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device for the manipulation and control of a suturing needle during minimally invasive suturing,
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16401 This application is related to U.S. Patent Application Serial No. 11/231,135,
filed September 20, 2005, which claims the benefit of priority to U.S. Provisional Appiication
Serial No. 60/611,362, filed September 20, 2004. This application claims priority to U.S,
Provisional Application Serial No. 60/939,887, filed May 24, 2007. Each of these

applications is incorporated by reference herein in its entirety.

FIELD

[0062] ' The embeodiments disclosed herein relate to a medical device for s'utuxing
tissue, and more particularly to a device for the manipulation and control of 2 suturing needle
during minimally invasive suturing, methods for making such a device and methods for using

such a device for suturing tissue.

BACKGROUND

[0083] Minimaﬁy invasive surgery (MIS) has allowed physicians to carry out many
surgical procedures with less pain and disability than conventional, open surgery. Unlike
conventional open surgery, where the surgical site is readily accessible through a large
incision, enabling the surgeon to easily visualize and manipulate both tissue and instruments,
MIS requires the surgeon to operate remotely by inserting and manipulating instruments
through small punctures ("keyhole surgery") or through natural orifices, including for

exampie the vagina, the esophagus, or the anus.

[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 operatidn. Minimally invasive surgical
instruments are necessarily smaller, and are also generally longer and therefore are more

difficult to manipulate with precision.



surgical procedures with less pain and disability than conventional, open surgery. Unlike conventional
open surgery, where the surgical site is readily accessible through a large incision, enabling the
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operate rem ;&Qﬁ/i’gggqing and manipulating instruments through small punctures ("keyhole
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[0004]In MIS, a small puncture is typically made in the body. Medical instruments are then inserted

through al0805L1a. A cARHwRS saoshipsfiblssiat coruraissd tagjidie MBS s sotmiltien leker(mgm), and
sometimes4iAria 20oPailNetaTSn{FUNlioh WG MRS ofSUGh CaR HAS May.De inserted into the

body for a&gﬁ,ﬁgﬁen operation. Minimally invasive surgical instruments are necessarily smaller, and are

also gene Y SRk SrTR A Wi et midpshirarasinnal prdemisrenecs
2008/147555REF) FS26086086 6544005 Reaps the dmestRmblematic surgical laskird|S

is'suturing, Suturing requires cqordingted manipulation with both hands of small needles and sutures
that are d%}ﬁciﬁﬁr# \g/ilsseuga |zseut(1gg(r%? gﬁéﬁy W%aennecr%%ﬁf)m’a“?fgfé?WSWW&%HH%V%%@@?% Giigdis
available)visnalichtaanthedbreral msbitimemts:(incigeing ek dmiilsrsnaadyiekaugriotseps)ordinarily
used to sg%%@gn&fﬁ&ﬁg %ﬂ@m%ﬁ %FSJQS%%EZS s%%il.@si%d space, limited visualization, and

limited mobility, marly surgeons find mini é y invasive suturing By hand an extremely difficult, often
virtually impossible, surgical task. [0006]In the preferred method of suturing by hand, a grasping

forceps (oadle driver) MElCHEYINBSMIRSANLATA i ot gURaSNver.RqdRngar the needie's

tail. Pronation of the surgeon's wrist drives the needle into the tissue. When the point of the curved

needle erfféiged RO HEsHESHE & debirfdraces merdddrirarninbegisde teltheedle driver

and grasprsdhaipgiot hitbuepetieniercenss ickHas inkhe sHigemihen pilisthessuryed needle by
the needlgup‘(,)eigt i ath following the arc of the needle's curvature to follow the

referably in a circular h
most atraumatlcﬁ[%ﬁetﬁrflgg% 3 ﬁ% i%snseu%sl Ui R TERSHT BrehecAlsdanens ned B tissue.
:E?jc_:h éimel@@tétdﬁﬁsrda&gmtmpvliad w&idhm'fhdhfﬁuiﬁyefpamt;mli'jn_mmlmgkﬁ@ tﬁi{ﬁ?ﬂ@{sahrc. .
ndividua i ed by tying off the suture ng placement of each stitch.
Running ké%qrél%glﬁ%@g%ém%ga%g%%%%?%ﬁ%%%%}gdR/aofrll{ﬁﬁgaliﬁé% i&%@ ﬁkgggFeairﬁ 8%8%plete
circular ar¢9digeaeRiuR G fed aie Sheridshe i alinmeshathtbngnibe tiofustitchidstrasiieen placed. In

order (o piag@AddoRRI IR AfcamiRu S SIED SR AYEEON HYSLIELIR.OAIDR Point of the

needle and re-grasp the needle near the needle’s tail. [0007]In the manual suturing technique
described B S R ARl B eifralar arc. Individual (interrupted) stitches are placed by

tying off the suture following placement of each stitch. Running (continuous) stitches are
placed by repeatedly driving the curved needle in a complete circular arc repeatedly until the
desired length of suture and number of stitches has been placed. In order to place additional
interrupted or continuous stitches, the surgeon must let go of the point of the needie and re-

grasp the needle near the needle's tail.

[0007] In the manual suturing technique described above, the direct handling of the
needle can result in accidental needie pricks through a surgeon or nurse's gloves, posing a
potential risk of infection for the surgeon, nurse, staff, and patient, or cause the needle to
become contaminated with pathogenic bacteria that can cause onset of infection at the site of
the sutures. There is also a risk of the needle penetrating internal organs or vessels and
causing a serious, and often fatal infection.

[60068] 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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needle can result in accidental needle pricks through a surgeon or nurse's gloves, posing a potential
risk of infection for the surgeon, nurse, staff, and patient, or cause the needle to become contaminated
with pathogenic bacteria that can cause onset of infection at the site of the sutures. There is also a risk
of the needle penetrating internal organs or vessels and causing a serious, and often fatal infection.
[0008]Various devices for suturing for MIS are described in U.S. Pat. No. 5,643,295 entitled "Methods
and Appaf o ] ISsug” Rat. No., 3,66 6 entitled.'Needle, Drivj paratus and
Methods o%sslgﬁ%ﬁl n%%t%&sﬁ%%%@%gdﬁd ef—:‘grgftl ed’ sﬁ\ﬁg%r%:)%tg%aﬁﬁd pépa%%‘lﬁ%br Suturing
Tissue"; U802 rwitB:q Sontgs-epigtfeeursgievigansadiMetiodith RBt&mtblydVib@nte@Beedle Driver

and Catclgtid o Rty NAsBAR009R L RHla ERIGSAOPIR SHing Deyibes and Melhods: U.S. Pat

No. 5,954,733 entitled "Suturing Instrument with’ Rotatably Mounted Needle Driver and Catcher"; U.S.
Pat. No. 61716, 76376ammeekr BrECSUtIFIg Deviee!: add \p SlapdioND 7 67785 848 dtitled
"Endoscopis&uteppgRamicehallef wiich arginger Jaureleranegdn:ihgirentirsiigsfor the
teachings,therein. 100091Assignees’' U.S. Pat. No. 5,437,681, U.S. Pat. No. 5,540,705 and U S Pat.
No. 6,923‘?@1@%&%@?@%@%@%9 device with thread management comprising a protective cartridge,
suturing needle and needle rotation drive, the disclosures of which are hereby incorporated by

reference devices,described ip the above- [ tents angd- t lication.comprise a

mechanisirgr)it&%&lj driving %Sﬁ%rf%% e?é'%et%%}é?ﬁo@i%%g ét?f(rﬁ‘l%eﬁ& ﬂ%?%ﬁ%é%%%%&%;ﬁ-g%ﬁh is parallel
to the‘axiéjaﬂl,ﬁ tevidesdn adulitiop dﬂv@aﬁéﬁt&ﬁwcﬁmmmmhmmpmmg;mmtm:akes it difficult to
visualize g UIBEISADSIOHEEIPLMIR LOOMOLTRCIRIoR Kele emalns, a naed p the art for a

minimally invasive suturing device that is easily manipulated within the lameter of the cannula;
functions itramertAfonhieisteiraracisrisas vy by Spals, dhoieavisiaigaisentagddipited mobility;

mimics thﬁﬁﬁfﬁﬁ%ﬁgdﬁﬁm% of QNG 130HBY SUTHRARS: PRIMISHDGSUIIBRLIR seGUre and tie
C

knots quickly and with controlled tension; places continuous stitches; and protects user's from
accidentdPHEEL PSR T RG e BefiRl mLisdhs g Esahv e %Y%rﬁ%ﬁéi’&&fﬁ s PuesEEianiiam
inadvertegitpeetie fnricksy SIMMARYs it difficult to visualize and cumbersome to use for MIS.

160610] Therefore, there remains a need in the art for a minimally invasive suturing
device that is easily manipulated within the small diameter of the cannula; functions in an
environment characterized by limited space, limited visualization, and limited mobility;
mimics the preferred method of suturing used by surgeons; permits the surgeon to secure and
tie kqots quickly and with controlled tension; places continuous stifches; and protects user's
from accidental needie sticks during needle handling, as well as internal organs and vessels,

from inadvertent needle-pricks.
SUMMARY

[6601LE] Devices and methods for minimally invastve suturing of tissue internal to a

body are disclosed herein.



1000111Devices and methods for minimally invasive suturing of tissue internal to a body are disclosed
herein. 100011ajAccording to an aspect of the present invention, there is provided a suturing device
comprising a suturing head, the suturing head comprising: a) a needle track housing portion including
a needle disposed in a needle track, the needle track being adapted and configured to guide the

needle dWAYial curved BB BLATEITRRIS DPPAERHIH BUBEIaRRIY SerpEraicLUIHIENE IdRgREdinal axis

of the sylliripgshead, iheneedieaving:dd:svechBodmihapyYrved Dody aeverng aRarggreater than
about 1800; and |i]) a.trailing notch.and a leading notch for driving the needle; and_b) a drive housing

portion E8FIAMIGTACHR 8, TR IS il Iitdies dh eI g RraHe B PrinmaiaBitta8ta portion of
the elongat@idiexibie pedvhae betigeadapied andegonfigures taresiirotate Alon g diection
substantially parallel to the longitudinal axis, the elongate flexible member being a tendon having a
o i R 18,8 TR h S At NGt T S LENOHERD BAGHEY motom o
the needilelto dowrthe dlohgate dtexible membertaiadvanoe e headle withinl the meedletrack as the
elongate flexible m el is advanced along the longitudinal axis. [00012]Accarding to.embodiment
et e e B R e e bocly
which clwbéryierﬂn@lét‘é@edn@pmsa@@seih@gﬁa_mibi@t@nm@mi@h@%r&i@drﬁanbaf theuigegnicThe device
may 0ff?[e§i%4%r%@ﬁlﬁpt%ﬁﬁ?@faﬁ%@’eﬁ@”@éﬁﬁ%ﬂ%@S psed by SuEeeons;for sutyripgfigsue during

minimally invasive surgery in that the device providées a hand-held suturin%j@ Strument of relatively

simple rideRialy drdicl dachanat sBEdiral Foselie Flarawtile sbln cec b prasentiyndeelosed
embodiments Pravide selative-ease-aboperation for theswasamwith.only-ane hangel3Aecording to
embodiments jllustrated herein, sutur? head assembly mag be

or leading notch on the needle to allow the elongate flexible member to advance the needle

within the needle track as the elongate flexible member is advanced along the longitudinal

axis.

[06612] According to embodiment 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 may offer 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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removably attached to an actuator mechanism of the suturing device. The diameter of the device is
small enough to fit into a typical cannula, thus making the device extremely easy to maneuver, as well
as suture, during endoscopic or other MIS procedures. Also, the suture head assembly of the device
can he laterally articulated to the left of center, to the right of center, up, and down, once inside the
cannula, which may be ideal for use in the course of endoscopic surgery, including laparoscopy,
thoracoscr%g}/ an %@qusco% as %Nell‘ S, ther Iess-inf\hasi\fe surgical procedures. [00014]The device
of the prgsen(tidlscalose e?nqbogﬁlﬁaéhct% r%rayec osely emulate %??881?51 e the manual suturing actions
carried out by a surgeon. For example, during manual suturing by hand, the needle is held in forceps
and travelg,ja a circulal. 6 Wi g, oheieipns Anmere, I ihe ignol of e are. The design of the
suturing device of the present disclosed embodiments may allow for ATack of obstruction in the center

of the arS BRI HSERR LN Suturing Macotheryards, thievénis dykablactiienenterfofithe circular arc
of the s%wiegi@%%mﬁe%%zmtﬁeﬁ@é Witin theGircuiak ﬁ{%@%%%%k%%&%ﬁ%ﬁt?&- This may

allow for the user to have better visualization during operation, unlike the present mechanical suturing

method<PaRTHE ThamtgitirtseBredl gl sekdropfovertEs MBS TG ohfgn B Withtene
embodiment assladamefive-tpei-diveraiachanismiis plevidegdosrdvanangithengssie about a path

f [. Thi i f i . I di fth i ff
o vavel T SHOSITSTL ol e ey el e gl g e dyceane gford ety

visualizact?gneifiﬁlll?hg operaﬁb%nﬁecause 0
the desigmdofthpiseittgimg delickengfitperpsesentiidisolesed aniboidiments;, including,di:not limited to,

more tisgue Peing ahle gﬁ)cgi]tsf'j@é%etﬁlgr&evice, thus enabling a bigger bite of tissue and a more secure
' n be use '

suture; the device can 5’ to ligate, that is, place a loop of suture around a blood vessel, duct, or
other tubular structure; and the device can be inserted further into smaller incisions/openings (one side

of the apggturg can beripseried deariyrfonpxample) RROLAIA Renefit provided Bythe, suturing device

of the presently disclosed embodiments is that the device enables maneuvering a suturing material
through BRSBTS AHHER Rl SUbSHEILIN Sl & oReTNa 480l eBRNsuRI @ so by hand.

In partisularidpeskiuingdeder fitsleRUEhRSREUINIRGReeHe Fermithetail#f the needle and drives
the point of the.needle throug{aélhe tissue. The devi tg{f}an picks up the point of the needle that passed
r

through?RSetrﬁl%lﬁ%? and’ E)lﬁﬁes FeMEINGS! BISAE s g FRehiB i RedRTiRS atiithed to the

suturingpnesediel tiiosmghethbotissests They sy rdedie fhibstnanisistenily fellewsihe arc@f the

needle's CHIIVE, ! lﬁn anf:%/ arred metho suturing, in the mast atraumatic way of
passing%g%\;\%ggﬁfé Ctﬁr]ﬁl\g{é]g“ tlsls é?iotgé%fﬁ?ggéb%geg Sbri??ﬁ%és%%{[%%ﬁ@gn é%rv?rc%gh o1 %ﬁ%ﬁ&re%%ﬁ’ y disclosed
emboditherntdusngaedsiity ranstsatmagibadiecteipsulbtracsoftingethlieas enimtydterbugh the tissue
segment$,Reing clesedefallondng.eagh-3ital: When ssinciie.suibking fevios.olithe Rugsently

disclosed embodiments, no ancillary instruments or tools such as needle holders, pick-up forceps or

the like S PRISCR YR ARpBREe dhe Lilt AR BB S EHFP bievis BeErtdetgRISH e knots.

[60015] In accordance with one embodiment a "locomotive-type" drive mechanism is
provided for advancing the needle about a path of travel. This embodiment of a drive may enable
the small diameter of the device and afford better visualization during operation because of

the lack of a hub. There may be many benefits afforded by the design of the suturing device of
the presently disclosed embodiments, including, but not limited to, more tissue being able to

fit into the device, thus enabling a bigger bite of tissue and a more secure suture; the device

can be used to ligate, that is, place a loop of suture around a blood vessel, duct, or other

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

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

[60016] 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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1000171According to embodiments illustrated herein, there is provided a suturing device that includes
a suturing needle that is protected by a housing, the suturing needle is not exposed to or handled
directly by the user, thereby preventing inadvertent needle sticks. The configuration of the suturing
device of the presently disclosed embodiments may also protect against inadvertent penetration of
internal organs or vessels by the needle, since the housing acts as a shield between the organs and
the needle.\lOQOlﬁ}lThe sutt%in device of the presently disclosed embodiments may be useful for
suturing #R4GE TSR AT 8 4% ?ﬂ?;c% B S s el B ot iiadulaH biereedischdrrel having a
proximakleinds tdlisial edchamnsddohgitydina assdhBiebdetveeanzasulyrghragassenily extending
from the distal en t longated barrel; a,suturing needle having a pointed end and a blunt end, the
sutu ring%gé%lé%ggg%%%%% ol iﬁﬁge abotit %%dﬁ%?sa%%rrg% A gfyoﬁgﬁéﬁ%ﬁ%?%gge I@?ggﬁ dinal axis of
the elong#ted Bearetdihdremtthepoittdd tndughtiie Saturinthneetlisrg pasitiothed within the suture

head assgrmilyAYgh 0. ANAAIELIARYRRAIIG SulbIng ALAYIR, 3000 AElRIaL Sxlending from the

proximal end of the elongated barrel to actuate a drive mechanism having a nee river for engaging

and rotatifythe SutlsiRyHeEaEn 1ty PARRE MY tecdinugmsbriisiiudrbeadiiereiidedere is

providedsa imethiogiforisuity BORissHR ShanG:ENRIM - BINASIVE Suigery:thabinglides:4g) engaging a
cartridge to r %uturﬁi ead assembly at a %!';t I eg&ﬂ a suturing device, the cartridge having a
protective HouSIAg ARt S &tito# S AR Pt d &R S bR shelotsY-iftfodtemg the distal
end of treclsaturm@idevicsingttha hodyrcalitys¢c) phsiioning am epepinadbineattridge to span a
plurality - IS ( nts or a single tissue.segment; (d) activating an actuator coupled to
B e A e S UL TBtat ol BVE eAt S g
needle &b8iitlels BxistEphrdximaesly perpensidularighiariohgitudinal axis of the suturing device and
advance the suturing needle through the plurality of separated tissue segments or the single tissue
segment_@gﬁ)ulling a suturing material attached to the suturing needle through the plurality of
separatd ue segiféAteiRst therdipdjiactisdliesseehhervitoliving etited aandriepéatimghsteps (c)

through (eJte-causaampivcality obstighasdeds plaseddhrauahihmseRraiated lissus,segments or the
single tiss?%ﬁs%nt. 90&%1Accordin%)yto embqdiments illustrated herein, there'is provided a

method 6 THELY TG Fhitiay RE SRR R ARA R RSk ea] Bhgaging a suturing
needle wathfigupaintes drdamdng ivivcenthtopee sufiyeibgaskassamiivai andistal epheba suturing
device, the:suture d assembly includes a curved track, whereby the suturing needle follows a
curved éﬁ%ﬁ%{lﬁ%d?ge&i?ggsﬁnggﬁ%nr8#5{16351}3 ﬁ%@agaPﬁryﬁaéﬁ%eﬁzggﬂaegls?aféﬂ%@?MW@S a

acts as a shield between the organs and the needle.

{06018} The suturing device of the presently disclosed embodiments may be useful for
suturing tissue internal to a body. An embodiment of the device includes an elongated barrel
having a proximal end, a distal end, and a longitudinal axis therebetween; a suture head
assembly extending from the distal end of the elongated barrel; a suturing needle having a
pointed end and a blunt end, the suturing needle capable of rotating about an axis
approximately perpendicular to a longitudinal axis of the elongated barrel, wherein the
pointed end of the suturing needle is positioned within the suture head assembly prior to and
after rotation of the suturing needle; and an actuator extending from the proximal end of the
elongated barrel to actuate a drive mechanism having a needle driver for engaging and

rotating the suturing needle.

{(0019] According to embodiments 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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protective housing for the suturing needle; (b) introducing the distal end of the suturing device into a

body cavity; (c) positioning an opening in the needle holder assembly to span a plurality of separated
tissue segments or a single tissue segment; (d) activating an actuator coupled to a drive mechanism
that engages the suturing needle to cause rotational movement of the suturing needle about an axis

approximately perpendicular to a longitudinal axis of the suturing device and advance the suturing

needle through the plurality of separated tissue.segments or the single tissue segment; (e) pulling a
suturing Srlﬁ%@?%flgﬁ{% g 1“48 ?o%ﬂ%?é/ Eﬁwﬁh %S&ﬁ@?ﬁ}%ﬁﬂﬁlfﬁ%l%%‘iﬁ S LStk ue segments or

ache
a single pksuktsefrreatdodmingsstitchianda epeating stepsniehthidughi(e)iig sause:Aadplurality of
stitches 19 egl | rated tissue segments or a single tissue segment.
1000211Ac ordiﬁrfgfg %ﬁgéﬁﬁ%%ﬁ%ﬁgﬁé@d’g%@%&}ﬁ%ﬁér‘é@%‘% Sr%’v% e%ﬁgon@% N6d Tor %ﬁ%ﬁng tissue
during nfihifatfiRvasivedkurber) an atinefrdes ireltine zetiktaland ofmsutdnnldevidebraving a

suturing esslie Wilha ReInis ACG. & ARSYRASTROING the swirinaynessl o spap.a plurliy o

separated tissue segments; activating an actuator a first time causing the pointed end of the suturing
needle tS*EMEHS 8ﬁ81%1ep?éf@%ﬁ@@%éﬁﬁb@f@%éﬁﬂﬁ@@%’%ﬁg@' piuieality Bigdparated tissue
segmenis;edndiactivhting the-fciuatarasecandiing in-aausanbessivrngdeedieforsomplete a
revolution ?Q? _puI!ia suture egtenggg fro%H afgg suturint%~I qe%?}lgeh%rougg the Eélél’a?."ty of separated
tissue ségments 1o form 4 etitek: [GoB22 ISR the JECRRs et ahBve, the suturing
device ofttivegirdlsenthadiscl osetkentbodimenthmayshet ralativelynsimple and cost efficient to
manufacture. Therefore, the suturing device should find widespread suturing applications that include

single stitches or continuous stitches, e.g. spiral, mattress, purse string, etc., that are required to close
tissue inti%¥ébis, attachagradisg br amediecioliegiThbsecanthothe padidadtagesof theypresently

disclosed.ambadipes Aiesialed ey g FmBoUMES AeseUBERREIEIDRIRs The presenty

disclosed embodiments accordingly comprise the features of construction, combination of elements

and arr ARG tRAe WG EER iR SRERY I erdaferaestesivicBREF
DESCRIRIIION: 43R kb EbRRAMINEE urved track, whereby the suturing needle follows a curved

path along the track during rotation of the suturing needle, and a latch that provides a
protective housing for the suturing needle; (b) introducing the distal end of the suturing
device into a body cavity; (c) positioning an opening in the needle holder assembly to span a
plurality of separated tissue segments or a single tissue segment; (d) activating an actuator
coupled to a drive mechanism that engages the suturing needle to cause rotational movement
of the suturing needle about an axis approximately perpendicular to a longitudinal axis of the
suturing device and advance the suturing needle through the plurality of separated tissue
segments or the single tissue segment; (e) pulling a suturing material attached to the suturing
needle through the plurality of separated tissue segments or a single tissue segment forming a
stitch; and repeating steps (¢} through (e) to cause a plurality of stitches to be placed through

the separated tissue segments or a single tissue segment.

160621} According to embodiments illustrated herein, there is provided a method for suturing
tissue during minimally invasive surgery that includes inserting a distal end of a suturing
device having a suturing needle with a pointed end into a body; positioning the suturing
needle to span a plurality of separated tissue segments; activating an actuator a first time
causing the pointed end of the suturing needle to extend bevond 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
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1000241The presently disclosed embodiments will be further explained with reference to the attached
drawings, wherein like structures are referred to by like numerals throughout the several views. The
drawings shown are not necessarily to scale, with emphasis instead generally being placed upon
illustrating the principles of the presently disclosed embodiments. [00025]FIG. | is a perspective view
of a suturing device of the presently disclosed embodiments. [00026]FIGS. 2A and 28 are views of the
suture hga sembly of the, syturing devi f FIG, L FIC IS a pers CtIV ssen k/view of the
suture hia %—Ele qu%%g geceg%gvﬁ\}gf/uﬁ%r%p glﬁf\?zlwgwse e sut asrléeﬁe%%@% Z?ilgl and 3B are
segmented assembly views of the suture head assembly of FIG. 1 [00028]FIGS. 4A and 48 are
cutaway gegrpental vm&%ﬁm&@5@@%%&5&@9&9&%@5%@%@&ﬁf&ﬁﬁg@&%@%ﬁﬂ@ suturing needle

with a portlonof the drive mechanism. F
presently disclosed embodiments may bc relatively simple and cost efficient to manufacture.

Therefore, the suturing device should find widespread suturing applications that include
single stitches or continuous stitches, e.g. spiral, mattress, purse string, etc., that are required

to close tissue incisions, attach grafts, or the like.

[00023] These and other advantages of the presently disclosed embodiments are
llustrated through the embodiments described hereinafier. The presently disclosed
embodiments accordingly comprise the features of construction, combination of elements and

arrangement of parts that will be exemplified in the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[60024] The presently disclosed embodiments will be further explained with reference
to the attached drawings, wherein like structures are referred to by like numerals throughout
the several views. The drawings shown are not necessarily to scale, with emphasis instead

generally being placed upon iHustrating the principles of the presently disclosed

embodiments.

160025] FIG. 1 is a perspective view of a suturing device of the presently disclosed
embodiments.

[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.

100027 FIGS. 3A and 3B are segmented assembly views of the suture head assembly
of F1G. 2.
(00028 FIGS. 4A and 4B are cutaway segmental views of the suture head assembly

showing mteraction points of a suturing needle with a portion of the drive mechanism. FIG.
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WO 2008/147555PCT/11S2008/006674 4A shows the position of the suturing needle and drive
mechanism in a "home" position prior to use or after a complete full cycle. FIG. 48 shows the position
of the suturing needle and drive mechanism after one full actuation of the handle, where the suturing
needle is in %v o‘_}&té%rl;é;gsition. [00029]FIGS. 5A and 58 are exp_a_nded views of the working e_nd of_
the suture head assembly with a suturing needle in the home position. FIG BASHEHLERE relationship
between the pawl and anti-rotate spring when the suturing needle is in the home position. FIG. 58

shows a (iésehpiyiBaperitirn ahthroatsispisgd foawBdiFrGms:cbantanioB dreseXrasiiisuh vidors of the
working enghof thesatdreheadassembly %@%B%%@MQE@%\Q%%[;L%@@%ﬁ?ﬂ%ﬁé@@%ﬂon of the

suturing needle and the pawl immediately after the user squeezes the handle. The user then releases
the har?dl %W%W?@@ﬁfﬁ@?ﬁﬂ@%ﬁ%%ﬁ%ﬁ}‘(ﬁ?@.ﬁﬁg})‘%ﬂ@ sty sdeHiet remains in the
rotation positini{00314kIGS. 7A and 78 are expanded views of the pawl in contact with the C-brace
while driving the suturing needle. FIG. 7A shows a close-up view of the pawl spring loaded with a
spring. FIG. 78 shows a close-up view of the pawl, showing the heel and tip. [00032]FIGS. 8 and 9 are
side elevdtiéhflviews & éFndhatal §ér sealepafithe internal the working end of the suture head

assembly with a suturing needle in the home position. FIG. 5A shows the relationship
between the pawl and anti-rotate spring when the suturing needle is in the home position.

F1G. 5B shows a close-up view of the anti-rotate spring.

[66030] FIGS. 6A and 6B are expanded views of the working end of the suture head
assembly during use of the device. FIG. 6A shows the position of the suturing needle and
the pawl immediately after the user squeezes the handle. The user then releases the handle
and the pawl returns to the start position (FIG. 6B) while the suturing needle remains in the

rotation position.

[00831] FIGS. 7A and 7B are expanded views of the pawl in contact with the C-brace
while driving the suturing needle. FIG. 7A shows a close-up view of the pawl spring loaded

with a spring. FIG. 7B shows a close-up view of the pawl, showing the hee!l and tip.

[06032) FIGS. 8 and 9 are side elevational views of a much larger scale of the internal
portions of the drive mechanism located within the handle and elongated barrel. FIG. 8
shows the drive mechanism when the handle is in an open position and FIG. 9 shows the

drive mechanism when the handle is in a closed position.

[60033] 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.
18 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.



portions of the drive mechanism located within the handle and elongated barrel. FIG. 8 shows the
drive mechanism when the handle is in an open position and FIG. 9 shows the drive mechanism when
the handle is in a closed position. [000331FIGS. 10-13 are top and bottom views of the suture head
assembly, inwgﬂ%ﬁg\gj% that provide the connection between the drive mechanism located in the

suture head assémbly and the elongated barrel when the handle is in the 8p&fF&HE%48&d positions.

FIG. 10 shows a top view when the handle is in the open‘position. FIG. 11 shc_)wg a bottom view v_v_hen
the handld4€8¥Hhe opdhtFoditith Fise-1p esowd titopviaigaiibivtivethartdtetiniivthe tlased position.

FIG. 13 showsadesienyiewwhenthe nandle s i the closed position. WO ,
2008/147555PCT/U82008/006674%00034]FIG. 147is a close-up view of the cartndge h_older Wl_th a tab
that locks into a mating groove on the cartridge holder assembly. [00035]FI_G. 15 is a view depicting
the suturingposedle positianed indhe.wackiefithecastidas R003GIRIG, 18 is aview.shewipg the

relation betwegn the cartridge holder assembly,
carindge.

160036] FIG. 16 is a view showing the relation between the cartridge holder assembly,
cartridge, latch and C-brace.

100637 FIGS. 174, 178 and 17C show the suture head assembly. ¥FIG. 17A shows a
side view of the suture head assembly. FIG. 178 is a close-up side view showing the
relationship between the lever and latch during attachment and ejection of the needle and
cartridge from the cartridge holder assembly. FIG. 17C shows a top view of the suture head

assembly.,

66638] FIG. 18 is an expanded view of a curved suturing needle with notches

depicted on the surface of the needle.

100039} FIGS. 19A and 19B depict two exemplary embodiments of the curved

suturing needle.

{60040} FIGS. 20-23 show different views of the suture head assembly attached to the
elongated barrel via a rotation rod. The primary fixation point of the suture head assembly to
the elongated barrel is depicied 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.
¥IG. 23 shows a bottom view of the suture head assembly articulated to the right.

[80041) 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.



cartridge, latch and C-brace. [00037]FIGS. 17A, 178 and I7C show the suture head assembly. FIG.
I7A shows a side view of the suture head assembly. FIG. 178 is a close-up side view showing the
relationship between the lever and latch during attachment and ejection of the needle and cartridge
from the cartw%&%g%ggssembly. FIG. 17C shows a top view of the suture head assembly.
[00038]FIG. 18°i5 an expanded view of a curved suturing needle with notche’HefE&H# 61 the surface
of the needle. [00039]FIGS. 19A and 198 depict two exemplary embodiments of the curved suturing
needle. [0#63FIGS. B63&kohserteaeing viswstas trievs wilie hem:desd mibyréttpoli@idG the
elongatediaamglheia a rotation 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 thé suture head assembly. FIG. 22 shows a

bottom vigesodshe suturechinad assembly adtisulated iogthedait, E\G A3ishowsabeitomeyiew of the
suture hea%aﬁgr%lzngréiguﬂated to. the right. X X _ )
0 . showing interachion points of a suturing needle with a portion of the drive
mechanism. FIG. 27A shows the position of the suturing needle and drive mechanism in a
"home" position prior to use or after a complete full cycle. FIG. 27B shows another view of

the suturing needle and drive mechanism.

[60044] FIG. 28 is a close-up view of the needle holder assembly for the suture head
assembly of FIGS. 24 and 25. |

100645} FIG. 29 is a close-up view of the distal end of the suture head assembly of
FIGS. 24 and 25.

[00046] FIGS. 30 and 31 show the suture head assembly of FIGS. 24 and 25. FIG, 30
shows the suture head assembly with the latch in the open position. FIG. 31 shows the suture

head assembly with the latch in the closed or locked position.

1060047) F1G. 32 is a view of a curved suturing needle with notches on the face of the

suturing needle to be used with the suturing device of FIGS. 24 and 25.

{60048} FIG. 33 shows a view of the pawl in contact with the suturing needle for the
suturing device of FIGS, 24 and 25.

[00049] FIGS. 34 and 33 show a close-up view of the suture head assembly of FIGS.
24 and 25 and the associated pulieys 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.

[00056] 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,
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[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. WO 2008/147555PCT/US2008/006674
mented assembly view of the suture head assembly of FIGS. 24 and 25

[000421F|G.§ ' '
1000431FIG 8 25%&% §§<ﬂq?78 are cutaway segmental views of the suture heal ZESEHIB G FIGS. 24

and 25 showing interaction points of a suturing needle with a portion of the drive mechanism. FIG. 27A
shows thé psaitisnedpenessudiihe aasaieular thdesbicohanihmbang!tisinshpopitigrogtionto use or
after a complete full cycle. FIG. 27B shows another view of the suturing needle and drive mechanism.

[00044]FIG. 28 is a close-up view of the needle holder assembly for the suture head assembly of
FIGS. 24 B8§5i3 FIG. 38 shows a side elevational view of the suturing device of FIGS. 24 and

25 showing parts of the drive mechanism.

[60052] FIG. 394 shows a top perspective view of a second embodiment of the suture
head assembly made in accordance with the teachings of the invention, in which a resilient
elongated member moves proximally and distally to actuate movement of the suturing needie
about a circular path. FIG. 398 depicts the suturing head of Fig. 39A incorporated into a

suturing device having a flexible steerable proximal segment.

[00053] FIG. 48 shows a sectional view of the drive track of the second embodiment
of the suture head assembly, depicting the course of the drive tendon, the drive pawl, and the

anti-rotate spring in relation to the suturing needle.

[00854] FIG. 41 is a close-up view of the distal end of the drive tendon with attached
pawl.
[00055] F1G. 42A is an isolated view of the tendon and paw! engaging a notch in the

suturing needle

[06056] FiG. 42B 1s an isolated view of an exemplary suturing needle that may be
used with the second suturing head embodiment, showing a leading notch and a trailing notch

on the side of the needie, and an anti-rotate notch on the outer circumference of the needie.

[100657] 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 te highlight the engagement and disengagement fracks,
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
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1000451FIG. 29 is a close-up view of the distal end of the suture head assembly of FIGS. 24 and 25.
1000461FIGS. 30 and 31 show the suture head assembly of FIGS. 24 and 25. FIG. 30 shows the
suture head assembly with the latch in the open position. FIG. 31 shows the suture head assembly
with the Iatc%tag losed or locked position. 1000471FIG. 32 is a view _of a curved suturing needle
with notches on ’é8?1a4ggi’8f the suturing needle to be used with the suturingdéViee#PENES. 24 and 25
100048]FIG. 33 shows a view of the pawl in contact with the suturing needle for the suturing device of
FIGS. 24 ahthopayddodppuds, auldhriasshowmetbsehingh vewot-thesutuneingatdmgsembly of FIGS.

24 and 25,ap4d theassacialed pulleyg that move the drive mechanism. FIG. 34 shows a top

[60059] FIG. 45 is a top perspective view of the second embodiment of the suture
head assembly, showing the placement of the thrust collar over the lateral side of the needle

track, enclosing the needle within it.

1000660] FIG. 46A is a sectional view through the upper portion of the second
embodiment of the suture head assembly, revealing the cross-section of the pawl as it
engages the trailing notch of the needle, and showing the distal ends of both pawl body
guides, separating the engagement track from the disengagement track. The relationship of

the thrust collar to the needle and needle irack is also apparent.
{00061] FIG. 46B 15 a view of the thrust collar in isolation.

[60062] FIG. 47 is a sectional view of the second embodiment of the suture head
assembly showing the pawl body positioned against the flat spring, which urges the paw! tip
against the side of the needle. In this view, the needle is partially spanning the aperture of the
suture head assembly, and the anti-rotate spring is visible as it contacts the outer

circumference of the needle.
[00063] FIG. 48 is an isolated view of the anti-rotate spring.

[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.

[06066] FIG. S0B is a view through section B-B of FIG. 50A showing the pawl tip

pressed against the side of the needle above the notch by a compressed flat spring,



view of the suture head assembly. FIG. 35 shows a side view of the suture head assembly.
1000501FIGS. 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 positio yre device of FIGS. 24 and 25. FIG. 36 shows a top view of the front pulley
agd cgble wﬁgﬁ té%gﬁgynale is in the open position. FIG. WO 2008/147533P¢Fitf&YH58 006674 37
shows a top view of the return pulley and cable when the handle is in the open position. [00051]FIG.
38 shows @Hiél elevatibifal #iéwnisof thie Satuingubviedion HECf FGnBb25skhewingyatts of the drive
mechanisily 0A0RAIFACHEIRA, o dRmBEISRERIl &N Qlra:sgrank embodiment of the suture
head assembly made in accordance with he teachings of the invention, In which a resilient elongated
member moves proximally and distally to actuate movement of the suturing needle about a circular

path. FIG (@8R glepicts ie;seiuring bear ofi Rig+39A1pcarpIatad Mo skiwing devige faving a
flexible Steagsreanbzﬁy%io\)sg]c glﬁgprg\%pié within the trailing notch of the needle at the proximal end of

the engagement drive track.

1060089] FIG. 51B is a view through section B-B of FIG. 51A showing how the flat

spring is relaxed against the paw! when the pawl tip is within the notch of the needle.

[00070] FIG. 51C is a top view through section C-C of FIG. 51A showing the flat
spring in a non-deflected state with the pawl tip advanced within the noich of the needle, now

in position to drive the needle forward.

{00071} FEG. 52 is a sectional side view of the second embodiment of the suture head
assembly, showing the needle in the 'home' position, the anti-rotate spring engaging the
needle, and the pawl within the trailing notch, in position to drive the needle through a

sufuring cycle.

160072} F1G. 53 15 a sectional side view of the second embodiment of the suture head
assembly, showing the needle at the end of the push stroke of the first suturing cycle, the
pawl having pushed the needle through the aperture, and ready to disengage from the trailing

notch.

[00073] FIG. 54 is a sectional side view of the second embodiment of the suture head
assembly, showing the pawl being released from the trailing notch into the distal end of the

disengagement track.

[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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[000531FIG. 40 shows a sectional view of the drive track of the second embodiment of the suture
head assembly, depicting the course of the drive tendon, the drive pawl, and the anti-rotate spring in
relation to the suturing needle. [000541FIG. 41 is a close-up view of the distal end of the drive tek?don
with attache I JFIG. 42A is an isolated view of the tendon and aWI] engaging a notch in
the suturing%ﬁgg ?H%%%%GEIG. 42B is an isolated view of an exemplaryé)%mrﬁ%ﬂgﬁ@ggﬁﬂg@that may be
used with the second suturing head embodiment, showing a leading notch and a trailing notch on the
side of théi&EERECHIA AR B ATRABEEPREIKSEBatcT rdisiafersrddiof Wialombaid 8005 7]FIG. 43
is a sectiongledew Aliperinside piusipieehbherive.gack 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 @@t &gainst Hie diive natehafdhedmeediss the second embodiment of the suture head

assembly, showing the pawl being released into the leading notch of the needle by spring

force from the distal tendon that had been deflected as shown in FIG. 56.

{00677} FRG. 58 1s a sectional side view of the second embodiment of the suture head -
assembly, showing the push stroke of the second suturing cycle, in which the pointed end of

the needle is being advanced to the home' position by the pawl.

[00G78] FIG. 59 is a sectional side view of the second embodiment of the suture head
assembly, showing the push stroke of the second suturing cycle having been completed, the
pawl being urged into the distal end of the disengagement track by the spring force of the

distal tendon, and the trailing notch in proper alignment with the proximal chamber,

[06079] FIG. 60 is a sectional side view of the second embodiment of the suture head
assembly, showing the pull stroke of the second suturing cycle, bringing the pawl] back to the
proximal end of the disengagement track to be positioned to re-initiate the suturing cycle.

Backward rotation of the needle is prevented in this stroke by the anti-rotate spring engaging

the anti-rotate notch of the needle.

[00080] While the above-identified drawings set forth presently disclosed
embodiments, other embodiments are also contemplated, as noted in the discussicon. This
disclosure presents illustrative embodiments by way of representation and not limitation.
Numerous other modifications and embodiments can be devised by those skilled in the art
which fall within the scope and spirit of the principles of the presently disclosed

embodiments.

DBETAILED 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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WO 2008/147555PCT/US2008/006674 of the pawl body guides, and the aperture through which the
anti-rotation spring engages the outer circumference of the needle. [00059]FIG. 45 is a top perspective
view of the second embodiment of the suture head assembly, showing the placement of the thrust
collar over th%lateral side of the needle track, enclosing the needle within it. [000601FIG, 46A is a
sectional view t%%gﬁgélrﬂ?‘f’é upper portion of the second embodiment of the ke &EISembly,
revealing the cross-section of the pawl as it engages the trailing notch of the needle, and showing the
distal end9sfedEberin Bspiguiceds sepatatmghheténgdge mant wagk/fronr thatdiskagdgement track.

The relatiqashippldbe hnstealian i acedls ang nearle faskis 2189 aaparent [00061JFIG. 468 is

a view of the thrust collar in isolation. !OQO 2]FIG. 477s a sectional view of the second embodiment of
the suture KEAPPHSEEMBY Whbei PRRIBEEYIIO SN Had BgRinbtterftavspangihwhichcrges the

pawl tip against the:siderafghesagadiesdn His viewdhenesdle:is-nartialyspanning e apgiure of the

suture head ﬁsﬁembl% nd tihe anti-rotate spring is visible as it contacts the outer circumference of the
needle. °r hollow, cylindrica members providing access to small cavities, such as veins and arteries,

as well as large cavities, such as the abdomen.

160082} In an embodiment suturing device 50 includes an actuator mechanism shown
generally at 52 which comprises an elongated barrel 54 and a handle 60 that exiends from the
undersides at a proximal end of the elongated barrel 54. A suture head assembly 56 is
attached to the distal end of the elongated barrel 54. In an embodiment, the suture head
assembly 56 is removably attached to the distal end of the elongated barrel 54. The length of
the suture head assembly 56 can range from about 20 mm to about 100 mm. In an
embodiment, the length of the suture head assembly 56 is about 50 mm. The length of the
elongated barrel 54 can range from about 50 mm to about 400 mm. Those skilled in the art
will recognize that the elongated barrel 54 can be made shorter or longer depending on the
intended use of the device 50. In an embodiment, the elongated barrel 54 is about 300 mm.
In an embodiment, the elongated barrel 54 is about 350 mm. An articulation lever 66, just
distal to the top of the handle 60 is pushed or pulled to cause the suture head assembly 56 to
rotate. Moving the articulation lever 66 clockwise, moves the suture head assembly 56 to the
right and moving the articulation lever 66 counterclockwise, moves the suture head assembly
56 to the left. The articulation lever 66 can also be moved to articulate the suture head
assertbly 56 up and down. The suture head assembly 56 is locked in place with a locking
lever 64 located on an underside of the device 50, below the articulation lever 66. The suture
head assembly 56 may be articulated, and the elongated barrel 54 may be any length
appropriate for the intended clinical application of the device 50. The diameter of the device
50 can range from about 3 mm to about 20 mm. In an embodiment, the diameter of the
device 50 is about 12 mm. In an embodiment, the diameter of the device 50 is about 3 mm.
A flush port 62 is located on the side of the elongated barre! 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

HSse.

166083} The handle 60 is a grip that is squeezed in order 1o actuate the suturing device
50. The suturing device 50 is actuated by the actuator mechanism 52 coupled to a drive
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[00063]FIG. 48 is an isolated view of the anti-rotate spring. [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.
[000651FIG. 50A is a sectional view of the second embodiment of the suture head assembly in which

the pawl is imal end of the engagement drive track, immediatel imal t trailing
SR R

notch of the nee 66]FIG. 50B is a view through section B-B of Fl owing the pawl tip
pressed against the side of the needle above the notch by a compressed flat spring.
WO2008Ra3850C B UB w006 6741006 A E RS Isoutigiagsis e drougasaEsda C-C of FIG. 50A

showing HoydARs mechanism that is known in the art, such as for example, the triggering
mechanisms disclosed in U.S. Pat. Nos. 6,053,908 and 5,344,061, both of which are hereby
incorporated by reference. Alternatively, the actuator mechanism can be either a manually
operable button or switch, or a mechanically operable by an automated electrical or a fuel
driven device, such as for example, an electrical, electromagnetic or pneumatic motor
powered by electrical, electromagnetic, compressed air, compressed gas, hydraulic, vacuum
or hydrocarbon fuels. Those skilled in the art will recognize that any actuator mechanism of
any type known in the art can be within the spirit and scope of the presently disclosed

embodiments.

[60084] The suturing needle {e.g., 120, 220) used with the suturing device 50 has an
engagement or gripping surfa:ce at one or more locations along its length. By way of this
surface, an engagement mechanism in the suture head assembly 56 can grip the needle to
advance it through the target tissue. This gripping surface can take on a number of different
forms, including, for example, one or more serrations or teeth raised above or depressed
below the generally toroidal surface of the suturing needle, and properly oriented to aliow the
suturing needle to advance smoothly through tissue. In this case, the engagement mechanism
in the suture head assembly 56 can include one or more number of interfitting testh. The
gripping or engagement surface of the suturing needle can also take the form of hatch marks
engraved on the surface of the suturing needle, which either may be raised above or
depressed slightly below the surface of the suturing needle. In this embodiment, the
engagement mechanism in the suture head assembly 56 can comprise a rubberized contact
surface, or a collapsible mesh that can surround the body of the needle at the gnpping surface

to apply a trapping force against the needie.

[00085) In a preferred embodiment, the gripping surface may include one or more
notches that penetrate the surface of a suturing needle that is generally toroidal in shape, with
the notches locaied on the outer circumference, inner circumference, 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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flat spring is deflected, pressing the pawl against the side of the needle. [00068]FIG. 51A is a sectional
view of the second embodiment of the suture head assembly in which the pawl is within the trailing
notch of the needle at the proximal end of the engagement drive track. [00069]FIG. 518 is a view

ég. 51A showing how the flat spring is relaxed against the pawl when the pawl

through secti - -
tip is within ﬂ%n%%’?‘% e needle. [00070]FIG. 51C is a top view througH SaG{RAEHEEHRIG. 51A

showing the flat spring in a non-deflected state with the pawl tip advanced within the notch of the
needle, nriipBsition i lavivestieserénsiie YorwardrtiodurrliriGreatisiiseptinriap siddavieturof the
second embeaimenhabilesuia: ReatessemBimshavingdhsmeedicn e ame Aasilion. the
anti-rotate spring engaging the needle, and the pawl within the trailing notch, in position to drive the
needle through a suturing cycle. [00072]FIG. 53 is a sectional side view of the second embodiment of

the suture;dumemd ] FIG. 2A is a perspective view of the suture head assembly 56 with a cartridge

holder assembly 90 located at the distal end to which a cariridge 88 can be attached. In
accordance with one embodiment, the suture head assembly 56 may be fabricated as a single
piece. FIG. 2B is a perspective assembly view of the suture head assembly of the presently
disclosed embodiments showing part of the drive mechanism 70, shown as a gear train/pulley
system including pulleys 72, 74, 76 and 78. Located within the elongated barrel 54 are
mechanical parts including drive shafts, belts, rods, cables, or hydraulic tubes which run from
the elongated barrel 54 through the spherical portion 58 and then engages with the drive
mechanism 70 in the suture head assembly 56. Connected at the proximal end of the suture
head assembly 56 there is depicted a spherical portion 58 that contains part of the drive
mechanism 70 including two idler pulleys 80 and cables 84 and 86. The spherical portion 58
resides within the distal portion of the elongated barrel 54 and rotates in a suBstanti.aIiy
frictionless fashion. In one embodiment, the drive mechanism 70 includes a gear train/pulley
system ("locomotive-type” drive mechanism) and cables and rods that extend from the distal

end of the suture head assembly 56 to the proximal end of the elongated barrel 54.

[00087] The suture head assembly 56 is that portion of the device 50 within which the
mechanism for driving the curved needle 120 in a complete 360-degree circular arc, as well
as the cartridge holder assembly 90 for attaching and releasing the cartridge 88 are situated.
The suturing device 50 is unique in the fact that the orientation of the suture head assembly
56 is such that when the cartridge 88 is attached to the suture head assembly 56 the needle
120 is driven in a curved path about an axis approximately perpendicular to the longitudinal
axis of the device 50. In this way, the needle 120 may be optimally visualized as the needle
120 is driven in a circular arc. Also, as shown in FIG. 2B, the needle 120 and cartridge 88
are in a plane paralle] to the drive mechanism 70 and fit into the same space in the suture

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 afier every stitch to provide a

uniform and symmetric suture, thereby minimizing the risk of tearing tissue and bleeding due
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assembly, showing the needle at the end of the push stroke of the first suturing cycle, the pawl having
pushed the needle through the aperture, and ready to disengage from the trailing notch. 100073)FIG.
54 is a sectional side view of the second embodiment of the suture head assembly, showing the pawl
being releasegd. jr. he trailing notch into the distal end of the disengagement track. [00074]FIG. 55 is
a segtional S%éd\zl(laég\llig%#e second embodiment of the suture head assen%)tﬁgf @%8%(&5%‘% pawl! being
pulled by the tendon to the proximal end of the track in the pull stroke of the first suturing cycle.
1000751 RiG. B6chshgine custisninsitivvidnso teltbesutasrd hnbudiedsimsof.the sutuethdadeagsembly,

showing the pawl apRrashing he praximakchambsrbere eRrRXimAlends,ofs the.engagement and

disengagement tracks merge. The distal end of the tendon has been deflected away from the leading

notch of thHEtldoBG 6l damia sy sedtivharuitfclvbopdraeider Shdream bedrmunesed e suture

head a sterilizable medical grade plastic material, in which case, the entire device 50 or parts of the
device 50 may discarded and disposed after a single use. In ancther embodiment, the device
50 may be composed of a sterilizable medical grade metallic material such as stainless steel
to enable reuse subsequent to sterilization following a prior use. In still another embodiment,
the device 50 is composed of a sterilizable medical grade metallic material such as titaniom
to enable reuse subsequent to sterilization following a prior use. The use of titanium i5 ideal
for certain procedures including Magnetic Resonance Imaging (MRI) and Computed
Tomography (CT) because they are X-Ray radiolucent and do not interfere with MRI and CT

SCans.

[06089] FIGS. 3A and 3B provide detailed segmental views of the suture head
assembly 56 showing the cartridge holder assembly 90, the disposable needle cartridge 88, a
curved suturing needle 120, and parts of the drive mechanism 70 including a plurality of
pulleys, 72, 74, 76, 78 and 80 involved in driving the needle driver 98 through a semicircular
path. In one embodiment, the needle driver is a pawl] 98. As depicted, a shoulder screw 108
is used to keep a latch 110 locked in place over the disposable cartridge 88 and the suturing
needle 120. Pulleys 72, 74, 76 and 78 are engaged with an actuator arm 102, which is
attached to the pawl 98. The pawl 98 interfits with two notches 132 (as depicted in Fig. 15)
located on the needle 120 at 180 degrees apart from each other which drives the curved
needle 120 in a completely circular arc. The suture head assembly 56 is preferably
configured so that the pawl 98 (or other needle driver), does not intrude into or obstruct the
area within the curve of the needle 120. The entire area within the circular arc of the needie
120 is unobstructed; there is no hub at the center of the circular arc so that the device 50 can
encompass the maximum volume of tissue within the circular arc of the curved needie 120.
In this way, the needle 120 may be rotated through a relatively large arc, allowing the needle
120 to obtain a sufficient "bite" into the tissue. Preferably, the needle 120 will have a radius
of curvature of about 3 mwn to about 40 myn. Inan embodimeﬁt, 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.



assembly, showing the pawl being released into the leading notch of the needle by spring force from
the distal tendon that had been deflected as shown in FIG. 56. [00077]FIG. 58 is a sectional side view
of the second embodiment of the suture head assembly, showing the push stroke of the second
suturing cycle, in which the pointed end of the needle is being advanced to the 'home’ position by the
pawl. [00078}771—(1)@9(?@‘fgz’assectional side view of the second embodiment oftH&'SHlFEREHD assembly,
showing the push stroke of the second suturing cycle having been completed, the pawl being urged
into the di$@t¥Hd of thEldiSeAdagemBritacichyltdespring fbeckriot thectistahétidomtaddhthe trailing

noteh in pyane et U 1% DK gl ChaMe 1000 RIGIC 805 seclionalsile Ylew of the

second embodiment of the suture head assembly, showing the pu e second Seuturing
cycle, brinfifigarapider basrine Bdpibsimareatcsritheersdmdiienesrhanisrtdlte posiboned to
re-initiate the Guienngcxles Backward woation:9fdhsuneediesisprevepteddn.thissirake hy.the

anti-rotate spring engaging the anti-rotate notch of the needle. [00080]While the above-identified

drawings Bt f3h LRI LI 0L EE Bnpatintaricovther ssmisoamne maitard bss vattciiBlated, as
noted in the2disgussienlldhiy Hiselosuedpiessnizdlustmiive-gabodimentsaRymway of sepesentation

an vt gl AT o ns and sindimansca b gevied s e n

DETAILER DESGRMRT, I®Ney 74 acts as an idler pulley, transferring the motion to the most distal
pulley 72. Pulley 72 and pulley 76 rotate through identical arcs. The actuator arm 102
provides a connection to the pawl 98. The paw! 98 is located in the distal end of the actuator
arm 102, The pawl 98 is attached to the actuator arm 102 by an integral shaft and collar 100
that fits loosely into the actuator arm 102 allowing smooth movement. As the handle 60 is
closed and opened, the pawl 98 moves through the same arc as pulleys 72 and 76. The pawl
98 at the distal end of the actuator arm 102 is capable of engaging the notches 132 located
along the radially inner edge of the needle 120. 'The actuator arm 102 is activated by the user
upon squeezing of the handle 60, and is capable of sweeping back and forth in an arc
spanning about 190degrees or more. FEG. 4A shows a detailed view of the drive mechanism
70 and the suturing needle 120 either prior to using the device 50 or after one complete full
cycle of the device 50. FIG. 4B shows a detailed view of the drive mechanism 70 and the
suturing needle 120 after one squeeze of the handle 60. As shown, the drive mechanism 70
has moved in a circular arc greater than about 180 degrees, (about 190 degrees), while the
suturing needle 120 has moved in a circular arc of about 190 degrees to drive through the

tissue or vessel to be sutured.

[600911 The outer surface of the actuator arm 102 is shaped to accommodate a C-
brace ( shown as 106 in Fig. 7) that causes the pawl 98 to engage the needle 120 and thereby
remain in contact. The advancing movement of the needle 120 during operation causes the
notches 132 along the radially inner edge of the needle 120 to align with the pawl 98 in the
actuator arm 102, thereby causing the pawl 98 to engage the notches 132 due 10 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 ocour sequentially through

about 190 degrees each time the needle is actuated.
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[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 WO 2008/147555PCT/US2008/006674
patient's bod%OT igﬂt}mng device 50 can be utilized to suture any type of anatomical tissue in any
type of anatomical cavity: and, accordingly, while the device 50 is describ&& HEr2IERE5Fdr use with a
cannula in endoscopic procedures, such as laparoscopy, the device 50 can be used in open surgery
and with d&¥8&%rs andiBfhef sretaivandlasgapidavetdithalsustn endofldw,soytirdrical aembigrs providing

access tosgmall AV SHCBRanY RIRSARIE A0S 85 Gl ASIATAG ANIIRgs sUen.as (g abdomen.

j000821In an embodiment suturing device 50 includes an actuator mechanism shown generally at 52

which cofiptised i SisRgREasERd 3o aha BrshHdsmerdiedendbdromditng Mhiemittesdt a

proximal enthief the-elongates] batrelshd:/hsiure-head assamblyR64s affachesig,the;distal end of the
elongateg barrel.54. In aéj eme%di“rggnt,”the suture head assembly 56 is removably attached to the
distal en %gﬁéiél HRTEAUE AT SPPHhPRIERR T tfe Wturd Histwmssamitinrsthe ancdind0rom about

20 mm toimBdiyt &Beined wittdn embodineticthjergth afdhesuiveaiberd assamblyR8iaabout 50
mm. The lenath of the elongated barrel 54 can range from abqut 50 mm to about 400 mm. Those
skilled in ?ﬁg%r%am ig %eggﬁ?zaéletg%ﬁ%d:ééefgﬁ%a%e%%%%?gIt il %WB&W@&G@%&:FWP I8FG&r depending
on the intepriedsube &ftive Heviceusb ohe &tlembedimeht wnereRityatedibatiel F4lisabait300 mm. In

an embogment, ae:<longaiedRaiteh4 55 ahauk 350 o, ARparticulation lever 66 just distal to the top
EErb 56115 FRIALE: TAGY

of the handle 60 is pushed or pulled to cause the suture head assem ate. Rﬁovmg the

articulatidRf18¢&+ 66 oakinide, modrray erradature ¢iche wstbiap BB56 tvethidnighbh drdkimovitng the
articulatian lever86.couaiarelackwise:auesiie suiwebead ansemile 38 tarihe Il The articulation

lever 66 c%n aé_js%_be moved to_articulate the suture head assembly 56 up and down. The suture head
[

assembly 5% LTJERbEHFIRCE RiAaRdbchth s sier ed ioratby sraionnerssioR ohittaievise 50, below
the articuititiors e Bndlhetsistine helassessembly bemayeariswaiad. 20d4bs siergated barrel 54
may be an '?ﬁ%h aa\glpégprigtt%for the intendle%%clinical application of the device 50. The diameter of
the device B0 canange from about 3 i to ADETFI0 MAT &M RMHSBime 1atd aietiter of the
device 50henaigoetzEd agmn riamgthbodidierit Ghbroimmetietotithoéades: beiambetirdimneA flush

port 62 is,lacatedon, the ﬁ&%gogﬁgoﬁluongated 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. 1000831 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 acgsigsimechapismsx? GURIaR 1R & VR) in the home position, the pawl 98 is engaged in

the notch 132 near the suture end of needle 126. An anti-rotate spring 136 is engaged in the

notch 134 on the outer surface of the needle 120, not allowing the needle 120 to move
backwards in the cartridge 88 of the device 50. A close-up view of the anti-rotate spring 136
1s shown in FIG. 5B. In an embodiment, the needle 120 comprises at least one anti-rotate
notch 134 and is engaged with at least one anti-rotate spring 136. As the pawl 98 drives the
needle 120 through a first semi circular arc, the anti-rotate spring 136 slips out of the notch
134 and slides over the outer surface of the needle 120. As the paw! 98 reaches the end of 2
first drive stroke, the anti-rotate spring 136 snaps in behind the rear corner of the needle 120,
near the suturing material or thread 146 (see FIG. 6A). As the pawl 98 returns to the start
position, the anti-rotate spring 136 holds the needle 120 in place, preventing the needle 120
from moving with the paw! 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. 68).
When the handle 60 is squeezed a second time, the needle 120 is driven back to the home

position,
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WO 2008/147555PCT/US2008/006674 mechanism 70. The actuator mechanism 52 of the suturing
device 50 may comprise a triggering mechanism that is known in the art, such as for example, the
triggering mechanisms disclosed in U.S. Pat. Nos. 6,053,908 and 5,344,061, both of which are hereby
incorporate Jeference. Alternatively, the actuator mechanism can be ?@:lfﬁs%m%@!?/ operable
button or switch, or a mechanically operable by an automated electrical or a fue oirlven device, such
as for example, an electrical, electromagnetic or pneumatic motor powered bfé electrical,

electromdB#BY, compreedadthief Senipreised [$as, hyaratiifes B LRLFATORA n fuels. Those

Bid
skilled in thg-adonds KeRRanZadnat AnY ASUARE MeehansmOlanyiypenknRwdN 1he:af ¢an be within
the spirit and scope of the presently disclosed em@gdiments. [000841The suturing needle (e.g., 120,

220) used WihHTE S iRG BEVIE S 1Y) AP SITGRGME AP BT N BEME STEEE St B 'BF more locations
along its lengihBysvay:.af thisisurtase camnengagesdent I0echadiikiadri-the wlillisatheasgasgembly 56
cangript eedle to advance it,through the target tissue. This gripping surface can,take on a number
of differef?tg‘oﬂr‘%%%% 0 |ntglf%rrlaéifgﬁeﬁge?oéﬁ%&o?gﬁ%&% SHHALBHE 67 (feﬁe %{lgs’aé%f above girgag’pressed
below thelgene haliiiopoid disdifpoe ot thedatorntrgpe 88 &y rariet propedy bheatedige hliblerthe suturing

needle to&%@ﬁég}o& Qsébé?éé%s@?i&&dﬁiﬁ‘&%&%ﬁﬁgtﬁ% SRgAgemSALIIBChanism in the suture

head asse 6 can Iinclude one or more number of interfitting teeth. The gripping or engagement

surface opnpiecsigtupihphecsdlils ah ialger ralter this doTireoTHRIR IS PHatkE EniraVisg BereRieIs(rface of the
suturing needle Whieh eithermaybetaiserabove @k deprassed sighty:belaw e susface of the

suturing needle. In this embodiment, the engagement mechanism in the suture head assembly 56 can
compriseP47 BB 7EYES AT AL P ORI B SHTRBCEAN SR ERAT BB the needle
at the grippingesoidaces aanplyaattanpingdembaghiasvihe needie {008 IR pisienieeal

embodiment, t rippin rface may include.one or more notches that penetrate the surface of a
Suturing ARERC R SRS o PSP L A B R PR D St
circumferértepans érecipeumieié ficadchanreneptdbthisicepofithe slwringumegdietdiabsresponding
engagement nism.in e I r wi j n take many
forms, DL e B T e 120 ch on the
suturing AdedlenEhperaimve thisasebtfangy AlRsnia Faidinsctisrt ot Brepprptdsyastitedrom moving

in a reverge, WQR008hAA7B5ARET 4/ S2A08MAPGALASHas ion TR Talawing daserinsianiuses a

particular embodiment of the gripping surface for illustrative purposes, and is not intended to limit the
scopé of IESVdSRSALRE e ATREyaRntioned process. Every stitch, whether a single, interrupted

stitch, or one of a series of continuous, running stitches may be placed in like manner. The

suturing device 50, therefore, may be used to insert either a single stifch, or to insert a suture
comprising a plurality of continuous stitches as a replacement method for a more tedious and
time-consuming manual suturing process. The terminal end of the suturing material or thread
146 may contain a knot or button to prevent the suturing material or thread 146 from pulling
through the sutured tissue during placement of the first stitch. In an embodiment, the
cartridge 88 comprises the suturing needle 120 attached to the terminal end suturing matertal
or thread 146, and an appropriate length of suturing material or thread 146 are all packaged in
a sterilizable medical packaging material.

[600%5] FIG. 7A shows a close-up view of the pawi 98 which rides in a track formed
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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1000861FIG. 2A is a perspective view of the suture head assembly 56 with a cartridge holder
assembly 90 located at the distal end to which a cartridge 88 can be attached. In accordance with one
embodiment, the suture head assembly 56 may be fabricated as a single piece. FIG. 28 is a

perspective %@%ﬂ&%’ﬂ-@%’v of the suture head assembly of the presently dflgprl/%ss%d embaodiments
t of the drive

showing par rive mechanism 70, shown as a gear train/pulley system mcﬂ.{féll%”gﬁ%ﬁlleys 72,74,

76 and 78. Located within the elongated barrel 54 are mechanical parts including drive shafts, belts,

rods, cabR&rdpPyacAtiagkEs Wiisredln FomXke ciBrigatetasderst B i o theeagpHA8rical portion

58 and th%@mg%mmg@gg&g\@mgg? iSkR 49uin the suture head assembly 56. Connected at the
proximal end of the suture head assembly 56 there is depicted a spherical portion 58 that contains part

of the drive mechanism 70 including two idler pulleys 80 and cables 84 and 86. The spherical portion

58 residegyaithin the distalpogioavoiditenroaied basse)btandwntaiasin agsubsiantially frictionless
fashion. In pne emhodiment, the drive mechanism 70 includes ar train/pulley system
e di SRS RN e T %(g)si%%? EQ%g'n%aY?gfhvﬁ%ea S%ﬁ%d of the suture

("locomotiVeype® drive ThechaRigm) ahid’ Cabids Eni fo
head assesmihbbatotthie proxamdkiend ot thl elvinghted thamal: b {00887 kibhe Sutsiezhkad assembly

56 is that on: [ ithig which.th ism,for driving the curved needle 120 in a
completea%g%gg%gge%?é%a%r%g?% s%tg V\%#/éa{é&{r}\%e gg tﬁg%%q%%%leer%gsg&r}lb Iyi/nér(% Eoera gaﬁfgc %lld( and
releasing thés ébetriensétiggedreckitiyatiedhT hasuertiring Weice Bk ridbesetHecksctthstitre orientation

of the suthggd%mgmég@ée@ﬁh%%wg%{Ja@ gartridae asis.atached 0,6 suiufe head

assembly 56 the needle 120 is driven in a curved path about an axis approximately perpendicular to

the longitiHiHISSGI6F tHe BRI S0 PIH Y KESPHHA R FORPREY BEGHGHRIRIRAstdingY as the

needle 120tis drer:il aiicular Aics A0 hasdshombin FAGnlSithe nragie-d20ame:cartridge 88 are in

a plane parallel toﬁ%e ive mechanism 70 and fif into the same space in the sutyre head assembly
o 2000BBHE I hro L BEH TN o ERLEr by i B, ARt o) e St Heta
assemblytiztendbléd precisead enide gulacd@mentovastheuncisidoe: athdrtargetiissue of interest, and

uniform n nt of the ;suturing device.50 after, every stitch, to provide a uniform and symmetric
Sature, o R S R S R i
S2008/0068Tmeplanstivhpedriy Pesitorradicosl slose Thamecedepy eftbleyrcisegidisgus whivhe

embodim@eﬁla*@gﬁﬁéaﬁéi&m@éf?%%{ badts AkIeAeviea M. SHERAS the suture head assembly 56, the

elongated barrel 54, the handle 60, and the needle 120 and cartridge 88, may be composed of a
sterilizable medical grade plastic material, in which case, the entire device 50 or parts of the device 50

may discwdwhpnd_?is%ﬁéeng‘ﬁo&ﬁ%gl@imﬁ]&@@@t@ i@mﬁq@h m&@_bfiﬂ@rgéidcliﬁ&%ﬁﬁg?’ be

composed of g steriliza cal grade metallic material such as stainless steel to enable reuse

gy P o S T e e A e

composeit dfeausteriinbhlend edigat gratia nrétallicanaterigksitcicastitarvurivohaabldieclixe

subsequent to ﬁg%ril'zationf llowin rior use. The use of titanium is ideal for certair).procedures
U e#__zssue b'8e3 tux%c?n%e(mf%%eéﬁs e Q%géﬁﬁ_néﬂ mow.%%%x%é:ﬁ e%%%r'o

including Magnetic Resonance Tmag ompu omogra C%ecause {ﬁey are
X-Ray raieanrasiddotndranmtiae withimR Tandadistnen{oos $olrEs! SahdiBBiprovide

detailed spgmental viaws0fiBeSYBHEeRY rod 140. Squeezing the handle 60 (see FIG. 9)
causes the two drive rods 140 and 142 to move in opposite directions. The upper drive rod
142, moves forward while the lower drive rod 140 moves backward. The drive rods are
connected to the suture head assembly 56 with cables 84 and 86 and idler pulleys 80. The

upper rod 142 is connected to pulley 78 with cable 84. The lower rod 140 is connected to
pulley 76 with cable 86.

160098] 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 ciosed position. The force to move needie 120 from the home position to the rotation
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assembly 56 showing the cartridge holder assembly 90, the disposable needle cartridge 88, a curved
suturing needle 120, and parts of the drive mechanism 70 including a plurality of pulleys, 72, 74, 76,
78 and 80 involved in driving the needle driver 98 through a semicircular path. In one embodiment, the
needle drivervlgg%&gm 9§ As depicted, a shoulder screw 108 is used to keep a latch 110 locked in
place over the disposable cartridge 88 and the suturing needle 120. PulleyiEFA/ 20848657 78 are
engaged with an actuator arm 102, which is attached to the pawl 98. The pawl 98 interfits with two
notches 1825{and@pietiPin hiylovsy satéfl puiling brsbtilerd 20 tie B cdegrecibaiant foorareach other
which drivis (e eued Reeg!end 40111 A0 MRS EURLALG: TheSUTE Dead ARsembly 26 IS

preferably caonfigured so that the pawl 98 (or other needle driver), does not iRtrude into or obstruct the

area witb9f e HGREHrHeh dsariengged hashife drethanthin BiCeildurable8otthe theedle 120 is

unobstruckeshheris bkl sRnianef 1ha.SIIAEN S0l ihe deyion S0yeaR,aFompass the

maximum vol%n%e og tis%Je‘Wthin the circular arc of the curved needle 120. In this way, the needle 120
25 ;

may be rotAte Stigi? e%ﬂtﬁ?ﬁ%fbﬁ e BF8, ‘HIfBIRING e esa@svosidkeae Softeieht "bite” into
the tissueaiBrafbrabity, Ihemiedte k20 wiihryera kadivs of Gurvatiteneibbaet:8iine torgbout 40 mm. In

an embod; A ice .5Q sutures within limit of the djameter Qf the suture head assembly 56,
which is %ﬁgﬁéa%%%gé%}:éa%&%ﬁncga throtigh rﬁgﬁ%‘é’f‘f‘&&%‘%‘%ﬁﬁﬁ AR AR SA BRI é%pgery. In an
embodiméngreae dipketerof e pulybdoieadic the0mvesodotddxeeeesthevdiaindiee of tbersyture head

assemby 36 MALINIATS PP LR TANOPI0SRTA AOPISHIRIE S, At fd 4B shiow.getared views

of the drive mechanism 70 located in the suture head assem with res Fiving the needle

120 durinffugbst merHEvicasy threlkantatgerstisiig 48 HasbéeFHenidyedile 8halndthsitrive

mechanisyi: ébipAetaib-dive drvemechanism:49 iagudes %ggﬂﬁééﬂg’ P IeYS4241(4 76 and 78,
and the assggi@;i axe! pins 82, involved in drivingthe paw!l 98 through a semicircular path. The

actuator afr A58 GRS TR LRI AR BFR MARRE Y lerkmsas 7iouRd FemaBpulleys 76
and 78 rotae anitmdhenegtiarued theccalile so8hiRad BAoterpssivelyuihategideinthe elongated barrel
54 (not s n).-pulley 74, acts as an idler pulley, transferring the mqtjon to, the most distal pulley 71
puilcy 72 by T AB e S S bR RE RGP i 20 HrUeraBs Hbbhnecton (o
the pawl 98 Trissdwt ofpising dictt fivnhodigta sndtdé ftcvastintoframplids: THhe4tang o8 is attached
to the actyygtar ghip AfiPygan integral shaft and collar 100 that fits loosely into the actuator arm 102

allowing smooth movement. As the handle 60 is closed and opened, the pawl 98 moves through the
same arc as pulleys 72 and 76. The pawl 98 at the distal end of the actuator arm 102 is capable of

engaging[iseswniches tR2decaterbelpngheradially inoersdes otdie.naadlesk2Ihe actuator arm
102 is activated %hﬁ user upon squeezing of the handle 60, and is capable of sweeping back and
[

forth in affAre 4p: JeEEs e e s Br9n 0P8 dha saergpmbe et anaamhbi P Birksagtive
mechanismcéBsanth the mutiieindineatiicpa?0oitberi priigetorusing) therdevieadz? og after one complete

full cycle of the davice 50..FIG. 48 shaws.a detailed view af the drive mechanism 70 and the suturing
needle 1%?%&5?‘%%%5%5& Sy ?ﬁgtfﬁéar?d ehg%ﬁ %’%%%‘\%ﬁ?%@d%ﬁ/é F%@%gn?frﬁxﬁﬂﬁgsr%ved in a
circular atecgirsbrectchsabyiibe soruisipess ({abblit1.9@ dedieds)inhilerhelsutaingeneedle 120 has
moved Inyfcifey ar e, Rl 408 deorses de divepuaR e Iseus oL vessel 13 be sufured
[000911The outer surface of the actuator arm 102 is shaped to accommodate & C- brace { shown as
106 in Fi&fw’) ISk IRE AT e e guateiicheislesa0iens dhustethhranmiige 88ntact. The
advancing-meuerasit @fﬁt&ﬁﬁ%ﬁéﬁ&&é@@%@ﬁ%@@ RAUALS INENPIGNSS 32 Alongthe radially

inner edqg of the need|e 120 to align with the pawl 98 in the actuator arm 102, thereby causing the
pawl 98 t %ﬁé&%é}‘ﬂ%’i EARESS e TR & ithetuisiuraliniesa By theoes-siiled (rdbehown),
and to "laekWitectheniatdhne adRighhersntainhadvan ging-noieme -9 Hhasee esREk2Q s therefore
controlle%jgté? o entiaélg%;;_lr ugh.about 19§hde rees each time 3}?}2 1eedle is actuated. WO
2008/14 E%C%#ﬁg‘g%‘o"’élﬁ 2%%%55%&?& aé‘%é“ﬁ PIRTRRE A ?/G’“éff‘% EXREEI BN of the
suture heagltaksextaning 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,

6.
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56 with the cartridge 88 and the needle 120 in view as well as the relationship between the pawl 98
and the actuator arm 102 with respect to the needle 120. The needle 120 is enclosed within the
cartridge 88, so the sharp pointed end 124 is not exposed. This needle position, as loaded, is referred
to as the "homg"zgositiqn_(FlG. 5A). In the home position, the needle 120 is fully contained within the
cartridge houshg 88 {3 aliminate needle-pricks during handling of the cartPHg& 889 Me oaded
device. Squeezing the device handle 60 fully, two times, operates the device 50 through one full cycle.
As shownl#i9458] 6 A, tRacripsefunacnbabeaotides Ranthelg0mpives the needied@fidarough an about

10 degragsaieTiae eaisd:eAck et 1o Seadle A4 fxlile ISR URIBSHIR lhe, e ridge 28

drives through the tissue to be sutured, and re-enters the ({)rotectlon f the cartridge e device
50. This podtidiakbt nestrertsugesd ¥ wré hihdeheplde sstsireld fo asatiiervetatpntpbéftion. As

shown in FiGatiBasthedandie: 68 isdhen wieasedamtthe.argdie 130.wmainsipihe ftation position
while thedg)<':1WJ?%%%§%}(#£he‘st ctuator arm 120 return Eo their start position. The handle 60 is then
Vi

squeeze lfng%@éed’?é’ti%eﬁﬁ%’é W& ERSTS S0 MeGradgrhalieratenmily 8% needle 120
to the hontetpositionl [B0083)fiGidpA shavwsdhe MeedieckA0dnldeshomepasiion tibeRawL98 is
engaged i, the, notch 132.neay,the suture end of nee 26, An_anti-rotate_spring 136 is engaged in
the notch 3%%20{%”5 c()%l%)e}r0 S%r aec%agf#% E%]é%réafﬁo,qlr%t][ %ng&i?%ét]ﬁ% @d@%éﬁ%&%@‘é backwards
in the carfrielyee 58 diahe deliiée 30BA Albsenb Vibvicofitedzantl-rothtelsprihg A2alis isidawn in FIG. 5B.
In an embgdiment need| i t n t- e.notch 134 and is,engaged with at
least one a_lnti-rqtaFeys%'riEgﬁ gl%ge% ﬁsﬁ%\%}%éa%\%ve?%%ﬂnvi}s%h% %gggetgi%z(%q%%ﬁ%tﬁéaa ﬁ&%?&%i circular arc,
the anti-rét¥fé Bprindg E362&H "ot ot enribeckitana Bhdl slivéens/be tive datbiurfadbe of the needle

120. As therpat 98, ieaches the snsefeuiisst diivestoke: iheantiaiale springil 36,5nans,in behind
the rear coiner of the n%esdle 120, near the suturing material or thread 146 (see FIG. 6A). As the pawl

98 returnd 18 ESYEPI5 SHER RS- HEnd G At e Rusanshing the srsdle p#8venting the

needle 120dnmcarnidpg 88itiothateasaiASdedck devaseibe startinesiteme The pawh98setums to the
start posifjgn and engages,the notch, 132 in the ne 120.near the pointed end 124 (see FIG. 68).
When thegﬁ%ed?gegd%?%aﬁe%%% g gg%jﬁc? ﬁb e?ﬁ%%%éﬁféﬁ%qgtﬁg\fé’rfgﬁg% {8 home position.
WO 2008/147 5550 STuS 2008/ 0066 kit 00084] Ehewidds of thecapeidpecdiigrinstbegartddge 88 is
comparalig-oapd.corresponds,withythe. width. o Sg inthe needle 120 so that wh needle
120 is in the home position (as shown ianI%. Is,é ?ﬁre&r%‘egérﬁ?%rgbggﬁ%{ﬁ%f& }r%agge{%ia y into the
aperture haerasidh sArangtd erteaiidbintreaseedietho ol R ditventire heodih 2 tbroaghidge 88,
thereby preseefingiioadyartenicantactal heshase pointad spgd 2wt ihg wsels fiRgers.during
handling of the disposahble needle cartridge 88 for placement on the cartridge holder assembly 90 or
disposal SHEF SE&S ) WhAESetaling the suturing device 50. Such protection of the needle 120 in the
suturing device 50 prevents accidental "needle-pricks" from occurring, thereby substantially reducing

the risk of,j ipn caused.b hogenjc terig.or viruses may contamjnate the needle 120
during or{{a}lﬁ%?rﬁl}fe pric%%%gﬁgp%z%?.%ﬁ%l%ggg@q% r%aartflS%Qr%g{fe?%%pgﬁ%?rgobﬁﬁ%?%f the
cartridgetB8 plbulitted ¢otagisicdin 8f ands bitthereovasifg adetlicedbitizativhiecestaeplpitteshdeedle end

124 so thathaaeedled 20 st poRnsie sHue LB And e (NS I he hameypostion. The

suturing material or thread 146 is attached t0 the nee , erefore follows the pa%h of the

needle 156chrhEl da6iing loadedial bepredmalsedmiipiten sidebrenassbenrsdiny4rpaptropriate
method, suehaas fRr-examples hidyinge aha@dditiona) slilches mayReRased slone theeptire wound or

incision by repe téng he aforementioned process, Every stitch, whether a sintgle, interrupted stitch, or
one of a S&fes @f c ﬁ%c?ﬁg,n&ﬁﬁﬁﬁg Lhtckssrhbs BaDRcET irnfind BranAseithecssmaig device 50,
thereforepidayreedissezhtanih ey caithiggasgingle stitch, or to insert a suture comprising a plurality of
continuous stitches as a replacement method for a more tedious and time-consuming manual suturing
process. The terminal end of the suturing material or thread 146 may contain a knot or button to
prevent tH¥&UEFng nideriad shemveadidgtiponepulfity tmlighihe Butuvedntissise tiring placement of

the first sihedniaerBbagimentulie ptide. PO camRtises duessuluting pecdle, L20 aliaged to the

terminal end suturing material or thread 146, and an appropriate length of suturing material or thread

146 are B BLtkSERER Detsiifebléhvdme drparkdmgasiatt? athoogotiFrEeua siios.adclose-up
view of thigjaawtd6 mhichotgles i e 3GlefQURTREL 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. 194 and 19B), the needle 120 is formed as a circular split ring with
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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 clgsed. The spring 104 also allows the tip of the pawl 98b to rotate out of notch 132 of the
needle 120 dUr§tHE F&ttirn of the pawl 98 to the start position when the RERIE28R0¢5éned. The
heel of the pawl 98a stays in contact with the C-brace 106 during the driving stroke of the device 50,
preventing e bk 9Bafto privyo 200BI247865 PiaT/¢us B0 SIh0 6674 oVaf-fotitingangtissking the
needie 120 Jiicf OROUS LEIRRE BYRAARELAMLIS SN0 I, Pard sl DR and the paw
Re n with FIG %,teu u

tip 98b. [00096]Reterring now to FIGS. 8 and 9'in conjunctio IG. ser introduces the
distal encPpbAToPrEMatithiikryesies 5imda lbeayptavisye Wweebariaiatbe sadibly arbesiewn), and

then laterally-attichbaias: hepuidredpeashassermlly R using tbeariculation leyer86 nsatgd just distal

to the top of the handle 60Q. The suture head assembly 56 is then positioned relative to the

tissue/veS3el t5HEE > St b ARe RERAURY Helagated atig s 6B IalBe ! #Eg the locking
lever 64. The G3erdpemgridhipbweanipaatopaiiating davieebigprsiions mphualit/ighseparated
tissue segments into the ning.defined at.the, distal end portion. of the suture head assembly 56 and
i (e A O PO T8 {2, T Gt CHR R ILy AeLbn JEEVHIE clvice 50
while actlatimgtiyeiand eB0itg diserahei fimisiof avithisdcoatibure udi sutd rediantip sathtiteines may be
individualiyResipnes gy aRCIaY AoRedNEENoM TR SHLIE Pl g yturing done by
hand in the conventional way. The user may employ a single suture ich woulld extend the entire

length of Halsrigisiohspmidtipidggiiné s1otogrrmesdelieadostansdiithrisebaoisdley 120 in the home
position angrthgdandie G0 ully.peeR é%%ﬂ:@m@ami@@@m%qgw&é@&@&@%@Lﬁ@z@ﬂglgmde up of a

grip which rests In the user's palm and is squeezed in order to actuate the device 50. To drive the

needle 12¢F 7BHGH Hests e et bdeRE B qiie R dosrssianbra 6t inddihg the needle 120
from the bemsgipasitien jamthadotion:positionng ie:haddls 6o eonalnsiinkaaseiad) o hath the upper
drive rod 142 .and.the lower drive rod 140. Squeezing, the handle 60 (see FIG. 9) causes the two drive
ods 14020 115 ROVE T, B A A Lo RS 435 RO Bl the
lower drivisheodThes M es backmwiatdecihyeodpiveicad satectbnnenth dioi tiye: sutpradiesidrassembly 56
with cabl i | od 142 is connected to ey 78 with cable 84.
The Iowe?rg?;)()gé?t 1%?(5g ?g%ér%gggéglgt%fﬁfﬁ%%%%gggﬁe%%ﬂ%%é% ﬁé%.oi%bgr%%#l% I(ﬂfi(()g‘rqijunction with
FIG. 8, shitth the reopsiskieiassgament. The inner notches 132 are engaged by the needle driver 98

of the drive mechanism 70 and enable the needle 120 to undergo a rotary movement upon

actuation of the drive mechanism 70, thereby causing the needle 120 to penetrate into and
advance through tissue. A similar triangular notch 134 is located on the radially outer edge
{("outer notch") of the needle 120 proximally to the inner notch 132 closer to the sharp,
pointed end 124. The outer notch 134 engages with the anti-rotate spring 136 located on the
cartridge holder assembly 90, whereby rotation of the needle 120 in a direction opposite to
the advancing direction or "needle backing-up” is prevented. The positive engagement of the
needle outer notch 134 during operation of the suturing device precludes needle 120 from

straying out of sequence during the suturing process.

[600103] The suture head assembly 56 of the device 50 can be laterally articulated to the
left of center and also to the right of center. In one embodiment, the suture head assembly 56
can be laterally articuiéted through an arc of about 22.5 degrees to the lefi 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 ep and down, permits the user to position the suture
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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 48\5809%%% 120 from the home position to the rotation WO _2008/147555PCTX
S2008/0066 p05|{|on°(‘:‘omes from the lower rod 140 pulling backward oh thE"aHVEWSBTE 86. The
lower rod 140 extends nearly the full length of the elongated barrel 54, connecting to drive cable 86, at

the proxirigae#fdcattlieo6Brigatey Haversymas shoning rRielictiossbEnsaaiieatien dupreied barrel
54 and eg{@f%mﬁ sutHEaddeadiRIseMBlYDS pasning:ga-anddisspullex8Rdocated inthg, spherical

portion 58, then Wrapﬁging clockwise (as viewed from the bottom) around pulley 76 and is secured to

pulley 76 T8CAHEEAIR tE R FEPHLER Y JERTIRE 5 SFHENRIRAJSAETBR dreapiecdsorssseisulley 76 to
rotate thraughaagakt;of appiexmaiels 190, degress Addower-ied 4o prilsdnagionas dadhes upper rod

142 f . Th 142 al tend ly the full length of the el ted b | 54,
comnect 1S AT AT R e GHEH b1 A GRSRGRr Bet 1GF K AGGCh i, 10,
cable 84 aishiwltsréhédeiw@a‘i@d ﬂwbekﬁégwfdmm_emsﬁmmmﬂmsgmﬂhmmamﬁng over a
second il eley0acAles 0, U sPRe ERLASHIAN.AE, teBsranming (loenise s Yiped from

the top) arou IS secured to pu ocate e suture hea assem‘fjﬁy 6. Pulley
78 is diretalipfinkadabgsdiksgendlh fdughhehetimtisgior hdd 02pianeidabhes8rand@6ars tfrapped in

opposing figstioRs; aothat a5.cARs 80 yowdngds Sram Rulleyné8a cabls8¢ windsioptapulley 78.

1000991The needle 120 is held in a path of rotation by a combination of three components. The
cartridge BEcHRiien pra a8 POBEHEF thid! e e IGernbrae assebhn P doraver aduibranps ibimoid needle

120 to thespattygfraiatian (see FIG. 5). The cartridge 88 is a semicircular shaped component that is
held into the device 50 by a plurality of extensions 94 located on each end of the cartridge 88 (see
FIGS. 14 and 15). In an embodiment, the plurality of extensions 94 takes the form of tabs. In an
embodimgeg) the cartrifiiie B& st sidevitbenetistdaiiaabid 63adidal gragetedetaltid fadadidicsuch as

stainless steel. The.cartridge 88 provides so the support, struct eé"r.ke ing the.needle 120 in
et gt bt R LSS S o A el
skilled in frerdrfivilfiradaipizee staighhychigitsréogiiiondeicat gradonateralnabshbenuted to fabricate

the cartridge, B85l ame Siat HiRAD Hasiooten.emppdimarc e Alialik.al sxansions are tabs

extending from the cartridge housing e plurality of extensions 94 lock into mating grooves 96

located afShdgfofrthb tiers 2bgéost ercahthagutns derdasembly Yovihrsrartischisaridtfetrically
opposite 1 gReaRAbesnARHAT gapable-0f-angaginGthesplialief @densieng Bg. garrespondingly

200814955 & PSS DEIBES 4 TOB IO AREH KA EH SR B e b TLRE A ace by
cartridge diddernumber of items. The articulation rod 68 runs down the center of the elongated barrel

54 and is attached to one side of the spherical portion 58. The fonction of the articulation rod

68 is to push and pull the suture head assembly 56 through an articulation. The two idler

pulieys 80, which drive cables 84 and 86 are located in the spherical portion 58. Looking at

FIG. 20, the two idler pulleys 80 seem to be one on top of the other, Instead however, they

arg located in plane with either puliey 76 and lower rod 140 or puliey 78 and upper rod i42.

{0001 65] In accordance with one embodiment, the entire suturing device 50 can be
designed as a single unit which may be either reusable or disposed after a single use. If
desired, the entire suturing device 50 can be designed from a number of units which, each

unit may be either reusable or disposed afier a singie use.

[066106] 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 thai extends from the

proximal end of the elongated barrel 54. The elongated barrel 54 has either a linear or non-
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assembly 90, as shown in FIG. 17A. The cartridge holder assembly 90 also includes a latch 110, a
lever 112, associated pins 114 and 116, a shoulder screw 108, an anti-rotate spring 136 and at least
one groove 96 that can engage with the plurality of extensions 94 located on the cartridge 88. It is the
interaction o Izo}%tpe %Lements of the cartridge holder assembly 90 that hold and lock the cartridge 88
in place. Thelatéh 118 Eldes back to release the cartridge 88 and forward td loeRtH&%€5Hridge 88 in
place. The latch 110 also has a built into ejector feature, as shown in FIG. 178. A lever 112 is located

distal andiBebapthEvetere inolyding Baernsatindipd 88 staightver kizphotsiohapiguitons.second pin

116 locatgd aheyg-thepivobiid 1danAa88 s Witk a1 sIPHD dheslateh F10. Jigdelerss.thg peedle 120
and the cartridge 88, the latch 110 is pulled back and the lever 112 is rotated L;géand back, causing pin

116 to mavé BEERRFFAPRSIERY $86unete 4 oatoanb gt merkmisushihef the ¢eéerd 20 and the

cartridge B&:fiankthe cartidge fhaldenassemnblyi9Cs e neadha 420 ard 1he Garidge §&.ate then
removed frém th eviceg?o % %%slight pr irir}%lL motion {o disengage the plurality of extensions 94
from theif MANRY GFoGTRE' 8 A e SLRAYYE HOIHEABSAiNG B 29¢ SHoR STheRdeile 120 as it

is driven through a first semi circular arc (the handle 60 has partially completed a first full squeeze). As

the pawl Nes the peedle 120 through a first semi circular arc, the anti-rotate spring 136 slips out

of the no@%@?ﬁand s@j’%gl Svert 1% Gg’t%g(ri%eu? aglée% %lﬁ? f%%seél%e&%].%ﬁﬁ ?L‘gicﬁ?gép %ﬁ'%of the needle

120 and théhczirwiigérgisembomplid e thd yidnyabirfghhbgpisirality tbé didehsions B gtodoth grooves

96 on theﬂ%&ﬁd%@g&g{em@xé@@g@@g@tmﬁmg}%@ammfgpgsfﬁ&%eﬂ{@g&aﬂ%éhe sloped
end,

distal surface of the latch 110. The latch 110 is spring loaded at the proxima hus can slide back

s the nBAE DA ARS8 i GeamEs & s BUPh 5 SIELE BFftnErbRAsEIbded Bahe locked

position, setainipe:Hie PSR d201apd the GaiiidgeBS.d herove dd A isdowmang autat the way of
the operation of the needle 120 and the cartridge 88. [000102]FIG. 18 shows a close-up view of the

needle 1260 PR WA § 185 10 /B9 SUaERiaisoth ‘e rrradacstitenSh atifiaPEtiHice and assist
in drivingittéiheelie TiROndEe: nawhotaligagasdha ackehns L3Zindwan drivingitbe resdie:l20 through
the circul%r motionthA thirdtnot hl134 isﬂ! c?%;d on t51e oute{ SL{gtce of the nﬁ dle 120. The notch 134
assists in perg\%ﬁl%iné: fotafion of thenesdie 120°aR 6%81\}}8%3\%% ARtPSTANSN tEAUH In an
embodimentr($eeit| G3e tbimand i) stHeNhbediecd20 ¥ forsifea aisoa circulde spliteritigglwith WO
200814 TpR GLRAANHPNROHS 8 R AAGA PR RAINIAL AN e anieq Dhugt end 126. The

needle 120 further comprises an opening 130 to accommodate the leading end of the suturing material

or threadﬂlqef%a@l‘?@@ﬁﬁb@dmwﬂ%%%@ﬁﬁg 830 Terdusendriahessuniog gredinitAGHaleading end

of the sutytng-mateyidkantireaduk4fimay he:RasaedkthiQuahaianatachme nhtothe d20. Inthe
illustrated needle 120 (FIG. 19A), the opening 130 is located adjacent to the blunt end 126. The

opening 13% h%%é&@??’éﬁﬂ%%dﬁé‘giﬁgH&d‘ﬁ?ﬁfﬁ/ﬁ%?ésa%ﬁ’ﬁ@f@eY’F D rPileeiBi sRfween the apex
128 and therbdgntiénsd 26:s naneihere bdyodinenkdite L912) cieifiessie TROscamphiags an opening
130 in the for%of Oc? 'ndricgi b%g al;%)ned axiadll%/ ‘{‘ﬁth respect to the needle 120, located at the blunt
end 126 ?f—‘f&t. 5%%. & &5 |ﬁg end o I‘tﬁ}e{psoﬁfunﬂg fateérial or thread 146 is inserted into the opening
130 and restrained by mechanically crimping. To enable the needle 120 to penetrate tissue to a

required doesate arslenaialibe neeo 2 s miRleisbiv Ao 240, dearass o oy, 200 dearees.

The needle 120 comprises two symmetric notches 132 a y Inner edge (“innér notches™)

that are p5SRIeHEEpBErsat\PIAtAeedlsipYVeidiAtbaténeperabimaneiasi ovitin dhe 28 tsrahieadeedle 120.

The notchasnid? ssasdnsaterdicestly100RasItR taieaamBhek: SaG: RaviRhadPeHengigular (about
90degree) segment and an a$ular segment that makes an angle of about 60 degrees with the
n

perpenditEAE-S AR RS FRESHING Hatches Aldbesaritdga déa Byrthe Ry rReter &t 88 B3R drive
mechanisod 2euwaactendble fiemeaedle ka0iacndesgtha cotalynRvemmgrasupor actipalianeof the drive
mechanism 70, therehy causing the needle. 120 to. penetrate into and advance through tissue. A
o e A R B D R e Ry MRy o e e 120
pr.oximallgﬁtﬁjlth@drmesmwd 18R clossn ap@tgm_ipsp@mm@mmmnma@mmm 134 engages
with the aniirgiate-srings ka8 salsrenis ganidae halder ARseraly A0, wbsrehy fofgflon of the

needle 120 in a direction opposite to the advancing direction or "neédle backing-up” is prevented. The

positive dRG&FRIFRIESERkeIeddrR Bt Adkehams prife optt drsabsaseUlnmiEisgEce precludes

needle 12@:H@in Strayng 106t AfSRELNER HLHEN NS sWHNTRRES S AL Ehe sutue head
assembl}/ngp 8f lre device 50 caé%gf %}aterallg articulated to the left of center and alsg to the right of
r

center. INSRE SHBBHMEREHE HASY RIS AES RS RIS Al H ARSI A& HIRTE88h an arc of
about 22 adpgreis toithe thit ot centeTans| dlsoumthensighitiofordst, 1af folotal diabautd5 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 upyand 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




WO 2008/147555PCT/US2008/006674 head assembly 56 for many different types of suturing
applications. The articulation lever 66, just distal of the top of the handle 60, is pushed or pulled to
cause the suture head assembly 56 to rotate. Viewed from above, moving the articulation lever 66
clockwise m%ssﬂﬁ}é}w%gead assembly 56 to the right and moving the articulation lever 66
counterclockwisé moves suture head assembly 56 to the left. The suture HEFAUSELEG 46 is locked
in place with the locking lever 64 located on the bottom of the device 50, below the articulation lever
66. MoveRhoitc lisHE® bisid ghndssetritegtitatéh rotieh of Makethe artivalatioftlever 66 to the
suture heagasseRIASRS: ilheasicyistionrod A84s.piaaashi e attisHiafioaleyss 86 and to one side

of the most proximal section of the suture head"asserubly 56 so that the articulation rod 68 pushes or
pulls the sEHiTE heXthleiibly 58 fmhiaeripiltge Brmdtorriaisd mdEDbyabs. rredF04]FIGS.

20-23 shawethesisticulaticiorng G dndiie-elonaaied dariet d4iand the.coneretioniothe suture head
assembly 5%&%5%?%%%% H‘E@? assembly 56 is shown moving from left articulation, to straight to right

articulation {Some components &Fe bt TREMMCIE hiist/ 1anPRREVHE S PR mAIEky &Y 99%b 26 shows a
side view aftthitisutigrecheathagsefibly:56iHGh2 irshomwsakoliammiem ok thersutuiengad assembly
56 with nQaffickiation. [FIG ho tom view of the re head assembly 56 articulated to the
left. FIG. 23 showsl"%%ottorﬁ‘%\}%{é%’v“o% %‘%géunf‘%k el gghg‘g?h %%5‘@ Sa‘?f}gﬁa‘i% % ROt FIGS. 20-23
show a niFsdrdiernd sqmee artibet attosheddo e unsidogunetidés défteThé thenlangatedrhatiel 54 and is
attached ip.ope&ide; ofihe:sphesican Pesion a8 e fundtion, of | ign.rod 68 is to push and
pull the suture head assembly 56 through ang%f,&iculation.gfhe tw%fgﬁgﬁ}ﬁgys égfa\%%%h drive cables
84 and SE MR SLAYIBAHH E brldiealWorubring dp ekt with opohand tve neled pldeysrs0 seem to be
one on top@fifenetheriniead howe veledhaymarg s aied inpiang Wil gither pulley 76 and lower rod
140 or pulley 78 and upper rod 142. [000105]In accordance with one embodiment, the entire suturing
device 50 can be designed as a single unit which may be either reusable or disposed after a single
use. If defi68dpte entiFeesuturing diexiecs8@ Lar be Badigardfiemabuaenebunits whigh,each unit
may be ejther r ble or disposed after a single use, 10001061 The suturing device 50 is preferably
configured t %rgo%%l%g%%ﬁg%%ﬂgg& Sr%l%or i%%%%ﬁ%da%ﬁna ic esgogﬁcé:l(g{ﬁétﬁ & 5817&1% M and a handle
60 that extSaeR g thepfsmexiieral crstaif of patongpliegtbdicetiBdinEhimalbagitedpharretfidahas either a

linear or RER;, repair, Nissen fundoplication, liver lobectomny, gastrectomy, small bowel resection,

treatment of small bowel obstruction, distal pancreatectomy, nephrectomy and gastric bypass.
Those skilled in the art will recognize that the presently disclosed embodiments can be used

in other laparoscopic procedures.

[000116] In using the device 50 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 portals
are established using trocars in locations to suit the particular surgical procedure. A variety
of surgical instruments may then be inserted into the body through these access
ports/cannulas. The user then introduces the distal end portion of suturing device 50 into a
cannula, and then laterally articulates the suture head assembly 56 using the articulation lever
66 located just distal 1o the top of the handle 60. The suture head assembly 56 is then
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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WO 2008/117555PCT/US2008/006674 linear configuration, including but not limited to, straight,
curved and angled configurations. A suture head assembly 56 is removably attached to the distal end
of the elongated barrel 54. The suture head assembly 56 contains a portion of the drive mechanism 70
of the device,30.,J0g waqiking end of the suture head assembly 56 has a i holder assembly 90
to which a disposable cartridge 88 that is capable of accommodating a su 3:%2@%%’3@ £9%0 may

reside. 10001071The disposable cartridge 88 preferably has a generally cylindrical housing with an
opening or&FEEHY I8t esriesansrundaBlsing i Welensthl i heorking eruleséreof An arcuate

suturing ngadaslaéhbayingha sharseinieshendab24isslidablymeyntsd A citcias tag, 92 of the
cartridge 88. leunt e%d of the needle 126 is,connected to a suturinr%material or thread 146. The

radius of T S EHEMhIAG THY QIR B S TGANG TRR AT IS SHYrEXim GHshPE iR HEEMGumference
to the cartiidge housing:8aatiibeaptitorg.ditthereipathenerdle 20 nemmalparasidesiin a "home”
position in the tra SLIC t the gap in the arcuate suturing needle 122 is in alignment with the
aperture f‘i%aiir% ?%aﬁ?%%%%@? “é‘%h&r%‘?‘b‘%ﬁ??rg %ar?l)(lje %ft%ﬁél fe& %ﬁ‘%ﬁ’%% § 81 Bhe side and
entirely withinitherdehfiied of chethibasingapeitive l8iitheqitntadeathaf tThaeakiiBed24 is,

therefore ushiglded R 406 afdas hansing A% The bluntapd.slihe skring pesdie 42 tat s

t
attached to the suturing material of thread 146 élocatg% at the oppos# the aperture 118. The
sharp, pofiteeréseroritidhseisgieer’y is, therefore, wholly contained within the cartridge 88 and does
not protrude beyond the housing of the cartridge 88. Thus, the sharp pointed end of the needle 124 is
not exposed to the user. 10001081In, accordance with the presently disclosed embodiments, the

needle 128%H be relbBsaBR6GGHGEH Asbanerblvar o84 a1is FOTHISBhPRIStHRESMNIN the

suture heg@lasseaibly &6 so thatthenead &sdzRtandemetatedramdtheemainrsifigedyabout 360
degrees %bt%ué }lhe centr vegg%ala%ig?t f the carHidge 88. Such, a rotary action_qf the needle 120

causes the sﬁarﬁagc?isﬁte W AR s S YARFGEE HOURTYES S YL S iR eaperture
118. Thusgwvihe2thdugieyiedvafcdspositiomerh sbel that #hmrincisddriigste segrrartts toulengutured arc

situated usi e need| nefrates the tis segments.and spans the
moision o g e S S R o0 v
return to sEufsred partiskn gl terebireangEsstrebsutlidangeniiegickoet thibaddesfittached to the

needle 120-ta4e nubedinioand threpghithe igsuein aeoward-Aesiion an ans.sids,of the tissue

incision, and upwards and out through the tissue on the opposite side of the incision. Thus, the suture
material GFUTESRHPAR BITRILME ERsler WErotiss 22Be5mEsh RrSIubEre 08674 5EE of the needle
120 to binghihéatissuesatbgether with a stitch of material or thread 146 across the incision in a manner
similar to manual suturing, wherein the needle 120 is "pushed" from the blunt end 126 and then
"pulled” from the pointed end 124 by the pawl 98. Preferably, an anchoring mechanism is provided at
the trailing@@irtithal endhefuie sutucmgimatermkoiptheathd 46 oy dvent thie akatesial146 from being
pulled co | . For example, the ancharing mechanism can
be a pre-%%%g%gﬁlggvt% d%e&tij{llao?]::)H %éﬁéﬁﬁ%%ﬁ%ﬁg %%%%%gat%%ﬂsm@h%ﬁégﬁli%g}@ %ﬁ?ngﬁ yt(t)ied, ora
double-sthgriiesstiRiopieid suter B e tHatghischeenttse ssitivin y ik dhe vl e0ethdrataitimovement of

the needlg,d20dnitinhe negdis RUTidge: 88 inacoomplshed:bya pawk P8 thatknay he.qperated by

the user by holding the suturing device 50 with one hand in a pistol-like grip around the handle 60, and

using at @g&igﬂg,%@t@f ihHERSREG S BiRrSRE 2 puil on the suturing material or thread 146 so

that the resultant suture is tensioned uniformly along the length of the incised tissue
segments. Therefore, a tight closure of the segments is accomplished and bleeding and
tearing of tissue are minimized. Once the appropriate amount of suture material or thread

146 has been placed, the user can use a needle grasper to tighten and knot the formed stitches.

[600113) The presently disclosed embodiments prbvide 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 cariridge 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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10001091 The suturing device 50 of the presently disclosed embodiments can be used for a
laparoscopic procedure, including but not limited to laparoscopic colostomy, colectomy,
adrenalectomy, splenectomy, repair of paraesophageal hernia, inguinal hernia repair, ventral hernia
repair, Nisseg,fngeplication, liver lobectomy, gastrectomy, small bowel ré; }}Qﬂmgﬁ(?,t T ent of small
bowel obstruction, distal pancreatectomy, nephrectomy and gastric bypass. ThoSe ski &dfin the art will
recognize that the presently disclosed embodiments can be used in other laparoscopic procedures.

1000110 FTIERTShEE GRaRGPE B Sraaeis ke SeNa by diHERG RS HB9Ten is insufflated

with gas i epeateca workingspaced oo e usehsdnygaskipedaithoseskiled indsg @it including, but
not limited ;[}%,enitriot%%rghor c%gbon dio{gid san be used. Access portals are established using n-ocars in
locations 10 St the particalar sargic Fpﬁ%c% A S AR SR O Gl AeREB H CrAay then be
inserted intgthel bebydhdugh theseadeess porsicamauashd henubgr thefldntroduersiheedistal end
portion o ] I | q,.and t aterally articula e suture head assembly 56
using theggﬁ%gg%fsh% %é%gétfé %)%! %Bée%ézﬁgﬁ%é&glp%ﬁﬁ%%gg%?ﬁ% E%%n tgfgg?aﬁﬁ% gg%l?rgl%ead assembly
56 is therfibarbaed reldivbrin ghehisBlvemlics sé bepdyeiesLifusad togptngr famdrhe stéiehlocks the suture
head assembly 56 in place using the locking lever 64. The user then, through manipulation of suturing
device 50 ﬁ)ositions a plurality of separated tissue segments into the opening defined at the distal end

portion of ELdcHure ndda BrssemHyIFiEommd SRR pERiiFe & rebrthEoravtHtge 88uThe user,
using onhehe kantkimammanipelatethedevice b9 whileacialingdheshandle fd49,clgse an incision
with a continugus suture whose stitches may be . WO 2008/147555PCT/1iS2008/006674 individually
tensioned Sps?ggflfe@éjgﬁa ﬂﬁ%?i%@i’gl%ﬁ%‘fﬁaéé%&ﬁe(?ﬁ)tﬁ%eéiﬁﬁ?g%%rﬁﬁéﬁai’m@?%%ﬁe by hand in the
conventidroakivaynd hewsengmepdmplowaisinglersedsrel Whichwe bldexendaqientire length of the
incision iple < Thus placement of the device 50 with the needle cartridge aperture
118 spaﬁfﬁ#}% t%hﬁ?cﬁggl %%E&e %fe%y%sel%%isn and ac ﬁgtsiﬁa %%%?gg{cﬁ%vé%i TFPep é)ﬁ]ttﬁ?ﬁ%ﬁgdaé{/ice 50 enables
the user W‘miﬂéd\ﬂ_/&ia ﬁmﬁﬁq@n%@? mmﬁw&iéﬂt@fﬁwa@b@ tihsutisspmintisidnactiadime efficient
manner. a}b&ﬁﬁaﬂﬁ”?deghgﬂ&f%té’\ﬂl]i{z@%@H&Eé_ﬁa}t(ﬂﬂ)ﬁ%ﬂg\{%&gﬁ@%%ﬁg%%éﬁlgogﬁ%%%%ng

laparoscopic surgery can be used with the device 50, 10001111The needle cartridge 88 is Sisposably
mounted*8KACEal Y KEIhe SeiBng socdian ddnbat BRdES ArPsutimaitls aerasadinidly B6. The

minimalizedssittidideakdrigmekthestueeibead aseamblyofcaabins the ssaniphavgmklear,

unobstructed view of the s turin%needle 120 _during advancement throu%h the tissue segments during

the courddBF A5t GARY AL FEHth S TREIE0S ERABgefratudng marmaht 8 Al imdtevice 50 to

provide unifoing stdied Hhduprediubingthiyskd of iearigiisstehynalecementioemiosabo the edge of

the incisign.. T.he suturi evic is then advanced ort distance alang the.incision and the
xoe?eatzgg 5 e;?s ééﬁnt Isor@legpﬁeg\?,? e{g {:ause & B\fura 1 r‘lyo?%' sstactgltesnto Oem% Ac % éaﬁ)él%lmﬁ

aforementioned operat 0 prodtice a er stitch'c risin Fing material or
thread 146040081 EF1T Regosetsmay continue to manipulate the suturing device 50, alternately

[600115) The presently disclosed embodiments provide a method for suturing tissue
during minimally invasive surgery including inserting a distal end of a suturing device 50
having a suturing needle 120 with a pointed end 124 into a body; positioning the suturing
needle 120 to span a pluraiity of separated tissue segments; activating an actuator 52 a first
time causing the pointed end 124 of the suturing needle 120 to extend beyond a protective
housing of a cartridge 88 to engage the plurality of separated tissue segments; activating the
actuator 52 a 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

segmenis to form a stifch.

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
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advancing and actuating rotation of the needle 120 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 [ Il on the suturing material or thread 146 so that the resultant suture is
tensioned uniformly along the length of the incised tissue segments. Theréfofé, 3t ure of the
segments is accomplished and bleeding and tearing of tissue are minimized. Once the appropriate
amount oPSERFEgREtETiBtdR N adeinshashesnlpitnpof theelaser. ciinudsswrneedle grasper to tighten

and knot i fairRed sHADS 10RO Treoieserl disclased embarienis provide a method fo

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 npedia 120 withg painted endiad andia-hiuot eptdabcintieducing the;distalepgd,of the
suturing device 50 infgga %%gy cavity; E&sitioning an opening. 118 in.the WO 2008/147555PCT
e

'82008/00BE 7 Caftr SRSER A Grafty '8t Sgar st tev gt s bensatig an actuator 52
coupled tp@dirive madhascisro: T dhapedgagdsdha:autuing readisid 2040-6a08g4atational movement

of the sutur] edle 120 .about an axis,approximately perpendicular to a longitudinal axis of the
suturing d’g\l"/fl:cea%% %Raﬁae E/San%héjytazhgu ‘é‘}‘fﬁgg %é(%‘afee ?%%ct%rﬁj%%ﬁﬁgépﬁfmeﬁe%ﬁ?ﬁ%d tissue

segmentsaiateipedliHesuesorming raaferaldu 8 attaghechtol thecsutinghy nédeled 26vibedugtighe plurality
of SePafa&%gcﬁir%%&%é%m%myk%ﬁﬁ%%@%%ﬁaﬁ%? coé%g%té)( disclosed embaodiments provide
inimally | r [

! ] ; 1 ¢S, ShcH as laparosco .
a method for sut_urlrl:g tissue during minimally invasive surgery including fafengaglng a ggftrldge 88 to
a suture HBadeaisseBrABE%r R isaPEna stasta Tl detieesenthevartrivdea88 lhearing a protective

housing afigni: e ienBNeediel20 with-apointel e o d:d2hiapd alunt £ngh126i(b) injtpducing the

distal end of the suturing device 50 into a body cavity; (c) positioning an opening 118 in the cartridge
88 to spaN PRIFAARFOFsEparalds IR&hELametie ta fAgfan actuator 52 coupled to a drive

mechanism 70 that engages the suturing needle 120 to cause rotational movement of the suturing

needle 1 an axis approximately perpendicylar. to g Jongjtudinal axis of the suturing device 50
and advai%@?ggfsutur%ga%g%g ed’fé%l Uy “f%gp#ﬁ}%ﬁﬁﬁo# 3’3&)‘%’%5[38 HELGLLREIEME (e) pulling a
suturing refaterigebdaigttaicHedwbithe sutuiing aeddied20 threldbdhedduralitiedfissaparated tissue
segments. forming A stitch.and;repeati : t h (e).to caus lutality of stitches to be
placed through the separated tlissue sg)ger%seﬁr%sié%%%%%i%%é@%ﬁfé@sc oosceX(t:F ér‘ﬁgﬁg&ments
provide athsetesaatsd 8afiplingHigsysechanical parts including cables which run from the elongated

barrel 154 through a spherical portion 158 and then engages with the drive mechanism ina
suture head assembly 156. The spherical portion 158 resides within the distal portion of the
elongated barrel 154 and rotates with low friction. In an embodiment, a drive mechanism
170 includes a pulley system and cables that extend from the distal end of the suture head
assembly 156 to the proximal end of the elongated barre] 154.

[603119] The suture head assembly 156 houses the mechanism for driving a curved
needle 220 in a complete 360 degree circular arc. The orientation of the suture head
assembly 156 is such that when the needle 220 is attached to the suture head assembly 156
the needle 220 is driven in a curved path about an axis approximately perpendicular to the
longitudinal axis of the device 150. In this way, the needle 220 may be optimally visualized
as the needle 220 is driven in a circular arc. Also, as shown in FIGS. 24 and 25, 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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during minimally invasive surgery including inserting a distal end of a suturing device 50 having a

suturing needle 120 with a pointed end 124 into a body; positioning the suturing needle 120 to span a

plurality of separated tissue segments; activating an actuator 52 a first time causing the pointed end

124 of the sutug}in%oneedlne“ 120 to extend beyond a protective housing of a cartridge 88 to engage the
r

plurality of separated fissle segments; activating the actuator 52 a second GBS BN the suturing

needle 120 to complete a revolution and pull a suture 146 extending from the suturing needle 120
through tHs ioeaisno pEdparataihtideumséffrdhisaofositehstiproviQ0 idBahhensuiuring device 50

may be capfighrabie,deteRLRYANI LASDRS10:dsRalAnE ang's, ofdne syl head assembly 56,

The size of the needle 120, the needle cartridge 88, the cartridge peur%ui?e And the aperture
position NP4y HREGEYAHSE Toresslns dpenintisgdismpdicm procdiuess Suctnisdeodirry of the

fascia, skirsolospies seitlissve.atisehmants anastemasis: ixation of sesly grafisang.ather artificial
materials.h%%O%% 71FIGS. 24 and 25 show an alternative embodiment of a suttiring device shown

generally at1% Frird 1B 155 A 15 1d S £ BaTAR § [ etrel 180 candieeLisadad Bibeluce a
continuousaeiiteinuphéch stitehtbe suiresada@s 1o enghie closue:akonsnings ntesnalda:a patient's

body. The,suturing.device 150 can be utilized to suture, any type of anatomical tissue in any type of
anatomical Eaviy A ?f‘ a‘vzx}heﬁreiht?ﬁé%%ﬁ?c%ﬁ%ﬁ§e£§c’ﬁﬁgﬁ‘ﬁ%ﬁfé%ﬁ’gf@eﬁt%]r‘@%ith a

gg\?lty; and, according
cannula irmedidesgugdicpradidmasrislaklasdaparbscopy] theddldaeutbeutangoenused in open surgery
and with Q@Q@iﬁﬁ%ﬁ%z%@ﬁ ﬁrﬁﬁgrq;ﬂg. '%{%%&ﬁgpg&%%%“'n[ %{e%@?gg 'L %jlgc!:r{;calorye%{g?grs providing
access to Sma” cavmes., Such as VEII’]S an ar_terles, as yve as large cavities, such as he abdomen.

[0001181iFAiekibBritahgrade suiakivgrasried susb 40 cliniyaie sotbiorumeskanisrmsiown generally

at 152 whighicomoRsssoanlangaiadoanel indaabadandinAah fab exiendsdomsihgundersides at

a proximal end.of the elongﬁte arrel 154. Located within the elongated barrel 154 are mechanical
parts incll i EEERe IR AT HRSM IRRE BB A e ARG frermiet TotnemRphEERb psorien 158 and

then engalggsardth-they davieineeahanisv W suige headassemmair 166 sThe spherical portion 158
resides within the distal portion of the elongated barrel 154 and rotates with low friction. In an

embodiment, a drive mechanism 170 includes a pulley system and cables that extend from the distal
end of théd§iiY headldéserhbhp d'5 Gtdhthe iprosénabe npeafitetiong e d bakald64.H0004 191 The

suture h?ﬂﬂ) %%ﬁ&?&e&%ﬁﬁbﬁe%ﬁg%%?g kﬁggésa@ségb%i\{gpisa a(f‘tla{c%gg to the distal end of the
elongated barrel 154. In one embodiment, the suture head assembly 156 is removably
attached to the distal end of the elongated barrel 154. The length of the suture head assembly
156 can range from about 10 mm to about 100 mm. In a particular embodiment, the length of
the suture head assembly 156 is about 40 mm. The length of the elongated barrel 154 can
range from about 50 mm to about 400 mm. Those skilled in the art will recognize that the
clongated barrel 154 can be made shorter or longer depending on the intended use of the
device 150. In one embodiment, the elongated barrel 154 is about 300 mm in length. In
another embodiment, the elongated barrel 154 is about 350 mm in length. An articulation
lever 166, just distal to the top of the handle 160 is pushed or pulled to cause the suture head
assembly 156 to rotate. Moving the articulation lever 166 clockwise moves the suture head
assembly 156 to the right and moving the articulation lever 166 counterclockwise moves the
suture head assembly 156 to the left. The articulation lever 166 can also be moved to
articulate the suture head assembly 156 up and down, as desired. The 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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needle 220 in a complete 360 degree circular arc. The orientation of the suture head assembly 156 is
such that when the needle 220 is attached to the suture head assembly 156 the needle 220 is driven
in a curved path about an axis approximately perpendicular to the longitudinal axis of the device 150.
In this way, %%@?ég §32_0 may be optimally visualized as the needle 220 is driven in a circular arc.
Also, as shown in § 24 and 25, the needle 220 is in a plane parallel 16 HEGARE et anism and
fits into the same space in the suture head assembly 156. [000120]The improved visibility offered by

the shaperafier comfrfiraisnleT dransiruns thedd aeséhiol/absst dAanies isrenitbed evibeddteer@ment over
the incisiQR. ang,HafeE,WRi2008414 1653R G JAUS2008/006674 advancement of the suturing device
150 after every stitch to provide a uniform and symmetric suture, thereby minimizing the risk of tearing
tissue and bleeding due to a stitch being positioned too close to the edge of the incised tissue. In one
embodimegig theg)entirerde vigei k50 0kRaES ofthe denviceshbbh-auah asthe sulureheag@assembly 156,
ilizable medical

the elongated barrel . 154, the handle 160, and the need|e 220, are composed of a ster

grade pla@fi‘@(fﬁjfgeoriafhi% W&ﬁgc‘g%’é?etﬁé%e’ﬁtﬁ%"ﬁéﬁgg TEoPGPERSGF R ERVice TBB AP discarded
and dispabéa: aftehansinglé UsEhdranaembedimest) the dévieedbirg doviyeosened acsiefitizable
medical grade metallic material,such,as stainlgss steel 1o enable reuse subsequent to sterilization
following S SR e B e e S B R o ol medion
grade metzdfibamateridisslosedds thaniah No en8bleSiimel U6s8quéh. th BtéMdabiothfollelvicly a prior

use. The yse ot titanium,is ensficial for.ceriaip pracedures Jncliding Magnetic Besgnance Imaging

(MR1) and Computed Tomography (CT) because they are X-Ray radiolucent and do not interfere with

MRI and EhEcarenpibo 2patiind warspbistife HanetbarE0 Il APCEREH PoRBROBAGI25 shows the
handle 1§Qdmthplses BasHictviResubiebrahasiembbladls tachedinthe gistal end of the

elongated barrel 154. In one embodiment, the suture head assembly 156 is removably attached to the
distal ené’%?‘{ﬁ‘é‘té‘icgﬂﬁtgféa’ﬁ’gﬁgIbYBeA?Gm(éaﬁeﬂﬁﬂ?@?’ﬁggﬁi&mﬁﬁﬁ%ﬁwqﬁﬁ@aﬁﬁmge from
about 10 kyhaaiabaitil@0crtmdiocarpatticeiar Emboslitliedtntiie engiil efdhenstduia bead assembly
156 is abouyt 40 mm [The length of the elongated barrel 154 can.range from about 50 mm to about 400
mm. Thogé%%?(tmre elﬁ%%%"ﬁ%ﬁﬂé@%%%&%&?hgi gﬁ%ﬁéﬁ%a?eﬁ%%?ﬁeﬂgl‘%’ CARDERRESE Sorter or longer
dependingrenatip dndndebeogmdibridevice 150. In one embodiment, the elongated barrel 154 is
about 300 mm in length. In another embodiment, the elongated barrel 154 is about 350 mm in length.
An articulation lever 166, just distal to the top of the handle 160 is pushed or pulled to cause the suture

head assE¥iy356 to TFdfatds WEvides e arEBtioR er/cihe 66t el srivl fsssBblsiHe Steire head
assemblysdaf: te:Hae sigHiand nevins-ihe-aricH]aton ey Bl-4 66 CQUes Glocknise aQves the suture

head assemb% 156 to the left The articulation lever 166 can also be moved to articulate the suture

head assBATSREIBRIR, ZREPUIWAS S FehedV e BatH R HERIrNSIBRTBRPFEE LI SRREHNE Blace with a
locking leplerality dogategonan Lkdeidits ahthevdedieephiioy hetovinthdvaditidiationg eveedig6. The

suture head as @gl)\é %6 may. be articulated, and t]m%elo ed barrel 154 may.he any length
appropria 1(ﬂa“”f‘;“‘)rr?tﬁe inter e%sgﬂpgl%ié S‘:}I%Ir;ﬁﬁ:%a’tiogrifl %?}:[?16 ea\ﬁgegaésﬁaﬁ%ﬁ&%ernaeﬁeétr‘}cl)ff?ﬁwuer device 150 can
range fropuigysueStwinsats abpuile36, daheled 178. In one embodiment, the needle driver is a pawl

198. A shoulder screw 208 and a plurality of needle assembly extensions 194 may be used to

keep the latch 210 locked in place over the needle holder assembly 188 and the suturing
needle 220, The needle holder assembly 188 includes a curved track 192 where the needle
220 rides. Pulleys 172, 174 and 176 are engaged with an actuator arm 202, which is attached
to the pawl 198. The pawl 198 interfits with two notches 232 located on the face of the
needle 220 at about 180 degrees apart which drives the curved needle 220 in a circular 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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WO 2008/147555PCT/US2008/006674 In one embodiment, the diameter of the device 150 is about 12
ram. In another embodiment, the diameter of the device 150 is about 3 mm. [0001221The handle 160
may be a grip that is squeezed in order to actuate the suturing device 150. The suturing device 150 is
actuated by . mechanism 152 coupled to a drive mechanism 170. The actuator mechanism
152 of the s&?ﬁ%i%@%%%g 150 may comprise a triggering mechanism thatﬁgﬂH%%%sf?lg{'ﬁgart, such as
for example, the triggering mechanisms disclosed in U.S. Pat. No. 6,053,908 and U S Pat. No.
5,344,061 HERVES \gk'ﬁﬁ@ﬁﬂ%}é Hsepifincaiboittbersy: Fafive sEsumnrasaiaiyutiauntivaabPthechanism

152 can bgy eithenanasusiiigratable Ryiten oo swileh. wiimeghanisally apeiakiadsamautomated
electrical or a fyel driven device, such as for example, an electrical, electromagnetic or pneumatic

motor poWRiHET EFERETRCAT biBcHBIfAGrAstien BT S dtuiredbrprdetad ga8oRIARINgE vacuum or
hydrocarbemifilesy Thesiskillgerin the:astewillr¢ieaginjzi-thahamy actuatai-taechanismmofdasy type

known in the art cg:t‘hg within the.s iri% an o&e %Ebtpef%esently disclosed embodiments.

S
0001231%?%%row éagnaeﬁmégsémﬁ}ilu\ﬁév\% &elttire’fead assembly 156. The suture head

assembly 156 is fabricated from multiple pieces including a holder assembly 190, a needle holder

assembly g4 atch BA0s A PAIS L0 (B TS DRISTY MO IEANG A BTl afpuleys. 172

174 and 176 and two idler pulleys 180 involve riving a needle driver rough a semicircular

path. Pulléyide fovsnbead 4sa5a3Pindloelaviisesprdoir Piriegsho neaBesets dtpugieys ottbeled 178. In one
embodimeny;dhesneadigdriverdfia: Bawhk98 1 feshuldersgreu208aneha pitalityofnesdle assembly

extensions 194 may be used to ,keei!lo the latch 210 locked in place over the needle holder assembly

188 and RS LA e Bos T Hd he bl d&F SE8smng s ThETfdes acen 8 447192 where
the needlgA207ides cRuleysdild 174 and, bhd ave enyagaswithvaraciipier feR«2aR which is

attached tp the,pawl 198. The. pawl 198 interfits with. two notches 232 located on the face qf the needle
20 at ALTHoES G R e e B s S TR A B Cutine hoac
assemblyisl&pibleofifiggreths ththattthesgad | d98edrabthe theefadbtecdthendedtn@in thelartpdaes not
intrude in% I §t[rﬁéc M?ﬁ@ gga Hi't% gur gtgi[ép ﬁe&%g %2 dT rga within the.circular arc of
the needle 5?25%% unoéstrUctedgjn# re is not a%u at t%e centgr 8 tﬁeagﬁl%egr{c}%g%%%the device

150 can eRédripabedtawwrdxihrurviolBneilbiftssairbedibrpkine adritghtarBatining dffkehdeedle 220. In

this way, figwerdie-aR0 Ay berotaiedHb AR 248 h@@v@éwmg&e&l pwingihegeaile220 to
obtain a sufficient "bite" into WO 2008/147555PCT/U S2008/006674 the tissue. Preferably, the needle

220 will H&REh s ses Barkatlr @Yo dis ATHAGBBLE Sbismsti A esheY dhsussiient the device 150
sutures withirethe bniohihaéidimneied of dhesutureheaihassemy 166, whighis sdyamiageous to

suturing t roug@éﬁgan cannulas during minimally invasive surgery. In one embodiment, the diameter
nee

of the curved &8%0 §o&S ot exceed the diameter of the suture head assembly 156.

[600125] FIG. 28 shows a close-up view of the needle holder assembly 188 showing the
curved track 192 where the needle 220 resides as well as the needle holder assembly
extensions 194 that help keep the latch 210 in place. The suturing needle 220 follows a
curved path along the tréck 192 during rotation of the suturing needle 220. The curved track
192 for the needie 220 may be machined into ihe needle assembly 188 and provides a captive
curved track 192 so that the needle 220 can be driven around with precision. The curved
track 192 includes an inside slot and a larger slot surrounding the inside slot. The larger
outside slot provides clearance for the pawl 198, so that the pawl 198 can maneuver around
without hitting anything, and the smaller inside siot 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. |

{006126] 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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10001241FIGS. 27A and 27B show detailed views of the drive mechanism 170 located in the suture
head assembly 156 with respect to driving the needle 220 during use of the device 150 (the needle
holder assembly 188 and the holder assembly 190 have been removed to show the drive mechanism
170 in detail) H%(%y%\é%%echanism 170 includes the actuator arm 202 that engages pulleys 172, 174,
and 176 and tha pawl 198 that drives the needle 220 through a curved paffC YHEEAP4DS is located in
the distal end of the actuator arm 202 and is capable of engaging the notches 232 located along the
face of th&'Rdcdiesbes herkalaijsrngipborkeepththpaphil8 88ichgaged intath20doichae 32 of the

needle 229.\Muheadtbensedie 220is PUShes AmRLad: 198 willibe pushed back up against the
flat spring 200 and allow the needle 220 to cgcfljgé. Aqsﬂ}:ﬁkﬁléﬁ F?%V%?%%%%\gllsd% 53e héﬁﬁa?ggéﬁ% ,cthe pawl

198 movelHiSgHh e damd Urtha sl yshatfereasatdhirneabe 12 tpvvtited 4syithdedser upon

squeezingsathechandiek60.and isocapable:ofswaepinginaskapd o nAap A5G sRaRping about 190
degrees Qr.more. 1003}{%@6. 28 mvgr/g a clgse-up view of the needle O|dl: assembly 188

showing the curved frac Where 18P SerlErrkl Gttt nading nbibier assembly
extensiors:(L9e et hetmkbepsthe Tatcle2die daspiase. ckhesiutiaring readie 220 foligws,awurved path
along the : ing. rotati f the.suturing needle 220. The curved track 192 for the needle 220
may be rﬁ%@ﬁ%&%rﬁ?ﬁ%r@ggI%nggeﬁﬁcglgefgég&%go ProuitEe &%35?@8%%9\%%%%?% that the
needle 22bearrBbativEhaleghd Withbrovisitin aTemtyrved tsiek 192 includassminside alat and a
arger slogsurounding e nsideciot. Be [asrnside sigplovides clearance for dhe pawi 198, so

that the pawl 198 can maneuver around without hitting anything,and the Smafier side gfot provides

clearanc& 38y bEMHly 2ouatRils dodsahidubirust ersdiiérindide Blotusiduhentintiothefieedle 220

so that theapaleliip d98can deveidne naeeleR200: Q0QB2ELELG 29 -ypyvigy Of the
suture head Cﬂ?:z%?]g}lé % 6 with the needIeJ%older assembly 588? the§§§lg§flﬂée§s%éﬁr%b y4ld9%{?!l fhe latch
é&die

210 and &% AR D869 9888 9 EFA TS HD S apeacHely 288atives thisvelationship

between tiretjsavel 138 autcrthie actuatoraihe dRowithorespest de:te meedia22qplha peedle 220 is

enclosed ywjthi edle holder assembly 188, so the sharp.pointed end 224 of the needle 220 is

not expog\gg{&%%ﬁgg‘éﬁéj %8%6%@%&%%52 %tasc‘i}éla? (s ?%%?:E%‘Pfg%a]sﬁ &S HGied BodiBh. In the home

position, thdateadegPors frityheodiainetindtkinrthendestie Heldesdissembiyn4i88 toliminate

needle-prigks dusingiBaRAlInoef fe e hgad, mbl ﬁggr dhe needle assembly extensions 194
- o it e TSt 200 ieR CELa haFs: S

form a "tongue-in-groove" connection with the la keeps the EEHPERHE needle 220
from opehfg R hlAtie pergusease ferin doNEHes meediie Résémblhektensidfs-todenstse an

entrapmenbatiacdisial-end obthe auuting gevics: talopking.the aseh g@e&é%'?&&i pogieezing the
device handle?gio fully operates the device 150 through one full cycle. The first full actuation of the

handle 188D R AR 5HhFadh dbotredle 33l el e rredepbiftisusiedamatdhe needle
220 exitshheprotdstivildncoste Ridhepwedie: nider asseRkhisla® Miveshredghde tissue to be

sutured, fe-enters the protection of the needle holder assembly 188 of the device 150. This
position, after the first squeeze of the handle 160, is referred to as the "rotation” position. The handle
160 is then released, and the needle 220 remains in the rotation position while the pawl 198 and the
actuator g 329 retugiéasthaginstast RASIHGR,, The, le 160 is then squeezed again driving the
needle 2?{) throggh about a 190-degree arCHPeturnlg:lg t %Sr%le%rgl%afg(?stsog%%e%hggr%e p8§ ion. A flat paw!

spring 200'KebirsambizdRF fomsngagaecting wiehphaeibten8s P82 latliid hieoie 229 ddiken the
needle 23isHusiacharauat: eopauitd 88 wilkhe ushedibask ymiagainst e Jlateaw)spring 200 and

allow th e
el Qg . g’lle(} 30 shows the latch 210 in the open position, which is for needle 220 removal and

insertion into the needle holder assembly 188. To insert and/or remove the needle 270 a user
may tum 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 1o 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.

35



220 to cycle. 10001271FIGS. 30 and 31 show top views of the suture head assembly 156. Needle
holder assembly 188 forms a connection with the latch 210. The latch 210 forms a top cover over the
suturing needle 220 which is in the curved track 192 of the needle holder assembly 188. FIG. 30
shows the | 249,in-the open position, which is for needle 220 removal %qg insertion into the needle
holder assembly 188. To insert and/or remove the needle 220 a user maypturn g%{é%%é%eééll]ég 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 §¥#18l tool BIGtRErsiistal R suedataoabeot e nidvd toennisbarel326rByaiahbing and lifting
the needlg,320190tdhRReeale R28dseNPYRI B)igralbing Aheheedle 22dibanerdiesan be

inserted when the latch 210 in the open position. FIG. 31 shows the latch 210 in the locked position,
also knowaEANE YEhREREEO LI BRIRR 20 8T 3EER Bt A58 D608 BseTh [BEC1PBIMG. 32 shows
the suturipgmeedieRi20 adhe Do iBoichrs 28 2:ailocalan-abouwd Se:degraes apaiten the face of the
needle 220 and assist in driving.the needle 220, The pawl 198 engages.the notches 232 when driving
the necdlB 900 R CHI TRE L AL SR AP ORI Zut0S TAiie o ARVt of the
needle 2Z0rildieen otainc234 splaviciesaih argiy Giiti ersfeqtuseiiny deadetitingndtationt ehthz2hieedle 220.
The nee is f | L spIit ring i 222 har inted end 224, and a blunt
end 226%%%1%@8%5?20 u%k%g%gt%{r%%psr?sgeépgﬁgé %289%8%m§§3§)€m%§55%%§ e %e% ﬁ*\cg end of the
suturing rreigl ppEidad tuedddh drmsodithedimens Geameny 3B itHbddenmotian eye though which
the leading gnd ofthesuiringorpatesiahoctiaag 246 ey %&@?@@zﬁ%&%&@a@%@ﬁ%ﬁ%ﬂem to the

needle 220. In the illustrated needle 220, the needle 220 comgrises an opening 230 Iin the form of a

cylindricaiBateAnasE ARGt s gadh o ineakddiess 02 48 c e 8t e N GREWRA 26. The
opening 2geneR1 hpipasitorad pnywhenccalong:the:ase akitng neediesg=0 bahwerpdbeapex 228 and

the blunt end 226. The leadi d.qf the suturing material or thread 246 is inserted into the opening

250 and 1A HOLRA Y ERAEIAGbL B PEUIEHEN NS KATS B At 1o enable

the needlx@26 4t (320 ékratectisbu epfoxd? Plousidaticdd pti ctide?A6C [Ehgibadfiherdeddle 22Qdapreferably

about 24 r 0 300 degrees. The needle.220 comprises fwo symmetric notches 232
%@%%%%?%? tsarc%g%% xgmﬁr%c? 1!1%(};@96 Sg?g%%%% QHRNSE2 Br DA

along the face ("drive notches"). The notches ocated directly o posﬁea%cea%h other. A similar
notch 234tisnippatedodietisenzagiztly wateedsdge ¢oudharitc 'y ohahis Heruied22020reximally to the inner

notch 23%&19&%&@5&9@w&mm&%@tﬁmg%llﬁgqrpm{c%@di@%%pgﬁesﬁmsﬁﬁb%ﬂt%@-fotate

spring, whereby rotation of the needle 220 in a direction opposite to the advancng direction or "needle

backing-(§&iepieatE d 09 Hegsersitive e Rerstie AdrostRAe h kel Bareare k4 dhalsg Dperation of
the suturing glevicampreahidas thempadie R ipmetiaxiginutof spasER0S daingihe suturing

o he oS o B BT O S A ARG EHEY BBl 58 SR B mechaniam 170
and enahjeotlisaibea¢h2 2thto nncie f§G alvetary thosiemenbimpahaadtoationiof the:tnivenigghanism 170,
thereby causing G Nese 2204 QRENCURE N NS A DVINEEDIRE USSR ection opposite

to the advancing direction or "needle backing-up” is prevented. The positive engagement of

the needle outer notch 234 during operation of the suturing device precludes the needle 220

from straying out of sequence during the suturing process.

[0600129] FIG. 33 shows a close-up view of the pawl tip 199 engaging the drive notches
232 of the needle 220. The drive notches 232 are engaged by the pawl tip 199 of the drive
mechanism 170 and enable the needle 220 to undergo a rotary movement upon actuation of
the drive mechanism 170, thereby causing the needle 220 to penetrate into and advance

through tissue.

[066130] FIGS. 34 and 33 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, puileys 172 and 174 are made up of four pulleys 178
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10001301FIGS. 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 WO

2008/147555@81’4}%§ n0§/006674 that are connected together by laser welding or other methods
e

known in the art. our pulleys 178 produce an over-rotation, of about T80 HeGHEEL T He

over-rotation leads to the wire 175 design where there is a wire 175 on each set of pulleys 178. As
shown in FiS a5 apeetrd tomstheichy Ersrtweldie sriathenitivtiows otteysid 118; assiltingomr the four

pulleys 1igjogrp sisasbuify piiaanathctrasan udgekload. e (RArRolleys ki iegetationally in

sync, i.e., ane pulley 178 will follow the ather gulley 178, because the wires 175 are configured to be

pulling aghiet dndSHRHEET S RETiLarTE iy B Sthsredf Bitlkapliyd e viais Rife fat the wires

175 are saldefed DR G a3t shawsaisisleenal ihesutre headassembidognbich ghows the
two Wiresb175 conne tig%]ﬁhe four&lulle%/s 178 ogiet er for synchronized rotation. 10001311FIGS. 36
il ith 165 “38 Show thée ioheAR putieens/ Sreamidisnd B ig 186 to the

and 37 in Conunction w
drive pulleynt7beancheqthiey &firmipuftdis1F2 ather bidevestic tivalye: anchicdhewhen the handle 160 is
in the open position, The cabl 4 and 186 may.he made from stainless steel, Conpected at the
proximal end & tf%tgu%epe %%gé %aggset?ﬁ%?ya‘i%%%ﬁeﬁ‘?ﬁﬁ%ﬁ%%‘ﬁ éﬂepao f%'ﬁ %gai‘ﬁgf’ﬂ%?ains part of
the drive Afdctiamisaicling thelneien [fidcid srifeitdyistt 8 (T HRd3Sabless 18xdandel86l FiGulBeshows a top

o Rt SeaeblbaR WIS R ARG H LI o AR o0 e

wrapped around drive pulley 176. FIG. 37 shows a top view of the suture*head asse 56 with the
cable 186 FURHIRY tHIEEGR BN dIer pulleys 180 and wrapped around return pulley 174. The cable 186
runs from return pulley 174 through the elongated barrel 154 and to the very proximal end of the

handle 160, The force oye the peedle 220 from the home position (shown in FIGS. 36 and 37) to a
rotation &gg%gﬁ%omeﬁﬁh\% %Iﬁ BARESH I Efneteitqy the camierians #8Sulting in a

pre-load (sisaiondinidBi38RAhen theotiggat af thadyanedla60 issgueazadicjosed 4heirandle 160
moves to d itiqn angd the drive pulley 176 turns counterclockwise, driving the needle 220.
At the sar]l"r%!g ﬁ%??t%’egggkbﬁgﬁ%g Hﬁées Iéd%thgrﬁ lﬁﬁﬂeéyl/cf?f%gﬁsﬁ?é%lgjﬁﬁﬁg Eeﬁnﬁ%ﬁ‘gﬁ e actuator
arm 202 ®arivienthderfean isaripstoriwelrdGhroaghdiat this suexiTab endedith@ 2Grisedriuén through a

circular mgtiop,ithicugh-a.cyale..apdibe cable 184 | ' return_spring 240 on.the other
end. When the kgndle 160 closess9 mc};re, ?@%tﬁo@éﬁ%%%dé%%%g ﬁwg‘ef%fegf:%%%nfh?g?rigger of

the handi@teding fare illeuriHe s daP safepbles  fiverd IStolHaFocsmyed Wit 96then spring 240,

will returnsihgdieadiassafulg e homepesiion s7 RenrsiursRnG 2SR R s #aRleshB4,seturning the
pulleys to their atartiér;lfgﬁposition , and returnin%the actuator arm 202 to a position to engage the

second dATPRe &R éi&‘jF : A’?’ée c%% shows a top view of the suture head assembly 156
with the cable 186 running through two idler pulleys 180 and wrapped around return pulley

174. The cable 186 runs from return pulley 174 through the elongated barrel 154 and to the
very proximal end of the handle 160. The force to move the needle 220 from the home
position (shown in FEGS. 36 and 37) to a rotation position comes from a return spring 240
that is connected to the cable 184, resulting in a pre-load (shown in FIG. 38). When the
trigger of the handle 160 is squeezed closed, the handle 160 moves to the closed position and
the drive pulley 176 tumns counterclockwise, driving the needle 220. At the same time, the
cable 186 drives the return pulley 174 counterclockwise and cycles the actuator arm 202 to
drive the needle 220 forward through the tissue. The needle 220 is driven through a circular
motion, through 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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WO 2008/147555PCT/US2008/006674 compression-release cycle returns the needle 220 to the home
position. Relaxing the trigger of handle 160 takes no power. 10001321FIG. 38 shows a side
elevational view of the suturing device 150. The handle 160 includes a number of internal parts - a
cable connegiar 210%%& S.a hole and a shoulder. The shoulder rides against the end of the return spring
240, and the hole prowa‘é‘s an opening for the cable 184. The return sprin&%ﬁgsﬁi%’%ﬁ%“ssed and the
cable 184 is soldered or locked to the connector 182, so that the cable 184 provides a preload onto the
return spriAEPESSITHEcieskecTds weinmsrthannbrd koti{botdr182rth posigloth RedawimeIpeinga240 over
pulley 244throughdbe.elangaisddparrel 154, through the spherical portion 158, between the idler
pulleys 180 and fixed to the drive pulley 176. The cable 186 is connected at the very proximal end of
the handle 160 and lies under pulley 245, over pulley 242, through the elongated barrel 154, through

the spherjgabpsriion 158chewaenihaigdiennidrysiocndfixediathasetm eyt idde
1000133]\%@5%@e handleé160 is translated fro ghe open position to the closed position the needle

220 is dri GhatRETRELRDRITER LS 4 146ME FERrSR L dBaR 3o Wb osEC e needle 220
runs acro$sessivelthing diwi daiimpeneirbbiel dhrechangient 60 oyilnstan: meavipg-adesthe disat:gould feel
this in their hand holdipg the handle. When the handle 160 is.n a closegd positign, the return spring 240
takes on goém%rég?%%egf%uﬁe é"%{‘]ﬁ%“gs%%%‘g SherEREd I Iaérhdg%e. %%%ngﬁgeist%%d g"f@ﬁ Is released,
the return&piddoote pullsthe t8bleotB4 Hred-bbind$4tmaveddle 220 bdckitotbeedremeppagition and also

brings the handie LAl back 0. 1e,0neR AASILAR- The IR SRIRG.E4Qprvidee 3 ogarey the cable

184. A loop is formed throughout the suturi%g?dewce 150 that includes thec . 186 and the
pulleys 17341%uonah By slgnetanhieablé s ehitervhasicshecaientbSthe revgas Spridlen40, at the

other endsigithe trivanRullew 17 e tiR Cabir, L 80dis Pitachad fosthecrelwndauliay.lv4-and then cable
186 attaches to the veéﬁ;/ggroximal end of the handle 160, thus forming a loop. The return spring 240

can be seP P AeSHLel hrififriid bbb tR&mde MLBHAY 22t p BTG As BiekirBdNsy the user. The
return spehg240idheid]haves smaleantemrkbi@reinad spumakerstke; rat ghieshangiead80 opens all
the way, hi§q§ ovlirg{es th%hghel%iving mechanism 170 would return the needle 220 to the home
position. 5501 hé capies 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 WO

2008/ 1475%@@?@? US2G88I0088 % d1e 160 is transiated from the open position to the closed
position the needle 220 is driven through the tissue. A user has a tactile feel as the needle
220 moves. If the needle 220 runs across something that is impenetrable, the handle 160 will
stop moving and the user could feel this in their hand holding the handle. When the handle
160 is in a closed position, the return spring 240 takes on a charge, the return spring 240 has
shortened in length. 'When the handle 160 is released, the return spring 240 pulls the cable
184 and brings the needle 220 back to the home position and also brings the handle 160 back
to the open position. The return spring 240 provides a load on the cable 184, A loop is
formed throughout the suturing device 150 that includes the cables 184 and 186 and the
pulleys 172, 174 and 176 such that cable 184 is attached at one end to the retumn spring 240,
at the other end to the drive pulley 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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184 and 186 provides a small amount of a spring buffer. If the suturing device 150 were to become
bound or something locked up at the suture head assembly 156 this would not translate. If the user
continued to pull on the handle 160 to close the handle 160, the cables 184 and 186 would stretch and

should not brggk., Ihe fwo idler pulleys 180, which drive the cables 184 a@,(H, 2?;5%,}&8&%6‘1 in the
spherical portion 158. As shown in FIG. 34, the two idler pulleys 180 appear to be one on top of the

other, but they are located in a plane with either pulleys 174 and 176 or pulley 178 (see FIG. 26).
[000135]F1E. 25 dAOR BHeSIfetRAthneHb 64 RSN CeRuib he S AR AP S5E) TRE &tuator arm

102 (FIGSedfmdbvantot kdpmefiihg sde headiasarmbhebb dsscepBceskhyiadendproer band filament
302 (FIG. 39). The cables 84 and 86, and.drive.rods 140 apd 142 (FIG, 8) can be replaced by an
actuator tﬁ[gf?% tﬁ‘n%%%lee f67& dnaa %v?ﬂwwc’%rﬁ%rﬁelgsgi%%&aenldggeﬁ%ﬁ ééo%%a%ﬁ%églé)%éhf&%%) or 160
(FIG. 24).1Bhematidaterchnbech drivelroddnot stweiun )l iand cafidechnstiiicdiotiadensile=material

e e Sty M i SR s B e o

memo oys, suc or a flexible

hardenedi@isiypiEeor i snpesnth sohighndensityhsolethyaerbearapo lpprésyie ac Fitedive rod can be
encased Wihin 2 RAsSRAENAY siHle e elopgatedRarseh 54, the walls of which can include a

sufficiently lubricious material to minimize the friction of the fore and aft movement of the drive rod. For
example, the passageway may be made from or include a coating of a fluoropolymer or other

|Lﬁbri0i038{mtﬁfﬁ|, sughi@sssiligens ail ﬁ@ma I@@?%?aédﬂvafﬂ@&ﬁ@@ Bﬁ&g&%@%ﬁ%@jﬂ %wits‘i@ﬁstalber:d to

the tendon or filament 30 syita ans.(including, for exa e use of a screw, a bolt,

adhesive 574 ﬁ%#% ﬁ?ﬁgﬁ%ﬁt% aé?-@r@éﬁ%&&%%ﬁ%&@?%ﬁ% W@%ggffﬁéeﬁﬁfﬁ %’e%d assembly

356 can berdtiachédidithyntatAeZeBigaiéy bEreelablksRtennbigaiydthseveuinte Hdaahaddembly 356

can be at moveably.tao the e] ted harrel 54 b articulating joint as shown in FIG. 2A and
@g%ﬁ%} NRVES rfs £} eg' % a%rla%%latoét{(ﬁat zad e E?re o %tt v&bﬂlﬁ cgggaxi?[sé{nﬁsﬁ

FIGS. 20- or example, the proximal en e suture head assembly can be

modified tglfesmod hahmiljesttheriéal HortibbOdikilar 46) sgherictipportom B8a(Eice 2al){nwhich can permit
superior-igferias mofion o the swikres head.asae Ml 3P & WIR 8PeaLIo thesglongated pare! 54. An

articulation rod 568 can be used as shown in FIGS. 20-23 to push and pull the suture head assembly
356 throutiriRzhtengithiiingl e tmnssrilisy artieh ptidrc PR Geee s Rinkd Hepe withsnribibnize there are

mam; posﬁalﬁim%@ﬁg&t;@ﬁ;mﬂﬁﬁnagsﬁamachﬁm%@wElﬁf&%hyhe\&\éﬁnecé lpoiyrréer or plastic
2008/147555PCT/US2008/006674 the suture head assembly 356 to, a hgndle and actuating
chan T A BB R LKL T DR Haor] B 20 GO BgTE TG Rown in FIG.

39A, in thisempodinissitthirestituetae ddrad seimbly 846 isf which can include a sufficiently
lubricious material to minimize the friction of the fore and aft movement of the drive rod.
For example, the passageway may be made from or include a coating of a fluoropolymer or
other iubricious material, such as silicone oil and the like. The drive rod can be connected on
its distal end to the tendon or filament 302 by any suitable means (including, for example, the

use of a screw, a bolt, adhesive, 2 weld joint, a hinge joint, or a snap-lock connection).

[600136] The suture head assembly 356 can be attached rigidly to the elongated barrel
54. Alternatively, the suture head assembly 356 can be attached moveably to the elongated
barrel 54 by an articulating joint as shown in FIG. 24 and FIGS. 20-23. For example, the
proximal end of the suture head assembly 356 (FEG. 39) can be modified to form a partially
spherical portion similar to spherical portion 58 (FIG. ZA), which can permit 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. 28-23 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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comprised of two mating components 356A and 356B. A needle track 332 is located in the needle
track component 356B. A drive track (not shown) is located in the drive track component 356A next to
the needle track 332. In this embodiment, the suturing needle 220 exits the suture head assembly 356
from the dist%gn{%ﬂgggrture 318, and re-enters the device at the proximal end of aperture 318.
Therefore, in'Its NoMme position, the blunt end 226 of needle 220, and its 2HEEHSH & haterial 246
are situated more proximally in the suture head assembly 356 than the pointed end 224 (not shown).
10001381tBs/ siiayedtefisraseeralbm pfetcasdaplctad! irrfiglj 898 devise 300chguip frecbusthpaisuture head
assembly,356.may:Rerovidedsith.a Aigxible proximal segment 354 and include a steering
mechanism for controlling curvature of the shaft The steering mechanism may achieve steering in any
suitable manner, such as steering wires. For example, two, four or any other suitable number of

steering Woes1371L may hesHeed (@ eontred movemenhvideviceR0Qatepring, mayie sanfiolled
accordingly bﬁﬁvéggpgj a steering control mechanism 372, which may be made in any way known in the

art. Similar8 SOGIMBITE SPRRDCESS7 5 Jd iardh afaredRBastovided raidivathty the
suturing heedleAswiiltdrepapprestaBd hydthasesek skit inshe: pis [doaembedimentsafiFigs. 1-38 may

similarly be modifi inclu flexible barrel (54,,154), as.desired. [0001391As embadied herein,
the tendoﬁ%%)f ?ﬁ%‘%ﬁ éﬂgéjlku%eexg% zl?e me(%%? 2 é% member ‘t%%‘fdig’ﬁrgii ST SREifitH a track in

ongated flexi
the suturetitsaiticastom bipds6cbbar havearhcdiss! sedtidimakshapel inehdding:ferekample, round,

oval, squake; Qrfeqtangular.in.g preferred embodiment. it is relatively flat. forming, a band, which has
the advanﬁe of limiting thg flexibilitiffof the tendon 302 %E) oﬁtg a%g}%?gﬁﬁ%ﬁgﬁg%ﬁ ?é%?,eggperior-inferior

and not sfé-f5R588 Fid pREfkraBRF beh it STRIT RlAAf aresiitiderhinimratpriompressibte, allowing

for the longithdinakitiansayission ofa %%Hﬂeﬁ%ﬁ@ﬂﬁ%%%ﬁ%fpme- 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 &lioys3siich aBMFANGILGrBieekanpbes meiatalloy siwiteaoAoadiksogualiissonaiflexible
hardened po{gm%ro é)lastiglsg gas hf&h WO, 2008/147555PCTTUS2008/006674 density
it AR B ehmbsa. i

polyethyléne or polypropylene: 1n other & PreAtE APFHGFIRECSHOBER IS EH fateAifiexion are not

required, \ede afetcenagnptehthslaferalomovidimentoftive tdndoshisiuriedsmedrsprachlosated with the
suture hegd bly3nfhat exerts. g fqree a9 i external.surface of the.tendon. [000140]As
shown in FIG. 40, the @end%trlm 30@< Is situated in_d%%%%%%;%%fﬁin%f?lreeé?f\l}giter’ac Otgor%rponent
356A of tAeasitaiehutibie sembey sbearing drives AtrBBdigisebistaptiaiy msbesgenuntil it reaches the

distal portiencefiite St peng sssemRlNARBRIR IR IiSRARiSShRReS e sefibe an gperture 318.

At this Io% jon the drive track 333 in one embodiment divides into an engagement track 334, and
disengageffietPIFRReY3E BKlE Pl WoT GRPR R inBE Bhtts Eis ke trdissatbaf Bree suturing
needle 2203 8)arshouwaminB 73 is also provided for activating the suturing head. As will be appreciated

by those of skill in the art, the embodiments of Figs. 1-38 may similarly be modified to

include a flexible barrel (54, 154), as desired.

[060139] As embodied herein, the tendon 302 may include an elongated flexible
member that can slide fore and aft within a track in the suture head assembly 356. It can have
any cross-sectional shape, including for example, round, oval, square, or rectangular. Ina
preferred embodiment, it is relatively flat, forming a band, which has the advantage of
limiting the flexibility of the tendon 302 to one lateral dimension (e.g., superior-inferior and
not side-to-side). It is preferably constructed of material that is minimally compressibie,
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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FIG. 41, tendon 302 flexes to conform to the shape of the engagement and disengagement tracks 334
and 335. FIG. 41 shows a perspective view of the distal flexed end of tendon 302, to which is attached
a cylindrical pawl 308. The pawl 308 consists of a pawl body 308A and a pawl tip 308B. The cylindrical
shape of theﬁ%wl body 308A and pawl tip 308B reduce the frictional resistance to movement of the tip
of tendon 302Withiy %ﬁ’ﬁ%%gement and disengagement tracks 334 and 335PCH&2¥IHesEHctional
shapes of the pawl assembly 308A and 308B are also possible, including, for example, an oval, a
square a réegihgie] vitigthee nmigretyonylereshiapebeMoreatiereibe spaing hndpaar@isodae constructed
as a roller [ ther r ing frictiona ' e 1o the fore and aft mation of the.tendon 302.
FIG. 42A lsgh%%visﬁ%g%#e%géﬁvagt%ﬁg% gﬁg%sgégéié%%%ﬁngen%%ﬁa%ﬁ' BOF e‘ta@(?ittr%"ge %egt%%n%ZA on needle
220 to allWEtHS tehes 8O AAUENEE THBtRdeié 2o0nkithid fsheacke 832 /5B 2428:shbws the needle
220 in isolafignairwhich.theOuvgpotches 232A and 232B are located on the side of the needle 220,
and the anti-rotate notch 234 is located on the outer circumference of the needle 220. A pointed end

224 pierce U thrget dssthoduAnd Il Srotering 6P 1He Fitugd prodartesioss hadiiatiz4s is
attached irithedhlini@nghada of eedin220u2000341dn9e sunhedimeant (peiches;232A and 2328

have a substantial rpendicular leading wall 232A1 and 232B1 against which the pawl tip 308B can
engage aﬁ@%%%a%%%eﬂ] %%%ﬁg?a%e%hﬁ L2389 R SIS THE SRt assamiysals 9BA2 and
232B2 alletvhhiepanistih308R: theSlidessayodtilyinto positionindbe tetehes 232 apei233as it
advances within the. er ttrack 334 The in Is 232A1 and 232B1 of notches 232A and
2328 can also bﬁ%ng%%gg%%?oﬁ%t é:%lp%%t%g:l{gggébg?%g neadie e tatﬁag%é %ﬁh@'l%ﬁ%&ﬁ%?%eing in
the range’laBeurgicd dgreeentapsatia 66 detieeiith respegt noctte Zlifase dbthe ineedle. The

trailing walg:232A2,04 ?@%%mtg&%&%%mﬁ%ﬁ%@négg&%géﬁ 1437:82008/006674

" v & CIiga
can also be inclined away from the pointed end of the needle, the angle of inc |na%|§ﬁergeé}|lng in the

range of JB6KT S1tdegréts BlghAdishertiprewsdiits visspatthe dirtal fiquetcofihbiersionla02,

[000142] Adteriiative bt dratingial PR=R 3 of trailing note %33%&3&@'5&@%683@%?&%@““6‘"y

perpendicular ta.th rface of needle, with a gap between the leading wall 232B1 and the trailing
wall ZBZ@H%Wééi%gg%%h ca%\%%hlh%}%g%@pﬁféfﬁ%mw 5688 39 s i paultierC Atowdigsdiitser either

to advande¢fiennbed|e226 bynpushing: ihfite ngari fa3wistliwianmeyadhadieaste backwards by

pulling thg; ' Y. W, t awl tip 3088 is engaged.in the trailing notch 232B. The

surgeon ?g&?@ﬁ%&rgg%k%%%%ﬂna& e fr};%Hﬁ%é; TS30E" Igfhaé] Ssh‘u ugrse%f\h}}?e‘??‘g}]a%eg@&é@géﬁcou ntered

that prevénts’68F pretelssaresibiio inofudiog fudiuapie. omwiveh sepositioningofithenskele in tissue is

desired for ptherseRsaRsHtNIRENeSE ﬁ%%@?%ﬂ?%%@é%%@%&@{e 3? %]rocft{elr e%ﬂﬁ?omh 232A1s
old a ‘bar at would

preferably not angled away from the pointed end iri order to avol -like" structure
impede rg%@‘éf Ui EEHR Pl iTeRss (e tha Rarirrsi firadberipfgheatind8B A02c i Gadd A chamfered

or roundedlsesmenahieungionssitniagsuriasa-of neade 220,10 fagliiaig aeking ihg.ngedle out of
tissue. F(?zr e same reasons, anti-rotate notch 234 can have a leading wall that does not angle
2511%0 6 8‘%5}%

away frorfi e thahantidrs Al A HAE FatkatiferEHCortdt sl WScorner at
the junctithe naedith228unfiodaobih énneedieti228k idheotead i ge via k23 2B %ok b aiirg Netch2348 can also
be constr i - rounded corner. tq facilifate forward movement of the needle
through t%?g%%%g%e?%ngé%%%ﬁ t?ﬁr%%(rf %3@%%%&%% %8%F i?ﬁietn?, HE AL %’%ﬁ%&é@t to
engageniéffieadd 33dpaiticdisanhgad otawns thack:3s5iEnydgengdrtrack @34ds altljacentidie and
side-0y-sids, wih i assaleiacks L3 LIsENGEMERIack 4355 alapnt 1o he outside
circumference of engagement track 334. Pawl body guides 336A (FIG. and 3368 (FIG. 44)
separate engagement track 334 from disengagement track 335, except for a gap between the pawl

body guigsmBBHA and:33a8:BRIngdne 6Rat 0§ ne.Hacks B 3dvant:aa%. has) shown in FIG. 46A)

The base gf pa I]Bgd]yg%uide 3%%%);;%@ formed or attached along the inside wall of the drive track
side 356R°0t SUtlre hedd %638 0 5 A LABIBAWIESH PRdE BRABSR etmesEtned or
attachedzalbny teetinsicte wiihekthénrsadekttack sidec3b6R afgutineiligad.assenbly 356. The pawl
body guidess336f, and ?@ﬁﬁ rgajgl@t{% §pgrt of tq ends of the tracks 334 an 5, at their
proximal and distal en g ’ % ide sico %ly IO POSHIOND i Léi?e notcgesd2§§ anQ% 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 1o 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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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 WO
2008/147555PCPUS2008/006674 distal chamber 390 of the tracks. Tendon 302 moves only within
engagement&yg%@ﬁ%s\g@erea_s _the distal end 302A of tend_on 302 and p%\e(][ s% 9086@ move in
engagement track 334 when driving needle 220, and move in disengagemen FACK when
returning to proximal chamber 380. At the proximal end 308 of the engagement and disengagement
tracks 3343%is8 58 meingd s Femh HiccPriRBL FrB0) s asdin doresle af dadlipgtienBRingln? being
flexed in andownwardidicection gavsesdhea:Pavd 0810 Meye-R4te the reximat apdeligngagement
track 334. As the tendon moves distally in the engagement track 334, it engages the trailing notch
232B or leading notch 232A of needle 220, moving the needle 220 forward in its track 332. When the

pawl 308 feiiohas the distaherie:bf, the traitk 334108 118 Histakthanben390nhadendar 3024s flexed in

an upward directi the spri rce of tendaon 302, now. xer downward, force on the pawl 308.
The pawl Sgggt%%r%%ﬁéyc%%ﬁﬁﬁt% tﬁr(rali%igégt%f%na of %%%ﬁg%g%é’r%n itk SR hE |%%gin§n‘§a£? tendon 302
compriseg ¥ Rarolvibd segneneBG2ABAllowmenthishdistabssgmdatettherprel vitiitheisengagement

track 335 asigndan 3022 puled-nieimalvs hscayss ainanp e dimensianafiiogistal end of
tendon 302 clears the pawl body guides 336A and 336B. The more proximal portion of tendon 302, at

full width, Rt hUS SOV Aen s Engagetiett topr B hedamgmetddpprateaby teep &gl iody guides

336A andi33BBr[RAVLIMF G ubshaws a:tap perSPective Mew af the sulkieheagkassgmbly 356. The
drive trac§}$id§135,6A iz)mated to the needle track sijde 356B. The needle track 332 is formed on the

outside stiTECE OIS HEEHSTASK SO BB TriIF STREEMEST HeLBIRET 8 58MR 84 embodiment, a
second opeingtidb bf lbeatediat 1he, distdleantpbapeliigefIi8nisdiheradhe politedend 224 of needle
220 exits the device. A first apening 358, located at the proxi en aperture 318, is where the
pointed en Qéfﬁats)?nrisébgj §e§%%e%g-%n %rrnsgtt?"mné’": esslj%?e}%é% %%@8&@%%%@%‘&%@% the target
tissue. Flgﬁmm&le@m}pr Perspittivendencof sutusedié achadséikbbyr8&6rdnhahich the roof
of rack 333 SHANTOLEARGINGE RAM pdie lste! Shathet 2 INBNE RS CH Aay, The paw

308 can be seen in cross-section within the proximal end ngagement tr jacent to the

cross-sectitf dfhEBEEOo atasH f§T RSt eh D pBChap BesBrissmiageds ddimigaildian 232B of

needle 22Qciihg M w08 J5theldwithivdhentrask by nand baodyguidas: 3364 2ad. 3368 Lhe narrow
segment 302A of tendon 302 can pass through the gap between pawl body guides 336A and 336B.

Thus whil&XHBESEH BB HER SATATEHA36Y FEamuine RAHHRY ER%24ARTSHE Ract B34t pbsor308 and
narrow ségueentiaaiéraf sensloni@02oerst tavelisiheninehgagenriemn ek 3adierengagement track

335. A thrust collar, own in FIG. 46 d in isolation in FIG. W
20(18/14%%"5"5(‘5‘%A }@ggg%hé)/%%%@‘?& ﬁ%@‘ sfr%%sc%z\}?gﬁr%ﬁ% gﬁchefin‘g%%%%fﬁ’i%dsﬁtu re head
assembly@66¢0 tiotarteddidizne withand s restiet trhtic 382d1a Hemnativedyua cartridge 88, as shown in

FIG. 2A and FIG. 2B, can be used, which can then be attached to a cartridge holder assembly 90. A

cartridge 88 can provide %E)éerati_n room personnel with the added safety of avoiding inadvertent
puncture 8% 44ndling:& %ﬁ’o‘@&aﬁeéaléw tododasiatftheHecknanisidennst suture head

assembly.@af dtnshaniin 5 Gnddis@ibagement track 335. Engagement {rack 334 is adjacent to
and side-by-side with the needle track 332. Disengagement track 335 is adjacent to the

ouiside circumference of engagement track 334. Pawl body guides 336A (FIG. 43) and
336B (FIG. 44) separate engagement track 334 from disengagement track 335, except for a
gap between the pawl body guides 336A and 336B running the length of the tracks 334 and
335. (best shown in FIG. 46A) The base of pawl body guide 336A is either formed or
attached along the inside wall of the drive track side 356A of suture head assembly 356. The
base of paw] body guide 3368 is cither formed or attached along the inside wall of the needie
track side 356B of suture head assembly 356. The pawl bedy 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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anti-rotate spring 346 (shown in isolation in FIG. 48), anchored inside suture head assembly 356 can
engage a notch on the outer circumference of needle 220 to prevent backward migration of needle 220
in its track 332. As shown in FIG. 44, the anti-rotate spring 346 contacts the surface of needle 220
through an apertijre 347 lateral to the disengagement track 335 so as notJ fﬂ}@ 8%0%% movement
of the distal end op tendon 302 and pawl 308. In a preferred embodiment, tlge antig-rotat’e notch 234 is
located on the outer circumference of needle 220, and sufficiently distally along the needle to cause

engagem e CEEsRa Rl S TS S AECBRIR diem oHes SEAERE RIREEER oekid Within the

confines afisistdserhensdasaamiln 356:10603451A0 peditosalicalive tocax-pant 80&tgzangage the
notch 232A or 232B of ne?%dégiﬁzogs shovynldgn FIG. 47. A flat s§§§%348 (shown in isolatiop in FIG. 49)

is situated RithHT B R BRY 590 SRS HIRAE AL SR SRS A SPSTIIFER SUPEREMAbly 356. The
flat spring:B48hsrgiss ther gavylr30anapaid sth e fSide=af neadie: 220 d:engagedhepaid 1ipi 388B with
either the.trailing natch 232B or Jeadin ch 232A. The force exerted f ring 348 is

o betanta R T e e e 255 oing the
distal enceofotendeni 302cind thespatvt 30816 (i dvenintoyositicheapribrd mebgivhaf engbptmagagement

track 334tr%9kmj%f£5§£9%Q@érﬁi%ﬁ%o%é?df%&ﬁmye%%g%lﬁ RASEINA TRr-panl.303 . eRgage the
notch 232A or 232B of needle 220 even If tHe pawl 308 and notch 232A or Z32B are not exactly

adjacent ®Phe b eidrating Wik &4 isicedsiotarasiohsntrdhettiasyaimpniasedhowing

pawl 308 positigned i mediately-praxingl Wstralingoreieh 2328 0bneedip@20:m6er 398 iga view of
FIG 50A through section B-B. Pawl tip 308B is pressed against the side of needle 220 immediately

proximal t6H6RAV235 BBHOSADHEGE] ALESIMEsh e ERE 8 G ¥ LRUPBPRIEB0R iidugh section
C-C. Flat &pring:34 Bocteflactre awpavd. 308: paaintaip figpréssuraofpadlktip S0BH against the side of
needle 220. FIG. MA is a ¢rass-sectional vie sutur ad assembly 356 showin 08

e ciion AT i et Al et R as parron el SR 3R
2008/147855RGTRISAE0800667 1 viesy I WFIGnSlAdibrogrgusectioacB 3B 5 At thisipoity gawl tip 308B is
engaged éﬁﬁgﬁ&%&%ﬁ? Qécﬁﬁ%d!ﬁe%ia%%?&'liﬂxﬁéfﬁi&i%%eiﬁ%%ﬁggsﬁtghﬁi%ﬁd%%@ﬁ%é%és aligned

with the engagement track 334, allowing it to procee lly to drive the needle 220

within its restikedragk 83236191348 a hevimer e xinal threinghod e 608, at ik yikB, 348 is now
in a relaxgg,nagiian 20 RAUIHR 0GR is Sityaiedminin daigh<4335 @k ?(ﬁ%@“&;@? ufaage the pawl
308 moves distally within engagement track 334, the confines of the track wall itself keep the pawl tip
308B engzaﬁ@ti R1fbtches 2328 or 232A. [000147]FIGS. 52 - 59 are sectional views through the
length of suture head assembly 356 showing the progression of a complete four stroke movement (two

h-pull les). that dle 220 t d 36 tati ithin 1 332,
penetatitG G trget 100 PO AL BACKREFBT G s ByLTe T ETQ e S8 IS ated at
the proxiriave ndo@fsaﬁedlgbfiﬁ@rrie mam_ai:to 3B nemidei s argadpetbaiith 'ﬁl@m@wBa@k Agédis@2edAnti-rotate
spring 349&@%%?5%95‘{}%&5“& Altisromate Aoich L34 a0 G, QUL E TeHIIEISNER, 35ReRdiR 220,

preventing it from moving in a reverse direction. In FIG. 53, the tendon 302 has’been pushed distally in

a first strokebodiadnasidiceis paniBeg 16, tesairdial b dioké aehgbareniuteadié 334 asdhothe ends of
pawl guides336émand B3R hmvetesnc\earedsdbe Aigtal snoabienelon.304 andoawk304 snap by

spring force into the distal end of disengagement track 335. |n this embodiment, movement of needle

220 by p&ifl 868PH iR Hifoke s dha SO RS Pt PEREFemeldit P98 16 8T tHE BE¥bnd opening
357 of susigseritgad assfenbhnadbbisarensastheianertiic 348 phoel aladahe targetiseugyand
re-entered.the first opening 358 of suture head.assem 56. 10.EIG. 54, the pawl 308 the distal
o of o O O SRR e T ST BT TR Qe T S cathe force of
the upwaraly e et dhmnblors 30 Ba hee puthsteotey inltreepfivet Hiturndosase is sowseitidiG. 55. The

paw 308 Jﬁtﬁﬁl@@e%?HQ&QV&‘?&‘QP&QQ&&%QWa&%@%é%%%&tﬁ%ﬂé%ﬂﬁ?xléé&é’n“{}?r?éé%ﬁ@%&{)“a the

handle 60 or 160. Backward migration of the needle 220 is prevented %the eﬁriﬁéa ement of anti-rotate
spring 34% HgHinseiebBBr Brint 8nd0EEc bertseafcin Yol mE s Helps 16 Il &5 if§Sotch 232A

of needle 229 alignad withdhe REoximah ¢hambes380:ab e thaRaYYa308GaANLRERIR dmiAFIG. 56,
the pawl 308 has reached the end of the pull stroke at the proﬁ}m | end of %;genga ement track 335.
Siibding 4 Sy

At this potiEhE ISR SR SRS LSRRG GRRoR! e to drive pawl
308 upwarbintehiketipr exdin gloensheff enghregelie nétisiok 3dkinadteniichancieatetbthepawbbody guide
336A an 6B, In FIG. 57, th | 308 has n driven,b ring force intq en ent with the
oncing nolEres a2l e RAU GRS BOSTANR NG BIEER FRGEInIE

engagement track 335, A thrust collar 360, shown in FIG. 46A (and in 1solation in FIG.
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WO 2008/147555PCT/U S2008/006674 pushing the tendon 302 distally, driving the pawl 308 and
pointed end 224 of needle 220 toward the distal end of needle track 332 (visually indistinguishable
from engagement track 334 in this view). This is shown in FIG. 58, where the pointed end 224 of
needle 220 %%g%%gg half-way through needle track 332. In FIG. SQHg&R#?%(gHQ 94of the
second suturing cycle has been completed, with the pawl having dropped into the distal end of
disengagement track 335 by spring force from the upward deflection of tendon 302. The needle 220

has returd6B6mesOFfcisoRmBRe RHrseHsd20 sveHERtdrRbaseatity 296 to bridantdls By hnti-rotate

spring 346@ndagement with the aptieiatedioteh284ief needianda; ihhertraiing:nomis238B of needle
220 is in position tg be engaged b;%pawl 308 at the roxirga end of en ag(ﬁement track % 4. As shown
gt it

in FIG. 667heepifidsirtRer SPIBSE oAt SIRaing & RS BPteHddh 302 ally, pulling
the pawl 308;ptaximatywithirodisgpgagernentinekd’a ssdprngingdinniosdosition pudtieproximal
chamber(erO tl? resendage the gaili%ge%%:h 232B of needle 220. Backward migration of needle 220 is
prevente Bif}ar%ﬂ-rg%% |or?xsbporsiﬁg1§5 éngaging the anti-rotation notch 234 of needle 220. The suturing
cycle is ready to resume if desired at this point. [0001481Those skilled in the art will recognize that the

movemerhgh {he distelend s ahiendan Az and pand 3RINA a0d oW of ARieesA32A and 2328

can be effected by springs situated within the suture head assembly 356 at the beginning of
disengagenfiicietara sk 385 4h (Far tidehal sienjulEmdfi-trachongh inside sy heplisdspiig force, or

even the B’W@&%@E@E{H@&ieﬁﬁ%%ﬂgﬁg \eht-and disepgagenen hackaaanicalige the pawl 308 to
be re-directed into the proximal end of engagement track 334, and into the distal end of

disengagBHE HRRIASBHE BBOTAGTIRMIF Afso e ApPRrET G thb<aS LI BE 42 4t the direction
of travel ghnerdlen220:-tan beneevkrsed hyochaying dhathane phsitigndehdhigstiaitipgmotarsituated in
the distal end of needle track 332. In this case pawl.and tendon ate situated e distal end of
engagem%e% FRRILsY é}i’tt%eersetéwﬁt%mﬂ‘éeﬁ]r%?ts r{?% %?F’i?%ee ‘ﬁgfs?%gﬁ?l%ﬁé?gc egﬁ e hgsét (%ﬁﬁ) stroke of
the cycle welzidedausasthapointedrend eineedle 2220t toexitdt e thsmm@ﬁmglﬁﬁ&ep%eﬁhrou_gh the
(arget Nssheu AN CBR Gl 3 U&&Qﬁg%gﬁgﬁﬁe@yeg&t%ecaﬁgg%gggﬁéﬂmﬂe sfueired in this

way, the disengagément trac 5 wou quipped with a spri r ramp to press the pawl 308 into
the notchspERA o 2adBvetemh Bielizpiitehendfahacraield ¥hd withia tbptaglBerahpiureisgdgage the pawl
308 from the.ngich £32A or 232B at the proximal end of the track. Alternatively, the disengagement
track 335 can be constructed

4

1000146) An additional feature to coax pawl 308 to engage the notch 232A or 2328 of
needle 220 is shown in FIG. 47. A flat spring 348 (shown in isolation in FIG. 49) is situated
within proximal chamber 380 of the drive track side 356A of stture head assembiy 356, The
flat spring 348 urges the paw! 308 against the side of needle 220 1o engage the pawl {ip 3088
with either the irailing notch 232B or leading notch 232A. The force exerted by flat spring
348 is substantially weaker than the spring force exerted by the downwardly flexed tendon
302, allowing the distal end of tendon 302 and the pawl 308 to move into position at the
proximal end of engagement track 334, compressing flat spring 348 if necessary. Thus if is
possible for pawl 308 to engage the notch 232A or 232B of needle 220 even if the pawl 308
and notch 232A or 2328 are not exactly adjacent to one another. ¥FIG. 5GA is a cross-
sectional view of suture head assembly 356 showing pawl 308 positioned immediately
proximal to trailing notch 232B of needle 220. FIG. 50B is a view of FIG S0A through
section B-B. Pawl tip 308B is pressed against the side of needle 220 immediately proximal
to notch 2328 by compressed flat spring 348. FIG. 568C is a view of FIG. 50A through
section C-C. Flat spring 348 deflected by paw! 308, maintaining pressure of pawl tip 3088
against the side of needle 220. FIG. 51 A is a cross-secticnal view of suture head assembly
356 showing pawl 308 positioned within trailing notch 2328 of needle 220. FIG.51Bisa
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so that it lies within the inner circumference of the engagement track 334 and needle track 332. Under
this circumstance, the spring-like property of tendon 302 will naturally drive the pawl 308 into notch
232A or 232B at the distal end, and out of notch 232A and 23213 at the proximal end. [000150]In an

embodiment,the entire. suturing device 150 can be designed as a single %&m@éﬁ&m@{.&e either

reusable or disposed after a single use. In one embodiment, the entire suturing device 150 can be
designed from a number of separable parts where each unit may be either reusable or disposed after

a single U4e™ [POBEG1 i EG P AR B 56 1< Argtreatb i d0fR i opsgndivdthigigiFfor the user
tf;at inclugwb l@&@gamh g, lalgf{@é iﬁféawa?f&a@iﬂqj&ﬁﬁdﬂmw@ﬂsdsq%ﬁﬁﬁmﬁf]mm of the
elongated barrel 154. The elongated barrel 154 has either, a linear or non-linear configuration,
ncluting BRI ACTTREETD g UG NG AT R NIk ALRmbly 156 is
removablysaitagheaehtt fhie distal. end of thecelaigtiteddiarmakdiih sEhecsufute adassemidly 156
contains a portion of the drive mechapism, 1.70. e device,150..The J d of.t uture head
assembl)}sl Has 5#%3 |%0ﬁ‘é1%"éﬂr‘"‘§§q &m ]EP 13§§ %gl\sfv%lc%%%ig& uf?niéoﬁzegid%%%ﬂr%ee‘i{g}e:é‘?de. A latch
210 form®ecetivepove? tRemeedits22ly. {0001 5eiAzemaateckutitinbernentiize220thaving avstharp,

pointed ed 28¢5 aldably powaieddn.g.aleuiprdiack 1829l hadieedle holder assembly 188, The

blunt endlo the needle 226 is connected to the suturing material or thread 246. The needle 220
normally resides in a "home" position in the track 192 such that the gap in the arcuate suturing needle

222 is in glignagnt wittsapeture 21 8:in the: neadiaholderassenly A88. L heshamwneinted end of
the needle 224 is situated on one side and entirely within the confines of the needle holder aperture

218; the POEAVERE GF RREESIRG 85 SCEIRfSHS LN dRar b the Re B Ber wied il 188. The
blunt end:gfdhensuditiTrpneedte 226 hel izatiachaddo tHensLidningkniatepaher thireatlc246s located at

the opposite side of the aperture 218. The sharp,Rointed end of the.needle 224 is, therefore, wholly
containedwithif t eeﬁg%ﬁgﬂeo?gégrea%%éﬁyﬁ?ﬁiﬁpggﬁd %éger%at‘%r%%uﬁé %‘?&%%8‘%‘8 %%’&‘é%ag of the
needle heldesfasspgunlyi88icK 34, the stragrpuinted eodlolIAB nEacid!2220s Aotiaxtrdsed to the

user. WO%&%‘%@%&%@%&& i ieRresenbaderoneambadinanlaxheneedis,aafmay be

releasably engaged by needle driver 198 that is rotatably mounted within the suture
220, preventing it from moving in a reverse direction. In FIG. 53, the tendon 302 has been
pushed distally in a first siroke, and has driven pawl 308 to the distal end of engagement track
334. When the ends of pawl guides 336A and 3368 have been cleared, the distal end of
tendon 302 and pawl 308 snap by spring force into the distal end of disengagement track 335.
In this embodiment, movement of needle 220 by pawl 308 in this stroke has caused the
pointed end of needle 220 to exit the second opening 357 of suture head assembly 356,
traverse the aperture 318, penetrated the target tissue, and re-entered the first opening 358 of
suture head assembly 356. In FIG. 54, the pawl 308 and the distal end of tendon 302 have
dropped into the distal end of the disengagement track 335 by spring force of the upwardly
deflected tendon 302. The pull stroke in the first suturing cycle is shown in FIG. 55. The
pawl 308 is being puiled by tendon 302, which is being retracted proximaliy by the surgeon
via the handle 60 or 160. Backward migration of the needle 220 is prevented by the
engagement of anti-rotate spring 346 against the hub or blunt end 226 of needle 220. This
helps to keep the leading notch 232A of needle 220 aligned with the proximal chamber 380,
where the pawl 308 can engage it. In FIG. 86, 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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WO 20081147555PCT/US20084106674 head assembly 156 so that the needle 220 can be rotated
from the home position by about 360 degrees about the central vertical axis of the needle holder
assembly 188. Such a rotary action of the needle 220 causes the sharp point 224 to advance across
the needle hglder,assembly 188 so as to span the aperture 218. Thus, w m i 50 is
positioned such that the incised tissue segments to be sutured are situattral?edé;ar Fgéar%;/f(‘éggl%}%older
assembly aperture 218, the needle 220 penetrates the tissue segments and spans the incision

between ﬂﬁ’éﬁ%@g\t%%ﬁﬂéé%t@ﬁ@}%m&ﬁﬁ meheoredpoiniad sad thé pbaerdlo28%o return to the
home posiicadane dhenehy edusesdheautaringmatsriabprithreas BrGatinghad dathemegdle 220 to

be pulled jnto. and thro he tissue in ap_jnward direction on one side of the tissue incision, and
upwards g?f% i&%ﬁw%ﬁﬁ Sti‘§§§‘8%1?1‘fh%ﬁl%%si‘f%‘%%lg%%@tﬁqﬁg% A RLUREHHE et B material or
thread 246ifelovdstiiié eayved petmafdherndetiic 2RORIChIAY, the fisdueslegathersaitna stitch of

material or ﬁhread 21}66 %%r e%%t&%

Ision. in a,manner similay to manual suturin ein the needle
220 is "pl]% ed'=fram the blunt enopn%% aﬁﬁﬁ%&%p%ﬁ%ﬁ@%ﬁo 6p(inmlLl{n é%ﬂe%ﬁfﬁﬁhe pawl 198.
PreferabIﬁisangag@ﬁemmwmbﬁﬁwﬁsaﬁmv@dmmh@ﬂveﬂ#iﬁ@er@cminabémwrﬂw%ufﬁnmg material or
thread 246 ta;prevenithe mrleral AR ReIRg @éﬂi&%&?iﬂ%ﬁ%@%@ﬁ%&% 9uh ¢f the tissue

segments. For example, the anchoring mechanism can be a pre-tied or a welded loop, a knot wherein

the sutur@FHEErAPEAHtEado 488D RN e o YBhbhs-atirrial neshed S ofuresliadaPattached to

the suturingenegeie 2@ Phenaipnrdnevemeant.giiecnasdie 229 uithindheineediedholder assembly
the suturing device

188 is accomplished by a pawl 198 that may be operate the user hy holdin

150 with 8%?&‘%‘\81% %¥ Sﬁgﬁﬁfﬁs%%‘%ré%%d‘%ﬁé?’}?ﬁﬁw‘édﬁ ; %%‘ﬁé?ﬁg%ﬁ%aé% SRt of that hand
to activatex{R0154]T heasuttaingrieliealdh 00X thexpralentlyl digclosedvambo dimanisiisan be used for
a laparoscopic procedure, includi ut not limited to laparqscopic, colostomy, colecto

crenale I B e R S5 o mernia
repair, Nisseneigadoplivatirmnndivdridlia clomedigasie dtorityastraligbaivel absectiod2réatment of small

powel obsiuetipn. i stal PagIzAIReIATY, BRPLIRG AL ANG. aaRl idpase Fhasgekdied In the art wil
recognize that the presently disclosed embodiments can be used in other laparoscopic procedures.
[000155]iHastyiRe Gslsde readydeisaysre seaeriarselidye #@mbodiments, the abdomen is insuffiated

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 WO )
zoos/147%é%?a@r/usz%§fo§%% IDAEAtE Are! sEiapherdert SR grouarss e iduatiiy duit the
particular$@Ryifatplosedaramdipratia g afsungicalinftsimentmrayit etk dnsbetetfdntaithe body
through these access ports/cannulas. The user then joiroduces the distal end portion of suturing
devics 1500 3 G e M S L e e SR R e
articulatidd Jeweral 66 lowhtédjgsgetistal tathé 1bp bitheaHargidit6epiiefeuterersead thssembly 156 is

then posifjoped g Iarueto Medibsnelvassr 1P suburd gasthar andheUserlRgksdhg suture head

assembly 156 in place using the locking lever 164. The user then, through manipulation of the suturing
device 150 pditeiad Bigitharsp o sarkrt armsetugidinents inesdrato fentigaiended at the distal
end portigp&ehiiemtiviahieagsassembly 156 and within the aperture 218 of the needle holder
assembly 188. The user, using only one hand, may manipulate the device 150 while actuating the
handle 160 to close an incision with a continuous suture whose stitches may be individually tensioned
preciselyjaili ésjformly: alihg thédengtheaf thehsututalkidnitathtonsitiatifig: doaerioy bandvel dfe
conventignal.way, The,user may, employ a single suture.whjch would extend.the entire length of the
incision onreﬁél]ﬁt% g i EIJ fes. Sﬁ)é ,%Byg?j z}zlln %%%? %’Ftﬁ%s%g\r}lééri%%%ﬁhn%%oﬁ}ge%ﬁ%aﬁeééﬁ%%semny
aperture #$8lspaningethe taclsédltidsubis egrachtspant st tetitg tre fiamtie 460 thedwuting device
150 enahleshe yserdpday fown gJunping sttghoniplerpied iGhegese therfissyg, incision in a

time efficient manner. Those skilled in the art will recognize that any converitional procedure for

conductifRPiilosieke shibestirglery tHA st HithieA s HeRfceaip 220 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 232 A or 2328 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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10001561The minimalized structural design of the suture head assembly 156 enables the user to have
a clear, unobstructed view of the suturing needle 220 during advancement through the tissue
segments during the course of a suturing operation, thereby enabling precise placement of the
suturing deVi%JzﬁQg}g»Pf vide uniform sutures and precluding the risk of tearing tissue by placement
too close to the edge otﬁf%e incision. The suturing device 150 is then advahted 22&it% tance along

the incision and the aforementioned operation is repeated to produce another stitch comprising the
suturing n¥gteahitdietiredin dasimoocisrafiisssal tharegmmemtomiipuiatbrttelsutacing device

O el edaRd g anaciu i Een ShRe Stie AR o AN AL dR0eAl,

parallel to the direction of advancement to create a continuous suture whic
entire lengf'or i THCIGbH &F & sBriea2br 3htbrriisterudtend ounnbraial AR divieiab 2Btehths laid down,

the stitch is-dighigsingd.by exerting a pull on the suturing material or thread 246 so WO
2008/147555PCT/US2008/006674 that the resultant suture is tensioned uniformly along the length of
the incised tissue segments. Therefore, a tight closure of the segments is accomplished and bleeding
and tearirngfitdsue are mirintizéth@nchethetiappiopliatd amMouBD ehsbiiespatarialaitpread 246 has

been placed, the Wser use a needle grasper to tighten and knot the formed stitches. 10001581The
suturing device 1%0_ m’gg%%‘%gmfg‘ﬁ?g{ in gfﬁ%?%ﬁav%%f}g \%Rﬁq ?euéSSEgFt%n%ﬁag?%%tn & of the suture
head assERiRSIBENT NS Eize! F e heddierodfitie meedliechofdepassimbiis 188 ¢hadhaadie holder

aperture 218 aad;he anRIMEPAsIHoR Mk Alsqhe (Rried for use in open surgery to perform

procedures such as closing of the fascia, skin closure, soft tissue attachment, anastomosis, fixation of
mesh, grafts and other artificial materials. 10001591All patents, patent applications, and published

referencegioitesk hereirracaharalydnsesncmisdhy geferensrdndbeln setiety. tyull ke appreciated that
various of thetgboveﬁ’ﬁ isclosed and other Leat(zres and functions, or alternatives thereof, may be

ESh &SAAR %ﬁg‘? fSrbhr $geremierdia dplichabrecis s freremipainforeseen or

desirably ¢om
unanticipateibiterelatigesdrhadifidatdorg; vatagions barHnproveREms i fayhesulsequently

made by {3386, SHIGH RI6. A0S AEG.815R el o bg enpompassed by the present isclosure,
suture head assembly 156 is removably attached to the distal end of the elongated barrel 154,
The suture head assembly 156 contains a portion of the drive mechanism 170 of the device
150. The working end of the suture head assembly 156 has a needle holder assembly 188 to

which a suturing needie 220 may reside. A latch 210 forms a cover over the needle 220.

{000152§ An arcuate suturing needle 220 having a sharp, pointed end 224 is slidably
mounted in a circular track 192 of the needle holder assembly 188. The blunt end of the
needle 226 is connected to the suturing material or thread 246. The needle 220 normally
resides in a "home" position in the track 192 such that ‘thé gap in the arcuate suturing needle
227 1s in alignment with an aperture 218 in the needle holder assembly 188. The sharp,
pointed end of the needle 224 is situated on one side and entirely within the confines of the
needle holder aperture 218; the pointed end of the needle 224 is, therefore, shiclded by the
needle holder assembly 188. The blunt end of the suturing needle 226 that is attached to the
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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CLAIMS What is claimed is: 1.A suturing device comprising a suturing head, the suturing head
comprising: a) a needle track housing portion including a needle disposed in a needle track, .the
needle track being adapted and configured to guide the needle along a curved path about an axis of '
rotation substapti ndicular to a longitudinal axis of the suturing head, the needle having: i)
a curved body, t%g!@aar\%{e%ebody covering an arc greater than about 180"; drid’ bsmﬁf{ﬁ“ﬁﬁoﬁﬁng notch
and a leading notch for driving the needle; and b)a drive housing portion containing a drive,

wherein th&driseemblidés shibmsHeresiisle rhefoeiaarGan tpbriontokitiendipnbate Tikible
member hejpg.adaptedaeehaantionrad JQiseaiprosaiaalong.a duasinnisubsaniialyparallel to the

longitudinal axis, the elonlgate flexible member being;a tendon having a pawl tip attached thereto, the

pawl tip bETHG Y APFt8 B RgAGaNSE WaittmBREN oridadmumsierress the rredindalietiow the

elongate Hexdbieymemberseaguanse dhenrete vithin tecnerdietiackasithe elongatgfiexible
member ia}at anced Igsn the Iongitudigal axis. 2.The device of Claim 1, wherein the elongate flexible

member L Al dss geasgegme is 10 be sutured are situated at the needle holder assembly
aperture 218, the needle 220 penetrates the tissue segments and spans the incision between
them. A continued rotary movement of the needle 220 causes the needie 220 to return to the
home position, and thereby causes the suturing material or thread 246 attached to the needle
220 to be pulled into and through the tissue in an inward direction on one side of the tissue
ineision, and upwards and out through the tissue on the opposite side of the incision. Thus,
the suture material or thread 246 follows the curved path of the needle 220 to bind the tissues
together with a stitch of material or thread 246 across the incision in a manner similar to
manual suturing, wherein the needle 220 is "pushed" from the blunt end 226 and then
"pulled" from the pointed end 224 by the paw! 198. Preferably, an anchoring mechanism is
provided at the trailing terminal end of the suturing material or thread 246 to prevent the
material 246 from being pulled completely through and out of the tissue segments. For
example, the anchoring mechanism can be a pre-tied or & welded loop, a knot wherein the
suture material or thread 246 is simply tied, or a double-stranded, looped suture is that
attached to the suturing needle 220. The rotary movement of the needle 220 within the
needle bolder assembly 188 is accomplished by a paw! 198 that may be operated by the user
by holding the suturing dev-ic:e 150 with one hand in a pistol-like grip around the handle 160,
and using at least one finger of that hand to activate.
[000154] The suturing device 150 of the presently disclosed embodiments can be used
for a laparoscopic procedure, including but not ﬁmited to laparoscopic colostomy, colectomy,
adrenalectomy, splenectomy, repair of parassophageal hernia, inguinal hernia repair, ventral
hernia repair, Nissen fundoplication, liver lobectomy, gastrectomy, small bowel resection,
treatment of small bowel obstruction, distal pancreatectomy, nephrectomy and gastric bypass.
Those skilled in the art will recognize that the presently disclosed embodiments can be used

in other laparoscopic procedures.

[600155] 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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the pawl tip from trailing notch or leading notch after advancing the needle along a portion of the
needle track. 3.The device of Claim I. 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‘lg, uz%i Bogg’on defines a gap in the needle track for receiving_tj e sutured by the
needle. 5.The %ev%%% of Claim 1, wherein the gap is defined along a Iateragcé@gg%ﬁ@%%%gedle track

housing portion that is parallel to the longitudinal axis. 6. The device of Claim 1, wherein the elongate
flexible mBRFBET RIS AUl seine HadaviRdosationsts et Rt Rersary iR oibTa: glide track
that followgacpatT paraigliierthe deedis iRekeliniindariceobdaimr-dupharsinthesglongate flexible

member follows an arcuate path of a first diameter during a first portion of a drive cycle, and follows a
second afUHE PRIHST a Secth & et Hia mEtdr BUTRGPASEESH BRI BT SiRfe tifcte.

cannula, and then laterally articulates the suture head assembly 156 using the articulation
lever 166 located just distal to the top of the handle 160. The suture head assembly 156 is
then positioned relative to the tissue/vessel to be sutured together, and the user locks the
suture head assembly 156 in place using the locking lever 164. The user then, through
manipulation of the suturing device 150, positions a plurality of separated tissue segments
into the opening defined at the distal end portion of the suture head agsembly 156 and within
the aperture 218 of the needle holder assembly 188. The user, using only one hand, may
manipulate the device 150 while actuating the handle 160 to close an incision with a
continuous suture whose stitches may be individually tensioned precisely and uniformly
along the length of the suture similar to suturing done by hand in the conventional way. The
user may employ a single suture which would extend the entire length of the incision or
multiple sutures. Thus, by placement of the device 150 with the needle holder assembly
aperture 218 spanning the incised fissue segments and actuating the handle 160, the suturing
device 150 enables the user to lay down a runming stitch or interrupted stitch to close the
tissue incision in a time efficient manner. Those skilled in the art will recognize that any

conventional procedure for conducting laparoscopic surgery can be used with the device 150,

[806156] The minimalized structural design of the suture head assembly 156 enables the
user to have a clear, unobstructed view of the suturing needle 220 during advancement
through the tissue segments during the course of a suturing operation, thereby enabling
precise placement of the suturing device 150 to provide uniform sutures and precluding the
risk of tearing tissue by placement too close to the edge of the incision. The suturing device
150 is then advanced a short distance along the incision and the aforementioned operation is

repeated to produce another stitch compnising the suturing material or thread 246,

[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 tc 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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8. The device of Claim I, wherein the elongate flexible member is biased to engage the pawl tip with
the trailing notch or leading notch on the needle after advancing along an arcuate return track. 9. The
device of Claim 1, wherein the drive is adapted to advance the needle through a 3600 rotation about
the axis of rotafion.in &ngralit_y of drive strokes. 10. The device of Claim E@ﬁ\/ﬂﬂ&;gﬂmﬁjﬁ riveis
adapted to engage a tirst portion of the needle during a first drive stroke, and engage a second portion
of the needle during a second drive stroke. 11. The device of Claim 1, wherein the flexible elongate

member iddbptssiling senm)irkaveretiprdea il ppgthatd op dncinsbHspidth proximate the
needle. LZghbadevice-altlaimi whereinthe Yaiinmnaich ansieadingraairkane defined by the

curved body, 13. The device of Claim 1, wherein the trailing notch_and leading notch for driving the
needle ar&ATEHUd 5715 220 PUREUTEDICBEF RAPRPFSBIAT FRRIMEYiBH BF MR enBsag. wo
2008/14 7556RE TEIS20081006aéd: ch.ukbe gesdtepiplaim dyiwdieredkine te\erisaicaiiae o
advance the needle through a first portion of the needle track out of the housing and into a second

portion of the needle track defined in the housing.
[000158] The suturing device 150 may be configured in different ways with respect to

length and angle of the suture head assembly 156. The size of the needle 220, the needle
holder assembly 188, the needle holder aperture 218 and the aperture position may also be
varied for use in open surgery to perform procedures such as closing of the fascia, skin
closure, soft tissue attachment, anastomosis, fixation of mesh, grafts and other artificial

materials.

[000159] All patents, patent applications, and published references cited herein are
hereby incorporated by reference in their entirety. It will be appreciated that various of the
above-disclosed and other features and functions, or alternatives thereof, may be desirably
combined into many other different systems or applications. Various presently unforeseen or
unanticipated alternatives, modifications, variations, or improvements therein may be
subsequently made by those skilled in the art which are also intended to be encompassed by

the present disclosure.

50



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, whgrginthe 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
maximutihaidth: betwadn: about 3mm and about 20inm to facilitate introduction of the device into a
patient. 1. A suturing device comprising a suturing head, the suturing head comprising:

a} a needle track housing portion including a needle disposed in a needle track,
the needle track being adapted and configured to guide the needle along a curved path about
an axis of rotation substantially perpendicular to a longitudinal axis of the suturing head, the

needle having:

i} a curved body, the curved body covering an arc greater than about
186°; and

i) a trailing notch and a leading notch for driving the needle; and
b) a drive housing portion containing a drive, wherein the drive includes an

clongate flexible member, at least a portion of the elongate flexible member being adapted
and configured to reciprocate along a direction substantially parallel to the longitudinal axis,
the elongate flexible member being a tendon having a pawl tip attached thereto, the pawl tip
being adapted to engage the trailing notch or leading notch on the needle to allow the
clongate flexible member to advance the needle within the needle track as the elongate

flexible member is advanced along the longitudinal axis.

2. 'The device of Claim 1, wherein the elongate flexible member is biased to disengage
the pawl tip from trailing notch or leading notich after advancing the needie 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 paraliel to the longitudinal axis.
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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.

6. The device of Claim 1, wherein the elongate flexible member includes a distal end
having at least one protrusion for engaging with a guide track that follows a path parallel

to the needle track.

7. The device of Claim 1, wherein the elongate flexible member foliows an arcuate
path of a first diameter during a first portion of a drive cycle, and follows a second arcuate

path of a second, different diameter during a second portion of a drive cycle.

8. The device of Claim 1, wherein the elongate flexible member is biased to engage
the pawl tip with the trailing notch or leading notch on the needle after advancing along

an arcuate return track.

9. The device of Claim 1, wherein the drive is adapted to advance the needle through

a 360° rotation about the axis of rotation in a plurality of drive strokes.
10. The device of Claim 9, wherein the drive is adapted to engage a first portion of the
needle during a first drive stroke, and engage a second portion of the needle during a

second drive stroke.

11, The device of Claim 1, wherein the flexible elongate member is adapted and

configured to reciprocate at least in part along a curved path proximate the needle.

12. The device of Claim 1, wherein the trailing notch and leading notch are defined by

the curved body.

13. The device of Claim 1, wherein the trailing notch and leading notch for driving the

needle are defined on a surface displaced from a radially inner region of the curved body.
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14, The device of Claim 1, wherein the drive is adapted to advance the needle through a
first portion of the needle track out of the housing and into a second portion of the needle

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 I, 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 I, wherein the suturing head includes a paw] 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.

18, 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 inio a patient.
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