actuation of the lock yoke may be accomplished by a latch button (100)
that is slidably mounted on alatch actuator assembly (102} that 1s mounted to chassis (64).
Latch button (100) may be biased in a proximal direction relative to the lock yoke. The
lock yoke may be moved to an unlocked position by urging lateh button (100} the in distal
direction, which also causes the lock yoke to pivot out of retaining engagement with frame

28). When the lock yoke is in “retaining engagement” with frame (28), lock lugs (96) are
retatningly seated within the corresponding lock detents or grooves (98). By way of further
example only, shaft assembly (16) may be removably coupled with handle assembly (11)
in accordance with at least some of the teachings of U 5. Pub. No. 2017/0086823, entitled
“Surgical Stapling Instrument with Shaft Release, Powered Firing, and Powered
Articulation,” published March 30, 2017, the disclosure of which s incorporated by
reference herein; in accordance with at least some of the teachings of U.S. Pub. No.

2015/0280384, the disclosure of which 1s incorporated by reference herein; and/or in any
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other suitable fashion.

[00046] To commence the coupling process between shaft assembly (16) and handle
assembly (11}, the clinictan may position chassis (64) of interchangeable shaft assembly
{16} above or adjacent to frame (28) such that tapered attachment portions {74) formed on
chassis {64) are aligned with dovetail slots (76) in frame (28}, The clinician may then move
shaft assembly (10} along an installation axis (EA) that is perpendicular to the longitudinal
axis of shaft assembly (16} to seat attachment porfions (74} in “operative engagement” with
the corresponding dovetail receiving slots (76). In doing so, shaft attachment lug (80} on
intermediate firing shaft (82) will also be seated in cradle (84) in the longitudinally
movable drive member (86) and the portions of pin (42} on second closure link (38} will
be seated in the corresponding hooks (66) in closure shuttle (62). As used herein, the term
“operative engagement” in the context of two components means that the two components
are sufficiently engaged with each other so that upon application of an actuation motion

thereto, the components may carry out their intended action, function, and/or procedure.

{(0047] As discussed above, at least five systerns of interchangeable shaft assembly (16)
may be operatively coupled with at least five corresponding svstems of handle (14). A first
system comprises a frame system that couples and/or aligns the frame or spine of shaft
assembly (16) with frame (28} of the handle (14). A second system is the latch system that
releasably locks the shaft assembly (16) to the handle (14).

[00048] A third system 1s closure drive system (30) that may operatively connect closure
trigger (32) of handle (14} and closure tube (60} and anvil (50} of shaft assembly (16}, As
outlined above, closure shuttle (62) of shatt assembly (16) engages with pin (42) on second
closure link (38). Through closure drive system (30), anvil (530) pivots toward and away
trom staple cartridge (20) based on pivotal movement of closure trigger (32} toward and

away from pistol grip (26).

[006049] A fourth system 1s an articulation and firing drive system operatively connecting
tiring trigger (33) of handle (14} with intermediate firing shaft (82) of the shaft assembly
{16). As outlined above, the shaft attachment tug (80) operatively convects with the cradle

{84 of the longitudinal drive member (86). This fourth system provides motorized
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actuation of either articulation joint (52} or staple cartridge {20}, depending on the pivotal
position of closure trigger (32). When closure trigger (32) 15 in a non-actuated pivotal
position, the fourth system operatively connects articulation control rocker (112) with
articulation joint (32), thereby providing motorized pivotal deflection of end effector (18)
toward and away from the longitudinal axis of shaft assembly (11) at articulation joint {52).
When closure trigger (32) is in an actuated pivotal position, the fourth system operatively
conuects firing trigger (33} with staple cartridge {20), resulting in stapling and cutting of
tissue captured between anvil (50) and staple cartridge (20) in response to actuation of

firing trigger (33).

[00050] A fifth system is an electrical systems that can signal to control circuit (117) in
handle (14) that the shaft assembly (16) has been operatively engaged with the handle (14},
to conduct power and/or communicate signals between the shaft assembly (16) and the
handle (14}. In the present example, and as shown in FIG. 3, shaft assembly (16} inchudes
an electrical coonector (106) that is operatively mounted to a shatt circuit board (not
shown). Flectrical connector (106} is configured for mating engagement with a
corresponding electrical connector (108} on a handle control board (not shown). Further
details regarding the circuitry and control systems may be found in U.S. Pub. No.
2014/0263541, the disclosure of which is incorporated by reference herein and/or U.S. Pub.

No. 2015/02725735, the disclosure of which is incorporated by reference herein.

{00051 ] Other kinds of systems of interchangeable shaft assembly (16} that may be
operatively coupled with at corresponding systems of the handle (14} will be apparent to

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

[G0052] As noted above, handle assembly (11) of the present example includes a graphical
user interface (116). By way of example only, graphical user interface (116) may be used
to display vartous information about the operational state of battery (110}, the operational
state of end effector (18}, the operational state of articulation joint (52), the operational
state of triggers (32, 33), and/or any other kinds of information. Other suitable kinds of
information that may be displayed via graphical user interface will be apparent to those of

ordinary skill in the art in view of the teachings herein.
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{00053] Handle assembly (11} may be configured for use in connection with
interchangeable shaft assemblies that include end effectors that are adapted to support
different sizes and types of staple cartridges, have different shaft lengths, sizes, and types,
etc. By way of exaruple only, FIG. 6 shows various different kinds of shatt assemblies (16,
120, 130, 140) that may be used with handie assembly (11} In particular, FIG. 6 shows a
circular stapler shatt assembly (120} with an end effector (122) that is operable to perform
a circular stapling operation (e.g., end-to-end anastomosis}, a liner stapler shaft assembly
{130} with an end effector (132) that is operable to perfori a linear stapling operation; and
a second endocutier shaft assernbly (140) with an end effector (142) that is operable to
perform the same kind of stapling and cutting operation as end effector (18). However, in
this example, shaft assembly (140} is shorter than shatt asserobly (16), shatt asserobly (140)
has a smaller diameter than shaft assembly (16}, and end effector (142) is smaller than end
effector (18). Tt should be understood that these various surgical stapling shaft assemblies

(16, 120, 130, 140} are merely llusirative examples.

[60054] 1t should also be understood that control circuit {(117) may be configured to detect
the kind of shaft assembly (16, 120, 130, 140} coupled with handle assembly (11), and
select a control algorithm suited for that particular kind of shaft assembly (16, 120, 130,
140). As another merely illustrative example, each shatt assembly (16, 120, 130, 140) may
have a chip or other memory device storing the control algorithro suited for that particular
kind of shaft assembly (16, 120, 130, 140}, and control circuit (117} may receive and
exccute that control algorithm after shaft assembly (16, 120, 130, 140) is coupled with

handle assembly (11}.

[B0055] in addition, handle assembly (11) may also be effectively employed with a variety
of other interchangeable shaft asserblies including those assernblies that are configured to
apply other motions and kinds of energy such as, for example, radio frequency (RF) energy,
ultrasonic energy and/or motion to end effector arrangements adapted for use in connection
with various surgical applications and procedures. Furthermore, end effectors, shaft
assemblies, handles, surgical instruments, and/or surgical instrument systems can utilize
any suitable fastener, or fasteners, to fasien tissue. For instance, a fastener cartridge

comprising a plurality of fasteners removably stored therein can be removably inserted into
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and/or attached to the end effector of a shaft assembly. Various examples of such cartridges

are disclosed in various references that are cited herein,

[00056] The vartous shaft assemblies (16) disclosed herein may employ sensors and various
other components that require electrical communication with control circuit (117) in
handled assembly (11}, The electrical communications may be provided via mating
electrical connectors (106, 108). By way of example only, such sensors and other
components may be constructed and operable in accordance with at least some of the
teachings of U.S. Pub. No. 2015/0272575, the disclosure of which s incorporated by
reference herein. In addition, or in the alternative, instrument (10} may be constructed and
operable in accordance with at least some of the teachings of any of the various other

references that are cited herein.

[006057] It will be appreciated that the various teachings herein may also be effectively
employed in counection with robotically-controlled surgical systems.  Thus, the term
“housing” or “body” may also encompass a housing, body, or similar portion of a robotic
system that houses or otherwise operatively supports at least one drive system that is
configured to generate and apply at least one control motion which could be used to actuate
the interchangeable shaft assemblies disclosed herein and their respective equivalents. The
term “frame” may refer to a portion of a handheld surgical instrument. The term “frame”
may also represent a portion of a robotically controlled surgical instrument and/or a portion
of the robotic system that may be used to operatively control a surgical instrument. By
way of example only, the interchangeable shaft assemblies disclosed herein may be
employed with any of the various robotic systems, instruments, components and methods
disclosed in U.S. Pat. No. 9072535, entitled “Surgical Stapling Instruments with
Rotatable Staple Deployment Arrangements,” issued July 7, 2015, the disclosure of which

is tncorporated by reference herein,
{00858 1L End of Life Determination for Power Source

{00059] As noted above, instrument {10} of the present example includes battery pack (110)
and control circuit (117). As shown in FIG. §, battery pack (110) includes a power source

(111 disposed therein. Power source {111} is configured to provide power to the various
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elements of instrument (10). However, power source (111) includes a finite amount of
power and therefore degrades or loses power over time to eventually cease to provide
sufficient power to operate instrument (10). The reduction in power or life below a disposal
threshold and/or below that which is required to sufficiently power instrurnent (10) is
referred to as the “end of life” of power source (111}, While power source (111} 1s shown
and described as disposed within battery pack (110), power source (111} may be coupled
with instrument {10} in anv other suitable fashion and may be disposed within any element
of instrument (10} or separately associated with instrument (10} without being disposed in
an element of instrument (10). Further, all or a portion of control circuit (117) may be

disposed within battery pack (110}

{00060] Some versions of battery pack (110} and/or control circuit (117} may incorporate
static end of life considerations for power source {111}, In some versions of instrument
(10}, the end of life for power source (111) may be associated with a static number of uses.
For example, after six firings of handle assembly (11), control circuit (117) may initiate
the self-disposal mode of power source (111). However, this method may overestimate
the actual electrical draw on power source (111} with respect to the firings and may lead

1o early initiation of the self-disposal mode while power source (111) remains viable.

{00061 ] Some versions of instrument {10) may incorporate dynamic considerations for
determining a more accurate end of life power source (111}, Life deduction and/or
determination may be performed by control circuit (117} using variables or information
generally from handle assembly (11}, shaft assembly (16, 120, 130, 140), end effector (18,
122, 132, 142), battery pack (110), and/or power supply (111}, More specifically, life
deduction may be determined based on the rate of drain on power source (111}, peaks of
drain on power source (111), the amount of time power source (111) 1s active during a
procedure, the number of sleep and wake cvycles for power source (111), the number and
intensity of firings for instrument (10), sensor operations such as a temperature sensor, the
type of shaft assembly (16, 120, 130, 140} coupled to handle assembly {11), foads
experienced by power source (1 11}, the time elapsed from the manufacture of power source
(111}, the time elapsed from the first use of power source (111), and/or any other related

metrics for dynamically calculating life deduction information.
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[{00062] A. Dynamic End of Life Determination for Power Source
{00063] FIG. 7 includes an example of a method (201} for use in dynamically determining

an end of hife for power source {111) and inttiating the self-disposal mode. Method (201)
begins with a step (203). In step (203), battery pack (110) is coupled to handle assembly
(11} of instrument (10), which in turn couples power source {111} control circut (117).
Step (203) may be altered or omitted in those versions of instrument (10} where battery

pack (110) and/or power source {111) 1s integrated within handle assembly (11).

[00064] In sorue verstons of instrument (10), the coupling of battery pack (110) to handle
assembly {11)initializes battery pack {110} and may also initiate timing features that track
the total time battery pack (110} has been connected to instrument (10), which will be
discussed in greater detail below. After battery pack (110} has been coupled to instrument
(10), step (203) moves to a step (205). In step (205), hife deduction event data and/or
metrics are collected regarding the use of power source (111) as well as other elements of
instrument {10). These events and metrics will be discussed in greater detail below, but
may include information such as the type of shaft assembly (16, 120, 130, 140) attached to
handle assembly (11} and the specific power requirements thereof, the number of non-use
wake cycles of power source {111}, and the environmental temperature when instrument
(10} 1s fired. After life deduction event data and/or metrics are collected, method (201)

moves to a step (207},

{00065] In step (207), control circuit (117) calculates a number of life debits corresponding
to the power drained from power source {111} based on the life deduction event data and/or
metrics. This calculation may be based on a single collected life deduction event data or
metric. For example, the calculation may be based on the life deduction event which
represents the largest amount of power use. The calculation may alsoc be based on a
combination of the collected events/metrics. Once the number of life debits are denived
from the life deduction event data and/or metrics, method (201} proceeds to a step (209).
In step (209), the calculated number of life debits are applied to the remaining life
associated with power source {111). For example, power source (111} is currenily viable
tor five lives and step (207} determines that the number of life debits is three. In this

scenario, controf circuit (117) applies the calculated number of life debits to the current
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lives and determines that power source {111} now has two lives remaining. In some
versions of wstrument (10), each life associated with power source (111} corresponds to a
firing of handle assembly (11). In other versions of instrument (10), “life” is measured in
the overall battery power remainung in power source (111} when power source (111) 18

embodied by a battery.

{00066] Once the remaining life of power source (111} s downwardly adjusted to account
for the life deduction event data and metrics, method (201) proceeds to a step (211}, In
step (211), a determination 1s made regarding whether the remaining life of power source
{111}y1s beyond a set disposal threshold. In some versions of instrument (10}, the disposal
threshold relates to the amount of power required to conduct one or more firings of handle
assembly (11}, In some versions of instrument (10}, the disposal threshold is a static
amount of remaining battery life in power source (111). To other versions of instrument
(10}, a dynamic determination is made regarding the disposal threshold and the amount of
power requited to fire instrument (10} as currently configured. For example, the disposal
threshold may take into account the specific shaft assembly (16, 120, 130, 140) connected
to handle assembly (11} and the amount of power required to fire or actuate the connected
shaft assembly (16, 120, 130, 140} and derive an appropriate disposal threshold from these
teatures of instrument (10). If step (211) determines the remaining amount of life within
power source {111} 1s not beyvond the disposal threshold, step (211) returns to step (205),

where additional Hife deduction event data and metrics are collected.

{00067] I step (211) determines the remaining amount of life within power source (111} 1s
beyond the disposal threshold, method (201) proceeds to a step (213). In step (213), the
self-disposal mode of power source (111} 1s initiated. The self-disposal mode may include
an alert to the user that power source (111)1s “dead” or otherwise unable to provide power
to tnstrument (10}, This alert may be provided through visual feedback such as through
graphical user interface (116}, audio feedback, or tactile feedback. The selt-disposal mode
may also include preventing the transmission of any power from power source (111) into
instrument {10} or beyond control circuit {117} into handle assembly (11} or instrument
(10). Initiating the self-disposal mode of power source (111) is directed to discouraging

the use of instrument (10) in any further medical procedures, as the available power
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remaining in power source (111} may not be sufficient to complete the procedure.

[00068] In method (201} of the present example, the process of adjusting the life of power
source {111) based on collected data is repeated until the life of power source (111) 18
below the set disposal threshold. Once the disposal threshold is reached, instrument (10)
is ready for disposal or other preventative measures to ensure instrument {10} is not further

used in a medical procedure.
{00069 B. Life Deduction Bvent Data and Metrics

{000670] As shown in FIG. 7, method (201) uses collected life deduction event data and
metrics to dynamically deterrine an end of life for power source (111). An exemplary
method (301) for collecting life deduction event data and metrics is depicted schematically
in FIG. 8. FIG. 8 depicts the various methods or types of data available for collection in
various versions of instrument (10). Each data collection mechanism of method (301} is
shown as providing data into a block (303). Block (303) represents the storage of the life
deduction event data and metrics for use by instrument (10). In some versions, the storage
of the life deduction event data and metrics may be facilitated by control circuit (117) by
way of a memory or register or any other mechanisro for storing data. In other versions of
instrument {10}, block (303) is omitted and the life data collected by instrument (10) is
used in real-ttme by control circuit (117) to determine the changes in the overall life of
power source (111} Method (201) may use any one or more of the following examples of

life deduction event data and metrics for use determining the end of life for power source

(111).
{G0871] I Type of Shaft Attached to Handle
{000672] A block (305) represents the collection of data relating to the specific shaft

assembly (16, 120, 130, 140) connected to handle assembly (11). Inasmuch as each shaft
assembly (16, 120, 130, 140) may require a different amount of power from power source
{111}, block (305) collects information regarding which shaft assembly (16, 120, 130, 140)
ts attached to handle assembly (11} and how much power is used in each firing For
example, if power source (111} begins with ten lives, firing instrument {10) with shaft

assembly (16} attached thereto may debit two lives, while firing instrament (10) with shaft
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assembly (120) attached thereto may debit four lives. The differences in life debits between
shaft assemblies (16, 120, 130, 140) may be based on the different work being done by the
particular shatt assembly (16, 120, 130, 140), the different stress on motor (118), or the
different size or style of end effector (18, 122, 132, 142) disposed at the distal end of the
particular shatt assembly (16, 120, 130, 140). For example, a right-angled shaft assembly
similar to shatt assembly (130) may require a different amount of power from power source
(111} compared to a curved shaft assembly similar to shaft assembly (120}, In another
example, end effector (18, 122, 132, 142) may require a different amount of power from

power source {111) compared to end effector (142).

[{60073] As shown in FI3 9, a method (401) may be used in some versions of instrument
{10} to determine the amount of life debits for a firing/use of handie assembly (11). Method
(401) begins with a step (403), whereby a shaft assembly (16, 120, 130, 140) is selected by
a user. By way of example only, the user may interact with graphical user interface (116)
to select the particular shaft assembly (16, 120, 130, 140) at hand from a listing of shaft
assemblies (16, 120, 130, 140) that are compatible with handle assembly (11} In some
other versions, shaft assembly (16, 120, 130, 140) includes a chip or other feature that
communicates with a complementary reader or other feature of handle assembly {11). such
that control circuit (117) may automatically identify the particular kind of shaft assembly
(16, 120, 130, 140) based on the interaction between these complementary features of
handle assembly (11) and shaft assembly (16, 120, 130, 140) after shaft assembly (16, 120,
130, 140} 13 coupled with handle assembly (11). As another merely illustrative example,
control circuit (117} may execute an initialization routine through shaft assembly (16, 120,
130, 140) (e g., momentarily actuating a movable component of shaft assembly (16, 120,
130, 140), etc.) to identify the particular kind of shaft assembly (16, 120, 130, 140} coupled
with handle assembly (11). Other suitable ways in which control circuit {(117) may
determine the kind of shaft assembly (16, 120, 130, 140) coupled with handle assembly

{11} will be apparent to those of ordinary skill in the art in view of the teachings herein.

{00074] After the type of shaft assembly (16, 120, 130, 140) is selected or otherwise
determined, method {401) thereafter moves to a step (403), whereby the selected shaft

assembly (16, 120, 130, 140) is connected to handle assembly (11). Thereafter, method
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{401} moves to a step (407), whereby the user actuates end effector (18, 122, 132, 142) of
the selected shaft assembly (16, 120, 130, 140). Thereatter, method (401) moves to a step
{409},

{00075] In step (409}, power source {111} or control circuit (117} senses the power drain on
power source {111) via the actuation of end etfector (18, 122, 132, 142} The amount
power drawn through the actuation of the particular end effector (18, 122, 132, 142) may
be directly used to determine the life debits for the firing. For example, a firing may draw
three units of power from power source {111}, The three unit amount may then be used to
directly determine life debits. In other versions of method (401}, the amount of power
drawn through actuation of the particular end effector (18, 122, 132, 142} may be used
indirectly to determine the lite debits for firing. In the example above, the power draw of
three units may be used by control circuit (117) to derive or select a power profile based
on the power draw. This information may be provided in a lookup table in a memory
associated with control circuit (117) or may be available through another mechanism. The

selected power profile may then provide the number of life debits to control circuit {117}

{006076] Power profiles may be used to simplify the calculation of life debits by linking a
power profile to a range of power drawn through a firing. For example, power drawn in
the range of three to seven units via a firing may correspond to a first power profile. The
first power profile may then be associated with two life debits per firing. Power profiles
may also be helpful in preserving power drawn from power source (111) by eliminating
the need to continuously sense the amount of power drawn from a firing. In some versions,
once the first firing s completed and the power profile 15 determined, subsequent sensing
of power drawn from a firing is omitted. Control circuit (117) may apply the same number
of life debits for each subsequent firing based on the power profile determined from the

initial firing,

{00677] After sensing the power drawn through an actuation of end effector (18, 122, 132,
142), method (401 moves to a step {(411). In step (411), the temperature at the time of the
firing/actuation of end effector (18, 122, 132, 142} 1s sensed and considered. As will be
discussed in greater detail below, the temperature at the time of firing may aftect the life

debit amount. However, step (411) 1s an optional step that may be omitted in some version
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of method (401}

[00078] After sensing the temperature at the time of actuation, step (411) proceeds to a step
(413}, whereby the number of lives used by the firing are calculated based on the power
drawn and the temperature at the time of firing. Thereafter, the lives are debited from the

remaining number of lives.

[00079] 2. Battery Cheistry
{B0080] In those versions of power source (111) where power source (111} is embodied in

a battery, a block (307} represents the collection of data relating to the charge of the battery
of power source (111}, In particular, some versions of block (307) may counsider the
depletion of the voltage of power source (111) over time. In some versions, block (307)
may continuously pass voltage information to block (303} to consider the impact of the
voltage over time for power source {111). In other versions, block (307} monitors the
voltage of power source (111} over time to determine whether the voltage has decayed
below a particular threshold value. Upon passing the threshold, block (307) notifies block

(303} for further consideration and for use of this information as life deduction event data.

{00081] In some versions, the preferred threshold of depletion is 2.5 volts for a particular
battery of power source (111). For example, power source (111} may comprise a “CR123”
single cell battery based on Li/S80» chemistry. In other versions, power source (111) may
include a pack of “CR123” batteries, with a 10 volt threshold of depletion. In other versions
of power source (111} a threshold of depletion may be provided in a range {e.g., a range of
1.5-2.6 volts for a threshold of depletion). In other versions of power source (111}, a
battery based on Li/Mn0; chemistry may have a wider threshold of depletion range because
batteries based on Li/Mn0; chemistry may be associated with a more sloped voltage decay

as the cell depletes.

[{00082] 3. Cumulative Current Monitoring During Wake and Sleep of
Device
[00083] A block (309 collects data relating to a current drawn from power source (111)

and provides this life deduction event data and metrics to block (303} for use in determining
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the end of hife for power source (111). In some versions of block (309}, the current of
power source {111) is cumulatively collected to derive a continuously updating total
current drawn from power source (111}, In those versions of instrument {10} where power
source (111} is embodied in a battery, the cumulative current drawn from power source
{111} may be used to derive the remaining life of the battery and estimate the remaining

life of power source (111).

[00084] in some versions of block (309), data regarding the current drawn from power
source {111} 1s collected while instrument (10) ts in use. For example, an internal
accelerometer (not shown) may indicate to control circuit (117} that instrument (10} is
being handied and in use, which initiates the collection of data relating to the current drawn
from power source (111) during this period of use. This data 1s passed to block (303) for

use in the end of life calculations with respect to power source (111},

[00085] In addition to collecting the current drawn from power source {111) during use, the
way in which instrument (10} is used may also be incorporated into the collection of data
in block (309). For example, an application of wstrument (10) involving a heavy corrent
draw or heavy current draws from power source (111) in quick succession to each other
could be used to modify the estimation of remaining power for power source (111). In this
scenario, block (309) may coliect the instantaneous measure of voltage at a predefined
resistance level during the use of instrument (10) to capture additional current draw data.
In those versions of power source (111) where power source (111) 1s embodied in a battery,
overusing the battery chemistry may result in a larger amount of remaining life being drawn
from power source {111} when compared to a steady current drawn from the battery over
time. Thus, some versions of block (309} are configured to consider significantly higher
current draw or erratic current draw rate in the monttoring of current use and associated

data and incorporate these considerations into the estimation of life for power source (111},

{00086] In other versions of block (309), data regarding the current drawn from power
source {111} is collected while instrument (10} is not in use. For example, an internal
accelerometer (not shown) may indicate to control circuit {117) that instrument (10} is not
in use after instrument (10) remains stationary for a predetermined duration of time.

Similarly, a user may actuate a button or power-down sequence on instrument (10) to
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transition instrument (10) into a sleep mode. In response to instrument {10) being in a sleep
mode or otherwise not in use, data collection regarding the current drawn from power
source (111} during this period of non-use is collected. In some versions of block {309),
the amount of current drawn during non-use of instrument (10) may be compared and
considered along with a predefined threshold for acceptable non-use current draw. In those
versions of instrument (10} where power source (111) is embodied in a battery, this
predefined threshold may relate to an acceptable power leakage level over an expected or
predefined amount of time. In those versions, if the period of non-use for instrument (10)
is over a longer than expected amount of time, this toformation may also be used to affect

the end of life calculations for power source (111},

{60087] In other versions of block (309), data regarding the current drawn from power
source (111} 18 collected while tostrument (10} is in use and while nstrurnent (10} 18 in
sleep mode or otherwise not in use. In these versions, all the collected current draw
information or use metrics from power source (111) 1s incorporated into life deduction
event data and metrics and provided to block (303) for consideration with respect to the

end of life for power source (111).
[0GOAS] 4, Number of Non-Use Wake Cycles

[30089] A block (311) represents the collection of data relating to the number of non-use
wake cycles for power source (111).  As discussed above, power source (111) may
transition between a sleep mode or period of non-use to a period of use or a wake mode,
whereby the user may manipulate instrument (10} and actuate a firing or other power
draining operation of handle assernbly (11). In some versions, instrument (10} may include
an accelerometer (not shown) or other motion sensing element that triggers a transition out
of the sleep mode and into the wake mode when a user picks up or otherwise moves
instrurmnent (10). In other versions, instrument {(10) may include a power-on button or a
graphical area on graphical user interface (116) that is used to transition instrument (10)

out of sleep mode and into the wake mode.

{66090] However, while instrument (10) s wn the wake mode, the user may decide not to

fire or otherwise actuate handle assembly (11) to draw a large amount of power from power
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source (111). For example, if instrument (10) is manually moved from one storage area to
another, some versions of instrument (10) will enter the wake mode upon movement.
However, in this scenario, instrument (10) does not tnitiate a firing or large power draw
from power source (111} before instrument (10} again enters the sleep mode. Block (311)
collects the number of non-use wake cycles and provides this life deduction event data to

block (303) for use in determining the end of life for power source (111).
BG0Y1 ] 3. Environmental Temperature

[060092] A block (313) represents the collection of data relating to the environmental
temperature associated with power source (111). In some versions of block (313}, the
environmental temperature at the time of use or the time of firing handle assembly (11)1s
relevant to the overall life of power source {111} For example, in those versions of
instruraent {10} where power source (111} is embodied in a battery, the environmental
temuperature at the time of fining handle assembly (11) can significantly affect the remaining
lite of the battery due to the chemical interactions within battery. In some versions of
power source (111), the drain on a battery in a 90 F room may be associated with a 10%

difference when compared to a 70 F room.

{06693 As shown in FIG. 5, a temperature sensor {314} may be incorporated into
instrument {10), and specifically into handle asserobly (11) to facilitate the determnation
of the environmental temperature at the time of use for instrument (10). Temperature
sensor (314) is positioned to sense the temperature of the environment in which instrument
(10} is being used, without being heated by the operator’s hand, motor (118), or other
features of instrument {10) that may tend to heat up during normal use of instrument (10).
As represented by block (313), temperature sensor (314) collects environmental
temperature data and provides this data to control circuit (117) for use in determining the
end of life for power source (111). Control circuit (117) uvses the environmental
temperature measurements from temperature sensor (314) to determine the per use or per
firing cost or effect of the measured temperature on power source {111) and update the end
of life considerations accordingly. As shown wn FIG. 8 block (313) collects the
environmental temperature data and provides this life deduction event data to block (303)

for use in determining the end of fife for power source (111).
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{00094] The environmental data may be incorporated into a larger method for determining
the number of life debits for power source (111). As shown in FIG 9, some collection
methods for life deduction event data may incorporate the environmental temperature
measurement into a larger method, such as method (401). As depicted 1o block (411), the
environmental temperature at the time of actuation of end effector (18, 122, 132, 142} may

affect the calculation of life debits and power drain considerations.
[00095] 6. Battery Shelf Life

[00096] As shown in FIG. B, a block (315) collects shelf life data and provides this hife
deduction event data to block (303} for use in determining the end of life for power source
(111). In those versions of power source (111) where power source (111} is embodied in
a battery, block (315} represents the collection of data relating to the shelf life of the battery
within instrument {10). In some versions of block (315), the battery is associated with a
time duration for determining expiration, referred to hereinafter as a shelf hife. In some
versions of instrument {10}, a real-time clock {(not shown} may be provided in instrument
(10} for determining the amount of time remaining in the shelf life of power source (111}
In other versions, control circuit (117} tracks the time remaining in the shelf life of power
source (111}, Upon reaching the end of the shelf life for power source {111}, instrument

(10} transitions into the disposal mode.

[{00097] In some versions of instrument {10}, the measure of the relative life remaining for
instrument {10) with respect to the shelf life is a separate consideration from the other life
deduction event data and metrics. In these versions, regardless of the other collected data
and metrics, if the battery of power source (111) has reached the end of its shelf life,

instrument (10) transitions into the disposal mode.

[{00698] Inasmuch as moving instrument (10} into the disposal mode during a medical
procedure may be disruptive to the medical procedure, a method (501} is provided for
preventing instrument (10} from moving to the disposal ruode during a medical procedure.
As shown in FIG. 10, method (501} begins with a step {(503), whereby a real-time clock
associated with 1ustrument (10} measures and tracks the shelf life of power source (111}

Thereafter, step (503) moves to a step (505}, whereby control circuit (117} or another
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element of instrument {10} determines whether power source (111} has reached the end of
its shelf life. If step (505) determines power source (111) has not reached the end of its
shelf life, step (505) proceeds back to step (503) to continuously monitor the remaining
shelf fife of power source (111). H step (505) determines power source (111) has reached

the end of its shelf life, step (505) proceeds to a step (507}

{3009%] In step (507), control circuit {117) or another element of instrument (10} determines
if mstrument {10} 1s in the sleep mode, indicating instrument (10} is currently not being
used in a medical procedure. I step {507} determines that instrument (10} is not in the
sleep mode, step (507) loops back on itself to continuously determine the status of
instrument (10). The continuous looping of step (507) while instrument (10} 1s not in the
sleep mode ensures instrument (10) will not move to the disposal mode while instrument
(10} 1s beingused. If step (507) determines instrument {10} is in the sleep mode, step (507}
proceeds to a step {509}, In step (509), instrument {10} and/or control circuit (117} initiates

the disposal mode and the user is no longer able to actuate features of tnstrument (10).
[000100] 7. Time Since Battery was Coupled to the Device

[000101] In those versions of power source (111) where power source (111) is embodied in
a battery, a block (317) represents the collection ot data relating to the time since the battery
was coupled to instrument (10). This timing data is related to the overall shelf life of power
source {(111). However, while the shelf life of power source (111) may be a set amount of
time, the duration of this time may be affected by coupling power source (111) with
instrument (10) as the slow drain on power source (111) from instrument (10) may
ultimately reduce the sheif life. For example, if a battery has a shelf life of one year in an
uncoupled state, the same battery may have a shelf hife of six months after being coupled
with instrument (10), whereby a small parasitic power draw on power source (111) is
introduced or increased. Block (317) collects information regarding the time that has
elapsed since power source (111} was coupled with instrument (10} and provides this life
deduction event data to block (303} for use in determining the end of life for power source

(111).

[000102] 3. Manual User Indication of Use
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{000103] As shown in FIGS. 8, 11, and 12, a block (319) receives manually entered use data
from the user and provides this life deduction event data to block (303} for use in
determining the end of life for power source (111). With respect to firings or actuations of
instrument (10), each time a user fires or actuates handle assernbly (11), the user may
voluntarily and manually index the use to instrument (10} By providing the use
information manually, control circuit (117) may either directly rely on the provided use
information or control circuit (117} may use the provided use information to verity or

cross-check the internal use calculations facilitated by control circuit (117).

{000104] The user may provide this information through graphical user interface (116) by
actuating a graphical button or buitons disposed thereon. The graphical button may be in
the form of a “+7 sign, a “-” sign, an arrow graphic, or any other graphical mechanism for
providing a way for the user to 1tncrease or decrease the indicated nurnber of finngs or uses

of handle assembly (11).

{000105] As shown in FIGS. 11 and 12, the user may also provide this information manually
through a manual input clip (601) or a manual 1nput dial (701) incorporated with instrument
{10). Asshown in FIG. 11, manual input clip (601) includes a slider (603} that is slidably
disposed within a track (607}, Track (607} is defined by a first rail {609}, a second rail
(611}, and a back wall (613) extending therebetween. Disposed between first rail (609},
second rail (611}, and back wall (613}, slider (603 ) 1s held therein by housing (12) of handle
assembly (11} In this orientation, slider (603) is disposed between back wall (613) and
housing (12} 1n a first axis, between first rail (609) and second rail (611} in a second axis,
and free to slide in athird axis. To project the placement of slider (603} to the user, housing

(12} defines a window {615} where a portion of slider (603) is visible therethrough.

{(600106] Stider (603) includes a cam clip {(617) that is biased toward first rail (609}, Cam
chip (617) includes a locking surface (618) and a cam surface (619) oriented to face first
rail {609}, A series of spaced apart detents (621) are disposed on first rail (609}, with each
detent (621) having a locking surface (622) and a cam surface {623} disposed thereupon
and oriented to face slider (603} As shider {603) is moved along in a first direction,
indicated by Arrow AA, cam surface (619) of cam clip (617) presses against cam surface

(623} of the closest detent (621) to overcome the bias of cam clip (617) and allow slider

!
(98}
o

l



WO 2019/002967 PCT/IB2018/053665

(603} to move in the direction of Arrow AA. Once cam clip (617) passes the closet detent
(621), cam clip {(617) springs back to its natural orientation. Slider (603) 1s prevented from
moving in the direction of Arrow BB past the particular detent (621) by locking surface
(018} of cam clip (617} abutting locking surtace (622) of detent (621). In this way, manual
input clip (601} includes a one~way ratchet to allow 1ndexing of use/firings tn only one

direction.

[006107] Slider (603} may include a bump or outcropping (not shown} for the user to
manually manipulate to move slider (603} 1n the direction of Arrow AA after a firing. To
depict the number of firings to the user, slider (603) may also include an indicia (625) such
as an arrow pointing down. A corresponding indicia (627} disposed on housing (12} around
window (615) allows the user to “point” to a particular number/indicia to manually indicate
to instrument (10} how many firings or uses of instrument (10) have occurred. As shown
in FI3. 11, the arrow shaped indicia (625) points to a number “27 indicia (627) to depict

that instrument (10) has been fired two times.

[000103] In some versions of manual input clip (601), slider {603} may be coupled with
control circuit (117} to provide feedback into instrument {10} regarding the number of
firings the user believes have occurred. In these versions of manual input chip (601), shider
(603} may be coupled with a particular resistance internal to instrument (10}, which may
then be used by control circuit (117} to indicate the number of uses or firings performed by
the user. These versions may also be used to display any discrepancies between the user
indexed number of firings/uses and the number of firings/uses calculated by control circuit
(117). Various suitable features that may be used to provide communication of use
indications from slider {603} to control circuit (117) will be apparent to those of ordinary

skill in the art in view of the teachings herein.

[000109] A user may readily observe the location of slider (603) and the associated indicia
(625, 627) to view the uses/firings count without powering on instrument (10) and draining
power from power source (111). In other circumstances where power source (111} is not
coupled with instrument (10}, the user may still cbserve the indicated number of
firings/uses. Further, the visible indication of firings/uses may be useful in a sterilization

area to reduce the risk that a device with no remaining firings/uses is put through the
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steritization process. This may also prevent an unusable instrument (10} from being

shipped or transported to an operating room.

{0600116] Alternatively, rather than using manual nput clip (601) for indicating firings/uses,
personnel in the sterilization area may use manual input clip (601} to indicate the number
of tirses instrurnent (10} has been sterilized. This feedback may be desired rather than an

indication of firings/uses in certain environments or circumstances.

{00111} As shown in FIG. 12, manual input dial {(701) generally includes many of the
features of mamual input clip (601). Manual wput dial (701) includes a dial (703) with a
control knob (705) extending therefrom. Dial (703) is pressed between an internal portion
of handle assembly (11} and housing (12), with control knob {705) extending through an
opening (707) in housing (12). A series of numbers or other indicia (709) is disposed on
dial (703) and used to visually indicate the number of uses/firings. A window (711) 1s
defined by housing (12) and sized to depict wndicia (709} therethrough. As dial (703) 1s
turned, different numbers of indicia (709} are displayed to the user through window (711}
to indicate either the number of uses/firings of instrument (10) used by the user, or the

number of uses/firings remaining in instrument (10).

1006112] A series of spaced apart detents (713) are disposed on dial {(703), with each detent
{713} having a cam surtace (715) and a locking surface (717). A cam clip (719) is provided
inside housing (12), with cam clip (719) having a cam surface (721} and a locking surface
(723). Cam clip (719) is biased toward dial {703). As the user manipulates control knob
(705} to turn dial (703), detents (713) rotate within housing (12} As dial (703) moves,
cam surface (715) of detent (713) presses against cam surface (721) of cam clip (719),
pressing on cam clip (719} sufficiently to overcome the bias and allow detent (713) to pass
thereover. Once detent {713) passes cam clip (719}, locking surface (723) of cam clip
{719) abuts locking surface (717) of detent (713) to prevent dial from moving in the
opposite direction. In some versions of manual input dial (701}, another cam clip may
provide a mechanism for locking detent (713} into place after detent (713 ) passes over cam
clip (719). Asshown in FIG. 12, a cam clip (725) may be provided, biased toward contro}
knob (705). Cam clip (725} includes a locking surface (727} for abutting cam surface (715)

of detent (713) and holding detent (713} between cam clip (719) and cam clip (725) after

)
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detent (713) passes over cam clip (719}
000113} flf.  Exemplary Combinations

{000114] 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 in this application or in subsequent filings of this application. No disclaimer is
intended. The following examples are being provided for nothing more than merely
iHustrative purposes. It is contemplated that the various teachings herein may be arranged
and applied in numerous other ways. It is also contemplated that some variations may omit
certain features referred to in the below examples. Therefore, none of the aspects or
teatures referred to below should be deemed critical unless otherwise explicitly indicated
as such at a later date by the inventors or by a successor in interest to the inventors. If any
clairus are presented in this application or in subsequent filings related to this application
that include additional features beyvond those referred to below, those additional features

shall not be presumed to have been added for any reason relating to patentability.
[006115) Example 1

[000116] A surgical instrument comprising’ {a) a handle assembly; (b} a power source
coupled with the handle assembly; and (¢} a conirol circuit coupled with the handle
assembly and the power source, wherein the handle assembly, the power source, and the
control circut are configured to drive an end effector of a shaft assembly coupled with the
handle assembly to perform an operation on tissue, wherein the control circuit is contigured
to receive life deduction event data, wherein the control circuit is configured to determine

an end of life for the power source based on the life deduction event data.
[006117] Example 2

{0061 18§] The wstrument of Example 1, wheretn the control circuit is contigured to initiate a
self-disposal mode of the power source when the power source reaches the determined end

of tife.

98]
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{000119] Example 3

{000120] The instrument of any one or more of Examples | through 2, wherein the control
circuit is configured to transition the instrument between a wake mode and a sleep mode,
wherein the control circuit is configured to initiate a self-disposal mode of the power source
when the power source reaches the determined end of life and the power source is in the

sieep mode.
{000121] Example 4

{000122] The instrument of any one or more of Examples 1 through 3, wherein the life

deduction event data includes a type of a shaft assembly coupled with the handle assembly.
{060123] Example 5

{000124] The instrument of any one or more of Examples 1 through 4, wherein the life
deduction event data includes a power profile of a shaft assembly coupled with the handle

assembly.
{B00125) Example 6

{000126] The instrument of Example 5, wherein the control circuit is configured to determine
the power profile based at least in part on a first actuation of a user input of the handle

assembly.
{000127] Example 7

[000128] The wstrument of any one or more of Examples 1 through 6, wherein power source
includes a battery having a voltage, wherein the control circuit is configured to monitor the

voltage, wherein the lite deduction event data includes the voltage of the battery.
[000129] Example 8

[000130] The instrument of any one or more of Examples 1 through 7, wherein the control
circuit is configured to monitor a current of the power source while the power source is in

a wake mode, wherein the life deduction event data includes the current of the power
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SOUrCE.
{000131] Example 9

{0060132] The instrument of any one or more of Examples | through & wherein the control
circuit is configured to roonitor a current of the power source while the power source 13 o
a sleep mode, wherein the life deduction event data includes the current of the power

SOUrce.
[000133]  Example 10

[000134] The instrument of any one or more of Examples 1 through 9, wherein the control
cirewit 13 configured to determine a nursber of non-use wake cycles associated with the

power source, wherein the life deduction event data includes the number of non-use wake

cycles.
[000135] Example 11
{006136] The instrument of any one or more of Examples 1 through 10, turther comprising a

temperature sensor associated with the handle assembly, wherein the life deduction event

data includes a temperature provided by the temperature sensor.
[060137]  Example 12

{8001 38) The instrument of any one or more of Examples 1 through 11, wherein the life

deduction event data includes a shelf life associated with the power source.
[000139] Example 13

[0001406] The instrument of any one or more of Examples | through 12, wherein the control
circuit is configured to determine an amount of time since the power source was coupled

to the handle assembly, wherein the life deduction event data includes the amount of time.
[000141] Example 14

[000142) The instrument of any one or more of Examples 1 through 13, further comprising a

98]
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manual input clip, wherein the manual input clip is configured to generate a signal, wherein

the life deduction event data includes the signal generated by the manual input clip.
[000143] Example 15

[000144] The instrument of any one or wore of Examples 1 through 14, further comprising a
manual input dial, wherein the manual input dial is configured to generate a signal, wherein

the life deduction event data includes the signal generated by the manual input dial.
{000145] Example 16

[000146] A method of determining an end of life for a power source of a surgical instrument,
the method comprising: (a) coupling a power source with a handle assembly of a surgical
instrument; (b) monitoring a life deduction event; (¢} collecting a life deduction event data
from the life deduction event; and (d) calculating an end of life tor the power source based

at least in part on the life deduction event data.
[006147] Example 17

{0061 48] The method of Example 16, further comprising: (a) coupling a shaft assembly to
the handle assembly; (b) firing the handle assembly to actuate the shaft assembly; and (¢)
collecting a power drain on the power source associated with the firing of the handle
assembly, wherein the life deduction event data includes the power drain on the power

source associated with the firing of the handle assembly.
[000149]  Example 18

[000150] The method of any one or more of Examples 16, through 17, further comprising:
(a) determining whether a shelf life of the power source has expired; (b) determining
whether the instrument 15 in a sleep mode; and () initiating a self-disposal mode of the

power source when the shelf life has expired and the insirument is in the sleep mode.
HEHIIRY Example 19

[000152] The method of any one or more of Examples | through 18, further comprising: {(a)

(98]
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transforming the life deduction event data into a life debit amount; (b) debiting the life
debit amount from a life associated with power source; (¢} determining whether the life is
beyond a disposal threshold; and (d) in response to determining the life is beyond the

disposal threshold, initiating a self-disposal mode of the power source.
[060153]  Example 20

[000154] A method of mmitiating a self-disposal mode of a power source of a surgical
instrument, the method comprising: (a) receiving a life deduction event data; (b) in
response to receiving the life deduction event data, calculating a life debit amount based
on the life deduction event data; (¢} debiting the life debit amount from a life associated
with the power source; (d) determining whether the life is beyond a disposal threshold; and
(e} in response to determining the life 13 beyond the disposal threshold, initiating a self-

disposal mode of the power source.

[000155] IV,  Miscellaneous

[{006156] It should be understoond that any of the versions of instruments described herein
may include various other features in addition to or in lieu of those described above. By
way of example ouly, any of the instruments described herein may also include one or more
of the various features disclosed in any of the various references that are incorporated by
reference herein. [t should also be understood that the teachings herein may be readily
applied to any of the instruments described in any of the other references cited herein, such
that the teachings herein may be readily combined with the teachings of any of the
references cited herein in numerous ways. Other types of instruments into which the

teachings herein may be incorporated will be apparent to those of ordinary skill in the art.

[600157] In addition to the foregotng, the teachings hercin may be readily combined with the
teachings of U.S. Pat. App. No. [ATTORNEY DOCKET NG, END81SSUSNP 06453031,
entitled “Surgical Instrument with Integrated and Independently Powered Displays,” filed
on even date herewith, the disclosure of which s incorporated by reference herein. Various
suitable ways in which the teachings herein may be combined with the teachings of U S.

Pat. App. No. [ATTORNEY DOCKET NO. END8ISSUSNP.0645303] will be apparent to

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

[000158] in addition to the foregoing, the teachings herein may be readily combined with the
teachings of U S, Pat. App. No. [ATTORNEY DOCKET NO. ENDE156USNP.0645305],
entitled “Batterv Pack with Integrated Circuit Providing Sleep Mode to Battery Pack and
Associated Surgical Instrument,” filed on even date herewith, the disclosure of which is
incorporated by reference herein. Various suitable ways in which the teachings herein may
be combined with the teachings of US. Pat. App. No. [ATTORNEY DOCKET NO.
ENDB1S6USNP.0645305] will be apparent to those of ordinary skill in the art in view of

the teachings herein.

[B00159] In addition to the foregoing, the teachings herein may be readily combined with the
teachings of U.S. Pat. App. No. [ATTORNEY DOCKET NO. END8157TUSNP.0645308],
entitled “Battery Powered Surgical Instrument with Dual Power Utilization Circuits for
Dual Modes,” filed on even date herewith, the disclosure of which is incorporated by
reference hergin. Various suitable ways in which the teachings herein may be combined
with the teachings of US. Pat. App No [ATTORNEY DOCKET NO
ENDS157USNP.06453081 will be apparent to those of ordinary skill in the art in view of

the teachings herein.

{0600160] In addition to the foregotng, the teachings herein may be readily combined with the
teachings of U.S. Pat. App. No. [ATTORNEY DOCKET NO. END8153USNP.0645310],
entitted “Powered Surgical Instrument with Latching Feature Preventing Removal of
Battery Pack,” filed on even date herewith, the disclosure of which is incorporated by
reference herein. Various suitable ways in which the teachings herein may be combined
with the teachings of US. Pat. App. No. [ATTORNEY DOCKET NO.
ENDS158USNP.06453107 will be apparent to those of ordinary skill in the art in view of

the teachings herein.

[000161] In addition to the foregotug, the teachings herein may be readily combined with the
teachings of U.S. Pat. App. No. [ATTORNEY DOCKET NG, END815SUSNP 0645320},
entitled “Modular Powered Electrical Connection for Surgical Instrament with Features to

Prevent Electrical Discharge” filed on even date herewith, the disclosure of which is
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incorporated by reference herein. Various suitable ways in which the teachings herein may
be combined with the teachings of U.S. Pat. App. No. [ATTORNEY DOCKET NO.
ENDEISOUSNP. 06453207 will be apparent to those of ordinary skill in the art in view of

the teachings herein.

[0006162] In addition to the foregoing, the teachings herein may be readily combined with the
teachings of U.S. Pat. App. No. [ATTORNEY DOCKET NO. ENDS160USNP.0645322],
entitled “Powered Surgical Instrument with Independent Selectively Applied Rotary and
Linear Dirivetrains,” filed on even date herewith, the disclosure of which is incorporated
by reference herein. Various suitable ways in which the teachings herein may be combined
with the teachings of US8 Pat App No [ATTORNEY DOCKET NO.
ENDE1GOUSNP. 06453227 will be apparent to those of ordinary skill in the art in view of

the teachings herein.

[0006163] In addition to the foregoing, the teachings herein may be readily combined with the
teachings of U.S. Pat. App. No. [ATTORNEY DOCKET NO. ENDSI0TUSNP. 06453571,
entitted “Powered Circular Stapler with Reciprocating Drive Member to Provide
Independent Stapling and Cutting of Tissue,” filed on even date herewith, the disclosure of
which is incorporated by reference herein. Various suitable ways in which the teachings
herein may be combined with the teachings of U.S. Pat. App. No. JATTORNEY DOCKET
NO. END8161USNP 0645357] will be apparent to those of ordinary skill in the art in view

of the teachings herein.

[{000164] In addition to the foregoing, the teachings herein may be readily combined with the
teachings of U.S. Pat. App. No. [ATTORNEY DOCKET NO. ENDS243USNP.0645558],
entitled “Surgical Stapler with Independently Actuated Drivers to Provide Varying Staple
Heights,” filed on even date herewith, the disclosure of which is incorporated by reference
herein. Various suitable ways in which the teachings herein may be combined with the
teachings of U.S. Pat. App. No. [ATTORNEY DOCKET NO. END8243USNP .0645558]

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

[000165] In addition to the foregoing, the teachings herein may be readily combined with the

teachings of U.S. Pat. App. No. [ATTORNEY DOCKET NO. ENDB16ZUSNP 006453591,
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entitled “Surgical Instrument Handle Assembly with Feature to Clean Electrical Contacts
at Modular Shatt Interface,” filed on even date herewith, the disclosure of which is
incorporated by reference herein. Various suitable ways in which the teachings herein may
be combined with the teachings of U5, Pat. App. No. [ATTORNEY DOCKET NO.
ENDBI62UISNP 06453597 will be apparent to those of ordinary skill in the art in view of

the teachings herein.

[000166] it should also be understood that any ranges of values referred to herein should be
read to include the upper and lower boundaries of such ranges. For instance, a range
expressed as ranging “between approximately 1.0 inches and approximately 1.5 inches”
should be read to include approximately 1.0 inches and approximately 1.5 inches, in

addition to including the values between those upper and lower boundaries.

000167} it should be appreciated that any patent, publication, or other disclosure material,
in whole or to part, that is said to be incorporated by reference herein is incorporated heretn
only 1o the extent that the incorporated material does not conflict with existing definitions,
statements, or other disclosure material set forth in this disclosure. As such, and to the

extent necessary, the disclosure as explicitly set forth herein supersedes any contlicting

material incorporated herein by reference. Any material, or portion thereof, that 1s said to
be incorporated by reference herein, but which conflicts with existing definitions,
statements, or other disclosure material set forth herein will only be incorporated to the
extent that no conflict arises between that incorporated material and the existing disclosure

material.

[000168] Versions 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, varigus teachings herein may be readily incorporated 1nto a robotic surgical system
such as the DAVINCI™ gystem by Intuitive Surgical, Inc., of Sunnyvale, California.
Similarly, those of ordinary skili in the art will recognize that various teachings herein may
be readily combined with various teachings of 1.8, Pat. No. 6,783,524, entitled “Robotic
Surgical Tool with Ultrasound Cauterizing and Cutting Instrument,” published August 31,

2004, the disclosure of which is incorporated by reference herein.
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[000169] 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 atleast 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 facility, or by an operator immediately prior to a procedure. Those
skilled in the art will appreciate that reconditioning of a device may utilize a variety of
techriques tor disassermbly, cleaning/replacement, and reassembly.  Use of such
techniques, and the resulting reconditioned device, are all within the scope of the present

application.

[066170] By way of example only, versions described herein may be stertlized before and/or
after a procedure. In one sterilization technique, the device is placed in a closed and sealed
container, such as a plastic or TYVEK bag. The container and device may then be placed
in a field of radiation that can penetrate the container, such as gamma radiation, x-ravs, 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 contatner for later use. A device may
also be sterilized using any other technique known in the art, including but not Himited to

beta or gamma radiation, ethylenc oxide, or steam.

[006171] Having shown and described various embodiments of the present invention, further
adaptations of the methods and systems described herein may be accomplished by
appropriate modifications by one of ordinary skill in the art without departing from the
scope of the present 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 illustrative and are not required. Accordingly, the scope of the present
invention should be considered in terms of the following claims and 1s understood not to

be limited to the details of structure and operation shown and described in the specification
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/We claim:

1. A surgical instrument comprising:

{a) a handle assembly;

{(b) a power source coupled with the handle assembly; and

(¢} a control circuit coupled with the handle assembly and the power source,
wherein the handlie assembly, the power source, and the control circuit are
configured to drive an end effector of a shaft assembly coupled with the
bandle assembly to perform an operation on tissue, wherein the control
circuit is configured to receive hife deduction event data, wherein the control
circuit s configured to determine an end of life for the power source based

on the life deduction event data.

2. The instrument of claim 1, wherein the control circuit is configured to initiate a

self-disposal mode of the power source when the power source reaches the determined end of life.

3. The instrument of claim 1, wherein the control circuit is configured to transition the
instrument between a wake mode and a sleep mode, wherein the countrol circuit 15 configured to
initiate a self-disposal mode of the power source when the power source reaches the determined

end of life and the power source s in the sleep mode.

4. The instrument of claim 1, wherein the life deduction event data includes a type of

a shaft assembly coupled with the handle assembly.

3. The mstrument of claim 1, wherein the lite deduction event data includes a power

profile of a shaft assembly coupled with the handle assembly.

6. The instrument of claim 5, wherein the control circuit is configured to determine

the power profile based at least in part on a first actuation of a user input of the handle assembly.

7. The instrument of claim 1, wherein power source includes a battery having a
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voltage, wherein the control circuit is configured to monitor the voltage, wherein the life deduction

event data includes the voltage of the battery.

8. The mstrument of claim 1, wherein the countrol circuit 1s configured to monitor a
current of the power source while the power source is in a wake mode, wherein the life deduction

event data includes the current of the power source.

9. The instrument of claim 1, wherein the control circuit is configured to monitor a
current of the power source while the power source 1s in a sleep mode, wherein the life deduction

event data includes the current of the power source.

10. The instrument of claim 1, wherein the conirol circuit is configured to determine a
number of non-use wake cycles associated with the power source, wherein the life deduction event

data includes the number of non-use wake cycles.

11, The instrument of claim 1, further comprising a temperature sensor associated with
the handle assembly, wherein the life deduction event data includes a temperature provided by the

temperature sensor.

12. The instrument of claim 1, wherein the Life deduction event data includes a shelf

fife associated with the power source.

13. The instrument of claim 1, wherein the control circuit is configured to determine
an amount of time since the power source was coupled to the handle assembly, wherein the hife

deduction event data includes the amount of time.

14. The ostrument of claim 1, further comprising a manual input clip, wherein the
manual input clip is configured to generate a signal, wherein the life deduction event data inchudes

the signal generated by the manual input clip.

15 The instrument of claim 1, further comprising a manual input dial, wherein the
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manual input dial is configured to generate a signal, wherein the life deduction event data inchudes

the signal generated by the manual input dial.

16

A method of determining an end of life for a power source of a surgical instrurment,

the method comprising:

17.

18.

19.

(a) coupling a power source with a handle assembly of a surgical instrument;
{b) monitoring a life deduction event;

{¢) collecting a litfe deduction event data from the life deduction event; and
{(d) calculating an end of life for the power source based at least in part on the

{ite deduction event data.

The method of claim 16, further comprising:

{(a) coupling a shaft assembly to the handle assembly;

(b) firing the handle assembly to actuate the shaft assembly; and

(c) collecting a power drain on the power source associated with the firing of
the handle assembly, wherein the life deduction event data includes the
power drain on the power source associated with the firing of the handle

assembly.

The method of claim 16, further comprising:

{a) determining whether a shelf life of the power source has expired;

{b) determining whether the instrument is in a sleep mode; and

{(c) initiating a self-disposal mode of the power source when the shelf life has

expired and the instrument is in the sleep mode.

The method of claim 16, further comprising:

{a) transforming the life deduction event data into a life debit amount;

(b) debiting the life debit amount from a life associated with power source;

(<} determining whether the life is beyond a disposal threshold; and

{(d) in response to determining the lite is beyond the disposal threshold,

initiating a self-disposal mode of the power source.
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20. A method of imtiating a self-disposal mode of a power source of a surgical
instrument, the method comprising:
{(a) receiving a life deduction event data;
{(b) in response to receiving the life deduction event data, calculating a hife debit
amount based on the life deduction event data;
{¢) debiting the life debit amount from a life associated with the power source;
{(d) determining whether the life 1s beyond a disposal threshold; and
{(e) in response to deterroining the life is beyond the disposal threshold,

initiating a self-disposal mode of the power source.
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