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i nst runment lings and, exedeparticularly, to improvements relating to stapler instruments and

improvements in processes for forming various components of such stapler instruments.

BACKGROUND OF THE INVENTION

[0003] Surgical instruments for minimally invasive surgery are increasingly relied upon

to reduce the hospital stay and recovery time for various surgical procedures. Many of
these surgical instruments include mechanisms that actuate an end effector via an
elongate shaft that performs a surgical step that entails two opposing surfaces being
brought into opposition to each other. For instance, pivotally opposed jaws are used in
graspers. Pivotally attached scissor blades are incorporated into cutting devices. Providing
an actuating control down the elongate shaft with sufficient strength is complicated by a
design goal of minimum cross sectional area so as to pass through a small cannula of a
trocar. In addition, the elongate shaft often has a plurality of control functions (e.g.,
rotation, articulation, etc.) Further, it is desirable to have reduced design complexity so as

to provide an economical device.

[0004] As an illustration of a particularly challenging surgical instrument, surgical
staplers have been used in the prior art to simultaneously make a longitudinal incision in
tissue and apply lines of staples on opposing sides of the incision. Such instruments

commonly include a pair of cooperating jaw members that, if the instrument is intended
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-1 for endoscopic or | aparoscopic applications, are capable of passing

t hrough a cannula passageway. One of the jaw nenbers receives a staple
cartridge having at least two laterally spaced rows of staples. The other
j aw nmenber defines an anvil having staple- form ng pockets aligned with the
rows of staples in the cartridge. The instrunent includes a plurality of
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[0006] These minimally invasive surgical instruments have been widely used and have

—

proven to be a significant advance over traditional open surgical techniques. It would be

desirable to incorporate yet additional features and capabilities.

BRIEF SUMMARY OF THE INVENTION

[0007] The invention overcomes the above-noted and other deficiencies of the prior art
by including a surgical instrument that is suitable for minimally invasive surgical
procedures which has a handle that positions an end effector through a surgical opening
via an elongate shaft. The end effector has a pair of pivoting members opposingly
contacting tissue. A fluid actuated closure mechanism responds to a closure action by a
fluid actuator attached to the handle by bi-directionally transferring fluid across a fluid
conduit to a fluid reservoir positioned to urge the pair of pivoting members closed.
Thereby, the integration of fluid conduits within an elongate shaft allows for shafts of a

desirable small cross section which are able to perform an important surgical operation.

[0008] In one aspect of the invention, a surgical instrument has an end effector that is

actuated by a fluid actuator to open and close upon tissue. Once closed, a firing bar that is



10008] In one aspect of the invention, a surgical instrunent has an end
effector that is actuated by a fluid actuator to open and cl ose upon
tissue. Once closed, a firing bar that is -2 received for reciprocating a
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of the pr ewﬁ?me&lﬂqw%&f@‘iezioqﬁ%ngfn‘ﬁ"g’eéﬁ-per spective view of a surgical
stapling and severing instrunment having a fluid actuated upper jaw (anvil)
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description of the invention given above, and the detailed description of the embodiments

given below, serve to explain the principles of the present invention.

[0012] FIG. 1 is a perspective view of a surgical stapling and severing instrument having
a fluid actuated upper jaw (anvil) in an open position and an electroactive polymer (EAP)

medical substance dispensing shaft.

[0013] FIG. 2 is a disassembled perspective view of an implement portion of the surgical

stapling and severing instrument of FIG. 1.

[0014] FIG. 3 is left side view in a elevation of the implement portion of the surgical
stapling and severing instrument of FIG. 1 taken in cross section generally through a
longitudinal axis and passing through an offset EAP syringe and receptacle that is in fluid

communication with a dispensing groove in an E-beam firing bar.

[0015] FIG. 4 is a left side detail view in elevation of a distal portion of the implement
portion of the surgical stapling and severing instrument of FIG. 1 taken in cross section
generally through the longitudinal axis thereof but showing a laterally offset fluid actuator

bladder actuator opening the anvil.



portion of the surgical stapling and severing instrunment of FIG 1 taken in
cross section generally through the | ongitudinal axis thereof but show ng a
| aterally offset fluid actuator bl adder actuator opening the anvil. -3
[00161 FIG 5 is a left side detail view of an E-beamfiring bar
incorporating nedical substance ducting. [00171 FIG 6 is a left side
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stapl i ng astdplagvamdisageringshstumsatt o6FIGI2G. 13, [00261 FIG 15 is a top view
of the firing bar of the surgical stapling and severing instrunent of FIG

2. [0021] FIG. 10 is a left side view of the firing bar guide of FIG. 9 taken in cross section

along lines 9-9.

[0022] FIG. 11 is a front view in elevation of the elongate shaft of the surgical stapling
and severing instrument of FIG. 3 taken along lines 11-11 taken through a distal end of

the EAP medical substance syringe.
[0023] FIG. 12 is a left side view of the EAP medical substance syringe of FIG. 11.

[0024] FIG. 13 is a left side view of the implement portion of the surgical stapling and
severing instrument of FIG. 1 partially cut away to show proximal mountings for the EAP

medical substance syringe.

[0025] FIG. 14 is a left side detail view of the EAP medical substance syringe and
receptacle of the elongate shaft of the surgical stapling and severing instrument of FIG.

13.

[0026] FIG. 15 is a top view of the firing bar of the surgical stapling and severing

instrument of FIG. 2.

[0027] FIG. 16 is a left side view of a laminate firing bar showing an internal fluid path in

phantom for the surgical stapling and severing instrument of FIG. 1.



[00271 FIG 16 is a left side view of a lamnate firing bar show ng an
internal fluid path in phantomfor the surgical stapling and severing
instrument of FIG 1. [00281 FIG 17 is a left side detail view of an
alternate E-beam showing an internal fluid path in phantom show ng an
internal fluid path in phantom [00291 FIG 18 is a front view in elevation
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depicted as a stapling assenbly 20. The surgical stapling and severing
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limitations of traditional mechanical linkages. For example, instances of binding or

component failure may be avoided. Further, dispensing liquids onto severed tissue allows
for a range of advantageous therapeutic treatments to be applied, such as the application

of anesthetics, adhesives, cauterizing substances, antibiotics, coagulant, etc.

[0033] With particular reference to FIG. 2, the surgical stapling and severing instrument
10 includes an implement portion 16 formed by an elongate shaft 18 and an end effector
14, depicted as a stapling assembly 20. The surgical stapling and severing instrument 10
also includes a handle 22 (FIG. 1) attached proximally to the shaft 18. The handle 22
remains external to the patient as the implement portion 16 is inserted through a surgical
opening, or especially a cannula of a trocar that forms a pneumoperitoneum for

performing a minimally invasive surgical procedure.

(0034] Left and right fluid actuator bladders (lift bags) 24, 26 are supported within an aft
portion 28 of a staple channel 30. The anvil 12 includes a pair of inwardly directed lateral

pivot pins 32, 34 that pivotally engage outwardly open lateral pivot recesses 36, 38



portion 28 of a staple channel 30. The anvil 12 includes a pair of inwardly
directed lateral pivot pins 32, 34 that pivotally engage outwardly open

| at eral pivot recesses 36, 38 -5 fornmed in the staple channel 30 distal to
the aft portion 28. The anvil 12 includes a proximally directed |ever tray

40 that projects into the aft gortlon 28 of the staple channel 30 overtop
and i n confosaed ipithe staple Ohmneéﬂ dista tothesftnegdons2g. Theanyid 43 jncudesag such t hat
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are used htadders 24, £R to é@tqtlon@llxh@sﬁarélmdm@gacmmer surgical instruments
are used in many orientations and positions, and these terns are not
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a frame 50 éFI G 2) whose proximal end is rotatably engaged to the handle
22 such trf&er%ncﬁéft aphmmamg@tppslg ahandlecof an figstiument THos.dhesigpleipplyinghe end

ef f ect or L3t t engage a
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frame 50 for receiving a tw-piece firing bar 60 _conprised of a firing bar
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staple a I t.alk . portion of
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conmuni catlémitingandbbglweal and proxi rral apertures 68, 70, defl ning there
between a cross bar 72 over which a distally projecting clip 74 of a clip

spring T0§36anagﬂr°e é%ﬁé&teasﬂaﬁvﬁrincludes a frame 50 (FIG. 2) whose proximal end is
rotatably engaged to the handle 22 such that a rotation knob 52 rotates the frame 50 along

with the end effector 14. A distal end of the frame has lateral recesses 54 that engage a
distal lip 56 of the staple channel 30. The frame 50 includes a laterally centered, bottom
firing slot 58 that passes longitudinally through the frame 50 for receiving a two-piece
firing bar 60 comprised of a firing bar 62 with a distally attached E-beam 64, the latter
translating within the staple applying assembly 20 to sever and staple tissue. A distal
portion of the frame 50 includes an upper cavity 66 whose distal and proximal ends
communicate through distal and proximal apertures 68, 70, defining there between a cross
bar 72 over which a distally projecting clip 74 of a clip spring 76 engages with a lower
spring arm 78, distally and downwardly projecting through the upper cavity 66 to bias the
firing bar 62 downwardly into engagement with the staple channel 30, especially when

the lower spring arm 78 encounters a raised portion 80 on the firing bar 62.

[0037] Medical substance dispensing is integrated into the elongate shaft 18 by including

a laterally offset cylindrical cavity 90 formed in the frame 50 that communicates along its



spring arm 78, distally and downwardly projecting through the upper cavity
66 to bias the firing bar 62 downwardly into engagenent with the staple
channel 30, especially when the |ower spring arm 78 encounters a raised
portion 80 on the firing bar 62. 100371 Medi cal substance dispensing is
integrated into the elongate shaft 18 by including a laterally offset
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syringe 100 through the distal dispensing cone 104. Insofar as the EAP

actuator 1Itegervaeethglangdgontracts to conpensate for its |ongitudinal
expansion, a plunger seal 114 maintains a transverse seal within the EAP

syringe odfsp. A Waeh adti@iedStHRWAR a&usbr Eﬁ)l@ﬁgluﬂ%&@r&?ﬁﬁd%; setlifig aghl OWs air to
refill the EAP syringe 100 as the nedical substance 112 is dispensed. The
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allows air to refill the EAP syringe 100 as the medical substance 112 is dispensed. The

vent may rely upon the surface tension of the medical substance 112 to prevent leaking.
Alternatively, a one-way valve may be used for the same purpose. As described below,
the medical substance 112 is conducted by the frame 50 to a lateral fluid groove 120 that
is formed in the firing bar 62 and the E-beam 64 to direct the medical substance to a
cutting surface 122 of the E-beam 64. The frame slot 58 is sized to seal the lateral fluid
groove 120. The portion of the lateral fluid groove 120 that is positioned under the spring
clip 76 is sealed by a firing bar guide 124. In the illustrative version, an outer sheath 82
encompasses the frame 50 and proximally projecting lever tray 40 of the anvil 12. A top

distal opening 131 allows closing of the anvil 12.

[0039] An outer rectangular aperture 132 of the outer sheath 130 is sized and
longitudinally positioned to correspond to the rectangular aperture 92 formed in the frame
50. In some applications, the outer sheath 130 may be rotated to selectively align the
rectangular aperture 92 with the outer rectangular aperture 132 for insertion or removal of

the EAP syringe 100. It should be appreciated that in some applications the EAP syringe
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groove 120. The portion of the lateral fluid groove 120 that is positioned
under the spring clip 76 is sealed by a firing bar guide 124. In the
illustrative version, an outer sheath 82 enconpasses the frame 50 and
proximally projecting lever tray 40 of the anvil 12. Atop distal opening
131 allows closing of the anvil 12. 100391 An outer rectangul ar aperture 132
of the out &p0 mfléé?ﬁ integrally gssg/mbb@ igiecen slenggtershaft that ey iatlpyiiegselesting a

cor respond dés(?reki Be&&F Elﬁﬂ rFo??%Beﬁ-Hé & cﬁ%)ofs%lgﬁg Hlefltg%rtl&?%h a)ﬁ/q%t{:éﬂal SOome

appl i cations he out er eath rotat ectivel gh the
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t EAP., 100. It shoul ted that
1 Sone. apBTitdEmsRevedhbatisNewERE ingon 5 B 5ries 58 ThoheBg R e R senbl ed | nt o
an el ongat gywidfks fnlaﬁfdlrféoﬁﬁndl@heﬁbhﬁy‘fnf &[ecﬁﬁé 8 Grhd a1 ﬁlbs%éé F] , SRdihedds,

subst ance. For |nstance di sposabl®e i npl enént portion wth an integral

st apl e car adhediyes, antibiotick, callltexizlag)eompmgldg efsgraudixtendiyg e selfdide ed by the
clinician as .unit. It i.s believ t hat al | .owi n sertion at the tinme of
iser ¢ hougRMAENE storagend a0ty dhd R ERPHOOE I Cal 1 oxi bi 111y i n

sel ecting a nedical substance (e.g., anesthetics, adhesives, antibiotics,
caut eri zpeg conmpotlmadllusttativy versidn et @nngatq;stadkebfsfmwdwk-ﬂ@pbd EdiPnlpy ér$ gieng

| Tustrat i oubpa arangly andsiesret G erBaH A Hi ors e ayers are

al i gned | opgictrHgtitRalpblnihs (K Iawa&@or@orﬂw@wd @ PB1yinkYr§ tHab BlgHink el Shape
axis. Electroactive polynmers (EAPs) are a set of conductive doped poI yrrers

that ¢ hang@/hsh slsetricalenitage soappliediin esﬂenceeg thei ognétppmvre @alymey ivpaitadde sompe

duct f
o1 ect r odes T SAIPHF AL &5 End AefiPits. P MR i ¥ FigPle) o of B of
conduct i ve tHeQoydmdtive olylihd#@@ﬁldﬁ&edtlff}eth&Obllta%%oﬂihhﬁmppﬁbd anpthietowngivckd s fl ow

i nduces the shape chan e of ﬁﬁymer The voltage potential ranges from
|V to 4kV, thegbpradiange ofthe pel ymﬂry vodtage payantial ranges fragell tabe¥. of the EAPs

cont ract ""ﬁﬁp‘gén}iﬁ’x'gtoﬁgﬁ gél?rm%PRx.'ld %ﬂlcafﬂﬂgﬁg’é@gﬁé%?ﬂ} f Eﬁﬁan eM%rﬁ@ reo' to

nmechani cal i ngs or flexr ect
that is cam@hammmn&mphh@gmelmmhy demﬂeﬂ(léhiecf{dnﬁc:ﬂ nadaas tweh d@a5| c types
of EAPs and nultiple. configurations of_ each pe. The two basjc types are a
fiber bundFREINESQr ﬁe’lﬂélﬁﬁ%t?%t%a%% e effiggl th?tb%?a‘ﬁ%ﬂhén %ﬁ@ﬂ@g%lsmly

[0041] There are two basic types of EAPs and multiple configurations of each type. The
two basic types are a fiber bundle and a laminate version. The fiber bundle consists of
fibers around 30-50 microns. These fibers may be woven into a bundle much like textiles
and are often called EAP yarn because of this. This type of EAP contracts when voltage is
applied. The electrodes are usually made up of a central wire core and a conductive outer
sheath that also serves to contain the ionic fluid that surrounds the fiber bundles. An
example of a commercially available fiber EAP material, manufactured by Santa Fe
Science and Technology and sold as PANION™ fiber, is described in U.S. Pat. No.
6,667,825, which is hereby incorporated by reference in its entirety.

[0042] The other type is a laminate structure, which consists of a layer of EAP polymer, a
layer of ionic gel and two flexible plates that are attached to either side of the laminate.
When a voltage is applied, the square laminate plate expands in one direction and
contracts in the perpendicular direction. An example of a commercially available laminate

(plate) EAP material is manufactured by Artificial Muscle Inc, a division of SRI



fibers around 30-50 mcrons. These fibers may be woven into a bundl e much
like textiles and are often called EAP yam because of this. This type of
EAP contracts when voltage is applied. The el ectrodes are usually nmade up
of a central wire core and a conductive outer sheath that also serves to
contain the ionic fluid that surrounds the fiber bundles. An exanple of a
comer ci al LgbereteriesBlate EAFemaeripl igmaspfagiurednbANEEX o€ dengp agd it wlareed teci ence
and TeChnogﬁﬁXnﬁﬂl‘FEﬁ? d as PANIONTM fi ber, is described in U S. Pat. No.

6, 667, 825, I'ch 1s hereby incorporated by reference in its entirety. [00421
The other type is a |amnate structure, which consists of a | ayer of EAP

pol yner , 10031 | ayHrshegldibsmogedghat Ehes dawptichangeiobumpe wher epggizeditBeyameebhed t o
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Labor at or i é‘é‘.“’t‘fnleé‘flé uping the:9ther mych lék%aawatpacJﬂeﬁlé@lW ESARIER 127Y 3B and i s

referred tQgh2& foither GaDENT xih%&‘iﬁée.r\g}a@r?&%i&’e SEhPAESB1d gl EAYR do not

change vol une when energlzed;et expand or contract in one
di recti on wahérgizedaf expandes floxing she aterin theeoppositesdisactien.ditiealldvonthe plhteto

| am nate version may be . used ip its basic. form.by containing one side

hgat net a BF DeEed BRlbedirebamatpeiding ShabishRie inMERFRe o b oton. The

| am nate version may al so be adhered to either side of a flexible plate.
When oneomide oAntEweP htteatoblisaflly abrsiENSY msnereuelagers edfibers bargdlad tagether &xi ng

the plate in the opposite direction. This allo |late to flexed in
el thor - d r B0F BrEooRBAaAR H "o amcRisosPudafen Shibe EAT.dp Ebutsdhe RATEAD

act uat or  ugktahtby arkifSdphbiliAks o FRIRPHSTAA AP ) bel foRBES Nk b &ehnHO&RE her to
work i n cooperation. The nmechanical configuration of the EAP determ nes the

EAP act uawoappeddraund asinghbednitial esctfasle. Adtexine edthornperralgevbavill demrethei nt o
| ong stands_an wr ed around a sj,ngle .central.electrode. flexible
ot ort o oRE et SEABEheRC RS o wah 38 b R BricT S eSSy Rl 0 © e
wel | as coRirRtibn bhgheidetice. Thlthis doRNPa LSS Whdrthe ERetrichACIH iPipplied tdgedevi ce.
In this configuration when the electrical field is applied to the

el ect r odes ¢legtredes; the pendsfof EAP diedten.chhis qunifigurationiof i dt actintertis Eflledact uat or

I's called 8ber EAP actuator. Likewise, the laminate configuration may be placed in numerous
layers on either side of a flexible plate or merely in layers on itself to increase its
capabilities. Typical fiber structures have an effective strain of 2-4% where the typical

laminate version achieves 20-30%, utilizing much higher voltages.

[0045] For instance, a laminate EAP composite may be formed from a positive plate
electrode layer attached to an EAP layer, which in turn is attached to an ionic cell layer,
which in turn is attached to a negative plate electrode layer. A plurality of laminate EAP
composites may be affixed in a stack by adhesive layers there between to form an EAP
plate actuator. It should be appreciated that opposing EAP actuators may be formed that

can selectively bend in either direction.

[0046] A contracting EAP fiber actuator may include a longitudinal platinum cathode
wire that passes through an insulative polymer proximal end cap through an elongate
cylindrical cavity formed within a plastic cylinder wall that is conductively doped to
serve as a positive anode. A distal end of the platinum cathode wire is embedded into an

insulative polymer distal end cap. A plurality of contracting polymer fibers are arranged
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fi ber EAP actuator. Likew se, the lamnate configuration may be placed in
nunmerous |ayers on either side of a flexible plate or nerely in layers on
itself to increase its capabilities. Typical fiber structures have an
effective strain of 2-4%where the typical |am nate version achieves

20-30% wutilizing nmuch higher voltages. [0045] For instance, a |am nate EAP
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pol ymer pr pmlyrrred fiteemg) ceesing ﬂmeuu)gter dranmmrtg awell V\clghl a qeatresperidingasantiactiay imed
| i,nder onducti vel y doped to serve as a

within a C t hat
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an insul at ive polyner distal end cap. A plurality of contracting polyner
fibers e arraAgtﬁdonzg dpmri:ptibelof applivatiord of BiATbantdkitony it heuxgidah tgtrumente and

h th dded IV nd,.ca Th | i
vl | 1o pet DRI SrURRd aFEIhg: FebRErUE Sedio; 1pOs7 30 et ¢
cylindri calfag@\ioby, atxﬁe'ﬁﬁﬁéd QURONC AL INSTRUMESE INCERPORIATINCANS pace
bet ween contracting pol yner fibers and cathode wire. Wien a voltage is

appl i ed achE@TRi%Lb]Ya‘S‘ETUAJ;ED AR CUAATIORYEGHANES M2+ the désclasve, ofi oni ¢

fluid enter tract| n mer f.ihers au3| ng their outer dianeter
to swell ﬁlﬁfl elleé‘lg‘hyé ﬁeé”%orﬁ%llr%ﬁl%ﬁs e?\tire ength, thereby draw ng the

end caps tovvard one anot her 100471 Additional description of applications
of EAP #9#8liat orRetuming Ul ¢ athe handle dRsontrolselesute oF theba@wlulﬁ Bangrehthyg- owned

U S Pat. l.ic 11/082 5 d 2005, and
ent’ t| e SRR RRPR0 R e AR sl S et e R B R e

ARTI CULATI yhbidEGHADISMp 1407@aglibs %fa%ﬁéﬂ’eﬁld%cthufﬁﬁlb@hoh 34haembysed acaésped & ed by
reference inits entlret 10048 eturning to FIG 1, the handle 22

control s ctonggl dosypre pﬁ@e@mﬂl 121 Phe thpmphyttes 145 provides a ‘proportional electrical
signal to an EAP dispensing actuator (not shown) similar to the EAP syringe 100 to

transfer fluid through the conduits 46, 48 to the fluid actuator bladders 24, 26 to close the
anvil 12 (FIG. 2). When the thumb button 142 is fully depressed, a mechanical toggle
lock (not shown) engages to hold the thumb button 142 down until a full depression
releases the toggle lock for releasing the thumb button 142. Thus, when the thumb button
142 is held down, the surgeon has a visual indication that the end effector 14 is closed and
clamped, and they may be maintained in this position by continued activation of an EAP
dispensing actuator or by a locking feature. For instance, control circuitry may sense
movement of the thumb button 142, causing a normally closed EAP shutoff valve (not
shown) to open that communicates between the EAP dispensing actuator and the conduits
46, 48. Once movement ceases, the EAP shutoff valve is allowed to close again,
maintaining the anvil 12 position. In addition, a manual release could be incorporated to

defeat such a lockout to open the anvil 12.

[0049] As an alternative, a closure trigger (not shown) or other actuator may be included

that bi-directionally transfers fluid to the fluid actuator bladders 24, 26. In the above-
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two-piece firing bar 60, and di spensing of the nedical substance. In an
illustrative version, a pistol grip 140 may be grasped and a thunb button
142 depressed as desired to control closure of the anvil 12. The thunb
button 142 provides a proportional electrical signal to an EAP di spensing
actuator (not shown) simlar to the EAP syringe 100 to transfer fluid
t hrough t Hefemmddlp@tsnmphﬂﬂlomogeﬂi‘éo f111{16d %981 amembersif suefefluidagtuamgs g ¢l ose

the anvil tton 14 f e
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t hunb button 142, Thus, when the thunb button 142 is held down, the surgeon
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di spenskotag act uﬁ; 1@99 déspgblg(fi'?ﬁ IshSatiohS; seﬁﬁn ?%.e'yav ufigases, the EAP
shut of f fve is 0 cl os€ agal n, tafning t anvil 12 position.
In additi qncorponamduaﬂo thet@asd cirowitrgl. Ermnsnmepmpmssmde transddedreatl/os paditien

| ockout to open the anvil| 1 100493@11Aﬁ a t|vel a cl osfg)ﬁe trigger
(not shownFNepe Brakde Pesitignedio meRiosdhe H GT&B erg qr agvil gositien; a1 y
”a“SfEfS hbthdat iR gg Eimflﬂgwf%%ﬂ%%e @BQH@&%%@‘&M&@ 30 fhalytR <8R4 Gng 10

reference pat ent tion Ser a nunbei of such fluid
act uat or s firimg loakdd autlifxidt olosed. Momtcxrmglmmg'dm@:taﬂmcpr@wm eeddinpat may be

adapted fo ng the anvil. advan e of L

TP ont | reshldigfedg Bl ami 12 comimmadt Seldlorinn Rt RPN eplibEinin 1

shoul d be éi@sl?ﬁg?(é' gatéQeésmtuﬁurh ﬁRH@éﬁMféckJrﬁ%’%ﬁmﬁlﬁﬂ& asﬂ‘l‘%ﬂ};}esgﬁié b@RmDé aced

above the |ever tra of the anvil 12 to aSsert an openi ng@_ orce as the
I

| eft and rloyht thidsho wmamakb?rcmramwpém mfay idiepty apinabilgy éerltheypavdl 1210050]

T d d bl dvant ageousl!

oo borat BYPEH ED. kb %) PP <R AR50 BB RO BB s e
and/ or poshdntiRP2 H&NSivedn mcd@ienr@@ﬁietsw%}eﬂ bl QoI rﬂa{sﬁfngt &e. Thadk chdidaBibad er
and/or anvil position. For instance roximt anvil to the 12

to the stapieinchdaREWEB %ysﬁéTger@Q@Daﬁdf-Test BAD, BATTERY LOW, ANVIL
OPEN, ANVIL CLOSED, ANVIL BLOCKED OPEN, ANVIL BLOCK CLOSED. An

indication that would warrant precluding firing may be used to disable firing.

[0051) With particular reference to FIG. 3, the handle 22 includes a firing trigger 150
(FIG. 1) that is drawn proximally toward the pistol grip 140 to cause a firing rod 152 to
move distally in a proximal portion 154 of the elongate shaft 18. A distal bracket 156 of
the firing rod 152 engages an upward proximal hook 158 of the firing bar 62. A dynamic
seal 160 within the frame 50 seals to the firing rod 152 so that the implement portion is

pneumatically sealed when inserted into an insufflated abdomen.

[0052) An anti-backup mechanism 170 of the firing rod 152 may be advantageously
included for a handle 22 that includes a multiple stroke firing trigger 150 and a retraction
biased firing mechanism coupled to the firing rod 152 (not shown). In particular, an anti-
backup locking plate 172 has the firing rod 152 pass through a closely fitting through hole
(not shown) that binds when a retracting firing rod 152 tips the lock plate 172 backward
as shown with the bottom of the locking plate held in position within the frame 50. An
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firing locked out if not closed. Mnitoring may detect a fluid pressure
exceeding a threshold indicating that anvil 12 conmmanded cl osed with

sonmet hing preventing this closing (e.g., excessive tissue in the end
effector 14). Simlarly, a fluid pressure belowa |ower threshold with
anvil 12 commanded open nmay indicate an inability for the anvil 12 to open

(e.g., abuantirbagken eamyslpevechidos pasitiprgs digtad totthaantidbasdun 1qokEmslate1d2 a8¢own) on
t he handl . ' Wafel ' . hng,
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i ncludes gefrh i RGrifd G5 roloB2, (FIG 1) that is drawn proximally toward the
pistol grip 140 to cause a firing rod 152 to nove distally in a proximal

port en it o e enoate sl 18, ALasta ke ol g e
seal 160 V‘%}%Wiﬁg ARembraIe lijﬁeﬁ&ﬂ)f héving DBidfdchialf blRded PP d&idd) ataviiRe
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advant ageous|. i ncl uded for a handl 2 that Jncludes,a nultiple stroke
v ing or e 4bbe el e shatiopire s dharn TG oraane ATe L L B ot ne
firing rodalpdeé BOITHRINGEAm 64 MaPad hipgsct bA 182aRatdBlilles WAKIKWA ahOft pbelet Pgat e 172
has the firing rod 152 pass through 'a closely fitting throu ole (not

h
shown) t haallowingiepedtedopening armbeloning 61 the agvil 62 Arsanvil et lt&ﬁe?qrm@ﬂ alpingt e 172

backwar d howr. i th the b f the |acking ol ate held, i Tt
w thin ¢ e 1Stal gt devit B2 ek Bhcings Bn e iR BT LA BREM o7 o

to the anttwolifedeUitingu 609s @i'sﬁllﬁ advahcalh midd)efini 188aslideivakin thy stapledr e
di stal conpression spring 176 t rough which the firing rod 152 passes and

that is coWpridseédabgverthasteple channeb3Gm onposising i @ bpttora pin ecioat b thaat
mechani sn}ssh-ltdgs élpﬁ%gggg$rﬁﬁ§%?wt@£{%@£ I‘j@'rng]l%gse t he anti-backup mechani sm

170 for etrac iring r 531 In FIGS. 4-5, the end
effector 14, which in the illustrative version is a staple applyin

assenbl o340, i Sndiiefet Totherstaplagpriying assa@blyadbhasihear elosedly wpémgd?e dr awi ng
fluid actuator bladder (lift bag) 24, raising the lever tray 40 of the anvil 12 until flush with
the outer sheath 130, with a proximal upwardly bent tip 192 of the lever tray 40 allowed
to enter the top distal opening 131. This bent tip 192°, in combination with the opening
131, advantageously allows greater radial travel for the anvil 12 as well as presenting an
abutting surface rather than a piercing tip to the underlying fluid actuator bladder 24.
When the anvil 12 is closed, the upper pin 182 is aligned with the anvil slot 186 for firing

and the tissue 180 is flattened to a thickness appropriate for severing and stapling.

[0055] In FIGS. 7-8, the E-beam 64 is cut away to show its bottom foot 190 riding along
a downwardly open laterally widened recess 200 that communicates with a narrow
longitudinal slot 202 through which a vertical portion 204 of the E-beam 64 passes. A
proximal aperture 206 to the narrow longitudinal slot 202 allows an assembly entrance for
the lower foot 190. A bottom bump 208 is positioned on the firing bar 62 to drop into the
proximal aperture 206 during an initial portion of firing travel under the urging of the clip
spring 76 against the upper portion 80 of the firing bar 62 for proper engagement and for

possible interaction with an end effector firing lockout mechanism (not shown). Also, this
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down |l ever tray 40 of the anvil 12, which pivots about pin 32 raising distal
clanping section 41 thereby allow ng positioning body tissue 180 between
the anvil 12 and staple cartridge 42. The E-beam 64 has an upper pin 182
that resides within an anvil pocket 184 allow ng repeated opening and

closing of the anvil 12. An anvil slot 186, forned along the Iength of the
anvi | 12, pesitsinadlowsifer theeed effeqion Bbtotieminahiaéd shyiip facilitategnsertiyedireigh at he
two piece fir. r i IS I n ] | | _within
the ot apl o e tpiEpa st i hu oF § SRR T o Rn LB AEP ILRCS. 2
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is aligned wth the anvil slot” 186 for firin and the tissue 180 is

flattened 239. In FIGS KAelsls thegph B yringeed 00as slwawewithent dnaidispaspblieregp 23@asb1 | n
FIGS. 7-8, the E-beam64..is cut away.to,. wits bott f.oot 190 r.i di ng

Sl ong o dURFOLY R0 firaRERarRyEY il Hoehdne S bR esmERRES i«
a narrow AR d@anAhidPaage820.t hrough which a vertical portion 204 of the
E- beam 64 passes. A proxinal aperture 206 to the narrow | ongitudi nal sl ot

202 al |l ows an S Ly entrance for the |ower fogt 190. A bottom bunp 208
o posi 05hod ot SHaHHe b APRGEAGH 1 Ops dEies TRy f Al SERGU AR BM ur o 206
during an deRbdih@insP@héntan My denkd Qﬁrih%é&ﬂiitiéﬁ\@.eg"., thbeeréionGriaf bhhér cl i p
spring 76 against the upper portion 80 of the firing bar 62 for proper
engagenent maghdnisgy coupleddp hetiting barapasitom afithhfing giggenfafseparaie User¢ongol ockout
mechani sm (nEt_ sho . SQ, .this -12 posiiti.on..allag for the end effector
Tatobe perimsie iRy g et fidirahe SRRl RO 3ol ontiBecal ont vy

poi nt such as a cannula of a trocar (not shown). Wth reference to FIGS. 8-
10, thel®51ing IndflGuil 8d 81amalteamate twq-piecofiring bar W0ps fermed fodmt he firing bar

02 1o ol o5 e G0 LRHRRAISAR A HOR Rl s SEYSHnsSodl 8085 120 11
firing bar 305 attached to an E-beam 309. Thereby, fluid transfer down the firing bar 300
may be further constrained. In particular, a left side fluid groove 310 in the left half firing
bar portion 302 transitions distally to a pair of aligned internal fluid grooves 312, 314
respectively in the left and right half firing bar portions 302, 304, defining an internal
fluid passage 316. Since the E-beam 309 is laterally thicker and of short longitudinal
length, a drilled fluid passage 320 is formed therein between a cutting surface 322 and an

aft edge aligned to communicate with the internal fluid passage 316.

[0058] In FIG. 19, an alternate surgical stapling and severing instrument 410 that is
capable of practicing the unique benefits of the present invention, including both fluid
actuation (e.g., opening, closing/clamping) of an upper jaw (anvil) 412 of an end effector
414 as well as dispensing a medical substance onto tissue as severed. An implement
portion 416 is formed by an elongate shaft 418 and the end effector 414, depicted as a
stapling assembly 420. The surgical stapling and severing instrument 410 also includes a

handle 22 attached proximally to the shaft 418. The handle 422 remains external to the
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the cylindrical cavity 90 has its distal dispensing cone 104 conmuni cati ng
with a radial fluid passage 220 forned in the frame 50 that conmunicates in
turn with the lateral fluid groove 120. In FIG 12, before installation in
the surgical stapling and severing instrunent 10, the EAP syringe 100 may be
advant ageously sealed with a disposable cap 230. In FIGS. 13-14, the EAP
syringe 10BUFR! aspesdimplpmeRiportiane i is grssres] breusp aswgisH @peningay especiailyi ng 230

distally t bhst j ' ' IR 8136 4205 veW t h
the. rad al® Fa of 2 BEadhdyim], BRERRRHTEAR o forklihth £ ML AT A"
nor e sensaturgical pheceduregi cal stapling and severing instrunment 10 may sense a
firing condition (e.g., novenent of firing bar or nmechanismcoupled to the
firing posj tl old [ : at: fie ARALLIAR0 tO

di spens@,%%t C. )A?ﬁ?ﬁﬁ%@@éﬁ%@%ﬂéﬁgkggﬁ)snstu E% cﬁ&@&?ta;ésa% teob el éect30

di spensi nghend4lba prodimaHy GiSectddblel8r 440nthatl frejectatsect thot fillieg ¢he fluidragtubtor 300 i s

f d f i tudi nal Ly | ani d. left half and right, half firing b
bor {1 ons. J0pdeBa T, ficetses s s ird 2R gvigh ikerp el Releu g anprls pisiidESoo.
Thereby, flaiglid irnaa'ﬂfscfiﬁél_ﬁﬁﬁ‘é}ll 546f fhi S1aPR ABineB36. EVIRYatkfh dndldoNgsec@nRt I ai ned.

In particular, a left side urd groove 310 in the left half firing bar

portion 30Mid ectnatot bladderdi24tisihdsistaddyaa msilientgfressiiegrandduast 42 hposifionedd gr ooves
312, 314 respectiv in the |eft. and. righ alf firin ar_portions 302,
304, et i ARG Mk o dseh P40 homeiiind Bpl ety R 9o Bail et IS

| ateral | y A&l plRimARFthRfughhofldid enaiit 44 nal  Tength, a drilled fluid passage
320 is fornmed therei'n between a cutting surface 322 and an aft edge aligned

t i cat ith the.internal fluid 316. 11 19, an
Al tor mad 880G ur o oo FUSiHR 40 Repore P SER e OYROFE Rt £ oapabi 6 of
pract i ci NplédigealicaHfePBMRIHek 359 hat AR PRy SieARt adcBIsBMViaQibatieREE4pdf 5BGNA0t h
fluid actuation (e.g., opening, closing/clanping) of an upper jaw (anvil)

412 of an dengs abhiery spmpartmenistifahla pastoldirip8gifile bandiaalA ennrollem(@e-.ont o
ti ssue as severed., An_inplene . portion, 416 is,f.ormed hy,an.elongate shaft
418 and- & HOCRAR P4 bR togic el RO orlsBL PO S PUelileGIE™ T
surgi cal sdl@tidalgighald i@y Switdh@s thas hrelwdRiatedbyQ weB6r frovalsualRss tat iditdiear 22
attached proxinally to the shaft 418. The handl e 422 remains external to the

- 13 pat i ¥4 obibedprirument & dior pistanro s thureb byttompiepsusisanReiotfroatasting? cal
opening,  Qf,&8BERLRHEY senses a closure command. This closure command signal may be a

-

discrete open / close signal or a more continuous value indicating intermediate degrees of
closure. Alternatively, the controller 460 may sense a first depression of the thumb button

464 to close and sense a second depression of the thumb button 464 to then open.

[0061] The controller 460 responds to the closure signal by activating an electrical fluid
control, which in the illustrative version is an EAP syringe actuator 470 containing an
EAP stack actuator 472 that translates a plunger 474 within a cylinder 476 to dispense
fluid through the fluid conduit 446. The cylinder 476 may be advantageously sized to
produce a desired fluid flow rate at a desired fluid pressure to effect closure without

excessive pressure if too much tissue is grasped.

[0062] The pressure of the fluid may be advantageously sensed by a fluid pressure
transducer 478 attached to the cylinder 476 and/or by sensing movement of the anvil 412
from the resilient pressure transducer 425. Alternatively or in addition, fluid volume
transferred may be advantageously sensed, such as by Hall effect transducers 480, 482

attached to the cylinder 476 to sense a target incorporated into the plunger 474. The
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a cannula of a trocar that forns a pneunoperitoneumfor performng a
mnimally invasive surgical procedure. [00591 A fluid actuator bl adders
(lift bag) 424 is supported within a staple channel 430 beneath a
proximally directed | ever 440 that projects such that filling the fluid
actuator bl adder 424, 26 causes the anvil 412 to pivot like a teeter-totter
toward a soaplierdapmaydyevidg apieasions fothe surgeen vip apghnhapwmeric displen ot apl e

channel 3osho§¥f8ru\ﬁ%%1g)mr9%9 FURRPSENAL o PRAWVER Y 496! HPARYIEIRSSION24 | S

assisted by a tresi essure’transducer positione above the anvil
| ever 440 LED dappcesd AU T 6.FTh494. The domtedlieatt60 maly athdesenseXtring sgiheg of | uid to

flow proximally thr h a fluid conduit 446. 100 Coptrol. circuitry 450 is
power ed WHBBSESEHIOE gb%)?mghn ORPORSE thefgtp Gﬂmmdt}}& Egﬂ’é’é‘?d;‘fatl, SYhs{ACnnect

batteries f434,idh3bod & sically accessed via a battery cap 456 that
cl oses a bat% gry corrparsﬁérr%nt 457 in a pistol grip 458 of the handle 422. A

controller (e.q., mcrocontr e programed. | ogi c array,. anal og contr ol
ci rcui t 10063t E: ) q&(‘i’ée’raééEPW@ In g&ééq’ F"&S’Pagf%t?ifﬁ%ﬂcéosfl?%?ﬂdg&m%ﬁ‘é‘g cf"i‘uté_ are
actuated by,aqURChr éa%r uﬁr&c%{)&%ﬁ&%ﬁ&%, 500fs JeR@ihal By te hdbEeiRhith 860 st r unent

410. For instance, utton pressure sensor 462 contacting a thunb

but t on 46&16ehe.ds respohsestopeweobeing supplikd §blotlos@) ethe POMER ISEQnal nay be a
di screte apen./ cl ignal, or a pore continuous,val ue indicati

[ nt or medi dNEmiEisALEEG 04 ok degrratnalipn ,adtiay e Yheica elgns Fumand Bdesn,
sense a figgled{BIBER SOOI Mdl, 4 CEOSRPNPED U &:@iguidRd (P1ig (9186 508). sRNSe a
second depression of t'he thunb button 464 to then open. [00611 The

cont r ol | erclasee actugperisdeactivatee (if cusently astiyated) tbpllawiresiliertiogering ef thet r i cal

fluid control ' in. the illu t versign.i s, an P SyFi t uat or
470 cont ariigtiatk s Bl Bkl BElFIR 315 P ptorabelcRPe bk GHiBED«RS,
within a chiineeraififs 6 dbsgrenssand [ dodeoatghdtib serstdiibloanstg, thehd6. The
cylinder 476 may be advantageously sized to produce a desired fluid flow

rate at a theelosuse aetuatorismactivated lock B4 end a predsigrmingf timarlapsex weingfar
pressure 1 AR {c}lf'gsgao}la Zﬁ§§k 5 Fq)g’fﬁ‘ef?paeé’eterﬁ&?a%% id 2dl Ene&%&g%é’és[ {ogc efélge&“ d may

be advant ageous nse lurd pressure transducer to the
cylinder 4t6eceastil €16siby haeseuited, saveaEtit caviparing agisdsiredpkafilefor bnsting £si | i ent
pressure transducer 425. Alternativeléégr in_addition, fluid vol ume

cn

t r ansf er r R9sitRY (98- AeNIhAn¥Ye Hint yatissig g &R s hiDHsiHumatedi(blogkinsducer s
480, 482 520). The closure actuator is deactivated (block 522) and processing stops (block 524).

User intervention may require cycling of power to reset the device. If in block 518 the
anvil was successfully closed, then the CLOSED LED is illuminated (block 526). The
closure actuator is maintained in this closed condition (block 528), which may be
assisted by a clamping lock that allows deactivating the closure actuator. Firing is enabled
(block 530). Then a determination is made as to whether the close command is still
present (block 532). If not, processing loops back to block 504 to open the end effector. If
still closed in block 532, then a further determination is made as to whether firing of the
end effector is sensed (block 534). If so, medical substance dispensing is activated (block

536). Else, processing loops back to block 532 to continue waiting for firing.

[0064] While the present invention has been illustrated by description of several
embodiments and while the illustrative embodiments have been described in considerable
detail, it is not the intention of the applicant to restrict or in any way limit the scope of the
appended claims to such detail. Additional advantages and modifications may readily

appear to those skilled in the art.
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attached to the cylinder 476 to sense a target incorporated into the plunger
474. The -14 controller 460 may provide indications to the surgeon via an

al phanuneric display (not shown) or via a plurality of LEDs, such as a
PONER LED 490, an ANVIL PCSI TION LED 492, and FAULT LED 494. The controller
460 may al so sense firing, such as_ a _triggfg,r sensor. 496, and in response

t her et o 18emandaresample, whie a apn-aifissiating shattis<sssrthed hetan {5 clarpdhse. [ 00631

[0 use, asyopi 8l adrdclhid ot A4 BaRAhE LSS OngR ARG kil epensi ng

control procedure, or sequence of operations, IS pe rmed by the
control cidispensing miyObedhcorpdr@edifto anrartiedaimgskaft.dn panieuldocilexgbls dlopd | ed

(bl ock 502), the PONER LED is, illumnated (FI.G. 504). A.determ nation is
made as to‘?(\_mgllt%‘é‘f‘y C&CB%T?BWhHaSﬁggOB&s‘W artigiation zoﬂﬂtd’é R S%@)%). If not, a
CLOSED LEDAltén%enﬁq;u&saF@s%sy be Fdrinkd (Ph BEXNned8pe AR ulafibR Foiherodfan RE or s

deactivated (if currently activated) to allow resilient opening of the
anvi | (bl oftwd Bied¢ thr¢ighi ng i s di sabled (FIG 512) and processing | oops back
to block 504 to continue waiting for a close command. If a close command is

sensed iggesP! 0CkA9ADthdrRGBmpleNFhAL BSH HeAEA YdsPinct BisBédsingdadnfi@bagke®l4) and
a predetermned tine elapses waiting for the anvil to respond (block 516).

Then a detawilichesingonare iltustragd hereirs lapplicatioss eonsisteniwwvithlaspectssefdbegwentionc| osi ng

bosi 1 on (Beiret otfer df iR REHRS, IRrRE P PSPk ¥ AR NGy
i1l um nat eghufepizRgknedi@f substdiRe ¢ ASpinSed@ alsHaiila be appReREdd tHatfestuted s@shkas522)

and processing stops (block 524). User intervention may require cycling of
power to réaes maebelemitted. 1f in bl ock 518 the anvil was successfully
cl osed, then the CLOSED LED is illum nated (bl ock 526). The closure

act uat ofigoép MBI A ARG cikBmplel Whilk @ $0P1cEPPRitd £BerhblyQ0ks HRBirateWhefih, iy be
assisted by a clanping |ock that all ows deactivating the closure actuator.

Firing i s aaldheqpprasiateskthaoher end effeetorsdgmspirpauitig doyiaga.dic. hmay benghiét her
the close co d i ti . Dbr t, (bl ock | f t rocessi ng | oops
et o oy BATERAG drodt ot fyig BOGPARY el Biriha Hiddheal gy dRRESERS| 19 | 0285

then a further determnation is nade as to whether firing of the end
ef f ect 000685 sendepet@phekesraple, arecepiaclaior thed AR apringsriaey bk Hpmadimiei s

activated I(apllflf%%léthefsf%@l'inhz'llese?dngg{eosﬁgf?.g ng | oops back to block 532 to continue
waiting for Tiring.

[0069] While an electroactive polymer plunger has various advantages, it should be
appreciated that other types of electrically actuated devices may be employed to dispense

a medical substance through the elongate shaft to the end effector.

(0070} As yet an additional example, a symmetric arrangement for a second EAP syringe
may be formed in the elongate channel so that two medical substances may be

simultaneously dispensed during firing.

[0071] As yet a further example, while a staple applying apparatus provides an
illustrative embodiment, it should be appreciated that other endoscopic instruments may
benefit from the ability to dispense a liquid at or near a distal end thereof. Examples of
instruments that may benefit include, but are not limited to, an ablation device, a grasper,
a cauterizing tool, an anastomotic ring introduction device, a surgical stapler, a linear
stapler, etc. As such, those instruments that do not employ a firing bar that serves herein
as a convenient fluid passage to a cutting surface may instead incorporate ducting or fluid

conduits to an appropriate location,
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[ 00641 Wile the present invention has been illustrated by description of
several enbodinments and while the illustrative enbodi nents have been
described in considerable detail, it is not the intention of the applicant
to restrict or in any way limt the scope of the appended clains to such

detail. Additional advantages and nodifications may readily appear to those
ski | | ed 90721 t he While an gciroadBE pebimes plungeehasyaripes adviaptages: ttiskavldtbeng shaf t

d b
;it ugfg&' X r%ﬁt@d (")Jr &gerg;}rgéé c;fye’éecltﬁ allg Qgﬁi%@g ?gv@gsoﬂilﬁ}? bé‘E&glo#aé‘tt%&'sﬁQnge
| ncor por at ethedibloubsiaasetthrukhthawosgsed thafia tpentiictizbor, 1 exi bl e f1 ui d

conduits may be incorporated that pass through an articulation joint of a

shaft. er na |y, - . s
arti cul é %n ] o%\% gtt%l atd?gﬁ)zi er IESFQIUI Eﬁ‘ tligciuénﬁ%h rlg%%ﬁiﬂaiﬁo%g%lfﬂ}sl%gﬁgltnﬁear
exanpl e, wiecéss o dietelonpdtecshift SndysHecsubstitdied péthsd eydindadardd pistdn 2ahuat ed  anvi |

closing are illustrated herein, applicati ons consi stent with aspects of the
i nventi may ations
i n whi cﬁdanrlu adhfégiﬁé}gggﬁ bﬁ r@&ﬁtef?ft gretlrﬁl‘F %GE%J SCEH{)&?& n“é‘éﬁ?{é?‘ I splglﬁlsed it

shoul d be bghpaotiag ﬁd:rriﬁe&toﬂmaatndreéfectsupivoamthséspeétes anhisfallead ofithetend. [ 00671
As anot her e npl e, while a staple ﬁ asseanaéiéO is jll ustrat ed
herein, itete Fﬂidﬂlasﬁésoéé‘g?é‘&‘?‘%eé’é?“ﬁ S{ﬁ A aghigloz pfadderymay pgpadiiened

cutting deysges for@% fo s)e B hep Hv& tor%feﬂh@meﬁkéchg% H&Ers%eﬂnﬁil% lpkﬁleéhél CIerﬁ ol I'ed

cl osing and nedi ca stance |spe Si ng yet an ample, a
recept acl eapwotmgmorﬁéﬂlcswﬂth@e pirefingendnobemetd dffect ¢dlesurt fngl graspinpettingan i n
the el ongate shaft. [0069] Wiile an el ectroactive pol yner plunger has
various adVd¥¥8s, it should be appreciated that other types of

el ectrically actuated devices may be enpl oyed to di spense a nedi cal

subst an¢w7s hr ou@ham hlécrdtorgatsbowt &k apprecmihé tlmhd feiid edugor blpdr @dayAs yet an

addi ti onal a symmetri.c arran for a. second EAP _syrin may be
For fred 1 n RINERS Al o ARV ALH coRPaemant beiy crmoRReainedume (e daiay® B
si mul t aneousl y di spensed during firing. [0071] As yet a further exanple,
whi | e a®tapl e Apahothergxamppke; alfhmsighadwandle 22dor direct manipulation by a surgeon is
depicted for clarity, a robotically positioned instrument consistent with aspects of the
invention may advantageously take advantage of the electrical control and sensing with

fluid transfer actuation as described herein.

[0077)] What is claimed is:
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illustrative enbodinent, it should be appreciated that other endoscopic
instrunments may benefit fromthe ability to dispense a liquid at or near a
di stal end thereof Exanples of instrunents that nmay benefit include, but
are not limted to, an ablation device, a grasper, a cauterizing tool, an
anastonotic ring introduction device, a surgical stapler, a linear stapler,
etc. As&@BB, those instruments that do not enploy a firing bar that serves
herein as a convenient fluid passage to a cutting surface nmay instead

i ncor porlat e dustrgieg iostrimhent,congoisthgi ts to an appropriate location. -16

[0072] Whil el ectroactive, pol r plunge as various advantages, it
shoul d be aﬁ%'g’?ee%ﬂeéﬂc"iﬁc? bgc“r%ﬁé’rrg‘ﬁ;’ﬁé SW%&{"@gWﬁ cal ly actuated devices may
be enpl oyeg dionghtsS AR RacRdBWLRHndRUDSt ance through the el ongate shaft to
the end effector. ]0073] As yet an additional exanple, a fluid actuator

bl adder t hat endseffeetos distdllyenttaphadip theselongateshafiahd chmpebiog gapesisgas fomy be
substituted 'thia ﬁ%" inder and piston ram ]0074] It should be appreciated
that in some® P&at8ns consistent with the invention, both pi voti ng

nmenbers of 3 gdir eNslvetideabMbeRioppbsiigly Borte@@aissiic) eachdhiSbtadg MBFAbEH intlngingnd
effector in a scissor-like arrangenent. Thus, a fluid actuator bladder may
be positi oned respectiequpximally prejecting levgsgpastingd to pivet lativedetheotherdeysct i ve

| evers proxi | i from a pivoting connection of these pivoting
menbers to egﬁ(lédct%épg{ééscﬁﬁ%éc gl.l’g%nfa grasping, cutting) or opening. ]0075] As

an al t er nad fliid,aciulatedtfasuft Mecaphecongiridthg: hat a flui d actuator bl adder may
be positioned distal to the pivotal engagenent between opposing jaws to
urge the jawd fhibactuatonmasttionsd batsresd thedf¥etHl e, al t hough a handle 22 for

di rect mani pylmky Ofhdift BrMiHGERg Wit tﬂ@ﬁhfcfat‘%ﬂlaft ratnﬁgﬁé %lh%/f%at@sl{a?t?%téc%/ cally

positioned instrunent consistent"w th aspects o ntion
advant ageous hyfluidikseradiraedpags veoto thbelostireattuation by tiretlraadleao delsaivelynandwi t h

fluid transfer actuation as descrjbed herein. 10077]. Wyat_i.s clained is:
Cains 1. A sur@r%%tl?%kyrtmﬁf ﬁu@%ﬁw?}%@!Ida%mfﬁm%«@h%eﬁhaﬁﬁwe@ﬁfi gured to
produce cl osure actuation;

2. The surgical instrument of claim 1, wherein the handle is operably configured to

produce a reciprocating mechanical closure motion, the fluid reservoir selectively

compressed and expanded by the reciprocating mechanical closure motion.

3. The surgical instrument of claim 1, further comprising control circuitry response to
the closure action by the handle to selectively produce a closure signal, the fluid reservoir

further comprising an electroactive polymer actuated bi-directional fluid pump.

4. The surgical instrument of claim 1, wherein the pair of pivoting members comprise

cutting blades opposingly cutting tissue.

5. The surgical instrument of claim 1, wherein the pair of pivoting members comprise
grasping jaws.
6. The surgical instrument of claim 1, wherein the lever projecting proximally from a

lower pivoting member of the pair of pivoting members comprises a frame of the elongate

shaft attached to the handle.
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an elongate shaft attached to the handle; an end effector distally attached
to the elongate shaft and conprising opposing jaws for clanping tissue; a
pair of pivoting nmenbers opposingly contacting tissue, each pivoting nenber
including a respective proxinmally projecting | ever constrained to pivot
relative to the other | ever about a pivot connection; and a fluid actuated
cl osure mechani sm conprising: a fluid actuator positioned between the

ever's. 7a 11 4 GORRALL - RRTURLARL e Grtichind D6, d N ShURER coRBtels

el ongat & sha servoir resp Shsi ve N sure ac%uatlon by

t he hangthgle charte] &k thy ebye@iwzbtmlglmeinwee@bmpfi@éslayi dnvAheé eurgidalindtramentss t he
fluid conduit with the fluid actuator. 2. The surgical instrunent of claim
1, wher Birthet ¢panpiisiee-e i s operably configured to produce a reciprocating

nechanlcaui§%ﬁ Hﬁﬁu@ﬁ&&%ﬂwdﬁﬂ nékqmgmkgserv0|r sel ectively conpressed and

expanded by t'he reci"procating chanical closure notion. 3. The surgical
i nstrunenta Mng:lbmsmimglyfmcehm1n(1hm¢iongtmghaameitandIdlstalbcmot/algle thesyghdesedo t he

cl osure action b t he dle to select ce a closure signal, the
fluid reser v@?drechﬁﬂrtt‘i’@&n‘iféi?fﬁr}%ﬂ‘? gﬁqlg BE‘YWFB pol ymer act uat ed
bi-directional fluid punp. 4. The sur gi caI instrunment of claiml1, wherein

the pair of pivoting nmenbers conprise cutting blades opposingly cutting
tissue. 85. Tihbe swegakiabtrimettoficiim 1ovheteri the shafivfuether eomprisepan artisfilaipn ot i ng

nenbers.co |se 6. The s l nstrunment of claim1l
wherei e eBhirs P EeePl RiRisk PP RrlsEIE porsRB oS e R ReRBlor of ¢ ne
pair Jnoq)llltvotl ng nenbers conprises a franme of the elongate shaft attached

to the handle, -18 7. The surgical instrunent of claim®6, wherein the | ower
pi voting nenber conprises a staple channel and the upper pivoting member

COmY 982 A8 est PG ERai I TP D" comPr IS G 2 stapl e
an outer sheath encompassing the frame of the elongate shaft and the lever of the anvil;
and
a fluid actuator positioned between the lever of the anvil and the outer sheath for
opposing the left and right fluid actuators to open the anvil, the handle further
operatively configured to differentially expand and compress the opposing fluid

actuator and the pair of left and right fluid actuators.

10.  The surgical instrument of claim 7, wherein the handle is operably configured to
produce a reciprocating mechanical closure motion, the fluid reservoir selectively

compressed and expanded by the reciprocating mechanical closure motion.

11.  The surgical instrument of claim 7, further comprising control circuitry response to
the closure action by the handle to selectively produce a closure signal, the fluid reservoir

further comprising an electroactive polymer actuated bi-directional fluid actuator.

12. The surgical instrument of claim 1, wherein the fluid actuator comprises a fluid

actuator bladder.

13.  The surgical instrument of claim 7, further comprising a means for clamping, stapling
and severing tissue.
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a firing bar slidingly received in the elongate channel and distally novable
through closed end effector to effect severing and stapling of clanped
tissue. 8. The surgical instrunent of claim11, wherein the shaft further
conprises an articulation joint, wherein the fluid conduit further
conprises a flexible portion traversing the articulation joint. 9. The
surgical instrunent of claim8, further conprising: an outer sheath

enconpasgi ng a =LY he anvil;
and a fﬁaid g%?%%%grp%%§$¥%%ﬁgghﬁggm§§H§Pﬁ%ﬁngg agﬁn%ﬁéﬁéﬁ$$?ﬁand t he outer
sheat h bperativghp osifigyrédte serdetanaemd effiegtiot blokkiédc onditioatvaiesein oheoopenoft he anvi |,
the handle further operatively configured to differentially expand and
conpr es $TOHEE 8}5‘5@?@?@3 1 %reaatlvgd%oaﬁlpsﬁ@aéﬁae%% CB’&?S:POB‘E 19 %F?méaad‘%ag ht fluid
act uat ohgejtid). The surgical instrument of claim?7, wherein the handle is
operably configured to produce a reciprocating nechanical closure notion,
the fluid reservoir selectively conpressed and expanded by the

reci procati ng,nechanjcal closyre.motion. 11. The.surgical i.nstrunent. of

ol ai m 7,151 ur AREFEEAIERER Rl e 14 PPeisi h mOniBBRE v Sem Tyifher SpBBtises
action Rynttd)Rirb@Ry r&spbRsisEIPLEINRIsoR bPE BGRe@csThRENI R pisHIdAland takendeli Ui d
reservoir further conprising an el ectroactive pol yner actuated

bi - di r esturentzhd £ffedtdr pasitiet or . 12. The surgical instrument of claiml,
wherein the fluid actuator conprises a fluid actuator bladder. 13. The
surgical instrunent of claim7, further conprising a neans for clanping,

st apl i ng6. and'hs eM@idaNhstri®emens clal@ 154 whdfed e hebne@king Bpdtéri Faiffier @bm@tigdsm 1,
further conprising a nonitoring system operatively configured to sense an
end ef f @esitipn pAnsiRed abl@nﬁimﬁaﬁg\mmvcémg membeRi r of pivoting members are in
a relative position that does not correspond to a comanded position. 15.
The surgical instrunment of claim 14, wherein the nonitoring systemfurther
conpri s&3. cahkkagical ingtrument dfefDns], wheiein the oondXaring Systerh fartlse R6@@rises

commanded position and a sensed i . )
pressure sensing positioned to respond to a fluid pressure in the fluid actuated closure

mechanism.
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current end effector position. 16. The surgical instrument of claim 15,
wherein the nonitoring systemfurther conprises position sensing of at

| east one of the pivoting nenbers. 17. The surgical instrunment of claiml5,
wherein the nonitoring system further conprises pressure sensing positioned
to respond to a fluid pressure in the fluid actuated closure nechanism 18.
A surgi d8I i dssurgiselinstraeensrjosmmitsingd handl e operably configured to produce a

chatt ot t SRaqq PRI RABRCALE Fod PR WD i PRl 5: ©

di rectional ffirimg@natizini on; an end effector distally attached to the el ongate
shaft and conpri se f opposing jaws for clanping_tissue; a firing bar
recei ved f@gg%@it$§@§%?@dlt86@$%lw operatingly sorfiged tp eandugl theiBlat e shaf t
to transfer ghaidmarghiysidgy: firing notion and distally termnating in a
cutting surface to sever thé clanped tissue in the end effector; a staple
cartri dge areael offedtor distally avfachiddeto oippelsngate shattsand esmprised/ef dpposihg jdwsrfong
menber to drjve.and formstaples through the clanped tissue; and a fluid
act uat or opeFLi’t“fR}%gS}ssBB’upl ed to the end effector to selectively open and to

close the ,gAfdy 6hf I‘é‘é‘éif’éd fof réc?ﬁrﬁé%%ﬁ@ lérgiﬁl_tliﬁlapﬁfiﬁé fn%ﬁlbh Ande cldrighfd SHRE kPN from

the handle via the elongate shaft.” 19. The surgical instrument of claim 18,
wher ei n t he filansfer the dengitudingbiiping metiomaiid dis@lly serminetiog i h adtling sutface tThe
surgi cal instrunent of the end effector conprises a staple

imi18, wh i
channel att aéh&d eod%fnP?C ﬁ%m%fn@ﬁgn‘glgﬁ#goﬁe channel and an anvil pivotally

attached tQsthfe carblid@f! rec&éin®Ine of iR Spp¥sihg {d%' re§ionsiva td S aTring mhbatb Y
projecting fromthe pivotal attachnent to the staple channel, the fluid

act uat or posidrive ardifayet siapdes thromgh éheetlampet tissee;sndpl e channel to close the

gg\é:, 1’1 'bl 32/1C%ﬁ$1|% ﬁﬁlég)lr g)ﬁlera i{']éslgf rc&'}ﬁé‘é tootile %rlldle éf%cjf(?r’ to se %(r:t?\lleri'y E)Ig]e% arh%qg Ici%)sle ﬁle
end effector in response to the bi-directional fluid motion from the handle via the

elongate shaft.

19.  The surgical instrument of claim 18, wherein the fluid actuator comprises a fluid

actuator bladder.

20.  The surgical instrument of claim 18, wherein the end effector comprises a staple
channel attached to a frame of the elongate channel and an anvil pivotally attached to the
staple channel, the anvil including a lever proximally projecting from the pivotal attachment
to the staple channel, the fluid actuator positioned between the lever and the staple channel to

close the anvil.

21.  The surgical instrument of claim 18, wherein the handle is operably configured to
produce a reciprocating mechanical closure motion, the fluid reservoir selectively

compressed and expanded by the reciprocating mechanical closure motion.

22.  The surgical instrument of claim 18, further comprising control circuitry response to
the closure action by the handle to selectively produce a closure signal, the fluid reservoir

further comprising an electroactive polymer actuated bi-directional fluid pump.
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produce a reciprocating nmechanical closure notion, the fluid reservoir

sel ectively conpressed and expanded by the reciprocating nechanical closure
notion. 22. The surgical instrunent of claim 18, further conprising control
circuitry response to the closure action by the handle to selectively
produce a closure signal, the fluid reservoir further conprising an

el ect r ddet i Ve speiophiastragpenta¢@apmiingdi rectional fluid punp. -21 23. A surgical
i nstrunen I.Siiha; I r cont.iqured to produce closure
actuati on;ghalgdz%éé%gtggn@%%??%aﬁ?g%%ec@%%e Cﬁeﬁftlﬁghdl e; first and second

ti ssue comi elohgargshatinditachedoiothé Adridye;engaged to each other and distally
projectin the el ongate shaft; and a fluid actuat chani sm

fro . d closure
Conpri i nfrst a0 1a5PRe HEse ApACRE P BbETB BRI oheReeHtp erchepifierBd Rl ssue
contacting g@@ﬁ%]fr @ tihd Mbﬂ%ﬁ? L tngommuni cating with the fluid actuator
gate a?t, ui

and the elo and d reservoir responsive to the closure
act uat i onaflyid detuataindoeire meelenésm cammprysimnd  bi-directionally transfer fluid

across the flui.d conduit with the flw d actuator. 24. The surgical
sty unent gt aFoBeouglRe e be frstend SHang sk dorreS SoE me e et i ng
nmenbers conmpyfsg cEuthlid d&%xﬁhxﬁ@:ﬁﬁrg with thE TR Mt 162dnd tH§ElroH§§tBTshaﬁ{, afflai m 23,

wherein the first and second tissue contacting menbers conprise grasping
jaws. 26. Thdlgdresenair responsivertmtheslosutesicmafian bytier lindlet theselettiwly andsue

contacting nmenpeg. i.ncl.udes l.ever extendi. roximally.fromthe pivotal
engagenent Wit 1-§1ﬁe§t1gg%l§rntaar{sﬁa§ gﬁ‘éfa%%ﬁttgecﬂ}“ﬂgoﬁg%g}t ,th%/ﬂ'éldé’%"ﬁ At e shaft
including a lever cavity receiving the lever, the fluid actuator positioned

in the |lever cavity. ) ) ) )
24.  The surgical instrument of claim 23, wherein the first and second tissue contacting

members comprise cutting blades.

25.  The surgical instrument of claim 23, wherein the first and second tissue contacting

members comprise grasping jaws.

26.  The surgical instrument of claim 23, wherein the first tissue contacting member
includes a lever extending proximally from the pivotal engagement with the second tissue
contacting members, the elongate shaft including a lever cavity receiving the lever, the fluid

actuator positioned in the lever cavity.
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