WD 2007/ 089603 PCT/ US2007/ 002204 APPARATUS AND METHOD
FOR TI SSUE CLOSURE RELATED APPLI CATI ONS [ 001] This
wW@pp7iogmds on cl ains the benefit of priority toP@r/8S2007/002204
Provi sional Patent Application No. 60/763,038 filed
January 27, 2006, which is incorporated herein by
reference. FIELD [002] The enbodi nents discl osed
herein relate to a medical device for perfornmng a
procedure on tissue, such as bony tissue. Enbodinents
di scl osed herein are appropriate for stenotony
closure, anong other procedures. More particularly,
enbodi MeRlpP AH FPUSIND METRICD FOR ¥Efive
mani pul at1 on and contré\'FE ?!a suture neegﬁé duri ng
sternotony closure, and nethods f usi ng such a
"~ devi ce. BACKGRCUNdREPéﬁg?)é@?&#ééﬂgﬂpg%edures pr esent
many chal | enges whi ch can conprom se the health of
[001f he pat TeistappKcatieh claass thh detrdid bf priafty tde. Srdivesidnal Patent
[
e B SR L R L S i T
!B%ﬁmcgenerally galned by a sternotony, a surgica
procedure in which the sternumis divided with a
device such as a saw or opfggip suitable cutting
instrument. After performing the sternotony, the
ter numnist be re-a
[OOZEr of essi ona{nbfx(ia’ ments cﬁ?c'l’ f:(d ﬁglgqﬁlatEQ$ Hﬁeﬁ#}g%ewce for, aperformmg a
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herein w@ruﬁ@ﬁll rry: mapipw ey and crerel of a§rtprefne§@laudhr"e$§el§p@éw
clositd, SnPEknbbSick BLifg Slcfiaegs. steel cable. The wire (or
onbi nation cable and wre) suture is manual ly drawn
through both sides of the sternumso that sufficient
| ength of the wire is K é#q%onwboth si des of
the sternumand there is no |onger any slack wre
[00%el ow t ISergitad progaduradd present mamy ¢hadlengee widahdian cémprentiseethe
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progedeies, siethescastiad g gnd PREVEWPEIPY 1aARFESE rm@e organtiygpnerally
gaiRRdy aQlerhi6mY 4 &R piBAI AR 4RGN wWRIcHEhe dtému iD8ideawila device
spirfal manner. The nedi cal professional then cuts the

such g & PRORQIAGS A Ie,Cy{aag ingkhrmenin ALRF BREPrIHEnS P gPtomY. the

sterh@@nSust Be R ﬁrdxhﬁat&lﬁ 12T s médital ptyfesiond] ©pidallOélodel the sternum
wWres into ace 2007/ 089603 -P HSZOO? 002204

s Sl e P it 2 FhALP SRy gIst Qo t @At ayture
compiBingtahengiih of Rlativelly inflenitdé adinglsedfwiteor alternatively, a

combination of stiff stainless steel wire and flexible stainless steel cable. The wire (or
combination cable and wire) suture is manually drawn through both sides of the sternum so
that sufficient length of the wire is protruding from both sides of the sternum and there is no
longer any slack wire below the sternum. After removing the needle from the wire, the
medical professional must manually wrap an end of one wire around the other wire either
with their hands or forceps, repeatedly twisting the two ends of the wires around each other in
a helical or spiral manner. The medical professional then cuts the twisted wires to a desired

length and uses surgical tools to bury the sharp, cut, twisted ends of the wires into the space



wire do not poke into the underside of the patient's
skin. Typically, between six and eight wre sutures
wae@7pmerd in the sternumin order to cl ose tPET/US2007/002204
sternumalong its length. [004] The prior art
sternotony closure procedures present many problens to
the nedical professional and the patient. Minua
suturing is often difficult because the suturing
needl e nust be forced through tough, dense bone.
Manual suturing also involves the handling and
- mani pul ati on of a sharp suturing needle with an
i nstrument such as a needl e ceps, ich can resu
berwie 140 6 PBR ORI RSP T LR A e KBTS Fftg Mg HeGEnds ofthe
w1re$érr@>€?ﬂ(eﬁnﬁrthe etstdcSofFhOptisnt’ PO, ngy;ﬁoamm mtveai si¥ husKeight
i n I 0 r the surgeon st af
wire U A7 PP SRS T arT i cBE Biec i g n denethe
chest cavity underneath the sternum and ribcage is
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required to penetrate the bone, dition nedica

forcepsowhich icamessylt Hyiadyprtei, @P@@Rtabveflﬁ@r@h%ﬁhﬁwgb @surgeon's or
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for sternotony closure that is safe, reliable, user
friendly, and effective. The present invention
w@e@viosksss a sol ution for this and ot her probl eP&T/US2007/002204
SUMVARY [007] The purpose and advantages of the
present invention will be set forth in and becone
apparent fromthe description that follows. Additiona
advant ages of the invention wll be realized and
attained by the nethods and systens particularly
pointed out in the witten description and clains
hereof, as well as fromthe appended draw ngs. [008]
To achi eve these and ot her advantages and in
[006},ccor dahbes. i if Bidens tha tsesis ageed injhe arh{os 3p2pppratyg and method

for s%ém&@rn@%r&ereemaus 5418, rbIBRNLicP RridndE), BALSTRBVAPPRY Sresbnt
nd nmet hod for _joining tissue, such as bony tissue.

‘"VCAE%Prd’P’WﬁS ?6015"3%@5%1“1* md Rty prefieper ef n, there is
provi ded a device for joining tissue that may be
used, for exanple, for SSEMMA®RY re-approxi mation
|nclud|ng a pusher assenbly, and a cartridge. The

~ oopusher ggs ?Utﬂoye md@aﬁsgcgefa@%eémmnﬂgn {MIPBR &t forth in and
drive shaf drive nmechanismat a distal end of

becqmpapperapg framrthe ttrré"mwéatrfet%%ﬁu%%lt@al adysnisees fothe invention

wnllrb%|r€eﬁ§@@£ﬁ/d a&f&@é@'wgh@rﬂgt%@ eﬁ&i's?ﬁerﬁs §éﬁ1&ﬁlhxﬂ5@pcﬂﬁt@d b8t in the
havi ng_ a poi nted end and bl unt en

writpegrdesqriphan aa%'glmﬁt?ém&aﬂstwq"&gérqﬂhﬁraae@dag sraafrf&t i ve
housi ng.and the suturing needle. The cartridge
[008pxt ends Tooraghicae thiest aid othral adfantagenantdrin dgeordemkelwith the purpose of

v FSFEH gt v Bh TS s 1 0o
tissuzes penbitas bbny hesur: nderrriliog to asppass Hluettatedhereif, thpre is provided a device
for J%%H%g{llg% gﬁﬁﬁ%? bk s e%f(r) @ﬁﬁr%lé! fQP&é&b&R@qu&%fﬂa&ﬂn&'&ﬁ including a

pro OUSIQ‘.?ﬂe re an after a
pushes@ssembly. end g gertridgey Mhp gushertisembly bat 2 drive arar atgndingl from a

drlv@)§h§ﬂ andy @r@\)éexﬁech'aﬁlsrqeﬁh LR cfd of REBNADLR:. eMR WO RleChanism is
provided in the device that is

capa}&mtr@lqaeﬁlwga&maertmtwg asHuringeestinhaving 3repigd gadand a

bluﬂtféﬁd dbduv & redaddal bis! 'Qﬁ@&a@trﬂ@@rr@fdd&ﬁa foaktivéRshsing@nd the suturing
rive nechani sm here turin nee | e

S
nee%tsoitbe FHBIGes CXtEP Sz aﬁ' al C["%e*tt Bfe A R S
relehdably#iaciasiie te dahﬁdgeﬂl((ﬂmérla@sﬁ:nﬁsﬂﬁo provides a cartri dge
for housing a suturing needle that can be used, if

[ooggesi re, tgéco ggm al fliretSdr 85 ggeur%rtﬁe inQBRIAXA gahﬁerand IPtﬁe

artridge 1nc s a housi ng havin curve
SutltrmgelpedAeiSI prefReeblyaprsiioned within|the mﬁteCtrw@qqa@gévp@ée and after a

comlpit Mﬁﬁ)n%fttﬁ@éhlﬁtrid% deb@e 'aEUl@ 'Ehevi@tahorql akige I\/ﬂﬁéb?/'ep @f desired, a

ere suturin need | ows a Curve lEﬁdI
remar%eiﬁﬁmq megulg rrrarvr%g Pé""r“é?\?dt’ Urﬁ dspice tha freroatyplind hyn.agtuator

that%c%@rqcylg&gﬁgges WA&M@R {D02EOhe drice Ha® and iR drive mechanism,
cartridge further es, an aperture defined in the

therﬁ%gqteﬁ % th%fut?rmget}ega qutﬁlée rotational axis

[0010] In accordance with a further aspect the invention also provides a cartridge for

housing a suturing needle that can be used, if desire, for example, in sternum re-

approximation. The cartridge includes a housing having a curved shape, an inner wall and

an outer wall. The housing also includes a track in the inner wall of the housing whereby the

suturing needle follows a curved path along the track during a revolution of the suturing

3.



track, wherein the housing shields the pointed end of
the suturing needle during at |least a portion of the
wo enalosdeddn of the suturing needle. [0011] | n PCT/US2007/002204

accordance with another aspect, the invention further
provides a suturing needle for use, for exanple, in
sternum re-approxi mati on. The needl e i ncludes a curved
body having a pointed end that is protected at an end

of a rotation cycle and a blunt end that engages a
suturing material. The suturing material preferably
includes a flexible | eader engaged to a wre suture.

0012] In .,accordance with still another aspect, the

necdicy, DA SETIgS BUMAERC AP fefgh i s L 08 that incigepts the
tracl@ST}&E@ﬁ gilém\oﬁﬁngﬂpélﬂﬁ(iﬂ&’ﬁbim e_ngﬂ’cbé t}ﬁe;hhmidg inell¢/@@ng at least a

rel easa engagj ng.a. cartridge having a protective
po“f?&?g?rﬁde‘é%wmé‘ ‘gfgb%g‘\t'r‘fé"gd?g fe to a cartridge hol der

assenbly of a tissue closure device. The nethod
[001flir t her Ini arcbrddacs, with aritheg asrset, thiegryratien fsiberprdeidetesuturing
need1&i0r gk, tf&eex‘é@n'bte'ff |96 n A de AR opiaHEL. B RR A §ndies 348 ed body

an aperture in the cartridge to be_ disposed between a
havipg p ppintgdpmd4ba igpretesisd @t a1 eid dip refatienewsin andfa blynd ¢pd thap

engd¥Rs & 5QS/RL makeihl. _alshe%utuﬁﬁF infate?faEpreRMbIYVIRIREI: AeliOle MaR6r
end of the suturing needle is positioned within the

engaged {QR Wirg §UUfousi ng before and after a conplete
rotation of the suturing needl e about a rotationa
[o012Ki s. Thaccoebhhadwah siill anutiendgsctadieiimantiolgp@nides a method for
join%I %%gureoglcﬁ aggt%yxllu% 204 l‘o?cg :E\t%n.a lél§n|'1<a rodalsag&tglrglcésgglty engaging a
réleasal1y engages t suturi hg needle to calse
cartridgedtal wgal proevtérehousiog anheswuting nendlene e dértridgabobilesasséngbly of

a tisﬁt%:cg{»%kte é.vﬂ:et tﬁ‘xe Gk c{di fqgﬁerﬁlggu%g,v Bl{aﬁiﬁg tﬂhﬁ‘tis@ﬂet é’f&gu@device

| hrough the tirst si e tissue segnent
havigg thenartrifggyand the suiptirgnaedicde catise an apsrtyeaiinttee ¢dnigidge to be

dispotHdWebi@n RERE e M QUG ora e drh sSdmeik 98tiQhe IR did2Whch as a
segnent. The nethod further includes using the device

split ferpyRplieareing poitted el afthotigiingecdle idingitionpgrbwighingthgeprotective

housih® 6&BreBd ABBE a cdridfldBrothiion & thOsudd@ing el s bbaH alrb@tional axis.
bot description and the

h the foregoi ng general

Themﬂvmqwnaléﬁ%ﬁ Roltetiegn Ffﬂﬁfr?laﬁ mordilecouplpf 4 Pusher agsenbly that
relehsabig ke gaket ﬂmlepshﬁwing Reddlé fd’@bshe&)ﬁmtiaﬁa&ﬂd%meﬂfoé'&}kB%uturing needle

i nyention clained.,[0014] The acconpanyi raw,n )
aorc g Apshe i 86 PR Gidse 200 Ayl e GG Dot Bl e i i of
the Sp3ecsdgmeat anglmullargen suncingdederial attddhud to tht sutarink predieithi@ugh the

fur, 4 S i n f met.hod .and devi ces of

frst e e HOUERBRE Al e TRONEES o BR YR8 o Sthptere a
stitclirtkrai ghyhe seqond sidg of shisltissue sementpr i nci pl es of the

i nvention. -4 WO 2007/ 089603 PCT/ US2007/ 002204 BRI EF
[001BFSCRI PT i $dunbtiekstdddAMt N6 the foregoing general description and the

following detailed description are exemplary and are intended to provide further explanation

of the invention claimed.

[0014] The accompanying drawings, which are incorporated in and constitute part of
this specification, are included to illustrate and provide a further understanding of the method
and devices of the invention. Together with the description, the drawings serve to explain the

principles of the invention.



[0015] The presently disclosed enbodi nents will be

further explained with reference to the attached
waelec@niosegss wherein |ike structures are referrepCT/oSi97/002204

i ke nuneral s throughout the several views. The

draw ngs shown are not necessarily to scale, wth

enphasis instead generally being placed upon

illustrating the principles of the presently disclosed

enbodi nents. [0016] FIG 1 is a pictorial view of the

mai n conponents of a tissue closure device provided

in accordance with the invention. [0017] FIG 2A and

FIG 2B are perspective views of a front end assenbly

of the tiss "W&P&OEWHEQR&WWS] FIG

3A shows an expanded view of a pawl. FIG 3B and FIG
[0013{2 S how"[m preem‘parrttimﬂosw'i embodnmantp wshée fiatheeedplainesd with reference

Ia e. 01
ot FPRH ok, 85 ter T e iion RS0 B HBEBRE R mgygnone
the seszeral piews.pEb¢ drawings shwvad aremet neekstiilydo s, Mguhremphans oitead
a OSHI | e, wt.
sonGah BOHE LA RS R BEBESE G RS
enﬂmﬁénmtsssue cl osure needl e and the pusher assenbly.
[0021] FIG 6 is a perspective view of a cartridge

[oollapl der ggeewiy yze{orrahﬂewloﬁamnalﬁ LoapdRNERY b €8suelcidslife device

40022 FI G shows an expanded vi ew of a needl e

meﬂ‘é‘ﬁ‘ injagefudance it thenentiR. shows an expanded view of an
anti-rotate and | ocking bar. FIG 8B shows an

[001k pande FIGi 24y aofl FiGe2B etegcrspecto@nfisvgpfatiramn exd assérably of the

t‘ss\glglg)su;é)&eq,ﬁc% SFQGIlockl ng bar with respect to a

urlng needl e housed in a needle cartridge. [0024]
9 shows close-up view of an alternative cartridge

I
0038hc ki ng FEc Adrhews an exapdadndes of epavde s 8Bgpd FIG. 3C show an

exphiti@ VRV dt88hshétagschivly Gk kd sige ihgheler assenbly
instead of a locking bar. -5 WD 2007/089603

00 cuof ke taRPT TR o R gh PR R)

FIG 11 shows a cutaway view of the cartridge | ocking
[0029} n of MIG. 54 ien g@rgwtwwew af e telsEixe erpfighratipe eba Hssge closure

need1BSvifhabigebdd She pl@@e%%@seﬁ‘lb@ PG SIPMR IS sofrkl hé&gmﬂil Piews of the

recess of FIG on the proximal surface of th
tissyglepuee xéegfi{elainagg pusher assembly.
[0021] FIG. 6 is a perspective view of a cartridge holder assembly of the tissue

closure device of FIG. 1.
[0022] FIG. 7 shows an expanded view of a needle cartridge.

[0023] FIG. 8A shows an expanded view of an anti-rotate and locking bar. FIG. 8B
shows an expanded view of the relative configuration of the anti-rotate and locking bar with

respect to a suturing needle housed in a needle cartridge. .

[0024] FIG. 9 shows close-up view of an alternative cartridge locking mechanism
utilizing a retractable pin incorporated into the cartridge holder assembly instead of a locking

bar.



[0028] - FIG 13 shows an anti-rotate bar w thout the
| ocking bar feature, which can be wused when the
wo o@Riosegopi N feature of FIG 9 is incorporat edP@TUS20011@02204
cartridge holder assenbly. [0029] FIG 14A shows a
perspective view of the relative configuration of the
needle cartridge with respect to the cartridge hol der
assenbly and the anti-rotate and | ocking bar before
the needl e cartridge has been | ocked into place. FIG
14B shows a perspective view of the relative
configuration of the needle cartridge with respect to
the cartridge holder assenbly and the anti-rotate and
[0025hcki ng TG I@shadys aprelatedyew qf sreertrgee leaksing s PFIEGK 8d
into place. [0030] FIG 15 shows a suture retainer on -
[0026he t op FAGde1 @l{owslmcuwdyrdxﬁgefthu s@xthidge 16tk pih BEFIG. 9 engaged

.Suture. materi a mthe needl e, drive arm and

W““btgwl‘jo"g‘f“gt%“’i’?%séoﬂ?ﬁ@ey"&gtﬂ ‘assenbly. [00311 FIG 16

shows a rearwar.d-| eani ng perspective view of the front
100237 t he &6t 12 dlepays thelpeking pip neerss PEEMS.SL1gh théprogimal serface of
theﬁ&g@&g FIG 15 into which the suture can be

pl aced. [ 032] FIG 17 shows the suture material in

Cl 0SS-S | aced within the recess of
[0028L+ 4 neﬁﬁgl‘ ggﬁﬁp WwsaR antigigis bap paghoytdhe ogliing Qaft’gﬁ"(ﬁ ‘é’t’;}"g can be
usedivhéhe NekiHpepin fdaturé SHBIGLUs Sitbtpoeatédingd the targidgk hGider

5[1 reveal ing the detents of the suture retainer
asseliiY-ecti ons that hold the suture material within the

r ecess. [10034] FIG 19 shows a needle brace that can
0029k i nst dIfced4dshowrea prsendcvediew of thgeelativegrpnfiperation of the needle
canﬁﬂ%es\klgﬁ4é§g&tt & the Hﬁ&ﬁ%‘% 1Qidet Ek%erﬁﬁlgtaﬁh %eann-rgtamnd locking bar

shows
befqrp ghericedip éa‘Hﬂ%é‘aéPeqﬁI‘@kei dntp ﬁ@f‘%l F I&Eaihﬂé’ﬁ a ppfgpective view

of tReRMiOe cElgufdiidd Of the QeS¢ cdrtrfdge Mthsrbéﬁé@t t8 tl{e%f'trldge holder
alssqper ngpc} ive_ view of the need] e brace

§ anfiotpirand ipoking Fgealte drert'n gartrﬂ@eﬁ’ag P‘ffi“dﬂ‘f'ﬁﬁ into
placaddj acent to the blunt and pointed ends of the suturing
needle. [0037] FIG 22 shows an alter native design of

[00502 e nee ‘#I% 95 ?]?&%SQJ sult:tlrg'ret&}lﬁer dnrlhm foﬁ"ﬂ% ftgﬂ%ea%sedqg hold

ted end needl e co rlse
the Mure rmzts@mal awvey framgbe pgedieg drwﬁrmrmnémeWb pf the némalle pusher assembly.
cartridge.

[0031}] FIG. 16 shows a rearward-leaning perspective view of the front of the
cartridge, revealing the recess of the suture retainer of FIG. 15 into which the suture can be

placed.

[0032] FIG. 17 shows the suture material in cross-section, placed within the recess of
the suture retainer of FIG. 15.

[0033] FIG. 18 shows a top view of the needle cartridge and suture retainer of FIG.
15, revealing the detents of the suture retainer projections that hold the suture material within
the recess.

[0034] FIG. 19 shows a needle brace that can be installed on the needle cartridge

from the outside/distal surface of the cartridge.



[0038] FIG 23 shows the needle brace of FIG 22
installed onto the cartridge, showing the flexible
wo alw7esmpped ont o the point of the needle. [00BOT/UF10G/002204
24 shows an el ectronic nodule of the tissue closure
device of FIG 1. [0040] FIGS. 25 A - H show vari ous
perspective views of the electronic nodule of the
ti ssue closure device of FIG 1, including a left
front perspective (A), front perspective (B), right
front perspective (C), left rear perspective (D), rear
perspective (E) right rear perspective (F) top
%erspectwe (G and bottom pers ective é%
(0038} G 26EIGF?Q§h°?e§1%mdP|b@°e?éE ShbWnyR ag@fﬂShthf: P%%’e
cartGd@sur e device wherein the el ectronic nodul e has been
encased in a hou5| ng. [0042] FIGS. 27 A - F show the
stall o) t he funnel .into bac nd of .
o03ghncie STOCEL Mol et gt eB v fing RSt Bt ptates
in theicatiriddee rdyaaling| itsgiositibaing adjdtat (qﬂthahhlmD)r;d pomh‘.ed éndapé€the
ion within the handle (B and E), and the
Suwhﬁ%g?e?ilcl)ém c nodule of FIG 24 aligned with the
installed funnel (C and F). [00431 FIGS. 28 A - F show
[0037kr | ous F§Er Zhehemisvae alirmaiivegiesign of thermsedle bracepfFIGA9; iy which

the &t Jitélﬁé nted BRNbNGe hB&IIE Eipr(séy a NELiPBYa Rl)nchrc'aﬁﬁfd i® k&ring
t si 1n’fg(D) top (E) and bottom (F) of the

the ?rﬁ?ﬁw%mﬂ'[e(fﬁ‘&ﬂ %1 G 29 shows the el ectronic nodul e of

FIG 25 show ng an alternative arrangenent of the
[003gbwer alfliGaz23 stmivisahe trediednzcai HFIGNAL vatalled UEDtE. cartidd3AD

shm%‘?,g?ﬁe %%éw%@l% oo #d Bpano ftLQ.geﬁ FIG 30 shows an

arged view o Ive asto pl at e. A
in enetratesthe stop plate_and rides in
[0039U- s hap%& 4 showvs el pnie I”@d”@B&thquS@c‘e dagyre ‘é‘iYéPch@G L.
31C show segnented sectional views of the main
[oompnponeMGSois Ahel{tshosxswen@lsqmspa:tdewie@se ofﬁlﬁ(bﬂl&:]:roﬁic@:odule of

the ﬁssue glosu%"% 1cee(5m% rI‘:"lnclugmg %ﬁ %r%H npa trSé)r g’t'ij 1 %AS’t rh 8(gspect1ve

t7%ssue et 8Sihg
(B),tripbt &om pefsp&itive 16), slhﬁomr ae:rsmp%m(dl;drew mp@fztna: (&D,i right rear

. alsthat forma
pe“ﬁ’?‘?é"ﬁ éﬁg fop G ée”lg‘gtb‘f"’gg;é aﬁrgtbgé&rl’?%{’g}@‘ieggg‘g{ﬂ FIGS. 33 A-C
show details of the construction of the Foi nted end of

[004the ti s&HE- 2e4J5Gr 2R FEG 1O Ephgw iewipt ptigsye closure device

whefi8 tHel didtronia nfdduldt@isbaeiténsadedin a hbW@ingl e of the outer
curvature facet (B), and the resulting shape of the

[ooﬁged' e brgt 2’; ). F%IQ%%J@ taq;‘atlon 0 tP.O\fvsnnel 1{1#13‘[5)1 gacl?cl e%d of the

per an plastic m acaeenc
handle of the suturing device, with the ﬁmnel ahgned with the barrel of the handle (A and D),

the funnel in position within the handle (B and E), and the electronic module of FIG. 24
aligned with the installed funnel (C and F).

[0043] FIGS. 28 A —F show various perspective views of the funnel of FIG. 27 in
isolation, showing the rear (A), front (B), right side (C), left side (D), top (E) and bottom (F)
of the funnel.

[0044] FIG. 29 shows the electronic module of FIG. 25 showing an alternative

arrangement of the power and actuation buttons and indicator LED's.
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sterile needle cartridge of FIG 7, and the suturing
needl e and attached suture material of FIG 32A
WO 0@504996p3 G 35 shows an enbodi nent of a ti SSURCT/USENT/@2204
device of the presently disclosed enbodi nents. [0051]
FIGS. 36 A - C show front perspective views of an
enbodi nrent of the suturing device of FIG 1, with
needl e cartridge attached, including left front (A,
front (B), and right front (C) perspectives. [0052]
FIGS. 37 A - D show ot her perspective views of the
suturing device of FIG 36, without an attached
cartridge, including left rear (A),, right rear ( 2 )
(0045bt t om %éﬁ A shavsn ensyesderan af4 Anjveswhiehanghy step plateagh drive

pin pORWGted tHeWidp Rt SAPAGLR A Uhapedit@skle Cl Osure device
provided in ‘accordance with the invention. [0054]

mo‘ﬂm car%ﬁ ggAhEﬂ%g?H] E‘ggﬁéw@% ogiéﬁ‘%gentgﬁlsg%f’g Wbt the

maid componvnthenf theBtisdd AOMiF¢ 889603 PCT/ US2007/ 002204
[0055] FIG 40 shows an enbodi ment of a tissue closure

[004*? vi ce QJI@C SQA 3howds arﬁérﬁﬁcﬁﬂh&{{%f 2 'tltsﬁe %%@t\]retnla@‘;lc gg\ﬁn the tissue

devi ce i s between first side and second
closipg jugure Wﬁh?ﬁ“{i@b@@]ﬂwﬁ% 32R étha@wM%@f a crlmp that

houSésaké BES of Be tvB ndlerRILHAITHHY a kRl lcR38R sufRDAGIcAEINt S,
ot her enbodi nents are also contenplated, as noted in

oolf9 5 SHER B0y TSR AL LR e
cloduremeedleiod FIG. Nuwith the slistritvtion b thie ffacetst (A the gigle of ﬂr:e outer
T

rinciples of the presently dlsclosed enbodlnents

[0049ET Al LEFFIBESEshev afispasetdy pame pegd plastie film packasg cpelosing the

steri18 ngﬂu@éalmihgc eI 72 afdihe RBGtEFiRE h&dleaia tthdRA bstuRf matbid of
| nvgnpl on, exanples of which are illustrated in the

FIG32 anyi ng drawi ngs. The method and corresponding
steps of the invention will be described in
[0050DNj unctHIGh 38ishdwd dreenletdinére of a dessie cloptrieaavioé of the presently

dns%’s%&%@bo&&%ﬁé] The devices and nethods presented
ferein may be used for tissue closure. The

[0051] FIGS. 36 A — C show front perspective views of an embodiment of the
suturing device of FIG. 1, with needle cartridge attached, including left front (A), front (B),
and right front (C) perspectives.

[0052) FIGS. 37 A - D show other perspective views of the suturing device of FIG.
36, without an attached cartridge, including left rear (A), right rear (B), bottom (C) and top
(D) perspectives.

[0053] FIG. 38 shows a further embodiment of a tissue closure device provided in

accordance with the invention.

[0054] FIGS. 39A-39D shows the operation of the driver arm in the cartridge holder
assembly operating in a rear drive mode.



present invention is particularly well suited for

procedures involving bony tissue, such as sternotony
w@b@s0s®wss As depicted, the disclosed tissue cPOBFUSE07/002204

device, or suturing device, is a notorized,

el ectrically powered apparatus. The power source can

be battery or standard wall electrical power. The

ti ssue closure devices disclosed herein advant ageously

prevent accidental needle punctures to the nedica

prof essional and readily and easily drive needl es

through bony tissue, elimnating the need to manual ly

orce the needl es through the bone. A  Wthin the

(005E0nt ext FIF. 60 S1oMSEOAPOCRISHT 6o T dpties ds Rl abs
sterftitéth @ Site $URR tHie BleldeMael isidhacea Al first @Bl % sadtidSideWEL WpBIS

frominadvertent needl e punctures during closure and
sterpily| i cates the standard sternotony closure technique.

In so doing, the disclosed enbodi nents provide easier
[0056nd nor &Viileubnebavandentified Hamwings stthfertivpreseroly disclastéd abl e
embSQ n&agt!hgpexﬁ\ﬁr}dﬂhéhtg & a&g%ﬁxtxtemgﬁve!dt &s 1%]&?(10 Xh I?ﬁJ JigdN& 8|W This

pro uce tissue closure In ent nanne
dlsC?émlewéeSp@Fﬁ iildystrativesenodinagniby létwadofirepmmrqtlhn pid ket llmltatlon

Nur@SSRU R Gsbdifi éaﬁoﬁ‘saéﬂd%b%dﬁﬁe%mn $EARH G b H&Q gﬁgg:g]tﬂr?the art

sternum open for nore tinme than necess
whicihfall ygiyin %ﬁw@ﬁé §pipt ofthe pengiples piybe P@S%fg/lde@mﬁd t he
embBigsat | y di scl osed enbodi nents are shown general ly
at 50 in FIG 1. The tissue closure device 50 can be

used -9 WO 2007/0 04 to produce

a conti nuous, n@%gggﬁﬁﬁghggéggﬁ&ﬁﬂ errupted suture

so as to enable_closure of the sternal halves after a
[0053k er not Bgference el new befmade dixdatpl ©. thme@r@p p@feectd etibeidimeents of

the lgoedtﬁn BexalIQIoF #/Atbh RAf RSk e PRWRE KLoARRBIAY MHSwHES! FRERethod
prevent need| e punctures d erno onmy Cl osure

urin
and 6‘?"%§Pﬁ‘éjr‘“%ftﬁﬁ’ﬁ Arthoipyerdian vel be %vrlg%d igopnetinsrvith the detailed
desciiplibmbt e @Y R&H € using st andar d needles and wres and

repllcah‘s st.andard tissue . g., sternotogy% cl osure
(005 chni quBs 4o pERTed "5’6‘0@‘&81""15?}“ B My G NE R FiggRlosure. The
presbmnmeasomm ﬂartaSllancyh&ﬂl duits s foe ,pr%cbﬁh&es iﬁbblmm%aioﬂy Bisdub Ssuch as

nu of ¢ce n es. t hrough t he bagne
seriRiiny P RoEr st P oiBh I g oE i 2o SR o Ayne devics, is o
motsriized ctlemtgeal fyrpome tadagpantue nTha g g oyrdd Cdnlsea@itteityr dr B@ndard wall

. t | l.the tissu

ool GEitbr, I Bekhe o5 el skl dpnal BBy provent
accigendal Inged@ punvtyresiionthe medigaltipeofyssipmekar@eadily apil etilyideive needles
throfi® lSH’nyQE!ssueaEﬁrnﬁlag hg e t%?n El Iy Hedd tf\@gee%ie@ %rﬁgﬂ the bone.

clrcults gear I nc
Within ghe qoptest efiternefamy c&qsw thpldsac@s@tsdevapeb protach the dgprt amdbadjacent

vessBi an@8fududs ¥R iMIRBl e heedfe ﬁ“ﬂcﬁﬁesmupmg %lo@ﬁg %Q& ?eptllbﬁes the

drive wheel 67 and when in use, mates wt
standard) stegnotomy, plosugp tchniaus. sinisg dpingg the dispigeqd wdag@ﬁmoylde
easn&de hiee h@éﬂtln{@mﬁﬂh&'ﬁ)ﬂ@ﬁtl\@&|%¢(§ﬁw?§ca®ld dHAYisabh MGthin the chest

qge bet ween Jhe stoP £ ?te 66 and the

cavrty or other anatomy, and produce tissue closure in a time efficient manner so the patient
is not subjected to health risks associated with having a tissue segment, such as the sternum,
open for more time than necessary.
[0059] ‘The main components of a tissue closure device of the presently disclosed

embodiments are shown generally at 50 in FIG. 1. The tissue closure device 50 can be used
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drive wheel 67. The bearing surface 68 may be any
| ubricious material having a low coefficient of
wo eooctoswns for exanpl e fluoropol yner conpoundsPELIUR208%002204
those including polytetrafluoroethyl ene (PTFE)
[0061) The electric notor 61 preferably is conpact yet
powerful. In one enbodinent, a DC notor can be
selected fromthe Maxon RE-nmax 29 series, for exanple,
commercially avail able from Maxon Preci si on Mtors,
Inc. of Fall River, MA. Mddel no. 226784 can be used,
whi ch wei ghs 159 grans, is 29 nmmin size, operates on
9 volts, can generate 22 watts, and has a no-1|oad
to pgﬁﬁé%ﬁ f(ﬁ)(tan@usopr mgrgsomEppnlyra n@g&lptqjios)gtlgg s¢astogaable closure of
the S&MEHBs bt sié@brofiPMcBure! 108 M) Seasfieed §RHERG0 isa
series, whichis 32 mimis Slf Mbdel no. 166943 can
motpiizade bajtery AP wETef arpatatus desigacd Rrgicat nesdle puachires dHeng as

sten@bté;QS% clbs@Rar othee SilGlat ﬁlﬂcd‘dli&EdéO Deli206@ ﬁelﬁ&rﬁﬁmﬁ%% e®surt RSing
sse i ncl ude er asse not
stangfed msp S e o R IS HICRET s Be oy yerasom Hodure
techplygibe rDa\aseesm&aynl,h deves ndedissarhugh bbgt ashalisR Hthea tisWuke MAus
haf

; hani " paw " d g dri t
clinI R RR e et e ey ires heedies BRfeh sty WoagLatirgreothe heart
and adjdc@nvessels hhd stdrcitutes ﬂndarahredeﬂtenAnaéRacﬂmcm&rstdundg elof0e.

[00edf | yi ”gie?eorhhégnuﬁ 1°ﬁ1‘é él%ﬂjfrk??%Q%%de%l]Cg sij e duc{%s%e mov: YaBleY

attache e car
elecronie minddy1e760 mclp@(t)eg]baﬁm@pagsaﬁh [y eletific nzcgos(ﬂowld hgear box 59, as

welf afsﬁﬂ{cﬁ%ﬂq C%él%nb{l'% g%?rcpogl%blfg}tﬁw 1&1%§Q§ﬂ%ﬁ ﬁﬁﬁ%ﬂ? h%u%ﬂl g stop

cartrid er assenbly e attac

plate| p&ysoearng syksg %& ang@ dpipe Mhedl/638 FedrayemdiT 63ISPErETy ho Arigy wheel

67 a@na rv&hrehq!lgﬁseg Rhaibivath IRUISES drRe pidt@ﬁ@ﬁxaﬁs %H ba AERALR assembly
The pusher assenb] X 71 includes a "drive shaft
lil

70. é‘}ha'baarma spefagh 6ff 49%s aplpdiicating syrface Reiveer BiststaptPIatp 6ﬁ and the
drivk Iﬁﬂlegmd"ﬂ]el)e&@nglélﬁfa@e G@iéfay be I&ff’lu?ﬁél&ﬁ‘s rﬁg‘t@iﬁ&l hzsmg alow
es._a.spline in the drive plate drive
coeéﬁ%ﬂ? é@‘cf‘ f, rH‘E)’t FEMR ‘f‘&/o"oé\’f"i‘eé{?ﬁ’é‘&o‘f'@sls“‘g‘ ab“ﬂ‘?ﬁé "Eﬂl"&l”ég
polyB@rafidbsoetiyeme€PEEEY. Oni ¢ nodul e is attached to the

009, ng TP EREGH THiot REPEIATE GG e B i, Frge

embodinakent, aaBG endibiycart be (sslecred from the KMax @BREmed 200esied fahexhinple,
com%r&gfly Z\%ﬂlg?lg ﬁ%n’?’ M%QQ# f’rpgﬁmp St?r%n%zx f7F6alltF{]|ver M?A Model no.

arns ext ending
2263$‘b¢1@ beutseral Wblch oNeighs d N gramecis 28 onmén size, pperaied en Qryolts, can
8, I, BW. K i '
B e DY fife, ST TN ThE o9 B2 50 Ol e
selegied fierl> forrexpiple. BadMpios Heddead GBBUL sarishywhicklis 320paris pige-

Moded nbNEsoa3 Lavee: (1B, viReH Kal3 i §e£ %‘igr@.righ beonsd hﬁ@ﬁslayws 1 gear
view the aperture in the nee cartri ge 90 and

reductipp (4ti9ge hol der assenmbly 72, the space, for exanple
(0062t Ween Ax debicsdd, fe@Ront end assembly 70 includes a pusher assembly (not

visible) and a cartridge holder assembly 72. The pusher assembly has a drive arm that houses
a drive mechanism (“pawl”) and a drive shaft that runs throughout the length of the front end
assembly 70 and enters the drive plate 80. A needle cartridge 90 carrying a tissue closure
needle 110 may be removably attached to a distal end 81 of the cartridge holder assembly 72.
[0063] FIG. 2A and FIG. 2B show the front end assembly 70 including a pusher
assembly 71 and the cartridge holder assembly 72 with the attached disposable needle
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and a second side of a split sternum and needl e
advancenent through the space during operation of the
WO 2®3089663 osur e devi ce 50. Al though the enbodi PENUS2007/002204

shown in FIG 2 has a plurality of support arnms 76,

ot her variants include a support arm assenbly
conprising a single support arm The inproved view ng
ability offered by the shape and configuration of the
support arm assenbly 76 enabl es preci se device

pl acenent over the sternumin the case of a
sternotony closure procedure, and uniform advancenent
of the tissue closure device 50 after every stitch to

cartrpqlg?\ﬂodéh igh heuseohatise CWW?‘W’C lght’{heé)usbqf@p@WIy 71 includes a

driv® sKferst dnﬁ& drive ahf a5 tthandn iRdhae %Htac‘f Q5HhehSnRBR 110 via a pawl.
struct s frominadvertent n e §83§3¥Ctures duri

The driug thatl 7S[<08tEAT FRLNGIPARSITY FEIVE St g gstationatly
attadheli €£the AfS€plate)y80( 2Whén thb eleirddiembagle iscattabiRddith tigkdor? nd

di s Qsa ttached. The eed artrid 90 )
asscimb 1 BORe dhat TS R U W CEREE ™ gl Pos) AT cagtidee
holdeluastsabblg 70 I(g1odvnl’iﬁ cmc:a IZBgfna[ﬂldeﬁd %ﬁlbmabx@nﬁa]tcsabp@t arm

WMe r.a nat er.i aj. rmn
wsse° 1 R b Bt o LB SE Shgensod g i ing doFiftuany
divecgeaf fries sead to pmbvnﬂds am:bpemmgt’.(s tb e hucthe tih\ecq:)ﬂMMrnfgequemdon The
oper¥ Qc%nqgvt% ,E,l? ?f {1]1%§d orli arS Qgé %d V\fmrrrl]alrfn bﬂtﬁﬂi ﬁrowc&: a arelatlvely wide

opertigg T§-thpt @lmsabe madmll we&ﬁmhtoehree@nmwnhhg)em% igltizseedle
camfxdlée 90 a%%)CEIIYF %e(h-g?éér Qmemb M) ‘JIKJCI o @)@amé’@ gé%ééﬁta' i} side

he cart ge fromthis ITH erl can
and fl eecze%lﬁe p’éa arlitwienem anbneedle adyanceenithiopeh the spase dlueng

operﬂ]@n m14§h§1ﬂe AR¥urd %e{/i@: S@S&\moﬁgﬂ ik %H?o%gm@‘nt Elﬂ)%vnqh 548! 2 hasa
of the cartridge der assenbl nown

P‘“fhléa ﬁ’é Sur@a'a RITBS 7% o wa*luiﬂttwelﬁd@? SOPeY a?/la @&%@Yyaqmrsew a

singldWpgstE@mDThaimprRed vieiving abnltpl bfFerel by & éwp@@ﬂ%hﬁ@lmon of
ositions that are ca able n e sane

the BoT pE ix,ssgrflgg/' egab 8 Pﬁ%‘éep rpgch F@@e sterpuikin the case of

a steh@d@Yy cﬁﬁﬂe&ioo@ﬁulbhﬁlgoﬁxﬁibgm d@&nmﬂadwglfﬁus $x§§rblclb§m% .devideso

when a en e t edle cartr
ot o R SR et by 2 i e heatand
adja26) v£0R89 6®chtR@Tdrb,{Sﬁ6)ﬁ7ﬁdhl®ék%Mneerd&rﬁunbmm dueihg elosure.

senbl | re r|n 77 ages t.he
[006%: af t b{afp‘r? és‘ta@ 25(9 $1 ot? tﬁ caré‘ ge yzggs \Iglgere tthe heedle
caﬂm@;ﬂ?ns flishesablyrattaeitedr ﬁhm@edhemdgﬁéﬂmwpﬁsa‘@ diggler housing that

may b%tfgxrrﬁed 1ALtk l‘lg@l‘lﬁéhléah %Iad@@t@nhiaape r:ﬁ%' %Lg rr%&glld{ €

is attached to the t end asse rive

Prefgrahlya s migiterial Hrrpyieg thy C@ﬁrg«%ggé?ﬂtpn@se@ﬁe'ﬁ beth pjigestl@ a9d adew chefficient

of fridtdRto ﬁ:ﬂﬁceatﬁti e¥ reZ;Qnreci Q)%é\]e tﬁbsné%@ﬁetdl%@é’mwltmn fil. ©ne such
31A and FI G 57 between t

et G g i o PR HgRroRbASa 6y GELBfbAeys polycarbonate
. cont@ih@i BYRgIBEAN, B PIFRATEARY, h@ 288k oRe! BBnstARMAL Bie 59m1dge
§ %5¥ %érlle d%% g gfra ion. The first C>r|n9 P

rony o, DI deJOL W 2 OSEPHAArVIREHROVYSF e @Rt of the necle.
The Asssigrhyy bd; i‘weasﬂﬂjb ﬂﬂalﬁlzd’ byie Giétas el $1 610 Cdrtridge hBRer assembly

p%yging‘and S 5 r?nt . .

72 by kndwn means, suc as % urality of grooves located along on the edge of an inner lip
in diametrically opposite positions that are capable of engaging the same plurality of slots
correspondingly located in the distal end 81 of the cartridge holder assembly 72. The grooves
when engaged enable the needle cartridge 90 to be retained by the distal end 81 of the
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end assenbly agai nst the nose collar 157. The
plurality of Orings 57 provide a sterile barrier to

W@ e@l/084se3 devi ce exterior fromthe interior ofPthes2007/002204
handl e. Alternatively, as showmn in FIG 31C, a Teflon
seal 57A can be used, which provides for a nore
durable barrier to the entry and exit of fluids and
ot her possible contam nants. The barrier sea
el i m nates nmeans of exiting of any non-steril e gerns,
debris, particles, etc., fromthe inside of the device
to the sterile outside of the device front end.

OOGG% FIG 3B and FIG 3C show egpanded vi ews of the
cartriflpetieldcnasemb Y2 AiCEP G A SR 7 ometars YRR berclriand the
dr1v§;9l)ate| %ﬁ@gre%on%mfé fol‘ RoturifhioGhe drf%i sHes 73 Bacik 18 laG%tait™ pbdiGon

drive arm 75 pusher assenbly, and is caonnected

suchythatiwhendhe Q,lgctlanfﬁ l’i?gd%?G%lSﬁlﬁgﬂlﬂd ISq, Weggmt Wsml/ &0 the drive pin
63 WiN@topefPeRdagk Sheirivé@utd 80 af 16k Kok enbl ass%tﬁbbbw t he pawl

0065) 550 QRS oA L. 318 e Ffres I, ek § BerFetn BE aysher

asse@BDOM arRiths caritttige holdsr 43asrhblg AP afebge aSsdpdrafidrebar@ér to ensure the

oo BERFLERLAS ARARRERY molBIRE) Bl TR i s
the frort egdipgsertbbly, The sedvad @-rippdhicats cdoser tbiRe Bondingrand seals the front
cnd SR8 B n SRR LB G 05 8 PG 90 i
to seahthe geving e@ntdorfmn thehetetionafithghandie. dflterativelyt asrshagn in FIG.
SIC@&%éﬂeaf HFA Eéxﬁ?el‘{?se@ lv@ﬁ%ﬁro{'ﬁeﬁ ¥ & rrﬁcﬁg dllugﬁlg b‘énﬁr Q)Oﬁlg entry

114 restral ned antcally crinp

and git @Mtatis el cgihertpﬁé‘sﬂas Pty InpRLF- Eb@:bafﬁeroﬁ@@h eg’gnmﬁés means of

exitin bBAS, Iﬂ'@ﬁﬁéﬂll@gm@t@ndaﬁls' Partids, efcQ HdhPrhe %me%f@he device to the
erein the |eading end of thé suturing material nay

sterifpeoytides elfhe Apdesiot6rd- attaching it to the needl e 110.
mosifp enabliFeGt 5. aRe PG 3d v &paﬁdb‘atmawofttﬂe ﬁﬂﬁeﬂ&@éﬂﬂltﬂ? ¢hcluding

10 pr ef er abl as .an .arcuag
a pagi? éFﬁS B%‘f’(}vé}’e %le(gt?&t)t o alfhgt ﬁ’b&%}tcn 1es ‘@68‘8’} ‘“1"H‘°edr ive arm 75
ofttreq?elbee aést-ﬁxlbiw aﬁmaﬁohmtadffqetMe ayﬂgslby IaQ)lme'{]&BS "léh'b%edle
a 15Qh .along .the r a r edge, i.e. the edge

(ot BT e e it PR g e arbl v The mot b
[0062]15b | sSKFpGs# shayysea mmmmm héths kanvpd siun tlvdure mdedld 21M6f the
prespilfy JIRAE8 chbByrEhE, O Aol o, RE0k 1, BREALBNRRuen bony
materipll Thheedieel 1019 fop@ed @1)97@@8!%@131“?@2/@82@@# @eaR0d (or gap) 111, a
shar% %t@&’exﬂpfﬁdn?%gtog?&‘t@ bRDELE 13, ﬁc‘érhnmll B&eélm aligned axially

erpendlcu segnent a

withgageatie thewaediedid 8sis émafﬁﬁglt @e@?unam1 138 hwlea ng ﬁed of the suturing

matdHil ﬁﬁ@ﬁb&tﬂl&‘hr&:@ @B indd ¥Be bHRUGNBRA febBAnad By hidsHanRRRy
. eng agfengé the drive nmechanism (pawl) in the cartrijdge

crimpiee ¥d¥ashg omeping fgr %cﬁaﬁrr@dﬁmg the 8pre maferigl gan be in the
formIGkey @9e’&vﬁ&talﬂtth@l@§dm§f%6ﬁﬁé sutiReHE PA&ENA D bePassell Iﬂﬁough for

%{5‘{%\ the ﬁ?%ﬂf‘gﬂ]q— h'g %ﬁ% %3%% ?]?}](btto pteget Ff‘en t%t e rce:qurreci:j depth, the

needle 110 preferably has an arcuate extent between about 250° and about 330°.

[0068] The needle 110 further includes two symmetric notches 115a and 115b along
the radially rear edge, i.e. the edge proximal to the cartridge holder assembly. The notch
115b is positioned toward the sharp pointed end 112 of the needle 110. The notch 115a is
positioned toward the blunt end 113 of the needle 110, The notches 115a and 115b are
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the tissue segnent, such as a split sternum A notch
116 is located on the radially outer edge ("outer
wmedaoci8dsodf the needle 110 proximally to the nptTOSHaHW2204
that is closer to the sharp, pointed end 112. The
outer notch 116 engages with an anti-rotate bar
| ocated in the cartridge holder assenbly 72, whereby
rotation of the needle 110 in a direction opposite to
the advancing direction or "needl e backi ng-up” is
prevented. The positive engagenent of the needle
outer notch 116 during operation prevents the needle
110 from straying out of sequence during the suturing
locatge @ppasite t¢ QOGDDtERcaplekatling anpindicatas (ahoatPqN) segmentend an
ang I8 Seloh @i Shar SENEn SR 6 Bl Y0P il delFerafbula? Qlgment. The

exposed Thi s need EOSIII on, . Is reterred

notcpes Hsa@apd 113yare: eng%%«f* Y §ig.drive mfﬁbam% ﬁﬁ?"*ﬁb‘é‘ltl“? etridgp polder

asseﬁ@@d'}ﬁarih]&ablé a0t M dolitiBndl Ave kAt ipdd %ctuatlon of
ousing to elimnmnate, needl e-pricks durlng handl i n

the ‘Fﬁ’é reeghepismglbersPy eapsingdLigPaneens 2d adyanse Hiraygh the sp ‘éspa“m”g
the (@96 deghRnt, buthtdldQ spREAdraut A A HotehOEL 61 6 10 0P aﬁ afel redibly 8uter edge

Crouf 5P R st TRt Pl et e Snar,

poingaisinti1an. tl*he omeﬁﬁkbteh 110engass withtan gatiapaet barbdcatet al thy cartridge

vl G5 3P FES Hhe lon R P T TSR e
advapaimgdirdgégn QrH'Qc@g/bqykexgemt’ isgevamady End mﬂtw«;wng@:memf of the
neeog@ Sutélhl?(ﬁ bﬁodd?ﬁgg)pgﬁgor}ﬁm%vgﬂtg {I}F tngeedléj fr&‘n Sut of

urin the di sposabl e nee Cart r| e for
seqlph@&:@wmtth@wtummamsm dge hol der assenbly or di sposal

[0063f { €7 U§Re nddifk Y4 s EndDLE Q\Hhﬂga I‘:J?'ﬁ"ldg& ds%%ﬁ’éash‘a}po;?]dﬁ?tﬁ% end 112 is

evice 50. Such protection of nee I'n tf
not expesade Tdioragdls P@émpe,easwd%rlw&ﬁeé taatthg&herae” position. Inthe

home PRSIHbS mé h&b& llf()rlg’ﬁlll@(éﬁ%fn'e@ SiithtrBE smhc%u msﬁs%ﬁg fodlikMnate
reducin ri sk i nfection caused ﬁ é‘genlc
et hBe i,

needleprigks; ﬂas ondipest “teﬁ‘*&f‘“%%ﬁ’ré%l%ﬁ%dd’&ﬁ’ hpgthe aperture
in tht HRed1él U&dd@e@i ccﬂﬁ%a@iblélﬁemﬂ rcb@éspbﬁl:isdrﬂp?s @Jﬁdth%&e&k@ﬁdﬁ fhe

te n cur track.of  the e
needle 1 TR hstuiEe Berald u g PLAkF Fi® BSfacnt PrarEifHien o
projete wiateriablQ uuto tl&damme lnln e Speh ari Aignmisadb s eiechekdi2 130 to reside
entirteﬁr lﬂ?lgg}l],lep rﬁese {egcagtf];gge tby rggeavgﬁtmtﬁ:llga@%gé tt%%) Etfagtlé‘the s%arp
pointaiteadi1AR with the tsec'h ﬁdgd{rsdmhe IpdiithgeofkiOdisposablt hesddd cargidge for

placgl’gglllt%\pﬁ"lé &ﬁtru@ﬁ‘hgl Iastsgh?bl %?8‘ os!iga(h %ar‘?‘cwvﬂﬁé e mb_, o the

teria e cut nd t and sec
hssv&wl%pm@pmreé@e Sueh protectiglyefthe seqdiecHLO inghettissye cslosyrm@qve:e 50
rev'eﬁ‘tts QEdidda dngdﬂémks@froﬂr&cﬁ";lné‘ tﬁ&éﬁﬁﬁxb&gntlﬁﬁ%dd&ﬂ%%ﬁc risk of

nning stitches nmay be placed in ke manner.
'nfewoglscaeseé|b@fﬁﬂegeraﬁ béqs%rmrn@rusefshwaz@emamee needle 110

durildy Afﬁ?@ﬁgﬁng Q&poﬁﬁmﬁaﬁle@@le l‘l‘)" a9 b kStatclBYa HEVBRLLK of the
nsert ither a or .to i nsert

a
nee(gam:zmrglge @‘B?fﬁ s OH%lt"éjl"BI? ﬁ’f'ﬁf’% the Sk!ff’f 'Eg)ﬁ‘?(v‘%lfg adyaneg fhepointed
neediSerdl T 2MoaR@MBiccdR NOdirfiGpard thodRrthed10Wsd aied returns to the

home position. The suturing material is attached to the needle 110, and therefore follows the
path of the needle 110. The suturing material may then be cut and twist tied and secured by
an appropriate method. Every stitch, whether a single, interrupted stitch, or one of a series of

continuous, running stitches may be placed in like manner. The tissue closure, or suturing
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ti me-consum ng manual suturing process. [00701 FIG 5A
provi des a detailed view of the pusher assenbly 71
wowdaoh/ogebati on to the suturing needl e 110. TheCpa$to0a002204
the tip of the drive arm75 is capable of interfitting
with wedge shaped notches | ocated along the radially
i nner edge of the needle 110. The drive arm 75 is
capabl e of sweeping back and forth in an are spanning
about 190. The drive armrotates nore than 180, and
the overdrive accounts for any design irregularities
and tol erances on the needle 110 and the noving parts
and ensures that the pawl w |l always pick up the
devige 84y therefgice may be usqdpo Tasert pber aingircstite)s Rbidreast a siture he

compRasE @pllllzgltfj Bf ¢ MEnBRR sBiche hsGabmtsentdnt ABMHYE Fr a rﬁbt@t@dlous and
along the radially inner edge of the needle 110

mefangHniRg THIEHSUNERg e Sf%ped pawl in the drive ar m 75,
[oo7bjher eby FE@USA BQDVH@:G aRiewlied ﬁeﬁﬁﬁﬁﬁﬁmﬁﬁ@ a§§eﬁib’§y AURith Rel@ion to

osjtiv xerted
the it ncrdif 3T syl at il of g&f{;‘dﬁ? 3333 aﬁq‘apﬁlae Al issaipe with
wedgé sHabed nateied l@atlQling thchﬁﬂﬁflp irhef aipeloflHeaedlo 106.Clhe drive arm

aII . t hr ough ut 190 each ti.ne
75 iR bt Sucrbing Wk Pl B b lire B me et The e
rotatek) mor&atﬁahh 80L14hdrib¢ atedritduconigin ananyadesignfirragudarities hY tolerances

on 006 0 AR G B e
needprgoth 816.5C are sectional views of the tissue closure

[007 i‘]e e d le gpd aé\ﬁﬁcmg HRREhe ST BEH X dle A0 ﬁ%{ﬂlﬁn gh %us@@mamgular

| at spring 96  asserts tension on
SlotSpf}Jel?g thi eadipdiyi 1inios edgseizhe geedled 0t alignewith theegigersbiped pawl in

the Jrh@ aRATS hthgr%ﬁ candli2iind Bﬁvlﬁ@%g %@ tHeSslot$ Qﬁ@tto%dposittlbg p)%@%‘re

pi cks, ug at notgh 115b drives the needle
""‘”F’@O’Pﬂ‘e PnEY and tenlork” intrthp S\fs. §e W&foréﬁ&a@@w& HOXHERCof the

need)®1 Whis m&omnﬁﬁm&lﬂb %cdr@&?ueﬁﬁﬁl fyagRugh abdi® 1 Wélﬁnme the
the§§amd 95 ves ong the quter surface

.11
t’ss“FﬁgOSH@éﬁV'ée &5 actyafRd. achSuHC BTy Sieneetie 1?1'61“81468 thm“gh an
arc dfbbbut 360% widlelthe drpzm.ga;gemateb ®adkadid ol fdraco@DsfCBodtB0°
delaqg tq%:%Iat spring 96 pushes the pawl 95 into the
eI 88t ch 115b. [0074] FIG 5C shows a pawl stop 98
[0072)hat peFIGI 3B hllttbFIGA/ﬁC tiepedtipnainliyweotttbatssae closurt atdldle and the

push%pgéé gnb sixgx%n Fﬁ? I%Jaqlatt Qpr %t%bl ngtsﬂebn\?dorr]xg)g ha%a ]1%5 to

e he need
pushathg pavdl 2 distakbe intdthe ﬂa¢r§¢ eH0 mdaytofth@mtclh él FaWhet tp p@8l 95 is

rotat%% &He %le 95&9&4 u%ﬁha(t%ﬁ:thqa56 laﬁ)&weg the ﬁeQaeFﬁW 95 can

only turn unti| angl surface contacts the paw
{0073} op 98FIGRLC slmlws ﬁbs pewerSarmt evgpeedhin thawnptck d bib 98l dngaging the

surfaJdQdhel izedit $10.58s thEPRaw 9%nostLlonglthe Wi QRGO 8PHE Feedle 110,
PCT/ US2007/ 002204
the pawl 95 encounters the notch 115b. The pawl tip engages the ramp for the notch 115b

and the flat spring 96 pushes the pawl 95 into the needle notch 115b.

[0074) FIG. 5C shows a pawl stop 98 that permits the pawl tip to only extend a
certain amount into the needle 110 to not bind the needle 110 and cause the needle 110 to
stop. The pawl 95 has an angled surface that angles away from the pawl stop 98. When the
pawl 95 rotates clockwise, the pawl 95 can only turn until the angled surface contacts the
pawl stop 98. The pawl 95 contacting the pawl stop 98 is shown in FIG. 5B. The pawl stop
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98 prevents further rotation of the paw 95 and
prevents the pawl 95 from bi nding the needle 110 in
WO b@7085603 | dge 90, [0075] FIG 6 shows a cl 0seP@pUS108m002204
of the distal end 81 of the cartridge hol der assenbly
72. The cartridge hol der assenbly 72 is conposed of a
sterilizable nmedical grade material which can either
be a netallic material such as stainless steel to
enable its reuse subsequent to sterilization
following a prior use, or a sterilizable nedical grade
plastic material, in which case, it may be discarded
and di sposed after a single use. The cartridge hol der
98 preygrififirihey ptatipg of thenaw) é‘g ipBdPrerens thgppad P Fom; tirdiag the needle
110g+§g@&ﬁ§ﬂ§@087 and a proximal edge 89 with respect to
devi ce actuator handle (not shown i

ﬁﬁ% W th an.
1007§Jper t ur EVG5S $Hots 2 cleseripaison e At ARk ohfheartridge holder

assem®Gatd, Ol‘hetcﬁrtﬁ@gd’lﬁil&@ a¥detibl d;a/zslu *é&ﬂ'n?&feu f b)ﬁteﬁhfﬂﬂl@xﬁedlcal grade
ed in_the sposab needl e _cart

ure 0oca
materﬁzw%g;lhtcgv g EBFWIH%%WBP&F"?’?%%PFF%%{% itoyena[)le ‘% reuse
subse&pjmf to%@éi-llaatﬁﬂﬂtbﬂbwtng aqfrlo‘ﬁ L&, sr B&eilﬁ)&ale&ﬂecﬂiaﬂi B6rdO Plabiie

mateéﬁ%t‘?] @VP c e 87 ; yag %:lare eg]amiﬁla%oglgﬁ gﬁ? g%ésoen?he cartridge
holdpt assahbly)n dnﬁs ] eyzlmdncaﬂg:onﬁgtpstxommﬂ 2dpah elcilgegnymﬂ agpadxiflal edge

89 V\}l{l]l x{e%]:%aﬂg %ﬁelocfea/ﬁ:% rauuat%g ﬁgg{l@eu(%igpglgwﬁtwi&h& f'turyk% that

asse er conprises-
corrcspbndsdn |d0a¢nswh@nd {avationvioziobicile wxdcam@dtaomalb'rsendampadture

locaﬁggﬁ t}‘§7d1 pto(g}ﬁ) e ﬁe%dl%%gﬁhhge ?Be %ﬂ'gﬁigk 'ﬂ?lggraﬁ('%%ﬂlglk o) agéhﬂoﬁglly

entica anet er correspon
comggsss #lyraiy 51 stppsS2dpentsdrlpnssengbe SQt%ﬁdaeh‘?e" tb@trarﬁr ioa@}ed opposnte

to ortkoeirﬁﬁfer, and eFtlapableof &gﬁﬁlﬁé%%%% glurﬁlt@ ofR&dibing %Eﬁﬁe nt

t he support arm assenb he gate assenb
corrascysn jpely dopatediip the needly cartides r’i‘PP%%ﬂ/ QY sftorw)t%aaﬂaﬁ@ holder

assefn%h}} T @@t colnﬁii‘l@est & 1akkal efot (Aaevmleb Nédda on@h&@iktal edge 87

e ass 105 ots on 0]
that S PR eraeing P GLIERE B QL ELR e resond e R Hoagd on a
gatetab@rrtbl)‘smﬁ%f"ﬂie@(hbg&laﬂm‘gle(se o5€heto@rtﬁ&gd’hdld@ afdem®lyl A is attached to

enment e v at en

the {FBH SPERne 04 o) B SabhorBar Rarany TR THE eul ARPRERCl diGraepts e
needls femtlbavingthe grack dvel fghing casistrthe yadk(}ff theocastridpe bolder assembly
72. TR BAREs Qb Bt Hhvort btk pfho) FETLT B o soctBr A during pach
actumfém tlan@iclamge deved iﬂwtom‘ermiﬁ ) cnetel@n raovemenhpfthe ddve
mecﬁ;ﬁ{ idh uﬁg @ngagésdtﬁé néeﬁ% @Lg?lﬁz 106 Q@at%&@tl@%%ﬁﬂ@%é’h% ags%mbly

pl vot 1 VO ri ve
°a“53r“|‘ﬁ grse %W@Hy éﬁa &g@gp m WV?rﬁ%dlrrééam,élkmaa S¢enE W avitP-Ern

motiddS Thé Z%tlé BssemBBt B53FERNs Yheh?tﬁral Mvgrlﬁéﬁt'ah@?fﬂc?amf ofjtﬁ)é)needle
LS. ca e .0 € needl e _cartridge
withirpthp GRITqEe hOECbFS%e@L@%%NﬁEG F prPagl Woitehie %@ém";}he pivot
pin m?/ s@&hmﬂxd dia® arf 7srvgageeﬁgagesrmadihe needM eia &iy/paid tcad | paw@ by the
d .0n 9 site 1o the advanc

sateqesefy N G o e b P R 22 g R R e
90 t¢-logk itin phgesn theckuddgaipldir@wsenible? Dasspdbaab engege dhencedle,
whe&%&%gthg&eofqge Réediehﬁ a direction opposite to the advancing directjon or "needle

backing-up” is prevented.

[0676] FIG. 7 shows a close-up view of a disposable needle cartridge 90 of the

presently disclosed embodiments, which is preferably offered in a sterilized sealed package.
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presently disclosed enbodi nents, which is preferably
offered in a sterilized seal ed package. -15. WO
wQe@7/0888603 PCT/ US2007/ 002204 The needl e carpeT/dgmod®2204

conprises a circular housing 91 that may be forned of
a suitable rigid nedical grade sterilizable netal or
plastic material. The material formng the cartridge
90 preferably has both rigidity and a | ow coefficient
of friction to reduce the power required to nove the
needl e di sposed within it. One such material, for
exanple, is Lubriconp DFP22H, produced by GE
Pl asti cs, ol ycarbonat e contai ning 10% gl ass fil

The B%dWT@Erldqug Feippriseq a girggrdiopsing Ak thatmay be fumied gl & Reitable

ngldQﬂéctlédl deiRle Rl AdN Se@PSEIASRL nfelddiaP Y intiferfap forHﬂ?ngt tfe cartridge
0% nore need] e driving power at the point of the

90 irdesah s hos o FiSLLD I  1oW EgPHaem e GAGiaBINg roduEi e ReteRRpauired
to mbixethe Akédlé BigFos8e aBIn 8 SORNMRICH nidblterfal) Forkxatnple, BNChbBtomp

n Vi 50, by k own neans, , such o
DFP%?@%{P?%?%V %Fre BByiss, weply - eanaieeortining &P%‘gba%ﬁ'ﬂ,ém PTFE
(Tefpmys,lahd anssilidome. @oastfrpadihe camﬁdg%ﬁ’ﬂﬁhgtmngehh]l dah @rovnde for up to

o t he  di f t.h t
20 Bpt A B 8% 8 Dbl i er fcredt i o By be Flbasaviy
retaio@hlyy ths esrtad gyrimides aQmelyalt thedligdpal Ioﬁsmﬁrmg’k@alg:lersg biytk@own -

meaﬁsg %ligiheaé% r?ln%r])q gr(%ogléé d&gmh oqmaeeggaél rgﬁ%ﬁslt% %@%txarg:l%it are capable
of engaging withethg phoaliy ogﬂotwhe theghigfalpdde efthb Icemdg@ hobledsgembly.
The féddid éaqgi%gg 0 [0 }Q?corﬁ[%s@%lﬁ Et%obé/ o} Bt ﬁ%ﬁﬁ{?‘léj&eengégxlqge{hc anti-

assenb groove en eng

rotai@ npdl I e LM eaR g R DY, %sas@sd@momgéwanblyg?

oo78ef i ned Wt{?lettﬂé?gx%%@éi'ﬁ WRhhiA98 e2b1d Be 'B@acﬁé éﬂm‘? ge odtd Bk
the correspondi g aperture in the cartrid

retaiged e partrrdge st e ggrove 83 hen engates wbﬁh%%l—r@tate

and Lblcki(ﬁg Iba¥ 1Y RAYR a9 raperwragkdefﬂ%dthhﬂk n|e§dlé Beidghod td sle, $iled
side surface of the hou ich lies in

W'thﬁ SFRETSS iR ansETTER 81%“-19{‘%{ gEt *@1?9% @saeawai Theineegie %@ge 90
furthef chrppriseb helrch@ﬁ@bﬂ@ @ irand 9k higdt ihsdribed slkhe Edsﬂ@ surface of the

hougiig A1 etk o 3 Lt Greefos el §MAS ohe Biditsl & gf ot e
housiregi¥lcald thatadehestuttirinigeissics S@dlheapernst 67 hx&emlms the mabk 92;
[007%I | dabl ¥hg gr%l:%th g&%g nee%iféel lbr gﬁxgo?% (9f glcala ratye stal ei;s s?eel or

re definin nee ox na
similag natlteriablstShéatdy peitidned émtbe tiack 8hd'ba eatidnseofam arcidejmEng® Oxe

arcu% needl€ 17P%" Hﬂ{] QmQazelg' '8 at 't(pthe Il?@u Egto]tgtg E&‘aw@h&lﬁge 90 at

resiages In a Ition in t track
the apRepre9 heyaip.- HﬁemH@I%IM@aHﬂe@aldes inpg'hpmel’ positignyin flerfrack 92

such#hitind BS 1%@%&@15&6: ggedlerllbh@n a@@ﬁﬁiéﬁtdﬁﬁl 80 apethife SR Re
poi nt ed end of the need I's situated on one side

caméﬂsa 90 Tihe shafp: reinted pnd qféhec'aﬁ?f‘leﬂég iptitupicd oR@Ys pidg and entirely
with@BE E?lﬂifﬁleg oF tﬂﬁhﬁuﬂﬁg m&dreem tHefp om&j arestre ﬂéé@le'l&ﬂ s, therefore
et ore cartrl ous! ng
shieJP Y U faEHET B adar 1 bont Fiskor ezt 5 sached o a
sutusmg tm&teﬁl@l iFadcatedak theopbeiaisrid oflthetapernap 90S The sifirsi @oited end of
the neegle qq& is, ere r7e wilx_gl?y c?or;n%rixpe’d v&%“u? Ehee%agrqggeogﬂ and does not protrude
beyond the housing of the cartridge 90. Thus, the sharp pointed end of the needle 110 is not
exposed to the user. .
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the needle 110 is, therefore, wholly contained within

the cartridge 90 and does not protrude beyond the
whonmgiosegodf the cartridge 90. Thus, the sharp poOi/nsmd7/002204

end of the needle 110 is not exposed to the user. -16

WO 2007/ 089603 PCT/ US2007/ 002204 [0079] FIG 8A shows

a close-up view of the anti-rotate and | ocki ng bar

100. As shown in FIG 8B, the anti-rotate and | ocking

bar 100 i ncludes a cartridge |ocking surface 101,

whi ch nakes contact with the needle cartridge 90 and

| ocks it into place, and an anti- rotate surface 102,

whi ch contacts the needle 110. A coil spring 104
[0078hgages FiHe84 ahews diglese-woyigw of thesatppipteppd dpding hap80- As
shkoxhﬁ\ 2 (RIS ﬂ{eaetnﬁ r%ﬁ‘t"e Arfaqlsémgg mnod%hfd@s APMRidaB 1GRehg 5191rface

or un-lock the needl e cartridge

0
101=| ‘mlsh maggszcoaﬁwt w@h &f&rrteﬁ'q"a Gatrisise 88 @nd Lacks i iRfo place, and an anti-

rota{e_QthﬁQc%e mGSgch]@mtaa@i thk4Be @B 0Y0.24 cBi1 'sﬁﬁr@ﬁé';%iﬂge@ﬁ?hetdﬁﬁndge

| Sta e e car SSe

nolder atserpnlk Thand aflowting apionieand feshmedar LS TReY e upage gown so as
to @Rk Lh-Ostk théeneddadarttidgd VCkitd flacenmatd earehlpt holdgeasSénbly 72.

008 ciews TACSTEAAEERE e’ REBIRSLPy E Sy ro 4T Fhe
cartddget lalidee nskeBiblyoT2. tIh FIGAL 44, thgeeedieodateidg@®6 srit h yon-Rycked

posihgl? ﬂ'{'c;rhexr t9 tlc?ctkq?gﬁgé%dle c%lﬁ#x@%rﬂﬁ{he%ggdlgﬁiyré@%e IBF) %g%%gsv be rotated

engage
counthieclogkwise: 6lf<amré0<a<rtue hesslld qagridge 90 omtthe distabindRl gfithetartridge

holci%%)gi(;rqg}y 72 ﬁ)asaill 1~rgt'a§' %‘Rﬁ% b%IP %&H 2819{1 Bé‘gée‘s,‘ﬁ%d g@%ﬁ b B%fge the

I Nng nec nism
coﬂép@rpﬁa@@dhwwﬂuaﬂowrﬁl@ %ﬁrqorat@g@ Ipekingepar 488 enpivgt amwox\pm 103.

[Oﬂéigndl e e PiHolhRRn %ngna&@rhﬁﬁﬁﬂge‘iOElQné h\%cﬁa‘ﬁ%lﬂ'l Ng 18¥kthg pin 200
O allows the operator to sl

is sliffably; digpopsa witin ghet Getridgg %Qldez@asemb&ﬂ?a fbé\gﬁlctl? il byiion 203
confdc@idrty @ﬁﬁo&ﬁ%&gmﬂ dll&\tv@{hc %E&ﬁtog to ffde tﬂ?lﬁ 206 ploflGRally along the

| de asse 0si t.i. 0 ot
Slm?ﬁ%%ﬂ’" 2 PSR H‘”‘?%“tdﬁﬁg‘a %Xlgtéﬁﬁfc{%%g éwmf&% n}ﬁq%\
assehibly vhe d futlyiretehcpidrpo®ion (1ot biaaadd AlsGh@wotnl thel eroby-gaatibiue view

o BT o 4 A RS e By
holdef agshrablyd2kiyngrtpe of (B0 pringlRem sitieed@eitk praxdmilrend g€ theQocking

pin %\ﬁﬂ S\%’g% ﬁﬂ% ntegdht: hS‘tr ?bllsdggwhg Fodt%g cg%‘?’ gq\ (%eﬁgis%neably 72,

ooves
whesg¢hytthe 8@0\«3 ﬂmkﬁﬂlg epizreed eddighe 90@ 8@na lokleing it feprgs 202 on the

matﬁw% Lﬁ&% dt l’tx]et &?trﬁ@é 96 hﬁ@\% vﬁ@\ tﬂé 1Q%OV\A folan gé’]ﬁ Birﬁl(ﬁ)qg protrude

ro ru
and epgAgs éhezezess @g%» rt@sgfbx lselfenm@emn@dlmeémdee o8 rqtpﬁmg&y ggto the

cartﬁ@é@{dl&&? abded bR ’m}ﬁoclﬁé’%ﬁl’h rElges 12! i &drmdd %?Mlbéhﬁ; larger but

l.ocki ng pi.n recess is forned to be sl

Wlt*} %\f‘ﬁ'élna‘ GES Segfian! shage as g logkingad 20kt Ingws Pn@ﬂ%ea@nsihe cross-

sectidn@l ghapekd)me wclamg% 2000arnEe SEABOSH B MNcking peh RESS 202 are
ona shape e Iockln pin, 200 and the s ape
c1r08$ -+ Fare eélé%hﬁ éalﬁrl gg c?raﬁ lgr)lder assembly, a user can ngage the

handle and button 203 attached to the pin 200 and slide the pin 200 proximally to retract it
from the locking pin recess 202. Upon retracting the locking pin 200, the user can rotate the
needle cartridge 90 to disengage the grooves 94 from the slots 82, and thereby remove the

cartridge from the cartridge holder assembly 72. The locking pin recess 202 is more clearly
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circular. To release the cartridge fromthe cartridge
hol der assenbly, a user can engage the handle and
wh o oso6203 attached to the pin 200 and slide peEURLNNT/002204
200 proximally to retract it fromthe |ocking pin
recess 202. Upon retracting the | ocking pin 200, the
user can rotate the needle cartridge 90 to di sengage
the grooves 94 fromthe slots 82, and thereby renove
the cartridge fromthe cartridge hol der assenbly 72.
The | ocking pin recess 202 is nore clearly -17 WO
2007/ 089603 PCT/ US2007/ 002204 seen in FIG 12 a
perspective view of a portion of the mating
seengp é%!%w&? apFFPsEtivedtiey pia porlienpithe meting aglérowal perde of the
needl®Barfiiick 900t at e and | ocki ng bar 100 engages the outer
notch of the needle 110 to prevent rotatlon of th
l008ﬁ1eed| e TheanfiEptyr é%l?@kmﬁ@érdfﬂé‘ BaEes Hig- e ek of Hfr;rr@s 110

to pféﬁ/@tﬁ'fﬁtdtx&gofth@ Redderiioaand beevbfitonesdld Backing- L@Ubn@fhereby precluding

FIG .14B s ows the e cartrid
the Seaale a0 T R EIEC AT ORI QPG TS Hie e Spyigiee 90
lod&@Qﬁ8boﬁh@1&ﬂmﬁﬂmuﬁknpamnéuﬂbe anti-rotate and | ocking

00836 nct ot SORERTASTEH 0 -8 A 98 co RS Blped e
carthm:ﬂbﬂgng funttien islacldkvedgrighua foakieg 12001 Tﬂeearmribzitd-mg)mahce
locka“l']ﬁ sulr)% é( i | _o? f:l)l] aﬂm-r%tatce agggockl%lglbarh caﬂnbeiﬁq%fmjil %tlgcri] Qﬁxﬂmg ina
purealmamu-rcmtafoer 399 as3hoOwo amFEG . i Be aati-rotatethar B edtnscomprise an
antis %ﬁt‘é {eas%ﬁ’ag@gﬂzttn&tr% 5@0?“&9 Wltﬂ‘%llie Wegﬁ ltlbe "ﬁl%eclq ﬁ%tjat’le%ar 300 is

anti-rotate bl ase Spring
biasgdh ha grringht04 49 F'ilga%ﬁ@taé“sfe'iﬁf%ﬁ@éfa@o%owlfhﬁthﬁ ﬁeteb peteh 116 of needle

110 rt‘@f)l‘ébeﬁltlévege raﬁﬁ&l sfth&&&dﬁ@nmf event reverse rotation

the needle 11 [0084] As shown in FIG 15, the
W“Sehr tri dde showve ghFHé léqmeﬁpréﬂdgm 90trap b GavipRed ity prgpre retainer
40040 RedpahK R hre nkler Bl 1 38 SomMBh®Fdlg vidiBthkrotibbemhé ﬁééd&gl 10

with the rotation of the needle 110 , during operati
durigg OP?@“%‘?{)}E‘? e Aevice58. The anturgreipinet 40i5tnsto ey the suture

mat&@li pSs taft»ay (E1517) S;Ié@ﬁeeﬂlbttk%ﬁ 92 rwtr@rchﬂhdge% aqzvmsmf peRipettiiR view of
e lra 0
the 1A Eitieg 400 PNt i G e Thr B oisstians e e gpenigntp euide

the suturk Infaterid 1387 e fhe apeitd tettiser 4édkss2 pf thvacaatfidga®®r At shown in
h i_al i.nto needl|

e 7 s O L o BB et 3 R 0B R e e

retafabQrecdsg 402 ebeddigbtly sm4l(:3 tigin thn’n@anmetedbfethc sataiemeaterd) @38,

allo g%%ﬁe B%ﬁ Ft%aﬁ‘gﬁg?ﬁ?}?; II!'Q ﬁxa%@ﬁpi% i 8?2%&2% {e)%ﬁ%ﬁ Secess 402.

Thissigpispshonsn &y FIE- 1§381ustraélnlgdﬂmvr¢ge deientH#Y provide plightly narrower
pasREERSY fot thelsiRirSMbidFifl iARLBH 08 ofiiBndellcQetalder f?:%@sq|492 This
retainer recess 402, This is also showmn in FIG 18,
featyne| prieeptsithe,yptus Waferia! 43R Gom anintentionallyi sepine opf fiibe yeedle
retaim@f 460Ver passageway for the suture naterlal into and

out of e needl e retajner recess, 402.
[0085] he need?e cartrlrdge 3{) can also be equipped wit a necdle brace 500, as

shown in FIG. 19. Positioning a needle brace 500 against the cartridge 90 can prevent
inadvertent movement of the needle 110 within the cartridge 90 during handiing of the
cartridge 90 and suture material 138 prior to loading the cartridge 90 onto the cartridge holder
assembly 72. This keeps the needle 110 from straying within the track to a position placing it

out of proper sequence for initiation of the first actuation cycle of the suturing device 50. The
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feature prevents the suture material 138 from

unintentionally slipping out of the needle retainer
wdo®d7/0§w085] The needl e cartridge 90 can al so PET/US2007/002204

equi pped with a needle brace 500, as shown in FIG

19. Positioning a needle brace 500 agai nst the

cartridge 90 can prevent inadvertent novenent of the

needl e 110 within the cartridge 90 during handling of

the cartridge 90 and suture material 138 prior to

| oading the cartridge 90 onto the cartridge hol der

assenbly 72. This keeps the needle 110 from strayi ng

within the track to a position placing it out of
needlg brges S@efeaﬁ arflaage 801 thai onigeis dhe BfsidaEistaly srfage o{the nemille

cartr?c%?@lgﬁ Hidihd ' Be Dl ih P&ty hcHowtin FRG. 20, I THR n\éQlle brace 500 has a
/ 089603 PCT/ US2 7/062204 needl e brace 500 ha

body $Qnpyhoss @ff%%aﬁdlewwswgl ¢éorms e thg dnsids radial 9m§uwpa@fethe

cartitfgelddealRRad) & sh&ﬂdlér rféa@'tﬁ@ SwOMeQ’lle behck 360 BY BCEtubidd near the
The needl e brace

osi t|on . 500
s dares oy oo GaTsiae Ble GceRdn de RHAREABG AN of needle 110
seat@DWtkin e cta@trruge%,ras seevit mdiTa. 2!1! Hfﬁélﬁée@[b b i& MRS prevented from
cartr a_shoyl ature 50

e 90 .all ow .
roi fEHRHE gaek O bR P ol Heabe PRETAA] phpcedie 1101
preveped ﬁbﬁﬁhbvnﬁgj fcfrm&i iafitscack by d@@r&@no&mtmkjeamﬁnéegh@nt 504 of

body gkplt&r ngedl 8)516 %90 hlcr;hecellose Hc&?o msrﬁ l‘&fllg.l (itmnflgn of
cartl‘uctg@é?ﬂmné\bémcetheffpmmd moy ahént gf wéetihi 110iib s tracic KWith tlee rieedle

brac% gg‘g é&fﬂyﬁleéﬁ{ i'nﬁﬂrldu% 0 (594 11¥ulat£ H’l% cgg}l{l]%e?rgcvgg%%flﬁxfrei etlsgembly

preven rom no
withpytofewr nynatdheﬁwlem OE nedide véhlmtlwﬂraokeag? wentridgs(9. Ghch

mov@ﬂgﬁ{t c%g% po@etntlgﬁﬁ 9&&1&{ fE ﬁee%%oout g?bl%geﬂegéﬁlcy fogg%\%ggﬁ after it

to the inside radial dinension

is plpged Ordhe pratridge Rakder arernai 2. The nredls) @acrﬁﬂﬂunw hegformed of a
suitdbleAGdid maatdal 8. H'i‘é‘[%i!alﬂe mAGEpRAR hfte®QSi tion, an

i ndi vidual can anI§§ ate the cartrldge/needle/suture
10088} senb| Yhe pFadirobrpcs Whcap pe perytpdayithimtheynngs girpigniersace of the

cartxﬁt%&dﬂ?eﬁblei er&Jghhffrfcﬁ&ihl{ p@éss cm,rdrrﬂhxdag] @6s pl@b&lrh]ong the perlphery
tenti al %? ition t
o)

ot g ASEUT Diogt Sl R ssprerite B i ewpndine drigessioat Bt gipvr)
along ke mm‘rtclil‘cdg&ré}mlc détheassaddz! 90. 12 a filifter RERdentyfalieneR brace

500 gﬁé’ veQFc ls%gmentt 9{»4 gan S ucotnatruc?eg,a{) gl}ag ét d | cal %%B%ﬁ 88 shown in
FIGnZ% dT l@ tab §646A mnsiawtdlbofsmmrraé evithi stxfﬁcnant tlesticmeperties to be

¢ . )
som{k SAEH N Ahe Tublibiinp SR hilEfal dohoreibdd Bl YoP YRR
possggses ﬁbérqhsf@eteylst"@fw iththe peinttidend DéO@dEOUO mhltlohed:farnhe end of the

trac;@gcbqaaa EoOMi kIR hEIRMND0 @&%E@ﬁé k@04 nlgtbeﬁ@amh and
aI ong e i'nner circunference of he cartri %

snapnio ROEHIER OF BTN R b it i 2n 60 Ieptaasiihe g baee 50D into

posxt\i@f b gaiwrslamtm%semnbansm% hetaleLstagOsdonst aB mg
a tab 504A as shown in FIG 22. The tab g X

S“ﬁE’SH@F‘i?é? Querspmethelasts registance ofrthe tabSlfae| ast i c

[008Tdr Oper t FBG. 240iskak exploded perspective view of the removable electronic module
60 which is a battery-operated electro-mechanical assembly. The electronic module 60
includes the battery pack 62 and the electric motor 61 which includes the gear box 59 and an
output shaft 58, as well as electronic circuits. The battery 62 is preferably re-chargeable and

provides the power for the electronic module 60. The battery 62 should have a minimum
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somewhat bendabl e. The Lubriconp plastic materi al
referenced earlier, for exanple, possesses this
wa@baragiees i stic. Wth the pointed end of needl BC/182007/002204
positioned at the end of the track of cartridge 90,
installing needle brace 500 causes the tab 504A to
bend slightly and snap into position over the tip of
the needle 112, thereby | ocking the needl e brace 500
into position, as showmn in FIG 23. A user can renove
the needl e brace 500 by applying sufficient force to
overconme the el astic resistance of the tab 504a.
[0087] FIG 24 is an expl oded perspective view of the
battgry Rl PRV 0 iR CHieRAT De bl pepring] &sutures (or 36 total

cyclbd khrBtgtr HRENA LA Qfhla8 HERERAIM CThe ASER P bYoviddh @he rotational
el ectronjc nodule 60 includes _the battery pack and

foreg AeFegtapCoF e tstoFowe dpicrlitadingtes £a sle@fé%mcsdmrcb@ntwls the
operdfiéh éffithe Sldbtﬁiﬁlc flddhe 65&ase_ﬁ%n‘h@éﬂcoﬂﬁollﬁd%hfeﬁﬁhcpactuanon buttons.

circuits bat t s prefer re-chargea
oS3 By Sy et i eoael o T GG oG i P Frganesgectroni
mod'ﬁ:‘)bgﬁ7(l/384t8 mryprgZes?%(g;ggiﬁgkgﬁzcgzﬁblrbthéfklﬁi'tm]_;,f?st&'@mg, and torque of the
atte
e'“izft?d“%ﬂ 52 Qf’@eee%{%g AREeae e %%%‘wmfaréh% Rftfeasci o2
The @etectr@6c trokiale 60aya! lmprovnbedmgimnatdnlsa;rmnasegmﬂtabhmto hheafBont
end %&gmﬁfyﬁgmj 8 su geq%/ %? %rc}%/x!qlgﬁe%hg QEctr or}lcaxtnlo '@8 6{) may be

orce cessar | Ssue osur e evl] ce
reméyeddrdmpthe fgmt erllcb@wruhllycfslldyoag d proedurofas cleasing dptteytcharging

and %ratheA@hﬁi%Bélqnész &Qﬁ él@ctﬁ)q cbrﬂ cﬁg e 80'ad3fEwir %f(? 1/2!55‘9 Cfo ‘

ower and actuation buftons. | cators are pro
25(H) provide feedback to the user of the current status

[0089f the gk€S!TaNhsd 24P HWENLE gssu@‘cf@s&&%‘ﬁ@%@@ §§§vﬂéreﬁ1n[qe removable
I rmvare control the starting, stop g) and torque of

elec{fﬂ%‘c mouleo0ihes Resrcanclosed misdhameplopehinel s wEdS0ndp theesoplasti
houdil€151€ CAab6H 153, Rick&dbyt a §l8hp daéh 153t p:%mepa&lfy £ exit F&he

e TR T PR 50,2 ulh T Sne

proximalsind geeye hy ranoad kil éctrohie eludupug®. is Thiert®l. eWhéOmE Gon-sterile

dul.e. 60 d, f t he f
oS ST B SN, BILLNG L P SEseTl Y

usingao Osting agEeflofddaltsimitalto tecfumt afd dfithe ddveatto (pmvenﬂmmgress of

any f0h LRI MOGLD L Goic Heeul:0 in i Hlorid GG AL 204

[00891e mov abfreorded fecfaqlbﬁatedhmldeﬂn@nwf dam-fein ckencdis aebdile 68 into a
sterﬁaﬁﬁlm&ﬁlﬁ@% fu‘ﬁnggﬁlb%§ﬁ' LE px%@%e@q’ﬂm @’ly{:sl?é‘{lwplh?%ﬁ%(:g% ng%‘ the

housi ng

operipgof f&é §r°é‘ﬁ’f‘i‘1fnﬂ efthehiapdle 460, R ehq“emxlaslse 2%Ac ) e Einnel 600
operﬁﬁg b @pl@%lcaﬂ_ ibaBt EenROp&bont B &, SfiARe tﬂﬁl%e} Who HaAles the

proxi mal end where the renovab

"°“'éieé’£"t‘?1?ﬁ"fi"8‘°rfﬁ‘aﬂﬂk‘e6‘b%ﬂq the peraqsy ﬁe@dsurwérmwurmw@? bandles the
sterxlh&tohﬁfoﬁerﬂ@@ﬁthb Sutbigg advi@dks0. e sRARS colipdnbifRE ﬂ)%lutd@ tHhandle 160,

the oor fgij thenl tclsm ?1%% tge n;rslg%oﬂar 157, t%e2 sllla% sségr?llentdﬂ, cartridge holder
assembly 72, and cartridge 90. The funnel 600 is initially sterile when inserted into the
handle 160. As shown in FIGS. 28(A-F), the funnel 600 has a proximal barrel 601 and a
distal barrel 602, each shaped in cross-section to conform to the cross-sectional shape of the
handle 160 and corresponding electronic module 60. The proximal 601 and distal 602 barrels

of the funnel 600 are separated by a flange 603 broad enough to form a barrier between the
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using an Oring or Teflon seal simlar to the front

end of the device to prevent the egress of any
wmeonse8®ns | e gerns fromthe inside the device PET/OS1008002204

sterile operating field. [00891 In order to facilitate

the placenent of a non-sterile electronic nodule 60

into a sterile handle 160, a funnel 600 can be

provi ded, which is tenporarily placed within the

openi ng of the proximal end of the handl e 160, as

shown in FIGS. 27(A -F). The funnel 600 operates as a

physi cal barrier between the person (e.g. circulating

nurse) who handles the non-sterile electronic nodule
handsef thp gersereingrstingite elechonis moghle 40 as¢ tstesof dis)summiog device 50.

An HRRIEEScAR pristellor e RIRANES ;&fagé OHP.@ ﬂ%Hée%'dr}QctQﬁé’h{e? in

50. The sterile conponents include
installpg e SpnngbeN0 ip fhe Rrapeyertisal orteﬁ@tlﬂ’eysEhfc%TqvaﬁOﬁ@-Pthqrﬁ@ltable

prinSH2605 SEUTEBhge/63 R klsb hQI%S%ﬁ?Q;ﬁ?iEﬁlt;%ﬁhﬁ?@%%}é?:ﬁl g@ﬁ gtom the

. rtridge The, f unnel whe
disa] HEL PG P el oGl has WSEBRmehEOL R MG gandIe 160, as
sho2B{nAFIE). 27Braadfzmmn @he 6RO HES mddPE GBichRbe PkddethrdQd tindvity of

arrel n,cross-secfi.on to
the et 690 s s FureR 27 ¢ SRR PG s GHORR wock g gisSes
througahalﬁdmcbﬁﬂﬂearpﬂm!bngm mkatidiomnitice iandlel 16060 fukinel 600 is no longer
cons%egé(dsfg%éersﬁe%ie d;ﬁirg?/cag Ib? e%ov%g gg { éog'lal rgthteﬂ %? Sfcj)]s Lo Pna g%nle
manbgrqnd@q:cu;g@t widlethetléteh 123) a\ﬁ@s@@@?g @&Qﬁ@y@ma] end of the electronic

modﬁggﬂLﬁg@aQZ/ Qgg&gér supﬂgéi é)?ftl'h gaﬁxrﬂ? rdﬁ?@e ﬁ@ ?e%{atnjl anlte ha?condmon

[ ectroni c e res e suturi
facilifatpl by tigouse OAtheefvm@J/\ﬁ@Mn ampltaneatiye iembedimsnt, efwgfpmfé 60@ean

have I‘&eﬁl‘é rdté’i‘a‘e ?gr@feratl*ﬂedfs{)@sggl%) ﬁt&cgédr t@q}‘ie ﬁ&?hé’r‘?%&‘ tﬂe'}?ange 603 in

i nst al f unne prope vert
ordegfq %ﬁ‘t%th%wmwp%rﬁvwhe G@“B’rfr%’ﬂ H@rn%cﬁt%w@npqyﬁmﬁ endg

pers@x%l OThd MBdd bUNEEhRchs of fhB d f’é?o hﬁ'f?ﬁ @ﬁldmtﬁrlrllcllédngor example, a
rom e I Sta

i Sti h the proxi mal
h'ghﬁgF?%F 331&”%%“ f%mlrrefé@@wnmé% WEIFUrE aRd Lerilizine gasn
[0oob)i t W t AisRhdviaeinhEIEGH. Q6é&@mu%§26(§ théNrbdnB k@p@d u&?xﬁaﬂﬂﬁkted into
ctroni ¢ mpdul e can
the Gk Bk 180 ShEFoV PR Sr RS 66 o pover b aheons o S6jdiion 155,
An dtechaflVé-cleroméc mbdule BQ etithand 1fferl&m12hm‘aﬁgémﬁ1t pEms &keypad buttons is

d has t ed t
Shmﬁ”ng‘fw fg i ‘{}ﬁmﬁu nne ?r-%\%gow%r@% o Y'oh gi egrd AT (s)e?f’aral rfg%fn tk&%
actupgiongtugion (1654 bl thealpE B éndiemanddd. Thb electomric KéyPad & A ehlSS5A,
and EEDQLﬂéﬁgr 15% dle ﬁ\tt@é}él t& the B3 %}?ym@tgg%feéf b&Y lg;qt %41& Emtnl}ﬁe electronic

3, also securl ng I OXl1

modeleé@s ?Soﬁlilplé’ﬂ inB UG 20-6bhe varﬂr-&eé Pownreoﬁlbwé@n Hidrenablesthef
elecirdific SolilleitH Gitte Bt afnatlod &' B nl"lbcsta%fda{l@n blﬂtocr\lol%g'nﬁdy% depressed

facilitated by the use of the funnel .
whicky wd, iy %e'éﬁtm mefele thrpuehr engrarles @tue e‘a‘ﬂe cwvses ¢fa 360

needd EI0 lo@itidh a&ﬁm(pmirsm‘daﬁ@bgu twhh SIPFaRliGhs TSR shah Sdﬂ €The

5 PRFE s RO S0 1Bt S e b oumed

the fmﬁpf)ﬂ’ne rlestramicl mc{d&YeSﬂﬂn Mk stoplptatéo6l RasHat ﬁoﬁﬁ@x’m’@ﬁberﬁﬁ engage

into Ehe enclogﬂe 1%@ lg pIolv?cPeg ?he c%%nec ?’gn Itongalplt'lqu theftgrrque aper?ed Wwithin the

unit so that the operator does not have to oppose the torque of the suturing operation (anti-

rotation feature). The stop plate 66 also limits the rotation travel of the outpﬁt shaft 58 to
about 190°. A drive wheel is attached to the output shaft of the electronic module 60. The
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hi gh strength adhesive that resists breakdown by heat,

nmoi sture and sterilizing gas. (0090) As shown in FIGS.
wQ@enm7ggeazigh 26C, a silicone keypad i s encapsuPer/@82007/002204

into the enclosure 150 and provides two buttons, one

for power 154, and one for actuation 155. An

alternative electronic nodule 60 with a different

arrangenent of the keypad buttons is shown in FIG

29, in which the Power-on/Power-off button 154A is

separated fromthe actuation button 155A by the LED

i ndi cator 156. The el ectronic keypad 154A and 155A,

and LED indicator 156 are integral to the
drivpatheelrophtatisardriyeain Weish exgages witkithe drive phiee #ltee fronfreind assembly
70. TR PP sy RS SRR 1 BProR g WO O e the pesdje 110
thropgh the tists- {Ilhe deitle whedd plspLpntainp BV aprmaRGTH Maplets. oﬁheﬁs giagnets

are ﬁﬁ%rﬁﬁy ARRMR &G Ghetivh 'v&th VI Qf&“%nw}Q6§ kSt 'ﬂ*\ccrotatlonal
dul € t hrough one c e cycle consists of

a 360
B avala o RE 59%&5%&% ihe feBt edrsiRgPLY Vibtorde housing 151 via
screwauas oPBsnObthtMBe AN tRWecENatd ehghoehb@. €l eCtronic

nodul e interfac R e enclosure 150 through
0058 ha st o) PHeAP BB BN Ao S5 B ARG Rgwer (Green), Bror
(Re@) &Qiomatférﬁpmnoef) B6The HNRinElIBD apdl RéEyPal BrdVate dnl RteribPGifface that
a ta osur e

s 3Bl e R ot Bof erdol bedsiuPe ShE b eals o R gutoctave.

Thewiletctrnmc Mueiuletmmwawnﬂ loptratiefeapersatore toopsdiratrivhaarer o

oo BREE HOFe KU o UL D ORFTFL L B3 o
off hugtoatlSd s initilig lactpfatad{depesspl)t Thhahit wiiSturpitsabaffiafid0. minutes
of lréogwt)yﬁx t}’l@g\?elnt it‘?’s s%r%@%ﬁ Qhet ]g)vxtreb Gn o%%%m%% tPoQ'Er—I)m&’ower-off

[ ectroni ¢ nodul e

buﬁ%ﬁmewmmzm cxtlg vl ighigrered bnthgisaBwaredWhge thsi electronic

modiE BRWABERUSS tNé OR LERSnEichyewn] Rufifke {8 ehhPNiu@Rgted until
assean%H07O The drive pin supplies the torque to the

switched (Pffe g ongsapbasiipentgriggeringiapecrgdomesty te diive thetrwrefaa &ﬁough
tissel ¥y ddpesSsiag thEhendtibyButvhRashk vall sause et RIS sb \f@automatlcally power

oft BRI DR \ior iR Bigpr o e bRefinw odels wall FEkin that

condikien nﬂilaic'llbﬁaﬂely s@@iﬁcﬁd&ﬁ 1o thd o;t[foai%e&ondﬁqoﬁ Osifess eerd@is ah 2#ror mode,
nd.asse 0. the housin

70 1
tho GG RalE 1ae S ERHPEETR oLt P “FUE R, e
elecemgxag:emam has a0 G8rb} LERr(ewlof red) wdbdicae ¢ EDs) MbB6. Eieaectronic

moc{zlheeal f?z{slésl,oqv %taﬁl?eﬁ%%ﬁﬁ (rﬁ;] 9%(10\('%#?@%&5 cf’r sPle m(e??aq ))atﬁéry needs

attery (Ye hous
to bp elearpese Thn aetnationibyttor 13 most bteidapresseé f@ralp%l@ﬁvecw to drive the

tissuebidsRkdadiead prﬂeaa{cmmmcmgms%waﬁ@&m% buéomfgs is

sterilizable in an autoclave. =~ The el ectroni ¢c nodul e
depregefnd he aghetiopfuitar  PRydgss apthays to mimain dapsessrellipghe actuation

cyclgkviM @bmplets '&"ﬂqeaddl&amtrbl@adehy TIND ¥Etutidon Bustof Qﬂ?orﬂ?%du’it@@one
cerb e ST Pk T U B RS B oLl s 190
twiceé heastrplish totatingttiehdedRf 110ald @M 350°)Mheut®Sstion button 155 is
operable so long as the device 50 is On and not already in a suturing sequence. The actuation
button 155 must be released and the Power-on button 154 re-depressed before depression of
the Actuation button 155 will again begin the next suturing cycle. The electronic Hall effect

sensor 162 combined with the firmware sense the extent of the about 190 degree rotations
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of inactivity in the event it is stored wwth the power

on. Depressing the Power-on /Power-off button 154
waleoo7/o8p6e31 act uati on cycle will be ignored by PeEUS2007/002204

software. \When the electronic nodule is switched On,

the On LED indicator will illum nate and renmain

illTumnated until switched Of. In one enbodi nent,

triggering an actuation cycle to drive the needle

through tissue by depressing the actuation button 155

wi |l cause the device 50 to automatically power off

at -the end of the cycle. Once switched On or Of, the

el ectronic nodule will stay in that condition until
utiligisgthrepeamangnt ieethBthe driveushesh p@ase the ershefi otian is detected the
ﬁm%r@ﬁ:%diﬁ'&?[& thiJué Appifetl 96 tHERRor to LRS! RALHEY] s"on‘f@&%@Error

times-out fromjinactivity, or an actuation cycle has
Modgs it may ocqpedurig eperption & hefadiinelabisl-an Error LED

(color red) to indicate an Error Mdde. The el ectronic

mopdul e also has a Low Batt i
5¥Rdi cat es t h&°THht e igr b&?‘f@%tifryneaeds to bém&vﬁﬁ%'dﬁd.
The actuat i bGrisat k oRed155 n¥edpwbe |depressed f.or the
GHEMbde© bU TP OfF VE OFFE ITS@lﬁe Cl mwrseffa.%eumeotaohune I'ne

ar\f_ua+| el hootr na ndg A IIV’ FLUII J.55
Lo SpehR-Soatle perpihe dekuRiamRRY Con 100

'S denress d - The actliation bhut
Agegmai n depPBssed®(h . p. (Y& act] At ar e pehgreycle
conplete if|the button |s rel easedidicaidire e besartedoMechanism will
BgtYeds 155 pnPY req@Pres orf&F depr‘f‘é‘gs‘i°6?f“"tﬁf?s‘g‘%taa‘td'€‘*H@e‘f
needl e 110 B60 (the needl e driver *AFHE G [iq" IS depresse
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Behey Blllgct r opi gpda) | off f eCt o8 ENS QR d B2 RRbl,BEd cWhdidba
GR&% i r mmar B sense the extent of tﬁteﬁgcbout f90 ((JI:e ree
rotations -22 WO 2007/ 089603&{2@/ US2007/ 002204

utilizing the permanent magn %% the drive wheel .

[OOSQPCe t h%l@ doQf 2 ABLd- 196‘v1|e§/ of %ees%peﬁat% 188 and LFfi\BhEL 67 {shown as
nodi fies the torq the notor to create a

transparenty Péﬁnansah@a%wt%qgo P‘Erdl‘"ti? pml\?aopéé thengaar Ahshade Afthe center of

the Gp iphil OPRERLL ARoRIVEhitH Frbided the Iﬁcb} foint fok-fHl'gehlOBhaft. The stop
Error Low Bat t er EM St at us: gen Re;j YeI%
hege t ’Eﬁs‘j

plateysp 1945HpE Thby sorevs 4% The gropipfate ﬁ%‘f’m%fsﬁ%ﬁ’ eY-
shafdd” vadle 6O Which ﬂfntdrutelpﬁn 6Fride3achy tlﬁ@delekfeﬁs Aatiated, istich taiM the

elecg}:?nécrrp%q,ulljn%aéxa\lrs rg% %%%Qx%{ Lhe &# ﬁ,h“ Aas A long theltpag:i( 6 untsl the drive

pin 63 reaches a stopping point. The track 64 provides the mechanical stops that limit the

rotation of the device 50. The permanent magnets 65 are used in conjunction with the Hall
effect sensor 162 located at a distal end of an electronics board 161 located inside the
removable electronic module 60 to detect the rotational extents of travel. The electronic Hall
effect sensor 162 combined with the firmware sense the extent of the about 190 degree
rotations utilizing the magnets 65 in the drive wheel 67. Once the end of motion is detected

the firmware modifies the torque applied to the motor 61 to create a soft-stop.



Error Mode ON ON OFF return to hone position and not

actuate if actuation button is depressed. Battery
woe@dssteos be recharged upon conpl etion Rechar BET/US2007/002204

Requi red ON OFF ON of surgery, i.e. unit can do 6 nore

conplete sutures. Battery drained ON ON ON Battery is

drained. Unit will not actuate. Needs to be

recharged. Charging Battery OFF OFF Blinking Charging

cycle. Device will not turn on or actuate while in

this node. Blinking rate TBD. Battery Fully OFF OFF

ON Battery charging cycle is conpleted Charged Table 1

[0092] FIG 30 is a close-up view of the stop plate 66
[0093nd dr i FEGweshaavs the Halhatfest senspmbi2dapaser 9n the gleqmendes board
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whegl 0o semgand o trcR i ShPRIB PO El B QoL RSy Sed by the drive
wheefé§®ct sensor 162 |located at a distal end of an

[009%* ectr O%&g ?Pdé fngd %J ?iisljloo%g@% g{%fl{ ?(ﬁlll {lt]g &f the% ﬁ ldgvnce 50. In

electronic no atlona ents
F1GoB1Arthe/déctrofiftenedwe 6@ bas heeiHdialvn @ehgaged dionshe ﬁb@tzend assembly

70. ‘fg,lmtgra%d%g%%g%etd%@ag@ th¥44i6n %ﬂﬁ%{)ﬁl&%?'ﬁ%%i@h%&f totahgw the pusher

rotations utll nets
assejmbly ﬁbtcnnertmetq/m‘émmeépom@%elntth%hwpwtl%the ive §late 80 returns

to aqg&'t%gﬁi@n dubeufat 4 HYR1S] iR iativ & plate ¥ it Qéagg\%) @d&gﬂ%ﬂ tﬁ‘éjdxtn% 3pm 63.

notor 61 to create a soft-stop. -

As WPLBE@@??%@QMFC“P@B gpflule| 68 hay B@"é’i‘ité%edttﬁ Qlepia:rqt enc” assembly
70. 87h&Lthe SRESSic ABdulk %oa% &Q:tné}{ﬂehd R ctﬁiv@(ﬁ\a{fﬁ)m Qxﬁgagf)ﬁef @hsmfng 67a
is us et eg e ro rtion o

locafin s Gy teR] & Jhe SR IR FLOTEaES RORSIE B4 i (e S Plafp0 and
ﬂwéﬁ«%ﬂﬁ«ﬂr@mynt t he magnets 65 pass adjacent to the

ef f 62, sending a Sj | t.o the .
0053t r o1 feRPR SR e pure] Rk D38 ol e b S ciosine
mateiizl ppachgd. Abe hdedte 110 is formed as a circular split ring with the aperture (or gap)
111, the sharp, pointed end 112 and the opposite blunt end 113. The cylindrical bore 114

aligned axially with respect to the needle 110, is located at the blunt end 113. A flexible
leader 136 of the tissue closing suture material is inserted into the blunt end 113 and can be
restrained by mechanical engagement, for example mechanical crimping. Those skilled in
the art will recognize that the flexible leader 136 may engage the needle 110 by any type of
mechanical engagement including, but not limited to, welding, soldering, or laser welding.
For example, the assembly comprising the flexible leader 136 inserted into the bore 114 of
the needle can be immobilized in a clamp, and the junction circumferentially welded with a
YAG laser welder or other suitable laser welder. The junction between the flexible leader
and wire monofilament suture similarly can be welded or laser-welded. A suture-needle

assembly welded in this manner can provide a smoother transition between the needle and
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poi nt the notor torque is reduced. The notor continues
to drive to the nmechanical stopping point at the
WO e@aogdos or que | evel . When the drive pin 63 hPCBHUS1087/002204
mechani cal stopping point, the control electronics
sense the current spike that is caused by the notor
not turning any nore and shut off the power to the
notor. At |east two nagnets 65 are positioned in the
drive wheel 67 to sense the approach to stopping
points at both ends of the arc traveled by the drive
wheel 67. [0094] FIGS. 31A and 31B show the nmain
conmponents of the suturing device 50. In FIG 31A the
flexibleclehdentind bevekish eheGlxitas lebde and thewnordifieryageurefthapmechanical
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[0096] ect r oo syfwdng taraggh beng Gﬁﬁ@&eemefefaﬁ@ ta R‘F‘\’Fea %"I’E’éﬁ"fac?tgd (or

cutﬁLE}@c%%ﬁ nBed¥ 5hG sBdWn il PRAIBA, Edehitht Qéd ﬁn%ﬁﬁbxnﬁﬁtely 120°
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can mechani ¢
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n@)roher‘ﬂ”olf Itlhé' fee@d rgf?pérﬁ?tg letsp§atfnlneﬁ?é' d@h&r&l@ﬁ%f)ugl%@ﬁgﬂf{ssues

ngage € nee % nechani cal
Othg FHisie MAICPUCBETPHUPPROLaer- poiE geqddes: QAVAR fgy/erse-outting

edeg®Qled@iEd Ng, or laser welding. For exanple, the
assenbl y conpr|S|ng the flexible | eader 136
?

(0057h ot heTsgrgdls 110 G4 QiR wieen L FHnBSP FICPE G iy
reaxaed%le amp theéyage RRinhdl B thie @BruGddeGtiondee m&hb@l mhe welctadsb is
poi v e L5035 P S LA P, i sy gpsiton
towatcnﬁe bluRoénd HlBaoTtthesmﬁedlea 18i Thel ratdhgs tHia dmd &b dedo@ted opposite
to orx}g I,"mother eac%q\ag 6g§g)te§>regdln§l?ﬁ%§out 39 IQ%l‘hé(nt Ji grggne%}]lﬂlr %ggr&ent that

ner ¢an pr SNDO
makmsadlanglgod ab®4 6%2@@\?/@8@6@3“‘%%@5@@6?’#@9@2@41 15a and 115b are

eng%%eg?(ﬁl%glhg fil’l@@géﬁhan% pQ@I)}’fﬁ% c‘élhﬁdéc' lﬁffdep |a%eln%ﬁdﬁ arflable the

I ament sut re an nechani cal
needle 110 to undergo a rotational movement upon actuation of the drive mechanism, causing

the needle 110 to penetrate and advance through the space spanning the split sternum, or
other tissue location. A notch 116 is located on the radially outer edge ("outer notch") of the
needle 110 proximélly to the notch 115b that is closer to the sharp pointed end 112. The
outer notch 116 engages with an anti-rotate and locking bar located in the cartridge holder

assembly 72, whereby rotation of the needle 110 in a direction opposite to the advancing
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crinmping, which facilitates draw ng the suture

material through the tissue. Thus it is easier to
w@ams/084se3 sut ure through the first side of thepdi/vszed002204

sternum for exanple, while maneuvering the device 50

in preparation for placing a suture in the second side

of the divided sternum To enable the needle 110 to

penetrate to the required depth, the needle 110

preferably has an arcuate extent between about 250

and about 330. [0096] For suturing through bone, it

may be preferable to have a triple-faceted (or

"cutting-edge') needle point as shown in FIG 33A
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I Ona m)verrent upon act u
[0098} i ve midGadiB nmomlsaxmgwded h@vm@fe:cnrenpll?d th@t housrsttheagrals of the

two ﬁquerﬂlqjsvtﬂgtcﬁnk Q&QH&QIJSB{% s%R@@ﬁmaéﬂQin Wh@glséﬁ%l&m&ﬁa&nal includes

sternum_ or ot her tissue |ocation. A notch

the fligdble dnfdemt rmstaphedita pMiregutues 13deemeans of e cHgirc}dT) Ty crimp
has ErhSpenﬂ%e&l @aclgr JnQd R dﬁ@hﬂné’ 158 Jché‘ptﬁﬂlte Qiéxx%ie'sl@acfe? @86 hidl a second

cl oser to the sharp pointéed end outer no

openjing 1%?!@%?@@@8 et ‘H"%\ﬂm‘afﬁtlﬁs T B’E"aﬂ"e‘“l%{ﬁ &aﬁﬁd@ﬁngplﬁ%ﬁd 17 the first.
opeﬂuﬁ@ M ROaridnthéhe @arrtprllsdgﬁmb@iadieﬁny SERFIIRD ¥ngade tNOBHERY leader
136 atg:ﬁrggsH@Tr% is pFacecy into t%e secon ogénrmGgC{M%gng %Pe% tilé gnr%;? 137 is
mechamcally crimped to engage the wire suture 138. Those skilled in the art will recognize
that the crimp 137 may engage the flexible leader 136 and the wire suture 138 by any type of

mechanical engagement including, but not limited to, welding, soldering, or laser welding.
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-25 WD 2007/ 089603 PCT/ US2007/ 002204 direction or
"needl e backi ng-up" is prevented. The positive
wergagsmsent of the needle outer notch 116 durP@mUS2007/002204

operation prevents the needle 110 from strayi ng out of
sequence during the suturing process. In addition,
the blunt end or hub 113 of the needle 110 can al so
engage the anti-rotate bar 100 (or 300, if the device
has a separate | ocking pin), as seen in FIG 39C to
prevent the needle 110 fromreversing direction after
it has traversed the aperture in the needle cartridge
90. [0098] The needle 110 is enclosed within a
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[001@1]f v st TR@&RM}% de1R 9GS ERkghel Rfne Aemntth@d&ﬁmﬁtrhaa@ Bf the
ond peni ng 137b accepts the wre suture

medfsbpmﬁﬁ%orfql eﬂ‘Eﬂ 3 shewg ap emBedipgninfasaturingdgvicn baving &t
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ed to.e exl | eader he wire
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bottdrh €ide ((NEG.B7I0YAnd thé tbS side (FIG. 37D) of suturing device 50 without the
cartridge 90. FIG. 38 shows an embodiment of a suturing device having a pistol-like handle
160. The handle 160 is supplied non-sterile to the medical professional. The hospital or
office is responsible for sterilizing the device 50 by techniques known in the art, such as

gravity steam sterilization, Steris and ETO. In an embodiment shown in FIG. 35, the
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nmechani cally crinped to engage the wire suture 138.

Those skilled in the art will recognize that the
w@eoompsd8Y nay engage the flexible | eader 136 memusine7/002204

wire suture 138 by any type of nechani cal engagenent

including, but not limted to, welding, soldering, or

| aser wel ding. -26 WO 2007/ 089603 PCT/ US2007/ 002204

The crinp 137 has a curved shape to nake it easier to

slide through the holes. The crinp 137 is streanlined

and low profile to travel through tissue, cartil age or

bone. [00100] The flexible | eader 136 has a di aneter
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position is referred to as position #3). The gate assembly 105 has pivoted clockwise again to

rest at stop pin 106. The needle 110 is pulled through the space between the tissue gap (e.g.,
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cartridge 90 attached. FIGS. 37A-D show aspects of the
rear sides (FIG 37A and 37B), the bottomside (FIG
wWQ@ZW@y/0sgsd3 t he top side (FIG 37D) of suturing BEewUsmob®2204
wi thout the cartridge 90. FIG 38 shows an enbodi nent
of a suturing device having a pistol-like handle 160.
The handl e 160 is supplied non-sterile to the nedical
prof essional. The hospital or office is responsible
for sterilizing the device 50 by techni ques known in
the art, such as gravity steamsterilization, Steris
and ETO. In an enbodi nent shown in FIG 35, the -27 WO
. 2007/ 089603 PCT/ US2007/ 002204 el ectroni c nodul e 60
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the shife laoner3R8G@ny blter piece of sterile surgical equipment. The battery pack 62 of the
electronic module 60 has been charged using a charger and is brought into the non-sterile

area of the operating room. As part of the routine set up of the surgical field in the operating
room, a surgical scrub nurse will open the sterile package containing the sterilized handle of

device 50. The scrub nurse will then open the rear portal of the handle and will use standard
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pawl 95 has been di sengaged fromthe notch 115a and
the drive arm 75 continues to nove circularly until

WO 200co8®83t 0 rest once again in the "honme" posPCT/082007/002204
about 190 cl ockwi se from position # |1 (this new
position is referred to as position # 2). The paw 95
then engages the notch 115b. The gate assenbly 105
has pi voted countercl ockwi se to rest again at the
other stop pin 106. FIG 39D shows the pawl 95
engaged in the notch 115b and the drive arm75 .
continuing to nove circularly until it is about 190
cl ockwi se fromposition # 2 (this new position is
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e'To
pressed d:mycle tpaheédlhat 10 srdgriooto pleding tlesietnen o in thg ﬁl@tgr«mﬁs hand.
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SS ) usner
at the surgeon’s dnscretlo);n from top to bgttom of the sternum. Typically about six to eight

sutures are used to close the sternum. As an additional measure to enhance its operational
safety, the device 50 can be programmed to have each actuation cycle require the operator to

press the Power-on button 154 before pressing the actuation button 155.
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assenbly 71 of the device 50. The non-netallic suture
material can include, for exanple, braided or
woreoughsdeasrent nyl on, prol ene or dacron, naturaPCT/US2007/002204
material such as silk or catgut, and synthetic
absorbabl e material such as polyglycolic acid,
pol ygl actin, polyglyconate or pol ydi oxone. [00105]
Usi ng a sternotony procedure as an exanple, prior to
the procedure, the handle of device 50 is sterilized
in a hospital autoclave and delivered to the operating
roomin the sane nmanner as any other piece of sterile
surgi cal equipnment. The battery pack 62 of the
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needl e cartrid Ois alig

t he
The élambh le@@r hast heen ptdé?@'emayd fyough tae bete GfﬂaE?dtbﬁ{éhe needle. The

surgeon will now rotate the device S0 handle clockwise pulling the leader through the one
side of the sternum. The surgeon’s left hand may be used to assist pulling the flexible leader
through the sternum. The surgeon will now elevate the other side of the sternum. The
surgeon places and aligns the opening of the needle cartridge 90 over the sternum bone

locating the penetration point he desires for the suture under the bottom of the needle
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cartridge hol der assenbly 72, and then rotated
counterclockw se to lock the needle cartridge 90 in
w@b@aemsoetihe | ocking pin 200 comes i nto al i gnnePtT/M81007/002204
the | ocking pin recess 202 of the cartridge 90, at
whi ch point the | ocking pin 200 can engage the | ocking
pin recess 202. The needle brace 500, if present, can
be renoved fromthe cartridge 90 after it has been
secured to the cartridge holder assenmbly 72. The
Power On button 154 is then turned on. The green LED
will come on, indicating the device 50 is ready. The
actuation button 155 is then pressed to cycle the
cartrivizedipenidd. OAfacibe speeor presepthaPowgr-oheutibendiSd efolowehby the
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to ad?\?‘i'aé%jos ery PRSPt ng the suturing, obviating the
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th r. from
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sterrsfc?cgrnty closure cie\\/uece havmg the cartridge and the suturing needle to cause an aperture in
the cartridge to be between a first side and a second side of a split sternum, wherein a pointed
end of the suturing needle is positioned within the protective housing before and after a

complete rotation of the suturing needle about a rotational axis; (c) activating an electronic
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to drive plate to the drive shaft to the drive arm
The drive armholds the pawl. The pawl engages the
w0 e@r7/o8i6dye notch of the needle. As the drive BETUS2007/002204
rotates through a first half «circular are, the paw
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rotation. This is the stroke that penetrates the
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[OOflli] hol gﬂﬂ;% g)a{%}{t Jd?)ﬁczﬁ%ﬁg |aﬁd pa—}n?shecﬁi‘é'fé}@rﬂ:@s ¥ikdd heFe@are
at e cl ockwi se pulling the

hergaorparhics by r@fpweceolnéhelrsqn@ée%f Ity bg pRRTARTIAEA gk various of the

abo§éJ Bgag&dsanh Shiter ARG EBY fbl@:tl@ﬁ@ @r hi€eraffieS thefiok, Inhdybetdagirably
| exi bl e | eader  through the St ernum The sur

comHRGCGE B RS ST SEREIES T PP R VRTRLS FRBETY forescen or
unaftidigf AR Ss, %['tdiliaiatlgﬂfﬁ;‘:virhﬁoﬁ@@ﬂiﬂi}goﬁmdxﬁﬁhﬂeedhw be

cartrld e 90 over .t ernu one
et bt B o B S BT o P heoppaseds
the B81idwang elhintisherbas ddliséntedibd VifAt %Qﬁ‘és@&gﬁ@éhtlon include modifications

A o bR P L PR S AP

the actuation button 155, the needle will enter the
sternumfromthe interior (inside) of the patient.
The steps are repeated. At this point, the flexible

| eader has passed through this side of the sternum
The surgeon may press the cartridge | ocking surface
101 | ocated on the anti- rotate and | ocking bar and
rotate the needle cartridge 90 cl ockwi se to renove the
needle cartridge 90 fromthe device 50. [001081 The
devi ce 50 nmay be passed to the scrub nurse for | oading
of a second needle <cartridge 90. The surgeon will now
use both hands to pull the flexible | eader and suture
t hrough both sides of the sternum follow ng standard
practice for any sternum cl osure suture. -The needl e,
flexible |l eader and crinp ferrule are renoved fromthe
nonofil ament suture using standard practices. The
surgeon now noves on to place a second suture. The
process continues for all remaining sutures that the
surgeon chooses to place, typically to an area near
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t he xi phoid process 172. After all desired sutures are
pl aced, the sternumclosure is conpleted using
W@ t@nasgeo3 sur gi cal techni ques. The device 50 nAYT/D82007/002204
prepared for cleaning, sterilization and charging. A
typi cal procedure may include: The clean up personne
wll wpe down the outside of the device 50 with a
di sinfectant. The rear portal will be opened and the
el ectronic nodule will be renoved. The el ectronic
nodul e goes to non-sterile equipnent storage for
charging on the dedi cated charger. The devi ce handl e
will be cleaned to according to a validated cl eaning
protocol. The devi ce handlleA¥MB| be, sterilized
according to a validated sterilization protocol.
.Tefl on seal 57A or an Oring seal 57 between

“””%%8%%ﬁ§ﬁ§? assenbly and the «cartridge hol der assenbly
72 provide a sterility barrier so that when the pusher

1. asédipygolpre i“rvi"i?i‘ﬁﬁlpf‘ﬂ'égheedl e, the drive shaft will
rotate within the Teflon seal 57A or O-ring 57 which
W b pugihceeseanblarinving aglrive em extgrding figmaolriyeshaft grd adrive
sh ; N . T I _
C1 Dot o Bl o A B3l By A S i capabie of
r ercdgrsrdx iengagingrani sotptina4 sheetingaeedln havinga geinkpggend and a blunt
ing%ygﬁﬁtgﬂ%mkﬁggﬁ§gbly engagi ng a cartridge having a

protective housing and a suturing needle to a

cartridge hol der assenbly .of a sternoto | gsure.
o0 LU e G R do b L B B B ree
haektegdihf Gomar disthiigd of adartididzediotder assgmblyaail eelbaaldz agached to
an_apertyre ion the. cartridge t.0 he e fir .
o SR s e WP S p e Gpa e St bfRless
popngitdonedeyithio fhetpnaedive loiising befertlaad aBerpomintplele exdation of the
wi t hi ' [ fore and after a
co%% g %H%g3%¥%§ﬁ£%%ﬁgﬁgggﬁ$%Pﬁﬁg needl e about a
rotational axis; (c) activating an electronic -32 WO
208 TP08gbirelmaPniospaily euroted byaiRstueter dias msghanically engages
PUSEAriRSHENR] thiakd b dFiod aagahl YheadigR GaEhidism StHérdby Rigating the
needl e to cause rotational novenent of the suturing
neéﬁPE“%E?%@%ﬁPH@h8H§WFﬁ? % the cartridge and
advance the suturing needle through the first side of
2. t h&hs pissue chkisererigmice Otiglaipul hWhagiraths guturinggeediet ie picabte having a
radifl éo@%la&%ufa% &n@awgﬁmamgﬂg %fﬂh@ DL RISt AL of the Pﬁsh\%i Hembly,
of t e c) and

) e Sp‘ It sternum an r.epeatl ng 'St Sgs )
the qrije theghapise releesshly caBamngpthe sharingneedledp origutihe Biwrngpegdle

aroudll SR LIAIAANY Bxib BEhb kit stpipde  and the second si de of
e split sternum Steps (b) through (e) are repeated

th
SN RS T IR RN TR

[00111] Al patents, patent applications, and
pulslcusteddipreeieningranasc sieptetithhe pleguh 1§} cand fesp dpp about 330°;

i ncorporated by reference in their entirety. It wll

be afRR&tRME atRAe Fdtahgabitd Mltidbtatdhd locking bar on the cartridge holder

assembly;

a track in a wall whereby the suturing needle follows a curved path along the track

during needle rotation; and
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above-di scl osed and other features and functions, or

alternatives thereof, nmay be desirably conbined into
worovy/ogdeber di fferent systens or applicati ons. PU/BUSTINE002204

presently unforeseen or unanticipated alternatives,

nodi fications, variations, or inprovenents therein may

be subsequently made by those skilled in the art

whi ch are al so i ntended to be enconpassed by the

following clainms. Thus, it is intended that the

present invention include nodifications and

variations that are within the scope of the appended

claims and their equivalents. -33 WD 2007/ 089603

PCah Whﬁﬁa QMed 16 #hivB inteieepts the telck winetby she ppintgd end of the

tissue .

h aelﬂtHan%ne& I trangsreﬁ fé)%(‘ Fé&ﬁﬂpé Huc‘ r%geacl"f‘re&?lﬁx\t}gﬁ Sﬁ&?%ﬁ@ghgg geedle
dr aloag theegatlani sm at a distal end of the drive arm
wherein the drive nmechanismis capable of releasably

4. engfgiingedMiufeQledict BPcIRINS yw&E}eﬂgthB @@@g@m%\ﬂf R Ati-rotate and
poi nted end and a blunt end apo

H rotathgqal 3XLE;
lookipadei¥ pYiRGBR ik GAUEeHInG ARETHY B ¢ g b Hfgged Witk an
ape%&%ih@%at@ﬁ@%ﬂlﬁbldetr hee@BRi ri dge extending froma

di stal end a cartridge hol der assenbly and

5. 1 ATRIRRALIAENRY of Caih BRI e (ABAREhARE: QRESTR Mo grester
tharpa®ut 189 edd Wis$ thian abde 3p>¢°dwmg|am@pmus laegted @ﬂl@?@t Ehigre blunt end
'%rg%kg@g ggﬁg%g&&nﬁptatlon of the suturing needle

he rotfational axis: and a renovable el ectronic

nodul e, control | ed, by at gr .t hat .nmechanj .
6. andHigdissueaigsuzh deyiseoh Sim 8 SRt e SHHE PG e Rapes, fexible
leadePenglEEd/® dRRHARIEM thereby rotating the suturing
needl e about the rotational axis. 2. The tissue
cl " 1%5\.?: C %s%?e é)efwc%lo? axjr 6%%[’6% {hetfﬁﬁllﬁéjfey‘{e'r Egs Q&igquleﬁr larger
i s Archa us comrensurate wth a
thmr@dauwwmafﬁwadﬁu%ﬂmw the drive -nmechani sm of the pusher
assenbly, the drive nmechani smrel easably engaging the
8. SUlTHel (RGBSR Eddvice@TcRIth 6tWiteréitlh dianteer of 6@l fRexitde add is equal
the |lon |tudlnal axis of the drive shaft. 3. The
to aydiarasier LIRBWFESYBFr ce of claim | wherein the cartridge
further conprises: a curved |ip covering an arc
9. gr éBitegisstehadosuabdavicelB0laim@ Whesein g ineeghartienl eri®B @ngages an end of

the h@%&le nlg @Q\Vé}ﬁfo%hee\pigégltﬂg an anti-rotate and

ar on the cartridge hol der assenbly;
10. The tissue closure device of claim 6 wherein the flexible leader is a wire cable.
11. The tissue closure device of claim 6 wherein the wire suture is composed of stainless
steel.
12. The tissue closure device of claim 1 wherein the cartridge holder assembly further

includes a gate assembly to maintain the suturing needle within the protective housing of the
cartridge, wherein the gate assembly pivots to permit a circular movement of the drive

mechanism that engages the suturing needle.

13.  The tissue closure device of claim 1 wherein the actuator is a manually operable

trigger, button or switch.
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atrack in a wall whereby the suturing needle follows
a curved path along the track during needle rotation;
wW@ar@ 706030 2007/ 089603 PCT/ US2007/ 002204 an BEEUS20B002204
in the curved lip which intercepts the track whereby
the pointed end of the suturing needle traverses the
aperture during each revolution of the suturing needle
along the path. 4. The tissue closure device of claim
3 wherein the engagenent of the anti-rotate and
| ocking bar with the cartridge causes the aperture in
the cartridge to be aligned with an aperture in the
cartridge hol der assenbly. 5: The tissue closure
14. deYh<issod clotae devticadifniamn vieeis thaactuaiprisadiveted by entomation
. an qrg.grqggg& rc;tehan about 180" and | ess than about
usingaMCIRAUF RYVETOH5Er t ure 1 ocat ed adj acent to the bl unt
end for engaging a suturing material. 6. The tissue |
15. c| Bhatissuelelppure deficepllaims \xﬁw@ithﬁ qoertar it gativaigd by automation
: | | RS &olkexi bl e | eader engaged to a w.re
usmg%% ﬁl%g?dr%%gg%d;&tﬁ%srsue cl osure device of claim®6 ,
6. TRk el RE, S 3R P S ob L B compres
closure device of claim6 wherein a dianeter of the
f | expwersobwaderprpeidingwatver todheclatepma @pdye: the wire
suture. 9. The tissue closure device of claim®6
WhE hRjidt ad ARCHAUXARAt pedvidda RRFREISToRS teftatOthe driv€ shaft and the
fl exi ble | eader and En end ofﬁépe W re suture. 10. The
t i SYRMEFBBITFECJRYIeRe BEUHIEAISAYE wherein the flexible
| eader is a wire cable. 11. The tissue closure device
of aklagtranées\iiverdethat coneolpioperatian afitke ¢lgctropifppedie:of
stainless steel. 12. The tissue closure device of
cl gisthp bibiaheliMic R re@fibd bapedi Maf aAs §RMURIVY niedhiddfied; and
includes a gate assenbly to maintain the suturing
needl.e within the protective h ing. of  t
caf t% '8 \g%‘?e WAGPERS P'tvﬁ g mgté?tee g%asg;%g %‘Sf‘ge gﬁaﬂeo‘:!tg‘g ng 8“58 g aspqmbly and
a eupplies atorquevterdgive thefsutuniog deddle andratdhash ivenmagrets and a Hall
eN9AEE Sed 0P 2H 108 REBHBnal Tvel Bfhd driRUfacE! OSUT @
devi ce ot ctarm erel R the actuator s a manual |y
operable trigger, button or switch. -35

17. The tissue closure device of claim 16 wherein the power source includes a battery
pack.
18. The tissue closure device of claim 16 wherein the power source includes an external

power supply connected to a handle by a sterilizable cable.

19. A cartridge for housing a suturing needle for use in tissue re-approximation

comprising:
a housing having a curved shape, an inner wall and an outer wall;

a track in the inner wall of the housing whereby the suturing needle follows a curved

path along the track during a revolution of the suturing needle; and
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WD 2007/ 089603 PCT/ US2007/ 002204 14. The tissue
cl osure device of claiml|l wherein the actuator is
wa@edao7wsdeexl by automation using an el ectric pOMET/US2007/002204

source. 15. The tissue closure device of claiml
wherein the actuator is activated by automation using
an el ectromagneti c power source. 16. The tissue
cl osure device of claim1 wherein the electronic
nodul e further conprises: a power source for
provi ding power to the el ectronic nodule; a notor and
a gear box that provide a rotational force to rotate
the drive shaft and the drive nmechanismto rotate the
submppanyra sl kousing that dntercems the tiaglarherdimthedonsing phields the
opﬁléiﬂ\t.eldgﬁd 8f thk REAh S AR FinBREARES & fRrRInUF uid @pﬁuﬂ&%f the
limts the rotation of the drive shaft and the drive
neeHumsrgedlénd a drive wheel having a drive pin that
engages a drive plate on the pusher assenbly and

20. Supplutiemgaetdlé Hiaisé i tihsha/R-dpp@xihdtiohicogprisiag! e, and at

| east two nagnets and a Hall effect sensor used to
deta Qfilved Bgd}r l'% Lt ao&g‘llntc& Et‘?cytﬁlf-xt 19Frott&?eddauc @nc?&azf xtohatignz tycle and
The tissue "closure device o aim1l ereln

a blynt wed thebengegssiarssiuing saterishvtherain theauturing gateribeampyisgea
flex Bl ?eﬁjgedgéd:@;a‘)&ur@mh;@ 16 wherein the power source
i ncl uJes an externa power supply connected to a
a steri|l |22 |.e .cabl rid
21. o 88 Ry o arglofB 0 e egh Fi bl F e £ HameF tarer than
a didneetarpyiitioxw itasutame. conpr|3|ng. a housing having a X

curved shape, an inner wall and an outer wall; a track
in I 5 [
22| PSRl R Bl AL R O AL o

diamegerif thei Wire ®turehe sut uri ng needl e; and -36 WO
2007/ 089603 PCT/ US2007/ 002204 an aperture in the

23. housk B&uhnﬁ‘@ﬁeehl&tcﬁl&a&ﬁ&ﬁ viteeeif A afelhandaPE@hp chiiRed @GR the
§$|el ?&i gmfd end of the suturing needle during

flexible ley éf‘" 2 e $H®®r evol ution of the suturing
needl e. 20. A suturing needle for use in tissue

24. r e Tap pytosiigresed srofobim 20gumipr camplisivesh instyrekeiiery the pointed

endQ&iﬁk%ﬁm@&Qithat is protected at an end of a rotation
cycle and a blunt end that engages a suturlng

25, ITHtT%L Isn?tlurmgwlt]eeetiﬁe ol} ‘arllnel 2%%#35‘&111? gxerH%:xeb l%ade(r:' ?srg)\fv&rg Sgble, and is

welded to the wire suture.

26.  The suturing needle of claim 20 wherein the wire suture is composed of stainless
steel.
27. The suturing needle of claim 20 further comprising at least one notch along a radial

edge of the suturing needle, wherein the notch is capable of releasably engaging and rotating

the suturing needle about a rotational axis.
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flexible | eader engaged to a wire suture. 21. The
suturing needle of claim20 wherein the flexible

wo e@desoshms a di aneter |arger than a di anmet er POf/US1067/002204

28.

29.

wire suture. _ 22. The suturing needle of claim20
wherein a dianeter of the flexible |eader is equal to
a dianmeter of the wire suture. 23. The suturing
needl e of claim 20 wherein a nechanical crinp engages
an end of the flexible |eader and an end of the wire
suture. 24. The suturing needle of claim20 further
conprising an aperture between the pointed end and
the blunt end. 25. The suturing needle of claim?20
wheh endihdder i rdddpro@adesn dompishigt € cable, and is
wel ded to the wire suture. 26. The suturing needl e of
) a0 BB Sl D5 BT ol ROURRATE s g g nee
f ur toherartcidgpholdéragscably efzstissandosvat dédvied; ong a radi al
edge of the suturing needle, wherein the notch is

cap@h! ftachg hekigme 3Rk ire ABGRIhAInAME chrdtiddle!aRd theldfiring needle to
suturing needl e about a rotational axis, -37 WO

200AMeBIBEEs TN tisRauridgrto g detwegn afirshsids sad £ secopd sidgela

re- ?@9% 0giniBRt, MRt PAPSih&H BEd of Rl shtelifasallelis BOIRHA Y idBin the
cartiri

e havjn rotective housing and a suturin
o cRIPE T AR ErEl A5t BB EaRB g OF g sytpSasedle about a
cl ostetwnalexisce; (b) placing the tissue closure device
having the cartridge and the suturing needle to cause
an . [ [
o1 o) Bk of el ighth) 2 36uli0s % NERASER,RIY 1aPkensaly
poi ¢teegesdhelsupringneedlg teequsg raftingplemoenent of the prtdring needle

Wit firBsstthCapeRUARLR Bel MRiBUSINY RRE HSufP g RELAE tHRough the first
compl ete rotation of the suturing needl e about a

r ot $i€¢ ofthe splititissuesegmets i vati ng an el ectroni ¢ nodul e
coupled to a pusher assenbly that rel easably engages

t he(ds yullingngsuneig|neatérinl amached tothabutamed ndxaran@ngh Bk first side of
the,suturing needl e across the aperture in the
car??f%@gmgndwﬁﬂegh%g'the suturing needle through the

first side of the split tissue segnent; (d) pulling a

sut @ irrrpafiag 8eps(c) andi(drfesthersscandesideut e spéjt Hissuelsegment forming
thr oughh 18 ghl thSfirsBi@lCarif the second side of the split tissue segment.

The method of claim 28 wherein steps (b) through (e) are repeated until a length of

the first side and the second side of the split tissue segment have been re-approximated.

30.

31.

The method of claim 28, wherein the tissue segment includes bony material.

The method of claim 28 wherein the tissue segment is a split sternum requiring

reapproximation.

32.

The method of claim 28 wherein the tissue closure device comprises:

a pusher assembly having a drive arm extending from a drive shaft and a drive
mechanism at a distal end of the drive arm, wherein the drive mechanism is capable of
releasably engaging and rotating a suturing needle having a pointed end and a blunt

end about a rotational axis; and
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the split tissue segnent; and (e) repeating steps (c)
and (d) for the second side of the split tissue
waegnosdeod orming a stitch through the first sPdpUSINA7/002204
the second side of the split tissue segnment. 29. The
met hod of claim 28 wherein steps (b) through (e) are
repeated until a length of the first side and the
second side of the split tissue segnment have been
re-approxi mated. 30. The nmethod of claim28, wherein
the tissue segnent includes bony material. 31. The
nmet hod of claim 28 wherein the tissue segnent is a
split sternumrequiring reapproximtion. 32. The
nEtaf'@ﬁtrﬂEe BbldbmassinbMA &F Whibh tHeattiiggetevilpQBe pRtddave Kusing and
qgrlses a pusher ass enblg(QaV|ng a drive arm
extBAFHHERS pesHieds ElsasRPls Ataciedhng a drive nechani sm at
a distal end of the drive arm wherein the drive
33.mecRennethod of daipuli whakin thedueabelicydle ipagiatghavirg a radius
congxﬁ&%ma gh a g&w An‘&g?agﬁlgt%{f gxﬁ gjfi‘éé Hfécﬁanﬁ’s% thgg p@%gr A3y, the
dm@oowl@@%oglemmmsgmﬁg ho 2monng aeedk:rtp prlqrgﬂehh@lt-d@g needle about
the 3ORGTHNN 4 é@'%é%ﬂ&e"éﬁaﬁar tridge having the protective
housing and th e suturing needle |s rel easably
attached wherein the
4.3t TS REALREEM 25 RPE SR Ry RG TATe R sos
commensurate with a rotational radlus of the drive
me chanveahtipéovehng puakareags tefabyyt 1i8ARanddesswbamaohe3dosm
rel easably engagi ng the suturing needle to orient the
SUt ANéRCoQRENR faP&Ishgink BS ahtRRFAE HEN RBking bhSorPhe b4 idge holder
drive shaft. 34. The nethod of claim28 wherein the
car¢BRYE f urt her conprises: a curved lip covering an
arc greater than about 180 and | ess than about 330; at
| eastradkrie agrabovigréyrthe ngadnggedle folldws o @iraddepasinalong the track
Ioc ' e rtridge holder assenbly; a track
[ &ha%fFQQE? 'k% ?cg suturing needle follows a curved
path al ong the track during needle rotation; and an
apett aneeuiern theecup edipdvhistpi n?we@ltﬁ thpfragkowdsrebyt the peintegiend of the
wheg elhgtfied IR ela e thsheRlirel ddfing SANUEY AIG HESFFhEsuturing needle
traverses the aperture during each revolution of the
sutdPr§eRe®di e al ong the path. 35. The nethod of
clai m 28 wherein the suturing needl e covers an arc
35.gr €tlecemethhdnf dlwou?8 wherein the suturing needle covers an arc greater than about

.180° and less than about 330° having an aperture located adjacent to the blunt end for

engaging a suturing material.

36. The method of claim 35 wherein the suturing material includes a flexible leader

engaged to a wire suture.

37. The method of claim 28 wherein the electronic module is activated by a manually

operable trigger, button or switch.

38.  The method of claim 28 wherein the electronic module is activated by automation

using an electric power source.



. 180 and | ess than about 330 having an aperture
| ocated adjacent to the blunt end for engaging a
wa ndoansssgs mat eri al . 36. The net hod of cl ai m 35p@hes®0M002204
the suturing material includes a flexible |eader
engaged to a wre suture. . 37. The nethod of claim 28
wherein the electronic nodule is activated by a
manual |y operable trigger, button or switch. 38. The
met hod of claim 28 wherein the electronic nodule is
activated by automation using an electric power
source. -39 WO 2007/089603 PCT/ US2007/ 002204 39. The
met hod of claim 28 wherein the electronic nodule is
39.act Tivametodbyf daltr0Xevhasin thsélegroatt mbdtd QRGNS byCautomation
usi o§@5e§£y29e1.4%.eThe net hod of claim 28 wherein the
& BCY PO R TR T ¥ %hovabl e from the sternotony
cl osure device. 41. The nmethod of claim 28 wherein the
40.¢| eEhamethed pibdaime2§ wherhiathedegironisgsodulaispemeyabsoliions ¢he
sterhOfor} Q¥ufll gigower to the el ectronic nodule; a notor
and a gear box that provide a rotational force to
rotate the drive shaft and the drive nmechanismto
41.1 Ot BieAnéthSd SLEIMF THOWRGER RS el8dhroRl SRR LH LA Histhat
controls operation of the electronic nodule; a stop
plate that lipits the rotatign of the drjye shaft and
t he® %‘%“r‘vé%%%ﬁéﬁf%vﬁl‘“%mwﬁ W e\Fgec\Wﬂ%‘élm ‘ng a drive
pin that engages a drive plate on the pusher assenbly
ance meigp prd @geay bpy thatiprovide @rptationah forertoupfategthnidxivl shaft and the

antirille heRBsdisrh Wroﬁg%tsﬁtuﬁﬂg ll@ed'lial | effect sensor

used to detect the rotational travel of the drive

shaft. 42.,Tpe thod of claim4l. wherein the power

s oPEEeESRiss Paed that poitiols qpepation of the slectrppic madKlsy of
claim4l wherein the power source conprises an

ex téeftermplaigsiv limitsuhpiofatioo oh the tdeide sl foaridahel idveayiechanism; and
sterilizable cable. -40

a drive wheel having a drive pin that engages a drive plate on the pusher assembly and
supplies a torque to drive the suturing needle, and at least two magnets and a Hall

effect sensor used to detect the rotational travel of the drive shaft.

42.  The method of claim 41 wherein the power source comprises a battery pack.

43. The method of claim 41 wherein the power source comprises an external power

supply connected to a handle by a sterilizable cable.
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