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easily visualize and nmani Eul ate both tissue and -
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[0004] In MIS, a small puncture is typically made in the body. Medical instruments
are then inserted through a cannula. A cannula has a small inside diameter, typically 5-10
millimeters (mm), and sometimes up to 20 millimeters (mm) or more. A number of such
cannulas may be inserted into the body for any given operatiobn. Minimally invasive surgical
instruments are necessarily smaller, and are also generally longer and therefore are more

difficult to manipulate with precision.



ordinarily used to suture by hand. In an environnent
characterized by limted space, limted visualization
wodds/h4788st ed nobility, many surgeons find m nigedidhoosnose4
i nvasi ve suturing by hand an extrenely difficult,
often virtual ly inpossible, surgical task. [0006] In
[0005]t he prRdérbapselie moshpreblsmasiosungicagtask ithyHE is’sutyring pPytgring
. forceps (yneedl e driver”), is held by the surgeon
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_needle into the tissue. Wien the point of the curved
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.t r e i . dri . .
ordinali§ 3,8 54"y Gl e 18 B iforhy DGRyl Rl space, limited
visualiZzitéors and) Hmitet eobilpy| many hegeons\fid meadaley hyasibhesurerdold By hand

point, preferably in a circular path follow ng the arc
an extigmelditheultpgen Vil yimpesst ’ﬁquPQﬁ‘av‘%SIﬁe most

atraumatic path through the tissue, until the entire

| ength of the needle has exited the tissue. Each tine
[0006]a st i tinithe preférasedethbt ef suinsiegibynbadl, e graspinpueradps (@redle

. _Aro in a conplete circular arc. |ndividua -

ariver i B3 piy oSO P Boedi e aduog g e nefle's tail.
PronatfoidfftRe sidbésd WHstRIrAes lRMHeeMk M3 %R Bdsub CWheBUROpSIEL of the

(continuous) stitches are placed by repeatedly driving

curvediieedleemesgesrfearn the tissue, thosipzeanaelsasesiheneedtecfrom the grip of the

r epeat edl 1l the.desired.|l ength.qf s and
needie FREEMTEprhettTht habPiul bR forEBEL bifkiud hioTs §Msonpen pulis
the curdédlhéd BV tHeHetdle Wt Opreferabiin NeigdiSargatt flOSing e arc of the
surgeon nust |et go of the point of the needle and

needleis syruatpe t follosethie anast atraumpsicrpatitheoughithe fissup oo} the gntire

| e . hii i .
engt B TR VAL 0 6T Pl SIS DB R ol e
thus drivediréund inGknipléto ugbular &ur fetivideal (intersepted)gtichesare placed by

tying Qe gLt o g agEGHS F o JOMPHE (5GBSt ar

placed@,gf‘reg;@tédwaﬂ P LA d ﬁhee&tin%%ﬁipt@eet@gg&ghaéﬁc abteAB until the

use onset of “infection at the si sut'ur es.
desiredTiength dfsuaire andanumisdr of Stitches hras dbetreplpestk t Inairderdo place additional

ey O S BB R T B b B e re-

grasp the'heddIdFedr e Medleafgildescri bed in U.S. Pat. No. _
5,643,295 entitled "Methods and Apparatus for Suturing

Tissue"; U S. Pat. No. 5,665,096 entitled "Needl e

00071 " N O RANEH G (JMERRRA B QiR LBEI I the diR3 Raridling of the
needleARR adsaft s aé @denttl nded1v PrifkSthttRigh aldufmeoRak nui¥e's gloves, posing a
759, 188 entitled"Suturing Instrunent with Rotat ablall .
e to

5
potentightish efinfestign forrthe surgeaih guisss $afbrand patient, ergauseghe nee
. Ll - 1 t 1 i. . .
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the sutlurest Thereris also thisRof dicalzeiledonettahg Netechab ofgany er vaasels and

. Catcher"; U S. Pat. .
causing a serious, and of?en gtatl infection.

[0008] Various devices for suturing for MIS are described in U.S. Pat. No. 5,643,295
entitled "Methods and Apparatus for Suturing Tissue"; U.S. Pat. No. 5,665,096 entitled
"Needle Driving Apparatus and Methods of Suturing Tissue"; U.S. Pat. No. 5,665,109
entitled "Methods and Apparatus for Suturing Tissue"; U.S. Pat. No. 5,759,188 entitled
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No. 6,719,763 entitled "Endoscopic Suturing Device";
and U.S. Pat. No. 6,755,843 entitled "Endoscopic
wobsli478¢ Device", all of which are incorporatgd/ &b008/006674

reference in their entireties for the teachings

therein. [0009] AssigneeslU.S. Pat. No. 5,437,681,
"Suturipgdnstrumpent Nath IsotatablyAeuntad Needie Draer ang Cagher 3UeL Pat. No.

" VI t " a

5,860 é’éozs R énc?o%és'%hc g s aEdM‘Jtﬁ&{% ’@@g?g@g&r 5,954,733

'ng a pr car ur erant

entitled Mhﬂng Dis&tn‘n@ﬁt With R%tat&ﬁl? W@fédﬁﬂwd%Dﬁﬁlemid@ht&{ "; U.S. Pat.
hereby 1 ncorporated by reference. The dev

No. 6,413 q@@&eqi Rinscenie vEWABE DS st EataNa @Zé%ﬁ@ entitled
ondo AR SRAUDEIFE! S SAPRNS s ARt g g i

for theaenchitigs theneih. i s parallel to the axis of the device. In
addition, the orientation and size of the suturing
device makes it difficult to visualize and cunbersone

[0009]t 0 Usl%rxgst neM' §. s[lﬁ’aQ%Q 5.49L6 f 9.8 P4 N¢5 & SQATRITEAU.S. Pat. No.

e art for a mninall'y Tnvasive suturing
6,923 &Ikﬂ/dlscﬂosterveﬁuturmgatesmdewmﬁumaﬂ ragregementhiomprisegsnprotective

t f . th |
cartridl SHBEPR PPoAUE A Frochs tobtiog i, e RiacThsies SEHLIRAR Pty
1ncorp@f'3€$dlﬂyr[’efe€éilcgo brhk 'dE‘chesméil:ﬁ@edtlﬁ ChdPARNVEM@RioN8 pAEnt9fnd patent

suturing used by surgeons; permts the surgeon to
applicatiooeompainela me@hmn@nioqdm‘ong ¢ proiected needbcdwayer, éae needle is

R T T R

size ofiBslitirgly dedsceBhlkesasdiffidudt to lisualigdil uitbey®aRetblise foravils.
i nadvertent needl e-pricks. SUMWARY [00011] Devices and

met hods for mninmally invasive suturing of tissue

[OOOIGAm er nﬂerét?re RPN erRhif ?hé‘e‘ﬁl iff forQl Iﬂmn{l%ggié%%issive suturing

ccord I Ng asp ects | ustrate ereln
devicephiadVs eBily malf(qﬂllz(tadl withiti the sinal dédnotemaf thyeaminnlys functions in an

t |t | |
enviroenahielstias! PhimiiEH satceo ey MG Gt AP e
mimicOthe réf‘élrrgcff?l@thoy}ff SQ&thglséH 1f>>€£u°r &ﬁl\éeﬁé'{ml@‘ill’{?snlﬁéélﬁsto secure and

over conventional nethods used y surgeons for
tie kno$suqu1ck1)n gnd wsthwenu‘ukledwtgnmm pladek gontinneys stéclkast arel protagts user's

t the eV| rOV|de nd- hel d.. sut
from apSi Qg R S SHOHe A PER G BPRTE: RO RAR LA brgans and vessels,
from I%Q%é‘d@@ﬁ:éd}ap}lbﬁg requires no external notive source.
The presently discl osed enbodi nentsprovide rel ative

ease of operation for the surgeon with only one hand.

3] According.to aspects illustrated herein, a
SUMD&We head assenbly may be renovably attached to an

actuat or nmechani sm of the suturing device. The
di aneter of the device is small enough to fit into a

[0001}]y i c dPevieasand anethodsforminimally n@vaa@mse%m@gtof daeynigggto a
body at@disclosed herein.

[00012] According to aspects illustrated herein, there is provided a medical device for
closing openings internal to a patient's body, which closely emulates or replicates the manual
suturing actions carried out by a surgeon. The device offers several advantages over
conventional methods used by surgeons for suturing tissue during minimally invasive surgery
in that the device provides a hand-held suturing instrument of relatively simple mechanical

construction that requires no external motive source. The presently disclosed embodiments
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maneuver, as well as suture, during endoscopic or
other M'S procedures. Also, the suture head assenbly
woHood Nessdevi ce can be laterally articul ated tedfhg2b&idoss74
of center, to the right of center, up, and down, once
_inside the cannula, which is ideal for use in the
provide selatee esfe ehopareatig for thersyegopn wiconlyionghangbar oscopy,
t horacoscopy and arthroscopy, as well as other
| ess-invasive surgical procedures. [00014] The device
[00013]1‘ t heApéargiagtito dépeelsAB@stratdileeineduture headhsseblyl rahebe
replicates the manual suturing actions carried out

remova attaghed do An aetyptopspianism gfthesgtumag dayicsut be Fiagetsy of the
dev1ce|;il§‘$¥galll EH&%&% ‘Ht ?rhtb 2 tﬂﬁ%ag tckaﬁ% l? ofri]lgsﬂrg%ﬁ V\g élﬁe; (?e:(/?(!ese%('tr@mgly easy to
maneuverd, as well agbutuiee daring endoscapés ogasthanm erczudures. nglsdethe Gature
resent disclosed, enbodi nents allo for a lac
head aaﬁenﬁ&? the devife pap 'P%'éteégm @Fw@ﬁgﬁ e ﬂ&ﬁeﬁ of cee. o mﬁt of
center q.w LAY dSWh WrcB Shsidd th EARTuI YN Hich 1stuﬁb%[ forle fHPthE ‘é@u@& of
@ center of the circular ‘arc of the suturing need

endosc‘ﬁbﬂ: sangary ancludiagdapandscoph ¢eharacasudmr amalr asthodscopg aﬂ@eadill @ other

unobstructe This allows for the user to have
less- mB%st‘Yeeﬁmgl%lLBiP? WsSon during operation, unlike the

present mechani calk suturing nethods, mhlle mai nt ai ni ng
control over needl e novenent. [00015] I n accordance

[00014}i t h ohlee @Véf@cﬁfﬁbmpreaent disslosed embodigats caaselyeemulates or

sSmyi S, prov nci ng theg-need
replica RSP G <eBied M RD SsPheb B FOESTR 20pp Fhanva
suturin®B Hand] @eRtedle &f held & de36ps endiitavedd intd elsculbetakEwith no
V|suaI|zat|on during operation because of the |ack of

obstrugfigng sny here én thednigsipyolianerd. theslesign o thepypturing derigegi the

presenpﬁl%élg&dsetﬁﬁwdﬁlﬂgnt? b&S1RTa %a@oﬁqgﬁﬁﬁtdnﬁnQﬁégén?&%q the arc of the
I'nc |ng, But ot to, nore

needletdusing sutaeinggIabther words) thederit ao hhk atideicester dfthe circular arc of the

enabl ing a bi.gger bjte of tissue re secure

suturing fieggl; LhR et thecular Ao o] 3«3&1@ le iy obsigucted. This
or

w08 o ROl U LBLSEONN Sy shael o
mechanieslenutwrthgf methbds, whileanantainieg contimol svarmstdp amivegen(.one

side of the aperture can be inserted deeply, for

exanpl e). [00016] A benefit provided by the suturing
[000151€V' CenQfccdA8nd WIRIE Bhd dmBddimeRELYo8IRGN OB PE Sdrive théHanism is

devi ce enabl es naneuverlig a suturing materia

prov1dc<h fqmghar@mg the meedlpgbait erpathofaraygh nBlis smbediznent af # grive enables
the Smi‘fﬁg ar%rfﬂ eh&*tvhceyag@tazfﬁ)lrr%e@n nglgﬁ*zap lod Egg@e@%ion because of

the lack Wf Hhub g TheRGEmiah P Beddfigs &ﬂdn’de@f)y tﬂwd@gadifeh@mur@rg device of
the point of the needle through the tissue. The devijce

the presepsly %s@wd@p@ﬁen%$ aclpding Hait petelimited tpamapa iswg being able to
f

fit into tH% ﬁ&gﬁeg ttlﬂgse Eﬁ%h%b%ggr tgtélt Aufﬁlesgléh e%ﬁﬂgféds%&tnﬁ su{u?@ the device

can besuséditol liggte) dtet i ptaoe aliglp dfivatire amuead a bheodswessalj dugt, or other

needl e t hus
tubular structure; and the device can be inserted further into smaller incisions/openings (one

side of the aperture can be inserted deeply, for example).

[00016] A benefit provided by the suturing device of the presently disclosed
embodiments is that the device enables maneuvering a suturing material through a tissue

incision in a manner substantially similar to the way a surgeon would do so by hand. In
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consistently follows the arc of the needle's own
curve, which is the preferred nethod of suturing, in

wd BRs/iPpsis atraunatic way of passing a needl e tggQugtos/ 06674
ti ssue. A benefit provided by the suturing device of

_ the presently disclosed enbodinents is the ability of
particulareths stwring glemise dires pushqswl Juturing nsedla fiony thettaid afithe needle and

. ntirel hrough.the . tjssue s nt.s bei ng,cl osed, .
arives i e of h B ol h it TARTN R P80 B G Hiconipof e
needleQhattpasseR RS RS the tibsee; A Edllﬁlllf@ ecthaRddrof tiosudiend heddle and the
instrunents or tools such as needl e hol ders, pick-up

suture pipchied éo e suReingingedlg tropglethedissus- ddwsubiringmeedlsithusch,
consislAnﬁg E’oﬁ% tfig Qrcboq' th'% Séjedﬁ 05 S9 El%r%] \&B'@h MBEfs efLrQQcp &lzahod of
:&CC raing O aspects | ﬁustra ed herei n, Eere 1S

suturin@ Divthe @tbstatsatimiticngaydefpassing b atedlethrowgpdstissus UA Weheft provided
e that i s protected by a housing, .the suturin

d| . : ! :
by the SeHE deosef the pirssaty disclopedrapradimens issbe philify ot W@ suturing
neclef3 Bl U BY, BRSNS AL LAk 8RRt F b3 s oloving

each stpick.s &Wiehnyustigsht esterdng doack ofthe preatly gisdosdtembmganergs, no

.. inadvertent penetration of internal organs or_ vessels
ancillapginsiumeris ar ol s4ch s Predle BoIGFR PGB FECRs Qfhe iRE are heeded to
compl &8 HEEHCH. NG fOce GnaRtstd'® ek Be khOQ018] The

suturing device of the presently disclosed enbodi nents

is useful for suturing tissue internal to a body. An

[0001 ‘ﬁ 243 io ﬁ IngcQ)t ﬁiigfg it(t?.rgﬁ)eg%\éflgszratﬁqg{egﬁqriéh%g isgil){gggi%a %dsugl%rnrg%evice that
includésangitbriteh MbleakhtSs pRAEGOEDYE BBusim, Shé duh@iderddRSS a1dxposed to
extending fromthe distal end of the elongated barrel;

or handjed direstlynley e a¢re thesshyrigeenpog Hadvertgng n gtigksydhe
' . Of '
confisfflon e SR I8, RESFLE GRRGH 5Pl AAACRON e
againséinhdvedient prareghtdrgaf iactrind ofgins orviasels by tiieendedlentiaide thecthousing
of the suturing needle is positioned within the suture
acts asigeshield Betaieph thepreans and thgpeedie er rotation of the
suturing needle; and an actuator extending fromthe
proxi mal end of the elongated barrel to actuate a
{00018]r i ve Tecduwarirgnddvine afghapmresaily elisdidsed embodinemgsaigiuseful for

A .and rotati t he ,suturi needl e.. [00019] According t
suturingdsse @tqq_lfﬂ Teg Paf%d AH&“?@%%H}TH‘_E’}H e? thej dSﬂV}&F a%%la%a o clgiteglsg barel
having{aﬁ%rtoﬁhﬂél' ehd G dib@PR, A h Mho RS ABIK Y theR¥ESIR, SslltORMEad

i ncl udes: (a) éngaging a cartridge to a suture
assemblg axtending fiviny thetdistaloinslt odItheeel dngatedobasel ;L sutgringendedls having a

. h i d [ [ h ' d .
pointed g G yGEEnL i P s BB bt Lot R BN, A
approximatelyperpehididuld tb AQokbitidalal 841§l oPihe lehpited baftel, dhétei@the

~into a body cavity; (c) positioning an opening in the
pointed gnd of thgsutupng pagdle ismasitwned yithin the getues kegdtassesaidy prior to and

. . e ot
aer SEAER e S hORE sHL 35 UETGERE R PhofBL AR RLor v
elongatadtbarieh deaed £dfice arulsamisnd hatih®n abedi®UfvaTHbr engaging and
rotating the suturing needle.

[00019] According to aspects illustrated herein, there is provided a method for suturing
tissue during minimally invasive surgery that includes: (a) engaging a cartridge to a suture
head assembly at a distal end of a suturing device, the cartridge having a protective housing

and a suturing needle with a pointed end and a blunt end; (b) introducing the distal end of the
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of the suturing needl e about an axi s approxi mately
perpendi cular to a |longitudinal axis of the suturing
woRus s€sand advance the suturing needl e througietido0s/006674
plurality of separated tissue segnents or the single
ti ssue segnent; (e) pulling a suturing materi al
suturing dextsigdntotacdbadyeagity; () pryitineénl an epenggh thhearisidge 40 bpap a

pluraligffe%%gﬁ?r%%tg&%?%egsseg%gfltféﬁwg %%Pr}:%iedg#sg% ge:gﬁ%,%gl? %%gv%flgg an actuator

coupleité @daive GfthirmisE alkd @ngagel tHeduhirihgafeedleitd 6M\RE rétati®al movement
pl aced through the separated tissue segnents or the

of the sytungneedlesahoutaywin apPrPROBEdy pPameadignlagto ploasitedipal axis of the
. ] Lr ' ' ' .
s AR DS A s QUSRI Sl e
segmeht3 @ tibesinglé dsue Re@aenty(ed pallingra suguringatiterialiattacteed to the suturing
poi nted end and a blunt end to a suture head assenbly .
needleghroyghy therplurabhcolseparated tispucigements o the siegls tissvesegage) forming

a sitelf 30 PR SBGT Lo G VR (RSP ERUMIRL BPHURR 15 B ploced
through olieadeiparatedftiskiresegutents axghsgngle ¢isswwrsdgmentat ch t hat
provides a protective housing for the suturing needl e;
(b) introducing the distal end of the suturing device
[00020]"t O 2ARQANInE 3Y hiphets (RistiaRA Hek QA théke 3 pRRRIRH AdnétRod R suturing
needl e hol der assenbly to span a plur aFl ty of
tissue dwpey mindmally oasive egngenttbatdnclades: (r)lcagaging asutvdggpeadle with a

. d),activatjng, an actuator coupled to dri ye . .
pointef, E8d, & 4 HEph et @Rt ReRLo-SOmRl R g Rl gl oY § suiyping device, he
suture hed@dss@nBly IAAMERNuradd fritk, SUblebY BE suaaHighealiRUblIEWs a curved

axi s approxi mately perpendicular to a | ongitudina

path algpg thegfack furing retpiipmolihe setaring acedic and @ latele thag pravideg a

. . | L f . i .
oSSR AR P O SRR g
deviceShifol bodg cavity (& ppositidnahatopenirigia themeediaipldetadiembly to span a

through the plurality of separated tissue segnents or
plurality ofjsqparated tissugesSegMGRE OF afs tiggue segment{d) agityating an actuator
coun DR OREh 15 L LAYER LTS AL thovomen
of the segimnhedlzrabausamapie appresinatd g gespendicfilad®2llongdtwdinalians of the

.to, aspects. illustrated herejn, there is provided a. .
suturingleNi58 A A KAFCE A1 g T nRsE g RroHgh FHeRIFBILE, O Spare g dissue
segmeitd/od AeXsiddI@tisdul %%é‘rg@ﬁ, (Y pElling '&Quﬁlrﬂﬂgﬁgiﬁbrieﬁ!&ﬁa&fed% the suturing

suturing device having a suturing needle with a '
needlegliongle thegriaralityt of sepdvotdy tispesiegmonts oy atsinglestigsue segnent forming a

TR e
the sepfaleP@ésé SEhnestflls Of a §ilgle Sdsue sie?ﬂleﬂteem e to extend

beyond a protective housing of a cartridge to engage
the plurality of separated tissue segnents; and

[000213Ct i V?M:&)gdihg %o @%btegt@tiﬁ&ﬁtﬁ%eﬁ%%i)&g, th{er@‘?s %r%vﬁf%g%%%tpgd for suturing

uturing neetdle t0 conplete a revolution and pu a

tissue Suring mirgxhibn itivagive suagtiyehatlinclndesgnseetinl @ distal end/bf 4 beturing
lurality of separated tjissue seg ts to.form

devicedyaying su mgzzerglpﬁvigu@p?m&ﬁ ang "etﬁglebgalvam%%gng the suturing

needledb SEHSSHrARPY LsephtifedSibshe sdptheteY hGfaBhg b Gctuator a first time
causing the pointed end of the suturing needle to extend beyond a protective housing of a
cartridge to engage the plurality of separated tissue segments; and activating the actuator a

second time to cause the suturing needle to complete a revolution and pull a suture extending



presently disclosed enbodiments is relatively sinple
and cost efficient to manufacture. Therefore, the
wosHbsi{784 device shoul d find w despread sut urigier/us2008/006674
applications that include single stitches or
conti nuous stitches, e.g. spiral, mattress, purse
from tl sutwning extedle, thtdugh the pluradiquof segatateddiseeresegmestsgo form a stitch.
incisions, attach grafts, or the |ike. [00023] These
and ot her advantages of the presently discl osed
[ooozﬁn‘oodl WEJAdSioH 16 the éd%hfa%&@diséd@éé@l%hvé,hﬁe QItReAk aBAESOf the

escribed hereinafter. The presently disc| osed
presendjridisglosehembediowntsi in gelgti ebnypmpleandifost efficignete manufacture.
ngtruction, ¢ i i on qf el .arrange
TherefGE Bl P e RO D ol oA e AR e
single eitchés @ GodBmeius Btiiches, e BRbpiFal DESCRSPplucNstang THE., that are required
DRAW NGS [ 00024] The presently discl osed enbodi nents
to closgjtisuerjcipigps. péacChegiafis aidbe ke h reference to the
attached drawi ngs, wherein |ike structures are
referred to by |ike nunerals throughout the severa
[00023]i ews. THeze add athiengdvastagesnobithe prasenthediedssudi dnybddiments are
) scale, wih e asis jnste ener al bei n .aced
lllustr%ﬁquqglwdé? ?’Qggﬁ%&epﬁéleﬁ?fﬂ?gﬂﬁ%é%a : {Fﬁ%%ﬁ%rgléfélﬁ‘ijosed
embod e o s e o Dbl B U R A loHeats and
arrangembatcif iperts that Vild b 6fenmplEd iR Ahcafotlowiigadetailedealescriptionhe
suture head assenbly of the suturing device of FIG 1
FIG 2A is a perspective assenbly view of the suture
head. FIG 2B is a cutaway perspective view of the
suture head. [00027] FIGS. 3A and 3B are segnented
BRIEE DESERIPTIONOBTHEODRAWINGHead assenbly of FIG 2.
[00028] FIGS. 4A and 4B are cutaway segnental views of
the suture head assenbly showi ng interaction points of
[00024) sut UThdwsreseis disclvsed embpdinien@ witl bel faethelr éxpiained with reference
mechani sm,_ Fl G 4A_shows the position of the suturjn
to the gitasheddramingss Whercielipasirusresarg refpmerbto byokike mlgﬁerﬁksitgrpughout
ormaf . el B . .
the seefol VR i rBbinfe SRETR ol Hedes ¥Ry & el i AR instead
generaiip bbmgi pdaved fupen ilbserafing thegeinoiplds@d tiof preseatlly alisdl esed
where the suturing needle is in a "rotation" position.
embodimeRi$9] FI GS. 5A and 5B are expanded vi ews of the
wor ki ng end of the suture head assenbly with a
suturing needle in the hone position. FIG 5A shows
[00023]he r eFHE. bissipepspoctivedawidie spamingaladicaof therppessndy disclosed
ring when the suturing needle is in the hone
embodgrggril ion.

[00026] FIGS. 2A and 2B are views of the suture head assembly of the suturing device
of FIG. 1. FIG. 2A is a perspective assembly view of the suture head. FIG. 2B is a cutaway

perspective view of the suture head.

[00027] FIGS. 3A and 3B are segmented assembly views of the suture head assembly
of FIG. 2.
[00028] FIGS. 4A and 4B are cutaway segmental views of the suture head assembly

showing interaction points of a suturing needle with a portion of the drive mechanism. FIG.
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FIG 5B shows a close-up view of the anti-rotate
spring. [00030] FIGS. 6A and 6B are expanded vi ews of
wd 8s/ s ng end of the suture head assenbly Qg oskSRes74
of the device. FIG 6A shows the position of the

suturing needl e and the paw imediately after the )
4A sherethepgsitien of thersutusimgdicedle pné driye mechanism & & Jqae"tpesition prior

e h r r . AN’
o use AL AR R PRlc [ RIG  hhd BF pELEEA oPBR g mcale
drive thedhahisanaffed ohé fidhactiddBEthdh4adle, Whetndle slufing needle is in a
. _ex'pand,ed views of the pawl in contact with the C brace
rotatigp; PeSIYEY vi ng t he suturing needle. FIG 7A shows a
cl ose-up view of the pawl spring |loaded with a spring.
FIG 7B shows a close-up view of the paw, show ng the
[00029]eel aFRHGS.i3A ahdSBAP] expatfed dewn df theavarksigaad of the suture head
el evational. views of a nmuch |l.arger_scale of the . .
assemblycuifin& PTBERE DA Bt ROmaPPYBONCERG A% et b gefationship
betwedd HhBbAwt 8% AN 3hh EWARYREREAnPRAE hetdle i iFthShSHOPbsition.
t he grlve mechani sm when the handle is in an open
FIG. B shiawsorclagedup-view of thhawsratite springce nechani sm when t he
handle is in a closed position. [00033] FIGS. 10-13
are top and bottom views of the suture head assenbly,

[00030]NC| UDFIGR. GAPARISCH At exphidddgewdi6r tho MReiEiht end bLihesefire head
the drive nmechanismlocated in the suture head

assembly sluripp yis@pithe deviee.oRlfat @ shews e papidian of thersgiing negdle and
in. the.. | iiionsy. F
e ol PR BRI BRSO 4 e, P PR B e ihance

and thé pawbreturhoiot thenstaitositdos (F1GeoBawhilethe Sufufing heeddp Bmains in the
_position. FIG 12 shows a top view when the handle is
rotationpofifenc| osed position. FIG 13 shows a bottom view
when the handle is in the closed position.[00034] FIG
14 is a close-up view of the cartridge holder with a
[00031]ab t hEIG$.0TA and fBaraexpahdetyvigwe of theqawl irecasact miitlighe C-brace

while dRG the R aEsdRe THba A1 WAYA SRIPEHE i KOF Igfpap gPing loaded
with ar%grﬁﬁ e 7Bl $8Q38lc1dsk Gp vibwiof i1 ﬁé:vxf},\"éh%kl@ﬂé mglh%aeand tip.

ation between the cartridge hol der assenbly,
cartridge, latch and C brace. [00037] FIGS. 17A, 17B

nd 17 t sut ure head .assenbly. Fl 17A .sh .
100034"S; 5 FUESH o i iRBu T SR Ay et SRR P IR el
portiofd FRe HRvSndenaniseMorBRWwithid R HapliRlan@RENgRtch ShiEL IFIG. 8

the lever and latch during attachnment and ej ection of

showsttheedriecaipehanisen when thedgadieivin anepea pesitipagad F(>¢@ shows the
drive rgé%%n%w Whé:r{ t%e h%.r?cﬁ'e ‘?J]ﬁvxsclgseﬁ%%si\ﬁ'oﬁw of the suture head

[00033] FIGS. 10-13 are top and bottom views of the suture head assembly, including
cables that provide the connection between the drive mechanism located in the suture head
assembly and the elongated barrel when the handle is in the open and closed positions. FIG.
10 shows a top view when the handle is in the open position. FIG. 11 shows a bottom view
when the handle is in the open position. FIG. 12 shows a top view when the handle is in the

closed position. FIG. 13 shows a bottom view when the handle is in the closed position.



[00038] FIG 18 is an expanded view of a curved
suturing needle with notches depicted on the surface
wdlood/gsieedl e. [00039] FIGS. 19A and 19B depiggiT/i¥¥008/006674
exenpl ary enbodi nents of the curved suturing needle
00040! FIGS. 20-23 show different views of the suture
[00034jead nid iy azlasgaipedevof thes:aetndggh@lé@r With adab thatlogks into a
ation.raod. e |rrar | xation point of the suture
matmgn%régv %sgﬁbcfl?nae %‘é@?’ed barrel is depicted as
being at the axis of Iateral rotation. FIG 20 shows a
side view of the suture head assenbly. FIG 21 shows a
[0003501 { ok NG S\f is Vieve deRicunE bR Suriag Seedls posiEpud in ha ke the
cartridge bottom vi ew of the suture head assenbly articul at ed
O the left. FIG 23 shows a bottom view of the suture
head assenbly articulated to the right. [00041] FI GS
24 and_25 are perspective views of a suturing, devj

[00036}) . JBIGhlfvis ayigye shgyuingitheerelation between dheseartiides @older assembly,

cartndgﬁ\{éti?ﬁaﬂﬂbhbrta&@ handl es in the open position. FIG 25
i0 a perspective view of the suturing device with

the handles in the closed position.[00042] FIG 26 is

s T G VRTINS R

side v1€x'v&to§‘ﬂ§-y$§@r€ R MseMbBVWFIQ! 1T SUb-& Ba@%e@smhg/ tHf
24 and 25 showi'ng interaction points of

relatlosshmmbﬂwgem thedeeenand hateh ganing astachimentrand ¢jaction nﬁ&ﬁma@lmand
cartid Fom S PR Holfer BOSNE FEG 1 i toPi¥ GER sfte head

assemlﬂ?ter a conplete full cycle. FIG 27B shows anot her

view of the suturing needle and drive nechani sm
[00044] FIG 28 is a close-up view of the needle

ol der I . I
[0003@4 anolF @%ﬁ%ﬁﬁﬁgﬁq z{nl(—j%%%e%z)ﬁ&go cl ose- Kg\%d}éew‘g{ct)l? ﬁ{)@es
depictedi @i the serfabeadf thdrgeedll. ur e head assenbly of FIGS. 24 and
25. [00046] FIGS. 30 and 31 show the suture head
assenbly of FIGS. 24 and 25. FIG 30 shows the suture
ead I i i d¢l
10003915 FRET A Y Do B e by el S 4 o
suturingmetdie. cl osed or | ocked position. [00047] FIG 32 is a
view of a curved suturing needle with notches on the
face of the suturing needle to be used with the

[00040} ut ur i PRGSOl ELsHYw dilffeRent #bwA tedsutilr® @e4BAssEhbly atched to the

hows a view of the pawl in contact with the suturing
elongatcéém'rgl viera rotagion rod. The primary fixation point of the suture head assembly to

the elongated barrel is depicted as being at the axis of lateral rotation. FIG. 20 shows a side
view of the suture head assembly. FIG. 21 shows a bottom view of the suture head
assembly. FIG. 22 shows a bottom view of the suture head assembly articulated to the left.
FIG. 23 shows a bottom view of the suture head assembly articulated to the right.

[00041] FIGS. 24 and 25 are perspective views of a suturing device. FIG. 24 shows a
perspective view of the suturing device with the handles in the open position. FIG. 25 shows

a perspective view of the suturing device with the handles in the closed position.



suturing device of FIGS. 24 and 25. [00049] FIGS. 34
and 35 show a cl ose-up view of the suture head
woEeeakss of FIGS. 24 and 25 and the associ at gy o@Yives74

that nove the drive nechanism FIG 34 shows a top

view of the suture head assenbly. FIG 35 shows a side
[00042]i ew OFIGHES is gtspgmented dssgbbnpiey. of lgnouwe headsssemblyofFIGS.
24and327 are top views of the suture head assenbly and

cé%les that connect the drive mechanismlocated in the
suture head assenbly and the el ongated barrel when the

handle is in the open position for the suture devijce
[0004Yf F) ANGCS2Tnand2yB mecutaymysigamental vigys of thg syture head assembly
t | . e WS i .
of I Men N A ERRL0 1OFE, SN Rl U REERRD e aive
mechaaizth. CEI¢.Q Mhshowishke pesitidreof the sututihg neqadampiodriviel aechanism in a

,00051] FIG 38 shows a side elevatignal_ view of the . :
"homeEc, ROYHPR grierig;use Obe(‘)?i'l ceompate £ cysle. s REGH %’@ §zﬂwssanagler view of
the suttiflfig Hed Y€ aBE R heMRanis@P052] FI'G 39A shows a top

per3spective view of a second enbodi nent of the suture
head assenbly made in accordance with the teachings of

he i tion, in which a_.resilient el ongated nber
100044k s a5 PreleSs i vir WS Te e ol s A e e fure head
assembly S FIGS! 2pghiesdl e about a circular path. FIG 39B
déepicts the suturing head of Fig. 39A incorporated
into a suturing device having a flexible steerable
r oxi ment . [ 00053] EIG. 4 h a.sectjona
foo0ag)y 01, SFIG AR et ap Vg T is @ierdt O Bl A AGpmoty of
FIGS.t2aenngesur e head assenbly, depicting the course of the
drive tendon, the drive paw, and the anti-rotate
spring in relation to the suturing needle. [00054]

| G i I ' %Y of [ %

[0004djr ive Iedr;%osg’ %dtqﬁ 9%1? ?’Jéhg pa}\l/ata.H %f%gg%)g&)f '0%2 iezss' FIG. 30
shows @lie susirk dta&tlasser@blyokith the 1heh o theaypen pasitioenBHEGI 3igskws the suture

notch in the suturing needle [Q0056] FIG 42B is an
head a§5§81%é56 @’&h\ﬂileewcg‘fméli? eréﬁkeg @Pﬂf‘%”i‘rg needl e that may

be used with the second suturing head enbodi nent,

showi ng a | eading notch and a trailing notch on the
[0004Fi de OFIG.3 inaeukve of andrvad setmting netdd¢ withabtchespon thedace of the

.outer circunference of the needl 00057 IG 43 is

suturing Heglle i B Hocsh W D1 SHEITEAEN 16 L FIGST 4 89751 he dr i ve

track conponent of the second enbodi nent of the suture

head assenbly, w thout the tendon, pawl, anti-rotate
[00048pr i ngFHRhBIsbowis@ view of e pawvl i goritacs ivith the setrjng apedie for the

.and dis egent acks, including a flat spring in
Su“““?ﬁgvﬁ?6§?ﬂ§%°gﬁg%hé- used to press the paw agai nst
the drive notch

[00049] FIGS. 34 and 35 show a close-up view of the suture head assembly of FIGS.
24 and 25 and the associated pulleys that move the drive mechanism. FIG. 34 shows a top

view of the suture head assembly. FIG. 35 shows a side view of the suture head assembly.

[00050] FIGS. 36 and 37 are top views of the suture head assembly and cables that
connect the drive mechanism located in the suture head assembly and the elongated barrel
when the handle is in the open position for the suture device of FIGS. 24 and 25. FIG. 36

shows a top view of the front pulley and cable when the handle is in the open position. FIG.

10



of the needle. [00058] FIG 44 is a perspective view
of a portion of the inside structure of the needle

wd J08§k75s8mponent of the second enbodi ment of tdie/Sdhedi@es74
head assenbly, showi ng oneof the paw body guides, and
the aperture through which the anti-rotation spring

37 shomsgetgp vievhef tha resnrngiulleyahé cehie avheh thetmndisdd lirethe [oped pegition.
FIG 45 is a top perspective view of the second
enbodi nent of the suture head assenbly, show ng the

[0005K! acenErt. 3§ sHokR atsidelsiévakidhhlafiew b€ thetshturimdtRi itk of FIES. 24 and
of the needle track, enclosing the needle within it.

25 shopdanpo]s Hite dueameehaaissact i onal vi ew t hrough the upper
portion of the second enbodi nent of the suture head
assenbly, revealing the cross-section of the paw as

[00052]t engRIES39Ashdwsad top Pperspectble vadw bhe seweadlembodingent of the suture
showi ng the distal ends of both pawl body. guides, .

head assepiblninadg in arsowdape With the teachenesial dhe npentinns uhwhigh gapgilient

| at i [ (ool M| :
clongalfifmbct ot & ApLRARD o Blsudiy 3o bR m il B e fripg needie
about d6icular mthi EIG.39B depidth thesutuwrimiglhend ofiFigs 39 Atinamporated into a
.[00062], FIG 47 .is a sectional view of the second

suturing e eEGH 1RIS PP REXal Sy showi ng t he

paw body positioned against the flat spring, which

urges the paw tip against the side of the needle. In
[00053]hi s vilEMG. 40rshowe edt@idnsl pawtdfahd griepiaankiafghe $egond embodiment

of the §RFFe ¥Rd asmblye aRCHEE 1eERrE S L drtve e, B8 crive gl and the
anti-rofdté ?pi[ﬁgeih%‘lﬁﬁo@fo thBSutifAag hedld.00063] FIG 48 is an

isol'ated view of the anti-rotate spring. [00064] FIG
49 is an isolated view of the flat spring, which

00054 2 1ER1 L Be PR SRAY by 5L AU BB g

pawl. sectional view of the second enbodi ment of the suture
head assenbly in which the pawl is at the proximl end
of the engagenent drive track, imrediately proximal to

o', A 0TSl Uy gy OB 6 i

suturingawledlei p pressed agai nst the side of the needl e above
the notch by a conpressed flat spring.[00067] FIG 5CC
is a top view through section CGC of FIG 50A show ng

ow th | i i I i
[ooosd; W t herr§l 33 B $P4 1381atedl WEL b &h @Pemo%glg,?]ﬂ@glg&%dleam may be

gai nst the side of the needle. [ 51Ais a
used vgthcthe serahd sutaring heddembativant, eryodg adeading nattleanslia traiéing notch

on the Ea%daﬁ?%fsr?egﬁg ﬁriécgm\’\%{tg{]ot%tg gogﬁ\g)'{%i th;gpwg%glircglrntltjgr%ntcé 8‘} tlhie Nedle.

[00057] FIG. 43 is a sectional view of the inside structure of the drive track
component of the second embodiment of the suture head assembly, without the tendon, pawl,
anti-rotate spring and needle present to highlight the engagement and disengagement tracks,
including a flat spring in the proximal chamber used to press the pawl against the drive notch

of the needle.

[00058] FIG. 44 is a perspective view of a portion of the inside structure of the

needle track component of the second embodiment of the suture head assembly, showing one

11



the engagenent drive track. [00069] FIG 51B is a view
through section B-B of FIG 51A show ng how the fl at
woRhs/Mgsiss el axed against the pawl when the pawudloikiooss74
Is within the notch of the needle. [00070] FIG 51C is
atop viewthr ough section GC of FIG 51A showi ng the
of the pavsk boslyrauidesi andathe epertia¢ thseughowkich the anti-iotation spring engages the

d wi | e notch of the needle, nowin
ou"ercbrggm?erg?lceogltg?fl?/egethe needl e forward. [00071] FIG 52
|s a sectional side view of the second enbodi nent of
he suture head assenbly, showi ng the needle in the

[000591 home' FHas4% iis @riop perapeshive viest eft the sgnond gmbadiamgnt gf theesuture
head a&%ﬁ%{l ’slﬁgwpglg OLH(? el%@%ew o?%ﬁ%hh{lﬁc&lfa? Lf%ﬂga Ehgérrlgf;mdé bt tlhe needle
track, ér&&&?@ thEheedl&Sithin 8. secti onal si de vi ew of t he second

enbodi ment of the suture head assenbly, show ng the

needl e at the end of the push stroke of the first

uturi C

000681 ougheCheSATs HimaRALliel Stolth YR AoRalore Sroond
embodumemtl qf e sudtre thead élﬁeﬂlB]y, Fdvealirfgithe src&s-ssemﬁqnmfahe pavdens it

th d nt .of d
engaeSyoBE otk NOWAAL B Rovap a0 Tering e’ B bR pat body
gu1dest cphtating tHB)éxfgla%éxﬂérﬁ tfallR fl@hﬁﬁl@'dls%ﬁgaggﬁlehhﬁack The relationship of

di Sengagenent” Track. [00074] FIG is a sectional
the thrgstgellar temhenneedleearslewsd@ teak eddl seeeppast.t he suture head
assenbly, showi ng the paw being pulled by the tendon
to the proximal end of the track in the pull stroke of
[0006K]he fiFRG. 468 i vigw ©Y eetthrdsOEMiABIn fsblatio®6 is a
sectional side view of the second enbodi nent of the
- suture head assenbly, show ng the pawl approaching the
r oxi C '
100062 07 oG A4 S AR b\ o RELATEm BRIl §41Fe e head
assemisip dh@Vinighke pmblmiyir@sltbaemag&ﬁdt et il spivagy vﬂﬂdmntgbethe pawl tip
| eadi ng notch of the needle. [Q0Q76] FI G 57.is
againstbe sidg 4 hesrcadley Ta s icvn dhesuseaieds BBl seARing the gerture of the
Serh dargmermu ¥ihB9s i8I QRAAGHERuRased
Sumrelﬁﬁédggst% ﬁ? 2adi ng not 81?&25% tEe nleleddoé%vytagl spr?ng force
circuniferemet dfghelnetddd. t endon t hat had been defl ected as
shown in FIG 56. [00077] FIG 58 is a sectional side
vi ew of the second enbodi ment of the suture head
[00063}S SeMORIG. 4879 Wh Mb14EE vRUSAT thd htkfor@k shhfg Second
suturing cycle, in which the poi nted end of the needle
i s being advanced to the 'hone' position by the paw.

[00064) FIG. 49 is an isolated view of the flat spring, which presses against the pawl
body to urge the pawl tip against the side of the needle.

[00065] FIG. 50A is a sectional view of the second embodiment of the suture head
assembly in which the pawl is at the proximal end of the engagement drive track,

immediately proximal to the trailing notch of the needle.

[00066] FIG. 50B is a view through section B-B of FIG. S0A showing the pawl tip

pressed against the side of the needle above the notch by a compressed flat spring.
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[00078] FIG 59 is a sectional side view of the second
enbodi nent of the suture head assenbly, show ng the
waPed1584s0ke of the second suturing cycle havigee 8665006674
conpl eted, the paw being urged into the distal end of
t he di sengagenent track by the spring force of the
[0006’Zji st al FlGrinis aatop Vieh’ethrmaéh seagom©6tC bf FEGpS®pehowing how the

fat spfieg & EBR ey etk Rt Ao MR SSELR b BN et of

the suture head assenbly, shomnng the pull stroke of
the second suturing cycle, bringing the pawl back to

[0006§]he prBIGAHIA isradsegfionah giedy Qfétlhga gmbogdiagat pﬁthgesuture head
ositione t ' I
assemﬁ hbc tﬂe E)?Y\{el% r%lgl ﬁé}% tgalpr eétﬁﬁ aF {h%%eg%lg a?t e i }4%[ Qld of
the engdgenﬁﬁtdln\&ma&ke spring engagi ng the anti-rot at e not ch
of the needle. [00080] Wile the above-identified
drawi ngs set forth presently disclosed enbodi nments,
00064t Ne’ FIGINETRY Je@ifiolbi G c%8HtBe§RJf%tIEd51§%p thawlthe flat
t'he di'scussion. osure presents 1l 1l ust Ive
spring ésfﬁf&:@lidedﬁgmﬁsthhe payl whert thp pasetip & wnhnnahdndstoh of the needle.
l[imtation. Nunerous other nodifications and
enbodi nents can be devised by those skilled in the art
7040 Ch fRds) 51t s 9%1 RorpeLE bf FIG. smh the flat
[000 rinci pﬁés of St e pr esent %I s% | osed enbodi msenovgmg e
spring memmema&etmewm\u{eqmm 1ip adancsd withimipe aetchad thef needle, now

ese clos d enbodi nents is shown generally
1np051élpng dflﬁeﬁlle(“;‘y‘ﬂ r| ng to FIG 1, the suturing

devi ce 50 can be used to produce a continuous or

interrupted stitch or suture so as to enable closure
[0007f opeRIGHR is ratseqatmal side aijsai ofethe second gybodimeens of theishgre head
assemglxaih%%ugg h%ar{eg@u én f Z ed to(ség%%;tﬂé %étagdl}]a%gﬁgngen%a&mg the
needleaal thepa et dithi the tr\ahidgmdtélf,‘ il positich oQirive thesddidtbugh a

hereinafter for use with a cannula in endoscopi c
sutmlrmwgbdur es, such as | aparoscopy, the device 50 can be

used in open surgery and with catheters and ot her

smal|l and | arge di aneter tubular or holl ow,
[00072]y| i NdFIG 283 ivarsbetichapside vitwgf the s&oad mbsdimbdnt of the suture head

assemil, homas U eRIag: YRenaisadifaneh b0 oF ArAutuing c5eId he

pawl h‘%m%giumt the HEdHid ﬂﬁ’o%vt'he ﬁpéglre Nk H‘é’é%ﬁ' 18Ai AR m the trailing

|sms own generally at 52 whi ch conprises an
notch.el ongat ed barrel 54 and a handl e 60 that extends from
t he undersides at a proxi mal end of the el ongated
barrel 54. A suture head assenbly 56 is attached to

[000731he di p1@! 5£RG settiddaesiak AngRbRHle Beohe lembddindht éﬂthe suture head
enbodi nent, the suture head assenbly 56 is renovab

assemblyt shoianig ths ramé beingtreleased drasn therfeailingnejeh o tmrdietal @41 of the

dlseng-all_geemen 1%t p of

[00074] FIG. 55 is a sectional side view of the second embodiment of the suture head
assembly, showing the pawl being pulled by the tendon to the proximal end of the track in the
pull stroke of the first suturing cycle.

[00075] FIG. 56 is a sectional side view of the second embodiment of the suture head

assembly, showing the pawl approaching the proximal chamber where the proximal ends of
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the suture head assenbly 56 can range from about 20 nmm
to about 100 mMm In an enbodi nent, the length of the

woHbsli£stead assenbly 56 is about 50 nm The | ®Rgi&oeooc674
the el ongated barrel 54 can range from about 50 mmto

about 400 mm Those skilled in the art will recognize
the engaggmenhandadisangagasnend fiecls mege c dhe Bistalgad oE hertendondias been

0 t d use of the device 50.

deﬂecl{eﬁ%%glef%}grpg{éqéﬂgng téﬁlgfgl%élggﬂ " barrel 54 is about 300

nn1 In an enbodi nent, the elongated barrel 54 is about
articul atlon | ever 66, just distal to th

[0007Q]op ofﬂ@é%ﬂé@cﬁp@n%@ pide w@h‘éfcrh%ﬁecgad P@&omeelaeé@etsmélre head
t
sssem oA 12 BERE PR A B A A RGP Wihccdlc hysprne
force fawn enddiytab@ndan thathad lgdeh daﬁebterbaa shgwinhe FAGL 56ul at i on
| ever 66 counterclockw se, noves the suture head
assenbly 56 to the left. The articulation |lever 66 can
[0007] 5O BPICTHEH ofsecifirlal Gk ey difife S4toA ErBBAithctf SPIHRIskture head
up and down. The suture head assenbly 56 is | ocked
assemblpy, :’Jloacng thietpusla sﬂr@(el@fnge $econd s@uringcyile dn whichrthe pointed end of
der.si de ce 50,. below the articul ation
the neqdg B Seitg achnéed o YR hiBaPosi BB It BS iy bo
articulated, and the elongated barrel 54 may be any

| ength appropriate for the intended clinical
[00078]ppl i cEI JY isfa seetiongbside sienoof tip secgnd pmbedingit phihe suture head

asseml()jle shr%m th% sh ?tﬁ(%(ee Gdcfr 1 e%g%’%utﬁ%@d)gc?e ﬁ‘gf?rg%bigegl é;%ﬁ u%tgd the

er 0 evi ce

pawl blihgl”tﬁ‘ged 1Iiitcﬂthe cidtsldnd @ the disengaienent eacloby theespeiay iferee b0the

is about 3 mm A flush port 62 is |located on the sjde
distal tgpderh an th fpalingineselh freproper aligneeewith hegrayimd charpbsry

of entry for cleaning fluids or suction such that the

devi ce 50 can be cl eaned prior to or after use.
[00079]00083FIG 0 Iansicaotd) side vaewg ot thetshadndi esntsdlireerted thensuture head

order to ctu devi ce 50 The tun

assembfy, showingt espu éfreg u§§g{qg8%3@lr]&gtc5? enlgg},gé% 1 P)gck to the

proxmﬁﬂ’ ER(II §Fthb ‘als%nge{geﬁﬁﬁﬁﬁm Y pbQitiondtroAs iR thé@l?thﬁﬂg eyble.
of the sutUring device 56) may conprise a triggering

Backwmttvaanoslmftthmneadte i& poamenied in Has strake bytbé astg-rdtate spring engaging

triggering nechani sns disclosed in U S.
the antpﬁt%mgch({ﬁb and 5,344,061, both of which are
her eby i ncor por at ed by reference. Alternatively, the

act uat or nmechani sm can be either a manual | oper abl e
[0008%ut t onWiile skt abetye-idgntidicddedvange st forthoprepapiydispjossd
emboc@’ﬂgrﬂgg)ttﬁg e%b%%irﬁé Lu[eoa'iso ofnié%}lplgt%a Vs rﬁo%%\"h?ﬁe d1§&f§§‘ioﬂsrhls

anple, an
dlsclosmﬁewﬁﬁdﬂtﬁlllﬂiﬁﬂrﬂtvemmﬁﬁﬁderby be hagtof Ircfpiésentatlon and not limitation.

el ect romagneti.c, conpressed air, rrpre ga
Numeroys pHiGT m@% firgtionmandrenRadiments %‘hbff d%mgg% Siqé edjigthe art
i | ' ism
which £l WlFintht 0ok anll SO 6 PRI (REpRRRS FRRLED )
embodameints.cope of the presently discl osed

DETAILED DESCRIPTION

[00081] The suturing device of the presently disclosed embodiments is shown
generally at 50 in FIG. 1. Referring to FIG. 1, the suturing device 50 can be used to produce

a continuous or interrupted stitch or suture so as to enable closure of openings internal to a
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enbodi nents. [00084] The suturing needle (e.g., 120,
220) used with the suturing device 50 has an
wERe@ERs/Nt or gripping surface at one or NOI &CT/US2008/006674
| ocations along its length. By way of this surface, an
engagenent nmechanismin the suture head assenbly 56
patlentESalvpdgr |T;iiletsn@1rme advige 56 canlbentilizadito shiura gty typeof @nag(émcal tissue

surfac u
i any SR Pt SaviBP Bt A e iR i Fo RSl
herein&@dr'fat hRNGitlP4 carBRldlinlcalds Pﬁhﬁ&&dﬁfes deRhas ﬁ@drdsed)pw\fthe device
t he generally toroidal surface of the suturlng needl

50 candecispd pepamysurgery prdwithgaticiesyandather small and large dwénqt%r tubular
or holl%gvv i 8&&h¥rsﬁa%\%&2 a&ée%? Smellf]ﬁfé}i;t dﬂ%hés‘@gr%ﬁlvyﬁg g.nd arteries,

erren anrsmin ure

as welD@mlatgeCdawﬂles,Qﬂeh 8¢ thembdomertber of interfitting teeth.
The grippi ng or engagenent surface of the suturing
needl e can al so take the form of hatch marks engraved

[ooosﬂg t helnsa{ Enﬂﬁﬁuﬁ%tdérvic@Sogﬁgﬁéllé%’ﬁn}’!&h&tbr%écﬂﬁﬁlsm shown

rals ove or resse tly below the
generafklgrraft 52 evhidh didllmprSB!; aim elmggateda tareel SHrant hilmndletd®@dhatemtends from the

undersigs a£ PENER] 0 o (P4 OB LLPTR] A LT FRRLAGOR 36 i

attach&Plol tRP &istal enmsﬁdﬁetet&\tga&a 'Baﬁb‘lr 3P qa@ntem)oaﬁﬂém ahe tit@re head
needl e at the g ﬁ surface to ap atra

assemblyr6ds sayadvabty &thle he disfad eadsf the ﬁﬁalg@tﬁéfbéﬁglgilﬁ‘n “The length of
d t f |
= e A

embodiReft, thetlbdith bStheeutiéhéad dseerablgi a6 is A 80 &—thfIhB 1etdgea of the
notcﬁes | ocated on the outer circunference, inn

elonga¢¢¢lzamﬂ &4 sprceange frognabowe 58 mm & pbasit AR map. ?h@%&tllﬁfi.lﬁ the art
t

it o R CORRSTR R ol . v

intendédilig dfahiy dévace1®). Inuin eniboclimentt, the rlongaethbattsl 54 is about 300 mm.

effectively contact the |eadi r forward
In an GRRRhmE, {6 GG Ao B PEOM OB (A e vatiom Bver 66, ust

distal ﬁgtgg }Og) c%ﬂh@h:ﬁxf?i‘ié’\@(s f Hish&Fod Rilled @6 cdhiSe FHeesYlﬁﬂE h&nﬁassembly 56 to

romnoving in are erse | rection.
rotate.f Mlolving the ad&slanopﬂewen 66 skeskmspambvcsuhasutewﬁwdd mmbtbf 56 to the

. t s f |

i AR B SHbR Tre BhcobBR ST VD8R S ey

56 to the IS TR LHNM S Rved m&%@soﬁi&m%ﬁ tb GrtfeulkRE 8RQGHIrY Bead
view of the suture head assenbl with a cartridge

assembly| Saip andgionsl. yTtgcutuse a@@hasa@mblgré%s tacked srplagowith adecking
lever &&%g%%%%%?g (ﬁe side, PP t?]g (#?gl%g Iggdbekl.) }?eczgg&qgtn&ble%}& D& suture

5S5e

head afss'bh{bl}z 86 athyadk aatiqilagd, eanditRe elongdtéd ba?iﬁl 58 n&ayﬁ&raﬁ@&eﬁgtk{e
senbly view of the suture head assenbl

appromraées@mthwmtﬂné@d @lyéeal@ﬁeb%ﬁtwe@f thesdeifery- ééhﬂftdléavet?mf the device

£ I
>0 can?{/afg%’ efrrnz;?1 ?{Hd35 ng pu?q%glg 26]921? 314%%%&%%%%@1%&%0“}&
devicevd(X igiaboutHe minorigah echbodimerlt, thd daneter of the device 50 is about 3 mm.

A flush port 62 is located on the side of the elongated barrel 54 in order to provide a port of
entry for cleaning fluids or suction such that the device 50 can be cleaned prior to or after

use.

[00083] The handle 60 is a grip that is squeezed in order to actuate the suturing device
50. The suturing device 50 is actuated by the actuator mechanism 52 coupled to a drive
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mechani cal parts including drive shafts, belts, rods,
cabl es, or hydraulic tubes which run fromthe
wlegepted barrel 54 through the spherical porgdis2968/006674
and then engages with the drive nechanism 70 in the
suture head assenbly 56. Connected at the proxinml end
mechagpismt He Bhetagtuatdranethasismn? of the suthingd¢vicel®pmey edmarise a

. spheri cal rtion 58.that contai art .of. the drive
riggerTBIREANPOIIA™ 1SRG b CEVEL FUte TR AP e gt es
mechafidm8dscRRed HE.SS PRENGS26,050908 &t 5,844,061, ¥0tH Jf WHILR atctRereby
] distal portion of the elongated barrel 54 and rotates
incorpprated byuptrensei Altenativelyt the ackigtor meshamism cpm be pigher a manually

i nent .. 1he dri hani [
operabfe[@uﬁ'%)}lgoglsf)vggﬁ,sos S?tr{é%ﬁ\ﬁ?mlggl‘f oﬁge%rlﬁl\glpg E? %gﬁ{ogx?aﬁgdegecqg@a{l or a fuel
driven [@e¢ioésuslinhs fondxaaplessn élagricalfeletthihaghstie oelplguaintic Mgotor
di stal end of the suture head assenbly 56 to the .
powergst Rielgeirical pelegiromagneie.srgpresgedaif rcompsesseqd gaspByqravli vacuum
r d : [ 1 ' .
or hydifhitf A, TRIRSPMH i Bhe it Mot B8k By B Blechfiniom of
any typeclathiven ih2Be ant can bowjthint the Sfifit dedjscepe of theyiresently disclased
wel |l as the cartridge hol der assenbly 90 for attaching
embodifients-e| easing the cartridge 88 are situated. The
suturing device 50 is unique in the fact that the
orientation of the suture head assenbly 56 is such
[00084] hat \iFrersuturingomeedlei(dge 188, 229) asedawiile thet suturing dewiagr3® has an
head assenbl 6 the needle 120.is driven i curved .
engagQiSith oL BaRIEATAE e o SpET R IRDERs S AP B S ertehy Y Yl is
surfacd, AR Ghgabdhieat mexianist inf the seta kd 28sendbly 58csn Y&y thetdeedle to
needl e 120 nay be optinmally visualized as the needle
advancedpthrenghrthe tangqt pisspee i Thisgripping surfase sen take onlaguwmben of different
El .2B, I 0 ' '
forms, IR fok PalTE o o A S i bt R0 oty Bepressed
below tHeepenamtly $raikial surfdch of H¢tsutigingarddlasarngrbyerboridnéd8&]low the
. The inproved visibility offered by the shape and .
suturingdisedlg e advanpe snoethly thipughdissiea dnihis spss) (hespeagemsnt mechanism
- [
in the EFEHER ARG B AATIAN S hOf B LERATRle P, The
grippingh® enghgenieang sutéacie of tHeGsuairingr needleropn aisbttake the fgymoefi léchemarks
uni form apd symretric sut re,.tﬂereby nininizing t he
engraved op they suriage phife spliing ngerle piigh PHRPr At by 121564 APQYF o
depres&@l SEhPBLEILWORE dulFRR oFHIRSRithrthg MRARIIR 136 efnBEdilnteat, 18
tissue.” I'n one enbodi nent, the entire device 50 or
engagepaant sneohartiste injtheisotirébeadsasedmbly Sbteen somprise doberized contact

assenb t he .el ongat ed rrel, 5 the ;handl e 60.
surfac 355 sy S 45 e iy Risg gt Rl R e surface
to appl§fa tPappirff fotdeZinSt thedeedt. grade plastic material, in

pp?ﬁicﬁ®g§£e, the entire device 50 or parts of the

devi ce 50 may di scarded and di sposed after a single

se. | not.her. ' . '

0008135, 1 FAPEEY BRAHACE 5o SU48S A8, FPoDEne o mor

notcheSEHa€ perddtrasihb safactofianuiasihgicedle thay iegmbtatlyrtetosdnl in shape, with
subsequent to sterilization follqmﬁn%_a grior use. kn .

the notghes Ipcated o e %&aﬁﬁ@fﬁrc’eme, 1nner circumterence, or on one or both sides

of the suturing needle. A corresponding engagement mechanism in the suture head assembly
56 can comprise a pawl, which can take many forms, but which at a minimum must
effectively contact the leading or forward wall of a notch on the suturing needle, either to

drive the needle in a forward direction, or to prevent the needle from moving in a reverse
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the device 50 is conposed of a sterilizable nedica
grade netallic material such as titaniumto enable

wo RbEE75sbsequent to sterilization foll owi Nng gdalthos/006674
use. The use of titaniumis ideal for certain

procedur es including Magneti c Resonance | nm 3@ng (M)
directiem dTigofoblowen desnopticphses @(pm)tlcbbic gmbedmﬁ@y ofithe gripRing surface for

adi ol
1llustra§1é/gl Rgrpu F%gt@%(gﬁs r@?o nc%ltggltcgh (}ogsl g gledlgyg}q‘ogqqustrated herein.

segnental views of the suture head assenbly 56 show ng

the cartridge hol der assenbl t he di sposabl e
[00086)ced| eFLCaritA: isdgeerar@ctive vigmadd %Wﬁlhﬁgd psepbly 3owith gegrtridge

holder %?sre% L cgtfg ak }j‘f c{'%h ég gglg%&%r% an l% gﬁ%ﬂehy In

accordhm %%dh@erﬂbd)dlﬁfen@ the Junay gbacbassaﬁblgﬂ%aﬂhﬁbe ﬁ\bhhatedi as a single
one enbodi nent, the needle driver is a

piece. Jd6i 2Bdig a PaTspRRiMestenaly aigw oigh P§UtH§eeléFaf1@S$@§%Y af 1h5tpé¢§ently
astosk o ATHEAL DAL EHED LR HERANERYS, 3 oot

systemaineludingguédy w2 ﬁ'4a7\6 and Tt boca‘éﬁdlwiilﬁﬁ the/\ﬁongated;barrel 54 are
attached to th inter

98, Th i th
mechapigel pagis ipeluding rl?%é\dwé@pbéts %d?ﬁ%lea oI 4384 gheh run from
the elo&gﬁ (ﬂﬁﬁ%l%ﬂtﬁ&ugﬁ tHBPhEgEH! $8ﬁloa%réndftﬁéi{fé@@géh mm e drive

drives thée curved needle 120 in a conpletely
mechagismci{] mrthasmuremd asslem’oéy e adorrsstediat theggoxigmal end of the suture

e S b B B S P R

mechafis®E70NntRidhgt th i81eF BEll&Hs Sohad Rasds 84 42d86. TR S¥Heticd portion 58
area within the circular arc of the needle 120 is

resideswighistthe disabiportina of thesclorgagrdibastel $handetates ingr subpfantially
frlctloﬂ%?‘:iuﬁﬁnon Con%o nfb%? méxﬁ hg ﬁi’ k;g ﬁie?ﬁan"fﬁﬂ 761 nl?&ﬁ%%.s eta#]ﬁ‘ain/pulley

m vol ume of t1ssue W circular ar
systemf ("B combU eltypre diee ih%@hadls’m) ahidScabEy and helsnka @kend Zdnrehe distal

be rotated throu a relatively large arc, allo
end of theesufiere hpad aszemb’?y Sriodheprxialiend oE e clgtgasd b ng‘? he

“tissue. Preferably, the needle 120 will have a radius
of curvature of about 3 mMmto about 40 mm In an
[00087 mbodi Tienduturt headlassembly5id is wlhan peﬁicmi dftthedevinee 30 withinof/hich the

1 f th head
mechaliPiAr ABOGNT Sre TRaOHy AHA GAGRALSTE R PO Hepret cHau G artray well

as the EQrﬁli |h'o)ﬁef BRSO WEOS ET Qﬁﬁé‘hlné thPrdleasing dhd®itridgt 188 are situated.
ter of the curved needle 120 doeS not exceed the

The sumrmgeieerrced[) is eiqeeinthe fis lapt almrﬁmaylos@f too0wot hepdssisembly

nd 4B show det d
sois b PCUER FRRNASIEH §hushiBaSo Hlecblife JEAL A PRARL byt
120 is BAvEH ind Agvddsath ebsllt an hr13 aﬁﬁfdxﬁﬁat@@%e@ﬁenﬁl@laﬁ‘%tffédoﬁ@tudmal

(the cartridge housing 88 has been renoved to show the

axis ofth¢ dwmeém ahn this wa, ithe rpedlsi 120 maphlee eptimalyisuadiged as thg needle
120 is dr1 ﬁx m&uparlér [l ) fsxkz%f She%lll’? g‘ZG Zﬁ thrz, cfﬁl rl}?g nd §artr1dge 88

associ a
are in 4 hlan@ piall&o ttihy dm\gdmacl&ﬁmm’v 0 and ﬁtrmmalhh sarhbepae tum ﬂtecsuture

head assembly 56.

[00088] The improved visibility offered by the shape and configuration of the suture
head assembly 56 enables precise device placement over the incision or other target tissue of
interest, and uniform advancement of the suturing device 50 after every stitch to provide a

uniform and symmetric suture, thereby minimizing the risk of tearing tissue and bleeding due
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102 engages pulleys 72 and 76 and are pinned 75 to
pul l eys 72 and 76. As pulleys 76 and 78 rotate with

wd W8/ ipk4son of the cables 86 and 84, respecti \ilyys2bé¥lo6674
reside in the elongated barrel 54 (not shown), pulley

74 acts as an idler pulley, transferring the notion to
to a stitdheébemgsposidiontdkoopelbseety tﬂeedgéle Ithyin?iedingbupuln ene gabodiment,

the entse dayice 50 87 BARUCRF 8566 STimach s g e iad sy Spathe
elongake‘ﬁ%ﬁ%ﬂﬂ fhd Rédth 66, 3hd %Ejn&filet 1% ﬁﬁ%ﬂﬁﬁ@%e 88, @ﬁa},'oc?e cobkjsed of

i’s attached to the actuator arm
a sterllmbbgn@dlcaé igaa‘de mc mﬂwraﬁl inoghicheasef the Qnﬂlr@cd@@lcy 5i0rillr parts of the

i B AR LA RO RGO i

50 may bé @&ﬁﬁbgeb @fﬁ@fmhame afediidl beye mé&lmﬂhat%ﬁal siiel ap81aknl&R steel
at the distal end of the actuator arm 102 is catggbl

to enaly¢ revg sufisagranhio sierilizadion fallowing apaigr dtcorly stil@npthes empgdiment,
the de\g&?% is c%gﬁxggéc{ é}ﬁest&?l%lbf‘e Iﬁg&}calggfdee}ﬁétﬂl?ﬁ:t at ané% s ’anlum

vate user  upon squeezin
to enalfl@eeuss sMB@tﬂnet(Diteﬁlmapn Iﬁ@l(b;aﬁg aéplmdr fiser t’]Fhel use afi titahdum is ideal

for ceriph BROFUAIIS AT YgERAIORe ARG ragins VRN omputed
Tomo@'g&g{ @ggtﬂggﬁgle ?nf%zage RQ}e ad 1h&nt %rgi S 9ndeBredSih SR and CT

r one conplete cyc of the device 50.

scans. FI G 4B shows a detail ed V|em10f the drive mechani sm
70 and the suturing needle 120 after one squeeze of
the handl e 60. As shown, the drive nmechanism 70 has

[00089(]0V€d FIGS 3A ﬁl’fdliﬂ(’;))r(ﬂfi&e S15iPddedeginBAnl MBRY bf #8Guture head
egrees, (about 19 rees) mﬁ l e the suturing

assembieédlshowm thesartrisigechol rasagm’oésu%rth@dlépmblﬁmadleP.gmrldge 88, a
degrees t ve throu e tis ue or

curved G el 000 i it I i 70 S8 By of

pulleys 02, 74 76h?P sl $@irReheaiRdaldgahdedleadr(ves D&Wﬁoagh 4 8dmicircular
in Fig. 7) that causes the paw 98 to enga

path. Ineanglembpdonenidthe W%Qrw@riamawh% of\ d@mlcteghféshoulder screw 108
is usedatd\f( ncjclpcﬂcl{rpf/(f ﬂ‘éﬁéd %ﬁé €10 ong %lcﬁs geg) ﬁﬂr&e%%ﬁéﬁ@&tunng

e no he r adl a nner e
needleClQOI pallewyetdl, 4,1 A0arid07 Sdre @ngaet Iwitthan mﬂtm%m 102t Imhxch is

atach g AP SR R amaTs PPV ASHeD LA 8 dehibied n Fig. 15)
locate ﬁg{hte%@e@ q%&%@rﬂ?{'@es( Qtt M%’ otRPHioh diliRskhe bl‘ﬂ’i/@d

notc rot ry advanci ng novenent of
needlen@é dh e cd:ﬁ@lateiy themlen‘ arce Thosttuod head assemddy 66 is preferably

e AT K P T D e
area wYthﬁxWh@f:uxth of ?ﬂesﬂe%lileem@ Tthe leRBreSdiédwRhinQREI iR BATHIE ¥ R needle

h the cartridge 88 and the needle 120 in view as
120 is \umbstrastedhﬂaerees ao lhgh Q’nthp cortenekthe pﬁ@llpraw sg thag e deryice 50 can

encomlqgsggﬁt I?’lrfﬁ%’rllilnr]g %,g étre % asrs%?’ gzetﬁm t@lg 81r%ua?rt i gk ﬁleéépvedmg%le 120.

In thisSRHT theRREdE 4 d0 ity Bedbtdied lh@dugﬁm@&ﬁdely'lhgs afgalldwing the needle
120 to%%tse:ntl lclcs)lrl]fﬁc?ent "bite" into the tissue. Preferably, the needle 120 will have a radius
of curvature of about 3 mm to about 40 mm. In an embodiment, the device 50 sutures within
the limit of the diameter of the suture head assembly 56, which is advantageous to suturing
through small cannulas during minimally invasive surgery. In an embodiment, the diameter

of the curved needle 120 does not exceed the diameter of the suture head assembly 56.

18



| oaded, is referred to as the "hone" position (FIG
5A). In the hone position, the needle 120 is fully
W(pﬁﬁgliy@f%d within the cartridge housing 88 to @i 0&@es74
needl e- pri cks during handling of the cartridge 88 or
the | oaded device. Squeezing the device handle 60
[0009Gul 1 y, FIG\S; 4A amb4B shew detage h@“@l@ﬁl@edrm m¢nhenighm Bhlecated in
f ul t, full

thesutyfh el Aty A RARER: Boryi T s PRl KAEttbion of the device

50 (thd Q¥rR1dgh hatsid 88 hasliRRndeb Rl t8lshow thed el MbeAnRAI7®1n detail).
the needle 124 exits the protective enclosure of the

The drwrmqrqhagléms@ inghudeses pluralisy ghipelirysi T2 dte’@ @ndoiS, and theagsociated
axel pl{l'ﬁ] gZ gvc‘)al%f nggdr \LH?# file 3) Pk %oﬁ%l% %\ lsjeqn%ﬁ{:ﬁlfﬁ ?agﬁ e Qct,tuator arm

evice Ion squeeze

102 en@ﬁgds@llbﬁﬂlﬂ zihdﬁ'ﬂs aﬂcﬁaré erﬁléd Gﬂ té pul&fé/s t7Dand 1761 atslpmlﬂeys 76 and 78
position. t he handl e 60 i

rotate WEh dba@iom A RAb LBaRRS Ehgesneriehs T FEVIGF inghlopHated barre

n
R
pulley SQu @aﬁe;d?ﬁgxad pultbyi 76 rogatd ﬁmoughedéxmcimﬁc!; hTluigptuasor abol(2

providFumeorgReen Gt poobE) LR S aE i bt i gn gpuacor
arm 1dzh erﬂegﬂevl 99$4 éttaeﬁed mﬁe RaWhtoP Bmh $020P a8 Bfledrt hAR aRQEMMar 100

the suture end of needle 126. An anti-rotate
that ﬁts boasely i18Ghé acteatgaared] (Dihaltdvengl smobthirBdvenment.hds thet kandle 60 is

sur.face .0 the edle al | owi n 0
closed 3§y s e 48 F41ct Heousls B pfige S pERc HEY fo, T pavd
98 at tROdistdl &S ectuatem@fi mm o@ﬁible bpéraga%mgnhé ﬁ@tcﬂé’s& 3|2510cated

shown in FIG 5B. In an enbodi ment e needle 12

along the mpstialbeianer edge #€ thegreedlgni20- ride acaatoseen 19245 a&ﬁaatieé by the user

wpon sERGRE Tt ol S 3 1 RBRAR b BB p AR A Tty o

spa.nmﬁ%1 ﬁBdﬂtﬂBOng@eestdﬁ énorélt FIG 04 AkRo w4 détgllécﬁﬁeﬁ‘vl dfplse érite MEchanism
e notch 134 and slides over the outer surface of the
70 and/fhe syturing peedies 120heither prionig uswgthe devipro @ arafiar oge complete full

cycle qggh%/cﬁ%ﬁ%iﬁyel?lé his 8l age%ﬁefdewapgre 1(% nﬁ&msfﬁrvo and the

e rear corner € nee near
suturingUteadleri@0 mbteoneadquoezetdf tiealohnd o6 (], s%eshEWG, thé dyive Aschdrgsm 70

has meig i Cr BB g eIt ST, O ERESEY HEE th
suturlntgg’\r;\éér SQQb%aég'BvE(ﬁ 812 FRMII A %rdbE dboub ?9(P§é’§re€%8to RAGK through the

the start position. The pawl 98 returns to the

tissue et wssel pobé suteredand engages the notch 132 in the needle
120 near the pointed end 124 (see FIG 6B). Wen the

handl e 60 is squeezed a second tine, the needle 120 is

[00099" | Ven Thaektet Surfhte JfamEadhasdlarmn 00 9led T@@ccmﬂﬁcmaw‘ a C-
the aperture 118 in the cartrldg$e 88 is conparabl e

brace (aghgwassrlo8 pohits 7Whahcauses e @awl 98 ta engage heingedlpd 20 and thereby

remampl%gc% Eictl Z%E?Sa%s cq}lg %@Eﬁn&fﬁ%ﬂ?@%@leﬁge d;?lﬁmfg)(?te%fﬁon %gﬁses the
notchep1 82 amhgmt ﬁﬁiaﬂl}dlmar rtige bfthe needle 120 to align with the pawl 98 in the
actuator arm 102, thereby causing the pawl 98 to engage the notches 132 due to a positive

pressure exerted by the C-brace (not shown), and to "lock" into the notches 132. The rotary
advancing movement of the needle 120 is therefore controlled to occur sequentially through

about 190 degrees each time the needle is actuated.
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aperture 118. Such an alignnent causes the needle 120
to reside entirely within the cartridge 88, thereby

wRyetisng |nadvertent contact of the sharp pRIMbE©dos006674
end 124 with the user's fingers during handling of the

di sposabl e needle cartridge 88 for placenent on the
[00092]ar t r i Blfe Soblaovs acosarip yiedOofghe dnssigb oadof the seturalaad assembly

s6 it s il B A s 20 1 b el e g mip beawess the

pawl 9Bl €Y fct@sr AR with &@,Qé& t@tHeGleedle fIDOTRE Gedlé RO is enclosed -
t hereby substantially reducing the risk of infection

wﬂhmé@m@é@ldﬁy 8Batortbe eharp poatedesridal 4ris pptraxpesed: Hats negdle position, as
' loadedcl%n ?s ttl-uli Igg emsgm‘%%@‘i%%ﬂge?nr to?&%)gn{g puoﬁ%gg thg rng%dle 120

is fullyt do@t‘din&ﬁwﬂlﬁlntth@caﬁﬁ[dgé ihdgsing 88 a@@l&&hlﬂa&ﬁleleﬁl&%rldkd dadhg handhng
of the suturing device 50 to advance the pointed

of the %@fiigé 88 0a thepleadedl deryige. (Squeszingithe devige handle 6Q illys twe gmes,
operat%p[ﬁé hige %ﬁuﬁ% ifd ll llér s QQW{EEI?FE@”&{\aCE fgétqﬂtl a%tuatlon

he suturin eria threa IS at
of the et 60 di2\es thﬂndeddlfeﬁﬁ trhrcmghmhlabmst 99alepacharaf Thdpointed end of

edle 120. The suturing majeri al read 146
the ne%ﬂi%@u@ dhe protpclixe gReles Oéﬁi‘e &f’r é; QV%%‘FFB'@?‘HE%EW“ to
be sungid,fa]ﬂ{i & éﬁt@ﬁl the pmfectt%h%gtheocrartﬁqgé 88 8pde dBlick cgb)e/ T hi¥osition,

aced along the entire wound or incision
after theeﬂretastquv@etotﬁ ¢healianden®h i eherttdgo as des'rotBlien 'ypczsttlotnc tAs shown in

riG. off FrelBngR QA Trahisloaiedt bR goshe { i iseing Pb® s dianpositon

while th8 phwke8 SRIMAE actudid® afiH 1100 k&Brnk8 \théiLstdR poifieh € TRE RandI®YO is
be used to insert either a single stitch, or to insert

then squeezed @gainclsiving thiemgedle pRQ thapugh/anaboub H9Q degsemsarsand e¢iurning the

needleeﬁo"i‘o{h%%oace"%r{}on”m hod for a nore tedious and
t'i me- consum ng manual suturing process. The term nal

end of the suturing material or thread 146 may contain
or button to prevent the suturing material or

[00093d hr gaoFIﬁéAr shonysdhe negdde i?ﬂ e home P§%lf19%éhe pawkyfeis engaged in
the notdH!} 58 gezﬁ't?&ﬁ.[{ﬁx%teng of hB é % t A Gh{i$Btate! s{}Sﬁ'ﬁQ 136 is enrgaged in the

enbodi nmen cartri conpri ses e-suturi
notch IBdadi the dbRE@r anrfaelvd the weetileel ZOenasti allahvienthe sisédle il 8¢ to move
eri al propri ate | engt

h 146,
backwaid gt g gaﬁé@éﬁ bR e deneead Bmtkhe Ben %, él&%njle@t%t% spring 136
is shovﬁi fr‘erﬂG z3p| I‘ﬁ FRMEARImBAACHR Heblle TR €6rhgillses [aQQagagﬂne Rhffrotate -

A shows a close-up view of the paw rides in
notch b34tandak erfigagad wvithyat {dast @elmtieretat®gpriangd 36h e,‘\ssiht: pawl $daves the

nbly 5&. Th w98 d
needle 7 Fhgudfy irsERG By Ao R SMEfridls s P inS it of the noteh
134 antlRBd&3Wer BRRUAS sEFIEM LS the itddle YA, /S[mewwn 98 rddefles the end of a
engages the paw tip 98b into the notch 132 in the

first driveasttoke, 1hoanfirratatg spheg 436 sapg isbehindthefrearigernee of the meedle 120,
war WSO 5 PPl I0F SR i gy s
positioh3the @.ﬁtl-trb\t@td’k@ﬁﬂg a34 Ileldrsl ukié Mgdlenk20rig iplice, mrevértmgphevheedtt 120
from n&oc\)/ing with the pawl 98 back toward the start position. The pawl 98 returns to the start
position and engages the notch 132 in the needle 120 near the pointed end 124 (see FIG. 6B).
When the handle 60 is squeezed a second time, the needle 120 is driven back to the home

position.

20



the start position when the handle 60 is opened. The
heel of the paw 98a stays in contact with the C brace

wolidds/fliysdsng the driving stroke of the device 3m/ys2008/006674
preventing the paw 98 fronover-rotating and | ocking

the needle 120. FIG 7B shows a cLose-ug vi ew of the
[00094)awi  IBheswisith ofthe hperparad] msethe@saném% eopwpatablg to and

corresiai i Wi o i 2P T s lsclad 3pytSHmdd foegle 120 s in he

home plsfiichl (a@ SKbvRPIIF I 5X) tﬁ@héemdwgz(ﬂ@eb @6t PO dcﬂih@teﬁahﬁ hto the
cavity, via a cannul a assenbllyél‘%not shown), and t
r

apertutegk18r Surly a&ahgmﬂrwwes e negdlerigOnie wlcbs@@miy yithén the cartridge

88, the?eﬁ)é/ pggve@lgpg trlrtf?léi(\:/m %ng Icgn seilg{R 1g{e gligé S\fxgﬂ;ot]‘xg ugeég fingers

durlnglh‘énéllhfgfbfﬂﬁé dispeuablé rfeeﬂlatcmetﬁdgdass he pilacaﬁwm/ orethe ehmtl@geuﬁ)lder
sutured, and the user |ocks the suture head assenbl

assemig 90 9r élsae%ﬂ aferiger and whiksonegating by seuring eviersef. ¥
protectg(ri{) ?tﬁtrﬂg Plg'%f;é g?’d glt the Qutﬁr‘lagc’ HEEL 56 glqi%gﬁtg ﬁcc?@entﬁo'ﬁhédlé’ Bﬁcks"

parated”tI ssue Segnments
from oo@atihggheleby ndﬂtatlalm eeddcimpahe ﬂsldoihnfet:tlom cafsed hg pathogemc
suture head assenbly 56 and ﬂﬁp the aperture of th
bacterig 9f tv],rpﬂ:@ dhat mpay cpptamjaale thnge}%: BROT ﬁgﬁrduser?&pr to dlsposal

The negai@' 1@B'n§4}ﬁoé fotutdei! é@n&&l Kl FGhe! @a{ﬁr%et@%eabﬁﬁtnlﬂle forfpudinal

close’an incision Wwth a continuous suture whose
axis ofsthe swthesg dewicdr®) tonmﬁvanamhe byintedsicdieedd J2¢ sd thelt theanreddle 120

firs o3y Y PRe B S By° MERdehint S hoe Rty St T Hingaterial or

thread 436 is ABYh&IB/tRY néedid 1), @nd tHekdTBreIDi16Ws MRPath 66¢he Rekdld€20.
entire length of the incision or multiple sutures.,

The supggomateridieor dlervact b may thenthe ot and seeureddwdineapppapriate method,

such a?:FOéex%rjlplepl()r)PfS{ ngy n{)o@‘ﬂus%ﬁ SE?EQA lﬁl gg? éﬁl %&/ algggrglg e%??e wPund or

incisiod bgirefeatiy ¢t df@@hentionddygoctser Eserpatitthawtlether §ﬁngle2ﬁd3rrupted
in order to actuate the device 50. Tq drive . the needle
stitch, gpone ¢fraowERs Pheontingaife ryralngstisehes may bernleceddn fike manner. The

suturind IHERESD @Egerg&ggﬂ%g b@gsém\é'lﬁ&rttg‘&ﬁf‘?ﬁ%l%_ls ?c%h gﬁgg%gd suture

posi e rotation position
comprisingteaplomlity okapaaudubktitchebd ag dtlrdpﬂ@empp‘emelthod Ver a mdrelté@ious and

and the Iovv!?r drive rod 0. Squegezi éhe handl e 60
time-cpusyming paneyl spAIHEg reqqEs igFipal sndLE thehturae aisrialor thread

146 mEP¥htdif a%@?&‘ ﬁu@toﬂ% ?Févbﬁ’ﬂﬁe sutlfing! RRG!riatlb} HieadOd 6 fotn pulling
nmoves forward  ower drive rod 140 noves

through dlokswdured tiTdue ddnng elacomgnta)fehfcﬁrsh stittledInt an ¢thodiment; the

B S0 Rl S e
or thred® IAM taid @A Rpsrophate 16:th oMGUtuiRImidsial & thRAAQ486 ft d1Dpackaged in
Iey 76 wth cable 86. [00098] FIGS. 10 and 11 in

pu
a steriligghleunedital packagingrnderigl. show the connections and

[0009§ioSI t 'PAI sh gle(\tj\lﬂ§e -u O%vvﬁcg rﬁ?g \%%%I \gﬁilclr’]x%d%’s' A?M’ﬁck formed

2, 74,76 ang’
by the C-brace 106 and the suture head assembly 56. The pawl 98 is spring loaded with a

spring 104. The spring 104 is engaged to the tip of the pawl 98b as shown in FIG. 7A. The
spring 104 engages the pawl tip 98b into the notch 132 in the needle 120 during the driving
stroke of the device 50 when the handle 60 is closed. The spring 104 also allows the tip of
the pawl 98b to rotate out of notch 132 of the needle 120 during the return of the pawl 98 to
the start position when the handle 60 is opened. The heel of the pawl 98a stays in contact
with the C-brace 106 during the driving stroke of the device 50, preventing the pawl 98 from
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the open position. FIGS. 12 and 13 in conjunction with
FIG 9, show the connections and positions of cables
woHhod@ssx6 and the drive pulleys 72, 74, 76 angigs2008006674
the handle 60 is in the closed position. The force to
nove needl e 120 fromthe honme position to the
over-rotating anolpddig tiemeedled20f Fd 6. TBshpwse closeapva©v plitheipawyl 98
86. The |l ower rod 140 ~
Show“@ﬁ@%R@ng§£?%?aTﬂ%wﬁﬁpﬁg gsath of the el ongated barre
54, connecting to drive cable 86, at the proxi mal end
of the elongated barrel 54. As shown in FIG 11, cable
[0009636 exiReferring navoingBkGES Syndr%in gonjuagdorewith FIG. Hethewserr e
n I
1ntrodtfc§§g} %Igs%glnl%td éétgdp (g%%gua n%pc%,\r{/fce S%le]gqﬂ lﬁglg%ldl/ t}?%? Q cannula

assemKlﬂl Ql@(KWllG\QnX, afd ﬁieﬁwadraﬂlsl&mdtﬂ‘z&emt batije levad laﬁshrﬂﬂj' Bé)&sﬂl@ the
is secured to ey 76 located in the suture

artcul G an podaca kiR e Qfﬁh%hal@é%% Ble iirsdigad assembly
56 is t}geédJ gf’eﬁé)rﬁgde gefi’atk%tt?'ﬂ?e tﬁs@ﬁ&’k’@%elﬂﬂ b@r QxEcP EJ E’Pl%)@lksythe suture

ower rod
head asspmbty f®omth ﬂld& umngatheﬂ@n’lm&g kéyerme ’E}mpser theu] thﬁbﬂghlnszmpulatlon of

suturmg esggﬁg}g@%ﬁ st h"?wr,aiJ eg t@t%ggfss%?s%gﬁlggtggat etﬂra&?eglfq‘tegl defined
at the cﬁgtalt ffh% o;ﬂr@&géf e shard ﬁéad%ﬁsenﬁﬁy 5 Qﬂ\ﬂ]w'nﬁnﬁ’h@ Pé@ure ofklee

exits the elongated barrel 54 and ers .
cartrldgcul 18. eTleessr, assendily ofbhandagey mg‘:mmpéate dlesdﬁwmoﬁq wdhléer actuating

the harle 510 0 PRk nlono k& oA Y Saiwe et S mbh

individedily eeﬁs%%e@ﬁfécisélysg@ﬁuﬁﬂdnh@ Dod @Y lehBtH SCtak @ﬁ’tuteﬂsdn'il@r to
suture head assenbly 56. Pulley 78 is directly |inked

suturingglope by élynd?el thi conygntiond viast Udteaiseranay amployahynglg sutare which
would S’éte%ag] 80 a aogQﬁdmcﬁlo ucﬁ'%ﬁlﬂglg%'u %t lons, so that

rom I"ey Y e 84 winds
ont o puIIey 78 [ 00099] The needle 120 is held in a
th of rotation by a conbinatiqgn of three conponents

[0009#he carher deyife Wostarnwitlothsngedle 186 inhe home positiqn anddhe handle
60 full? gbgrf {_)se?ﬁ‘gép yIn e?‘%g?‘?g’ﬁ 1212 ggﬁ’cg? Eﬁ @%ﬁ;a&é}ﬁp BeE Qhﬁ which rests

in the wsat'$ paldgendds sqmeeaecSmmMerrto labtaatealmwdceciﬁrp'ﬁm drive theateedle 120

hel d into the device 50 b aljty of
through fiedfsbe b e dhb st Bn BHle o) stoniha feagetlpd20 fom

the hofg? B6sifibfR tht4o@hh gés)ltloﬂ NTRMMARRARSH Bdins Fu'ﬂ@ag@i 4Pl Both the

extensions 94 takes the formof tabs. In an
upper énnzeonid g tand thzelowar driverpe 1919. iSsjueqxitg the dandle 60 (see FIG. 9)

sterilizabl ade netal | i rial~such
causeshEiin 4 s 70 ML ElerhFr<iR st B b SR By rod
142, mOVEPRIFWariiwhitd e fol &' drikeesd 140 ideedieRAWardl 20hd diiva rods are

rotational path and therefore should be constructed

connedtechio the mettieerheatl agientbly 66 méthinables Bfhaad B apd idfergudleys 80. The
upper ho%' 1458%i onne%.%ﬁ t@ra{)lléy ’H fé%gﬂg '856 TBF' %rr“ééa'}é% lﬁg Is dcotngected to

I'gh-'s materi a

pulley 78 witicaibee s(he cartri dge 88, such as a high-strength
plastic. In an enbodi ment, the plurality of extensions

[00098] FIGS. 10 and 11 in conjunction with FIG. 8, show the connections and
positions of cables 84 and 86 and the drive pulleys 72, 74, 76 and 78 when the handle 60 is in
the open position. FIGS. 12 and 13 in conjunction with FIG. 9, show the connections and
positions of cables 84 and 86 and the drive pulleys 72, 74, 76 and 78 when the handle 60 is in

the closed position. The force to move needle 120 from the home position to the rotation
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are tabs extending fromthe cartridge housing 88. The
plurality of extensions 94 |ock into mating grooves 96
wd Reai£sssal ong on the distal edge of the cart rgc@d9s2008/006674
hol der assenbly 90 that are |ocated dianetrically
opposite to one another, and are capabl e of engagi ng
positionteemgis lﬁuoal nhteyowcr resl {14 pubing tmkwadroastb@duwgab}e $@chhelpwer

o 14, B e A A Mg B e coie s

at the proxiphAefd bﬂ’th@ efctighteld Aafrehsy. dgg s}ﬁﬁﬁﬁﬁtﬂ‘w 9Q, cabfe SH16Xs the
in FIG 17A. The cartridge hol der assenmbly 90 al so

elongajeddiagigbs4 and enters theipiturg head assembly, Sta pawsineavssapidier puiley 80
locate @%h n@ierl al pgogtg(lflg g éﬁ éﬁéér{ Wi \Pégw%é;l%ﬂ(v\%g ars1 (/%tr\]\%{i?roﬂ? El{eh%ttom)

around ;hﬂlep|76raﬁﬂ g Sécﬁlfed&dbﬁlhéy PR cld linthetsetiroheddgsembly 56. The
cartridge 88. he_interaction of all _ of the
pullingacin of sable 86 ﬁéuS@apvlﬂfde?g(etqfstaé%ﬂv%@@ﬁtﬂrs/owpr%m%y 40

degree@n&is fo%g g(%: 4 1is'HafB%ar3Bthe éﬁ%g 145@3}%95&?@1@' Ol‘lgz ltlp(?er rod

des rel ease the c tr| or war
142 alécxmdtentdls aearhyr ﬂhe ifally gength ofithe elbagated hmélaﬁﬂc tonht&tirgd walrhasable

84, t s plipimal eI T oaepted B Stndsapoi i RLGn bEgr@eHsiso exits
the eloﬁ%‘f{e& B&rd %ﬁtarnﬂ @Qfaersgs%xtur-ghx%adl 84embil sk, ?hé’sﬁ{gsovfépa 3ed¥nA idler

second pin 116 | ocated above Ivot pin 114,
pulley 86 deagtss! inithensphestal portiont Fe theatveiapning (cltrokvvled: w@ewﬁﬁ &om the

| 1 dth d h 10, i
top) ard fley 73 and e SaeRes o plat s} o a3 el i Afemmiy s6.
Pulley TBUS RGB! ildd fo bl 1 ddhdiiicrhPI02Nadd Loasa and 86

rotate a in 11 hus pushing the needl e 120 and
are wrapped ¢ erampms iggtipnso A9 thabateable $eigevings frem pullsy M) gable 84

edle 120 and the cartridge 88 are then
Wumsggkﬁbﬂgy?gon1the device 50 by a slight proxinmal notion

to di sengage the plurality of extensions 94 fromtheir
ting _grooves 96 in the cartridge holder assenbl

[0009% G 1 rsqeékﬁsl%%hﬁléea pathoqf raelipn by & cambination gf %eﬂ '
compoﬂeﬁtk M $he gﬁ[ﬂdfg%'SrSCH{‘eE{F _bRcE 106 Qﬁg hﬁ%ghfigg@pa Vf‘r éégéhgﬁl?ldoxnteract

lete rst squeeze rives
to conitiam theewdédie 120 tda ﬁleqnlagho&rofatlbat(sesdﬂﬂ S).r the eartr'aige 88tive

e sprin 136 . 13
semici Gl sbansg SpmPRRCT s bl ke e o U RGtipuralishof exiEtsions 94

locatecI &Q%Qje}ld |e9?xg:' d’&&n‘éﬁe 88 ?se@ qadke14 204 ﬁi)d 14 he eﬁ'xﬁbaﬁﬂéﬁﬁﬁlhe

I's acconplished Uy Eg@ng t he urality of
pluralle'xmfeﬁxsﬂnelnss 94 takas thedotth v sargembedimicat, mmdge 88 is made

o 11 ARSI KO8 RSB RPERIL TR bl

prov1désl£bmerslahé Aipportlskliciuse SR Kefifing @rRAREdIR 20 e a Potatibérnmbath and
end, thus can slide back as the needle 120 and the

therefase shauldibecastraeted fioas 3 ataril with) siuetusl integrisy. Jhaps *skilled in the
iS5 B8 RS GEREEI ALpAC  05PH) i
cartridge!88,Gluch hea Wagh-sodengtheplaypier & awembodiment, the plurality of extensions
are tabs extending from the cartridge housing 88. The plurality of extensions 94 lock into
mating grooves 96 located along on the distal edge of the cartridge holder assembly 90 that
are located diametrically opposite to one another, and are capable of engaging the plurality of
extensions 94 correspondingly located in the needle cartridge housing 88 as shown in FIG.
16.
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of the needle 120 and the cartridge 88. [000102] FIG
18 shows a cl ose-up view of the needle 120. The two

woRb§esss132 are | ocated about 180 degrees aqudT/@sﬁoﬁsrtﬂﬁﬁm
i nner surface and assist in driving the needle 12

The pawl 98 e ﬁages the notches 132 when driving the
[0001ﬂ%ed| elheoproximal gy of eastridge B8l xaheldnn plege baatchitridgealder

i s hocat.e ute of ed
assemtpf 00, AT PAGC S TR B oRRE b o 50 ke et
110, aneefll B2, hdddciubell RroYi4Iasd BIs, a@haulﬂ@tsatemms‘ @A abifi Rotalebpring 136
an enbodi nent (see FIGS. 19A and 19B), the needl e 128

and at jegstrenergseoved6;thal qap gngagesyith thernlwglity afipxtegsions 94 locgted on the

cartrldgg g%,lplt i %%t%pa( ﬁ@ﬁj ot 4t of @1‘3 %le@n&lltéj&tthg Q&ri(% hto}o-&? assembly 90

er conprises an op
that hoh¢ e iook dieccattfidge 88 6H plgcee n’ﬂh&)]fatdhhd Osutlw bael toredleise &te cartridge
read 146. |In one enbodlnth the enlng 130

88 and?fﬁmré torask thecasyidee 88 daRIagri Lhe qql@asetantwnt? Rigctor
feature> 44 SHdwRLinPICE 178! ,LQL evkDl gﬁ iagedm%’tﬁpiﬁﬁgﬁ:? %etﬂk%@tég'io and

for attachnent to 'the ne | ustrate
the cartrénye! 88. TR 1¢¥er G12 pBAYs ort & pinolieni A gecdBA pirs1 160oeadtediabove the

. adj acent to t. | unt d.1 he en ng 3

pivot AL EPegea il Jobinhd R Ty Hruieleat Bisgedie 129 andhe

cartrid%@ 838 ,rtﬁ@ Hhiéh 112055 PRIMEBI kIR tRPRYerlAD i P&aﬁeb @p k&h& 'Bﬁcke R&lsing pin
26 n anot her enbodi ment (FIG 19B), the nheedle 120

116 to Mrbaelewﬁérth@bm @ andoo rotatetrbonicpiml b tlalscp}arslmne theomedlc 120

bore. ali d axiall. L th respect 4.0 he nee 1 .
and the i SR B e hlae L ES PRph: o) gt el 108 aff i corridee
88 are @t reinoVEEfrEmitHE HBGcdHY BY h@hglﬁrpré)hﬁﬁﬁﬂloﬂréﬁ td éhséxfg&Fé tied

into the opening 130 and restrai ned by mechani ca

pluralit ofraxtangiony 84 divabtheirimatingeasaeees Poan thy qaeiridee heldet a%@u'ely 90.
FIG. l,% séflo qﬁ'é %ledﬁﬁ)tz{% 1&%8}?%@{1 9hrl)l§ ztiﬁr ?ger{rﬂgggﬁg q}c %}}ezlg)andle 60

'S pre era egrees
has partiatly r&em@leeecﬂa?ﬁrsc @utbsquees)t We tlsqqmvﬂt%l dnve@t}wlmdl‘bazo through a

along the radially inner e |nn notches
first searlélrﬁtblgr HeoheAnfiroiRicHRring 138 Sfipowiod }ﬁ%%lde%@es over the

¢ ﬁgﬁ ﬁ&ﬁhg end 126 of the needle 120. The
OHter ot ¢ 1@%:are ocated directly opposite to each

other each having a perpendicular (about 90degree)

ooon 5 R A0, 21 P SATERL e REASE A0S & i

the pldraﬁnf bf BREENES U3Atcdth %Ft%%@% B tﬁé’&nﬁag@l hé1de¥ és‘é&ﬁbl?&O and
of the drive mechanism 70 and enable the needle 12

then prgssieg the moxmtahm)dsrdwemtnsuﬁ@ rslcm@d distdl surfage aftilee J@tqhvlé 0 The

latch IEQC h%)%éltsg q%fl 61{ Q‘ﬁ::ﬁg ,%s ﬁf‘§ ?g%cﬁcea% %li 1tlecg:dleI 120 and the
cartrldgé BB Yradsed &it6 PlatS4nd ﬂleh ea&s ﬁdse@lrto el ot ket ;&dsitibn@tdtaﬁmng the
out er notchiL of the needle 120 prOX|wm
e

needletlﬁg émerczmtdgﬁ 8437 he leysel 12 is doma apdgub of theiway t’%@r)eratlon
ot 48h. FERHHELRERIS] cngases i the antl 1 otate

90 mhereby rotation of the needle 120 in a direction
[000102] pposi IEIG 18 shows a close-up view of the needle 120. The two notches 132 are
located about 180 degrees apart on the inner surface and assist in driving the needle 120. The
pawl 98 engages the notches 132 when driving the needle 120 through the circular motion. A
third notch 134 is located on the outer surface of the needle 120. The notch 134 assists in
preventing rotation of the needle 120 and provides an anti-rotation feature. In an

embodiment (see FIGS. 19A and 19B), the needle 120 is formed as a circular split ring with
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t he advancing direction or "needl e backi ng-up" is
prevented. The positive engagenent of the needle outer

woWRbsAy7A34 during operation of the suturing depi€s2008/006674
precl udes needle 120 from strayi ng out of sequence

during the suturing process. OOOlOTJ] The suture head
a gap 122sesiiry, ®inted endh é24j and adlBy e@d\ﬂﬂ@e aneadlg 13p further comprises
an opeplinék}ﬁﬂl&? tcugcg)ﬁirg?&atei We %aéhrg%nc o‘ﬁ{t a}ngp Porttﬁxeeag 146. In
one enfbdaRAdHL Yth® Bpé&iiflg P80 Isahe faah of aardye thu%hei(?hltlhﬂﬁtl%u@g’lend of the
arc of about 22.5 degrees to the |eft of center an

suturing|raajeria) of m;read iy may be passed thrpugh for aiachmest tosthe @ﬁecﬂs 120. In
I
e SRR 1 8 bl MM Endiat e e

126. Blatopélﬁn%&ad gaazseen‘béan fposiionbé aaywhetel hlahg theugrc anthe needle 120
down. The abilijt oftestureheadaserrb 5
betwearthy apPiak28caiddhe i @1«? D dnangiher beieRt F)iﬁs ?REP |tﬁ)e needle

¢ )
20 o8 G AR L1 AR O L s ot
the neeslid 120, haratedpt Ithbdilummnd I26€FiGt 19B)l dthedendimg/end @Bhe putsting

he top,of e handl 0,, i pu ed or, .
e od el S SR B R M iy
crlmpl}{%e dndb1OMeal2eN1e 1208y bexktlattaisand tooéhleghir&ﬂdé}ﬁ}\[ &he 8% length of
cl ockwi se noves suture head asserrblé 6 to the ri ght

the neeaillﬁ:ﬂ}ﬁm\ﬂpmfetabb' ahout 240 degrens tp ebeyt 368 degigns. éfrheln@@ddwlé’,@

ves suture he a ly.5 the left
compriTEy 3o, SRS TORTFL T HRRBHUR TSR Bigt Fhde (bR RIS that are
posmoln@d/ BroxfiflallPoahe chAp, pdifedehnd 074 aid thbelude vhd e266f the &hbédlle 120.
he articul ation | ever 66. Movenent is acconplished

The nqt@eﬁgn aes loeatedidiapatiycappasifedia eaghiotber, each haying yperpendicular
(about $p gc{g&%)%'é tla%\d% aggg%i’s sglprgelnf:‘ fhtap &?ﬁl%gfesmoﬁt é@degrees

i%0n S nned rticulation
with tHe@égienBRukbn Gegrﬂerﬂn &hs iider ﬁétchdeEI R pus:: elmgag):d bithesimetileatriver 98

of the suture head a so that the
of the grivq mechanisgn’9 aed @@bfﬁ@ﬁ @gedé? Iq undergo A {pMaTy dqygmnt upon

O B S  21p

advandg8hiongh hiesuel oﬁngjanbd triangukak nét¢h d 34 1& located nn gt iadially outer edge

, . the sutuyre he senbly 56. Th t d I
ConeteR e IR oEREr SR SaR SR AL e
pomte& an[ VPt TRY 6&'{&%@% oy éx%ﬂ@@s WARRRNARLDtAE Sprivl 1 3310¥ed on the
allow cl ear view ng of the llnkgﬁglg,OFIG 20 shows
I

cartrldge bolder assemblyfo0; Wherxby uotetipreafitha ve g6z dirgagonppposite to
e RS B SR BB s SRS Kaffgent or e
needletdﬂlﬁar%@fcﬂ1@4mg®§§ﬁﬁbh wf Bfe safuringdedice @rdc‘lhdeh aedddé 120 from
23 shows a bottom view of the suture head

straymgggléﬁf)q;gqugr@pqungl}hmlggrlmg)pqm@ssr| ght. FIGS. 20-23 show

a nunber of itenms. The articulation rod 68 runs down

the center of the elongated barrel 54 and is attached
[000103) oneTkd siarurethehdessembbyr S€af thpdetico 0 bah betaeerilinarticolated to the

he articul at.i on

left of ccfantgr and also to the right otI c%nter. In one embodiment, the suture head assembly 56
can be laterally artlculated through an arc of about 22.5 degrees to the left of center and also
to the right of center, for a total of about 45 degrees or more. In addition, the suture head
assembly can be articulated up and down. In one embodiment, the suture head assembly 56
can be articulated up and down. The ability of the suture head assembly 56 to be articulated

to the left and right of center, as well as up and down, permits the user to position the suture
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68 is to push and pull the suture head assenbly 56
through an articulation. The two idler pulleys 80,
woMb§ 4785 ve cables 84 and 86 are |ocated in tﬂﬁ/US2008/006674
spherical portion 58. Looking at FIG 20, the t
idler pulleys 80 seemto be one on top of the other
head agsambba fmmrdlffcmaytyacmﬁ sytuingcdpphcgiioane The aiculatine fever 66,

A e R o P Y I S0 Rl 8ty

56 to réfate. NEieSd filongboVe)Vin6 ¢ing h& @fichiatisle iveinesiclack viisé fdgksuture
unit which may be either reusable or di sqposed after a

head assemlieS @ tocthe rrghbl@gh evng theartipilptien leyen 6 epyntsscipelevispmoves
suture ﬁgﬂh[ zggergﬁglﬁntg (ijlhef leRM e '} eeﬁea(& sé'é%ﬁli g@h% @lecﬁ gﬁace with the
unit may a I'n

reusa e OF 41 SpPos er a
locking! fver D[004128 on thebsttonu of the ddeice 66, l&@owshqoaraéldawl Lever 66.
configured to provide a, 'pistol

. . The
Moverepd is 3q¢amplishadiisig the S%bcb%rga@léaorbé%drf& toglw%éﬁé) augichigrign lever 66
to the %gl#r% g@&%igggﬁﬁgsﬁgf gﬁ{g@a%l{e}gulgg(??r(}eo:a%g i@gﬁimefi td (€ aﬁhéﬁ@ﬁ%qgver 66

as either a linear
and to one side bf theanost prfxiigak seciiomoef tha slituch ht@d lasserbdy 56 sorithtag the

i 5 b e SO SR 608 g ot motn

(see FRESBL2HNd of the el ongated barrel 54. The suture head
assenmbly 56 contains a portion of the drive mechani sm
70 of the device 50 The wor ki ng end of the suture

oo 20, ERST P e G R R GG B e

connecliof G THRAANIre deal aﬁ;ﬁérﬁbl?% MERGueird BéhdaYenifl§ i586s shown moving
[000107] The di sgosab e cartridge 88 preferably has a

from lefepréiculatign.dg sirgight tedighh attisplag oM IOMeAPRABANTS gregpot shown to
allow %?ag{\}é#‘{{rlgg %\;’\;ﬁ)} gl ik E%n I@ﬁ%lsh?\% GhE gy f UL S?{mé h&d assembly

éreof . An arcua e su
56. FIaradlsaow2 A bbavmngeva of tirrgaturp head asserellgt SHA4ith so sﬂtlcdhhbly FIG.

22 shoppRoteR g of e WEANER S6em B G BRI (b1 1 BIGAE?
shows %Bﬁ[)fna\lle\g of Y Gitfe hE4 as g%}ﬁbl?% dtfichted REMR rrfghi:I efI@S. %_23

he arcuat e suturing nee I's approxi mately equal
show a oz of itemeniTbe enmalatlon rék68 amsdodyahd cendérg tidBelangated barrel

t.he aperture erei n. The .needle 120 nor ly . .
54 andiEHBEL [hO% SitfoRne SUTICRDRPT ghre B AELBROE s rispltion rod
édatich. i Th idl
6 s AR (A QA BLIUN L Sl S0 0uRa0 it T o il

pulleysT$ig vahieh énvqmnbmse% aad B6uire {dvated v tHeespherical somion 38t depoking at

e side tirely,within th 0
FIG. o8ty MSEP TS et 1 Bl B P B A e v they
are loca®d in Elan& Remhefideepul iy B A-dotwr fode 40k Hullelg?s hadisppegrod 142.
88. The blunt end of the suturing needle 126 that is

attached to the suturing material or thread 146 is

cat QRRPS) ] \)
00012 6 6 5 TR By 4y AOSHME A 19 v
demgnttdl@:*. alt yingleninii wigich MaMHerelthbﬂeuwbﬂer ordtjspoSé&d afiet ackingde nset. If
de51re<f o éﬁgg ﬁl?tlellylr(l)gn gexglpeeS(;] ggnsllaenc?emgne %n? g ¥nt1rrn grgcgef u%?ts W-Euéh each

unit may be either reusable or disposed after a single use.

[000106] The suturing device 50 is preferably configured to provide a "pistol like" grip
for the user that includes an elongated barrel 54 and a handle 60 that extends from the

proximal end of the elongated barrel 54. The elongated barrel 54 has either a linear or non-
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poi nted end of the needle 124 is not exposed to the
user. [000108] In accordance with the presently

wdopghpsed enbodi nents, the needle 120 may be per/us2008/006674
rel easably engaged by a needle driver 98 that is

. rotatably nmounted within the suture head assenbly 56
linear epmfigheation hischiding| tait noOlimied toe straightt ewtved and angdedepmgigurations.

b Sy 3OS 153 B T Bbgan b 5.

The sufiGé hedtl Bierhb§ J6aRdtatnsl2poriian! 6 Ltheldhide ShtahihifAI70tof trdddvice 50.
advance across the cartridge housing 88 so as to s

The werkingAperad thaesuiurs herdgesembliers b @giigehgder ssembly 0 to which
a dispdRk bhOREEL S SUBRHICGE AR Wi EOTEME1 I OmAS reside.

needl e 120 penetrates the tissue segnents and spans

t he incision between them A continued rcit ar iitngnv?ment_
[000103] { helhsedispasahlo gartridastS prslerahly hpsea gonsrally eydindrigpl hgusing

i BT BRSPS A 1 UG Qg
thereofh eApatchatd situring awedle h20 having hsharpspaisted endih24 mvaidably mounted

. .direction on.one side, of e tiss i nci si and

ina cirgylaE ol el WECaenn 4 nint radSbPenoe 1 i SPeeted o2

suturin?' fife@d] or BEADNFAS | PR raltd D1 tHeBe aé‘ﬁrﬂﬁg tHEBdr it @but@ing needle
hread 146 follows the curvedpath of the needle 120 to

120 is bppraxintately egeal ¢s theagrstimierendetth the eariridgh howsinga8& af the aperture

thre 146 .agrQss _t i nci sion,in a mannet siml to
118 thogdi e R4 A0 ROt CE e et Pragor & B e §2 SBeh tha
the gag QA hRkGatestitking Mdedle§22 Mntahgﬂm'éﬁ)tl*bitEﬂié alpe@inet N8 in the

poi nted end 124 by the pawl 98. Preferably, an

cartridg; 8ot hargharm deimed end of the aeadiet24ais sitheted pajone pige and entirely

cy s rm . ' i.al r .10
witint R 05k F1: SuSAEAYAHE ) 19 SRR oL RTERde 98,
thereford) rshietedabycthe virtridgetHo@sing 88U hs djyme Bhd of the sukniagmeedle 126 that

t he anchoring nmechani sm can beég Ere-tied or, a.\we

. [ el ded

is attaghggd fp thy skiyEinE wprderéal AT fhieadsAG s & e opppri et t_%a gperture
r .

1. 08 FAPRInkASA o LAUIDE, R, WGt e

cartridgo §& amhdoesfnot pmtiude Heyontizbe hodsmgioftthe carediesd 8¢ aittus; g sharp

. 8 |s.acconplished by a pawl 98 that may be operated
pomte‘g?mi ?lfetﬁﬁ%‘{m%)]/iﬂtﬂ‘lﬂt ﬁ’@p({SE&%@Fb‘F?fng device 50 with one
hand in a pistol-like grip around the handl e 60, and
using at |east one finger of that hand to activate.
[000108D001 da]acTdrdamngtwith thg pdesenidyedisclosdd erhleodimentethe peedle 120 may

di scl osed odi ngnt,s ¢ .US or _a | aparps '
be relefabiehbeecd PRartaTng OBt i roire TGP AR pfure head
assemB19158 $b A thOle@le! IRWean B rGrRRU FEND e howid I3 EinBYabout 360
repai r of paraesophageal hernja, ui nal hernia

| in

degreep abetitithe ceafrek wartiead enisof thgrartridgriB8 s SHel aFiery actian phthe needle

| i e : t 3 ] . )
12036 SRR FOGAAEE A B BOYSL P LD
apertufean@r Gausovigeithe deyibe 8C isgogitioned gachtthatahdinpied tisslieasgments to

skilled in th re will rec i etgiat t he presentliy
be sutyged ane suugted ahLibaihgrsing am%g%g §éednee e 120 penetrates the tissue
segments and spans the incision between them. A continued rotary movement of the needle
120 causes the needle 120 to return to the home position, and thereby causes the suturing
material or thread 146 attached to the needle 120 to be pulled into and through the tissue in an
inward direction on one side of the tissue incision, and upwards and out through the tissue on

the opposite side of the incision. Thus, the suture material or thread 146 follows the curved
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in other | aparoscopic procedures. [000110] In using
the device 50 of the presently disclosed enbodi nents,
wd ies/aadeen is insufflated with gas to creat @ us2008/006674

wor ki ng space for the user. Any gas known to those

skilled in the art including, but not limted to,
path ofihe neede 120 tockind the tikisues tdgstherawitlpe stitsk ¢f matariaber thread 146

ortals are establ.ished using trocars in locati A

ccross B bR Th o st ot an? shRBgu e O GEReaR g
"pushedV fidht ik bluht Chd TBH hsd (RY "piesd" Fon theqiolmed et 124 hiethe pawl 98.

body through these access ports/cannul as. The user .
Preferabhs njanehastngonechanismis previdedat theotreiling tesminal eng phige suturing

.deyi i Nt o . t I
materif i P44 8 e e AL Rt AR Bety BRI bplicly through and
out of thettiseud egments| Fveexdmpleahatichoringimedhaiisth chobé Aprd-ted or a

of the handl e 60. The suture head assenbly 56 is then
weldedylogps3 Kl avhersin the suityrg material ok thead, kode pimnly Hed.5 @ ogle-

ren h |

strand B REROE b G R SRR 1 BRI S ) 201 TR RS S i gfent of
the neddhy tl(gwithinrthpunéealie cartriafge S@tisiaccomplichdddey HPawidiisthat map be

a plurality of separated tissue segments into the .. .
operatGi itk dstrd APE NS B pEqSHcei i per Bndgn migol-like grip
aroundStHE HARIID6GInAIRRIE YeasCor ehott bUhAt KA 18 R&tdak € 118 of

the cartridge 88.” The user, using only one hand, may

mani pul ate the device 50 while actuating the handl e 60

cl ase an incision . w a_continuous . suture whose
000165, ¢ B lrdeleRisRoitaPs SrSaRb! SHEHRA PP PERR be used for
a lapard§tiob R prbdedat etlidifg beingt lindifeditb apattstéric abmtbagF, télectomy,
suturing done by hand in the conventional way. The
adrenalgstomymgplenenipmy, repair afparacsephagsaliarain, ingwinal korpia gepain, yentral

i 0Dl O SAL LB M 58 s,

treatm@&Rof §mald Boapkstistructidnl distql pancrogiedtbBy] mephsetbrhy sidigastric bypass.
ments and actuati nqbt he handl e 60, the suturing

se )
Those el di Be a8 eh Fesosaie thatdhe prosendly dissleed embadimegts can be used
in otheﬁd@%cﬂ{ic thc@&JrHQt ed stitch to close the tissue

I NCI SI ot |

atinme efficient manner. Those skilled in
the art will recognize that any conventional procedure

f or canducti | apagoscopi c surgery can he used wt .
000110fe Gdprusieshe deaBoid o enespubiifiadioslsrtnginass, e abdomenis
insuffl&ted RAHAIAS Yo &%Ht@tae\do&ﬁlgﬁsp%@é tor itl0@seN OA AP EaABRRTIONKER skilled in

at the distal end of thé suture head assenbly 56. The

the art rohidieg,ibnedotdimited t9; nitroges byearbén dibgidsitanrbs usedidAccess portals

) |y 56 enables the user .to have a clear .
areestFBRRY pies BacH MBSO 49 S e Pa Rt S Ehbrogtmg A variew
of surgdéhY alR&anRAts rhd}r 1BbE Be ilertéd med e PRATRIIbSgIithesdaEckdze

course of a suturing operation, thereby enablin

[ | ! ) g. .

ports/cppdass elhs) userthen interdugescthe distal iend perdion ©f swioring deyieg p@into a

t oo . ol udi . ) . .
5 L3 PR B8 Nl Mtion e
66 locdtejust distal ibhthe sojt afithée Bartiide 6€.e Thdsutsrethead asseimbhcsilisahen

.. shé)rt di st %{me al ong t h% i nci sj on ﬁnd t(P%

positioned relative to the tissue/vessel to be sutured together, and the user locks the suture
head assembly 56 in place using the locking lever 64. The user then, through manipulation of
suturing device 50, positions a plurality of separated tissue segments into the opening defined
at the distal end portion of the suture head assembly 56 and within the aperture 118 of the
cartridge 88. The user, using only one hand, may manipulate the device 50 while actuating

the handle 60 to close an incision with a continuous suture whose stitches may be
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af orenenti oned operation is repeated to produce
anot her stitch conprising the suturing material or
wo 09a@ssk46. [000112] The user may continue t Qcr/us2008/006674
mani pul ate the suturing device 50, alternately
advanci ng and actuating rotation of the needle 120
1nd1v1ch1ali)a tenaionek p@CtShlatandsmq”ennlyaalcbl}g thadenigtiepf the suthee similar to
nt tQ create a_contjnuous

d
sutur1 ogﬁ %nggnc&& tzlﬁ \ég‘?‘%% lézﬂ Wa¥a el}?tqspr may ﬁl’élp Oy & sntm%ls WidlfEwhich

would eR€hé i enfife RnSBIJfYSe iAtisioh RhulEpRGutirés. CIRS, by pla€¢ment of the
each individual stitch is |aid down, the stitch is

devicet50ghitlethe depdle @&@mdger@eaum 18 spannipg ﬂ@uﬂqmdﬁssmﬁme@m and
actuatlg rt]léer}ba%lgfj ?IF' tr},frr' ng aq % S{bhe i)légﬂ} u%gx]{tldtl%)é h(?\?]r% a é‘uranng stitch

or intetrupﬁdl etish welmssthe‘fisareahelmn iA attir@'léfﬁeieﬁsmaﬁn@f Tlhb& skllled in
ments. i s acconplished and hl eedi ng and tearing
the artth seroghize that anyromvgntional proagdurs for epdugling lé%ra?ﬁop&r surgery
can be%géy&ﬁh%&rvll@g sPr thread 146 has been placed, the
can use a needle grasper to tighten and knot t he
forned stitches. [000113] The presently dlsclosed
enbodi nts rOVI .hod for sut | S
[00011d, i ng magﬂaaevg%t ISRQFARI¥ MO @%ﬁi’gldﬁ@a%%embly
90 at tlPdiibtal Qgﬁoﬁﬁe S@uft el H§s%rrﬁ‘)?9'6 a?ﬁ@m?rhﬁlaﬁée(ﬁé'tr@nghlsde@ign of the
end a suturing device the cartridge 88 having a
suture peast assetmlvle Secweblagthendertoduy e rictegr, neebitoiced(view of the suturing

i\nted end 124 a pblunt end 126; ntr uc ng the .
needle 20 Ryfing FivasF g ionep i st veedregts 4G G Byl o Fsuuring
operati%ﬁVﬂhEl\éby I@ﬁ@dliﬂg%édiﬂ: iR bNthe Si&iring debiee 306 pbgRlelhiform

to span a plurality of separated tissue segnents;

suturespaytdi maqluqhgg ahe agk a@mngstzssmb plagementoqielosetorhe hdgs afithe
1nc151on0 'Ithh %ﬁtuﬁng q952e 5(5]% tﬁ%ﬁ ?#aﬂge § 9%&1&%& teﬁori%% g%%ﬂfm and the

rota Ional~novenen € suturing nee

aforemiéfiti tddSoppftiofxs fepbaed tdsropercinotienstilch campisigp thukunaing
axis of the suturing device 50 and advance the

matefléllﬁfl!i}?fle%bl‘}féedl e 120 through the plurality of separated
ti ssue segnents; and pulling a suturing material 146
attached to the suturing needle 120 through the

[0001132]] ur al Theyusef mag pantatuecto magpidate dgnentrengf deviderdd, alternately

stitc [ 000114 pr esent I scl osed. enbodi
advan%%%@@%atwgtrﬂtahoe BFthE ¢ éxegg}g&e 23 iinfigs RRIAFIR) Rapalel o
the dlréaff)ﬂ%f\éavéfée&%ﬁtyto IcRGkdid b&gmﬁlahs SNGRIIHGh fa§ %kfehd @lqsug‘i&he
to a suture head assenbly 56 at a distal end of

entire Bogthrafitlye ideisioneoraGeriehes mmntuptedg@tc&ss hAﬁﬁn@ca mleldual stitch is

i oSl PR st b PR PRl 14650
that thé RSuRirt sdureR derifored @nHonily | aléhgday | %ﬂﬁ& theireised ioshe
cavity; (c) p03|t|on|ng an opening 118 in the

segmentsy I} hﬁ@&é’e%tlglﬁ claskre of the mqmwlsacccg@ﬁﬁh@é anyl bleedipgand
teanngjoequglyet are ﬁl‘lg)még (\5?# tpg aﬁ% gfigtlé iy ln?a({ierﬁda}? of‘thread

veé mechani sm es the su uring
146 hal Beri placsly e Wset @&iniwsaalnesdie grasper toftighted emdtkmr)t the formed stitches.
needl e 120 about an axi s approxi mately perpendi cul ar

to
[000113] The presently disclosed embodiments provide a method for suturing tissue

during minimally invasive surgery including engaging a cartridge 88 to a suture head
assembly 56 at a distal end of a suturing device 50, the cartridge 88 having a protective
housing and a suturing needle 120 with a pointed end 124°and a blunt end 126; introducing
the distal end of the suturing device 50 into a body cavity; positioning an opening 118 in the
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a longitudinal axis of the suturing device 50 and
advance the suturing needle 120 through the plurality
walogepassat ed tissue segments; (e) pulling a spgqtd206k/006674
material 146 attached to the suturing needl e 120
through the plurality of separated tissue segnents
cartridgeBringpan agtlumabity efrsdpareied dissusFegmenss; qetivating aueptugter) 52

I I f
coupctfo S BHSE R BAHER g0 i ool Vs AR 85 Rona
moventhn$ 6f @@%du@iﬁgeﬁedte NDE abé1@ \uh dRisappRixirastefyoferpendituldido a
tissue during mnimally invasive surgery i ncl udi ng

longitydngd pxis f the spfuring deyicg 58fand agyange ithegsutaringcreedly lﬁ&\;hmygh the
plurallgl (gtgéﬂz[rg%? tti:ggtge?gﬁgm%ﬁtg' ur : r%z? %dgﬁrgﬁq%&%gagjaf f'46 zma%hgd to the

suturing| rld:EdblltZQ tlﬂf)ugleﬂarm\ﬁralityt dfssperatee gisRidtssgmants tfomtm@g safah
actuator 52 a first time causing the pointed end 124
of the suturing needle 120 to extend beyond a
[0001 IQ ot eCTl'le y;?r %‘ﬂﬂg'd‘i@ld@gd @mﬁ@&?ﬂeh%%&o@ﬁe b A KRAPRE sﬁttlﬁn% tissue
ura It parated tissue segnments; activating The
during amhumlbzrmﬁa?sme segapdndudieg (2) cogageg & hmxsi;dgetﬂ& tngl smemcl head
2Q t onpl ete_.a revol tlon ure
assemily 06 gt AGUR O OF AEGHIRG APYIEE St Srlg® SR Mt tective
housinB laHd alshﬁmngfne@cﬁp EWEH 4 poitee A WM Pa bRint &rcrms (b)
Stitch The sut'uring device 50 may
introdusngf tnhg drs@i eng otitlfefsgt@mg dwws (Anmth arl@sipi@@vltx,dC] Imgtqmmg an
ﬁgS ot th§ EUt G gt t}é Zl dg tivatin
opening cémi‘%e P SR%’Bé‘cH ardfiyq e%ad &g SS‘{erFSg‘E‘SP?’r getvaine
an actARRSRWoaplkd §o adevé R chARh J0 ehad @B Edded theBavurigSetle 120 to cause
varied for use inopen surgery to perform procedures
rotationa) apovesnesf ekthg guiyFing ﬁéeélgg%@ abous pp AXig |aagwenat§ldfnerpendlcular to

ot 5 Y Pg, RSLE 00LHLBR dov oe

plurali@dofapparated sikaw 8 Qmahﬁs elehpililivig asnivdicy ﬂménzﬂﬂ 46 aﬁakthed it<|51 the

. devi ce shown gener at 150. Referrlng to FI GS
suturmgﬁ’&e%s 129 ﬁ@oggh thei gaé@\ﬂ Sepayaigd ussieseementy f?rsugg eaﬁ‘&e and

t t

repeatifp SAPG 1 R001c) L RIE HRAGEliEy of SERRY oW RaTRoRgh IR
separated digsueTegmsntsur i ng devi ce 150 can be utilized to

suture any type of anatom cal tissue in any type of

anatonmical cavity; and, accordingly, while the device
[0001 1%?0 | STIiEREEnBG didefsed Bﬁﬁbdﬁheﬁ&rprélﬁae Wintdthédl foR SaMitiAg kiBsue

endoscopi'c procedures, such as l'aparoscopy, the device
during pHQineally ipgasigesirgaery orpéwdlsg: mgetting arddstel end of atsharimggleyied 50

havmg?a%ﬁ I Snrtgegfile?}gﬁ_bv%@égs?lg \(- gell’Zg é%tb %l bodg %osht]lcrnu?g\’\{he suturing

needled2Uitd 5, a SluicpSf séﬁhﬂaﬁed&fsﬂue?defgﬁfehﬁ§ actbatinghh actGatbAs2 @ first
cavities, such as the abdonen c[1000118 In an

time casgdherpeintediand 134 o6 theyturng neadle330ita extgad bevgad a protective

oo BBl R SISty B 458 M gvains

actuatdr fiata second time to cause the suturing needle 120 to complete a revolution and pull a

suture 146 extending from the suturing needle 120 through the plurality of separated tissue

segments to form a stitch.

[000116] The suturing device 50 may be configured in different ways with respect to
length and angle of the suture head assembly 56. The size of the needle 120, the needle
cartridge 88, the cartridge aperture 118 and the aperture position may also be varied for use in

30



extends fromthe undersides at a proximal end of the
el ongated barrel 154. Located within the el ongated
wPR0§/e75554 are mechani cal parts including cal@syiosidvess
run fromthe elongated barrel 154 through a spherical
portion 158 and then engages with the drive nechani sm
open s'urgeay ®tedfoem pratdaes sudi g/s c:l@sﬁng dirtbe £€p$h'@r Skialclqsmtft saghtissue

avach 3R, SR P ATIeh Si oRT e Bl Pt o
enbodi nent, a drive nechanlsn1170 |ncludes a puIIey
system and cables that extend fromthe distal end of

[0001 l7ﬂle suFIGS Head 28sshewtanaltesaitive emhediprenk phabutenng dévice shown

encrall{ P ReEIRTITS 73 aﬂ%%ﬁatﬁllgL?Thﬁsvrsi?%. SEedrRsdp

produde@e@dnfindAf dr intdrrGHER kGIch 08 Situftaor ¢o éxlldb(wél@ﬁura bE opedifzs
orientation of the suture head asserrblg 156 i s such

interngl fae polirals bady. nEredsusurmndgviceakS0£an ba utibzede sytwre pry type of
anatonngz?qlsé\g 3 g{gﬁgﬁy e 0 qsahgt%nﬁgaq %la\? {)é %gd ! a%cgrrdi (ﬁ%g lﬁlﬂleﬂ?@ Hé‘% géj 150 is

roxi na perpen

descrﬂieﬂﬂ%lrdmtcftdﬂ dbr Ig\ﬁtlﬁef cdrime}alciﬁ\ehd@sdllﬁe prc:jdedtlﬂ&s SSuskiys labhﬁbscopy,
needl e 220 ma e optimally visualized as the n
the devisgy! 3(Lcatrhe,usad imopersurasy ahd with.ca catietes ang-othey ?11 and large

dlamett%}o @?nggér VA Hhﬁ!ﬁcd“ %%ﬁ{@gvfdﬁqg Lcgsshb el Raviakd, Slich as

rive mechani sm an nto the same space in
veins dndertsricy ae welad lags eaxtitigs, 1oh. as [tEsf)ﬂfﬁ?)ﬁjenTh e inproved
visibility offered by the shape and configuration of
the suture head assenmbly 156 enabl es precise device

[00011@%309%% MIdithER, HRGLEHAB de o8 19@1&9&1@@% BEESOE RlecRdnism
e suturing device 150 after every stitch to provide

showngenerally a’rd Enehish eowprises mlmtedthaeﬁbb‘%ﬂ andrﬁ hﬁnzillm toQ that

extendh 5, P oA ALe | 5 Er b LR Rl R Faf Bl
the elohp&&dBarrd1N 592 REHINAIJEE Pirts ﬁubl@dﬂx@tdables dﬂh\/dhcxﬁnl”ﬁ)% tHe elongated
arts of the device 150, such as the suture head

barrel hx%ibnpigh aispberiedh @omo@nlg%‘&a@é thfa)r engpgessmith thealriygmagchanism in a
n

suture gi? %’ as | 0 a&n(% gll'xégc?% ot lpll'l %Tpegﬁi%ng tvxgt:hlrg]h’e dllsr%al mlrté%n of the

elonga&ﬁ&ﬁrret hs4 ﬁfdﬂota&esd\ei»lh tev Iadioar Ipan émbodmtelne adkisiearechaflism

170 in&aﬁ%ﬁcﬂl ;éﬁg%ggﬁ%nagégéglgg %gge)?tfgrtxcgéﬁ%dg!% 155$ xécf of thle r;ut%rr]e head
assembﬁ% §5k Itd ﬁi@kyr&lgﬁgé&ﬂ)f tﬂ% @ﬂ)‘ﬁgﬁ@& ghirdigsgrterial such as

alnl ess “ste to enabl e reuse subsequent to
sterlllzatlon following a prior use. In another

ooon 37y | i el StpoBI0 oo e et B deivine agurved

needletzabcmhlemnbfét@mba@gréeem&uaitabes etesHentRionloTlihd dub@kineid
followng a prior use. The use of titaniumis

assembjg d &6 iixsugh thas whea themeedly 220dd giteshed tothgghivge heagiassgrably 156
nce. | ma n ut ed To raph

the nelTE SA7R v 1ok By B AR Pl AR, BB Ccbhr o e

longitudivia akie o€ th devid¥RIS0ansl tHid wa g aRé needle 220 may be optimally visualized

as the needle 220 is driven in a circular arc. Also, as shown in FIGS. 24 and 285, the needle

220 is in a plane parallel to the drive mechanism and fits into the same space in the suture

head assembly 156.

[000120] The improved visibility offered by the shape and configuration of the suture

head assembly 156 enables precise device placement over the incision, and uniform
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[000121] FIG 24 shows the handle 160 in an open
position. FIG 25 shows the handle 160 in the cl osed
wdPRes/14794 The suture head assenbly 156 is at tehedodstossrs
the distal end of the elongated barrel 154. In one
enbodi nent, the suture head assenbly 156 is renovably
advanceteat biéttic setuting deivise 450 aftet cyeryt Shl@cletbmn«gud@d umefomm hnd symmetric

suture, Bty Piniah sy e detiSes SREyCRRE Rietg B e Being

positioBed tdoCdlidsito @it BB e intib&d fignet th @Te dnOdfHEM! Bhele@BEE device
assenbly 156 is about 40 nm The | ength of t he

150 or pagn ghthe deviae 180, sushyagths spawgbeadrassn bdﬁé,abe plengajed barrel
154, thteﬁlgﬁélte[iQB mgilnﬂgl% Fge eb%irﬁr’le € %@Z&gé@g z?Et%nfM §§ gglnglgazlfe plastic

matenitlQﬂg&@lich earnthcrgtiftnddvite 150te2 pdas ofithe defrlcé hlﬁO firyidigarded and
I n_one enbodi nent, the el ongated barrel 154 is

| dlspos%@fmr asineless: i peergbediment, shedavisie IoRHvevmpened of peterilizable
medicd SIS ARIE ol Sath I BRRL iet o FALIHHE o Requht 0
sterilizhﬁmdfoélo%nﬁg a priptasdee dn anotheﬂ dnaésbdimentathe eletioe 1§®lisur(m1posed ofa
... hea to rot Movi ng the articul ation
strilizlil gpediigh SEAC AR Lt ML Sedh B 1 Saeble e By oqusgt o
sterilizafort fb?loWugé‘& pABuSED ihg glsé Betidhfunt 8 vahéRall 6 @é’rta%@@rocedures
count ercl ockw se noves the suture head assenbl
includinpgMagrietic R€smnaned Incaging (MRI) anddfompsed anmagmphjo €Chhasduse
cul ate th sut ead 56 up and
they aryr Ry sEhoBbe el o3 Mot L eSB MR R G RGBT
| ocked in place with a locking | ever 164 | ocated on an
undersi'de of the device 150, below the articulation

[000121¢ver EMs 24mhews thahaadleektd ingaopph positien. nBlG 25 shows the handle
_ 160 in ?h él§%ld%0§1gibnaqﬂ tsaﬁreelhet%ﬁ%ggeﬁ'ﬁ) eﬁ 954 Fsl qttg_«lgh%drI@fhéO(%st%pé(nd of the

ppropri ar ded

elongaﬁzﬂrﬂah@m 30 rn@helchbodindm ahd SGureThead disambdlet 56fs rEﬂﬁﬁvably
devi ce 150 can_range from abhout 3 mmtq about 20

attachegrie thandigigl enchaf the plongatadbas! Lot The leneth efdhe sefureghead aSsombly

156 o S 4 B 0, NTL U0 OB s LA B fenctn o
the sutnmyhehé assegrbl)pl jdtabowt A‘Emnaezﬁub lemgthiof dre dangatidumtrel 1 Fecan

o B 3705, A e 2 S g o
elongag:rd' DAfreTBSNGR %H&hoﬁ@ﬁoﬁ@ﬁé@%ﬁeﬂ&@@ﬂh@ MhtéRdedse b the

suturing device 150 may conprise a triggering
devicetd0himosnermbatimest, mmlmgamdtbaerehiﬂ issbowt ¥ rhuyrin length. In

R e, L TR N5 P33 il tain

lever 186, jOkt di&talab Qh&@?QHYhd AlePIB 05 9dsﬁen of 9ﬁﬂécﬁt‘6¢®use the suture head
Al ternati vel he actuator nechani sm 152 can be

assemigy tl A6 fo eotatanlybaving G artigylationleesn 66 Floskimise movss the suture head
assemlfqggsglglr ﬁl\%}lé{ agl\%? rcr:lggin t %arglgul?g{)r? @%ﬁ%i&o“?@%&él‘&@ﬁm@é nfdves the
suture ﬁéeﬁbdsl%érﬁblbf 156lte aterlemaghetamcumlop rnmrrmsaz éamidﬁcobe poved &d

el ectrical, electromgnetjc, ﬂ
artlculg}gﬁl?ﬁ.%g\gg e@c!agssembly 156 up and down, as 51re e suture head assembly

156 is locked in place with a locking lever 164 located on an underside of the device 150,
below the articulation lever 166. The suture head assembly 156 may be articulated, and the
elongated barrel 154 may be any length appropriate for the intended clinical application of

the device 150. The diameter of the device 150 can range from about 3 mm to about 20 mm.
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hydraul i ¢, vacuum or hydrocarbon fuels. Those skilled
inthe art will recogni ze that any actuator nmechani sm

woo@siype known in the art can be w thin thgSeded006674
and scope of the presently disclosed enbodi nents.

[000123] FIG 26 provides an assenbly view of the .
In one smbodi@ndm,athe disgetdylof thlﬁ'aB:vic'EHéOS& about 1Rearnd. ds geothérenitv@diment,

ted f.orom mul | e pi eces including a hol der
the dia) g%ﬁ%ﬂ?”%ﬁ eléoﬁﬁéﬂrﬁg der assenbly 188, a latch
210, and parts of the drive mechanism 170 including a
plurality of pulleys, 172, 174 and 176 and two idler
[0001%311” | ey&qlmdlmmﬂ m@dbﬁ: a gripithdt igsqueersd dn erdgr to/aqtuatgthe suturing

dev1cei1|§§1 %8 satug’lgg1 d%\'glrcé: g ) ﬁ.}t ged byullhI %(tﬁat(l)r7 & gﬁlanflsl F?@guspled toa

drive rhébehiesh 1708 . Theciator eﬂi’&ﬁﬁhlﬁfﬁmﬁ of ite sm&&ﬁig&leﬁﬁde\/ﬁ[) m#y d@mprise
pawl 198. A shoul der screw 208 and a pIuraI|t¥
a triggeringmechaaisanihayisdeowndn Hiesart suchgs fopexample, the trigeepng he

mechah%& %%i‘o@iéé g%%d P%ﬁ N, 8933968 and 'ﬂﬁ§ 8 %& si;ﬁw@d 1, Bpth of which

and e suturi'ng need
are hel’ebj' debr;msaedrby yefdi@Bcd. nAltemletsvay ahe actohtdr meshahBzn Wcan be

. t he needl e O rides. 2, 174 a 76 are
either b@j % & putigny ‘Uas%?z %%ch gpFrRYe iﬁ’ 28 CHiogated

fant
s R 5 0 W B 45t ey

pneumd&gnmarr raperdd b}h@led:trldah elegtrarhagnetic, \cothpreseet] air,220pressed gas,

ircular arc re emyl 56,is .
hydrauligy v ARGR MY ErabAn TS T0ee s g el Ltslpenics thatany
actuatdifrx‘ﬁ’é’&'ﬁax'uBmtcff%nﬁl kype l&%@@l iA®he arbbarslewithin@h&5piAPSAd d¢6pe of the

he area within the curve of the needl e 220. The area

presenﬂydispk@scdw@rnbwdlmnﬁr arc of the needle 220 is
unobstructed; there is not a hub at the center of the
circular arc so that the device 150 can enconpass the

[000123?(' MUPIC.Q6WTBvides 4 S3e@bW Vil S tHessufire hHédﬂz[sséthlny% The
e curved needle 220. In this way, the needle 220 ma

suture headrassernlly 15RADIAgRCHCd g mylipje plﬁ?egen%lp@ng AIholsr Agpem mbly 190,
o et IRIRE SRR P04 00210, gL HEIR e BBank B 8 dcin

pluralinfofquilesd, 472, 14 addT6 add nwo idenfdleys 480 mvolved idrving a needle
. embodi ment, the eV|ce r t hi he |im§g  of

driver FGRap B SO oSt BRIV 4 %@éﬁr@fi qo@%f © qt Bl

pulley@QYﬁ% F(?? Qf'}r):ll egs ShbEd MR IR EhboERhdnt GRE B%ﬁ?ﬁ#’({r i§18 pawl

I’'ve surgery. In one embodi nent
198. Adslumkiee screw Zmandwmmaht}eddieedlzmwdﬂs extensienccddnashbe used to

di.a of the suture he |y 156. 00124 .
keep tje 18GF 230 5k} et ik e nee ROBFTON aeerlly { R SR fsuturing
needle @9 hant ngeald KOIdkPs3EBHly! 1f88tlﬁ&u§éétdﬂ1@véaﬁ?&k31%6\mw’thb5ﬁedle

th respect to driving the needl e 220 during use of

220 rldﬁhfepulé@bfsdéﬁilsv qndhle/ orise angaghd Mddranastistasiaymi®2, whishrsattached
to the %a:%vl ?ﬁrreﬁg‘% Dawl %?%Vgerl??sv E?\g{]?&%ﬁ ﬁ%rl&\.o/aég‘cprg C het}gce of the

needle 220 at #lsdut d8S dédreesdafartatlfith drives the curved needle 220 in a cucular arc.
The suture head assembly 156 is configured so that the pawl 198 or other needle driver
known in the art, does not intrude into or obstruct the area within the curve of the needle 220.
The area within the circular arc of the needle 220 is unobstructed; there is not a hub at the
center of the circular arc so that the device 150 can encompass the maximum volume of
tissue within the circular arc of the curved needle 220. In this way, the needle 220 may be

rotated through a relatively large arc, allowing the needle 220 to obtain a sufficient "bite" into
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arm 202 that engages pulleys 172, 174, and 176 and the
paw 198 that drives the needle 220 through a curved

waPRbd14738e pawl 198 is located in the distal qie/@2bdh 06674

actuator arm 202 and is capable of engaging the
~notches 232 |ocated along the face of the needle 220.
the tissyef [Praferaplyi thy rredie (228 pgllthaee p sadiusigfRusvagiarg @ abent 3 mmeto about

K %Cﬁggsaﬁgéwggmt Ee dgvei\cleﬁd %}J%u.ref Vw}ggl t&lh ?Wg? gﬂgg El%metér of the

suture B&A 438¢mblgd 56! @hlcﬁﬁi ad\an ggo@rtd saﬂuhﬁg\ltﬁrb@glﬂﬁﬁﬂl &r&ﬁ&s during
to cycle. As the handle 160 is closed and opened,

th
minimpliyinvagze psgery. (hpaegRbedimest tke dinmetgs of the cymiedapedle 20 does
not excelgg tl?ecélgrﬂgf% fﬁ@sﬁ%e *éﬁd%%%érﬁtﬁ%gg6 by the user upon

ueezi ng o I's capabl e of
smeeplng back and forth in an arc spanni ng about 190

000185 0, FIGE, i T icaerc bl iony ohiD e meahatifp 170 located
in the &Hﬁr\é%@a& 55%51:%1]5’91256"@@5 ?esg aﬁdﬂn R RIS Rur iy u‘é@hfthe

t he needl e "hol der as ensions 194 that hel
device kléé pjthle hneedlalhohﬂeﬂaﬁemblyp] SE&mld tffdn holslclt assémigy 186 dilawe B&m removed
e track 192

f ol | d i
to shoy e f s Pesanitt L et ndbh A8 v6 bRShawtt 104 tishep heactuator
arm 20@Qﬂatfe‘ﬁ?aéé§?uﬂ@ﬁdiﬁ 279 a8 78 andBeane d 98 M diibes the adéde 220

assenb and provides a captive curved track 192

through @ cutwgd p@ﬂe H@a@ﬁ% 198 ds l@aaieéen the|dwé¢l ead@@thf agfuagor arm 202 and

s o e FRSSHAYE S A NI BARZE A o oine

200 ke&rﬁtﬁthle PaEEIL 98)&%@@11&6 the notehes d83 ofihe aeedle 220.0WHehehe needle
pawl 198, so that the Eamﬂ 198 can maneuver around

2201is mhﬁé arounsl: the mgwhh98 WilhBe Pushed brek wregainst therflat garing 290 and
allow t@% ggécﬂﬁ §%(ﬁ ecgrnge{q Cks tfhg rhaf’ild % élgsﬁ%ﬁe%g] tH %vl 198 moves

I"er |nS| nfo t
through eleﬁdaﬁle&i‘ﬁ asthetplnﬂt:yst HEhemwlatdrl 4pmDAQ i ammlteld\)@' thbl @ser upon

need 001 9 shows, a cl gse u Vi ew
squeerghiae filis ol S84 SusppPife PREWGFIE ik HH0GHE it G sbanning
aboutf‘ﬁ)s ¥ ot the hoI der assenbly 190, the latch 210
- e nee Ie 220 inview as well as the relationship
betmeen the pawl 198 and the actuator arm 202 with

o001 oo S 8 L S P koL i

curvedPicR110d vafee #idhedle DDE raieRd a8 V\%ﬂQis itife Rt leholds @skembly S
needl e 220 position, as |oaded, is referred to as the

extensions ?@4 thab Belpikeen thedateh a1 inplags sThe siuringreedled0dobogs a
corved gt U RIP895 bt By GRS BLARE 355 PR b v

192 foStheweedibaad n&?&ﬁrfﬁéghlﬁbﬂﬁnto'ﬁhe neRiielisteraberssland prov1des a captive
extensions, 194 form a "tongue-in-grogve" connection

curvedyrack 1R s (that ehe rzeféle 2%Ricen br éiéwgn pround yithgueqisigny {hgcurved
track lg? Sx%h?che%%g 15%1%@18{3% g:)ée? Stok Birfb @qhé irfdet sﬂﬁn MRk $dtger

neeal e asse ext ensi ons cause
outsidesibr prpowiglas cladraace for the pawl 198, so that the pawl 198 can maneuver around
without hitting anything, and the smaller inside slot provides clearance for a pawl tip 199,
which goes through the smaller inside slot and then into the needle 220 so that the pawl tip

199 can drive the needle 220.

[000126] FIG. 29 shows a close-up view of the suture head assembly 156 with the
needle holder assembly 188, the holder assembly 190, the latch 210 and the needle 220 in
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di stal end of the suturing device, thus |ocking the
latch 210 in place. Squeezing the device handle 160
wd HodYs798er ates the device 150 through one fuldceGy&hésioossrs
The first full actuation of the handle 160 drives the
needl e 220 t hrough about a 190-degree arc. The pointed
view agwigll 28 theoklatinaship betwsen e eyl t198 ahe therastuatariapm 202 with respect

o e FRAROEH G ebE 20T S AT SHEIY w00 ik pen. s

sharp pigb@ehd 274 6f tht hecd1ee2l B d@)@ki’;ﬁfse@sl?ﬁlﬁﬁbydlé 880 Qf)sﬁl&e as loaded,
device 150. This position, after the first s%ueeze

is referrototpg ikl thomsy popisiope i thedwmeposisionhtheneedla 270 p fully contamed

within Ql?esﬁ 'd@g’%)del? %sgeﬁ{f)gy ?881quelir§m%1%%gecﬁg ?%Ef : onr%n%lgﬁg Rfé the

I on posi

suture ba%wl asddfiblando! Mhe acddlahsemdlynex2éelionstiod fioroa ttoape- 1n-groove"
tart. _position, The handle 160 is then squeezed again

COMCC@PP\YYIH’gthF ascln & Ky vehigtokeepp ths fgrres Sr@m thg negrlie d&¢) ot epeging the
thin m&ﬁ%\#g Bf ﬁl% l&@g&g@e‘#hg nge%ﬁ 6538%%1\?@ 1&%@%21089?94 tARe aﬁ‘e&iréﬁment ata

keeps ngaged 1 nto

distal qmd\df tl'immirﬁﬁg (K‘S'ﬁ:eothus heckivepettie datéh?ﬂlo W}ﬂamet l‘.ﬁquﬂtﬁzﬂmg the device

handle %8 afbli){ Eg%gt?g glacF eg{{z‘g dgaﬁmgbé\df g’é‘(fyﬁt‘?d b@eﬁ%ﬁh@ﬂ élctuatlon of the

handleN%8 Qllrl%gt%g nteQdIE $9b ehrol S0SA( b 15@) red drcd ”ﬂle%lﬁtg@%d O of the

views of the suture head assenbly 156. Needl'e hol d
needle 236 exitd the Pa@edtoerencosarsrof dlut ne@dlevhddertammbéy &88, Zlmes through

the i o S S R PR SRl el 188 oftne
device nssdfrﬁlsfwsﬁieh ey eREtidst IfiBezddfhe Behd 08 i§ Rfertadltoas the

10 in the open position, which is for needl e 22 0
rotatlcpre ‘mesitionaddeihandle d PO is then eeleased, mad dhendedledi20 ramaimsiin (he

rotatlo? 8§sltl?r§: thrlg %Cﬁ @\9389 c?ua‘i(t}ear}ﬁeﬁ%l rgtu%g% #?Wﬁon.

€ nee egrees 1n i1ts curve

The hah812 160asMHeheq@®zel aitin ﬂﬂﬁﬂng ittt needlel2OrthroRgh gbah at lf% degree arc
needl e 220 by hand or with a surgical togl to ei
returnipg ghegiepdle R0 tig homppsifion: dhlaePaePrHBS dP@ koeps th%?ﬂWI 198

engage%éggiqg@ Pa@ﬂ%te st %'39 %nttE% ndtdf % 0. Wh d;f)ﬂlte é]f%&l@ %ﬁ@ ?é%%lhed around

enove grabbi ng t e nee
the pawlalp8beill ershaﬂbamﬂ(elp dghmst tht dlat a0l spning 260 apéallow the needle
position. FIG 31 shows the latch 210 in the | ocked
220 t"ﬁ)ﬁ')‘glf"ti on, also known as the forward position.[000128]
FIG 32 shows the suturing needle 220. The two notches
232 are | ocated about 180 degrees apart on the face of
[000127he nddS 3D20d3ddhawdpp views of thesunge hihed asebly 1560 Needle

voldc LS o GRS RO A7 AR Ot L cover

over thé %énuln%g Inesdit 290 Whidhie P tHe@urvedrtfadk @ 92 bf tHeeeB M0 qhbﬁiez désembly
he notch 234 provides an anti-rotation feature

188. F;mee@ showigthe d@taln 2 bhirpthe open n@émre vineh ISfﬁ@q@él@dﬂ@ romgval and
1nsert1$nnm§o {hg%gecﬁ%‘ hgld%} %sggljﬂgfy 198%| I"lto {}' @g@ﬂle%?e%dleaﬁo a user

arp, and a
may turn the needle 220 180 degrees in its curved track 192 from the as-drawn position. A

user may grab the needle 220 by hand or with a surgical tool to either install the needle 220
or remove the needle 220. By grabbing and lifting the needle 220 out, the needle 220 is
removed. By grabbing the needle 220 the needle can be inserted when the latch 210 in the
open position. FIG. 31 shows the latch 210 in the locked position, also known as the forward

position.
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The needl e 220 further conprises an opening 230 to
accormmpdat e the | eading end of the suturing material

W(pfooﬁ/ﬂfﬁésd 246. In an enbodi ment, the openi ng pA0ud B08/006674
the formof an eye though which the | eading end of the

suturing material or thread 246 may be passed through
[000128hr atEHbriﬁahbws ¢het sudunireeatiedle 220, Tha twhaotchesi2312 ateéolcated

| e 220 dl g.220 [ 230
s TS5 380 BB e el PR AT il oo
The pa"vﬁsl g chgdeRs tHeenA@RIDS2 4dfen diofiRtREn&dld I8 thkdiiph tROEircular

he openi ng 230, can be positioned anywhere al on
mouont h‘e tlard:nqiﬁh Phkisteentedor e d@l@qrmefapetﬁéheam 22). abhe nofieh 234

d
providgdtiin SRRyl bR bl e BB of BF B2 B0 Ths pepcte 2201
formedah @rfildr@plif g &ith RipapRODantiap, Ippinted end 2001, afd @bhmlt end 226.
connect i on met hods known in the art. To enable th

The negdle @R forthericompaises anpereningsiido @@coglm@féﬁw thedeasing PPd of the

w50 LT, R A2 Gy T Pt

thoughC\Olgibh Itlibelﬁadmg) end ofmbe rsumrlnghﬁ:hﬁﬁal BBﬂlreﬂd(ﬂlﬂ@ mkbetéé passed through
rive notc ot ches 23 e |l oca

for ataghinget PyhopHols 72011 (oa U sBREaAcede 21 heHee: 249 cgmprises an
openmg?l%b P ﬁ{eefggﬁ gf %%ghﬁcﬁ%aﬁ%ﬁé aﬁg%ugd e% Al8ewith 9&&%@& t§ %ecﬂée)lle 220,

the nee proxi mal | e ‘i nner hotch
located::itchheblum)ertdﬁ%s Hﬁrempepmgmédcaﬂrht pauionddhenyoviese alnog ¢lie arc or

e n TG 3o L T S G  Foe AGDE M v i

materidl¥f tlﬂgy@ﬁ‘% RAn&lirte8 Gitb e SpenimperId MdRedkiMa BiPmedtanically
prevented. The positive engagenment of the needl e outer

crlmpln@ocmhaeabrmgmmgnotbedemym infthe A $oenable Qled@@dbe?% to

pencef G DB R0 O G P4 s e SRR 20

degree§ tPSRUYBOY HEpre Itﬁeqleeawlzzo lc@m;aﬁ&s&wga;gm@maﬁotdmmz along
not ches 232 of the needle 220. The drive notches 232

the facq ( Wrive gatrdas Dy Thpaotshod 232 35e iapgtedrdinepidy appaste fpeasamitigh A
.. 7 n r a

it 2% SABAE ATGPRI AR08 OTBRIE RO

proxintall§ e khe iaAetSionch 23ecloeedd the R4 p] poipedehd aR4 The Outﬂﬂdotch 234
advance through tissye. [000130] FIGS. ﬁ 8nd 35 s

engageﬁaﬁflffsalb%ntrmata FPRRE. Tk rettion of isieqdie #g0 i &rrﬁctlon opposite

to the M&X ﬁlo‘?ﬂq "hdéle Eé’ékll "]1Z ise@@&e&7+h@ 851ﬁ9@&%a%%ent of

to eac ot er using mnres can en in
the neeZlYe%tﬁﬂﬂnd%tl@3leB,mg)ﬂzpdraym O]ﬁtﬂe sutaritig/de vigeepracludesitpe néedle 220

four pulleys 178t hat e connected together by |aser
from s{faYing RK O CRLHEF HAPRESIBRBRPTS St he art . The four

pul | eys 178 produce an over-rotation, of about 190
degrees. The over-rotation leads to the wWre 175

[000129¢si grFIMhed3eshoms recloss-up vieveof tirspasy tipald? esgagiog the drive notches
ull e 8.+As. shown G. 34 E

232 of’the net %aor el;heldfg/e notﬁxe§ 8 ar&ﬁngae%%gq)f%b’ 'crnggt ip :15@ BFthe drive

mechahf3fa fTOEndRnkbRYEe Aoedle 220 to undergo a rotary movement upon actuatlon of

the drive mechanism 170, thereby causing the needle 220 to penetrate into and advance

through tissue.

[000130] FIGS. 34 and 35 show parts of the drive mechanism 170 including return
pulleys 172 and 174. Pulleys 172 and 174 are connected to each other using wires 175. As
can be seen in FIG. 27A and FIG. 27B, pulleys 172 and 174 are made up of four pulleys 178
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being in synch with one another, even under |oad. The
four pulleys 178 are rotationally in sync, i.e., one
waPiobs/Edpsss’8 Wil l follow the other pulley 178, pgegg@ss®006674
the wires 175 are configured to be pulling against one
another. The wire 175 may be attached to the pulle
that arg g@ngttad sogethice by laser whkding ercatharzgethods lgomaan e anm %he four

pulley L8 prpitedt Sref o o S te g0 st B SR ARGF Bt o the
wire 1waésegf§wﬂe7f8 thed@ &l \ire 95 of ¥REH$@ B pEltkyE QY S AQ @hown in FIG. 34
5200131 FIGS. 36 and 37 in conjunction with FIG
and FI6h 3 theie acoirevines %5 it fowspulleyn &7 resultbigds tll%ﬁ)llanulleys 178
t
being if 3gndtPy i€ bl driacr ool it R SBULE M PRty in

sync, i £@@nk pulley I?sewﬂpﬁinlonome otieA pulldiel 78abecaaselBé vﬁﬂﬁ 1378 Gre
made from stainl ess steel. Connected at

be
conﬁg&%m hepulling againstiome spethee Hheanirad L2 may pe f%cfteﬁé? ihq pulleys
178 v1e§ Qﬁol%gﬂﬁrt &@kre? 1%%{9 lz:q%i?éél 1Hﬁ’)t .3 (M sHéw?QF{deQ/fie& ggthe suture

emscansm two idler
head aﬁﬂﬂhbl}&tﬂ ewhitB4hawstht8G0 Wikds 1 736:03htmtmg ahd fopr pulmys df78 together
HWH suture . head assenbly 156 with the cable 184
for syncfronized retREMgh two i dler pull eys 180 and wr apped
around drive pulley 176. FIG 37 shows a top view of
the suture head assenbly 156 with the cable 186
[000131§inni NEGH 36wgH 37vio conjlupetiqnuivite FEG138) sho the apmedtions and

posiiy BTN 5ho B e s G100 a8 g 174

respecli®ely, MRS THE WHXhEBAnROU60{s ihhge HsundiositibRO Thd RebIEO18Land 186
to nove the needle 220 fromthe home position (shown

may be madt foem stdnlasrstest) Coonestechatdhe prexjyaaliend oh theaiwuse heasin

assemb?§i% kigé% 'Ril’lén gg})q)leﬁléc%l oli]t%r} L3 d&?{]%%‘f&n%d%%ftéﬁg gg@g l-r&ﬁhamsm 170

includinp éwb idlggailieos 1 801@11({16%(13581 8UGAdi186S FUGE3E Shcﬁd/soes&)@ viéwef the
handl e 160 npves to the closed position and th? drive

suture Bead asgembly 100 mith the Gakle 184 saappg throygh o idier pellaysd§P @nd
wrappgdzzﬁ'f)ulﬁ‘f %ﬁg@gﬁ ggs'c TG, ?ﬁ glé&gsg%fog;\g% @H %esam&@ ﬁe:{ﬂsy&ﬂbly 156

e act uat or
with thereab]E 086 tranrdng theoughetwoaidttr pul@B 1i80rand Wdapﬂwmn@hldt tkeurn pulley

4. T 0SSl o et e B an o

very pl‘beHi?él%ﬁé loPthelARALSlE" MHRAbIRT0 AftYe Rk ﬁe@&le@@b@forﬁ /b home
When the handle 160 cl oses nore, the actuator arm 202

posmom(shmm inH G 86lasd 3Mhtera totasionrriagijion cofnes frenharetima spEag 240

is rel front ul.ley 178 i ch n fah |
tatis oG 5 P irab g Sec RO IRE I R 00 AR FICA. et the
trlggerﬁﬁ"’i‘l@zI 8and 01 600s bh\Re R E 0§aS tHeiARdle TBO nidel tdthe RIdsBE pddfion and
pul | s cable 184, returning the pulleys to their

the drixg pyHayrig6serss cowrerclagkwiseediiving tep rasele20utdhe sams tog, the
cable 1t8% llvgéj %12 dét%%n éec g;ﬁ%%%uhg?cl&g&aged r(! ¥fes B t&c'?ua?%r arm 202 to

nee conpressi on-rel ease cycle re
drive thd\geedRelOefoRR4tdtthrouk theatissug OBhd needle 220! 1§dhﬂ@1 ﬁ'lhﬁlgh a c1rcular

motlont Elllrgggh a cycle, and the cable 184 is compressing the return spring 240 on the other
end. When the handle 160 closes more, the actuator arm 202 drives the needle. When the
trigger of the handle 160 is released, the front pulley 178, which is now fully charged with
the return spring 240, will return the needle 220 to the home position. The return spring 240
pulls cable 184, returning the pulleys to their starting positions, and returning the actuator

arm 202 to a position to engage the second drive notch of needle 220. A second
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of handle 160 takes no power. [000132] FIG 38 shows a
side el evational view of the suturing device 150. The

wa R £560 i ncl udes a nunber of internal partgue0s/006674
cabl e connector 182 has a hole and a shoul der. The

shoul der 'ri des against the end of the return spring
compr&4idn-raledset dyeletretuenythe nieettis 220 toothe homg positionh &etairigethe trigger

84. The return spring 240 is conpressed and the cabl e
thmﬂﬁgj69§3§6pagpg@70r | ocked to the connector 182, so

that the cable 184 provides a preload onto the return
spring 240. -The cable 184 runs fromthe connector 182

[00013al1r ou glFiG 138 shews psidssl¢viagional (view ef thgshtusipg 2lgyice d 9.olhhandle

160 1n%8 on A egHgar rlg;%m%ﬁé caé#:r OH ?ﬁt(l)rl‘@gsn%g rhgg 2anfd a shaulder

The shbﬂdéh@dé%’rdghﬁ@isﬂﬁé ERY ofLih@ rethiesping! 220186l the heRPredleandpening
the very proximal end of the handle 160 and |ies under

for thegabled $4 24 be resymrsppine 249 ipepmpressed andh thetrablel I$daseddered or
ook by, 2,94 By S AGRIBS AR bl L b hng

240. 1113 4able Q89 1:(131&] fr(Wi el ¢dnaedtantid Ethidifghi the tet@nspehg 840 owmpulley
the o en pos the cl osed pasition t

244, ponighi1GE Blopediet PHTRIGH e BRI aelRogiom . BEpiges fhedder
pulleyJ B arfShidedqo rt}?eed}k\feﬁlg?' 'WB ©§he kiblé li‘?% peedhécd?d tﬁéj:’iérg

across sonet hin npenet r ab t he handl e
proximal £nd of thp hamdle ﬂl@O amrUhd:d’umdaspmllayoMlSdO‘&@qiullt:Yl 242, ithronplethe

ctonga 10 L Ao oL M 87 R, 160c) D oo

ﬁxedtgt}@rlgﬁlmb{ﬂ@eyrmurn spring 240 has shortened in |ength.
When the handle 160 is rel eased, the return spring 240

uIIs the cable 184 and brlngs the needl e 220 back to

oors5J, PR e B AP P PO 5 s,

posxtlthﬁednébﬂleIm i§ afivén thdughAht bisquel R\ i HBda tabﬁIéLfeé‘lasthd hedle
suturing device 150 that |ncludes the cables 184 and
220 mawgs. Hribe nerdlp220 wiyps agrpss sompething dhat 7sinapeaRtratgtthe handle 160 will

sop it b 4 BRSPSt U6 EnAE P o
160 is ﬁ%clb&cbﬁdsﬂﬁiﬁ@&etr@tutﬂﬁ@rﬁgt%ﬂﬁamIdnelychhigk ﬁmdemhespring 240 has
cable 186 attaches to the v? oXi ma

t
shortenedin lengis oWhen the handle; 169 1519 %53 rthmetwatsmlﬂg 26‘? P\qlgs thg gable
184 anfl %ﬁnﬁ? th%“:htee&l@ 2?0 el foecﬁe ABE 295151@1& &nd Rsb BAhgd A6 hhdI¥ 180 back

Spri perfornms as desired by the user. The return
to the mmlmgltlzdo Thhoathoh spaing 240 $>lmh¢lesam)adlon tife qablsl I84d A toop is

ke sure. that th han 160
formed g HehBu b AREHE eV G | 1L AEERGRELIpe EP0ha it Ay LA the
pulley§ hﬁz nesdhe 1'26’-%&1%56&%1'3%& 1§’§’t$dché@9t ode%@l@ ftle rét¥@n spring 240,

'es 184 and 186 extend through the el ongated barrel

at the (ﬁBe.'r eaddo dherdrivstpulley 176. The cable 186 is attached to the return pulley 174
and then cable 186 attaches to the very proximal end of the handle 160, thus forming a loop.
The return spring 240 can be set to a desired spring-rate so that the return spring 240
performs as desired by the user. The return spring 240 should have a small amount of

preload to make sure that the handle 160 opens all the way, which provides that the driving

mechanism 170 would return the needle 220 to the home position.

[000134]) The cables 184 and 186 extend through the elongated barrel 154 and connect
to the drive mechanism 170 in the suture head assembly 156. The long length of the cables
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to the drive nmechanism 170 in the suture head assenbly
156. The long length of the cabl es1l84 and 186 provides

woRegl7sssanount of a spring buffer. If the sutpgdhgoos0o6s74
devi ce 150 were to becone bound or sonething | ocked up

at the suture head assenbly 156 this woul d not
184 andy 186greyides 3 smalhamgyrtof agpiing buter df phgl sutusingrdeaicg d @ vere to

becom%%%rlé&) f qultngef d;n@ﬁ (élbeat &l%%iut‘%? g%@ﬁblﬁﬁé6 I‘:l‘lgﬁ? gfo%@d not

translawl ]Ifeh/eSuskﬁ Oorﬁmle@hkb pull wiethelandlell66 30 1Bde tiechahBle 180gethe cables
in the erical portign 158. As sho in F| G,
184 ar@4186twl@ fisctrhpad slwld woidreaky Hispwandlep ﬁgoowhlf{a ﬁrwe the
f n
cablesd! 8{1%}1@? 186 P.Feél;/)gﬁgdi th gpl%%%aﬂ o&ﬁﬁ&ﬁje%/ zix% Vgggl F;l('i 184, the two

idler pﬂﬁéys I[&D(Hﬂ)jaaz&]to Bk Gne 88 tayhalithe athealhueﬁnmara/]ecaindb oda plen¢ with

syt ur seml The actuator arm 102
elther(’?ﬂ%ﬁ Sigggﬁﬁﬁh)l%(g?aﬁp%ﬁ're head assenbly 56
'S replaced by a tendon or band filanment 302 (FIG

39). The cables 84 and 86, and drive rods 140 and 142
[000135}1 G BIG. é@mhbwsmpltamedenmﬂlmnmacﬂumrh headapsemblyagd56. The

fore th,.co eas
acruatgy ity BT, 4] 4 STRRERT R pSd RSB gl Feplaceg by o
tendorP& Band rﬂlé&ﬁeﬂt@@z((Fm; 39)0VPh): caﬁ@ﬂ&taﬂiﬁ w 268 1dsive Wedseldtoaind 142
atensile mterial that pernits | ateral elastic

(FIG. 18]> eadl b zreptayecbbr aprpetpatar thabeas m?m forg andoafh Wit soBIPrEssipn and
eeas e Bl SEERS a0 TEIGL3 8! BB PP B4 g oo

shown@, dnldexh bk eohstrudeded apetsylemiatérial }ﬁhﬁﬁmtﬂm&al akastit @hx1b111ty but
density pol yet hyl ene or pol ypropyl ene. ? drlvg
minimahlengiidipgl £OBPTESONi th sawB a8 sagletnether mstal@llpppwit shilfg-like

qualltlg gg%trﬁgmpy eflRJB/ s fich 5@ﬁ1’1’°ﬁk(ﬁl§®qr a Mkl ﬁﬁﬂex‘l&ﬁgd!ﬁﬁexaor plastic

I'ci ent ricious materral to mnim ze
such af hightdeasityopolyétbylene er polgiprapylenovEneddveofodtdas bd ﬁnmed within a

I M e O R AR
lubriciloﬁfﬁaférﬁpﬁ) HBliideahe fridiol oR$heSfotd RN Rblerd&id Il drive rod.
It ke. The drive rod can be connected on its distal end

For exampteh thet psshgaway nfambamcte fson obylcam;z amatlag;pfea flaaiepolymer or

otver 01l s BB A YEEYEL P BBt boppeccd on
its dis@PERES th®fehdon @pﬁﬂaﬁﬁ:ht T@Eb)‘B b.lﬁ}llitﬁtaBEaﬂeasﬁS $ﬁ61m|d§hg35(ﬁr example, the
be attached rigidly to the elongated barrel 54.

use of A seremh attiolteadhesivhel wald jpmt iehingaiosng 3, Smpdogkaspnpection).
attached noveably to the el ongated barrel 54 by an
articulating joint as shown in FIG 2A and FIGS.

[0001326] 23. Thesutereival assetrby pscdedntal atwoledafigitilyeto shet elo&gated barrel

ad asserrbly 356 éFIG @9% an be nodi L
>4 Abémﬂ“éﬂlw QPR eal S A F R trea?rﬁ%eéwﬂg% Bejo thengated
barrel ggrbg'aﬂrﬁré&flétﬁ{ggfom%@ sholt i?xtFIQ}"‘QAp@x{anfGS 20-23. For elxample the

riorinferi noti on the suture head assenb
prox1rﬁkﬂ@nd/|0f thersasipe bead ass¢erhbly 56 (HEG e3P)lvan be m@lifiedre form a partially

spherlg%fplgéy({ngsthﬂﬁgh{ogs%}}grgﬁﬁ: S(r)]l{tl??g 5§f§?‘ g?:iﬁi gauvﬁl <|:ar}1 p':eln%%' superior-

inferior motion of the suture head assembly 356 with respect to the elongated barrel 54. An

articulation rod 68 can be used as shown in FIGS. 20-23 to push and pull the suture head
assembly 356 through an arc within the limits of the articulation. Those skilled in the art

will recognize there are many possible means of connecting an embodiment exemplified by
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assenbly 356 through an arc within the limts of the
articulation. Those skilled in the art will recognize
wd 188/84785¢ Many possibl e means of connecting &tT/us2008/006674
enbodi nent exenplified bythe suture head assenbly 356
to a handl e and actuating nechanismto achi eve the
the sutpuesteag abdembdy B Htood hartide arehattrating nidchamemtto 3¢tdeve the push-pull

. [000137], As own Lp,FIG 39A, in this enbodi nent the
“m“°£ﬂ€§F§“h8ﬁ8rg@@%ﬁ%b§2356 is comprised of two mating
conmponents 356A and 356B. A needle track 332 is

| ocated in the needl e track conponent 356B. A drive
[00013Hack AschowhdndIGi 39Aowdhis¢mbedirpent dhe spgure hgadassembly 356 is

comprgﬁggg ent r?g? 'é\orplg)(ten S%n%é}‘ne%% n‘rél&h? %%ﬁflstlgéa?ed in the

needlehfrRY c@ﬁfp@fﬁi‘it}%S@EG A drive frdvk (dosshalvng l’sdo&ftecﬁm&hé dflee ik
and re-enters the device_at the proximl end

compoals@triiéﬁeneﬁs) themeedle Hiaek 33% Inthis qﬂﬁwélmiﬂsstih? |S@}ﬁrmg reedle 220
j)_-’%eﬁ‘i t
exits t}?e! %ﬁ@lﬁr ﬁ@%isé@mg si \ u(]g? él?(%s)trag%r %ﬁaﬁ&%%%e&(ﬁ& Ldhltérs the
devicest thﬂ}ﬁokmaﬂi end sPaektyr3SE8. tTimnefoi’ee irpis 'hbmd' msiiod2the (bt end
226 ofdgﬁﬁwn @gg [q%%qgsﬁs aclgeg@utlé@\l%aéegya%é@g é]aex a%@, niﬂr? arogimally in the
suture ?H&dléﬁfﬁlﬁ%% S%Stﬁﬁf'i‘% onr&l ERY28nBY Sowdgd wi th a
'exib r oxi mal gnent 354 and i1 nclude a steering
mechani sm for controlling curvature of the shaft. The

oo B S AT e B A BT oot v

a sutufe'ead ﬁﬁb&&xb@%%a)%@ Bfovidddthviel £ 1BkiBRAroRinad k&@ShdnM 54 and
wires 371 may be used to control novenent of device

mclude@@tee@t@meph@lmy”orw@nmhmg@pr\@alraeﬁthedha@ Yheystequng wechanism

may a(%ﬁ?/ve S?;?Irlglg i grrg); gu?{ Qxﬁ{y %‘&1&3 ggsw%/ﬂg[‘}qlé&z#ﬁ)g gx%ﬁlt%si\% four

or any@ﬁhe?ls@l&blé-nlﬁﬁberaﬂ s&@hﬂ@h@fes 37Bniay belused o contrdbgholeent of
activating the suturing head. As will be appreciated

deviceppOr féarsing mayda qontralledaccardingly hy VeI Siesmng coptrel rgechamsm

2 P T S B S rr

1-38, dmercaiarr 3A78ds alecm dmw&wform;tmanng ﬂxéesuamngllmm@ aAedvill be appreciated

t hat .can sl ofe and. a t hi
by thoye Gk  thr artaile GROOABAIS éﬁmlyi%@ey Silaglyrberry ifig jo
includ€ h PRRibREGA1P (%Y, 13/2BE dedie@! udi ng for exanple, round,
oval, square, Or réctangular. In a preferred
enbodlnent it isrelatively flat, forn1ng a band,

oo 5N T P e U i s

memb&URS dafsHANfoRé b afd REthO4 tr§d:l€jﬁ1 the s&hﬁiGHe;ad hisehibly 356. It can have
preferably constructed of material that is m ninal

any cressrigetéansl sha@e laclluémgrfgr exsmpleygonnsh gvalugiuasg, or rectanguyar- Ina
preferrle{i %msbn}i l?tlgs%‘lﬁ PG, I%‘T’mgglb]@n }\i\lﬁlip ié# fg@?e nag%%%i osf

n one e er |
limitingQhé ﬂé)dbilﬁyd oh@ﬁ t&idohi3OR em bné R all dmphgee(d ¢. esuperior-inferior and

not side-to-side). It is preferably constructed of material that is minimally cofnpressible,

allowing for the longitudinal transmission of a pushing as well as a pulling force. In one
embodiment, the material from which a tendon is constructed has sufficient tensile properties
to exert a spring-like force that opposes lateral flexion. Examples of material with such
properties can include, for example, shape memory alloys such as NITINOL®, steel or other

metal alloys with spring-like qualities, or a flexible hardened polymer or plastic such as high
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to exert a spring-like force that opposes |atera
flexion. Exanples of material with such properties can

wd fed/dsss for exanpl e, shape nmenory alloys SUGH13§s2008/006674
NI TINCL(r), steel or other metal alloys with

spring-like qualities, or a flexible hardened pol yner
den81t)opolp€th$k6nc ospaipmpylenghbieothert gmipalimentsyspeing-like properties on

e B2 DB P SERSHETF et PRl gpon's

urged bph sﬁﬁﬁ?g'%'cﬁed Wit theb@hrR! hed® YRRy 936 thaceeed dTBrck Against the
urged by a spring |ocated with the suture head

externalsydiatd of tBeeendhat exerts a force agai nst the external

oo . 255 S5 H 2R S9N R Ay B o

drive tiddR c@fd{p\vﬁﬁeﬁt 336K of ARG he@biReiblyl 356. SHeWiive @k 333 is
assenb 356. The drive track 333 is substanti all

substantialky sgtmgh@ Hail it reachesdbdistal pertign of the sydire head %?Fem%lé{ 356, which
at thls ﬁfgg &%b?ggﬁte?i?ﬁg% X%e%glr@% a ré;. éggﬁg l/ﬁ%’gm 8o 'dH‘i/e {rﬁck 333 in one

['ocation the
embodithémealitidecintB@Berigaganentardok 63 demt] disenpalmenntrackadss, Wthh each

NG o0  D N
FIG. ﬁ‘i%ﬁb‘ﬁ 363 AEAS t§ ebitotA %o HeaHhse dfe e g%ﬂl@m“addrﬁlfeln gement

tendon 302 flexes to conformto the shape of
tracks 83wy ageddt FEGt Iihown gggespectivet view ko t@&ﬂstakﬂb)@é gnd Ef @ndon 302,

o i s SRS VAt St PRl chh BB S s and
a pawlgg& osﬁl Smaeglgna_@rﬁal zii’b'%: o;ﬁﬁ? giwl%sdEZF88§]Eﬂl¥i t%%'g&@'()glgg;duce the

frictiorBh 8¢sistante pawloveinpnt3garE: tip dfiteadeh 0% within engagement and

aeneh G TTREE 10 ST 0 0SS5 b 20m

and 308BQEE als6 pbéstlal inslnai stoﬁﬁxilﬁﬁlepﬁwvaﬂmﬁbﬂe)a 130@Aglaet other
308B are al so possible, includin for exanp] e,

more compllex shapep. Maseaver.dhe aaw kodygian glsede q%ﬁtgl%m aes@ﬁer bearing,
furthersxjgal? qﬁ%ﬁ?@i‘gﬁﬁ gglstafn%etoq orp Qﬁl&/aﬁ: tl%h%?ﬂget ndon 302. FIG. 42A

ear i ng, ducl rig
shows ﬂlbWCthe paval tip 868B bagages 4 arailing noawhe23@Bdordéddimphaotoln 232A on needle

nd 302. FIG 42A sho .t he [
220 to aflgughe icaden 407 1orAgivABLaLhe USE 20 MIShiR I aibrR, EIGA 2R shows
the ne&ﬁ@g? 4 n%%&attl&l 2 WAYénihe dh@@g@t@hé’s% 2%%1@%@@%e {&¥ted on the side

nee hinits track . FIG 42B shows the
of the nexdtd 2202 26d the antiabtitd notch 23d prcated orethgrouter ciroumfasence of the

A a ocat ed he s f th
needleZ30. ALpoinand a2y PIGtR e HORSHoDS Jor Be P a1 fldhe needle
220, mw&ﬁﬁre%atwﬂfz% eseachEd io18e BRREER] 2200f fteBRIZ2OEd end
4 pierces the target tissue during forward rotation

of t he needl e 220 and suture material 246 is attached

t he, bl unt 6 16 l,e [ Lfpe
o, i A Sed S O,
perpend&Julke Netideny @ﬁll Q&Ml agd P01 25h2dSt whith (RS pBiv] ﬁgaOSB tan engage

whi ch the ? tip 308B can engage
and move the needle forward in 1ts track 332; whereas the angled trailing walls 232A2 and
232B2 allow the pawl tip 308B to slide smoothly into position in the notches 232 and 233 as
it advances within the engagement track 334. The leading walls 232A1 and 232B1 of
notches 232A and 232B can also be inclined away from the pointed end of the needle, the
angle of inclination being in the range of about 91 degrees to about 160 degrees with respect

to the surface of the needle. The trailing walls 232A2 and 23B2 of notches 232A and 232B
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and nove the needle forward in its track 332; whereas
the angled trailing walls 232A2 and 232B2 al |l ow t he
woPok147s8 308B to slide snoothly into positionpdiuddoioosers
not ches 232 and 233 as it advances within the
engagenment track 334. The leading walls 232A and
can alsp3eanclisfed aotay Heun gepwinted cpBoBthe anedi¢.dhe arelé atinchnation being in

d f th h I
e rrE D (o BBRl i el PSP o SRR R R et
about 160 degrees with respect to the surface of the

dle. The trailing walls 232A2 and 23B2 of notche
[00014_23 2A ahlernatimdniihe fraibingevalld2BRef teapling tatelh? 3k can also be made

v 0 80 L 5 A0, £ BELERED g v

232BIdeditkesailing Mall2328Ct atge chbeststoraeaemodate ke preeldipe308B. This
embodimegtialalys AR 57 98 1 Kvates hesecilsdg0 SalpueiRRe Fa Pydon 302
distall%eorr %&%’t{?ﬁh@e{dlé ck%v\(gﬁyf Iﬁ@gﬁo‘f}‘an of g@? k)g(?xln:ﬂhg? \Avxgexg &R pawl
tip 30&33&&'&@1@(19& thfntmmghg hotch @3 2Rndtasergedrecquethhis bagk @@8MHe needle
from (LS D28 SEPA SR SRl BB Hel BIET s SR

penetrdtith Jﬁﬁgh@ed@QMF %e@Yep%gitllohﬁlg JffiR: AeRBKAR tﬁg?e is desired for

proxi mal Iy when the paw 8B i s engaged in the
other reasanis i Hgderchese CBGQIBStafN:ﬁs, @Qﬂ@@lmg walh23 3k of lsading (BIQtCh 232A1s

et ST TR bR B A BB st

would %B@ddl@‘&é:@&l oFfthd RRARGRE B 220, BYaddhtion, tepe&ihd @ail 2g3A1 can
the needle in tissue is desired for other reasons.

have a@hd@fer@dw@rs@uededcmqrm ehegunetinn wish Hersyrfarg of nesdlg 228to facilitate

backmtg%ﬁ‘e n&%let ({g %? tlgs%%A F‘o? g'fy %rrgapslo}{% i ax@irllg%zﬁ? nﬁf@ﬁ}ﬁﬁl 'c@Thave a

he” poin I'h~or 0 avol
leading Wall ¢lidt d@ed hdttangleldvihyi iR dee padited Sﬂdl 224 of the needldR20, and it can

have aiBAmARLOLT oSG eel 3 kﬁéjﬁﬂﬁwgsﬁﬁfh%gwfgfem?% eidls 72 The
trallm%p 5‘%% {rgﬂl%g fn%{chrf’@@l or tlﬁ;%oﬁéﬁicltédt Witk aQﬁ&lﬁﬁéﬂ&i or

out t1ssue. e sane reasons
roundegindoirner 0d ftciitatetfotw23 mwamehboftha néelicihnapghetissug. hat
does not angle away fromthe pointed end 224 of the
needl e 220, and it can have a chanfered or rounded

[00014’53Ir nerA?Eth?r?ld Fmt430[h Phd EmbdiBmett fiRGACRT3S Apviaaadioe
The trailing wall 232B2 of trailing notch 232B

engagaraent &aelo 3 beanxbdisenrgagersentitiack 335 c Eagdgsmsdt wacks Hidrig edjacent to

s GSHS BB S S TRUAR P05 AR e

outsid€ B fERALe of Lfbabbmeit tFeR 391V PRBbodIt i @3 BIGANEIG. 43) and
track 334 and |sengagement track 335. Engagenent

336B (Rl #4pepatate entipgement trask 3t fiomydisengageraentiifack 3 heexcept for a
e o
335. (Pestshdatlin EIGMBZBBé\b@EIdEpaWBbo@@l%BEA 6 éthedfrmed or
attachgig%%é{bgé%{:gc? %(gpg? the c{rﬂ/%ktra%g Asfldfe r3% qudolf gstuggﬂea%eassembl? %%6 The
base of pawl body guide 336B is either formed or attached along the inside wall of the needle
track side 356B of suture head assembly 356. The pawl body guides 336A and 336B
terminate short of the ends of the tracks 334 and 335, both at their proximal and distal ends,
at proximal chamber 380 and distal chamber 390. This allows engagement track 334 to be in

full communication with disengagement track 335 at both the proximal chamber 380 and the
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gap between the pawl body gui des 336A and 336B running
the length of the tracks 334 and 335. (best shown in

wocio%/lﬁ%) The base of pawl body guide 336A i @i ENBIs006674
formed or attached along the inside wall of the drive

track side 356A of suture head assenbly 356. The base
distal d{anwav\w(b@ﬁjtjne traclde B3den B2 giovheenly ovithenl crgagemeridtas 334,

t e trac .Si de 356B of
whero At Eod S8 U 3 MAERREER b 5395 0 RR8R Flt 334
when @}Mn% A& B10TaR@bRvE W aisefagtMentadr 305 v&H&ﬁ réthﬂﬁﬂfétd?ﬁémmal
and 335, both at their proxi mal and di stal ends,

chambgr 33Q. nét the mm@al SRIB O3 the ensaempriand :dlsgggagerrwnstracks 334 and

al |
335 G g HEp BRARE SRy 0L dne el ol ndop 393 ting flovedin
a dowiwardidirettiaheaibarthS Bawp3eR ﬁohﬁdwatpanlnto:ma et maBéhdadf engggement
tracks, Tendon 302 noves qQnly within e epent track
track 3344 Astheteaden movesidistally in e epgagemant raskioH. Sepeage the trailing

notch PH ?1319%%@ Hof‘crg ¥82 ATf %@&gg 9. %oxtlfrlg% r%géie‘ﬁﬁg 'f%r@&v%d’ {d'8s track

need move in di sengagenent track
332. Whénitheipayl 808 machdsrthe distahabdof th8@raclAB34 athpdisial tbdmeard90, the

. AT A R g S B R R
down&dgea ¢6rcE BN BRI 3b§ nggp pé&?s@semgs bR &itto ik dstdpaMaver d

rection causes the pawl 308 to nove up into the
disengpgaméntriracle B3H. oThéedlgtabeldaGﬁtelldcmﬂommwASS a harqwatdsggment 302A,

RN AT TN T R S

pulled g@&dinﬁuy? %écadgemmﬁmr ReRsforP@hé alsvesd bftehdén 30P¢lKars the
When t he (Eavvl 308 reaches the distal end of the

pawl bodp gkidesA3GA an @QB sThe n@n@m&m@%mqw tendea 3238 Lull gvidth,

contlnPeesﬁta grﬁw%,lga PN n%%u%p mien r 9&13' V\E hgﬂqn &)Dd%e %2 rtlkeﬂ;%awl"r{&ﬁ? g?l des

336A 3IB36B1e pawl 308 drops dovvn into the distal end of
di sengagenent track 335. The distal end of tendon 302
conprises a narrowed segnent 302A, all ow ng thi S

hst al
on 42 GRS 4 e 18, . CLSRNAUSERE s o
drive ttdek srthISGWBB nthtedetoshoneedie trindk sildes3#IB. €Rok rt@dk&nﬂb 333 @2formed
o 0 S L 200 B 0555304 00 $308. 0 0. 101

embod‘fﬂ‘l@ﬁt' BY&3nd 8 &ﬁﬁ’g’ 857, n&&a%gm%l L PSHapdatre 3181 RGvhere the
In pl ace by thé pawl body gui des 336A and 336B

pomte@ eammqﬁ rFeIedle ?429 exftotles deviasp Aobirst pp@nng/éS&ul@qwtadrattthféprommal

end of B 2051 e RGP B TR dct e astie 2R E wBkaTe Rl Rad

assemﬁ?%SB%ﬂEgﬁéﬁ%ﬂa@ﬂg thb @argbit tsdstke FIG fﬁ@?slﬁ)fwstahﬁnﬁ@ﬁ/dbp perspective

track si 356B of the suture head assenbly In

view of nutyreehﬁad@mmhly 336,90 pdvich p senfind tragky 333, éb%.rr@anml chpmber 380,
and th%ﬂ% a? haﬁnéntgea ;%50 %ggcr Eéé)‘(éntecg?%ﬁ ay. h?hé"ﬁﬂlej)g%lk%?é%tg 'sggneig c‘?&g-sectlon
within35é3prob<ﬁﬁzﬂteﬁd ofitngdgempnixacied34, adjacent to the cross- sectlon of needle 220
at trailing notch 232B. Pawl tip 308B is engaged in trailing notch 232B of needle 220. The
pawl 308 is held within the track by pawl body guides 336 A and 336B. The narrow segment
302A of tendon 302 can pass through the gap between pawl body guides 336A and 336B.
Thus while the main portion of tendon 302 remains within engagement track 334, the pawl

308 and narrow segment 302A of tendon 302 can travel either in engagement track 334 or

engagement track 335. A thrust collar 360, shown in FIG. 46A (and in isolation in FIG.
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end of aperture 318, is where the pointed end 224 of
needl e 220 re-enters the suture head assenbly 356

wodobgisRENetrating the target tissue. FIG 46@@%0%06674
cutaway top perspective view of suture head assenbly

356, in which the roof of track 333, the proxinal
46B) sohpsnber esmitsidnof needled26tinto sohuerbead BsONbIx 366 e boldagedle 220

wirind{ s R3S, BOBSEIE S50et e BTG o,

can betdﬁé‘d GIIRSIS caehbh B aichBE 85l Gardadledoldek aiseBly 9@t Altartridge 88
32B. Pawl tip 308B is engaged 1n trailing notch 232B

can pr@\fldqn epafaten@mom mﬁ@q@awltb(d& added safatyvifranpidinghiaadyesigpt puncture

awl  bhod 36 A and 336B. The narrow segnent
ﬁomhg%%lﬁ‘go%n?é’ﬁ)&(eon g@%g h pass through the gap between
paV\A body gui des 336A and 336B. Thus while the nmain

&} ion of tendon 302 renmains within e?ﬁ%agerrent track
[00014534, t AdupihenenBamemsat efufusgheadpsemblygpA 19 shavahiadHG. 47. An

antl-ro'lgaqg a&ﬁ{r%e {%?%wrsirgg@ﬁugﬁ ﬁg%?@g%%géfeg%’ cfég'sﬁlg\%% hlez}]d assembly

356 caﬁleﬁgagb&ﬁnc(tdndn the dlmlca_t:umferéﬂCeEif(ﬁeécﬂB)22@ e vent dackvierd
AT A NN T A
contacg th€ Elﬂ‘?&de\b?l 1@2?@5&5% SRrtuRS3 SN N k8 it diRengdycAeft track

B, can e use can then be attached to a
335 socaamit tooﬁgeerfeod weth nessmebt of 8O distal end of tedden 3B awlpawl 308. Ina

preter ) Al PR R RS A0 Rt S L et or
needle29POSRUEREEH S &&Quy bR lﬂéﬂxeealéturchﬁwen%agﬁi;@@ %ﬂfe a@ffi-rotate

suture head assenbly 356 is shown in FI .
spring 346 iontyowhenethe pointesl Quisfnsedler20 is Wihingh¢ eenfings pf gyture head
anchored inside suture head assenbly 356 can

assem@?@ég'e a notch on the outer circunference of needle
220 to prevent backward migration of needle 220 in its
track 332. As shown in FIG 44, the anti-rotate_s

[000146} 5 coﬁﬂ&é@léloﬂﬂefe%ﬁefta@@a’bpavhle@élt@ epgageithe Bofgh 23 or 232B of

needle%@ %HOQV‘I‘I?’% @l @i ﬂgtosﬁ)trlq 3@%3%{69«%?5?@& d)tn 120 0 (5 %5) é ituated

erfere W t tal end
w1th1ntpid$bdﬁial Jtntwen A8 afithe Be tdank sidp386Arof sdtumlhmdlanmuhly 356. The

he anti-rqtate notch .234 is | ocat t he out
flat spring 34haisee N Po0H 3§%@&41@St2wld%ﬂﬁne§§f€f%%. tashggeed Spa} tp 308B
with eﬁ‘lllé? e ﬁ;ﬁﬁng 86che398 of ?éé%ﬁlgerﬂ)@mt TR for&€exerted by fﬂat spring

anti-rotate spring 346 onl’y when the pointed end
348 is netestintialP Ovepkerwhanhthe spieg fooce ¢xeasd by tmdawnevardlydflexed tendon

s, SRR e SO e AT e B B
proxinfed €nd 8f éﬂg&@é‘mkﬁt tﬁl’:@3347conﬁ9rfaslsﬁig B spitfe S4Bif (n%EB@‘.Mtyl Thus it is

isolation In 49) is situated V\Athlngrom
possiblehanpaewl waowngageeth@l npigh 282 Ak 2328 of 3saiie 470 g‘tﬁnuf the pawl 308

and nojEE BT 1 o0y BlALorR RS b St F90SSORT: RELs-
sectiortal PieSO&Buture head assembly 356 showing pawl 308 positioned immediately
proximal to trailing notch 232B of needle 220. FIG. 50B is a view of FIG 50A through
section B-B. Pawl tip 308B is pressed against the side of needle 220 immediately proximal
to notch 232B by compressed flat spring 348. FIG. 50C is a view of FIG. 50A through
section C-C. Flat spring 348 deflected by pawl 308, maintaining pressure of pawl tip 308B
against the side of needle 220. FIG. 51A is a cross-sectional view of suture head assembly
356 showing pawl 308 positioned within trailing notch 232B of needle 220. FIG. 51Bis a
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with either the trailing notch 232B or |eadi ng notch
232A. The force exerted by flat spring 348 is

woHBg A84d al |y weaker than the spring force exgifgshoiooss74
the downwardly flexed tendon 302, allow ng the distal

end of tendon 302 and the pawl 308 to nove into
view op 3Gt Sbh tlau)uglln secpion B-BalAtehid pointqragd gipr3dsB it rcagagee Mth notch

R AR AN P Y
wall ofdn f’é@&ﬁ‘érﬁ tradld 38¥, eﬂlo‘v&ﬁné 1% pRtkeASanyth MPéLhe 213&1% 920 within

are not exactly adjacent to one anot her.
its needk@ track B32.s F&Gt SHhad a vieewofFHIG @tlértbrqvehdqume@ﬁﬂ yF lawrlng 348

is now, 1{1 glr?lla%eép aczvj\sllft&o[%los %g’»g#ﬁﬁg@% gmgtg%teg g&n %{%&( bgﬁ% o%needle 220.
Once té phWIB (N0l ey Aistally $ein eigaferfent avk 384, pha€8iBines of the track wall
pressed agai nst the side of needl e 220 imedi ately

itself ksmmermwlm 398 Bemeaszpviy nelehgsr83B«t 28RA¢ spring 348.
FIG 50Cis a view of FIG 50A through section CC.
Flat spring 348 defl ected by pawl 308, naintaining

[000141%] eSSUFEG®f52pa89 atel sﬁctﬁﬁﬁBvﬂg@ itietigh the laiglle obfutmeddthe assembly
220.. FIG 51Ais a cro ecti onal V|ewof sut

356 shqwangre progeessinafiatg W AFSUpEs eV gReY (twq H\lqil-pulpcyc?es) that
causestr{eén:g%: éﬁ@ é(p gﬁ&éﬁ;@%ﬁo B¢ ﬁﬁ!ltﬁ)nzvgft)hm FsGack 38 ) p%n@ffétﬁi@ the target

t Ilon B-B this poi nt
tissue ini the H@8Btrolse mga@m cw:leh ImBIGhS2 :ﬂEBpaWI 3@6351 SlmaMt the proximal

end of SReAghaLITAK T 281 BEgata ‘DA EHER QIR "R s st rotte

spring 346 ‘i’é’\édﬁﬁgéd witR (R ffeRftE heicRLBY oh ehdbitvecifditfBRAeH 6f needle
220 wthin its needle track 332. FIG 51Cis a view of

220, prevGitinglinfrohr maying se 6 révsrsedigetion. aln EI& |539ﬂ@481<10§ 303\has been

st e TSI sBSBh 8 34 0, B0 g gl len cck

334. WHYiQBe ehdslofiphl piidbd m@m@ﬁgmha\terb@ek cléaﬂad thelistal end of
confines of the track wall itself keep the paw [

tendongiBEnd pgarh 808 whaprPynwria darce autp thyy dlztahwd qfob@pg?getnhr’essack 335.
In this %K}bodﬁl%hn?r o??e%éﬂt QF ﬁée ?)’tﬁ%ﬁi&l% ih Iﬁﬁs Et‘?&&t ﬁhs%&u%@d the

he progression o
pointed eﬁfpbﬁt@dfecam tstelm klee mvﬁmpsﬁmr(g 35 ¢fisshrrphédd asyahbly)356,

h dl 360 d
traverse QRGOS L PANGCd Pa e DS BRI SFTAY i st apegine 358 of
suture Eseﬁf’ééﬁerhgl the fﬂé F36. 54, RK ? awl 3dmdfthé distaf ¥id 6¢ tehﬂ‘od:’a‘(g'L have

I's situated at e proxi mal end
droppe&ing@gherﬂrstal endokthd3Usengagtnent Ha@a}ﬁécbmgrhg fotce lof mBawardly

cefieo 100 P07 ot Bt Bovek A BT rHEpa e BFRTRIE MRS The

pawl 3@§ 68 ﬁulmy t@ﬁ&‘d&?mz RéhidH is bR Bt iproRindal lyeb4Ethe Gurgeon
direction. In 3, 'the tendon 302 has been pushed

via thecha@dkﬁl G0yori 11§02 Bauckwardgmg@a@@n of ke peedledi20vis proyanfed dydhe o

st.al end_ of e .

engasgg B e e e APERGTEE B MICH Yyuing PREPLHOYESE e
helps t@lkééla{heﬂéﬁiim)%]nételm d9PA 30 decilel2 TRatignd Svithnthp phokimpl chaghber 380,

force into the distal end of disen é;errent track 335,
where the pawl 308 can engage it. In FIG. 56, the pawl 308 has reached the end of the pull
stroke at the proximal end of disengagement track 335. At this point the tendon 302 is
significantly deflected downward, generating a spring force to drive pawl 308 upward into
the proximal end of engagement track 334, after it has cleared the pawl body guide 336A and
336B. In FIG. 57, the pawl 308 has been driven by spring force into engagement with the

leading notch 232A of needle 220. The push stroke of the second suturing cycle involves
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In this enbodi nent, novenent of needle 220 by pawl 308

in this stroke has caused the pointed end of needle
wolRes/ifsexit the second opening 357 of suture geaagk2008/006674

assenmbly 356, traverse the aperture 318, penetrated

the target tissue, and re-entered the first opening

pushing 5% whdasulQR dstbpcirassethelpawd 568 andpdined esd 224 pEnessld 220

oward g ol e S ek A uish T BRisp ey PR BO8RGtectnt rack

334 in S5 V1R8V)f Thessis Shovi th FRYESS) Iveheftetfhh P6intell drddarnfIeedle 206 has
pul | stroke in the first suturlng cycle is shown in

advanqepl @alf%ay tirghagpdls tgck §3¥>e11h51(i>tﬁﬂ the myh seelkeref thpsecond
s BB OS2 TPt S5 T S50

dlsengé’é’&ndﬁ tra¢le VEbesbring fokee festg dgeupndrd déflevtion-of aindor 302. The

ng 346 agai nst the hub or blunt end 226 of need
needle 22 hagratermgd fapss hems Bt eBrdRrh GONEMEN . shencsfle 25 s

e AL B B ORGP e 20
The tra’ili)ﬁfg hatsh 2282 bédeddhe?2 2N impoditien pubd enghgaklsy petwlt%é at the

o 2 S B eE SSR A N Y B A A econd

suturin%ec'tgfgfe"%%1 b Rl tish Bf feﬂd&? ] G?pxto%lﬁiill}” %u%‘é‘th@’&ﬁvl%rgxlmally

proxi mal engagerent track 334,
within |dlsehg&gen1eetatrgd( laﬁmnpgmjngbtgjy injo) pomtlggmhg prpxg@@lg:hamber 380 to

re-engigsy e BAins Mo RR ol e 2 g B tniete R o peed 5 s

prevenfeddby zﬁhﬁmwﬁ;lﬁ s%hh% Ba6 ehgdoe heanidoatibn hd)tﬂﬂ 284 6f geedle 220.
I nvol vespushi n e tendon 302 distally, driving the

The supaing OB lamdxzm reseae éhdesired abthisRodeft e 220 toward t he

di stal end of needle track 332 (visually

i ndi sti ngui shabl e from engagenent track 334 in this
[000148] eW) . THd3k Skilled $htherart \mlFﬂe&grﬁz&. thmhhe mavhmepiodfithedisahend

3028 qfgrdenda anipan 608 530 ok SSRET S 814 £AE utonltected by
sprmg%H \Mte'dr\gltlﬁ}{ ?llleSSlRlﬂ'é hR& 5‘ss if%eﬂ dh AL Senof’cﬁ!\énga%ement track

avi ng dropped Into t gagenen
335 antlraatie e&ﬂ@fbyg@pmengtriaixrﬁé fEmrnalbeapnmmangfdr@ oF even the

of t ndon .3Q2. The need 220 has returned to i h
placermgy o TRGHES TBEERRREP Y GHCHERLE RN AT Gt % AR 308 to

be re- d?lre@t‘éﬁ nﬁt@‘t‘h@%( roRthil-eh@loRbRe pR e Rt 4 G 38 NARTIAMRME dv¥tdlRnd of
he anti-rotate notch 234 of needle 220. The trailing
dwengmammhnzﬁQEBIﬂ needl e 220 is in position to be engaged
by pawl 308 at the proximal end of engagenent track
334. As shown in FIG 60, the pull stroke of the

[000149§ CONCt KM Ulsbbe apparert toshesersilledGi terarothat t(hB dttectiiﬁh?oftravel of
proxi mally, pulling the EamA 308 pr.oxi mal

needlee?ng ean hg eavisraed Dy dexing3he herae mlﬁgm frg the traiive nB@@lsttP%iﬁd in the
sl 4 oA AL AN % b5 0RAS Ualdth it end

of engé’g%(ﬂldns tracfkemtzitehie bryrt affithie- firot satoke mf gerfirsgsuBdingeoyg beg i Fig first

t he i-rotation notch 234 of needle 2
(pull) stroke of the cycle would cause tﬂe pointed eng ?needle %5)0 to exit the first opening

358, pass through the target tissue, and re-enter the suture head assembly at the second
opening 357. Structured in this way, the disengagement track 335 would be equipped with a
spring or ramp to press the pawl 308 into the notch 232A or 232B at the distal end of the
track, and with a spring or ramp to disengage the pawl 308 from the notch 232A or 232B at
the proximal end of the track. Alternatively, the disengagement track 335 can be constructed
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The suturing cycle is ready to resune if desired at
this point. [000148] Those skilled in the art wl|l
wd 869enk%e that the novenment of the distal en%é’i@@@oéﬁ/oowm
tendon 302 and pawl 308 into and out of notches 23
and 232B can be effected by springs situated mnthln
so thattihBesswithinghdimadr cissinforencsthe engagemiontyiranki 33¢ anfl needle track

12 e DRSS bS5 s b S o AR arve

pawl 30BntB IndEAMBNIA &F230BH$hd distahénde AERSRTTHotcAB2A and 232B at the
di sengagenment tracks can cause the pawl 308 to be

proximaderd-r ect ed into the proxi mal end of engagenent track
334, and into the distal end of disengagenent track
335. [000149] It will also be apparent to those

[000150Fi | | eh dnenibtlinéit, thb&htlte”kﬁltldiﬂgﬁiﬁvio@rl 50fcah badedig®dd as a smgle
needl e 220 can be reversed havi ng the home positio

unit whlsh mayebeaither Tenspbioercdisrased, a%%rda smgl@ Mg ginang|emhedinggnt, (the

entlre évrl Ct?()gc%ﬁ beldé(sjlgﬁédsfr&@ﬁa? n?&‘? oP 8t ir%r\gﬁé}g §%,Ch unit

at th engadenent trac
may bﬁéltltdﬂ@ﬂl&hlﬁibtordfspbm aftter ssingterske of the first suturing
cycle. The first (pull) stroke of the cycle would
cause the pointed end of needle 220 to exit the first

[000155}2e ni Wh@%rxﬂ?@énéehlr%l{’ Boﬁﬁﬁu&ﬁ{ogﬁ'@mﬁé a9PRtol @RQ" grip for the

enter the suture head assenbly at the second
user thapmnluldgs 8b6dqlongGitedibartel ¢ 34 and & handled§) thah extdndsefm@faghﬂwnxlmal

ent o5 U5 TsB TR RESE Bl S5 LR Sk s

conﬁggﬂaﬁbﬁ‘lm&ﬁﬂlm%fbuf hé 1IthRgdKto, RRdgM &livadl s ddonfigitibs. A
di sengage t aw 308from%he notch 2372A or 232B at

suture heasl qssmblms 6em¢mvablyeattarsl@@skto th¢ distehend lcthg elongated barrel 154.
The sqglfrggl %a %ﬁ Q]:yhl g6ac§lr<1ta13r§s5a po%ﬁ nl? S Hh2APE ?fetcﬁgtﬁgmtlt}a of 'tﬁe device

ner circunterence

150. THeaedskihg4ndod tieeRflire htddgsserdBy. 1 591de b nebdls holder assembly 188 to
ci rcunstance, the spring-|ike property of tendon (ﬁ

which gispuringmgedie 290 grayvesidh et [siah 2 8dermne sovrsover the agedle 220.
232B at the distal end, and out of notch 232A and 232B
at the proxi mal end. [000150] In an enbodi nent, the

[000152]ti r eAs atmnat’ersgndm\gi needl2200 havinpe stHapi poiettdaad 224 ingidably

o S B 5 e A b PSR 5h F

needle®9¥ '1§@orﬂ‘1§9te8 AHR&uARHE IRAEid1T0? MrBad PYE eTheiecaRIBVARIRlly

parts where each unit "nmay be-either reusable or
remdesinsxrj‘dnsm" ammon i e tgrle 192 euch[tb&lthaa}p intthe Sltwaltlelsn@mng needle

d 1 d
S e S T
pointed 8dd 8Nlle AcEBO DL isIPMatclIh 0¥ sRIBAS eh@rly Wﬂhﬂhﬁ% totines of the

end of the el on ated barrel 154. The el ongated barrel

needletwlien gpertire Re$; the ppintedrendof imnaeledd igdherefoue. shiekded by the
needle hﬁger %sse ?}V fad! heI l')lﬂht eil% Jfhe Mggﬁgedle%6 1fi5 i88fached to the

conti gurations.
suturing material or thread 246 is located at the opposite side of the aperture 218. The sharp,

pointed end of the needle 224 is, therefore, wholly contained within the needle holder
assembly 188 and does not protrude beyond the housing of the needle holder assembly 188.
Thus, the sharp pointed end of the needle 224 is not exposed to the user.

[000153] In accordance with the presently disclosed embodiments, the needle 220 may
be releasably engaged by the needle driver 198 that is rotatably mounted within the suture
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suture head assenbly 156 is renovably attached to the
distal end of the elongated barrel 154. The suture
waaRg1Assenbly 156 contains a portion of the ddMEs2008/006674
mechani sm 170 of the device 150. The working end of
the suture head assenbly 156 has a needl e hol der
head ammbhsbl 56 sk8Bat the whedi 220 sart ba iotegechfrent| the B@0e pasition by about 360
resi Ala ch2 a ver over
degree oRy 439 CSRHAL RS AT 419 Hrg S e g ouch o fotiry
action 8f'@eReeODDd %Qus%g‘ theZB4rp poitl 22428 hilv4nes BéBSk the ndedle holder
circular track 192 of the needle hol der assenbly 188.
assembi é 8B st toespan dife apeaurcsdld. el lmamh@ bodaeiee &30 isposiioned such
need|.e 2
thar th g FSsoPaepinads e MG Ras i PSR E 1o oy

apertu28, theHeed1B 220 pBndtiatdshiBe BEsay @ég&néﬂﬁ atid s@)@n@ﬁ?@dh@s@ﬂ Between
is in alignnment with an aperture 218 in the need

them. Hotansinuedsensanyimovegent ghike spedlp 22Q ausexide agefle 229 ﬁéretum to the
rome QRSP ety S VRBP4 ittty Blhecar

220 to %e Ipﬁﬂ&ﬂm&ﬂﬁhd)ﬂlrddg@ thedshue i 24 inveard thestivhamenesidesd fakeltissue
t dl e hol Iy
incisiop AR AP AL TEUEo DS reihg PRRTIE e Fiuincibton. Thus

the sutﬁllétriﬁtkﬁg }ér% ?116 ﬁ{e lo%rtﬁégu@é@;iétﬁ of ?rfeq{e%@le 3b0%thBind tl&e tissues

posite Si aperture 2 The sharp, pointe
togethernzdit}o:ﬂ stlitble oﬁ amtﬂrml ﬁrzt«hreasl 24phaeros$ treancisionlin § neonerdimddr to

el iy YO F TS S CRPSOTe e e iPe 4Ry And then
pullecﬂsﬁcﬁﬁ@lﬁéz/p(ﬁ%d eﬂi‘ 854 b} R WrIQSPPk&Eﬁglyema%ohhg mechamsm is

need 24 is not exposed to the user. [000153]
provided atdhel traidimgemntinaltend pf deruturingahatetid su dhreah 3¢ msent the

ot B T SR DR R im0

exampfey tHe OB th ms el syn dbbbesdprehadd dr hewél@@ﬁﬂoﬁp 22kndt @rheben the
rotated fromthe honme position by about 360 degrees

suture gigtanial erdiread A464s simnly tigd or gdoyblgfstrapdeds laoged SWé}Fedlé that
attache%stg ?ﬁ@éu}ﬁg}rﬁgs% eﬁfé%ga |:11:h% g{fy}{ ﬂl%(/%xg@nt%ff tﬁmeafaeeftyﬁgvvl%%g the

uses vance acr oss
needle rhe&iél' eSshmeeI8m&emhM1sh% bga pawl 198 thaamay be opprateduryethe user

hus, when the devi ce 15Q is.pasitioned su ha
by holding the i ging 4avaes Jo0 Sughent handgn 8 Solieumaranay s wage 160,
and usgx%& st %ﬂﬁ(h&%&@'&@t‘x%t@pe” ure 218, the needle

penet rat e tissue segnents and spans the
[000154hci siDire sbmtrw@devldeelrﬁo of thopresentiy dischised ymbodigrentst Caofbe used

for o o bR S e e p L Bt b it Rictoms,
adrenal’%’éo‘i‘fl'i)L %bleﬁéct&rﬂfyex%ﬁa@ﬂﬁpﬁbés@?ﬂ@ﬁal IerhidCinBeal ierrid@epahir, ventral
led into andthrou? he tissue in an i nwar
Q

hernia mnaechuasm tmdopkcatiodelivsr lotestomys gaférqcmms ismall bagl resection,

treatm%rﬁwzrs 11 %n F sltt@?tggﬁ'l %ﬁ%&glg)%nérﬁgté&grtng' nep eic?oqggﬁh& gastrlc bypass.

Those tkille@th tfl?lé ﬁrtfv(blﬂﬂ revéeniReahatuhy ptsdlydisfiosed @ mbeditthent &M be used
to bind the tissues together with a stitch of materi al

in otheg laparpseepic PrSedWEdss the incision in a manner sinilar
to

[000155] In using the device 150 of the presently disclosed embodiments, the abdomen
is insufflated with gas to create a working space for the user. Any gas known to those skilled

in the art including, but not limited to, nitrogen or carbon dioxide, can be used. Access
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manual suturing, wherein the needle 220 i s "pushed”
fromthe blunt end 226 and then "pulled" fromthe
woPRbdiLessend 224 by the pawl 198. Preferably, @i/us2008/006674
anchoring nechanismis provided at the trailing
termnal end of the suturing material or thread 246 to
Portalmevmbhshhé using éocas iPeationsiie iseit g nachidubar surgigsil etQ@IeQure A

h t of t .S
varies gl SSEION S trohehisonanh Ten e 3D BTG R Roxabign LRy fsaes
ports/daff@ilas. T \Wer WRE itk dHUEELhS distdl naPbRIONAF sQturihpdevide 29@into a
is sinply tied, or a doubl e-stranded, |ooped suture is

cannulptnd then lasielly argcelnies élm wivrg deadesserably 56 using the aricylation

lever lggg%c::% dt ))ugtéiéstgleto e% ﬁ?ha\gde hi t’ﬁl% sﬂﬁgghﬁglrﬁ%&%ly 156 is

then posrRdedlatiye tohRe ti§§k/vl@¥sehﬂi o4 :ﬂ@ux’éﬂl &)g&tlieblrand ghaleser Rﬁks the
150 with one hand in a pistol-lik grlp around the

suture higgehgssennbly, 1 54ria plase ﬁgnaﬂhq logking éfﬁ/ér phgbhe wier thea: thraned
4
mamp%lrgtelglg Iﬁ{ Yl?/%@l;u.gl%g ggg‘lg ]é%%g)g)sﬁl%hyﬁ blifal Y)'fg é;l?d QgsuE Q@gments

ose i ment s can
into the apaing definied a}ntmodmtar end pantidbnuof thg stute hﬂatl aksemtly d156 and within

| apar. st.o ecf.omy, adrenal ect ony,
the apaBireR L ool nerdp R KCoHspRP e BT s RORRORIY ST aRhnay
mamp;ﬂ%{ h@dé\ﬁ&ai 30 wxﬁaﬁétaéu he hﬁ‘ndl@ P80 fo cidleSm8Acision with a
un op Ication, |iver ect oy, gastrectony, snall

continbaseshture whose smqhes nwthtandibeuaHmdsiObed\eteCisbb'tmdcmiformly

o e B LS AR P BB RE By T

user may ey ¥siflf1e shRseWhRARAsldeEsd ﬁh%rénﬂﬁ: lesgH dfmeqhtiefon or
apar oscopi ¢ procedures. [000155] In u5|ng t he device

multlpmuufcs t Hauspbeplaaement@if she deyics themeedle thnksier assembly
t
sper 30RO Gl Ml SRR Rt il quin

devicet136 castled thelugéhito Gay dasin B @dinrhmg‘ﬂ;ttteldoﬁ mterﬂipterdamam torclose the
car bon di oxi de, . can be used. Accgfsportals are
tissue wsisign ngreme eidiciegt mapedr s hose siatled Indhe aft g1l geqogpige that any

convelﬁﬁ)'h%f ;%Ul:éad’uréfgr Qbﬁ ctlﬂg %}ﬁ%ﬁ'&&g e%ﬁé@fy &B%e%e&%tﬂ'tﬁ@hewce 150.

ts may e I nser int'o the body through
t hese access ports/cannulas The user then introduces
the distal end portion of suturing device 150 into a

nnul and then | at I r
ooor 307" B AR 43R5 pYR VLMD Bl BoHbARo cnvles e
user t0 IR@ahtbal, Usbbsthital view of fiee subringf ndelile 220rdatiag h6thncdient
suture head assenbl y 156 is then positioned relative

through he tissue pegmmeais,AyEg the gowse el sitwing erssdtiay thezshy spgkling
pre01selt"]‘;ilg&inlg%K cip t}}etyﬁnﬁ‘ tglﬂrgglcg ?26 t@éﬁ)‘%’m%l hifbr shiftrdd aﬁ‘l@lebré@ﬁcﬁﬁg the

l'ever er then, throug
risk ofrtmimgui@e b‘l,nplaéemdfm teutlosd toghel edgecd thssmplspms |1fheosn&1rmg device

o B SRR s Ser Lale e L
repeat%dJltoLHrSdL[E% %ﬁoﬁ%ﬁﬁﬁ& &’orﬁﬁﬁmﬁ%ﬂw@uﬁﬁin@ thatEri AR kirdaE2 4518

the needl e hol der asse The user, using
only one hand, may
[000157] The user may continue to manipulate the suturing device 150, alternately
advancing and actuating rotation of the needle 220 about an axis that is generally parallel to
the direction of advancement to create a continuous suture which may extend through the
entire length of the incision or a series of interrupted stitches. After each individual stitch is

laid down, the stitch is tightened by exerting a pull on the suturing material or thread 246 so
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mani pul ate the device 150 whil e actuating the handle
160 to close an incision with a continuous suture
woMheSe7sés t ches may be individually tensioned ge6d2664/006674
and unifornmy along the length of the suture simlar
to suturing done by hand in the conventional way. The
that the sesultantpunplssynsiorsd ngiferrsiytalerg thalanigtivefthe 1@xsed hgsuche

tire l.engt the ingision mul t i
sogmeyfh, e Refeds 1L el Bekomiiefied HAd hiERipg and
tearing\oft tih8lic A% MiNtthived®POhédHhe agpBpHRRAMIIGL bhéutird Glhaﬁ@(ihl or thread
ti ssue segnents and actuating the handle 160, th

246 has been plagedi e wser aamuse aalsPdls erasperiodighten angd\kngbihe fanned stitches.
running stitch or interrupted stitch to close the
tissue incision in a time efficient manner. Those
[000138]i | | €Thé suttulgy deviicent 30l maebogorifivarddiatdifiergnt ways with respect to
conventignal procedure for caonductijng Iaparg@cop
t%?wgedle

lengthgpg gagly of He yiire beasl bl HeOd e sle PEEIC 11
| fan Iso b
holder Jx iy 1 8 dn® hAM H6kr HERLED B anft 6 B0 amfeep%*?% may also be
varied forolzstin upéreshrgérg o pérfctrtmpmueduremch agdlosing2d tldauﬁaisaig skin
advancenent through the tissue s ur i
closurg, st digsysratacmenty ’}‘f‘@t"B}?é}Saf don qiRs b%rag 281 Sﬁﬁr artificial
materiRlc€Ci se pl acenent of the suturing device 150 to
provi de uni form sutures and precluding the risk of
tearing tissue by placenent too close to the edge of

ein e sut ng devi ce..15Q is then
100013978 o K1 3R el s T Plied g o RE ARG e
herebydih66:pORAd YNRELrORRIiA tHedenitivety RN &€ apprePiaRdUb& various of the
anot her stitch conprising the suturing material or

abovedinckoged @erothpofq@tyseﬁ]anrtrfenqy@éﬁ, arltermaiygsihereelp may be desirably
combm Vlélg Cl!nﬁ}é)? otthgxed LIJIE :s%bge iﬁl eﬁa%h%?tg@s i e %g?gﬁ%géﬁélgdmforeseen or

unantlﬁbﬁw& aRématives, inbaifichorgenariaiohy, g amptdvemeh thdrein may be
direction of advancement to create. a conti uous sut ure

subseqpgntinmads b dosh akitled BLGR aftehighfieadso 1@??59?51 t9rbergpgompassed by

[ a series of interrupted stitches. After

thepmk&@ﬁﬁ%ﬁ |§{dual stitch is laid down, the stitch is
tightened by exerting a pull on the suturing nmateri al
or thread 246 sothat the resultant suture is tensioned
uniformy along the length of the incised tissue
segnents. Therefore, a tight closure of the segnents
is acconplished and bl eeding and tearing of tissue are
m nimzed. Once the appropriate anmount of suture
mat erial or thread 246 has been pl aced, the user can
use a needle grasper to tighten and knot the forned
stitches. [000158] The suturing device 150 may be
configured in different ways with respect to I ength
and angl e of the suture head assenbly 156. The size of
t he needl e 220, the needl e hol der assenbly 188, the
needl e hol der aperture 218 and the aperture position
may al so be varied for use in open surgery to perform
procedures such as closing of the fascia, skin
closure, soft tissue attachnent, anastonosis, fixation
of mesh, grafts and other artificial
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materials. [000159] All patents, patent applications,
and published references cited herein are hereby

wd Ne9iaNsat ed by reference in their entirety. gddridabds/oossrs
be appreciated that various of the above-disclosed and
ot her features and functions, or alternatives thereof,
may be desirably conbi ne€CLAMS many ot her different

systens. or applications. Various presently unforeseen
VHMIEFﬁWngﬁrcipated al ternatives, nodifications

1.  VAGLRLnE¥Svice tompPREAY & ¥Rk iHg BRI, thd\sulinddfead comprising:
subsequently nmade by those skilled in the art which
e al ' ) C; tf
DSl oS PRt O RERARR SheRp dipoRt R hecdle track,
devi ce conprising sut.uri head,, the suturing head
the negﬁqrg?&l?%ggf) a&lﬂpte‘;ﬁ q.pgé:@p gwpggq( gwaﬁ gl}er{&eglgraﬁqn(%a urved path about
including a needle disposed in a needle track, the
an axinefagtasion substariially perngagicalar torloasiedindlaxis efdhesytudng head, the
needl e al ong a curved path about an axis of rotation
needleabsigant i al |y perpendicular to a | ongitudinal axis of
the suturing head, the needle having: i) a curved
body, fhe cyeweed bodhy, thodavédigbdtoRein@aalcredidrahan about
about 180; and ii) an engagenent surface for driving
180°: 4dde¢ needl e; and b) a drive housing portion containing
>a drive, wherein the drive includes an el ongate
flexible menber, at |least a r.tion, of the _elongate
flext o¥k nebeessgiey Shst ol ARt pr e afi o
reci procate along a direction substantially paralle
t® t hed fYighqusHerRATtion Fentainig aefrrbwgygérem xidpive fdpdss An
bei ng further adapted and configured to engage the
elongagnfiergblewmimisay ftdeast aportion of deerktlengatriflendblgmeembasdeing adapted
needl e through a circular arc as the elongate flexible
and coffiplred té fecitvaiie sldng b dirgctidresubstagiidllydpanallel soxihe lomgitudimal axis,
device of aim1l, wherein the elongate flexible

the eloRBME Flexibde RkADRALAIAg AiriRP @G ed 41ABoh 18R A 96 BEIHRE the enfgagement
sarface after advanci ng the needle along a portion o

surfac% a@ th% glg%,lg a{u{r g@ﬂé}hﬁg’ themgdlg ?Pﬁjoﬁgxh Qgirgl%irzm: ds hh%%x%éi& flexible

ousi ng porti n I've housi
ortion are joined alo the | ongitudi nal axis of the
memb é\“l?@@ncﬁ‘.i a}?h%tlt?zl\?f‘%%“‘ﬁ’?aléfﬂéi m 1, wherein the needle
track housing portion defines a gap in the needle
track for receiving tissue to be sutured by the

needl e.
2. The device of Claim 1, wherein the elongate flexible member is biased to disengage

from the engagement surface after advancing the needle along a portion of the needle track.

3. The device of Claim 1, wherein the needle track housing portion and drive housing

portion are joined along the longitudinal axis of the device.

4. The device of Claim 1, wherein the needle track housing portion defines a gap in the

needle track for receiving tissue to be sutured by the needle.

5. The device of Claim 1, wherein the gap is defined along a lateral edge of the needle

track housing portion that is parallel to the longitudinal axis.
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5. The device of Claim1l, wherein the gap is defined
along a | ateral edge of the needle track housing

w1 e8sst hat is parallel to the |ongitudi nal g4 Ss86s/006674
The device of Caim1l, wherein the elongate flexible

menber includes a distal end having at |east one
6. pThﬁt dayi¢ecnf Glaim énghereingherlongate dlgkidte member inplades a distal end

naving 3L Srs b8 T Sk od e DFE ok bolindp ol paratet o

the neé@éfask.f ol | ows an arcuate path of a first dianeter
during a first portion of a drive cycle, and follows a
second arcuate path of a second, different dianeter

7. di"ﬁé (ﬁ]eq'lc% St?lgﬂg 1 p\gﬁ%\rlﬁQQhQ felo?ﬁaﬂe g’ll\é%bfey I?IE&PFI%OH%F@ an arcuate path

ofa ﬁﬂgedlli‘ametelr gdubih@s ﬁdsttpOrt&ﬂgﬁgﬁirWetdyclehﬁchMage asbtonsluaréuaatepath of
of the needle after advancin alon an arcuate return

a secong, sliferent digmetepdyringea sgcord peTHoR of ANEVELCHCIEhe drive is
adapted to advance the needl e through a 360 rotation
about the axis of rotation in a plurality of drive

8.  sTheodeydce dfClaifiné, \dhet'emehe)éloﬁgab ileQiblennembemis biasedita engage with

theengieiagtsprver Sf TABEuge SRPLAR andln oRg a8 s EaE B rack

portion of the needle during a second drive stroke.
11. The device of Caiml1, wherein the flexible

9. eThmdraice ofdiibion 1) wherdiaphe drivei adepitd fuadsdneeathe needle through a
reci procate at least in part along a curved path

360° reratdod abvluetHehissfadiation iiPa pliralitd ey driee stfokes.ai m 1,
wherei n the engagenent surface includes a notch
defined by the curved body. 13. The device of Caiml1l,
mherein t he engagenent surface for driving the needle

10. (?ef\)l&e& QRinfo S\Eféérgl&reteg gﬁgé %%%%%ftre& i?cﬂer?ggg@g Il g}‘)mon of the

|nner regiron o Vi Cce

erein the drive is advanc
needle Qb8 TrAt L5 Ak ad EnBiged SO Barian ROREIMECaIF duking geecond
of the housing and into a second portion of the needle
drive strokek defined in the housing. 15. The device of Caim
1, wherein the drive is displaced froma radially
inner region of the needle. 16. The device of Caiml,
wherein the device defines a bite for receiving
11.  tTIsSdSicedTallgint 1 [ WkerbinttBe flexibléadbriiatd mbinpercie adapred yd
an area circunscribed by the path of the needle. 17.
| | ] | f
configf sl 1 feEyE AL ol M fort MOREB'clnlelall b BmdolHe RIS
parallel to a portion of the needle path. 18. The
device of Caiml, mherein the suturing head includes

h
12. The ev1cte 0 tClaum ?daﬁ)treelcrjl the engagement surface includes a notch defined by

the curved body.

13.  The device of Claim 1, wherein the engagement surface for driving the needle is

defined on a surface displaced from a radially inner region of the curved body.
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configured to engage with a portion of the needle to
prevent the needle fromnoving in a desired direction

wodoesysfe needl e track. 19. The device of C @@,@2008/006674
wherein the suturing device has a maxi mum wi d

bet ween about 3mm and about 20mmto facilitat e
14. i Fhe deiicst ofdplaimh 11 wherdimthe driverisadapted té advancethe rigpdle through a
device of Caim1l, wherein the suturing device has a

first portish 30 thewieddle taakk aboftthd Rowsingarfdriatd 4 segbrd portion dfi diel ieedle
of the device into a patient.

track defined in the housing.

15.  The device of Claim 1, wherein the drive is displaced from a radially inner region of

the needle.

16.  The device of Claim 1, wherein the device defines a bite for receiving tissue, wherein

the bite is substantially defined by an area circumscribed by the path of the needle.

17. The device of Claim 1, wherein the distal portion of the flexible elongate member

follows a path that is parallel to a portion of the needle path.

18. ° The device of Claim 1, wherein the suturing head includes a pawl that is adapted and
configured to engage with a portion of the needle to prevent the needle from moving in a

desired direction along the needle track.

19.  The device of Claim 1, wherein the suturing device has a maximum width between

about 3mm and about 20mm to facilitate introduction of the device into a patient.

20.  The device of Claim 1, wherein the suturing device has a maximum width of about

12mm to facilitate introduction of the device into a patient.
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