SURG CAL STAPLI NG APPARATUS HAVI NG SELF- CONTAI NED PNEUMVATI C SYSTEM FOR
COVMPLETI NG MANUALLY | NI TI. ATED MOTI ON SEQUENCE Thi s invention;zq% t 2<%o
~«surgical stapling-apparatus, and nore particularly to surgic \ 352 ihg -
apparatus which is powered by a pneumatic system contained within the
apparatus and which perforns a sequence of 5 operations such as tissue

cl anpi ng, staple advancing, staple form ng, and/or tissue cutting. Surgical
stapling apparatus is known in which tissue is first clanped, then fastened
or i gated by means of staple-likelmstal fasteners or |igatures, and 10

~finally trinmed or cut by neans of a knife prior to being released fromthe-

apparatus. Apparatus of this general nature includes ligating and dividing
. devi ces of the SUBCICADWSTAPLINGX ARPARATUS RAVING SELX-COWTBINER ent
3,665,924 and GPNBUMATIE| SYSTEM POReCOMPLEZING? BANHALLYNINITTATED 15
devices of the type shown, foMOBIGNpSBQUENCEstafiev et al. U S Patent .

3,552,626. Because of the difficulty and expense of cleaning and

sterilizing surgical instruments between uses, there is increasing interest .

in and denmand for inThisminventihoohralakes diospusgikalabkttepling in a single
sut gi cal procedure rather than permanent and reusable. And because of the
great er conapparatusanandameref partigudariypbee surrglicels geapldng . e.
i'nstruments which are ggmered by a power . supply contained within the
i nSt runent , BRPAEREBSewhich. is pewRERdabYy 3pPREUBRLiSs sYStem soptained

instruments whjch are powered by an external power supply such gs a | arge
free. st andi NOLBYRi FhEr SBPSLEHPPe 208 WhICh BRFECTEE Po SEAESPRS Phment by a

| engt h of preSsu%e hos e_mpre uniform typically

produced By OBSFREIONS, Blichnas THEAES CISTEIRG 85 20LRe COYARFLAG hanual |y
povered I nSLEdPRAL $bymk A, © ahl/bBCEEREHAI LTk ELES! | N and denmand
o i Surgical stapling agparatus is known in which
| tissue'is'firét clamped, then:fastenéd or ligated by
-méanslofrétaﬁlé-like ﬁetal fasteners or liéatures. and
10 fiﬁaily trimmed.or cut by mé?ns of a knife pribr to being-
released from the apparatus. .Appératus of this general
nature includes ligating and dividing devices of thé type
shown; f&f exampie,'in Noiles et al. U.S. Patent 3;665,924
and Green et al. U.S. Patent 4,086,926, and anastomosis
15 devices of the Eype shown, for exampie, in Astafiev.et
al. U.S. Patent 3,552,626.
® . : Because of the difficulty and expense of cleaning
and sterilizing surgicél.in3£fuments between uses} there_
is increasing interest in and demand for instruments whidh
20 are disposable after use in a single surgical procedure
rather than permanent and feusable.. And because of
.the greater"convenience and ease of using self-pﬁwered'
instruments (i.e., instruments which aie powered by:a

power supply contained within the instrument, as opposed

;;



etofore, these two denmands have been somewhat conflicting as applied to
M gi cal stapling apparatus |ike that nentioned above. The relatively
| arge forces required to clanp tissue, to cut tissue, and especially toy
drive staple-like fasteners or [i gat-@res seened to necessi tate either a-

~rel ativel nessure gas s sych as car va pressur e
appr oxi nﬁ't)‘/’el"vgwég . ?qwed%%at”’r%%ﬁ%r% lﬂ'%? ?e‘lgﬁﬁ(:{}e$§ ®large -
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| ncr eas emolrlat uhli Fora Seawlie O ftydicd 1I prediced e@alquéﬁageag the

amount s qf materlal required to ke .e styu conse ntly -
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If a Iowspﬂ-&smwergdeunatlc systemis to: be Used it is inportant. to

ihst.r_urrent's whi ch are sel f-powered or at |east partly. self-poweréd.

utilize the 11m ! egedaRiobord,Citdibad twto W%&v@fbééﬁt séuelREE -
efficientl ¥l|fl der to vi'de an i nstrunent, w an econom cally _
accept abl?® Aieting, as; | G lieh FUNGhFRY SHRP gs%%ﬁa Ta8yen i f the

instr uneauhesmtemﬁmﬁed aboyes, s TE wekatieelyplargd, forces desirable
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. sever al tnndmnunss§apﬂea§1&ws§h§hﬁn§qsrq; Figaturesi\seened, tot apl e _ :

for”‘ng néddskitate edthe?da relatively high pressure gas supply

‘such as carbon dioxide - (vapor pressure approximately
800 p.s.i.g. at room temperature), or a relatively large
pneumatic actuator. High pressure gas is difficult to
work with in an ‘instrument de51gned to be economlcally
disposable and therefore preferably made of inexpensive
materials in a relatively light construction. On the
other hand, a large pneumatic actuator supplled with low
pressure gas 1ncreases the size and bulk of the instrument,

athereby increasing the amounts of mater1al required to
make the instrument and consequently increasing its. cost.

A large instrument may also be more difficult or even
impossible to use in certain surgical procedures. _

Another difficulty associated with low pressure
pneumatic systems is that a low pressure gas supply of '
acceptably small size can store only a limited amount of
energy. If a low pteSsure pneumatic system is to be

used, it is important to utilize the limited energy
stored in the gas supply of that 5ystem efficiently in
order to provide an 1nstrument w1th an economlcally '

. acceptable life span praor to exhaustlon of the gas
supply. Even if the 1nstrument is made so that the gas
supply can be replaced it 1s deszrable to minimize the
frequency with which thls is requlred. Eff1c1ent use of



_'because different*anmounts of force are typically required 5 to perforn1each(:§>
- function. If the pneumatic actuator i's designed to produce the | argest
force required to 'performany function, the actuator will generally be”
wast i ng consi derabl e energy during performance of..the other functions when
. less than that -amount of force is required. 10.This wll substantially
shorten the useful life of the gas gupply. Although it is desirable to
perform nost of the functions of the stapling apparatus -autonmatically using
the~Sel f - pen@rgae ShSPEytEs iébﬁ&éﬁ@DDfrdiﬂﬁicﬁlti $nabfioinstdamehebl e for
the initial function to be at least partly manual. For exanple, if the
initial fufetiperforminguseveéradi fgnctions pucheagbtissuet epampinghual ly so
that it can be performed slowy and precisely and the results I nspected and
correct ed stapbs cadwancing pretaple afidrmbhge andstisspeveunttingrti on of the
operating sequence bégins. It is an object of this invention to provide
surgi cal shepause dpffexent dmoupesfof nfopca areutypicallyunegquibnedwhich is
initiated manual |y and which is thereafter powered by an efficiently :
utili zed® I'tav psrform seach pfanskior. syIf cbhe gprewmatioi aotnator dgpar at us.
Actording to the invention there is provided surgical stapling apparatus
conpri si nflesigRRATY PERMHRR the laxgest fereerrequiredntPipesfor|m _
“including a suppl f pressurized gas within the_apparatus and a pneumatic
act uat or ?‘?%’éf‘? : c%e%?%‘éla’?gr telyogererally Recwasgtiag neans for

pnounnt | o SRETAHab1e 2RSTEF Gertad| DOThPrRabeR oRoEha SEheFh act ual or
mber ; ] | t t | ped. | | duced .not i
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cause Ofgiyhi O, AP OLublEaREPLIRS SnaFLUA! Phe! 8sGERL' RUBe! BF ERL 0N OF The

act uat or
gas supply.

Aithough it is desirable to perfdrm;most-of the
funétions_bf_thé_gtapiing quaratus;éﬁtqmati¢éliy using
the seiffpcwering-elemehts in.the'appaiatﬁs, it is also

15 desirable-foritheiinitial function to be'at.least partly
manual; For exampie, if iheiinitial_function is tissue
clamping, it is preferabiy.initiated manuaily_so ﬁhat
it can be performed slowly and precisely and the results
inapecfed and corrected if hecessary-before the automatic

20 self-powered portion of the operating sequence begins.

It is ;n object of this invention to provide |
surgical stapling agpératué-for performing a sequence of
functions which is initiated.manualiy and which is -
thereafter powered by an efficiently utilized low

25 pressure pneumatic system contéined within the épparatué.'

According.to the invention there is provided.

surgical_stapling qpparatﬁs comprisings: a mbvably mounted



er features of the invention,
b D

Its nature and various advantages w ||
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-and varlous advantages will be more apparent from the o
accompanying drawzngs and the follow1ng detailed
description of the invention.

F;gure lis a.perspectlve view cf an 111ustratxve |

embodlment of the 1nvent;on. .

Figure 2 is an exploded perspectlve view of the
apparatus of Figure 1 with a portion of the houszng
removed. - ' e S
F1gures 3-6 are exploded perepectlve v1ews of
varlous portions of the agparatus of Flgure 1.

Figures 7 and 8 are perspective views of port;ons

. of the apparatus of Figure 1 show1ng that apparatus at

25

30

35

two successive points in the normal operating cycle.

Figure 9 is an elevational sectional view of
part of the apparatus of Figure 1 showing the 1n1t1al
cond;tzon of the apparatus. '

Figure 10-13 and 16 are views similar to Figure 9
illustrating the nermal sequence of qperatlon of the

qpparatus.

Figures 14 and 15 are detailed perspective views
of portiomsof the apparatus of Figure 1 111ustrat1ng the
normal operation of those portions of the quaratus. _

Fzgure 17 is a view similar to Figure 9 showzng
how the apparatus can be menipulated to 1nterrupt the
normal operating cycle. '

sequence of operation of the apparatus.
usef ul

in



~Detailed Description of the Invention Al though the principles of the

i nvention are applicable to other types of surgical stapling instrunents
such as the thoracic-abdom nal surgical staplers shown, for exanple, in
Green et al. U S patent 3,494,533 and~Phe anastonbsis surgical staplers

shown, for exanple, in Astafiev et al. U S. patent 3,552,626, the i nvention

wi Il be fully- understpod from an explanation of ‘its | Lcation to |igating
and~di vi di ng instrUng%ggr%flghést9p@lQWOEﬁge?oPegyﬁﬁgﬁgyiPﬁ'ﬁ& 1€ et al.
U-SvfpaPGHViEWGﬁﬁ;ﬁféuﬁsdQCin&nperahlelUtS.thet&ong4tﬁaﬁn926fxﬁs cdberah
Constructi and [ Q€ seekh. i D+ Fi 18- 2.3, [ |

di vi di ng iﬁg?rﬁﬁ%%?§§$§c§§°€§ﬂgsgéﬁegﬁgFég?qu§?$§%$§n§%i5%? P ?%%c ﬁ%ﬂly;
in or around body tiEégeres idcP3asre viewd simidmrake FAawreudsd through
the t'ssuei?ﬁmgggag.ft{lﬂaﬁafﬁal sefuelics By opleatisnues tpeevered, but

the two severed e e tissue a oth cloSed off by ligatures to

prevent | o3BP¥Fa¥RBy f|uid (e.g., blood) fromthe tissue. Ligatures 12a and .

12b are typical ly neFiduyer24sisi hadisgramr gEcforseaversus displace-

| Tke 1 | gattPle Wkl dherul FhroRpTatfisll ehal PRER TR, L OTCTID

be under st advantages| afethegillugtnativevenbodimepsrat us of the type
descri bed herein, as well as other types of ~surgical stapling apparatus as

meht i oned poeyf1ed De&r%%@ﬁv‘ﬂf {86 e¥eERkEoni N Figure 1, illustrative
| igating & Mas tWo g or conponents. These are an

assenbl y 30-for-actunituo@gnfﬁnéipﬂiﬁbﬁpnégabfnghandnﬂbntdbmgap@pcedure-and
et et bR ARl SeRfEl S BpoGIARTT BtaB BB RS e Lo e
patent 4, 086c28s the thoraciceabdominal surgical staplers shown, :
for example, in Green et al. U.S. patent 3,494,533 and
the anastomosis surgical staplers shown, for example, in
. Astafiev et al. U.S. patent 3,552,626, the invention will
be fully understood from an explanation of its application
~ to ligating and dividing instruments of the type shown,
- for example, in Noiles et al. U.s; patent 3,665,924 and
' Green et al. U.S. patent 4,086,926. . = . |

I. Overall Construction and Operation _
As best seen in Figures 18-23, a ligating and
dividing instrument places two spaced ligatures l2a
and 12b, respectively, in or around body tissue 10 such
as a blood vessel and then cuts through the tissue between
the ligatures. In this way the tissue is severed, but
the two severed ends of the tissue are both closed off by
ligatures to prevent loss of body fluid (e.g., blood}
from the tissue. Ligatures 12a and 12b are typically
metal wire similar to surgical staples. The term "staple"
as used herein will therefore be understood to include
~ ligatures like ligatures 122 and 12b, and the term "surgical
stgpling apparatus" will be understood to include ligating
and dividing apparatus of the type described herein, as
well as other types of surgical stapling apparatus a
mentioned above. . . _ e



_' @ to that patent for a detailed explanation of the construction and
ation of this assenbly. only such aspects of assenbly 30 as. are .

bel i eved hel pful for a ready understandi ng of the present invention will be

referred to herein. In the case of apfraratus 20 intended to be conpletely

di scarded after use in a single surglcal procedure or after the supply of

| igatures 12 in as 1as been he r

assenbly 30 may b e? Weht ?rr’rﬁﬁm Eﬁhﬁgug; :é‘?‘]b%a or 40 t.o

pr event Iﬁgmhgngammxﬁdmgfapparatusuﬁﬂnhasewmm zonMpaNRRtS: e, W

the'di st aaf?sact daeib 1350 E0F  Sotha) T per fitad nWLyrZFSQéié’ ;

when thel-'bgﬂifei |%Ylﬂ%%g preceduseyand an Nkt or 40

'420' UO'eSaJt @E!%h L@Eé&hbl rzel pﬂéhéﬂtﬁl§23w heyabey:cs:%dmavflad;an%e p?rtlton
projecfing, transyersely.froma ra n of barre n actuat or

| ever 461:'5H§8"' o?’é% é" $e?§§ i OF, eXAMREE i al si de of

handl e @r&n tétatal EVBIS 46pahen'be4eogageasbyarﬂ@rfeﬁeg:eam:eafcamdaénand

can’ b’ R B [ that PEfedf L6778, BhEatle %9‘5’25%‘*3??31%?? ‘%‘%’rﬁﬁetshgt A
pr oxi rra|¢gns5tmmmﬁmg Mp@@r§§10820€FF§GSeaEF°m1&h e R SBYFRo t he
di stal E‘a&fg S A SK %o%éasbénaeﬁ&e@a helpfnd esaxdaé or 40 either

nt a@xﬁé _

per mane or renov | bed abo e rt ba.r 32 is fixed
. rel at i vereABYNLAEST ekt ERBSPIPERY ﬁg‘tq?ﬁﬂ ly 30 as

~ viewed ireférred® to Keweint bnn ﬁﬂeteasenolfeapplaﬁalmsjlzu ailmamam t he .
SCbport T beRonpletely digchraficaste kel WA WagrE irafll 0
act uat orprdcedutre oxnafterrthe suppiyl 9f301ggumst d@ dmn Ageemblya3032 for
reci progglg Pud@ e ANStsde THPEREVePkomes first, assembly 30
may be permanently mounted in the distal end of actuator 40
to prevent reloading and reuse of an instrument designed
to be disposable. Alternat:.vely, assembly 30 may be made -
as a cartridge removably mounted in the distal end of
actuator 40 if actuator 40 is designed to be reloaded
when the supply of ligatures in aSsembly 30 is exhausted.
Actuator 40 J.ncludes a longltud:mal barrel
portion 42 with a cyl:.ndr:.cal handle port:Lon 44 proj ecting
transversely from a central portion of barrel 42. An :
actuator lever 46 also projects transversely from barrel 42
on the distal side of handle 44 so that lever 46 can be °
engaged by the fingers of the hand holding handle 44.
Lever 46 is pivotally mounted in barrel 42 so that J.t can
be pivoted toward or away from handle 44,
Assembly 30 includes a proximally exten‘ding
~ support bar 32 (Figure 2) which extends into the distal
end of actuator 40 for attaching assembly 30 to actuator 40
either permanently or removably as described above.
Support bar 32 is fixed relative to actuator 40 and
extends along the bottom of assembly 30 as viewed in .
~ Figure 1. Support bar 32 terminates at the: distal end of
the apparatus in anvil assembly 32a. Because anvil
assembly 32a is part of support bar 32, anvil assembly 32a



,_'Assenbly 30 is actual Ly operat ed by two actuator 5 menbers conprised by . -3}/
- first _and second bars 50 and 60 (Figure 2) which extend into the proxi fral
end of assenbl .y 30 and engage el emegts in that assenbly as described in

more detai|l below._In response to distal rmtlon of:.‘the first actuator bar

50, all ofimcaksmifixed selativeakolectuaberi40ar The memainders of stal Ly

al ong suppédentsity 3 li%t I:douhl&edt bASHEpPOrt Obke 32 (s krauiprdionrded i s
cl anped bet Ween ?gle d| end of Lhe outer housing 34 of assenbly 30.and
@HP8°E§)

an  assdlBFP® % phereafter, housing 34 remains .
stationary rel ati ve\ssenﬂ:lppalot J.baacﬁﬁalliyacplefa:téd\a:y vt alctuattioon of

9 he
?gtsggtc?fvgﬂ%“&% aflécbz&% gée%r&’gr %i§§% %‘éal %g?omrggnéiigg?glnbl) yt gZa The
ends of | |(jaim 21)2avlumx mepdsénapothg prmaloewucgﬁ;rwem 8) and
the 1igat U:‘,t? “erl'e‘iﬂé ZQhS{:UﬁQQ | 5 gd A1 fetP U

cooperation o the I'sta | i gature pushers 36a and 36b and the

opposi te [REe satail mq"’-asMP-?PQEEe tPgaistal grotipn ek dhe i s now

conpl ete aﬂﬁcﬁ Sédud’&&* %rOfSOQCEMt et Eaéeﬁﬁlﬁwsctﬂéﬁ‘ I 4¥art he
abdbve-d acrl bed .di.st al tion.of thgef?ﬁiiﬁgﬂ act uat or bthar 50,..1 he second

act uat ROF L hay apsdakes, *a ﬁzdl noti on of
act uat or hmt'.n"D tHeotsi ssuandletp bet llagateﬂaanﬁOdbegim i cianped stal |y

refative t or 6Q+.L.S , 19) in
assenbl y {@eact as%@‘lken?gggctgagt Oﬁegg\hﬁgué'ﬁ?%g % %ﬂéﬁﬁps
novi ng, ac3@aand anwils@saserblyr 3Red (ege Bigume 1) @wﬂﬁemm fe 38 very

near |lgat1§‘6héi sty RS9 @u&l&&enae% rzmstivét&ers A pEt igpn of
act uator bar 6 qrces the _end qf kn

e 38 t é&e ti ssue and agai nst -
anvi | stale pprion: PﬁgaSF“BFWd}P%ﬁ IR/ ed tissue. Wien
t he tlssueltgstﬂqu:ms i3 andadébdi{Fidade m)M(resparctﬁ&Wnd 60 both

;ﬁ;raet Pr Qb didd yng'rﬂ&esetlrz%“a%dkibi;et%@aré 28041 Ca DUSRSYyY 3R and 36b,
The ends of ligatures l2a and 12b pass around tissue 10,
(Figures 7 and 8) and the ligatures are then crimped or
- 20 crushed against the tissue by cooperation of the distal
ends of ligature pushers 36a and 36b and the opposite °
portions of ‘anvil assembly 32a. L;gatlng of the tissue _
is ‘now complete and distal motion of actuator bar 50 stops.
S During the above-described distal motzon of the
25 first actuator bar 50, the second actuator ‘bar 60 also
moves distally with bar 50. Wwhen the dlstal_motlon“of N
actuator bar 50 stops, however;:actuator bar 60 begins to
.move distally relative to bar 50, Actuator bar 60 is
coﬁpled to knife 38 (Figure 19) in assembly 30 to act as
30 a knife actuator. When actﬁator bartSO stops moving,
actuator bar 60 has carried'the distal cutting end of

b

knife 38 very near ligated tissue 10 (see Figure 22).'
The further. dlstal motion of actuator bar 60 forces the
- end of knife 38 through the tzssue and agalnst anvil
35 assembly 32a, thereby cutting or d1v1d1ng the 11gated
tissue. :
When the tissue has thus been 1lgated and d1v1ded.
actuator bars 50 and 60 both retract proxlmally.
This retracts knife 38, . llgature pushers 36a and 36b, and



- -act uat or

susi ng 34, thereby releasing the ligated and divided tissue fromthe
agparatus. The distal ends of ligature pushers 36a and 36b fall back behind
e next two liga- tures 12c and 12d jéﬂ gures 22 and 23) in assenbly 30 and
the apparatus is then ready to begin another cycle of operation. Al of the
above-descri bed functions of the apparatus are initiated by operation of}
| ever 46, i.e., by pivoting or squeezing lever 46 toward handle 44 as wil|
now be gqm%s'imi 3@;'rmiﬁéhyad-é1ea¢1n@etnelmgsueat andt ddwidedshown in G
Figure 3,_1ihe outer she a r WO ‘maj or
portions: tispye, T) ?cﬁPQﬂFéﬁﬁ% g% §i%§5@ 8685 fngge Jportions are
_aligned rmishéxe 36a oamia;iﬁbhﬁallbybatnkebehl-ndnghpe§§824§wé?né-llﬁ'es 22a in
“the two r§§¥E§: t S gﬁ@r e t t har v onal
means such as a e§?§£ 1%?|(F n§§e%? 3 299 ﬂﬁ aEgggggyggg %ﬁk%etall

whi ¢
bel ow supEs tappaxakus cis %’év@?iquOFﬂePeE}EnéﬂP £R FN& atus, is
nmount ed - idpdra€iohousi ng portlon 22 by ‘screw 26a threaded up t hrough | ower

housi ng portion 22 J ort e g Support -
member 90 is al so d?%e %ﬁﬁr3€%€§+héa gvﬁ%§§°§§ %&eﬁgéq ng on other
shoul der sapigdratus raxe cnmtiwtadrigypoperom.oandfl deweros4bet di.®sd in the *
apparat u §Eﬂﬁf E@Q | 86t ottiEQUH wepgh ing portion

22 into ?Fg 9 S% é?fﬁ% éguggo?? ﬁ%ﬁbe?ng% Thegﬁiad of screw
~ 26a and t‘ﬁ'eljaetyﬁ’(ﬁelﬁ erynmrarée 8#4ul |y covered by cover plate 28°
-which fits innto a correspondlng aperture in | ower housing portion 22 (see

~al so Fi gure. 9)betdsi YedtCoristrwetien | ever 46 directly controls the first
portion of the distal notion of actuator bars 50 and 60. Thereafter, the

‘appar-at us becones cﬁswthﬂwﬁyzneiigmmeeBedthadouherrsheiider'hbuﬁheunlstal
motion Of%%éﬁ%ﬂoxbaéé Y @%g% 68 | Sw@ e 8% yBéSrﬁ:.BﬂEUma%' Gowerl emin

return st 'S power e
portion 22 and an upper portlon 24.  These port;ons are

‘aligned relative to one another by 1nterf1tt1ng pegs 24a
and holes 22a in the two respective portions, and are .
held together by any conventlonal means such as adhes1ve._
Support member 90, wh;ch as described 1n detail below
supports lever 46 and several other elements in the -
__apparatus,.ls mounted in lower houslng port;on 22 by
screw 26a threaded up through lower houszng portlon 22
_ into the support member (see also Figure 9). Support
member 90 is also supported 1n lower housing portlon 22
by bearzng on other shoulders 22b in the lower housing
port;on, and is also retained in the apparatus by U-shaped
key 26b which projects through lower housing portion 22 |
" ‘into'slots 98 in the distal end of support member 90.
The head of screw 26a and the base of U-shaped key 26b
are normally covered by cover plate 28 vhich fits into a
corresponding aperture in lower houszng port;on 22 (see
also Figure 9). '
' As mentioned above, lever 46 dlrectly controls
the first portion of the distal motion of actuator bars 50
and 60. Thereafter, the apparatus becomes completely
self-powered and the remainder of the distal motion of
actuator bars'so'and'so'is powered by a pneumatic'system
in actuator 40. The return stroke is powered by return -
- springs also located in actuator 40.
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springs also |located i.n actuator 40. -9+ Figure 2 shows the interior of(iié)
actuator 40. Lever 46 is pivotally nmounted on support nenber 90 by neans o '
pivotal axis 70. The upper end of |ever 46 (above_.axis 70 as viewed in
Fi.gure 2) is connected to yoke 80 (see-a+so Figure’5) which extends up _

~ tthrough support nmenber 90 to nornally contact transverse sur- faces 102 on
. saddl e 100 (see al so Flgure 6). |If desired, a light spring (not shown) may
be provided to oper afdoiiFe & &hows (thednkRTiPH QS aF 8‘4"&9@ 4Qgai nst

g?d;d*he ﬁOO LeS%idltAﬁ 11%0 19:|dﬁé!1f1t tn@ixdﬁédagdwaé tch@lf. éhiber P90 BY :1 (tFI guLe
ich passes el.ongat ed, s in actu ctuator bar
60 i's mountF P r]Elr toé"tTJT %0. Ln’rfbtqaﬁ?"? eef%é bf%vﬁgt% tor bar 50 .
as i s necedsbove @axdls G0 astwaiemed)am atigurejrzwa&mdmestedlrmgh the -
: _|Igatedtliﬁ#.% fol Ylgel’ (o] di st al

di rection dgglt r?egg taL'1'%1;0 F‘%ﬁ?% connect I on 2 not shown‘)s y be-
provi ded béﬂﬂkﬁHﬂHEF@@ES @9 soramad 1a0 cantas #ﬁ$¥§n$¥9¥ﬁ%1ﬁmﬁttuator bar

60 in its riaEesPn®? BN sAEAlle QD0 stld \@ o Fiuwd ) bar1 H0dedieed] st al
end of- elongaﬁgﬁ.aperture 62 _.co per tes with pin %gg to nove_actuator bar
60%di st al | W mex Re f PRt Rt or bar

50.. Ther eafllewer Gléortgalned'maaé.tyt massm llererEgeinst saddle tHO®e driven

further for, & §lodt ijke %ﬂﬁ?t ctuat or bar
50° Duri ngéﬁy&i u?nlstrctg %}Eégtc%alt:&g'% d/*S 56! %%ﬂn‘g%%d of =

el ongat ed Aﬁmpeﬁezw@é@pepmsmﬁwomgh mnqa%%s%l%t%tm bar 60 to
return w t ctiatdrobakasol0. Actuator bars 50 and 60 are ‘supported near

ot ot Cend por 1 on bR HALOREN Y Heitad Rk Bimlead 1ESBRE T oy

‘near. its poali meition relatlve to. actuatox bar S0 as is necessary to :
allow actuator bar 60 to drive knife 38 through the.
llgated tlssue after actuator bar 50 has stopped moving
in the dlstal dlrectlon._ If desired, a light spring

- connection (not shown) may be provided between actuator
bars 50 and 60 to nofmally maintain actuator bar 60 in
_its_mpstlproximal'positien relative to actnator bar 50.

~ The distal end of elongated aperture 62 cooperates with -
pin 104 to move actuator bar 60 distally with actuator
bar 50 during the forward stroke of actuator bar 50.
Thereafter, elongated aperture 62 allows actﬁator bar 60
to be driven further forward relative to actuator bar 50
without disturbing actuator bar 50. During the return
stroke of actuator bar 50, the proximal end of elongated

_ aperture 62 ceoperates with pin 104 to cause actuator
bar 60 to return with actuator bar 50.

~ Actuator bars 50 and 60 are supported near
thelr distal ends by pass1ng through slot 92a (Figure 5) -
in the upstanding distal end portlon 92 of support -

. member 90. Actuator bar 50 is supported near its proximal -
end. by pin 106 (Figure 6), which at its upper end passes '
through elongated aperture 64 in actuator bar 60 and into
actuator bar 50, and which at its lower end is the forward-
most connecting pin of the four bar linkage 200 (Figure 2)
which forms part of the mechanical linkage between the

7]



by pin 106 (Figure 6), which at its upper end passes through el ongated
aperture 64 in actuator bar 60 and into actuator bar 50, and which at its
| ovier end is the forward- nobst connecting pin of the four bar |inkage 200
(Figure 2) which forms part of the mechanical |inkage between the _10-
pneumati ¢ system and the actuator barqoésee al so Fi‘gure 19). Pin 106 not
only supports the proxi mal end of actuator bar 50, but al so provides the

connect | phedfatLE NS b%mbandandef actuator bawyq sHd).alde lpiguj:eal%nd of~

act uat or_bar (1S su u \ EI ongate‘d"
apert ur &€ B2 *Qgs g§§8 ?)‘Feiéf iﬁf%xa‘g%;}er%{ °fa$‘g'£‘§| n in the
same vvaybahasoaphutuakséZprovpdest thenicomneiatizoy betsiesn othb‘hrban is :
bi ased on | R%Eﬁls e 3) which
extends vveen t %itu%?ur nécél %rag maﬁ?k ?c%&u%%ﬁggé%fand t he .

di st al .m by swpBephsd: fremactyetorsham$0 Ry i5addiote@d by pin 112
(Figure éioﬁ@aeédpaiséeeui:ar 6840list Bemdgare oo faputftiuite 16D . amin 112 is

attached to. actyuator., 383 o ti:a%nom mal __en QFand | sI | bl y
suppor t €BPREF 223 ¥t aPlgn y B ‘ﬂ& IR gure 5) in
support woperabestwbﬁhgﬁlnTme4prOX| mal b| as of act uat or- bar 50 provi ded by

return spring 110 e Oeche o_and
tends to nornall %éeﬁogﬁﬁgvgra}: gb \F" \?'vlgsse!\éa3&\?::jé #a&ua# The
nor mal retenpeei net‘ernl springclly émgﬁéd Ql‘brﬂ’ﬁ’é@n@ | ever surface

T S s ot o e s
menber QG‘EgyﬂP?l ?-%RE; BRYtiED; Bg Pga %P‘%om?é&q % Sgae 5)
whi ch i sigosupportedsbpppin lmnbﬂ':.met sr)ewm.clPlpasseé It:hnbughert ure 94,

cam ol | T cAkEod 20r (EpRERE Thol® BINNS 4¥ MMMafA Escloegiebr 0

support
bar 50 near its proximal end 52 and is slidably supported

near ;ts distal end by passing through aperture 92b
(Figure 5) in support member portion 92. The proximal
bias of actuator bar 50'provided by return spring 110 is
coupled to lever 46 by saddle 100 and yoke 80 and tends
to normally pivot lever 46 clockwise as viewed in Figure 2.
The normal rest position of lever 46 is established by
contact of lever surface 116 (Flgure 9) thh surface 118
on the actuator housing.
Near the proximal end of Support menber 90,
four bar 11nkage 200 is connected to support member 90 by
the lower end of 1ts rearmost connectzng pin 202 (Flgure 5)
which is mounted in suppert member aperture 94. Proxlmally
of aperture 94, cam follower pin 120 (Figure 5) is mounted
- for vertical rec1procat10n in support member aperture 96.
Cam follower pin 120 is normally blased ‘upward by compres-
sion coil spring 130 (Flgure 5) between shoulder 122 on
'pin 120 and the upper surface of support member 90. In
_ the initial position of actuator bars 50 and 60 as shown,
' for example, in Fzgure 9, the uppermost portion 124 of
cam follower pin 120 projects through the distal end .
portlon of elongated cam slot 66 (Figure 6) in actuator
bar 60 and into the distal end portion of elongated
slot 54 in actuator bar 50. The upward motion of cam



Cantfol lower pin 120 is normally biased upward by conpres- sion coi I pr| n@
130 (Figure 5) between shoul der 122 on pin 120 and the upper surface

suppor:t” nmenber, 90. * In the initial ition of actuator bars 50 and 6

shown, for_ exanple, ,in_Fi gure 9, tﬁe per rmst port| 124 of camfoll ovver

pin 120 pEOLIOWET RIBJRY He ek S5 H6n SRRSF SHFERAGR 66
(Figure 6pfi %mllﬁétzoﬂ.zlzahﬁ;@z b ket Maﬁeabfe%ﬁ%ﬁﬂdzolbﬁf éy.ongat ed
slot™54 in ac#tor bar 59’&'Th upwar d m)tl n.of cam foIIovverqp 120 S

st opfed bFiBodLL-Pagsesnd Igﬁeﬁnpzfl\ﬁ HoWaTe
surface OfI.ZGCbEaH:QAé pinh ®aris &ﬂ%&d&@g@ﬁﬁﬂ&uqum@wmwwf 90 and

the | ower en f the pi.n bears on orti 142 (Fiqure 4) of 5
menber 2485 5 g’ 58)% B)ra0 “%&‘ﬂ':ﬁ"g ‘%15 o
(Figure 2)actfua&a>i- mpl(rlwe W)eﬁbfplgasl%&pp&ydammsmxﬁ@:dem Hed bel ow,

It depressges uppl actu 2 and ,causes rel atlvel W pressure gas -
to be di sa ﬁﬁﬁ?’%@g °§"gd‘§ %J? pgﬁ’eumat ic B

act uat or h&&uwl:amd.ﬁdumdl%us&semti :umt e‘siﬁuqutgasjdmﬂdee power
for drivi n 0t f.orward stroke.
Ac®or di ng?%FP%ﬁﬁ.%FSFF%eP rﬁ’ gl?% &rcﬁ‘g‘ "ﬁ'%?'ﬁg IR? responsi bl e
for cohOr pheumgtilice agrtmankaxi d.G@yynemqqmdmd: A5dar atPneunEtic act- As

best |

odnt o | Bk, HE07proAls’ Ll bopkaf cor) kv Reeditds Bar¥ G O]

handl e 44ansl éocm@mhwmsr ogz@@xgﬁmymmhe-tsm@qglmto t he

bot t om of 4 Byr%&-“glaorltz'oo'lsz%heﬂé& ;J ;JaE. H’Z rféil@ﬁé’ 150 -
| ess

during operatlon ratus ts.typlca

(14.06 ki FEG‘FS&°@#F°1|B-F-9FJe ;mielwaf#écr @a@éterrram mtapmrﬁféla- . to about -
100-p.®5i.9. (2.11 toas PRdE lseend imMR erg%ty hagenge

LLS”L3F?§hp23n§xieagﬁecé§s%be§%as§%aﬁa@cas%9 35 Sﬂcy&ﬁ@s @na%i’ X fHASenat od

hydrocar b4os wWgaghsapply 150 is held in place in handle 44 by a =
- clbsure'member 22c (Figure 3) which fits securely into the

~ bottom of lcwer'houSing'portibn 22. The pressure of the

20 gas supply 150 during operation of the apparatus is typlcally
less than 200 p.s.i.g. (14.06 kilo/sq cm), preferably in
the range from about 30 p.s.i.g. to about 100 p,s.l.g.
(2.11 to 7.03 kilo/sq cm), and most preferably in the range
from about 40 p.s.i.g. to about 80 p.s.i.g. (2.8l to 5.62

25 kllo/sq cm). Any sultable non-toxic gas can be used.
Sultable gases 1nclude halogenated hydrocarbons which are .
gaseous at room temperature, e.g., fluorinated hydrocarbons
such as Freon 12 or chlorinated hydrocarbons such as Freon
1522 (Freon is a Registered Trademark). GaS-supply 150

30 has an aeroéal—type valve (not shown) for releasing gas
from ﬁhe container when hollow stem 156 on the top of the
container is depressed. Actuator 152 is normally held off
the upper end of stem 156 as shown in Figure 9 by .compress-

. ion coil spring 158 between actuator 152 and the top of

35 container 150. Accordingly,conduit 154 and pneumatic actuator
160 are normally vented to the atmosphe:e via the annular | _
passage between actuator 152 and stem 156. When actuator 152

!

is depressed by cam follower pin 120 as described below



ous at roomtenperature, e.g., fluorinated hydrocarbons such as Freon
r chlorinated hydrocarbons such as Freon 152A (Freon is a Registered
emark) . Gas supply 150 30 has an -aerosal -type val ve (not shown) for
ref easing gas fromthe container when hol | ow stem 156 on the top of the.
container is depressed Actuator 157123 nor mal |y hel d off the upper end’ of

stem 156 as shown in. g%re 9 by conpress- ion co‘b ﬁ#‘ Tgsl betvveen
act uat oactsaten 152 figshsemls dhe i RRsSags anaund f 5 y, . con Gt 154 agg

pneumat iy, e (dépy: x‘HssJeﬁ.sO B SeEnatd \dispense t gas hEromnoephaiseyi 350he

annul ar passafgﬁbet \/foamact uator 152 and stem 156. Wen actuator 152 is-
depress 7% pin 120 as described bel ow actuator 152 fi rst
seal's the passagem(hestssw]:ﬁs thn‘ld@@@egseﬁnﬂ%@ay-ém to di spense

-gas from “(Cpsﬁfs fézbei 593& in Eheures 4 and 9,
pneumnat |%°%§1§Lt%£ 01(% onprises cy @;ﬂ; 162 osed i?. te %rfom mal end
of act ummlreﬁndlzbf'ﬁ%t‘ﬁ‘%ﬁﬁ' 2-cy ﬁ F O¥89e¢s P osed except .
for the% Nifddsd AB2 LS BAbEdd ]éﬂce ﬁefdrsthe eoﬂnet:tmptu kder 162 is open.
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| Pi-st on | S, rmuntedlncjl o] 0 t aral |l el toth-
1 ongi t udiaRAI i S% - (TRe c‘i’r?ﬂgg % #ﬁ%gﬁagi iggu%t P@aﬁoy sealed to ¥
cyl i nderpilgbrbyl 2 mrmmemum@]:mdendléx‘} t'ms prsiB¥ocAd i s al so best
seen |n Fi 1 d t t esldmd@eraf - piston
170, | Vet pakdlieh td e ﬁgn%%%?afﬁ“?oﬁ"%? i i arﬁs 184
extendl Riston A79 is memaﬁh%%i-l!‘h%eP adr TQUFY &Q f§6\ﬁ%’12 3’8& -
cooper al@Spifhd "séé’yrlﬁrcétfféaebioﬁhél:pﬂsten& i the manner . of a wedge or

bars 50 and 60 wi (AR i ya1E0 (ReRES=eR HHRagheeE Wbl Nl vckeddr BT
to nmatchig heodmted owathebdistabnside pficpiaton dFO0uat Fokeo 18Q force -
require é:lsural Py rié’é'sagféééﬁespi’étﬁﬁelfﬁr %ﬁdt%r gpaceld HimsaABy at us.
extendihg distally from the base. The inner surface 186
of yoke 180 cooperates w1th fbﬁr bar_linkage_zoo'(Figure 5)
in the manner of a wedge or cam surface to transmit the
power of pneumatlc actuator 160 to actuator bars 50
and 60 with varying degrees of mechanical advantage as is
réquired to match the force available from the pneumatic'
actuator to the force requlred durlng varlous portions of
the forward ‘stroke ‘of the apparatus. o
The shape of the operative surface 186 of
yoke 180 is best seen 1n Flgures like Flgure i8. Immedl-'
ately.adjacent the extreme dlstal ends 186a of arms 184
are first synclinaldsurface-portibns'186b.- These surface
portions are inclined toward one another in the proximal
direction and form relatively large, equal and opposite,
acute angles with the longitudinal axis of the apparatus.
Adjacent surface portions 186b in the proximal direction
‘are second syncllnal surface portzons 186c. These surface -
portlons are also inclined toward one another in the
proxlmal d1rect10n, but form somewhat smaller, equal and
opposite, acute angles with the longitudinal axis of the
apparatus. Adjacent surface portions 186c in the proximal
direction arefsubstantially parallel surface portions 1864d.
The final portion of operative surface 186 is surface



. . 1 . .
The shape of the operative surface 186 of yoke 180 is best seen in Fi gur
like Figure 18. Immedi - ately adjacent the.extrene distdl ends 186a of arwa

184 afe first synclinal surface portions 186b. These surface portions are o

inclined toward one another in the proximal direction and formrelatively

| arge, equal and opposite, acute angles with the lsongitudinal axis of the
apparatus. Adjacent surface port+oh3 £86b in the proximl direction are
second synclinal -surface portions 186¢c.. These surface portions are al so

i &4 ned tpoatﬂonnb86eowhi;chi kst Aubptentiallyi perpendicuilarf bonthenewhat
smal | er, o] o Lt Qe t nghgayls of the
_ apparatus gﬁ?aﬁ@ﬁ%ﬁggr S E%r#?%ngagégétﬁ% Fﬁeggﬁoggghﬁmgirgétléﬁ are
substantla?ﬂ?fQG?appﬁtIQBSfé €dportions 186d. The final portion of
operative surface 1@&:é8199r£ﬁaeﬁlstoﬁ?>nopafé' ABrhafe ﬂa%sgeas

substantial ly, perpendlcular to | ongi tudi_nal _axis o e apparatus at
the prox? ndgathgtqth §UP¥9§ém§$r?P@n?f193&1n¢8Re1§aoa§n§hEW§toﬁ°¥70 are

normal |y bips@die, aﬂﬁ'FiéquGQPBQXbBﬁbréggleﬁ &Milnﬂﬁétéﬁzrétuihpmﬂ for
exanple, in Flgure Y%Bgo npression coil piston return _spring 190 which

ext ends bePREIRTYLRE naxFﬂedﬁrbﬁFwaﬁnsnPkacéaef apdethst arﬁaamald 52 of

act uat or béﬁrﬁgceFbﬁtﬁﬁer&bﬁﬁﬁnéareﬁa 3200£|H@tﬁa&é@rbérSBbStant'a'|y | ess
10 force than main return sgrln 110_so that it does not QviﬁgoEg t he
e

prioxi mal bPRStER LRERERFPEARISHIQ B1YBY S eXRY LS SUbskantia #8nt to be

descri hrol féréQUEhQﬁTmAiﬂkﬁéﬁuﬁﬁos ¥ hlie santhaaeﬂtaaaés -peeperates with
15 yoke 180 to ﬁh%he force pﬁoduce aé{v_ﬁneurra tuator 160 to
't

actuat or b3Ye%® PEOXEMAL chiae 9 Aty ePars hGHﬁ Por exanpl e,
in Figure éﬁriﬁgflbat Ilnkage 200 has two proximal |inks 204a and 204b of

equal | engt plvotaTLZ E gmggtogg %20 hggrgggdtgssggggr£ menber

linkage 200, which as mentioned above cooperates with

15 yoke 180 to apply the force produced by pneumatlc actuator
160 to actuator bar 50 with varylng mechanical advantage.
As shown, for example, in Figure 5, four bar linkage 200
" has two proximal links 204a and 204b of equal length
_ pivotally connected to one anbther and to support member
20 90 by pin 202. Linkage 200 also has two distal links
' 206a and 206b of equal length pivotally connected to one
another and to actuator bar 50 by pin 106. Links 204a
and 206a are pivotally connected to one another by pin 208a,
and links 204b and 206b are similarly connected to one |
25 another by pin 108b. As shown} for example in Figures 2
and 18, four bar linkage 200 is located distally of yoke
e 180 so that yoke 180 can operate on the proximalflegs
' of linkage 200 adjacent pins 208a and 208b as described
in more detail below. The four bar linkage 200 can be
30 considered as comprising two pairs of first and second

n

1link members, the pairs being on opposite sides of the -
instrument centre line with a first end of each link member
being connected tqgether.'with'the second end of the first
link member bein pivotally connected at 202 to a fixed



- Q0 by pin 202. L|nkage 200 also has two distal |inks 206a-and 206b of
' | ength pivotally connected to one another and to actuator bar 50 by

, and |inks 204b and 206b are sinilarly connected to one 25 anot her by
pin 108b. As shown, for exanple ipfFigures 2 and 18, four bar Iinkage 200
is |located distal I y of yoke 180 so that yoke 180 can operate on the

I06. Links 204a. and 206a are pivotally connected to one another by pin

pr oxi mal Iegs of - age 200 adj acent ins 208 ﬁ 9 208h as descrl bed in ~
éhﬁ; Q%ﬁ -/

nore det 9 %IW seRend, £

conpri si i viored Y 108 Ho rele %&W%&t r$onenbers the pal rs be| ng on
opposite sides of the instrunent centre line with a first end of each |ink

nmenber bdily SRR, QLEXALAM: with the second end of ‘the first link

menber bein pivot atdmwwﬁhm O Xhe u@fhs begins witht he second

-end of. he se ond nber ot e P6 to fhe actyator bar 50.
. dha ¥ ‘Eﬂ}g}"a’?‘?'gvfb?"’? a%’p%‘ﬁﬁé e

act uat or I@Jem ltdﬁeis:cmhﬂamy Stoovated ﬁwrﬂ&nm&xd:ee Uavizn 'éﬁe| s normal ly
| ocat ed avva forom handl e, dn_the, pos n_ shawn ure Act uat or bar
50 is i nBY rﬂr}é Jcﬂ‘.‘r?’&'t oré‘i#‘ba\"%r;ﬁ%’fng? e Br?)t(?rral end of
cyl i-nder ::H‘a?cnm lpnsitim'l 6Pistaih SU70 nis t againstiothe posokimal This
allows c al S on with
ort 1 on BB % SRl 3 o e ERE et e TP AP8R BECHERN 51 of 66
into | ongicamiostl paitioh. THEhis ssliowd ¢ambfollowmeedpindl20vtded is
positioned in the apparatus between anvil assenbly 32a and the distal end

of housing 34 as shown in Figures 1 and 18. A cycle of operatlon (S
~initiated by squeezing

L

L



' ' har i\ terclockwise with |ever 46 s

ward handl e -44. Yoke 80 pivots coun _ | .

;ﬁéeriﬁGCESperation with saddl e 100, imedi- ately beglrs Lo fagnfgate

actuator bar 50 in_fhe'distal_dirfcé!on;t;g%stgagfgyghsir aggenbly 1

translate housing 34 in the distal directi Chardi st ol ond oF heusi ng
initiating clanping of the tissue between g of

gze;ﬁgyah32| assegbly gga. Pins 104 and 106 (Figure 6) cooperate with the

di stial, ends assuBleoAdat mpmmmq?ﬁ?ur%g PHLR D18 ginzll?f#:{?g?&gﬁﬂem of
transl ate awﬁ&bu@?{ ‘%% @J&%e%%@s%ﬁ]g @ cAn 19t 66 stntes on

hot it or | DaloBEitYAinGls Sibe Bl | Akt Sidiue 1040 (b A gatldqOanghe top of
actuator bar ~G9-CONt- e d notjon . of :
cam o | overtimided sl pors¥konet 24 100 apduld HAIIELL IR O
cam fol | onerapshdiosdt AB4Fhe: st sod waiiouming 36ras atioms! a1 oove
gglran in the Féguresulfand @8.cam 68 as shown in Figures 7 and 1252 _Cgﬂt act S

= L - _ - |y actuat or 4
fol lower pin 120 is tRug Efé‘ X§d§§{ee§§§g{na' %S#%li@%a&;%mﬁmame 10,

d, depresses_stem 156 O gas supBry Cofitarte > o5 QM it
‘Thereby  di SESYSF b ghewerarnandleosta EOKSNB0U voR Sohurkeh AIDGSUE | ©
o dhe Appagaiie fates. Sy, PLa SOopdrarihn Miteledine 1o0.o tamediniy e
oper ati ng. YA JE7Fs 5 rarislatmcanppaterubars spr dheths aideatoned so

{ . . i hde at | east.

that the fi ;xe¢tm¢nkxyzhmsCimmbdfﬁtﬁgygﬁggﬁggLg?ﬁgg%ﬁéggﬁpabggg&gpy%gga
and hous! ng s et (ERPELR Eofera: sevid, aesenbiz.aga;c thevby A
an s 9T d : Lo am : .
DS s s g ofigohe eduete Betiodh el 46420 kng |
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“thereby  apertures 62 and 64 in actuator bar 60 to translate
- actuator bar 60 with actuator bar 50. After an initial .
segment of fbrward'motion,'the leading edge'éaa (Figure 18)
of cam surface 68 on actuator bar 60 contacts the inclined
 surface 124a (Figure 9) on the top of cam fbllower-pin 120
(see also Figure 7). Further'fBrWard motion of actuator
~ bars 50 and 60 -causes cam surface portion 68a to gradually
depress cam follower pin 120 until the top surface 124b
enters longitudinal groove 68b in the lower surface of
cam 68 as shown in Figures 7 and 10. - When cam follower _
pin 120 is thus fully depressed, gas supply actuator 152
contacts and depresses stem lsé'on gas supply container 150
as shown in Figure 10, thereby dispensing gas from the
. container through conduit 154 to pneumatic actuator
cylinder 162 behind piston 170. ' At this point the pneumatic
system of the apparatus takes over from manually operated
‘lever 46 to continue the operating cycle of the apparatus.
The apparatus is:preférébly designed so that
the first few degrees of pPivoting of lever 46 provide at -
least an initial portion of the clamping of the tissue
‘between anvil assembly 32a and housing 34'without initiat-
ing operation of the pPneumatic system. At least this
portion of the pivoting of lever 4§ is also préferably

»



onrtting the apparatus to a fuII cyblé of'dperatidn;_Lever 46 is also
rk} rably pivotable only far enough to /cause cam follower pin 120 to be
f

y depressed as shown in Figure 10 t/0 initiate the pneurmatically powered'

portlon of the operating cycle. Lever 46 is not pivotable so far that the
upper end of yoke 80 falls below the line of travel of saddle 100. Lever 46
may cone to rest against handle 44 or may be stgg S hy contact of upper

por t i ons¥eversiblever I thigdpavethep SPEraTe %0. As :;

Eggssur | ggfl ﬁ@§1ﬂ§ff‘ €Rat insei-uﬁﬁgﬂoe&umh d(-’jQ:Hé cmsstfce) W‘@é'at i< actuator
it S ri,ve,gi st on i n.the . di or rgction as -
shown i nEFa g?g gﬁﬁlgﬁa apf papup dﬁ%}s% cj’lag{?vﬂéit%% ﬁgé
d|rectloh;sshervhyheutghrhggeumpgetben@nqumat}quiysnﬂmIandm$h§x¢bME dista
end surfg c pr dﬁg%ggyghand 204b of
four bar ﬁgoghnegﬁpégggﬁ 0&% % 3h alﬁgest seen In ure 20. At
t hat p0|ﬁﬁve¥u2§hb$ ﬁéFQaPHeﬁBF?PﬂYbPIBP§F@Heiﬂ@%ﬁuﬁ%ﬁﬂ&?ﬁﬁﬁbc ses |inks
204a andcggga &8m Eb!@bwéewgiﬂ QR0 &eobee Fulllsyiddpresbad s nowWili S causes

;g;;rg?Ls R k?ﬁgf2g8 Lgogég gEﬁl the |0Qﬁk§ﬂ;6g %Eﬁ%ﬂiiﬁ%g%igﬁator baf

50, is dofvthei opébatingt ejrcﬂler.ect.lemrbﬁst Hes umﬂ]a:i\tﬁablmmdancl udi ng

yoke 18Otﬁ€ﬁ EﬂHruQQEEIEHéaQ? égﬂe BPh%aITQM331dW) gator bars 50,

and 60 iS us re pneunat i c actuatorliGO During this-
phase oftﬁévebnoﬁfsﬁﬁdlapbﬁpatu&evﬁﬁé4ﬁe&ﬁ§hﬂﬁﬂeIFQﬂERﬁ¥|¢E§%RﬁFg el enent's

- 180 an' ﬁQﬁdwufblmeayellaavlhta pped @ysﬁomwtoffu eatqsbﬁﬂbnsT h: sis
Dose Dl ReRRL e ek YRl Kol 58,13 hR0d Sk o bBl 4. ©f 2 g
oceurs during thi sApopressurizelde gase faom gontainexf ISQEbggmnsuts As .
aCtuatOrffgﬁslﬁgoaﬁﬂeﬁﬂaﬁgeth@%ﬁa&%r”ﬁ%% f&@“ﬂeﬁzdsﬂﬂo drive
piston 170 in the dlstal or forward direction as shown in
Flgures 11 and 19._ Plston 170 drives yoke 180 in.the -
same dlrectzon, thereby sllghtly compre551ng spring 190
until the extreme distal end surfaces 186a of yoke 180
contact the proxlmal llnks '204a and 204b of four bar.
linkage 200 near p1ns 208a and 208b as best seen in
Fzgure 20. At that po;nt, further forward motion of -
: plston ‘170 and yoke 180 causes links 204a and 204b to’
'~ pivot toward one anether about_fixed pin 202. This
causes four bar linkage 200 to extend along the longi-
tudinal axis of the apparatus so that pin 106, which
connects links 206a, 206b and actuator bar 50, is driven
in the distal'directidn by the mechanical linkage including
yoke 180 and four bar linkege 200. The forward motion of
actuator bars 50 and 60 is thus resumed under power of
pneumatlc actuator 160.' . : .
Dur;ng this phase of motlon of the apparatus,
the mechanical linkage including elements 180 and 200
. amplifies the motion or displaCement of ﬁiston 170. - This
is possible because relat;vely low force is required to
complete the clamplng of the tlssue and advance llgaturesa .
12a and 12b toward the tissue, as occurs ‘during this
portlon of the operatlng cycle of the apparatus. As
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foll ower surface 124b.on pin 120 foll ows | ongitudi nal cam surface 68b on d@
actuator bl ade 60. This keeps pin 120 and gas supply actuator 152 depressed
‘and thereby maintains the flow of pressurized gas from container 150 to
pneumatic actuator 160. Piston 170 and y8ke 180 therefore continue to
advance in the distal direction. As yoke 180 continues to advance and four,
- bar linkage 200 continues to extend, the nechanical advantage of t he
conbl nat.i (Bctna'l;mkebaﬁ) mldandrﬁageoﬁﬁﬂngeaﬂoambyeclfanrgaxd‘,r wamnpl i fyi ng

I afﬁ%]; ‘m B t t force
produlczg by the pneunatlic ac?uaté#%%ugtlé ??li:ﬁ?s ﬁﬁ S %a yoke’
. 180 oper atst qﬂcﬁabrmnlmmamabhmezew aghagsbeepsdpayo\l@q @!zslrm ify
- the di spl agmippily tdPtEsPELS S ee;sfééeéd Iﬁarea&er: maAeitaids surfaces

186b and erate in turn, on_four bar link ar pins 208a and
208 in a%g@p mf RERRSUCLECE A% EF0m GORERGRRE 185750 phachaid
ext ensi gn adtuator 160. | rkbgeor? Q70 MdaYOReSllbetahErelfby:gr edm‘.lﬁdll 1:{161'( e
conpared ty t on 170. Accordingly, the .
di spl acene éll JZfvpl ﬁeon 1‘1%é| S Nno géllg]g;rc n%‘t'lfled but the force produced-
by* t he pneumatic actAft¥oke sl&dreonfinnes mpadvanqeagndpyfbmma: act uat. or
bar 50 thﬂﬁ%&&?d@%&i&ﬁﬂeé'wa&ﬁtﬂp énﬁe&.‘ﬁﬁﬁléﬁﬁ ﬁﬁgaﬁﬁ:'ﬂg ar
us a a

Ilnkage 200 he ingrease, I n rce to actuator r

coi nci des W 4% I@“ﬁ?ﬂ%‘s‘é‘ |‘?1€f¥5-?15% l%uﬁe‘édl%ﬁkém-"rrs 08, grrdw@liliYyat ur es

12a and lZhaygesEron agplitting sthe d:[)spbaéemaﬁt bhepheaﬁuta.c\/\hen

contacts SRATAE SRy RESP Fhutiarhis e tbrdd prodieia BT o,

~ Accor di nglthe paeumsatic iactraton. | dﬂyu initially theeendsdlﬁﬁahofmrt her
forward. myloxen 18 Wé&%ow d %hfoggr%&d 208b] gg of actuator

0. continues to be depressed and

bar 50th efor st Ops
pressuri z 5&5935@0 T AmRliftethe ﬁmﬁmﬁnﬁfl thecposumaticy.
The f or waagttuattioon OWQHO S RIE S@Pfaseesigéb and 186c

operate in turn on four bar linkage 200 near pins 208a
and 208b in a wedge-like manner as 111ustrated by Figure 21
to continue the extension of four bar llnkage 200, but at
-a substantially reduced rate compared. to the rate of =
displacement of piston 170. Accordingly, the d;splacement
of plston 170 is no longer amplified, but the force '
produced by the pneumatic actuator is considerably ampllfled
as applied to actuator bar 50 through the mechanical
linkage comprising yoke 180 and four bar - -linkage 200.
The increase in force thus applied to actuator bar 50
coincides with the increase in force required to crimp or
crush ligatures 12a and 12b around and against t;ssue 10
.. to ligate the tissue.
' When ligatures l2a and 12b have been fully
formed, four bar linkage 200 contacts parallel surfaces 1864
.of yoke 180 as best seen in Figure 22. Accordingly, four
bar linkage no longer continues to extend;ﬁith further
forward motion -of piston 170 and yoke 180. The forward
motion of actuator bar S0 therefore stops. Canm follower
- pin 120: continues to be depressed. and pressurized gas '
accordzngly continues to flow to. pneumatic actuator 160.
. The fbrward motion of piston 170 therefore contlnues.
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t he proximal end of yoke 180 contacts the proxi mal end of actuator bar

Actuator bar 60 is thus directly coupled to pneumatic actuator 160.
Further forward notion of piston 170 th&efore drives actuator bar 60
forward relative to actuator bar 50 and causes it to advance knife 38
'through the ligated tissue as shown in Figure 23. Actuator bar 60 can nove
forward rkfeer e furmnaslmrbemoﬁﬁonmfhpssﬁannéVObeta&s&r@nSeﬂ%t ed ~

- aperturesg G@Effaf ﬁ% ”ﬁ&%opi’@ﬁuﬁgl %ﬁ& b¢! gbkenibbpcbﬁtem% act uat or™

-'bar 60 an durin ortiops of theforward
stroke ofthe\Prgpimalt an SO%e%?tB%Eﬂr ar; égres gtuasox,par3 60ads gyr par

l'i nkage ?&ﬁx@(}l&ﬁ&ﬁl Q&f&xd %led ﬁ':lqsrﬁeﬁxﬁﬁﬁxccar&tfxatbﬂrvv&sosurTF«mttﬂ:hla&ile:c ts _

nearin r o en C. O u re ef

t he fu?t %ﬁ%%@m.%ﬁ é\%’?mg %gfeggrﬁeéﬁb&éa ?8%8%%’%51 knife 38 to .

di vi-de t lmaz |ml®mmg:elwbzivab‘b&eactuatbnl bawebOsanfdacausesh iits rel eased

from the g EF fﬁ ORGSR PRE §4 aeea ‘Eigsﬂﬁcﬁsdlsw pops up so
i on 34 -of t @%

that the upper por &ro | e t he proxi mal portion
of cam slit Baure &3 uatdFtrkorPas &P oGAR; ’H°Y-Pgﬁ?€"§§d( §Gé-aé:llé’@ Figure ~°

23).  Thito r&-QRHEsT e SSOPLY ﬂ@is'%ﬁﬁnéﬁzbeahﬁéé bife efllbfyateddr essuri zed
gas from cont ai neros'lg's c‘g% vents éhuator 160 to the atnosphere
vi a condfiR® HARd 618 ?)‘é ’é% %r actuator 152 and the top of
cont ai ner stem 1S6. Tﬁnselmtiomh:spthetweenractuatbr bart 66 amdar at us. _
OUrL 0O ¢ el HYEI St 57 o | MG AAGOLRL UBar DAL aBRRIGRE! W sy 10 110 and
- piston return spring are gra resseﬂ 8,neumat|c actuator -
160 i s veﬁqwraﬁ sleeke 1R the apParates ;stbsﬁtsﬁesnglm 1gugess &0 push
yoke 180 mnchnd SN . Id fowek bértirﬁ;Eégélzob dbﬁﬁﬁétenyokeds&&u ng 110

S iarl Vebedl Nl RSl ASTHGNE BakRacd 158 °0sPaSkrhlgl R U rection

proximal end 68c¢c- of cam surface 68b (Flgures 8 and 12)
After the further forward motion of actuator bar 60
_required to cause knife 38 to divide the tissue as described
above, cam follower surface 124b is released from the
proximal end of. cam surface 68b and pin 120 accordingly -
pops up so that the upper portion 124 of the pin projects
through the proximal portion of cam slot 66 in actuator
bar 60 as shown in Figure 13 (see also Figure 23). This
releeses_gasrsupply.éctnator 152, stops the flow of .
pressurized gas from_containerIISO; and vents pneumatic
actuator 160 to the atmosphere via conduit 154 and the'

i@ a further short notion of pi ston 170, the transverse surface 186e
6

annular passage ‘between actuator 152 and the top of . - ¢
container stem 156. This initiates the return stroke of '
the apparatus. S | .

' During the forward stroke of the apparatus,

‘both main returnfspring 110 and piston return spring 190

are gradually compressed. When pneumatic actuator 160 is =
vented as. descrlbed above, piston return sprlng 190

beglns to push yoke 180 and piston 170 back in the proximal
direction, and_spring llorsimilarly begins to push actuator:
bars 50 and 60 back in the same direction shown in Figure 16.
At the start of the return stroke, the transversely
linolined cam surface 68c at the proximal end of cam 68



At the start of t-he return stroke, the transversely inclined cam surface
68c at the proximl end of cam 68 contacts vertical camfollower surface
124c and gui des the upper portion of camfollower pin 120 into 1ongitudinal
return stroke camslot 68d as shown in gure 14. Once in return stroke cam
slot 68d, the upper portion of camfollower pin 120. follows that slot as
shown in Fi-gure 15 throughout the entire return stroke of the apparatus.

Cam fol | ogentachsiyerticalncamp followern sunface étZﬂrcn md oglu.dester eby
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unti-l | evehrdeGgheoutethesentitii rerturhesabnkqomﬂ)ttme yappafftusnt act s saddl e

~ 100 and pésﬁe%héﬁe%‘%% R3pS rafl @gb%?r,a‘@#“[% r,Trgﬁg?to ter gltlron

initial posit)ons aratus cannot

unti | |evstrqseha'éhesethéléaséaQapuemtﬁq actaatior |356V¢bcm>|@@ R@€ause
the uppert§o¢éh®) Ofp fﬂﬂg&Oith.cWahdpmol%Qt%&%S A él%ﬁé‘%f“ﬂié' end of

- return stroke c etyrn tq.i,ts initial position adjacent cam
S0 f ace CREPARATHE oE0 BOBLTL iRl BEal. Posdtions., Sheratl relateies  The
progressi theyhgatedsang atvidedctlissdea firoge theo \appakadtus endechani cal
| i nkage i 0 forward
stroke offéégg ?ﬂgﬁr?% Q‘ﬁgtbﬁg’k%’}% %cé%ﬂ(%ég#&énd func-
tion of t pk&?%tu%s Iaeope:atednggaannontes i ncl ude the ab|I|ty of the
-appar at us to provi deet figvésp! 45! KELY bt BlehOrelvastl b e dpdrgeoE Clush
t he et al egatllx”es Wt h relatively srra tpneumat I ¢ actuatag suppl I ed
whi e apparatus nears the end of its return stroke,
the return stroke is not completed until lever 46 is
released. ‘This is because pivoted yoke 80 contacts
saddle 100 and prevents actuator bars 50 and 60 from-
fully returning to their initial positions. The apparatus
cannot begin another cycle of operation until lever 46
has;heen releesed'and the first'cYcle is completed because
the upper portion of cam'fbllower pin 120 does not leave
the dlstal end of return stroke cam slot 684 and return
to its initial posltlon adjacent cam surface 68a until
actuator bar 60 is back in its initial position.
- The progressively increasing mechanical advantage

~ . provided by the mechanlcel linkage including yoke 180 and
| four bar linkage 200 during the forward stroke of the
o apparatus is important to the economical design and func-

tion of the apparatus. The resulting economies include
the ability of the apparatus to provide the relatively
large forces required to crimp or crush the metal ligatures
with a relatively small pneumatic actuator lsonsupplied
with relatively low pressure gas, as well as the efficient
.use of the gas in the gas supply. These features of the
apparatus are further illustrated in Figure 24. |

In Figure 24 the force required to advance -
actuator bars 50 and 60 to perform the various functions
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_ relatively | ow'pressure gas, as vel | as the efficient use of the ga's
F

fhe gas supply. These features of the apparatus are further illustrated -
igure 24. In Figure 24 the force rgguired to advance actuator bars 50
faﬂd 60 to performthe various functions of the apparatus is represented

‘as a function of the displacement of those bars .by curve 220. The force
avai l abl e_¢Lr t he matL.c system and .t he ne je is |
representgg ﬁgle a?BﬁEFr”—Bﬁ oF € ﬁgrﬁﬁgﬁtgg‘eﬁénta %]S}Q#é’%&t‘{ﬁt bars by curge
'230. As sdbsplagementeof2thoskebhvscbyr epxiviee®200 a®hencforre uator bars 5
and-60 is, JiniéﬂiéyffginaEh@gvanceg&é mﬁa—.&hﬁ%‘fﬁ' 'nié&%?&xfé@'lthe

|.igatures_are nerel e tilssue. the a aratus

begi-ns t olipkaget ks reaaeaeesedheﬁeaeﬁunm%&% %mﬂﬁ?ﬁm
raltm dlty uaflth%hs:t:tuaﬁbmarar %rf uhb:wegatsmntedalslweudwfﬁywﬂmz@n of .
act uat or sto a subst anti.a S
conpar ed Eﬁetgﬁr?ﬁtgﬁgu 5?& gﬁ 85"?&8% | %ﬁsﬁﬁ r#gda §d§a’r% requi red
to advancm:atia]alprrehatﬁﬁelydlowt ash&hei mseueAss:ménpe;k@ldrﬂﬁgure 24,
the force e 0, p grkﬁgg qﬁgpl nkage (curve
230) is a.%%SEﬁSQ%a?%§ ﬁhkgiy BEE osgfgxgg fﬁi réégﬁé%U|red to N
advance t&® UAPBATAkUS Péﬁi@é EQOFrlmﬁué‘ihed nqa}w.fl AfeYR¥« i on of °
E)hgrg[‘gugﬁﬁ?gr@fég?fléﬁgﬁgé&kinc%aaeshgfcIJ.&E. Iablq fr r:rllti{%e elsf18oower ng"
p L ls S p i ng
appar at us3¥$§ g‘é}& GEH)FF AR OFPFO%O %o %}%% Ot ¥orce .

avai | abl &ancseaseepstee'phereaftencl snhlstanrtldldgesnﬁmtem@mes on four

bar "“kaE Q&néQ?é ' £8 %ﬁgb QY ggrﬁ% of it iy g‘aetdﬂa?r en
nore stee |naI sur aces 1 erate on t ur_ bar ge :
(portion bfa&rVGQQBG?d toi néva;tcevmsﬁupa:paq éﬂf%sc%w cont act

four bar ﬂ;@k-gggsggo actuator bar 50 is effectlvely | ocked in place with

no additional _ As can be seen in Figure 24, the force available

from the pneumat1c system and mechanical 11nkage (curve 230)
is always greater than, but closely follows, the force
requlred to advance the actuator bars (curve 220). . Thus,
during ‘the first portlon of the pneumatlc actuator stroke,
when the dlstal ends 186a of yoke 180 operate on four bar
llnkage 200, the fbrce avallable from the self-powerzng
apparatus is relatlvely low (port;on 230a of " curve 230).
The force available increases steeply as synclinal sur-
faces 186b operate on fotr”bar linkage zobiﬁportion'230b
of curve 230). This force increases even more steeply as
synclinal surfaces 186c operate on the four bar linkage
(portion 230c of curve 230) Flnally, when parallel
surfaces 1864 contact four- bar linkage 200, actuator
bar 50 is effectlvely locked in place with no addltlonal
work from pneumatlc actuator 160 being required to maintain
that condltlon (p01nt 2304 on cucve 230). all further
pneumatic actuator force (portlon 230e of curve 230) is
used to overcome the friction between yoke surfaces 1864
and the adjacent surfaces of four bar linkage 200 and to
 advance actuator bar 60 relatlve to actuator bar 50. ‘The
penumatlc actuator force requlred to advance actuator _
bar 60 relative to actuator bar S0. 1s applled dzrectly to
the proximal end of actuator bar 60 by yoke surface l86e. |



~work from pneumati-c actuator 160 being required to nmaintain that conditidéééﬁa _
(point 230d on curve 230). Al further pneumatic actuator force (portion
230e of curve 230)*is used to overcone the friction, between yoke surfaces

- 186d and the adjacent surfaces of four bgr |inkage 200 and to advance
actuator bar 60.relative to actuator barA50. The penumatic actuator force
-required to advance actuator bar 60 relative to actuator bar 50 is applied

directly to the proxighd ﬁ%ﬂ{) gﬁséﬁas 103050 ey ok enad' bB6Rel8§se  The

varyrng avarlable fQrce ove, | S an

| i nkage (ePHASHCE &W %&Eﬁ%gﬂtfﬁfFQeB%ﬁsggﬂ apgrgg%gxerted
by p?egmgt Iﬂroﬂcw@mmmﬂatnt q#iqimfs tatnﬁ ﬂdsﬁye Mx@ftéde?grﬁﬂ?gﬁattla:nt folr ce
exerted by Qr |s yp ca eat er n the relatively
| ow force F@% §$§ Q9 % géfg% fssu EIQRBF% n%h

| i gature acha:n:e regqm:ed ()’ p:teuntatm ra:khuamu: 1eesxs htypibcaldyl atively

hi gh force Eof' b
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each i ncr e IR, tGARPIRG nang {ga eb?‘%’ﬁ@cék"ﬁr essi on
Pdv, V\hereparﬁo&i%edi Qﬂﬁ”sﬂ:x"&ké hewsaésﬁ)ptha@ ’@uegfélauwbx ylh@gand dv

Is the corr ondi ng .i_ncy enent al e |n t he_vol n by cylinder
162 and p| Gfﬂ %ﬂ%)ﬁvﬁi’t@] ing the gﬁﬂg i?: %MFk per f or ned
duri ng thecmmpengspomd:ms Melrlmntstl:rdnbranczrefenabmt thebpneum@tded/ or

60 (given Ry | [@d vance
act uat or barst,%g g&@/eor (%%uxg&&\urﬁhen%%?é%dgﬁvgéﬁggrégeﬁbgflﬂadvance
of the act &Copistonc A7 drgéyem&:brmmge@rmmwm | yhere Bf ishe

pneurna- t'then w ww&e%@%@% Wpriad By eé&ﬁﬁlimsoquhaeav
nechanlcal and the avail ahl neunat c .ener iI'S. uUse er
efficiently cﬁﬁﬂﬂﬁh&?cth?|VQ WBPe used for

t he entrreendlaeed by cgﬂdmﬂ@tlIﬁZSénB piston 170) is approxlmately
equal to the mechanical work performed during the corre- .
sponding incremental advance of actuator bars 50 and/or
60 (given by the expression Fdx, where F is the force
required to advance actuator bars 50 and/or 60 and dx 1s

| the corresponding incremental advance of the actuator or
actuators). Accordingly, substantlally all of the pheuma-
tic energy expended in each stroke is converted to requlred
mechanical work. and the available pneumatzc energy 1s
used very e£f1c1ent1y. '

' By way of contrast, if a direct pneumatic drive
were used for the entire advance of actuator bars 50
and 60, the pneumatic actuator would have to be sized to
provide the maximum force required throughout its entire
stroke in order to meet that maximum force requirement '
when it occurred. (The maximum force would also probably
be increased somewhat from that discussed above because
the cutting force would probably be'superimpoged on the
ligature crimping force as indicated by the broken line 220e’
in Figure 24.) If low pressure gas were used, this would
necessitate a pneumatic actuator with a relatively large
diameter. The curve of force avallable for such a device
would be represented by broken line 240 in Figure 24, and
an amount of pneumatic energy proportional to the area



%) mum f or ce requi red throughout s entire stroke in order to neet that
“frum force requirenent when it urred. (The maxi num force vvoul d al so.
probably be increased sonewhat fromthat discussed above because the
cutting beltweemd:hdspﬂ.a.mmapd)m;sa\neqaismmm off gaawee 230 npi ng force
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@60, t he pneumatlc actuator would have to be-si zed to provide the

each stroRuldibe wasted dpming Easchy@tmalkass of this invention is capabl e ¢
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Yy smal neunat| c actuato
| ow pr esgﬁr preducing thearelntivedy th ersﬁ%n%esefnemdm ®f the gas *
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_of appar at I C va are nentione rposes of
i llust rapneunmu-sc acttaaben mmnldteﬂ wigih dove REeSRINS %ﬂud‘lﬂel%%senbl y 30

i s typicall )(: Qmed% :.'ngsn(aﬁrlq |l Be N ,%?soflcghé a4 dGudhbly, 8ddi ti onal

20 force of e return springs 1 n actuator t he ressure is
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tinmes the
or purposes of :.llustrat:.on only, the max:Lmum total

force requlred to actuate assembly 30 1s typlcally about
95 lbs. (43 kilo) (whlch does not include the addltlonal
20 force of the return sprlngs in actuator 40), the gas presmnn
is typlcally as glven above, the plston area is typically
about 1.09 square inches (7 sa cm), and the stroke of .
the piston is typlcally about 1.16 tlmes the aggregate
_ displacement of actuator bars 50 and 60. - '
25 I The Interrupt Feature _ :
. The 111ustrat1ve embodiment of the 1nvent10n
1ncludes means for 1nterrupt1ng the normal operating .
cycle of the apparatus in the event that either assembly.
30 or actuator 40'becemes jammed during such a cycle and
30 it becomes,necessary-to.remove the apparatus from the
| tissue. This interrupt apparatus operates by releasing
gas supply actuator 152 from the downward pressure of cam’
follower pin 120, thereby allowing pneumaticfaetuator 160
to vent. This allows return springs 110 and 190 to return
35 actuator bars 50 and 60 to their initial positions and
thereby opens assembly 30 to release the tissue.
As described above, the lower end of cam follower
pin 120 rests on a saddle 142 of member 140 (see, for



. : | :
di spl acenent of actuator bars 50 and 60. 25 |V. The Interrunt Feature The<
illustrative enmbodi ment of the invention. includes neans for interrupting =
t he normal operating cycle of the apparatus in the event that either
- assenbly 30-or actuator 40 becones jannegz?uringrsuch a cycle and 30 it
beconmes necessary to renpve the apparatu romthe tissue. This interrupt
apparatus operates by rel easing gas supply actuator 152 fromthe downward

pressure oéxamplépl Figarep8).120roklimadlly olf eaddlepidPmenberrtlsd or 160

0 e o i, bl AUBFEARY 1aS0aRgs LAAERC cOBad Wil Il SrLEIGH DTS
rel ease theftpisud20As Tbecppertionhdhda t(lﬁ'églll@ﬁel‘l e &‘a&zﬂﬁmy ower pin

120 rests aataaﬁaédtszlﬂale& 5&&&% %49 fgeeut! Qvay %ﬂ)laaoxﬁngure 8).
Proxi mal |y nber

i% ieerture 144 Sgge enquég to
pass the | 8HEP BFgPoﬁnBPQ F°1§Gce¢N? WeFs PRTLaiaR,
suppl 'y actuemberlﬁmbfiﬁw sndglly oA2dispenseavartuator ammntbua& san ar ge

i spenser BE fayed f’ EHE aRaEa) o8 BoRitn el 2T o Geddrnr 4R ) OV,
't o»act uat ovheBs2ithis desn:edesoranteurnptterthepppmm;m@ ayaie ®&l e of the

appar at us. ¢ffeg ﬁﬁg& +ngnd of menber 140 includes an aper- ture 146 (Figure
C

4) through whi ommma[d ext ndlng finger 72 ure 9) on the
pr8xi mal side of Iev@he4§1§§¥l af member, 140 P@G;%qﬁ§|§?|4PQWﬁanornal

rest posittape 146i (Figuﬁ&54oeﬂht5ught ghﬁ.uht at aewnﬁaﬁ:mwﬁuﬁamjh t he |
appar at us, i ypt ed_away _fraomshan t he norma

rest p05|tf% ¥§g 2? bﬁlgﬁL gh 88 ¥BeTRF§x5%5ék§lpﬁé ? Sﬁp of the '
act uat or heaten@smmathleasuawhenslewert46 isodnwithe mormalngest | ever 46
and causespgéfgf5n72 to pull nenber 140 dlstally

. If it is desired to interrupt the operatlng
cycle of the apparatus, lever 46 is forcibly pivoted away
from handle 44 past the normal rest position as shown in
Figure 17. Thls breaks the portion 118 of the actuator
housing which normally stops the clockwise pivoting of _
lever 46 and causes finger 72 to pull member 140 distally

- relative to gas supply actuator.lsz. This pulls saddle 142
out from under pin 120 and exposes aperture 152a in gas

_ supply actuator 152. Gas. supply actuator 152 is thereby
released from the downward pressure of pin 120 and can
rise as shown in Figure 17 to vent pneumatic actuator 160.
‘This allows return springs. 110'and 190 to return actuator

- bars 50 and 60 to their initial p051taons, thereby opening
assembly 30 and releasing the tissue.
e | . Operating the interrupt mechanism in the illus- -

trative embodiment renders the apparatus incapable of
further use because lever stop_lia is broken and there is
no conVenient“way to restore member 140 to its original
- position. Accordingly, the interrupt feature in this
embodiment is only intended for use under unusual circum-
stances such as when the apparatus is stalled or Jammed
" and cannot otherwise be removed from the tissue.



P¥ )20 and exposes aperture 152a in gas supply act uat or '152. Gﬁs»gupply
- a tor 152 is thereby released fromthe downward pressure of pin 120 and
can rise as shown in Figure 17 to vent pneumatic actuator 160. This allows
return springs 110 and 190 to return actuator bars 50 and 60 to their
initial positions, thereby opening assenbly 30 and rel easing the tissue.
operati Ng th thnﬂgi@g@@;ﬁ&phanlsn1ln the illus- trative enbodi nent renders
the apparatus incapable of further use because |-evér stop 118 is broken
there is no conveBeSausgathe, apparatus takes nee ©of medatdvelyal position. .
Accor di ngky presure! gasPit ¢lin'be isafdlys Al @doiviiidally madet ended for

-use under un ual circum, stances . such as when the apparatus i s stalled or
j amed. 88n& @ﬁﬁ’&s e heS USING IREXPENSIYE Qﬁ’%‘s‘@'@ i"\/ ot her

Feat B epliscta.unsé'otrha dargenpropoaitdom of dits gartis.cl Fdmexampdeyre gas, it

ator’ aPRcE, @2'%"?%& ast.c“fﬂé‘rd";‘iﬁ'bar é’@pi’%mm%t‘ﬁ{%”‘%‘dﬁ‘?s' e

rgzizlve to gas supply actuator 152. fitfs pull's saddl e 142 out: from under

exanmpl eleyean 48c yokes @om On@a®, | ever 46,
yoke 8Os rabmﬂw 132, %muathu e sewplm ct rzaJdSZ condui t  #
154, pi st 180, .and t of th rts our |nkage 200
can all s%a@éogﬁ’eplpz?srﬁsc o ;"Jqé P& enent s

suc r]_oals madeuafoplastici0 Onlythe lzrelh?tﬂ’.veflqd hh:ub s:tmess aa]merilfso
LMkl e Ao e SOURRE 4010 B 200 S 1, el P mde of

ecause con- ékposed only to
reI at i v&iainey |1<§9 piexddpder; d62 .t rand tdaeemxpumrcqmemg)fpn@ atively

| i ght CAh IBpt gigeta Fe i oinetd) N AndBEtBus® chﬁ- t hese factors
2a ot red“ceiilf s s L e e h e o, o5 PR R, Prouce
al sas low pressure gas, these elements can be made of relatively
light constructlon such as relatively thin aluminum. All
of these factors greatly reduce the cost of the apparatus
_and make it economical to produce as a disposable item.
The extensive use of plast;c and light wezght_metals also
20 makes it‘easy'to.dispose of the apparatus by conventional
p techniques such as incineration and/or compaction.
| The illustrative apparatus also has another
feature which facilitates safe disposal, esbeciaily when
high temperatures are involved such as in'incineration.

25 The bottom surface 150a (Flgure 9) of conta1ner 150 is
normally curved 1nward1y (i.e., concave). Beneath con-
tainer 150 is a metal plate or disc 210 (Flgure 3) having
a sharply pointed sp1ke 212 pointing upward toward the
center of container surface 150a.  If, during d1sposal of

30 the apparatus (or at any other time'during its life), the
pressure in conta1ner 150 exceeds a'predetermined threshold
value, the concave surface 150a inverts (i. e., becomes
convex). When this ocecurs, spike 212 p1erces container
surface 150a and allows the gas remaining 1n container 150

35 to escape harmlessly wlthout a possibly hazardous exp1051on'
of the container.
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20 nekes it easy t'o dispose of the apparatus by conventional techniques 65}9
such as incineration and/or conpaction. The ill u mumﬂ" s al so has
anot her feature which facilitates safe %%s osal kmnlﬁnﬂhlgh
tenperatures are involved such as inTn neratlon 25 The "oft om surf ace :

150a (Frgure 9) of container 150 is rokAEMSy curved inwardly (i.e.,
.concave) . -Beéneat h con- tainer 150 is a netal plate or disc 210 (Figure 3)

hhaving a sharply p n r he genter of
condei ner surface ?ieggurlnélgﬁé sggﬁrapwgoé?ﬁgwggga atué (or at any
. other ti rmouablngmpugtedf eytuﬁherpme@bare i @ poRuERRdc syetemcdagdugd-

. predet eriy pgdat By e&mgﬂ sfvgl_»assukmeeaogaavm&uﬁhaeae1E@gara%abt and a€.
‘becones convex hi's occurs, | %SCglerces ont ai nef syrface 150a

and al | oviRRPHE: Bég ?EFHFﬁPﬁgCPﬁnGSﬁ? F@r 38 BYPPLYipe™REPAPESS
“wi t hout 5aneaﬁ9| Bby bausirdgumovEpbnsi of e€het Betoatbei femmber rekpbiEive

2 phcumt Fe ByboleRErBF kS, RRRlheRyiP gorRalRLic HelBH 65E ARbHAN Lo

apparatusiamﬂzatpnqumationaofutherachnaeoreﬂemberhe gad meppisy; nechani cal
> reans fp njBé‘HéiG& EBVS”B%dBi:e&-@Enéﬁt Hﬁhﬁr‘aﬁ?”B%d{z‘ééBO@B't‘i‘ént ggmovement.

of the pneunati c- actuat or noti on of the
act uat or thabaetuakay ﬁ@@h@rr€§§oﬁgleésﬂagappeéﬁuféﬁﬁﬂnQésnﬁﬁgmlt@eproduced

mot'i omof ghhesapbly! b gaaker op8FakebAASENENE' BRBURRELY UBubLER tBe
gas sup | cause, ope neumat ic actuator to continue the

. notion ofg?ﬁﬁlﬁﬁ?uﬁPﬁrm ﬁBBr°82t£ﬁpBSFHPEQraE@9P&an to claimi1, whereina
mechani cal |i nkagezLSAppaeaﬁasedcbem&ﬁg toi ¢ladmhani whleredana and the

ot ator ABERERIERL, JSRRARR. L8L e HRLRRAYPhREnR 81 mR BRI, o
act uat or - meabarand.thepacauatoacmembengfbu ehbsnaﬁtiaﬁéyematchéng-the -
15 force available from the pneumatie actuator to the force
requ;red to continue the motion of the actuator member.
3. Apparatus accordlng to claim 2, wherein the
'mechahical linkage ccmprzses. first and second 11nk members
. plvotally connected to oné another .adjacent a first end of
20 each link member, the second end of the first link member
being plvotally connected to a fixed point, and the second
end of the second link member being pivotally connected to .
the actuater member; and said meChahicallmeans compriées
cam means for operating on the first and second link members
25 adjacent the plvotal connection therebetween.
4, Apparatus accordlng to any precedlng claim,
' whereln the gas supplied by the gas supply has pressure less
than about 200 p-s.i.g. (14.06 kilo/sq cm). _
- 5. The apparatus defined in claim h whereln the gas
30 supplied by the gas supply has pressure in the range from
30 to 100 p.s.i.g. (2.1l to 7.03 kilo/sq cm). |
6. Apparatus accordlng to any precedlng clalm,
wherein the means responsive to a predetermined manually
produced motion of the actuator member comprises a cam
follower means operatlvely connected to the gas supply and

cam means cooperating with the ‘cam follower means to actuate



chani cal |inkage conprises.: first and second |ink nmenbers pivotally
ct ed&“ﬁ“‘““““““i? dj acent a first end of 20 each |ink nenber, the
nd en nk menber being pivotally connected to a fixed
poi nt, and*hé& skcohd end of the sec®d-1ink menber being-pivotally
conmhected to the actuator . menber; and sai d nechani cal neans conprises cam

means for ating_on.t ngd £l S t th
pi vot a?a%%ngggﬂroﬂ Pﬁ%?gggfé\%;e’%& &Bqﬁg's a(l:\llgreatg gsltg%cﬁ | nll %%‘i ;ﬁﬂi a(rzggedl ne

g y p gw
cl ai miwheiatmnghmegas.suppl ied by the gas supply has pressure |ess than

about 200 p.s.igQ. a Lecetaimly te a olefimed in claim4
wherein the ga5730 é%) P g by the ggs supp E pprg!?e re in the range

from 3ﬂurbhanocpmprrtsgngc2 means 06'3 at us according
to a%Y E{:ﬁsegknaf%@ B pregetiernihedpieunstieally produred euetiomi ned

manual produced notion of_ the ct uator nber (X f.0l | oner
means Bé@F&Pﬁvel #ndomganse %o J‘B% ?qzcrggm rreqra%negr %onpléégat i ng

with thaieaanf pbbﬁ.\hﬁ.bmmn;‘-:ﬁeo;mmmmtac ac‘tuaﬂoxr\/lls vented.26 - sanme after
a predeterm ned rm enent ofs Lhe JE ‘#ird i Hd i Aeans. 7.
é 3’ n ng cI alrm r

Appar at us accor preced t'her conprising: neans for
vent i npetins pﬁneumta.rfg dhey gneumatiis actnaten iR ‘Hé’cﬁftﬁfélﬁﬂa‘?l cally

proﬂj‘bcﬁféog‘él tt?:%nﬁ:%‘ir e ADrEAY i rgeéyrﬂdwmg&é@i 1yenber to itg
as the pnedmatic actuator s, vented ay at
according to cl Si-mAPPagatiug RAGRrdinchEa Flaimhil RF 1S “H%TH? tLcjh%tct uat or
S' W&Eg&g&ﬁkggg%ﬁ}ﬁﬁ@ﬁiﬂggﬁh&?ﬁ?ﬁr ﬁﬁmﬁmﬂ‘ lwdimsz.xiiml he gas supply.
act uat BPSHHOS WHQ&Q%’%?%I‘%O@’{*% n&%ﬁ%ﬁelé}é’s‘{? {%r A sp é&'ﬁrg;glsnahlt Qﬁ
|5 eneagiziegs dite Rgarida Ipnard Immmupmamdamw itheof the -
15 g YR B e .
- 10. Apparatus accord:l.ng to any preceding claim,
which is adapted for ligating body tissue by means of two
spaced staple-like metal ligatures, wherein the motion of
the actuator member sequentially causes the tissue to be
20 clamped in the apparatus and the 1igatures to be advanced to
and then crimped around the clamped tissue, wherein the
manually produced motion of the actuator member at least
partly initiates clamping of the t:.ssue," and where:.n the
pneumatically produced motion of the actuator member causes
25 the entire advance and cr:.mping of the ligatures.
11. Apparatus according to claim 10 which is adapted
for additionally cutting the ligated tissue between the
ligatures, further comprising a second actuator member
which is operable as a movably mounted knife actuator: and
30 means for mechanically dr:.ving the knife actuator by the
pneumatic actuator after a predetermined pneumatically
produced motion of the first ‘and second actuator members to
cause the pneumatic actuator then to move the knife actuator
through' such additional distance as required to cut the

B

ligated tissue.

— —— —



10. Apparatus according to any preceding claim which is adapted for . (é%)'
ligating body tissue by neans of two spaced.stapl”ﬂl“lﬂ 3li|| Mﬂ tures, P
wherein the notion-of the actuator nenber sequentli tissue to .
be 20 clanped in the apparatus and the |igatures t'o be advanced to and then
crinped.around the clanped tissue, waep®i® the nanually produced notion of
the actuator -menber at least partly initiates-clanping of the tlssue and

wherein’ the pneungﬁlc égrgEEQUQQ%U{H gfc&ggma%}uakgrara b %ggses 25

t hesentire advance an ronpin ne at ures accordlng
to cIa|n1meamﬁ|§nrlstQQRpDGdthger&épnl9ﬁath§ Serstngctmetprgmeebesissue

bet neen  B8ebkO8hH! BEedblbrlitheaoRelimad 135" BRAAERUAREBTDCT Vi ch 1S |

operabl e as a nmpvab nount ed act uat or d 30 neans for mechanically
~driving t kBek@Pfe act uat or by the pneumatic actuator. after a predeternined

pneumat iscal | y prOMBQEApﬁﬁkEQHSOEchQdﬁhQSl:oa&d.aiﬁlCQIZd ¥hleyetior thbers to
cause the g eumat o _nove,.t he knife actua or rough such

th
2ddi t1 onaPBHTSRaRERE FaRAr, BGCRGton, PEBSF, 4 S6oFPe 2.
Apparatusligatuﬂesghavecbeenlfhllwhcr&mpedludes means for st oppi ng the

nmot¥i on of the- f|r PbgggEugeggg%gafkgrt%hglgagpg%erghgegegneunat|caIIy

produced noti on t ereo atus "accor'ding to claim 12
wher ei n t AeMpEiBdngsf mRans for yentingr tmmatgpomm afiter

11 gat ungsahayeaBesimi Hely phekiBed caid @%ga unam??‘é%%‘gtufgttg% Wried 13 R

further rising ans for wventin
predeterangHaﬁﬁEunanEaWP?nﬁr o5 &8 gt ACtet®F or; and
means - f or megbetrnang the knife actwator . tb”&ﬁki&ndnhhﬂahnph&rﬁﬂdﬁﬁ(ist()
gggg;d:EBEP%Ieﬁgﬁhkfg@smﬁgpéQﬁrp unggﬁgdactuator s vented. 15. Apparatus
o - 15. Apparatus according to claim 14, wherein the
15 means for returning the first actuator member and the knife |
actuator to their 1n1t1a1 pos1t10ns comprlses return sprlng
means which is energlzed during the manually and pneumatic-
ally produced motion of the first actuator member and the
knife actuator. )
- 20 16. Apparatus accordlng to any precedlng claim,
wherein the manually produced motlon of the first: actuator
member is rever81ble if stqpped prior to release of gas
from the gas supply.

17. Apparatus accordlng to any precedlng clalm,

25 further comprising means for venting the pneumatic actuator
to interrupt the stroke of the pneumatlc actuator and allow
the first actuator member to return to its initial pos1tion.

18 Apparatus for llgating and dividing body
tissue by first clamping the tlssue in the apparatus, then

30 advancing two spaced staple-like metal llgatures toward
the clamped tissue and crlmping the ligatures around the
tlssue, and finally cuttlng the tissue between the crlmped
l;gatures,,the apparatus_lncludlng.an actuator comprising:
a first movably mounted actuator member for actuating the



ans for returning the first actuator nember and the kni:fe actuator to
t hei initim‘r‘(ms—eGMes return spring neans which is energized
rL_x0 the neumatic- ally produced notion of the first

‘act uat or m ﬂg’ actuator. 20 '~ 16. Apparatus according
to any preced’1 ng clai |n the ogggial |y produced nmotion of the first
actuator member is reversible if stopped prior to release of gas fromthe

gas supply. 17. Apparatus according to any- preceding claim 25 further -~
conprising means for venting the pneun’atlc actuator to interrupt the strovwe |

of the pneunatic [y o) to returnto
Its |n|tr1??fm tlaé(:) %ael% %%a &Wﬂé ‘l}%rg %%#Wgé body tissue .
by fi rstofcltizqnhg;aﬂwresss@ aemmiammeb ueounteda actuaitoncnembero spaced
st apl e- ldJe %% lefpsgetis nping the -
Ilgatures aroun tlﬁi«gtlssueéan? fn:ﬂ'f/ cuttin ?éﬁ???g%gi et ween t he

cri nped qmwrwlqdwqmaﬁtmmﬂsvﬂfmmww tmo‘f’l%i@ ¥Reng: a first
movabl gy AL Pt TRy d¥inddtedi £ 0a {Peumati@n@etda®brt he tissue
.and t he adyancj n and crlaér?p of, the |igatures; 1? ﬁcon %ably nmount ed
act uatoFrl mmeans, ?W%%t’??\‘é“%‘?tt ¢t thefirst 2ndc natic é
syst em igadotd mmwlmﬂ esespmwﬁvqasovmwemnheoﬁ #hear at us
pneunatlc |l te I for
P! ng FTRVRRSHS G iy S R0 REhELEY 4ATERSEL6A nlBRAR, O

rmverrentOﬁ)f'thewéqma;umtmm umerneamdfmeammesmnsweu'aou ag notion of

the f é'g‘écfatn?_' Y/ t det er m ned
manua‘}??rpro uced notion: o? fiﬂ}second act ug§%rsf Q?caﬁgel easi ng

pr essur i3ctaker ﬂ?%ﬂ??’hef%sr%lw?yngop’é%%%‘ériﬁ%dpﬂéénﬁ¥% EBeuat or to

- conti nU?d&%ﬁﬁﬂl}Dﬂ:&fcM@ 56 UShStmaEL®eastudfor LOPasAtiIAuacenedi ng to

cI aim1l :
it oerg eétn b&% 1a5c-§§a(:€gxd n?é:x;[fggéof rrenber s operabl e al one fol | om ng

19.. Apparatus accordlng to claim 18, wherein the'
15 second actuator member is- operable alone followzng a
predetermlned pneumatlcally produced motion of both
actuator members. : _
20. Apparatus according to claim 19, wherein the
_ mechanical means includes a mechanicél linkage that has
| 20_varying mechanical advantage for masching the force
available from the pneﬁmatic actuator throughout its
.stroke to the force required to operate the first and
second actuator members during the correspondlng portlons
- of their strokes.
25 '~ 21. Apparatus. according to claim 20, wherein the ' ' g'
mechanlcal_llnkage comprises: a yoke member driven by the
pneumatic actuator:; and a four bar linkage having - ' L



predetern¥ned pneumati:cal | y produced notion of both actuator menbers: 20.;..-\

Apparatus according to claim19, wherein the I ncl udes a
mechantcal |inkage that has 20 varying nmecha mmmnm lgmor‘ mat chi ng
the force available fromthe pneunati c actuat 6r thrioughost rts stroke to
the force required to operate the fQQBt and second actuator nembers during
t he correspondi ng portions of -their“strokes. 25 21, Apparatus
according to _claim20, wherein the nechanical |inkage conprises: a yoke
medwer dri aefibgtt Faxed,ronRectionot 8aBeCONSH GORNLS OBa PPPOA&Ge havi ng
C L M ehie” £rbi! Sbnhbted ohOBRACEEPACHIAS Re0MAeC P1RER! It udaRSi L€ he
first connectjon and attached to the first actuator nenber, and third and
fourth | at BPWPRY .spRdethizinapdi Spurith davexadly epaced: sonpestionsnd
connect i OnintébﬁeaaaeeStﬁ& Eﬂfsioﬁd%g%hdaﬁbhﬁﬁc%&oh@ iy s | | nkage

adj acent _the third and fourth connections to cause the second connection to
nove awad Pfoﬁh@h¥°k$r@PmbﬁﬁnéGFFBS ond thee £omy #9¥é1ﬂﬁ3ﬂ9%w§¢1§99ﬁﬁcn

‘menber whegnphghiPlCafBTe8hrth BbhYi8Rt%ns" o RANER! the? Selddind - '
22. . Apparatus according to claim2l, wherein the faCInE lnner surfaces of

th# arns oFORRECHARB kenBeVeopvRY: EXoR the fixstose @& ng at | east
2 Porti on eheksyohb0koth F18oRQWENbrIrlel WhU W Gokel o surfaces

copprise camsurfaces for progressively 15 I ncreasi ng the nechani cal
advant age BEWPRE AS8cHEAVER by fhggprewmatic, ackuatoXecording to cl ai m 22,

wher ei np phe yoke cam, sunb@aeatﬁerrabb&@d&hgstosmemnall p@mblx‘éli% for
oper ating gﬂ Ee f.our  bar Ilnk%ge during_a first par 20 t he_pneunmatic
actuat or sthekEacing, INNex sYrfases: ofh e@5m§ &n frembex; oy bar

i nkage avepetats bhether fbuQOIbBQCtI.h.ﬁRagé auatink rakaqe,as%nti poreitn
of the stroke of the pneumatic actuator and wherein the

surfaces comprlse cam surfaces for progress;vely
15 1ncrea51ng the mechanical advantage of the mechanical
linkage. . _ -
.23. Apparatus accord;ng to claim 22, wherein
_ the yoke cam surfaces comprise first synclinal portions
for operating on the four bar llnkage durlng a first part
. 20 of the pneumatic actuator strdke to produee-mbtien of '
the second connection of the four bar linkage away from
the first connection of that linkage, and second |
substantially parallel portions for qperating on the four
bar linkage during a second part of the pneumatic actuator
" 25 stroke to hold the position of the second connection of
the four bar linkage. 3 :
24, Apparatus accordlng to clalm 23, wherein
the second actuator member is connected to the first
actuator member so that it moves wzth the first actuator
30 member dur;ng the manually and.pneumatlcally produced

L.

moF;on of the first actuator member but is movable further
‘responsive to continuing movement of the pneumatic.actustor
after ﬁovement of the first actuator member has been
stqpped.. | | | ' '
- 35  25. Apparatus according to claim 24, wherein
. the yoke ﬁember includes a surface.for contacting the



tiws for operating on the four bar I|inkage

D I a second part of the pneumatic actuator 25 stroke to hold 'the
pOsi#f on ofumﬂuﬂnmnﬂlmmﬁcti()n of the four bar |inkage. 24. Apparatus -
according t in the second actuator nember is connected to
the first actuatort menbér %o that if foves with the first actuator 30

mermber ‘during the manual ly and pneumatical ly produced notion of the first
actuat or nenber but is novable further responsive to continuing novenent O%

the pneusgcrbdaachapseramesbem famsantdnuehdhe matien @f dhatenber has be™h
st ﬁgped; mélﬁbgr afterzfihe 'ﬁ}i&@tatdéﬁtu'#tt&f QE%éﬁtﬂ:é;O id eaoﬁapyed.\ghertel nI the y%e
menber includes a_surface for contacting.the_. . - seco ct uat or nenber
to continue the i SPPFF ARG ar?ﬁ?&‘@"'ngtté? "tlr?é""fiﬁ%to.‘%l&g[}at erftber is .
st opped. méansApge pirosridedontd Eid tHeaivelthsy o prduswetize®arss ar e o
provid S rel fq. SURI % f{ro e.gas ply
Bnd- vert TEAE SRS, SR SURELY; ce N G B s A ael e det )
pr oducedanpiriedetermineds pnewmaidiaadily puadusred motimppaoafitthke according to
- claim ZGSe%ﬁPeiﬁ'&t%a‘E@F Henize i s mounted on the second actuator nenber;

X ) :

and 10 a cam ower_ Is operatively related to, the second actuator cam ¢
surface for cont Pl ARPATATE: @SHORRInG 119 AP LG + HRTRIRA supply and
}/en: Ihng %mt aerfFacedly ﬁuoaﬁiﬂfea @&n ;tw;seﬁ?ﬁﬁ_ﬁf@ﬁ&@gﬁéﬂ&fg Céx:[i’dl”][ 27, 4
~ fur r comri.si ng _means for .returnin g, first and second actuator
rrenbeﬁg Pocﬁﬁg%rlpli rallspm%v%ﬁﬁ%?et%e‘iﬁmﬁ% SRIWH or is vented.

29. Appapatustarc cati snriface fion 2hntrelking trel eese of Eressur ized t he

first angage%u?%te‘u%(y" é@gﬁ; Srid w;é}xé:ﬂfdrof q.lﬁé %n&ﬁﬁééic?ns Conpr i ses _'

at | east ®One
actuator. ’

28. Apparatus aécbrding-toldlaim_27, further
15 comprising means'fér*returning_the firét and second
actuator members to their initial positions when the
pneumatic actuator is vented. _ : .
' 29, Apparatus according to claim 28, wherein the
means for_returning'the first and'second actuator members 
20 to their initial positions comprises-at'least one return
spring which is energized during the manually and '
pneumatically produced motion of the first and second
actuator members. ' . ' :
30. Apparatus according to claim 28 or 29 wherein
25 the second actuator cam surface comprises substantially |
parallel co-terminal'forwafd and return paths, wherein
the cam follower follows the forward path during the
manually and pneumatically produced motion of the first
and second actuator members and follows the return path
30 during the return motion of those members, wherein the
forward path causes the cam follower to release '
pressurized gas from the gas supply after an initial
portion associated with the manually produced motion of .



prrng which is energi.zed during the nanually and produced -
notion of the first and second actuator menbert @ according t
claim 28 or 29 wherein 25 the second actuator npri ses
substantially parallel co-termnal forward and return pat hs, wherein the
cam fgll ower follows the forward path.dgyiog the manually and pneumatically
produced notion of the first- and second actuator nenbers and foll ows the
ret.urn path 30 during the return notion of those.nenbers, wherein the

f ofwar d- patlhe cRises aGEuaacrfmeﬁbeerahd untemsguatebeﬂoreeﬂhgaenaronrthe
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the forwartheacam ﬁnbllmeretn re’euret tenthaet ﬁnatieﬂvsppntloanpfothevver to

return to f&é‘wémt#&hp&ﬂ 8{11?Oéaﬁginﬁofﬁ@{:ﬁePaEQl&’aEEOBE g,eusrsagﬁuat her

rel ease_of pressur romthe“gas supply atus accordi ng
to any 8nega® Erampgh 289?6 8upPPKerein t he manual |y produced moti on of the

first actuator nenye[ Appaededi Rteok8infoppedny bae be eghemselef to
pressuriz fromt at a%eordrng to

iy one. of 07 a¥heresn, bhe SR2ndARRY. pradneadsnetion, ot Ehf: FisEhe
pneunat i caathuptorumenibepeiat rewersible éﬁpstappedbprﬂewttngrEEeapneunatic
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the gas In31hecsﬁﬁriuEﬁbyméanbnfbbeiﬁeémﬁmﬁgéﬂet ?n%@mﬁtichl@l (2.81 to
5.26 kilols par at us for di viiding body
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pneumatic actuator. _
33. Apparatus accordlng to any precedlng claim,
15 wherein the pressure of the gas in the gas supply is 1ess
than 200 p.s.i.g. (14.06 kilo/sq cm).
34, Apparatus accordlng to claim 33, whereln the
pressure of the gas in the gas supply is in the range
- from 40 to 80 p.s.i.g., (2.81 to 5.26 kilo/sq cm).
20 35. Apparatus . for llgatlng and dividing body tlssue
comprising: an anvil assembly: first means for clamplng
- the tissue to be ligated and divided against the anvil
assembly and then advancing two spaced staple-like metal
ligatures toward the tissue and crimping the ligatures
25 around the tissue against the anvil assembly: - second means
e for cutting the tissue between the ligatures: first and
second movably mounted actuator members for respectively -
actuating the first and second means; a pneumatic system

o

including a'supply of pressurized'gas within the apparatus
30 and a pneumatic actuator'pheuMaﬁically'¢onnected to the
gas supply. the flrst and second actuator members belng
rovable by operation of the pneumatic actuator- third
means for manually initiating motion of the first actuator



he\tis ted and divi ded against the anvi| assenbl y and then
nci 3Mm S aced staple-like netal ligatures toward the tissue and
cX i

i ng ﬂ'ﬂt”'ﬂ” around the tissue against the anvil assenbly;
lhe ti ssue between the ligatures: first and second

second

- movabl'y rmunt ed acluat or nenbers for_ %spectlvely actuating the first and

second neans; a pneumatic system ncl ing a supply of pressurized gas _
within the apparatus 30 and.a pneumatic actuator pneunatically connected t0®

the gas supply, the fi rst ind second act uag or rrenbers bei n bl e by
oper at i oﬁ‘eﬂ\%eﬂ% MeRRSH resnMIL R AR 3 BT 1{}??% tiating

- moti on Ofnaniv@ iy o’ﬂﬁdﬁﬁ @dotion ¥ therefhrst sothdEor themiben sESESpONSi ve

to a predeterm.ne nuaII t 0,0 e fyrst actuator menber.
for ol egsﬁﬁa B AR Sl o P o i LY 0 0 e ¢
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actuatorzgg out its eg{qjhe ocﬁé U|re ulilngthe vari ous
por ti ons (?Uﬁ'e'sdoﬁh’lqé IvEL fyhexeln R cond actuat or
menbers. n@bhaéﬁmalamjsﬂagmnﬁmgrarymglmﬁiaﬁca’%ﬁ adwstbage 1Bozonpr i si ng
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pneunat| G o dhen b on o, ey TR DL IR TR s,
rst and second actuator members.
37. Apparatus accordlng to clalm 35 or 36, further
15 comprising means for returnzng ‘the first and second
actuator members to their initial pos;tzons after the
tissue has been cut.
38. Apparatus according to claim 37, wherein the .
means for returning_the first and second actuator members
20 comprises return spring means which is energized during
the manually and pneumatlcally produced motlon of the .
first and second actuator members.
39. Apparatus according to claim 35 36 37 or 38,
wherein the manually produced motion of the first actuator
25 member at least initiates clamping of the_tissue and
wherein that motion is reversible if stopped prior to
release of pressurized gas'fram the gas supply.
40. Apparatus according to claim 39, wherein the
- advancing and'crimping'ef the ligatures occurs during
30 the pneumatically produced motion'of the first actuator
menberx.
41, Apparatus accordlng to .claim 40, whereln the
tissue is cut during the final portlon of the pneumatlc
actuator stroke.



39. Apparatus according to claim35, 36, 37 or nanually
produced notion of the first actuator 25 nenber almﬁm m, s cl a
of the tissue.and wherein that notion is reversi ¢l |or to

rel ease of pressurized gas fromthe gas supply. 40. Apparatus accordlng to

. cl-aim39, wherein the advancing and cLigging of the ligatures occurs -during
30 the pneumatically produced notion of the first actuator menber. 41.

Apgar atus according to claim40, wherein the tissue is cut during the final

por&t on of the pne tpc_actyator str arat accordlng
to any one of clai épPﬁrigusfﬁFFﬂﬁalggnﬁpl§P¥g°ﬁ§aﬁ§ Ag 19@n %ng t he
pneumatic aothmtofurthéntecmppisihg seansefokr wveaetinguthei c actuator and
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posi tions. aratus accor preceding-claim mhereln t he
appar at us paeumapiedacbuetom epdsaMQWat r fdrsti and seegnd agtyadsr

procedur%méﬂbeéﬁp%akﬁiuﬁﬁCEBdtﬂGﬁo1915.%&3‘].4305‘5!%&6?15” the 10 gas supply

conprises a contai aving a normal |y concave wall paqrtion_which inverts
in the event that 3es§BPérPﬁthéCGSFF&PﬁéF°e§@¥éE§95 eRiiege Cdrded

t g eshol-d waéﬁémaaﬂewagparathbe :Lapaaé@taa b becaigpaizabies afteas for
puncturing the,inve nto gllom/the gas to l5escape safely

from the cBfitaiRef. sigglguPBFB&FaétgﬁpFﬁ Y5« i gating and di vi ding
appar at us construckbéd Apgazatasgadcorddpgr £beclalim 43t shieyedn ltheei n

deSCf'b?ﬂ)&ﬁ&hsGSLEQEBSEp&QsQQd a?8ohthiRbi?hading BN5cRREIIRA LN ve

dr awi ng
wall portion which inverts in the event that pressure in

the contalner exceeds a predetermined threshold value,
and wherein the apparatﬁs_fu:ther comprises means for
puncturing the inverted wall portion'to allow the gas to
15 escape safely from the container. :
45, Surgical stapllng or ligating and d1v1d1ng
| apparatus constructed and arranged to operate substantially
as hereln described with reference to and as illustrated
in the accompanylng draw1ngs.
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