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[0002]Injured intervertebral discs areA%B%{ﬁliyAnﬁ%eﬁMﬁB%rest, physical
CROSS-REFERENCE TO RELATED APPLICATIONS

[0601] This application claims priority under 35 U.S.C. §119(e) to U.S. Provisional
Application No. 61/106,914, filed October 20, 2008, the disclosure of which is hereby
incorporated by reference in its entirety. This application is also related to U.S. Application
No. 12/199,706, filed August 27, 2008, which is alsc hereby incorporated by reference in its

entirety.
BACKGROUND

[00062] Injured intervertebral discs are generally treated with bed rest, physical
therapy, modified activities, and pain medications for substantial treatment durations. There
are also a number of treatments that attempt to repair injured intervertebral discs and to avoid
surgical removal of injured discs. For example, disc decompression is a procedure used to
remove of shrink the nucleus, thereby decompressing and decreasing the pressure on the
annulus and nerves. Less invasive procedures, such as microlumbar discectom
autornated percutaneous lumbar discectomy, remove the nucleus pulposus of a vertebral disc
by aspiration through a needle laterally inserted into the annulus. Another procedure invoives
implanting a disc augmentation device in order to treat, delay, or prevent disc degeneration.
Augmentation refers to both (1) annulus augmentation, which includes repair of a herniated
disc, support of a damaged annulus, and closure of an annular tear, and (2) nucleus
augmentation, which includes adding or removing material to the nucleus. Many
conventional treatment devices and techniques, including open surgical approaches, nvoive
muscle dissection or percutaneous procedures to pierce a portion of the disc under
flaoroscopic guidance, but without direct visualization, Several treatments also attempt to
reduce discogenic pain by injecting medicaments or by lysing adhesions in the suspected
injury area. However, these devices also provide little in the form of tactile sensation for the
surgeon or allow the surgeon to atraumatically manipulate surrounding tissue. In general,
these conventional systems rely on external visualization for the approach to the disc and thus

lack any sort of real time, on-board visualization capabilities.

[0063] Accurately diagnosing back pain is often more challenging than expected and

often involves a combination of a thorough patient history and physical examination, as well
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therapy, modified activities, and pain medications for substantial treatment durations. There are also a
number of treatments that attempt to repair injured intervertebral discs and to avoid surgical removal of
injured discs. For example, disc decompression is a procedure used to remove or shrink the nucleus,
thereby decompressing and decreasing the pressure on the annulus and nerves. Less invasive
procedures, such as microlumbar diWee-tangy and automated percutaneous lumbar discectomy,
remove tree anclebs phipesustof @stersraldiptbyaspfstiongiesigvhthesdievaterally inserted into
the annulys, Another prace nga'mky%eﬁ@%@aegngedca%%w%@mg%mmmmﬁto treat, delay,

or prevent disc degeneration. Augmentation refers to both (1) annulus augmentation, which includes
repair of a7iséviflarbaedrsts.shppbitonalaarhityed HmsaRm R CosuTEIshERtamias faar, and (2)

nucleus aygmentationwhichpingludesadding;qt remeying Raterialie theAugieus. Many conventional

treatment devices and techniques, including open surgical approaches, involve muscle dissection or

percutaneBaéBrGebelETsE torks ded Beich BFahy didengrrier itras Copie ghffaréEabiitdvithout direct

visualizatign.Severs! treatenents alsecatie it iaraeieediseageniccpaindwrénecting rgdicaments or
by lysing adhesions in the suspected injury area. However, these devices also provide little in the form
of tactile SERRERIG PHBHE &5 GROH B BAGTH R @Wg“&B?WBagﬁ%ﬁ?ﬂéﬁﬁﬁ‘?ﬁ%ﬁﬁ%ﬁe{%ogurrounding
tissue. In gengsaltheseseanvemiepaksysterasH efyaonsexiesrat isdatizaiiorefon themppeoach to the
disc and thus lack any sort o retal tir’ge, onﬁboard viSl%aIiza ion ca tabili 'es.th%seag%rl\lgercgf diagnostic
tests. A ma ourcﬁ obfem e é]cl)rlﬁps)'lexﬁﬁug the v ﬁgﬁgnc%r%ﬁoer%% S of 1erzlspln as wéll4s the broad
range of phygitialisshm ptomsexperiencedaby individuaippbtiehrisol argddition, tiredpidiural space
contains various slements,sueh gs.fal gonecie dissue, umphatics, arteries, veins, blood, and spina
nerve roots. These'anatontical elements make it difficult to treat or diagnose conditions within the
epidural area because they tend to collapse around any instrument or device inserted therein. This
may reduce visibility in the epidural space?gﬁﬁpnmgnadvertent damage to nerve roots during
device insertion. Also, the insertion of a visualization device may result in blocked or reduced viewing

capabilitiegdBg]such, nhnyeandioinicaltelements asthic the:pichnabs paacemdyr limit thiegnsertion,

movement, and viewing capabilities of any access, visualizatiopn, diagnastic,.or therapeutic device
inserted into glg%lz ﬂ?gﬁ%g@g%iﬁé@%ﬁﬁ%@ﬁﬁ@%@ %jmﬂ?a Sé’rrrrw’%ga e g %ﬁss If*?ee r%%‘%afté?éte to
cannula retssethisystesifor accessirgranmtingsypatizinglttrahspine aardrrekatsd pesfhvdstiof treatment. In
some examples, e eIACar.assembly. [aY08 MSed 10 craRie.2WarKING spAcS qndlor having an

(3 R N ) B % e e

atraurnatic configuration that rhay be used to displace or dissect tissue. in some further examples, the
retractor assembly nracesmpridesel SéoTvavdy alstacle vigars ePjanEiaBtir kil istaa8nddf a cannula

which may:he-openad tg.creals adaiosivuaizationddisldandwarking sRass. Endescgres and
various therapeutic tools located in the cannula may be used as the jaws are kept open, or in some

instances, WHEATPIE [RFFARSHEISHOL IS D 5 6 F2THE dRRA RESSF MBS GESKTEaRefEin may be

used, for examplenteReIfONR-A R IILIG I eRAI nesnaAteckdise. cRedsievicaenel vadtapdef neurological
tissue, or the removal of bony materi(?l from the spine, The devjces and ethodg's%ﬂway also be used to

deliver ph&fiARSHOBTEErBBAS BitrdPEEirBIES L TP A SR SPR iSGHBSE & degenerafion
and bony degeneratosytol st :mpindd sten asise: andio perdoshvhbeleus detdmpressienimer disc

augmentatipn [0004a]ln one aspect, there is provi a retractor cannyla device
g tf%e d[ev1ces Jng me 5o may alsc pe 2210 gg]gvcr }ﬁzarmaco oglcal:f agents and/or cell or
tissue therapy agents, to diagnose disc degeneration and bony degeneration, to freat spinal

stenosis, and to perform nucleus decompression, or disc augmentation.



comprising: a tubular body with a retractor assembly located at the distal end of the tubular body,
wherein the retractor assembly comprises a first closed configuration and a second open
configuration, wherein the tubular body comprises at least one lumen configured to hold an endoscopc

system. [00051In one embodiment, a retractor cannula device may comprise a tubular body with a
retractor ad$88AAY locatdd eeirsRRstallene RVitlas Adielaaler FABNYBAGY BBy may have at least

one lumen gerfigidies torhnldap.apdagcapic or other visualizing system, and the retractor assembly
may comprise a first closed configuration and a second open configuration. In some embodiments, the

at least onerdiiBeeeT paagBEy dendiat pé dheoieim Guably thedeRdahirodndoscopic system. The retractor
cannula deyjge may, alse-CBPRESS, ggﬁgﬁggpgcfﬁggmdn one embodiment, the retractor assembly
comprises at least one WO 2010/043208PCOUS2009/061358 movable element, where the at least
one movabfeBiEHeHPMAYF SETIRY WFHrECBISHARIWEBEERIFRE of the at least one movable element
may comprigg::finsioipihaviiaadissbiangenhardasreondaint having a second tangent that is
perpendicular to the first tangent. In some embodiments, the curved surface of each of the movable
elements m&yBERHSN Biented around a longitudinal axis of the retractor cannula device to
generally form a rounded tip in the first closed configuration. In other embodiments, the curved surface

of each of thgggevable efgments.mAY-RS NeRHalCHBM ANeaiodarunebateRgudinal-axisyof the
retractor cannula device to form a tapered tip in the first ¢losed configuration. In. some embodiments,
the tapered Y B RPATAE 4 KHERY ﬁ%ﬁé@%ﬁ?}ﬁ%@ﬂiﬁ?é?iﬁ%bdﬁ%{e%‘% ?th%g (8 stfjor(% C80f at least
one movableflementisnonrbaifesailyaadasydme tidalyopiientetharoisng iaiienyitudinatdohis of the
retractor cannula device %Jw‘orm an ar%%lled ftin.t |I‘}1 some g{ngl% ]iég%gésé tggﬂgg%le% tip may be oriented
across a lorgHagiNat Hiafne oPte PRt for AsSEMbIT. Thsome embodiments, the at least one
movable elerosfiturainmcomprise antopticalysirhnspEmhtmdterial n8grhe cenftmuch entsigfvabigtractor
assembly MY SOMRL SR RGN NRMOYRPIR FEMIARAXNLR S ERbaginents of a retractor

cannula device, the cross-sectio the _
endoscopic system. In one embodiment, the retractor assembly comprises at least one
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retractor assembly perpendicular to a longitudinal axis of the device may comprise a non-circular
configuration. In some embodiments, the cross-section of the retractor assembly perpendicular to a
longitudinal axis of the device may comprise at least one linear region. In_ some embodiments of a
retractor ass‘gl%ﬁwﬁggﬁﬁﬁsing at least one movable element, the at least One moVaBfdBkement may
comprise a convex outer surface. In some embodiments, the at least one movable element may
comprise acahbasieinne vaurtade. {006 bnesame Badiedineids of avetracfarecalnutadevice, the

retractor assembl af}é f:omBrise at Igﬁst one movable eleme ta,tnd .att east one fi{(§d element, where
ace O c 8&St| ne maov eelement 118 comgrlff: a?ﬁ'% Q1AL Navl a %}C‘S ainoent
the movable and the fixed e ementi(s) may comprise an optically transparent“material. fn one

embodiment, ﬂ/\ﬂqmdmoietm_@g assenligigdnt tﬁh@tfiﬁstméﬂ:@@nf'rg@raﬁiimh tehge el Iéastlbfne movable
element angyifie. Al 1Ragtone. ixed element May form & side ARGLHIS, 1D RomesmRedimeats, the at

least one fixed element is distal to the tubular body and may be oriented parallel to a longitudinal axis
of the deviERLTBBOB)SEHHBE Mo Afesrattarerraeis Seush (el Meas furtHBE«biRifise a handle

at the progimal e e ebithsh thwianRody o hbe:-handle,may gempise /pivemenparand a

device-locking member. In some embodiments, the handle may further comprise a WO
2010/048 5B HTRSBHINIE PSS HIVOL TR BEFTEkEeHIf R Iaeig Pl et e ROURFASAE of the pivot

member. &ome-eiebiedinents otpdiandieimay fisoceastissi fesistance neehanismistaset the
actuation force of t e%pivot memer. In some embodiments, th d(gvice-logkin]% mgchgnism may be
ne [8(831 curved suriace. of

configureéh fo ST RAGHR 5SESpit %&3%}?3%%% ErBoHhTEME P E ANt may comprise one or

more portst ]Smmempmii}mem.emfm hmndhﬁfmaysadditmmmuyeqﬁcalﬂ@mmme@amm@dse one or more
lumens. 19406, aMBCAINER Ne.atlsashans BTl aybecangHLadiasa (s aort.andjor at least

one more port may be a visualization port in communication wi ast one lumen configured to
hold an ertfosedpictipyeiaibe oriented across a longitudinal midline of the retractor assembly. In

some embodiments, the at least one movable element may comprise an optically transparent

material. Some embodiments of a retractor assembly may comprise at least two movable

elements,

{00061 In some embodiments of a retractor cannula device, the cross-section of the
retractor assembly perpendicular to a longitudinal axis of the device may comprise a non-
circular configuration. In some embodiments, the cross-section of the retractor assembly
perpendicular to a longitudinal axis of the device may comprise at least one linear region. In
some embodiments of a retractor assembly comprising at least one movable element, the at
least one movable element may comprise a convex outer surface. In some embodiments, the

at ieast one movable element may comprise a concave inner surface,

[6GGT] In some embodiments of a retractor cannula device, the retractor assembly
may comprise at least one movable element and at least one fixed element, where the
movable and the fixed element(s) may comprise an optically transparent material. In one
embodiment, when the retractor assembly is in the first closed configuration, the at least one
movable element-and the at least one fixed element may form a side aperture. In some
ernbodiments, the at least one fixed element is distal to the tubular body and may be oriented

parallel to a longitudinal axis of the device.

[0008] Some embodiments of a retractor cannula device may further comprise a
handle at the proximal end of the tubular body. The handie may comprise a pivot member

and a device-locking member. In some embodiments, the handle may further comprise a
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[0009]In one embodiment, a method of accessing a portion of the spine including percutaneously
approaching a portion of the spine with an instrument having direct visualization capability, providing
an access tg a portion of the spine using the instrument, and positioning a device about the portion of
the spine usfﬁa R hment. In a further embodiment, the instrument n?ﬂg&"f%?i’g@gs?etractor
assembly and the method may include passing the retractor assembly in a closed configuration to a
spine regignpamd:aeitaithg thé getrdciorassemblyde:anapdiheqifigunatidrr. Bamether embodiment,
the retracioq assembly May comprise malgral ot marker fa.augmentvisyalizatonof the structure by
imaging moé)a ities Used inside of outside ofthe bo y. A diagnostic d?evice, a tﬁerapy ( eﬁvery device, a

stimuIgtioﬁfdéwwéﬁm@harﬂa@@mg@abﬂdémp%déviégvm%%b@mm&%eﬁmhhe instrument and to
the spine region, dn Anaier srbesiment e medhad inclides dpplanting Adeviceusing.the direct

paed

visualization capability of the instrument. In still other embodiments, a method includes providing
access to@poiietToPIHE SERF, SHkeiBeMe Wnikandlsidrmapdpisicaalineatiing vie layers of annulus,
the disc nb&t@}};&etbﬁef@ﬁgﬂ@imﬁmm.e feramen eniherspie MuseuRiye: a5tk appiherembodiment,

the method also includes receiving visualization information from an imaging modality located outside
of the body BB S RISITIRR AEJRStTPREEBRA e MGG AR AR CorABTREPSHHSY MRy, In still
other emhaeduneats othamethasiinetdes usibgntbeddivestyvisualization capability of the instrument to
maneuver the instrument between a spinal nerve root, the spinal dura and nerve tissue and other
tissues, apgtiggatraumatically. tanipil ﬁE,"&%&ﬁ&a%@%@&@fﬁoré?\;?&%ﬁt@@&lé? S dhyet another
embodiment, the method includes using the instrument to deliver disc augmentation deVices, nucleus
augmentaifspigagReEdyGIrarseclissiadetiet §1a Ararfotigr e hanadritedment may be used
for diagnostic.pYrResesp W2 PLMUAARZ0BRETUS200%A6I 3RS IPRLANRA onR embadiment, a retractor

cannula system may comprise at least two interlocking jaws that have a substantialléﬁ[;)unded or

curved geBHeasI AL i dhdce8ReY BsHgtrRRSih SNSRI SSHBHMG e thE etrE&Sr cannula
system ah@widiientargel-sierthejaws ofdhpreiraciatassamahbiaydaplaaaedimiiaRpean

configuration and . may be used as an atrgumatic tQol for. dissection and/or a dis Iacing iSsue to create
working SPACE AT GBS ARSG L AREHRN BF SHHaH ShIGutT SR ILAHRERR Bhbodiment,

the retractetrasse mkiynidarfomvarel: lookiggrstirerctineasotthat tite distal b ofthe ketractoibgssembly may
‘push obstpgiive tissue, auaxfiom e seons, and (e dital ip of fe eliatar assemply may provide a
depth of view between the scope and the tar@eteﬂ sites 16'be treated. TB f] he embodiment is
directed tonadditgstoredansidtact evisdccotiprizdy. afndign hshivede elongabershaficlaveatrdetareassembly
attached gt dts distal,end pt e, shaf WhRISIn e reHacior 2556 M LAMBHES $:@ tRast two jaws that

are pivotably coupled to the distal section of the elg{lilrgt)ate shaft, capable of a first closed configuration
and a secBTBPEH EhfgtifatRive FEeFeiAtABROSE STPepiE to HffgtiestRshiva B erdpRiaatiiestie, expand

the visual dieldc aRgOHPaIRaIN; a.MeHiBe Jigkhiinyanerrmbadimant theipwscet e setraator assembly
form a rounded shape or tapered shape tip when in the closed configuration. In other embodiments,
the retractbP SEEHII AP REVE S AT EF RV AROL Of BHRT SHADELCkA5ePadRiPHEP e rtain

em bodimephsellﬁ&jamsmamb&ye@dﬁ @;ﬁm;@pm'geaﬂycqpﬁﬁgme, m_atﬁﬂ'ai jomma mptfsaﬂmrmsmarent .
material. In some examples, an pndgscopeor, iher.oplic Ine il ihe slongate,shaft with an optically
transparenP retractor assem ly mayobe usedVistiahze the surroundmg‘hssue whefm the jaws are in

either the openiianibclodechetndigurationmaging modality located outside of the body such as

fluoroscopy, magnetic resonance imaging, and/or computer tomography. In still other

embodiments, the method includes using the direct visualization capability of the instrument
to maneuver the instrument between a spinal nerve root, the spinal dura and nerve tissue and
other fissues, and/or atraumatically manipulating the spinal nerve root or other soft tissue. In
vet another embodiment, the method inciudes using the instrument to deliver disc
angmentation devices, nucleus augmentation devices or disc excision devices. In another

embodiment, the instrument may be used for diagnostic purposes.



030121Some embodiments may also comprise a retractor assembly catheter having a proximal
portion and a distal portion and one or more lumens, wherein said proximal portion contains 3
separate lumens, one of said lumens being suitable for allowing the passage of an endoscope, one of

said lumens Wéﬁ?ﬂ%@ﬁ%?e for aspiration and/or irrigation, and the other IUfeF B etitable for

allowing passage of therapeutic instruments or infusion of medications. In other embodiments, the

inner edgd@ifiie jaws raymee hingeddo allaw-amangisde bedormed i teiapandsentigiration, ;he
angle being anywhere fro out 1 degree to about 359 degr es. In certajn embodiments, the hinge
I S B RN o gt%%nj%ﬁ/vg 10 ﬁf%’ Cand %H%?WSWH?S%%%@ t#HEHinge may be a

may be a Flvet of SCrew around Whic
living hingecirfvglvatignthEfllexiore pbsitphizbiecfithteriahc il Co20110/04820 8RGTHI SAROHMB6th358 [0013]In
another e ' J eating spinal disorders is provided, which
compriseg%%rg{?lﬁ?%@r%?r%%;%%%ﬁ%@ %ET\%C%{ E%%iﬁ&%ﬂéiﬁ”@%a ﬁ%%éﬁﬁ? Capa ﬁ|I1|]tsyeln%(% A patient,
steering tHé fEtrabEdP elivn dissesineand/ o posintaiab dntheospintl targetedssite. tsingvisualization
informationspiavied: s e ailassare ALahen sualatonisyice oMb aloR W fhe retractor

cannula device, dissecting and/or displacing tissue with the retractor assembly of the retractor cannula

device to GREHRVY WoraRIREHRA BN TSI et AiFahivh Al hiavisecter providdyamAisC

augmentagion devieRdndthesworkingrspace-fan e atingdissAeasneration: 1001 4laanothay
[ ‘g,éntervertebral disc degeneration in a spine of a body includes

bodi , hod f i
embodimen: ameé?ﬁ 2 treaff PHLHY, SHPSATLHY SRzt tdr st dedice that permits direct

in
making ar &SohIERE S 'SR ors |

visualization into a portion of the spine, introducing a therapy device into retractor cannula device, and
treating the®ldd degendpatismbodiment is directed to a retractor cannula device comprising a multi-

lumen elongate shaft, a retractor assembly attached at its distal end of the shaft, wherein the
retractor assembly comprises at least two jaws that are pivotably coupled to the distal section
of the elongate shaft, capable of a first closed configuration and a second open configuration,
wherein the second open configuration may displace tissue, expand the visual field, and/or
maintain a working field. In one embodiment, the jaws of the retractor assembly form a
rounded shape or tapered shape tip when in the closed configuration. In other embodiments,
the retractor assembly may have any of a variety of other shapes, tapered or not. In certain
embodiments, the jaws may be made of an optically opaque material or an optically
transparent material. In some examples, an endoscope or fiber optic line within the elongate
shaft with an optically transparent retractor assembly may be used visualize the surrounding

tissue when the jaws are in either the open and closed configuration.

[6012] Some embodiments may also comprise a retractor assembly catheter having a
proximal portion and a distal portion and one or more lumens, wherein said proximal portion
contains 3 separate lumens, one of said lumens being suitable for allowing the passage of an
endoscope, one of said lumens being suitable for aspiration and/or irrigation, and the other
lumen being suitable for allowing passage of therapeutic instruments or infusion of
medications. In other embodiments, the inner edge of the jaws may be hinged to aliow an
angle to be formed in the open configuration, the angle being anywhere from about 1 degree
to about 359 degrees. In certain embodiments, the hinge may be a rivet or screw around
which the jaws rotate, and in certain embodiments, the hinge may be a Hving hinge involving

the flexion of a pliable material.



[0015]In another embodiment, a method for treating intervertebral disc degeneration includes
introducing a retractor cannula device that permits direct visualization capability into a portion of the

spine, steerigi‘%%tgﬁggﬁi@ﬁor cannula device to a position adjacent to a dislgcolrfgs%%g}oyls%%e using

visualization information provided by a visualization system, displacing the neural tiSSug or other
tissues with the retractor cannula device to create a working area, using the retractor cannula device
to deliver @¢hdtapy delicaddhercathegimestverepahtiserdeyeteritoreatoitsemtihdisheidisc

degenerafiog-Thewvishalizalion AYsteit mabe et in Sopbaclionuih e ggicgetor cannula device

-or may be integrated with the retractor cannula device. In some embodiments, the therapy device is a

nucleus dEEBRIpIECR AP HBN KA AMItFEH tE THRE R IsRGveardATERTd0E RRtEPRPRDIN the

nucleus, the gnnilus: QEPnR AkiINOefragmentad seamentsidbenestebial dise dnspme
embodiments, a therapy device may be used to shrink a portion of the nucleus or the annulus.

Treating tHE B BRIYENAFEIDATRRYATCE S5 SHsk ragantig e Renise daisc 8 ppdfing a damaged
annulus, aidqilagigy femoving Materakwitistaspect pdhanueiets R Ota-Rary:structure, and/or
sealing an aq{rhtljlus. In one embotgiment displacipag the tissues cC?mp ises actuatin%the retractor

RGNS S BRSO At A€ e

‘structure Of the Tetractor canniia Jevice o ah opan or wider Cohtigh
embodimenthawysiemsfacinteruentsiy d diseeaugmtantation includes a retractor cannula device
configured to provide access for a disc augmentation device to an intervertebral disc. In one

embodimeggz e retra@%@@%t&ﬁ%\ﬂﬁ@n&ogM@%@rbﬁw%gmwgembm disc degeperation
2010/048208PCT/US2009/061358 body, one or more movable jaws, a direct visualization device, and

at least or® 358G ERAMAEICHARS IRERSAY B ssuiRe %oqr]fﬁbogl%lﬁd’e?@’ PEEYIRCEBASuitable hinge
configuratiemaeiothes astihatonagireis configuiethioaldeasbiansitionrem @iglosed to and open
configuration.cln one or more of the embodiments ttﬁ%)?ws may be configured to displace tissues in

the spinal BTeS 4Ra T Grants: %nggﬁfﬁde%éqr&adﬁ% 315 28 O TR RCHSE ABRFIHS TR retractor

cannula device or may be integral with the retractor cannula device, using a fiber optic line or an
imaging sE¥d81 locatedrom e tirabediswalizansihaéfic cpiisp ine anbdihdstdetsecatgpmentation

device comprigesiAtdaashone nash adfn PALURE RAlEBrmaaliakh: Sealing, Rypyogel, silicone,

growth factor, or combination thereof. In some embodiments, the augmentation device'may be an

ablation d&AEPYHAIBRE SPERtetisERE e [EBATIOTEUBHE G SRinMOTooBREINTR. TTHe energy

element nagy: benadhemakerargydenicaithahaalivarsrsaistive heat viadiofiaayepgymcoherent and
incoheren 91'%9 t, microwave, ultrasound or liquid thermal jet energies to the nucleus. [0017]In another

b0 A RO DA g e UM A PR ceviee o et &

working area, using the retractor cannula device to deliver a therapy device for treating
intervertebral disc degeneration, and treating the disc degeneration. The visualization system
may be used in conjunction with the retractor cannula device or may be integrated with the
retractor cannula device. In some embodiments, the therapy device is a nucleus
decompression device configured to inject substances and/or remove material from the
nucleus, the annulus, or one or more fragmented segments of the vertebral disc. In some
embodiments, a therapy device may be used to shrink a portion of the nucleus or the annulus.
Treating the disc degeneration may alsc comprise repairing a herniated disc, supporting a
damaged annulus, adding or removing material with respect to the nucleus, annulus or a bony
structure, and/or sealing an annulus. In one embodiment, displacing the tissues comprises
actuating the retractor structure of the retractor cannula device to an open or wider

configuration.

[0016] In another embodiment, a system for intervertebral disc augmentation includes
a retractor cannula device configured to provide access for a disc augmentation device to an

intervertebral disc. In one embodiment, the retractor cannula device includes an elongate
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includes introducing a retractor cannula device permitting direct visualization capability into a portion of
the spine, steering the refractor cannula device using visualization information provided by the
refractor cannula device, displacing the neural tissues or other tissues with the retractor cannula

device to cre‘gfézgwg‘%% area, and assessing the targeted site. The retracloY et B device may

comprise a material or marker to enhance visualization of the ' structure using an imaging modality
outside ofsthiy badyor Thedmeskhasafaysinciide: reeeiiiingi cmsiatizatan smlesmmation didman imaging
modality outsid he body, such as flyoroscopy, CT and/or magnetic r sonanc (i)ma ing. The
visualizatico&{ria ?ﬁ%’rorr{;gﬁ3)ar1wrsﬁr§§/iya%oc%ué)%rgo%)|%%%Eg%éaﬁ%rﬁ%cpe%%%rg%gi E)?/ﬁg%eecr%iglr’fgga%d on the
visualizationcteviedicihs setradtoreoafigutadde videastasraiginthe a sedgorforgekecting diagnostic

data. [0015}a AnOMEr gMbadiment, S‘f'ﬁltef&%B‘H&ﬁ%@ﬁ&%éh%@!u‘?ﬂ%@%@ﬁ%’g%%% {g%yskqgégde at least

one disc augnientation device, a retractor cannula device having a tapered shape retractor assembly

at its distdi%ipesit 8deses sie murhRriisihaviptaigactaish dirzativiudipaiiimideyiemasesecuctions for

locating tﬁﬁt&%ﬂ@@%&@@r disg.ay 9@?’«?&@9%%’@&’ ii%?egﬁeiﬂgﬁﬂ%@%‘éﬁ-ﬁ&%r%ﬁﬂt&i@cﬂ‘%}@&%sﬂéeakit for
decompressing the nucleus of an intervertebral disc may also include at least one nucleus

decompred&6 ARIEVIGE o4 #R BRI SRR ACausftanahr st aith At pefistitecdift éPWsualization using
an endoseape@neiRermii2 048 08 PCRH 520 U643 58 istalization.systeprand instructions

for decompressing the nucleus of an intervertebral disc. using the retractor cannyla device. [0019]In
another oMRE AT BE MEONDr ek RGeS b T o e RGEHBFARBAER 0l Hcucing &
retractor camimdlandeuicddermitiing diréet visualZatianapitaienplartion obtlespineausing a visualization

mechanls[n désrglacm J{}%}s inal tissye W|tthfthe regafet_cigﬁannula d?wce to cretfatg %gvorlflng area,

e tOre-C enersy elenent, for exa € enerey eiement may ge a
and using tFIné} retractor cannula c?e‘?}fce to (I:}ellver a SthU on éelrégtro e EVIC% or tregﬁlng

intervertelorgr gisc deg dree retions| reosevoheabradp thewmbodirmemts 2tide rethactot legrinula device may
be steeregﬂggrm%i’t{gﬂa@m @ﬂqﬁﬁmle%lﬂ Pc?x)ér?;ié?%‘(ﬂ%“lﬂ&éﬁg‘?n of the visualization mechanism.

The method may also include, steering the retractor cannula device using visualization infoiillation

provided ?H()Tﬁ In another embodiment, a method of diagnosing disc degeneration in a pati
. z g i patient
includes introducing a retractor cannula device penmitting direct visualization capability into
a portion of the spine, steering the retractor cannula device using visualization information
provided by the retractor cannula device, displacing the neural tissues or other tissues with
the retractor cannula device to create a working area, and assessing the targeted site. The
retracter cannula device may comprise a material or marker to enhance visualization of the
structure using an imaging modality outside of the body. The method may include receiving
' visualization information from an imaging modality outside of the body, such as finoroscopy,
CT and/or magnetic resonance imaging. The visualization information may also be provided
by an image generated by a sensor located on the visualization device. The retractor cannula

device may also include a sensor for collecting diagnostic data.

[0018] In another embodiment, a kit for angmenting the intervertebral disc may
include at least one disc augmentation device, a retractor cannula device having a tapered
shape retractor assembly at its distal tip, an endoscopic mechanism having direct
visualization capabilities, and mnstructions for locating the at least one disc augmentation
device using the retractor cannula device. The kit for decompressing the nucleus of an
intervertebral disc may also include at least one nucleus decompression device, a retractor

cannula device at its distal tip that permits direct visualization using an endoscope or other



visualization mechanism, displacing the tissues in spinal area with a portion of the retractor cannula
device to create a working area, and using the retractor cannula devicelo deliver a stimulation
electrode device for treating intervertebral disc degeneration. The visualization mechanism, such as an
endoscope, WE2BE/BE%d into the retractor cannula device or may be in®gFaiR26fdéMith the
retractor cannula device. 111119111In another embodiment, a retractor cmmil.2 device for assessing
a target sitgsudthinithe pacy, mayieeludeR rorli-tumerelapaate shaft anshadeasianasgembly
-attached at a distal end of the shaft, wherein the retractor assembly is comprised of at least two jaws
coupled t& I SRR VA ANSFRIHAKT Sfticulation, including hinge structures, such that the jaws may
have a closed configuration and an open configuration. In the closed configuration, the jaws may mate
with one df8#%8r such thanatsutrstantdatiynémontthandrowateg tigeiscorhnediim degeopaticonfiguration,
the jaws ate. maNed-QuaId, BGeAsINg, e, AN0leNetHaen JRGILINDEE D96, Walch Ay pe used to
dilate tissue and to increase the field of view. [0021]in anotfier embodiment, a retracptor cannula device
for visualiZing s ERget LIt WithN HEAY HRE) MetiddaniroRinibe BORIOH AR s dishalrpisreon, at least
three lumensmesiioned bR the RERIMRLDIFHRI IRl AldeashaNg dumanbsseaniigured for
insertion of an endoscope, and at least one lumen is suitable for allowing passage of therapeutic

instrumentS BHIAT R BeIH CaIiSRisR & AR i br L SBthiiF Srgs AR C R 87 TR ARl portion of

the retracte eartdimeevice: andcedreastpadoidhedisialperbiomafghatairasior wanpua device may

be configured such that in at least one.configuration, the jaws of the retractor assembly may allow
direct visLAIUbRY 4 SOt BIRABTH LTS I [ B 201 RS BB e 520001061358
retractor assbnihlyt@mEngshstrbeted ohwpdydevortraingpdrenit mdde fials;fatiexamplécaiy pelyester

copolymer (R G ST &l RN E R % PRNGA BONAIG: ACVUGHSHISOREn AP H ISR

cannula device to create a working area, and using the retractor cannula deviceto deliver a

stimulation electrode device for treating intervertebral disc degeneration. The visualization
mechanism, such as an endoscope, may be placed into the retractor cannula device or may be

integrally formed with the retractor cannula device.

[0020] Iz another embodiment, a retractor cannula device for assessing a target site
within the body may include a multi-lumen elongate shaft and a retractor assembly attached
at a distal end of the shaft, wherein the retractor assembly is comprised of at least two jaws
coupled to the shaft via any suitable articulation, including hinge structures, such that the
Jjaws may have a closed configuration and an open configuration. In the closed configuration,
ihe jaws may mate with one another such that a substantially smooth and rounded tip is
_formed. In the open configuration, the jaws are moved outward, increasing the angle

between their inner edges, which may be used to dilate tissue and to increase the field of

view.

10021} In another embodiment, a retractor cannula device for visualizing a target site
within body may include a proximal portion and a distal portion, at least three lumens
positioned within the proximal portion, wherein at least one lumen is configured for insertion
of an endoscope, and at least one lumen is snitable for allowing passage of therapeutic
instruments or injection of medications. A retractor assembly may be attached to the distal
portion of the retractor cannula device, and at least part of the distal portion of the retractor
cannula device may be configured such that in at least one configuration, the jaws of the

retractor assembly may allow direct visualization. In some embodiments, the jaws of the
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[0022]In another embodiment, a retractor cannula device may include an elongate shaft having a
proximal portion and a distal portion, wherein the proximal portion contains four separate lumens, one
of said lumens being configured for the passage of the endoscope and/or irrigation therethrough, one
of said lumeMsHd ¥Bitigured for the passage of therapeutic instrument& AP Hion, one of
the said lumens being configured for the actuating members that manipulate the jaws of the retractor

assembly rangene aisdidaereanslot-additinrpkaspiatipnar iigatiog . fihe gistal ggrtion of the
retractor cannula device ma pyi men openings, with one of said lumen.openings in continuity
Wit the |GG TGT SHESLE SE oS A PR LR PELAGHTGRIEH 56 e RGN with the
lumen for ghsapeutic instruments and/or aspiration, and one of said lumen openings in continuity with
the lumen for additional aspiration or irrigation. The use of any one lumen need not be limited to a

particular fghayment onpracedure,ichpay Pedsed difGIeNHY A NG RXGORIANL FERROdIments

disclosed herein. In some embodiments, two or more lumens may be used for the same purpose
during a prerieatir@qeorBIRmBRe ErbBimerit AT ImARFTRVaSR 88piRal BRTGECERAS stem is
provided, amgisiag fwbidamshallavthmaesiotadflexiaprenesahdanst veoshislablaceaseol wires, a
proximal end, a distal end, at least two irri

ation channels, at least one non-circular instrument
ohannol, 26 S AR COIHERL TS S SRS PR e RHST LPER AR RS/ an average

diameter aiidessdbatmabautdssdn apleasothendob thengianevers less dhanfibibraamior e system may

further comprise an ac%uat% attacheq 0 %t least t\fv% slidable co‘ntro{)wires a hoysin@ enclosing the
. a%uaﬁﬁﬁ mteull) IS trﬂanH) a & [aws 01 the re %ﬁtor astsel lry5 ang one sa% Tamens
proximal end of the tubular shaft and at’least a portion of the actuator,’and a refractor assembly. The

minimally fnwaﬁi@ospl! raa@iwdmsqdpjrgsysterﬁ‘hna@saﬁspofﬁnh@f dmmr@@acgum@\dwm difator, an
ntroducer shsail: Ries R ABRICIen AEURCAT RASEIRA A CaPaLRHER AR a1hen fnfusion

cannula configured for insertion into at least one instrument channel. [0024]In another embodiment, a
minimally th¢gBdpscgeyisadfer igdeatipn BaRIgTSaHt SUIRIICO REGHAE i iy BRI S1 BB leBwipHsing a
proximal efg.A:digtah 8Agna firstdupen tharebeiwesn . AldAdRRAGIU AR GMRIX GRRY AL men, and a

retractor assembly with at least two jaws in communication with the retractor assembly control lumen,

a proximaltendmandos 2008 D81 BTPEEEP ETAIETB0GIE8 882Ny one lumen need not be

limited to a particular instrument or procedure, and may be used differently from the
exemplary embodiments disclosed herein. In some embodiments, two or more lumens may

be used for the same purpose during a procedure.

[0023] In one embodiment, a minimally invasive spinal endoscopy system is
provided, comprising a tubular shaft with a slotted flexion zone, at least two slidable control
wires, a proximal end, a distal end, at least two irrigation channels, at ieast one non-circular
instrument channel, and a visualization channel. In some examples, the tubular shaft may
have an average diameter of less than about 3.5 mm. or less then 2.5 mm, or even less than -
1.5 mm. The systern may further comprise an actuator attached to at least two slidable
control wires, a housing enclosing the proximal end of the tubular shaft and at least a portion
of the actuator, and a retractor assembly. The minimally invasive spinal endoscopy system
may also further comprise a guidewire, a dilator, an introducer sheath, a tissue debrider, a
retractor assembly, a coagulation probe, and an infusion cannula configured for insertion into

at least one instrument channel,

{06024] In another embodiment, a minimally invasive device for use in a body is
provided, comprising a tubular body comprising a proximal end, a distal end, a first lumen
therebetween, and a retractor assembly control lumen, and a retractor assembly with at least

two jaws in communication with the retractor assembly control lumen, a proximal end, and a
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distal end. The retractor assembly may also have a closed configuration with a reduced profile and an
open configuration with an enlarged profile. In some examples, the retractor assembly may be biased
to the closed configuration,-the open configuration, or a third configuration. The retractor assembly
may compris‘@%’r‘b‘%ﬁdgﬂ%r tapered shape. [0025]In one embodiment, a BERFERSPAITE a medical
procedure may be provided, comprising a cannula with a cannula lumen configured to accommodate

an endosenfg, adlistakreifacier assepnbhywith anavesking sppesfanckadotatabledissue removal device
configured fofr. insec[tion through.the cannula and into the ,(frki g space of the distal retractor
0

assembly PIRETEE Tl “RIEb RIS TS ST L e EEE 8 iUPE FRTMEL S5 he cannula.
[0026]In amsthérd emibpbiinbentdammistbtrddd ronfigmatyupasipetycacfigssitgnadsadiiisite is provided,
comprising pioxiding, #hular hody with retacior assembly oceter o 3 ial ned ofthe twbuler
body and proti% ing from the distal end ofthe tubuI&r Boﬁy, where retfactor as%e'mbly has a closed
and an open configuration, and the tubular body comprises a viewing lumen to retain an endoscope

and a worklf§pace diStarfotRROGIERM QISR PREETING & Tbslital PoesPRHER”Y #hon-vascular target

site in a beehyitrginerthe fal aAdAmAsSRMbY-ARIER ubklpEhathislaAn-anarsanfiguration while in the
body, and vi ualizin%t e non-vascular target site from the tubular body and through the lumen of the

] et :

retractor ASSSNBRY: HHETHERTEG AT STY o tE Al EBH SPEE 1 ARE AiFGHER SIS S BIRO Whvice into the
tubular bodhyideheniigthed fnay elsonintiudehablyanaciog thd disiahendaithedaeuathbaiiyioward a
neural structure in contgf:t 'Bh .non-n ur?l ructure, and displacin thefneurgltstructur.e from the

J]ctrac O{ dS8CT \Af/l: e%.{ may atsQ Turtner ¢ 158 atrrl]en OSC(;}:% coniigured.1or INsertion
non-neural structure using the retractor assem 1y. € method may alS8'camprisé otishting the
working speedhefcdmsybtractor assembly with the non-vascular target site. In some embodiments, the
method may additionally or alternatively comprise urging the retractor assembly from a closed to an

open confjgpzgtion white i e badvoancvisyaliziag thehpmascuialiagelsitefromibg tubular body

and through a working space of the retractor assembly. [0027]Another embodiment comprises a

method for Fea Ry TErsamenr R aRe g AdTRtER MY Sithet ThRCIPRISSFIRbSIVRCHErbRhicing a

retractor céimabirdlevice hbyvinghdireehyisualidamioncapabditniadopoidianahabspinesiherein the

retractor cannula device.contains at least one lumen.configured o encase an endoscope, urging the
B ki ARSI SS e T

retractor zfggrg%ﬁﬁségrﬁlnﬁa ?rslt%ca%geopen (‘r:i(%r?ﬁﬁrﬁ%}tlll ll%%a% ga?g %608% ﬁﬁy to

enhance viewing lumen to retain an endoscope and a working space distal to the viewing lumen,
mserting a tubular body toward a non-vascular target site in a body, urging the retractor
assembly of the tubular body into an open configuration while in the body, and visualizing
the non-vascular target site from the tubular body and through the lumen of the retractor
assemmbly. The method may also optionally comprise inserting an endoscopic device into the
tubular body. The method may also inciude advancing the distal end of the tubular body
toward a neural structure in contact with a non-neural structure, and displacing the neural
structure from the non-neural structure using the retractor assembly. The method may also
comprise orienting the working space of the retractor assembiy with the non-vascular target
site. In some embodiments, the method may additionally or alternatively comprise urging the
retractor assembly from a closed to an open configuration while in the body, and visualizing
the non-vascular target site from the tubular body and through a working space of the

retractor assembly.

[6027] Another embodiment comprises a method for treating intervertebral dise
degeneration in a spine, which may involve introducing a retractor cannula device having
direct visualization capability into a portion of a spine, wherein the retractor cannula device
contains at least one lumen configured to encase an endoscope, urging the retractor assembly

cannuia into an open configuration to create a forward looking capability to enhance
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WO 2010/048208PCT/US2009/061358 visualization and displacement of tissues, and introducing a
therapy device into the retractor cannula device to treat disc degeneration. The therapy device may be

any of a var'@%/ ﬁ)flmﬁg%)sy devices, including implants configured to provig&sjg%%t(%%% ]?Sg?port to a disc

annulus of the'spine, device configured to seal a torn annulus, and/or those instruments that add
and/or remove additional material to the nucleus. [0028]In some embodiments, a method for treating
intervertebakbisticregahdipliorire spirees.cbbdyratayiogmpriserimikiitg mtvitesriradno a skin of
the body, infrosiging & efactatcannyladeyicenvith. s diractvisHalization cempangptinto a portion of

the spine, urging or manipulating the retractor assembly’into an opén corifiguration fo create a forward
looking cafsBHIty!¥s eithte g iapktib ARG arspRa BETif BTG S SRS IRRIb HUL I AMhelpy device
into the refraciqpsRNMadeMiseuaRd dreating-the dise.degrneralien;/a-semeacmbadiments, the

method may additionally or. alternativ,%lly comprise manipulating the retractor assembly from a closed to
an open CHARJURRST fS HHARHESTERI R JRUWRRkifig space to augment tissue visualization and

displacement. [0029]In another embodiment, a method for treating intervertebral disc degeneration
may comp¥i¥Sintroducinganretralotdmaznin @l ancdvit Eohavinggirectverselalizdtiodeggpatsifityr into a portion

of the spife, S8ering, s (EHBPOLAANDYIA Y68, 104 APRINDD AUIRSSAL ANQUIRLSNIAGR,Of the disc or

nervous tissues using vistalizatio (_)rmat_loﬁ provided by the retractor carinula device, displacing the
nervous tigseworadivet diesgesitith dpertichbrateTcrasoceaRTtreeiiecfdhererinea working area,

using the fefractarcanpulaidevice de.deliver A Herary Aeyics fontmaling infervarghraldiac
degeneration, and treating the disc degeneration. The therapy device maybe a nucleus
decompreSSiBREFEDRRITY FRITBES BSHIbAAEP I LRSS RARLM S5t hdB e tRR SEGfTBRs, or a
therapy dewige:shiinks @pafidebaahtitedavizie us Ofrantilus: iexamplaiMors thameone therapy device
may be provided or used with the retractor cannula device. Treatment of the disc degeneration may
Comptien TEBAREEEHETEP Sy SORIOHAY & AR i RS S G T B s, adding
material ofremoning: mistefiatitt sespecintorihecnufilewstonan puitigicand/onditatimgrbmdisplacing
spinal tissue u%lc%gheerg%actor ca nulg devig§li BIRIEF DESCRIPTION OF THE DRAWINGS

[OOSO]The? Embodinients herein are best un ers?goaﬁ%errﬁt'the following detailed

[6029] In another embodiment, a method for treating intervertebral disc degeneration
may comprise introducing a retractor cannula device having direct visualization capability
into a portion of the spine, steering the retractor cannula device to a position adjacent an outer
surface of the disc or nervous tissues using visualization information provided by the
retractor cannula device, displacing the nervous tissues or other tissues with a portion of the
retractor cannula device to create a working area, using the retractor cannula device to
deliver a therapy device for treating intervertebral disc degeneration, and treating the disc
degeneration. The therapy device may be a nucleus decompressicn device to remove a
portion of the nucleus, annulus, or fragmented segments, or a therapy device shrinks a portion
of the nucleus or annulus, for example. More than one therapy device may be provided or
used with the retractor cannula device. Treatment of the disc degeneration may comprise
repairing a herniated disc, supporting a damaged annulus, sealing an annulus, adding material
or removing material with respect to the nucleus or annulus, and/or dilating or displacing

spinal tissue using the retractor cannula device.
BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The embodiments herein are best understood from the following detailed

description when read in conjunction with the accompanying drawings. It is emphasized that,
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description when read in conjunction with the accompanying drawings. It is emphasized that, WO
2010/048208PCT/US2009/061358 according to common practice, the various features of the drawings
may or may: not be to-scale. On the contrary, the dimensions of the variou(sf features may be arbitrarily
expanded ol R AULEEP clarity. In some figures, the same reference numerals 2r{r]ffsgf{/ﬂ"le?’sused to denote
related structures in different embodiments or examples. Included in the drawings are the foltowing
figures: [@634tHIg. 13 tsrapergpective tiewoforieararatd thotieavretractoryoarmafandendde- [0032]Fig. 2 is
a perspegiie visyuel AR RTIARALIIR tetaclancannula deviee diam il JQRRaIG, 3A TS a
superior view of a distal portion of a retractor cannula device with

reduced for clarity. In some figures, the same reference numerals may be used to denote

- related structures in different embodiments or examples. Included in the drawings are the

following figures:

16031} Fig. 1 is a perspective view of one variation of a retractor cannula device.
[0032] Fig. 2 is a perspective view of a distal portion of the retractor cannula device
from Fig. 1.

[0033] Fig. 3A is a superior view of a distal portion of a retractor cannula device with

a rounded refractor assembly. Figs. 3B and 3C are side views of the distal portion of a

retractor cannula device with a rounded retractor assembly in a closed configuration and an
open configuration, respectively. Fig. 3D is a cross-sectional view of the device in Fig. 3B,
and Fig. 3E is a perspective ghosted view of the retractor assembly in Fig. 3A. Fig. 3Fisa

component view of a rounded retractor element,

100341 Figs. 4A to 4F depict an embodiment of a retractor cannula device with a
tapered retractor assembly. Figs. 4A and 4B are superior views of the tapered retractor
assembly; Fig. 4C is a side view of the retractor assembly from Figs. 4A and 4B. Fig. 4D is a
side view of the tapered retractor assembly in both the closed (dotted lines) and open (solid
lines) configuration. Fig. 4E is a perspective view of the retractor assembly in Fig. 4A. Fig.

4F is a component view of a tapered retractor element.

[0035] Fig. 5A is a side view of an embodiment of a retractor element comprising

tissue-engaging members, Fig. 5B is an inferior view of the retractor element in Fig. SA.

[6036] Fig, 6 depicts one embodiment of a flexible region of a retractor cannula
device.
[0037] Fig. 7A depicts another embodiment of a flexible region of a retractor cannula

device; Fig., 7B is a detailed schematic view of the flexible region of Fig. 7A during flexion,

[0038] Fig. 8 depicts another embodiment of a flexible region of a retractor cannula

device,
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a rounded retractor assembly. Figs. 3B and 3C are sideé views of the distal portion of a retractor
cannula device with a rounded retractor assembly in a closed configuration and an open configuration,
respectively. Fig. 3D is a cross-sectional view of the device in Fig. 3B, and Fi&F 3E is a perspective

ghosted view SAHE W% tor assembly in Fig. 3A. Fig. 3F is a componenFWé LYY dRbed retractor

element. [0034]FiQ LIA to 4F denict an embodiment of a retractor cannula device with a tapered
retractor fBIMNbly. Figse N sanstdEnane superior views ofi¢ietsipereibreteadtodiassentbly; Fig. 4C is a
side view of the retractor.assembly from Figs. 4A and 4B. Fig. 4D is a side view of the tapered
retractor Q%E%Cr%bﬁ?ﬁ%%%m{ﬁee closed (dotted lines) and open (solid lines) configuration. Igig. 4Eis a
perspective view of the retractor assembly in Fig. 4A. Fig. 4F is a component view of a tapered
retractor 488Nt [003BRid Ponad Alside dntilearviFra Hbrinme STt FRT AL R A SIEIEAL comprising
tissue-engagirgmemnbessnfig.8Bds:an inferior view of the retractor element in Fig. 5A. [0036]Fig. 6
depicts one embodiment of a flexible region of a retractor cannula device. [0037]Fig. 7A depicts

another %ﬁqiment Off?%sﬂ?ﬁ? l%}ﬁegli%rhz%fs%ﬁs{[ﬁ%%o%@@@%nal views of a retractor cannula

device with an inserted endoscope in a neutral and a flexed position. respectively.

[6042] Figs. 12A and 12B depict one embodiment of the lumens and channels within

the tubular body of a retractor cannula device.

10043} Figs. 13A-13C are cross-sectional views of various embodiments of a multi-

channel fubular body.

[0044] Fig. 14 is a schematic representation of one embodiment of a retractor cannula
device with two channels centered along a plane perpendicular to a bending plane of the

retractor cannula device.

[ G045] Fig. 15 is a schematic representation of one embodiment of a tubular body of a
retractor cannula device in a neutral position and in various flexed positions within a bending

plane (depicted with dashed lines).

{0040] Fig. 16 is a cut-away view of a retractor cannula device with tubes connected

to the tubular body.
[0047] Fig. 17 is a side elevational view of a retractor cannula device,

[(6048] Fig. 18A is a cut-away view and Fig. 18B is a side elevational view of one |

embodiment of a retractor cannula device with an endoscopic coupling port.

[0049] Fig. 19 is a schematic side cut-away view of one approach to the vertebrae.
[0050] Fig. 20 is a schematic superior cut-away view of one approach to the
vertebrae,

[0051] Fig. 21A and 21B depict a perspective and side view (respectively} of another

variation of a retractor cannula device.
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device; Fig. 7B is a detailed schematic view of the flexible region of Fig. 7A during flexion, [0038]Fig. 8
depicts another embodiment of a flexible region of a retractor cannula device. WO
2010/048208PCT/US2009/061358 [0039]Fig. 9 is a schematic cut-away view of the housing of one
embodimentt LHG4EBr cannula device. [0040]Figs. 10A to 10C are detSTBFNEE B arious
embodiments of a cannula

[G052] Fig. 22A is a side view of a distal portion of a retractor cannula device with an

angled retractor assembly. Fig. 22B is a first perspective view of the angled retractor
assembly from Fig. 22A, and Fig. 22C is a second perspective view of the same angled

retractor assembly.

[0053] Fig. 23A is a side view of one variation of a handle of the retractor cannula

device from Figs. 21A and 21B. Fig. 23B is a perspective view of the handle from Fig. 23A.
DETAILED DESCRIPTION

[0054] Conventional systems often rely on external visualization such as fluoroscopy
and CT scanning for the approach to the disc, and thus lack any sort of real time, on-board
visualization capabilities, Also, existing devices provide little in the form of tactile sensation

for the surgeon and do not allow the surgeon to atraumatically manipulate surrounding tissue.

[0055] There is a need, therefore, for minimally invasive techniques and systems that
provide the capability to diagnose or repair the spine using direct visnalization while
minimizing damége to surrounding anatomical structures and tissues. There is also a need for
a method and device that allows a physician to effectively enter the epidural space of 2
patient, clear an area within the space to enhance visualization and use the visualization

capability to diagnose and treat the disc injury.

[0056] The embodiments disclosed herein will be more clearly understood and
appreciated with respect to the following Detailed Description, when considered in

conjunction with the accompanying Drawings.
1. Retractor Cannuola Device

{G057] A retractor cannula device may be used to deliver devices and therapies, such
as devices for visualization/imaging, aspiration, irrigation, medication infusion, spinal disc
augmentation, nucleus decompression, ablation, implantation, and the like. Figs. 1 and 2
depict one embodiment of a retractor cannula device 100, which may comprise a tubular
body 102 with a proximal end 104 and a distal end 106, a retractor assembly 116, and a
handle 118. The proximal end of the tubular body 102 may be associated with one or more
ports 108, 110, 112, and 114 via the handle 118. The distal end 106 may be coupled to the

retractor assembly 116, one example of which is shown in Fig. 2. Retractor assembly 116
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device with a steering mechanism. [0041]Figs. 11A and 11B are schematic cross-sectional views of a
retractor cannula device with an inserted endoscope in a neutral and a flexed position, respectively.
[0042]Figs. 12A and 12B depict one embodiment of the lumens and channels within the tubular body
of a retractor CanHE & ice. [0043]Figs. 13A-13C are cross-sectional viENY B VAU % mbodiments
of a multi- channel tubular body. [0044]Fig. 14 is a schematic representation of one embodiment of a
retractor cannbaoupled to the tubular body 102 via a flexible region 124 that is configured to permit

flexion of the distal end 106. The retractor assembly 116, examples of which are described in
greater detail below, may be used to create working space for the insertion and movement of
devices and direct visualization of a target body region. Space may be created by dissecting,
deforming, manipulating, securing or atraumatically displacing surrounding tissue, structuare,
or anatomical features, for example. The retractor assemnbly 116 may have two or more
configurations, for example, an open configuration and a closed configuration. In some
embodiments, a refractor assembly may be configured to be advanced over a guide element,
e.g., a guide wire, which may facilitate navigation of the retractor cannula device to the
targeted body region. The ports 108, 110, 112, and 114 may be in communication with one
or more channels of the retractor assembly 116 via one or more lumens or channels in the
tubular body, and may be configured for any of a variety of usages, including but not limited
to infusion/drainage/ suction of fluids or materials, insertion/removal or supporting an
endoscope, fiber-optic or visualization device, opening/closing of the retractor assembly, and
for insertion or removal or support of other instruments or tools. Atraumatic displacement of
the tissue surrounding the targeted body region by the retractor assembly 116 may increase
the angle of view of the surrounding structures from an endoscope or other visualization
assembly located in the device 100, and may also help to improve the images taken by an

endoscope, e.g., by displacing structures a certain focal distance from the endoscope.

[0058] The handle 118 may be any suitable handle structure, and may be provided at
the proximal end 104 of the tubular body 102. In addition to supporting the ports 108, 110,
112, and 114, the handle 118 may facilitate manipulation and use of the retractor cannula
device through one or more actuators, for example, buttons, slide actuators, dials, levers, and
the like. In the particular embodiment depicted in Fig. 1, the handle comprises a lever 122
comprising two ends 188, which may project from the handie 118, but in other embodiments,
any of a variety of actuators may be provided. Levers, slide actuators, buttons and the like
may have any suitable geometry, and may be shaped or sized to be ergonomic. For example,
a slider 119 may be located to be easily accessible as shown in Fig. 1. These actuators may
be used to control the use of the retractor cannula device, for example, to control a steering
mechanism 120 or steering assembly. Handle actuators may also be used to navigate the
tubular body (e.g., by bending or flexing), as well as to control the configuration of the
retractor assernbly 116, During use, the retractor cannula device 100 may be advanced

through the working channel of a trocar or introducer and into the working area. In some
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device with two channels centered along a plane perpendicular to a bending plane of the retractor
cannula device. [0045]Fig. 15 is a schematic representation of one embodiment of a tubular body of a
retractor cannula device in a neutral positi.on and in various flexed positions within a bending plane
(depicted wi‘ﬂ’w"d%{‘él){%“%ﬂ‘?es). [0046]Fig. 16 is a cut-away view of a retractor CARAUA device with tubes
connected to the tubular body. [0047]Fig. 17 is a side elevational view of a retractor cannula device.
[0048]FigeriBAlimencutiawaylvieeandriSigiet 8B ysha sickecdl byatipmalivievrafrare @mbodiment of a

retractor %‘é‘fﬁ@%’ﬁﬁ%‘@&ﬁd’é’ i}élr%&&”a‘éé’csr%’f’ i,Ccﬁggxpﬁggepcg'qh combination with the steering
mechanism 120. The steering mechanism 120 may be configured to provide any of a variety
of steering features, including various bending planes, various bending ranges, extension and
retraction ranges, and rotations ranges, for example. As mentioned previously, in the
embodiment depicted in Fig. i, the actoator comprises a lever 122 with both ends 188
projecting from the housing 118, but in other embodiments, any of a variety of actuators and
actuator configurations may be used, including but not Iimited to dials, knobs, sliders, buttons
and the like, as well as electronic touch controis, for example. In some embodiments, only
one end 188 of the lever 122 may project from the housing 118, The controls used to
manipulate the steering mechanism 120 may be manually manipulated by the user or by a
mechanical control system comprising various motors. In still other embodiments, actuators
such as the lever 122 may be omitted and the retractor cannula device 100 may be directly
coupled to a motor control system. These and other components of the retractor cannula '

device 100 are described in greater detail below.

[0059] The tubular body 102 may have one or more longitudinal channels spanning at
least a portion therethrough. The longitudinal channels may be for housing actuating
mechanisms, providing communication between ports at the handle to channels in the
retractor assembly, or may be working channels. Working channels may be configured for
the delivery of various devices, or example, dissection or biopsy instruments, and/or
visualization devices such as an endoscope. One or more working channels may be
configured for the delivery of therapeutic agents or fluids for irrigation. The tubular body
102 may have a working channel that is configured for visualization functions, e.g., a
visualization channel. Additional types of longitudinal channels and their arrangement will

be described in further details below,

[6060] As previously described, the retractor cannula device 100 may comprise at
least one flexible region 124 which may help the retractor cannula device to maneuver
efficiency through tissue and may help the retractof éannuia device to be navigated
atraumatically, In certain embodiments, the at least one flexible region may be situated
distally on the tubular body 162, e.g., proximal to the retractor assembly 116. This may
permit the tip, i.e., the distal portion, of the retractor assembly cannula to flex or bend, and

may allow for 360 degree rotation around its longitudinal axis. Such a configuration may
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[0049]Fig. 19 is a schematic side cut-away view of one approach to the vertebrae. [0050]Fig. 20 is a
schematic superior cut-away view of one approach to the vertebrae. [0051]Fig. 21A and 21B depict a
perspective and side view (respectively) of another variation of a retractor cannula device. WO
2010/0482088C110/458§0/061358 [0052]Fig. 22A is a side view of a dist&f-portidi¥a fétractor
cannula device with an

permit the retractor cannula device to navigate to tortuous regions of the body, and may also
allow the device to torsion tissue gripped by the retractor assembly to re-position or remove

it.

[G061] The retractor assembly 116 may also be used with the retractor cannula
device 100 to provide therapy or treatment, and may shield surrounding tissue or provide
access for the delivery of additional devices. The retractor assembly 116 may be atraumatic,
and may be positioned at the surgical or treatment site in a compact or stowed condition (see,

e.g., Fig. 3B) and then deployed as necessary (see e.g., Fig. 3C).

[0062] Any suitable atraumatic structure may be used with the distal end 106 of the
retractor cannula device 100 to help reduce the risk of inadvertent injury to swrounding
structures during a procedure. For example, an atraumatic retractor assembly may be
configured to provide tactile feedback, e.g., rigidity, pliability or feel of the tissue or
structures in contact with the distal-most portion of the retractor assembly, to the user. In one
embodiment, an atraumatic retractor assembly may also provide dissection or retraction
capabilities and may be abie to displace surrounding tissue without injuring it. Additionally,
the overall shape of an atraumatic refractor assemably may allow manipulation of nerves, e.g.,
nerves in the proximity of an intervertebral disc, as the retractor cannula device is advanced
without harming the nerve or causing pain. In one embodiment, a retractor assembly may
have a curved shape and no sharp edges, burrs or other features that may pierce, snag, tear or
otherwise harm tissue that comes into contact with the retractor assembly. The shape, surface
contours and/or overall finish of an atraumatic retractor assembly may be selected to help
reduce or minimize impact forces when the tip, i.e., the distal portion of the retractor cannula
device, come:s into contact with structures such as nerves, muscle and the spinal dura, among

others,

[06063] The atraumatic element at the distal end 106, e.g., the refractor assembly 116,
may also be controllably pivoted or actuated from the closed configuration to the open
configuration, or otherwise comprise two or more surfaces or structares that are
independently controllable. For example, the retractor assembly 116, which may be urged
from a closed configuration to an open configuration to create a working space in the
surrounding tissue, which may act as a clearing for improved visibility of any suitable
visualization devices provided therein. Once a target tissue is positively or at least

sufficiently identified, the retractor cannula device may then be advanced to the target tissue
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angled retractor assembly. Fig. 22B is a first perspective view of the angled retractor assembly from
Fig. 22A, and Fig. 22C is a second perspective view of the same angled retractor assembly. [0053]Fig.
23A is a side view of one variation of a handle of the retractor cannula device from Fi’i%]& 21A and 21B.
Fig. 23B is 2 PreBEMi?&view of the handle from Fig. 23A. DETAILED DESERIBHIGN®
'[0054]Conventional systems often rely on external visualization such as fluoroscopy and CT scanning
for the apipreiaiadr thethle@isor apeh huisilacktally sorpwbpealdime;renchofird vistatiz afiare.capabilities.
Also, existing devices provide little-in the for tactile se 0ation for the surgeon %nd 1o not allow the
curaeon 1 B e Sl e R
minimallysiparasive tecticpaes vandesyisteatner thiatquoide viee capaidilintaedixhpesseragipapair the spine
using 'direct visualizatiopwhile Rinipizing demage haurgrnding anatemigal sityeiyres and tissues,

There is also a need for a method and device that allows a physician to effectively enter the epidural
space of &35atBrileviesaman eraseditrirines spHee W BAREH YRR ARS S HRENLE the visualization

capabilitydehHagnese andeaiihe HisciinisiNancing visualization. In certain embodiments, the
retractor assembly 116 may be moveable or articulated such that it may be used to displace
surrounding tissue or structures. The displacement of tissue or structures may be felt by the
user and may provide a more tactile sense of tissue movement or displacement. The tissue
displacement may result from active movement of the retractor assembly under control of the
user, or movement caused by releasing the retractor assembly from a first biased position to a
second position. Other conventional techniques for manipulation of surgical impiements may

also be used to control the retractor cannula device.

[0064] Another variation of a retractor cannula device is shown in Figs. 21A and 21B.
Retractor cannula device 2100 may comprise a tubular body 2102 with a proximal end 2104
and a distal end 2106, a retractor assembly 2116, and a handle 2118. As with the retractor
cannula device 100, the proximal end 2104 of the tubular body 2116 may be associated with
one or more ports at the handie 2118, for example, handle port 2123 and auxiliary port 2128.
The ports and the handle 2118 may be configured to accommodate various devices, for
example, a device coupler 2122 may be provided to help attach a device (e. g., an endoscope}
to the handle 2118. The handle 2118 may comprise actuators for the navigation and actuation
of the distal end 2106 of the tubular body 2102 (e.g., the retractor assembly 2116), such as a
pivot lever 2124 which may be configured to contro! the configuration of the retractor
assembly 2116. As shown in FIG. 21B, a spring 2132 may be provided to bias the pivot lever
2124 into a certain configuration. A pivotlever lock 2125 may also be included as desired
for restricting the actuation of the pivot lever 2124. Other actuators, such as levers, sliders,

buttons, and the like may also be included as appropriate.

[6065] The various components of the retractor cannula devices described above may
be made from any suitable materials, For example, the tubular body and/or the retractor
assembly may be made of a rigid material, such as stainless steel or rigid plastic. The flexible
region 124 may be made of any combination of flexible biocompatible polymers or pliable

metals, In some embodiments, the flexible region may be actuated by wires or struts within

18



[0056]The embodiments disclosed herein will be more clearly understood and appreciated with respect
to the following Detailed Description, when considered in conjunction with the accompanying
Drawings. |. Retractor Cannula Device [0057]A retractor cannula device may be used to deliver
devices and%?&ﬂ’r’g%’f@ﬁch as devices-for visualization/imaging, aspiratiBﬁ, flﬁf’é%’é(ﬁ,l?ﬁ’édication
infusion, spinal disc augmentation, nucleus decompression, ablation, implantation, and the like. Figs. 1
and 2 depiet whslembodinaéntshitimgetiactebogan wartevicer-d00: dNhidl may adrgyigera tubular body
102 with a proximal end 104 and a distal end 1 retractor assembly 116, and.a handle 118. The
oroimal P e AT By T8 Bl b e A R One S P AR 12, and
114 via the mznddlef 2i@niiw distal erdeLioB. may hescotlptedttolthetrétraciondssdmbly dadicone

example QLWHHER 1S SAANAJB . 6 REKAGORaDSeTbaAL. O 2A1Y/B4RR0RRCEAIRA009/061358

may be coupled to the tubular body 102 via a flexible region 124 that is configure permit flexion of
the distal &t1G67T he retractor assembly 116, examples of which are described in greater detail
below, may be used to create working space for the insertion and movement of devices and direct
visualizati@nasi a targetbediimegitnms Spacey iy hesigaiaddy disseetiigadaiormuinge nsadhpulating,

seerry ISR AR TR A e e, St s For
selected based on the particular therapy being provided and the targeted body region. For
example, one embodiment of the retractor cannula device may have dimensions suitable for
navigation to a spinal region for diagnostic evaluation and/or to apply a therapy thereto. In
another embodiment, the retractor cannula device may be sized to fit within an epidural space
or in proximity to an intervertebral disc. Other embodiments may be configured for use in
the chest cavity (e.g. pleural biopsy or pleuracentesis) or abdominal-pelvic cavity (e.g.
bladder neck suspension), or for non-spinal procedures such as breast biopsy and transvaginal
cocyte retrieval, for example. In some embodiments, the retractor cannula device 100 may
have a diameter of about 5 mm or less, while in other embodiments, the retractor cannula
device may have a diameter of about 3 mm or less, or even 2.5 mm or less. In another
embodiment, one or more of the working channels of the retractor cannula device 100 may
have a diameter of about 5 mm or less, about 3 mm or less, about 2 mm or less, about I mm

or less, or about 0.8 mm or less. Additional details and descriptions of the various

components of a retractor cannula device are provided beiow.
A. Retractor Assembly

[0067] The retractor cannula device 100 may be used to manipuiate a targeted body
region in different ways. For example, the retractor cannula device may be used to dilate
and/or displace tissue to create a working space, aspirate and/or irrigate the target tissue,
infuse medications, inject substances, remove tissue, etc. Furthermore, the retractor cannula
device may be used to deliver a variety of devices to a target tissue, for example, any
visualization devices (e.g., endoscope), ablation devices, expandable devices, thermal energy
devices, stimulation electrodes, eic. Different retractor assemblies may be used with the
retractor cannula device to effect one or more of the above functions. For example, a
retractor assembiy may have one or more retractor elements, e.g., jaws, and may have one or

more configurations for performing different functions, e.g., an open configuration and a
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configurations, for example, an open configuration and a closed configurati.on. In some embodiments,
a retractor assembly may be configured to be advanced over a guide element, e.g., a guide wire,
which may facilitate navi}gation of the retractor cannula device to the targeted bo%/ region. The ports
108, 110, 1¥0ZAPP1%%¥hay be in communication with one or more chanhEREPHE ¥ tor assembly
116 via one or more lumens or channels in the tubular body, and may be configured for any of a
variety of disagesniighuding B¢ nekdiduiectoénfusion/dramsige/ suntioricatdltds opeaterials,
insertion/removal or supporting an.endoscape, fiber-optic ar visualization device, opening/closing of
the retracfgg}gfé“érétﬁ%ﬁéjﬁgr oC? C|’?1§1e€r |81F1tso? r%%%g%% Bfggﬁrﬁ%g?t%afyo ﬁg?%ﬁ%t?ﬁ\{r’\nv%lrﬁ%})(%’%afglofs. Atraumatic
displacementwfdhediigstissurrquadidiptirmtafgeteed oty ibgioniantie teerastoressémbly 116 may
increase theangle pfYiew of the SUIALBAING.SITUGHERS {Lam AP L04ASCIRE, % AhRL Wsyalization
assembly located in the device 100, and may also help to improve the images taken by an endoscope,
e.g., by dibplelsitsg anrerares el carmiprfEcaististafice feeBiRicBe spEq0058]THE handle 118 may
be any suitahle handigestiyciung are.mayopeprevided altheoproxdmakenthdOd;af the tubular body
102. In addition to supporting the ports 108, 110, 112, and 114, the handle 118 may facilitate
manipulafiSH g RS BPthe et c Sl BB ROt FIORS B mor B a CiltsTes foBxample,
buttons, slige;aatuatarscdialsdaverssansiheilike:ditithecpantielldrnembadinenidrpitiad in Fig. 1, the
handle comglrises a lever 1}22 oerising,tV\llo terl')d aileSd wi |gi; mfgcy PE%L%CE!J n\)iyge handle 118, but in
other emBo« nﬁré%?éf%oﬁﬁ o aéi%?a?ig'tyuo Actla o?sumay%g provﬁ% “Uevers, sfide actuators, buttons and
the like maynigévéial yuseitahle ageametnenandanéy beashepaddsr $828d aedbié Higohmmi8A-or example,
a sider 113, may.Rg ipsaiacie Re.anshaceassiiess shann i HY nHiRRaAGAlR S may be used
to control thé Use of the fetractor cannula device, for examplé, to control a steering mechanism 120 or
steering asseaplystdahiiie Aetontbrsniayaisbosezeseralbonanagaes tidhebiiznteisdy (e.g., by bending
or flexing), a3 welkasia RBURLNeEIMIgUIRLQR. fthe retractor assembly 116. During use, the
retractor cannula device 100 may be advanced through the working channel of a trocar or introducer
and into t rking area. In some, WO 2010/048208PCT/US2009/061358 embodiments, the working
area or sgggégln ay be f}ga%%%)%?/nge%%rgﬁﬁéegﬁarﬁtg uarse‘g’gl%l?-li 1488 Vﬁgn%‘;%?ﬁ a r‘aﬁ)rﬁ%aeti{ég%ﬁactor
assemblygeithemaione. or, ihicom bindticrswitle ghe st ednge Inpotiadi sanE20uflecsteering mechanism
120 may be,confianen.Rievide AN Al RENPLSIseTina eaes il ding.arigys bending
planes, vanous ben ing ranges, extension and retraction ranges, and rotations ranges, for example.
As mentiotfedepetasictislyp! imeHer erhbodimant dEpierae VArRIgRTE, thesatisstor BeAmpiseEs a lever 122
with both ends J,88-R10ie¢ing frrrp:theLousind +ChHt i Rther-arhrdiments. Apneiy variety of

actuators and actuator configurations may be used, including but not limited to dials, knobs, sliders,

buttons aft{A ike; 42 RrA'as & retHeHE B CoRRAHIECRS ERAMpRE PrediEehBsdhiBhts, only one
end 188 of:the da\verldd maypwjeciemdhenausingliisd Ehegentipls used farsaaipiate the
steering mechanism 120 may be manually manipulate the user or. by a.mechanical control system
compriginb G ATGHSE FARS E G D & BB R AT SRS ENGUS 82 fimy be omited
and the refigeiomdannule devied 400:maycbeddinettly eotiplecttmdantorrcdrteohdystehe. These and
other compo ergs of the refractor cannula detvti)%e 109 are g]gsi%(aibﬁgv@ O%egrt%roggﬁ%lggloqw. [0059]The

4 3 51 S
tubular boér)? 10 ?re%i/ﬁ Ve one or more %Haltud?ﬁg?chaa hels s anning at least a portion therethrou

en. The lovgitsdimdlcherinsismaabbe forcousingradiueitivgviatechdniseig: proviging Bemmunication
between pats atine andle 10.6hanNeLs in.he, reliactahasseml: Afmay: heorking,ghannels.

Working channels may be configuréd for the delivery of various devices, or example, dissection or
biopsy ins#BIFISHIE CARdTRIOMSHERz EH ST B SHERIas A AcsRaTE o a b RR T HRtiabRdrking
channels maywhe, garfighied.for the delivetyiofitharapeuticagantser fidsyiesipigatiane.The tubular
body 102 may have a working channel that is confi%ure,d for visualization functions, e.g.,

. g.a
visualizatiBis AT ET2R JaiESH A Hb & BRIEH GROBIET RHSFERE TR% tHEiPLPEHER MRt will be described

in further detads halawnality as well as the targeted body region or tissue, e.g., have different sizes,

different shapes, different curves, and numbers of longitudinal channels, etc.
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[0060]As previously described, the retractor cannula device 100 may comprise at least one flexible
region 124 which may help the retractor cannula device to maneuver efficiency through tissue and
may help the retractor cannula device to be navigated atraumatically. In certain embodiments, the at
least one fle XM HEYHSH nay be situated distally on the tubular body 102 Y& HUSB8X Lo the retractor
assembly 116. This may permit the tip, i.e., the distal portion, of the retractor assembly cannula to flex
or bend, and may altexvditer BE0cegresdeatation around its longitudinal axis. Such a configuration may
WO 2010/048208PCT/US2009/061358 permit the retractor cannula device to navigate to tortuous

regions offigepody. ansmayalsmaliow ihedees tedpisianissis orRReEhb the fetractor assembly

to re-position or remove it. [0061] The retractor assembly”116 may also be used with the retractor
cannula dBVIZECLOT ToOp eVt REseY Bt Stients dhbignay shietld Esvotinaifgssue or provide

access fopdhendgliverysahaddifioral daviars. Jhepreiraciarnssembhirl 16 may-be atkammatic, and may
be positioned at the surgical or treatment site in a compact or stowed condition (see, eé%% Fig. 3B) and

then depl&& 45 e ¥all(CUBRIE S 1§ TSE IGEZIANY - dEitABIE ffadmatita8ttetaPe itiay be used
with the digtiah énchd 06 @l i figuration, jaws 308 and 310 mate to form a substantially smooth

round shape, similar to a bullet, where the curvature of the jaw surfaces is uniform around the
midline 399 of the tubular body 102. The surfaces of the jaws 308 and 310 may be
symmetrically curved such that they meet at a distal portion 302. Additionally or
alternatively, embodiments of a retractor assembly may comprise one or more retracior
elements, such as paddles, flaps, lobes, tabs, jaws, and the like. The retractor assembly 300
may have jaws shaped with one or more curved surfaces as described above, such as a sphere,
dome, tapered elliptical shape, or any other shape that may help to reduce trauma to
surrounding tissue. The rounded retractor assembly is shown in Figs. 3A and 3B, and each of
the jaws 308 and 310 are shaped as a half sphere, as depicted in Fig. 3F. Fig. 3F 1s an
enlarged depiction of jaw 308 with inner edge 309 (aw 310 and inner edge 311 are mirror
reﬂectibns of jaw 308 as depicted). Other atraumatic geometries, which are described beiow,

may also be used.

[0070] The jaws 308 and 310 may have one or more configurations, for example, a
closed configuration (as depicted from the side in Fig. 3B, and in perspective in Fig. 3E), and
an open configuration, (as depicted in Fig. 3C). Although the jaws 308 and 310 in Fig. 3B
are contacting each other around their outer edges when in the closed configuration, in other
examples, the jaws may not fully close. While the jaws 308 and 310 are shown to open and
close symmetrically about the midline 399, in other variations of a retractor assembly, the
jaws may not move between the open and closed configuration symmetrically, In the open
configuration, a working space 130 may be provided between the two jaws 308 and 310. It
should be understood that the retractor assembly 300 may comprise more than two jaws,
inciuding three or more jaws that may be shaped such that the distal portions 302 of the jaws
form a smooth, round, and atraumatic shape in the closed configuration. The jaws 308 and
310 may be coupled to the tubular body 102 using a hinge mechanism 306, Each jaw may be
coupled fo the tubuiar body 102 by one or more hinges (306a and 306b) configured in any

suitable way to expose or present the working space 136 when transitioned between the
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retractor cannula device 100 to help reduce the risk of inadvertent injury to surrounding structures
during a procedure. For example, an atraumatic retractor assembly may be configured to provide
tactile feedback, e.qg., rigidity, pliability or feel of the tissue or structures in contact with the distal-most
portion of thg%ﬂ’é@lﬂﬁlﬁgsembly, to the user. In one embodiment, an atrdUnhAteYEIPELISH assembly
may also provide dissection or retraction capabilities and may be able to displace surrounding tissue
without inglriag dbrAidditionatyd the averatinshaipeioh amatraamaiicivatgator agsamblyianay allow
manipulajion, of Reves, g Rerves ia e preximity o andtervertebral disc, 4 the retractor cannula
device is ‘advanced without harming the nerve or calemg p’é\Fn. h'one embocﬁméni a retractor

assembly ma%; have a curved shape and no sharp edges, burrs or other features that may pierce,
snag, teaFt’ 1herwisé‘h‘éfrlﬁqlﬂﬁﬁ%%@?ﬁﬁﬁ%ﬁﬁ?d’%ﬁ?&&%ﬂ%tﬁ@%éﬂ@@%ﬁ%%%@ﬁhe shape,

surface coripimandipsoualall inishobanatraymatic relaciobresaRpNY Maynheselected to help
reduce or minimjze impact forces when the tip, i.e., the distal po’f%ign of the retractor cannula device,

comes infBEBALAEE Witk LErTRAs 85 CHARD KRR 14h LR ST RS IRYP Al S B A bihers.

[0063] Thehathiaymaticleleinne Rl at-theptistahieped BD6; eng. 30t rditactonabs eyl thay also be
controllably pivoted or actuated from t losed, configuratio e open configuration, or otherwise
comprise }v{\}%g‘rnr%g?eo fsﬁg r é‘é%‘g%ﬁé{%@@ﬁé%ﬁa ¥ ee%%%p%%%r@y%%ﬁf?o‘i%%@f IE%F’ %%?ample, the
retractor &weyhbiyﬂlel'ﬁgwﬁﬁﬁwam% Ba@@a@ﬁoméigoﬁwmnﬁgafmmi@w Eipgwé@rli’ﬁ@urqt@o.n. to
create a werking snace e surauRdinginsus, wieh may 6has A Cleaiing, ian impeayed visibility of
any suitable visualization devPce_s provided therein. Once a target tissue Is positively or at least
sufficientlgrieravéfiecviereba st eaniiqlaldbeideyitry thérrie adatieBe s e earget tissue WO
2010/048%&%&8%&&@2@9&49@%%%8%@;@?%& clesed: o QReMGAnigHREOM 35APRIPRIIALe, to Create

a first working space. The retractor assembly may then be actuated to the open configuration to create
a second WORRYAPHCE AN FLE SHH 1B BEMEEtAL dFadior EAMAUIH PR R A€ kargeted body
region, e.paitanlvangs the: reFacios catpuadeicedn i spinahspaiee:dn additienidhen reractor

cannula dgyvice may be used to ide_saline or.apother type of cleanjng solution or a contrast agent
e e o BT B S e G BT AT RE T8 B hccemly 116
may be movéabletomatiiculatedsiyche thiatit $hale pecuséd dhdisplacdisantotiming!tissuesdr structures.
The displacament,af dsaupen sitietires may be it b, UseLapd MR proyide amae tactile sense
of tissue r’r?(i)vement or displacement. %e tissue dis Iacer‘r{ent may result frqm active movement of the
retractor Asseavibipeindiae ebpeidibiateassabont Hovermeneeatided Byerersashaytthed) dagsestor assembly
from a ﬁr%@?’@ﬁggp&%iti‘i’ﬁetﬁiﬁ‘g%‘%ﬁ%ﬂrﬁ%i@@@ -o@ﬂ?@!e%&%@@%é%ﬁéﬂ%b@ﬁﬂ&rﬁpu|ati0” of

surgical implements may also be used to control the retractor cannula device. [0064]Another variation

of a retracdtiSFE QRRINLIERTCETE SRYH ST tEhs msiatihg b PAdIRM R R chaNAth 3 BeRAdR*2 100 may

comprise @ fuas badydd02with @aprmdmalosad ke Acdisiak enthaditena mikaeiarassembly
2116, and han%,e 2118. As with the retractor cannula devip? &%OO, thg gqrqgimal end 2104 of the
tubular boty 21 B gy B SYUKCIHRSS With SRPBI BT PoHE P M EHardie 318! 13 &diHiple, handle
port 212 3fandbaustitigry jnoht 23R Sorfiprésp artssaund theiffardler2idd mayhbénsonfigurebhfo astommodate
various devices, for example, a device coupler.2122 may be. proyided to_help attach a device (e.g., an
endoscor T R B O A o ane
actuation efethéndluthn e hal 2a06sof kbicieuliuldn bodsiRg0Pq@gentheire et ptzsbeiiy2the 6), such as a

pivot leve 2124 yihichynayae.caniowediipaenial he sanflguiation aidhalelactarassembly 2116.

As shown in FIG. 21B, a spring 2132 may be provided to bias the pivot lever 2122 into a certain
configurafiehilx Pidet 18vérnserinans mucuist Hatinchdlitoas iedird ot restridifignthe actuation of

the pivot Igyer 21 2dk-Renactyateisisueh aslevaissisliders tuttons: dadstheilikermayaiso be
included as ap‘;i)ropr_iate.
jaw angulation. For example, the retractor elements of a retractor assembly may be coupled to

a tubular body via a flexible region.

[0072] In some variations, when the retractor assembly 300 is in an open
configuration, the jaws 308 and 310 are configured to provide a working space that may help

to improve the field of view of any visualization instrument that may be used with the
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[0065]The various components of the retractor cannula devices described above may be made from
any suitable materials. For example, the tubular body and/or the retractor assembly may be made of a
rigid material, such as stainless steel or rigid plastic. The flexible region 124 may be made of any
combination SPREMIEHBcompatible polymers or pliable metals. In someF&RbSMOAt3he flexible
region may be actuated by wires or struts within WO 2010/048208PCT/ITS2009/061358 the tubular

bggy_, or ?ﬁtﬁd@ﬁi@@ﬂlﬂﬁﬁbakgﬂﬂa@dff@mw§ ﬁ/&%fiﬁ@dié?aﬂ%ﬁd%ldl@ﬁélﬂ@yg (;%@fzsam@éggﬁliemati;/ely or
additiona ular bo strong and flexible, and may be made of a combination o
materials pé%‘@f? éH’ gf&?ﬁ%&%‘é@’él }ﬁgf’é]ldn% d“éfﬂ%gﬁjd‘élalfﬁ 4L BotiRaracEkdiniites of elastic

polymers mtes:toe {hutréie Bt ﬂmaﬁeqbdﬁ)):afﬁgalxatmiyua@ﬁbmmﬁ%@h@ﬁrt@ﬂ{ﬁ@ﬁﬁ]iﬁh&i@imensions of
the various (:oH gonﬁqts of a retractor c qula dev e such e (fetracté) semb |bIe region,
an c 1za d?l

tubular bodlyl/ le, é)tc mrg:f;’ & Sized 4 seféc lc? ]l%ase e par cu ar ﬁ/g provided

and the tm@&twmk@mdﬁ@ﬁ@ﬂmme @néeembﬁi@hﬂdetmdcﬁthbq@t@cmwagmiuﬁa@mce may have
dimensiong GHitabiR fgrHRUgRtsR 5%3%@'%1{1@%%’1}{9h@&&ﬂ&%&ﬁé’%ﬂ%‘%&B‘A{%t%@pp'y a therapy

thereto. In another embodiment, the retractor cannula device may be sized to fit within an epidural
space or ﬁ%‘ﬁ/@ﬁﬁﬁ'ﬁy‘w@rﬂ?ﬁ%@é@%m@d%W%&b@nﬁéﬁ@?ﬁ&&%@ééﬂﬁ@ﬁed for use in the

chest cavity (e.g. pleural biopsy or pleuracentesis) or abdominal-pelvic cavity (e.g. bladder neck
suspensicﬁﬂmel for nonspinal grbcedres. Sheky asdbkeasicbitisy anchtransiaginalaacyte retrieval, for

example. | sprnb rrlm))d@gfnltghght% [.Eag,fs)r cgmflu(gila1deV|ccemlsg))CS)e %;I/hg vea dlameter of about 5 mm
or less, W ein ot gr embo merﬁs the retractor canrq evice'may have a glamefer of about 3 mm

or less, ora@mrb@ S5(nicoiglbrs 31+ AR othverrembad |?ﬁentr1@neeurbmbmmfst¢r@mk¢mrg chamhels of the
retractor Q%Qwélﬂlggf}{b% P mARAVE @\Qﬁ%eat%{?&ﬁ?ﬁ%@tﬁ@Q&lﬂﬁi?%ﬁd?l?@%?am %@SS about 2

mm or less, about 1 mm or less, or about 0.8 mm or less. Additional details and descrlptlo s of the
various céﬁmﬁ@ﬁt@l@fgaﬁi@%t@a&%ﬁmh@é&ﬂ&éa&@mﬂd@fﬂﬂﬁ@!aﬂkpw@a@fefﬁcﬂz@w@é@nbly

jaws 308 and 310. The inner shaft 316 may be axially slidable along the longitudinal axis
{Ar) to actuate the motion of the jaws 308 and 310, and may be in communication with
working space 136. For example, the lumen 312 or the inner shaft 316 may house at least a
portion a jaw actuating mechanism. One example of a jaw actuating mechanism is depicted
in FIG. 3D. As shown there, the inner shaft 316 comprises a tab 315 that may articulate with
pins 314, where the pins 314 may be coupled to the jaws 308 and 310. Sliding of the inner
shaft 316 may translate the tab 314, which may rotate the pins 314 so that the jaws 308 and
310 may pivot outwardly (i.e., may move away from the other, or move away _from the
longitudinal axis (Ar) of the device). The inner shaft 316 may be controlled using an actuator
on the handle 118, for example, the slider 119. Other embodiments may use other actuating
mechanisms, for example pull wires or struts, to open or close the jaws, The pull wires may
include metallic or polymeric wires, which may be single-stranded or multi-stranded, and
may included twisted or braided members. In still other examples, the movement of the jaws
may be asymmetrical (e.g., one jaw may be biased into one position while the other jaw is
unbiased, etc.) or one or more jaws may be immovable while one or more other jaws are

movable.
2. Tapered Shape Retractor Assembly

[0074] Another embodiment of a retractor assembly 401 is depicted in Figs. 4A to
4F. The retractor assembly 401 comprises two refractor elements, jaws 408 and 410,

Additionally or altemnatively, embodiments of a retractor assembly may comprise one or
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[0067]The retractor cannula device 100 may be used to manipulate a targeted body region in different
ways. For example, the retractor cannula device may be used to dilate and/or displace tissue to create
a working space, aspirate and/or irrigate the target tissue, infuse medications, inject substances,
remove tissU¥ VSt bEdfiRrmore, the retractor cannula device may be usdd-i deiEtsa variety of
devices to a target tissue, for example, any visualization devices (e.g., endoscope), ablation devices,
expandahigcgerisesothesmalienerg desaes, stipulaben eleciiodeseite Riferem raioater
assemblies m gﬁ]used with the retractor cannula device to effect one or more of the above
functions. P8 TYASIELS YAECERY HSCEIENY A HVE GRE B4 et AS I S ErES. &Y. jaws, and
may haveaodd By theorsvciiifig tuptiof svidr gerforming sthfferent figictidng; e lgngandipdndenfiguration
and a closed configuration. By transitioning the retractor. as bly from a closed t open

_ S0 ERENEBY O RY L g ‘ S k
contgoraih, B o S o s Pap P T A A RS e
surroundifigstissiye ttwepro vidies epspialee fohadirect Vis ndlkrationfasidior thedhse it rsiohpetditivnal devices.
In some variations. analaumalic f8LACIRL ASSEblY SR uele betwesn the.glasgd.and open

configuration to assSist in the advancement of the retractor cannula device. In some cases, the
operation GHEG étragtr REEMK mayed prheklwwith tHevadusthnee wheirdet Jasudigation, such as
images fropyaRendessare: SAMeNarRIoNSof AN AtFRH TS FRIrA0IGhASSe MRy Fay Afmprise
working channels that are in communication with one or more channels or lumens in a tubular body of
a retractoP ChNHtRA HENEe TS AGiItIRIFA UiTENdest Hcls ETaRRAS ST dharfels 1326, 1328, and
1330 in FigerpSAiinudy extendithrotghvthia [Bagth0htdet tibalashbodythard theayti:esgeommunication
with the refrgelor assembly. Ihses shannels may.be sized to allow, passage of the catheters.
endoscopes, ahd mstrumenﬁks evices, an the fike. %%B(Tfhe shape and size ot retraétor assembly
may vary eicterdimgctor tirectigsyel@hvicoriment (etgs thihysvhickaiss ue; regionsoofhdemnsely packed

tissue stryglures s FRArERl: dsttauiad lissue sHUEIIESYMOIWME Aliapid madia infhe vicinity of the

target tissue, elasticity of the target tissue, etc.). in some variations, the surface of the retractor
assembly Rk BedsvalepeoicrrBiertUfes oM ah & dhevarimGflthdeenaeoieassdmbly surface

(e.g., in therclasedreanbiowalion) maydhemniferarareund the;londitiedinakayis.f theJgtraeior cannula
device, or may be non-uniform around the longitudinal axis. For example, the surface of the retractor

assembly Hi&y B TAFET et A6y & ir &t SiHARE Wit HiSE Ahgid So8IGHEPAHE 14 bi'¥abered along a

second sugfass: withraiseenind angle aslepric-wheredhe lusttndosaecng-angkaswr slepes may not be

equal. Tapenrl;sogque;[l;{3 have one or more%ggglqe or sénj es, %nd curvatrt%res ma%ﬂ%ve one or more radii of
e a

curvature 1A SOME Variations: the SuF S PISHSEY 2SSBHBI el FRREC A+ BRfiension on a

first side, .éndl ahnanpﬁnigr ptinﬁ'égsi(hnrema tsecomﬂtlﬁiq%wmhn@ adimexampteseqirpetradior assemblies
are descrifepalay. it earlain, hanes s eS| sheld Beundaisioedibatelfier ees of

retractor assemblies may be used with a retractor can evice, and may vary ‘éccorc?ing to the
desired fumetidalitgdadNuel nevedtrebfdd podyregivmertitsiwees gn haverdifierertisives, different
shapes, déﬁﬁ’a“é@&,%{E\éﬁoﬁx@ﬂgriﬂt{@ﬂ@%%ﬂﬁ%‘@%&?ﬂ&@ﬁ&@%!?nﬁﬁ% Qw0 jaw surfaces
2010/048208PCDUS2009/061358 )

{whieh may or may not be orthogonal), and/or may have asymmetric tapers as suitable for

atraumatically navigating through the target tissue environment. In this particular example,

the jaws 408 and 410 have a cross-sectional profile with an acute angle (see Fig. 4F), where

the apices form z flat tapered tip 404 in the closed configuration, as shown in Fig. 4C.

[B8075] As described with respect to retractor assembly 300, retractor assembly 401
may have the same or similar configurations. The open configuration is illustrated in the
solid lines of Fig. 4D, showing the action of the jaws 408 and 410, while the dotted lines
represent the location of the jaws 408 and 410 in the closed configuration. The jaws may be
urged into the open configuration by a rotating hinge 406 in the direction of arrows 405 and
403, where an angle is created between the edges 409 and 411, and the jaws assume the open

configuration. In the open configuration, the angle between edges 409 and 411 may be any
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. Rounded Retractor Assembly [0069]One embodiment of a retractor assembly is shown in Figs. 3A to
3F. A superior view of retractor assembly 300 is shown in Fig. 3A, a side view of retractor assembly
300 is shown in Fig. 3B, and a perspective view in Fig. 3E. As depicted there, the retractor assembly
300 comprisgg’ v e R or elements, jaws 308 and 310, shaped such tﬁ&%ﬁ%ﬂ’%’%@%losed
configuration, jaws 308 and 310 mate to form a substantially smooth round shape, similar to a bullet,
where thevglurvirtunenofithe Jawvess tfades: i< Uhderracarmund-chmehidiine: 3 99 0b th8duleglaedody 102. The

sutaces gbie 434,308 and, 230 mabe. symmajcall eued suehhas e mesy at a distal porton

302. Additionally or alterhatively, embodiments of a retractor assembly may comprise one or more
retractor €karrehtsr sueh asspaditiescdipssidetesintatioe pamkodindntiebike japtsettétradtdt Gissembly 300

may have,jaWs SR Vel ONGRLMALG CUel SHERCERH AgiAesE I RBoYEL GRS aPhere,

dome, tapered elliptical shape, or any other shape that may help to reduce trauma to surrounding

tissue. THEYBGrited tetraictoicisssiblei S ERBivRsH 0 3A TR dSERtiag deslin 6719 {2fvs 308 and

310 are shapethasahall spheray as gepistebiufisr-3H &g dhisaime Hrkges dapistiansed jaw 308
with inner ed&gﬁ?%%’:gaw 310 and inner edge 311 are mingor reflections of jaw.308 as depicted). Other

atraurnatic’y " BORTEIP & RESEABEY Barhehy AR kbl (0O7017RE jaws 308 and 310
may havengsiiaismorecadafigiiationsciamnexampejraclosed bonfigistatiorr{asidediched from the side in
Fig. 3B, and.in gg?gsgectiv in Eig. 3E), and an open configuration, (as depicted in Fig. 3C). Although

[ 1o

the jaws 308'5nd 10"1‘h1f—llg."3 are contacting each other around their outer edges when in the closed
configuration, in other examples, the jaws may not fully close. While the jaws 308 and 310 are shown
to open and close SYEIFERERRCARSEREE midline 399, in other variations of a retractor assembly, the
jaws may not move between the open and closed configuration symmetrically. In the open
configurafi@¥ed workininspaca ¢36qt@yehe pf ovidedibetweshithentwowaws 368 and 310. It should be

understoaod that the retractor assembly 300 may,comprise mare than twq ja including three or more
s that T B St T R SR e g e e A o BB el e
atraumatiensiitoes indie ciosell corfiguratiope T faws 308 ahdr8 16 maletectocioicthtonhly tubular

body 102 ysipg aaiRge Mechanisamaas: Fackhiawmayhe,aaunlad ia fag 2dbylanbady 1Q2 by one or

more hinges (306a and 306b) configured in any suitable way to expose or present the working space
136 whenfriénditisliet Betvsss e dipensotde/s4800 8P CRISIO08 984858  cldsdd tdrtiguration and

the open gonfiguration IS RREnRIFMIONS v And-amyRtbeesasien elements KAy kgcoupled to

tubular boad%ulrg)d%c? %gpplg%tg] %Q%rglgig‘g&%\évtsﬁe?gﬁ. The angle 2203 may have any angle between 1
degree and 180 degrees, for example, from about 150 degrees to about 179 degrees, or from
about 100 degrees to about 130 degrees, or about 120 degrees to about 160 degrees, or from
about 90 degrees to about 120 degrees. As indicated previously, the angled retractor
assembly 2200 is shown here in its open configuration. When actuated to its closed
configuration, at least a portion of the first jaw 220§, e.g., the rounded tip 2204, may extend
beyond the midline 2207. This may help the retractor assembly 2200 to grasp and/or hook
tissue in the rounded tip 2204. The degree to which tissue is engaged may be adjusted by
varying the angle 2203, along with other features, as will be described below. In some
variations, the extension of the first jaw 2208 beyond the midline 2207 may not enclose the
retractor assembly 2200, where even in the closed configuration, fluids or devices in the one
or more lumens of the tubular body 2202 may still exit the retractor assembly 2200. For
example, in the closed configuration, the first jaw 2208 and the second jaw 2210 may form a
side aperture, and in variations with a single jaw, the jaw 2209 may form a side aperture with
the tubular body 2202, The shape of the first jaw 2208 is such that a first jaw cavity 2209 is

contained therein, and as depicted in Fig. 22B, the first jaw cavity 2209 and the rounded tip



[0071]In certain embodiments, a hinge mechanism 306 may comprise living hinges and/or mechanical
hinges formed by rivets, pins, or screws, for example. The hinge mechanism may be made of any
suitable material. In one example shown in Figs. 3B and 3C, the hinge mechanism 306 comprises
hinges 306a 5 d®tBtiWhich may lie flush against the outer surface of thE4GBERIHBHYF02. The
hinges 306a and 306b may be configured such that when the jaws 308 and 310 are transitioned into
the open epnfigratiaiyas Showmninifrigti Gy dne=0h nibee distalqpadians 308ohthejansa308 and 310
may move auay. fram,ihe sier, or moye.away fram the midling 399 of (he devies e, qove away
from each other symme rlcafly, exposing the Wo’rfqng EPace 56 NS préeviously aescr?bed, the jaws
308 and 3Ddtmstyganyelawayisaghspihe 13 (asymhegicicaliily idefimdue thevagifrobesach dther from a
'0”9't“d'”ﬁl%’;(‘)égv%é%rPcPﬁ"f‘é'?Actgng‘rgd}”ﬁ'ﬂU?a?f(?%a:?igaﬁc%”aﬁol%ﬁﬂﬁé&&zﬁscﬂl}é%@?gAH@% 3C, the

inner edges and 311 of the jaws 308 and 310 form an angle, and in'the open configuration, this
angle mayibeiabcayia0’degraeselhasthnr wibothienaes cisatethbeio vt by asenhe ddhe 309 and
the inner gdge;31d mayde any value from about 1 to about 359 degrees, Including about 60 degrees,
about 90 degrees, about 120 degrees, about 180 degrees, or 270 degrees. The hinge mechanism 306

of the retr cannula device may be made of metal or plastic, or gther simil itable materials. In
adidition 4V Einanical NNGAL RAL CoBIGE a ULt LB G RAIERAE I gae S06s Shd 206 rotate,
some embuoatihegntstimaybutidizedy|RA6Y tiinden JhEliving thingdanaywcdmpr seaoydnateakthat can be

TaShiO”e%qu %tﬁi@écf %Lb%% SHRs Which nay ﬁ%ﬁl@%ﬁﬁh&c}%@!‘&% o diffese tnﬁﬁﬁtﬁéf il as the
instrument shaft, and may é)a metal, plastic or other poﬁ/mer. In some embodiments, other
articulatiomsairiycBbhirgsd e incubing Gan-ang ssbkemoner. kné dhelke pisbbmessdane articulation

between the dubsiarhady. L0R Aiching. iaws-308and 341G mavhe oanfiguradiia heislisable along the

tubular body 102 for additional maneuverability. Additionally or alternatively, the entire retractor

assembly i8¢ BeEspgrEddDE i das EIar Ay thE Bt BaY, with BravithsirFai™ngulation. For
example, thgdrelrasiese|evnasisaia felracior assempiy may. becoupledtordubutan-hady via a flexible
region. [0072]|n some variations, N the retractor assembly 300 is jn an open configuration, the
s 308 SHD 510 BT oo AAIE VO RR Eh b A M B R o HEheld of view
of any vistadig afioh insthingentébiatnmay Becuséfhwiill thendl/@: 2011048 R0SRCEE/1d F2(209/061358
retractor cannula devi r example, where a visualization device. (e.g...an endoscope) is provided
petween fo e A 2 G R e e S M e L BR300 i
an open chfiurationvriiy providie atfotwarditobking chpabidigawhich disjnlieipenhance the

visualization and isplaginght Sz dpruatdaRaking.crpahilinimayP&adiusred @caqidipg to the tissue
to be visualized and displaced by varygqg%lthe angle between the inner edges 309 and 311, adjusting

the flexibilit§drthe YragEIHTeRhdris AP o8l ARITIUETY ity BRECEFEIA HY sHape Onileyaii3bs and 310,
and othervglated§861@ice (c.g., an endoscope) contained therein may still be able to acquire

images. The first jaw 2208 and the second jaw 2210 may comprise additional features and

have additional or different configurations, as will be described later on.

[0078] In other embodiments of a retractor assembly, the retractor assembly may be
an extendable structure, where the extendable structure may be provided with one or more
support elements. The support elements may be oriented longitudinatly, rédiaily, and/or
circumferentially along the retractor assembly jaws to support the various configurations the
jaws may take on. The configuration of a support element may be complementary to the
shape or configuration of the retractor assembly. In one embodiment, the support element
may comprise a helical configuration, for example. In some embodiments, the support
eleiments may be located about a tubutar body lumen (e.g., lumen 312). The support elements
may comprise any of a variety of materials, including but not limited to a metal and/or

polymeric material. The support element maybe rigid, semi-rigid or flexible, and at least a
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[0073]In some embodiments, the working space 136 is in communication with the tubular body | 02.
Referring to FIG. 3D, which depicts a cross-section of the retractor assembly 300 along line 3D-3D
shown in Fig. 3B, certain embodiments of a retractor cannula device may have an inner shaft 316
within a lum&P31Y/8158 tubular body 102 that may help to support any Bl orte A ontrol and/or
navigate the retractor assembly and actuate the jaws 308 and 310. The inner shaft 316 may be axially
slidable apongpthe lbagiipainad@xis (Ala) to- actubte the mpldriofthejdws:30B8and 34t and may be in
communigation with working, space, 136, Fior exampler ihe, umen 312 ofthe aper shaft 316 may house
at least a porat|on aJaw actuating mechanism. One example of a jaw actuating mechanism is depicted
in FIG. 3BssAg'giown there, the inner shaft 316 comprises a tab 315 that may articulate with pins 314,
where the pins 314 may be coupled to the jaws 308 and 310. Sliding of the inner shaft 316 may
translate the talby3R4diishRayboiaterthenRinsn3 hddasniibaidhejaws 308 and 310 may pivot outwardly
(i.e., may move away from the other, or move away from the longitudinal axis (AL) of the device). The

inner shafy i may be conltallet 4sing A0 ACHAIRLAN e hapdle 14 [or example e sider 110.
Other emboditents may Use other actuating mechanisms, for example pull wires of struts, to open or
close the fawsaFhiopeikwiresavey hilode aewmiicor ﬂ@tﬂ)ﬂh@?mmﬂ”eg?_mmﬁﬂa‘%/fbé single-stranded
or multi-stranded; anchipaxpalvegth Wisted o Rraided:membeisi Batibather fxampless the

movement of the jaws may be asymmetrical (e.g., one jaw may be biased into one position while the
other jaw ¥ GRBASER I GF aiterdhinte Beee Asss Bedidhin A6 WIHTE BHEs AL RS BtRér jaws are

movable. . .phaperad.-ShapeoReitaciar Assemply [ tdiAneihercabadime rtefaietactor assembly
401 is depicted in Figs. 4A to 4F. The retractor assembly 401 comprises t ments, jaws

> o retractor el
408 and #T52RGGIRGHIINN 6 AmSTHARER PaHEBAIR SR 8 S RtELY %@éﬁﬁ@ﬁ?%aﬁ?g brise one or
WO 2010404 82068RC:TiddS2 009410611 358 mdredrettdttonelemEntsxaughcahp godies raapsylobes, tabs,
jaws, and Ehe Iilhe. The[-)é ws 4 t8 and 410 haye Cl%rv%j%gs Eha}l%gt ?f&'&@éﬂ%{@e%ﬁ%nd the midline
499. As sh6Wn i i‘las. 2‘,&&5%(1 ﬁﬁf“t E’eaj%v?/s %goi% %perea’wllltch one or more S]Iopes or angles along a
longitudinadtestis g cgee nlidlinea¢99 sAsshowenmnitherstipetivediew g FigioaAinthesseractbs assembly
401 has 3 fist yaluie o0 Adiraterafinef telan At whete e sl RUNAERAS Adis! taper thal

is generally smooth and rounded towards a distal portion 402; and a second taper that is rounded at a
distal portenigoRtipymaR s ssefosenip Do AR/ ShewWs Uit oh 8NaMPio oS pEtapered towards a

distal portign#03. & 91 {RetaRrarehihrlamAo8 mavhadia fraximaly and sterpadistalpenrig. 4C
depicts a side view of the retractor assembly 401 that is perpendicular to the views shown in Figs. 4A
and 4B. ARG e faciHBL (il i Of @b te AR Lr8 B U U A SRERE FROM the surface
curvaturejastsegedimfigsdperichiiewoidhe¢elmetofoasisambin 4dikni £tlel cu vatuteoof the jaw
surfaces are.non-uniform.around the,midine 499, Fam (e side,view, the relfacior assembly 401 has
a more graduar or uni Srrﬁa’?apgr along QRSB SORd prate A% gompare’ tothe first profile shown in Figs.
4A and 4BisPhiz nraydessaralse. id Fys Bf g 4echihiiersheqgahsuil@ednd 4¥0rhava at least two
different GHIVERH RUIRERRILC G U IPRERISWTRGRFRNIOMA SHARKIOL ViR W AR A gecond

tapered surface shown from a s_id@ view perpendicular to the superior view), in other embodiments, the
cross-sectighwrtEldéototite hizhspanmete oitiews tapiredlPaPtiduspe bRt HiPkttbérior profile,

where the,tapgf.af thesjaws A08:.and Ale.mainaeasaiseNmaly-andiondasrease distally. In other
embodiments, any tapere or,non-ta_)%e(ed configuration may be used. While jaws 408 and 410 may

have symFRBHESEErs O ARENSH iR EHEICEYY BEhEF PRI VAHBROASTRRER i R%ve symmetric

tapers onmetefaan Mg jawcsuaces (whicb.mamardpayxnatiieeithogomaljieard/apmay have
asymmetric tapers as suitable for atraumatically navigating through the target tissue enyvironment. In
T R R %

this particﬁ?ﬁFsgx%%ﬁfé??ﬁeo é%%“&“d%‘a nla Ve A°Ch & on 81533 nb"i)t TR R & angle (see

ave a cross-sectional profile’ with an acu
Fig. 4F), whexedhe@pibbsfosntarfiattapereditipid 0ddnitheciosed coifigutationFaseshowia,in Fig. 4C.

the jaws may be lockable in a variety of angled positions between their inner edges, from
about 0 to about 180 degrees or more, including but not limited to about 60, about 90, about
120, about 180, or about 270 degrees. The movement range of each retractor member may be
the same or different. In certain examples of retractor assemblies, one or more retractor

elements may have a fixed position, while one or more other retractor elemernts may be
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[0075]As described with respect to retractor assembly 300, retractor assembly 401 may have the
same or similar configurations. The open configuration is illustrated in the solid lines of Fig. 4D,
showing the action of the jaws 408 and 410, while the dotted lines represent the location of the jaws
408 and 41091 M GHE%Y configuration. The jaws may be urged into the BpEN IRt thton by a
rotating hinge 406 in the direction of arrows 405 and 403, where an angle is created between the
edges 405 anhid 1 Eoasththeldaws«ssunadiecoppneanfigugationdnibe psae eorfipuration, the angle
between edqes,499 and 411 may be.any WO, 2010/048208PCT,12009/061358 valye from about 0
degrees 8 About 276" egrges B more, ihela mglup o about 30 degrees, a out egrees, about 90
degrees, afboutiBOidegreesitabger 180 degeecSabmusi 70 dedreks oenores Apmeltioned
previouselL SN STINOSITRAR, Do aNS 405 841 008PIARKAPEN fclase syetcaly, and
in some embodiments, one or both jaws may even have a fixed location relative to the tubular member
102. The berizting shaeHhpreoLie rewheioradssersgdErinignbe the same or different from the
actuating mechanisms disclosed for the retractor assembly as previously described and depicted in
Fig. 3D. Hiugemecharisms paanfigpsai pns:iflet eions rand theissasibiatianyavwshheewsrtiescribed and
shown proyigus| et e F8::3D, 3 d’gé‘o‘%lﬁgu% AR ARsemBl 19978110 cedtain embgdiments of a
retractor assembly; the Jav%s may notbe &

embodiments, the working space may be characterized as the aggregate space directly

between any two regions of different retractor elements. The working space may vary
depending upon the particular configuration of the retractor elements. In some embodiments,
the retractor assembly may characterized by the maximum working space achievable by the
retractor assembly within its movement range, where the maximum working space may
provide a forward-looking capability that may help to enhance visualization and displacement
of tissues. The actual working space and/or maximum working space of an instrument may
be restricted or limited by the surrounding tissues or structures. One of skill in the art will
understand that the working space or the maximum working space may or may not correlate
with the maximum viewing ability provided the retractor assembly. For example, the
working space when the jaws are about 180 degrees apart may be low, but the position of the
jaws may substantially displace greater amounts of tissue away from the endoscope tip than
the jaw angle which provides the maximum working space. Thus, in some instances, the
effective viewing space may be bordered by the displaced and undisplaced tissues
surrounding the distal end of the cannula device. In some embodiments, it should be
understood that the working space may vary with the geometry of the retractor assembly, for
example, retractor assemblies with an elongate and/or tapered or rounded jaw configuration
may dilate fissue more than retractor assemblies with a shorter jaw configuration. In some
embodiments, the inner edges of the jaws may comprise a smooth, rounded surface, which
may help reduce the risk of inadvertent snagging of tissue by the retractor assembly. In
certain embodiments of retractor elements, the inner edge of the retractor elements may be
configured with a variety of tissue-engaging members. Tissue-engaging members may be
useful for dissecting and/or removing a portion of target tissue, for example, during the repair
of intervertebral discs or for tissue biopsy. In other embodiments, inner edges of the jaws
may have tissue-engaging members, where the tissue-engaging members may not be smooth,

for example, tissue-engaging members may be hooks, claws, graspers, teeth, and the Iike.
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symmetric about a midline of the device in shape or movement. Figs. 22A-22C depict an angled
retractor assembly 2200 in an open configuration, where the angled retractor assembly 2200
comprises a first jaw 2208 that has an angle 2203, and a second jaw 2210 that does not have an
angle. In soM&@eMB8tiffients, the second jaw 2210 may be optional. The ¥rt§awP P68 #hay comprise
a rounded tip 2204, where the shape of the rounded tip 2204 is such that a rounded tip cavity 2212 is
provided theseirarnifle engla 220 mayhaveannangls betweenilhdagreerandkabregrees, for
example, from about 150 degrees to about 179 rees, or. from about 100 degrees, to about 130
degrees, &f abott 129" %%egsr%%s %%%Ohst 8%@“&5@%35 graﬁlgré ab‘glcjf? %céﬁé%%é%’ {5588tk 120 degrees.
As indicatetipréliolstyratihe angletlygtra il asgdmply 2280w shewer trarer ingtsatpdidcarifiguration.
When act 0. it | configuration. at least a portion ef the first jaw 2208, e.g., the.rounded tip
2208, may, Ditend e e i e P s PS8 grasp
and/or hobkdissitratimitsie rotgrieg Wy 2200 athe idegreeltbf whilehdifssueivcengugediigybel adjusted by

varying thg.angler203 flengwith Ries feaiessas Wl be,ArseHRadMARIoW.{MSame yafiations, the
extension of the first jaw 2208 beyond the midline 2207 may not enclose the retractor assembly 2200,

where evéffifi et EatRoltgIrafiBi Ak BrbelitrsyPirouRdist RorecGhiass BriBStubular body
2202 maysEtH axitae; retiacterassembitiz2Rdkor igxample i the-sleser, configuration, the first jaw

2208 and the second jaw 2210 may form a side aperture, and n variations with a single jaw, the jaw
2209 may FOTAF S SIdk A GHETE MR THERUEUT B )-5263 e SHAS r M HSF A £308 fo such that

a first jawcavitye 22Q%h seanteineaytheveidifanthogoepidtadiid kign22Bethedirppjapriaavity 2209 and
the rounded tip. WO 2010/048208PCT/US2009/061358 cavity 2212 may, be incommunication with

ech oo e G L St L R Ty 8 S TRl D1, S Bl 22, tht

may be uséd terinbese deiushbsdiation ot corirastaagbeniTing igofkingus pageb2 288omsuithelgenerally
defined asgéaﬁé&gjgrLba&%&mﬁz}%ﬁa@w&@ﬂ%ﬁ@%méesae@& 1AM &2 9p2nd may include the

rounded tip cavit 2212 and the_ irst jaw cavity 2209, as well as any additional space created by the
retractor a%%@ﬂ@ iy THO S AvitasshesUe. oo rmgaelaathlh e SHERFBrsRAE A88eh¥B8r embodiments,
the first jawid208 Y, b attashrdtotheidanhedy.e 202408 hings-2206,a the;gide, as well was a

secondary hinge 2205 on the top, as depicted in Ha. 22C. In some variations, the hinge 2206 may be
a mechantCalRRGEME G4 Bin, 'SEFSRE FotstABIENHISHIB S RRET IHRAHIRS, Mo HE 880t fdary hinge
2205 mayviae dilifsrghings thaomay:hend thuti nokreisdieiny genseal ranybsuitalle higgrmechanisms
may be used that.allow the retractor.assembly, 2200 fo open, clase, and b as desired. While
ocond i 3510 T SRBAG fr TIGE BB RTB o St i 08 et CEUpeed the b body 2202,
in other emmm@mmg mpyrdlse bégc_dﬂlﬁledstrmmimg!érf’bcbdyiﬁmmrd)hnﬁlgmmamsm. Second
jaw 2210 @agxgt?@gmgsmﬂxmrﬁ%dﬂds%Qamm@ggkwe 8,595t inather varialions. the size of

each of the Jaws Wwith respect to each other may be varied according to the qu|red“Iéi/eT of tissue
grasping, #itathsss antherdartpedansy.the somrerIBogents, theetitstyinble 208 asmiatiaydewnnd jaw

2210 mayhemads pha siaasterialdanapicali tanserarsni.gedbangvendndhe.clased _
configuration, a visualization device (e.g., an endoscope) contained therein may still be able to acquire

images. TH& stEN I8 Aa Pl ¥eeHRE AN I DPEE RN CoTISHdE HErifisRerTRS I SRd have
additionaler tifferent candigueatippsas sdlybe described dateoen: [RR7@lnetherembadipents of a
retractor assembly, retractor assembly may be an extendable structure, where the extendable
iructure 55 GRS A R oF o B b AR SPHA L BSHOR B Rl e ariented
Iongitudinaihj, $adipdk;g®mﬂ¢og dﬁmmﬁfemtiﬁliy@ow@&@@leﬁg&ﬁpﬁaﬂé&ﬁmtﬂﬁfgjmwm&m pport the
various C%%%@HQQ&W%@‘A’?WX ke o The.configusaton, .g.aliuef)r%%gegl?cmﬁn% may he
complementary to the shape or configuration of the rétractor assem ﬁy. n one embodiment, the
support elrierinpsaycompride i tellcahedafguradioriofdr thxanprerancso. antbodigrenty, the support
elements may-helRCaeH AROUAHINNERRRAYHYRER (R thndiTRR )G SURRAL; lements may

comprise any of a variety of materials, including but not limited t6 a metal and/or pofymeric material.

The supp&tteRéienthiayisedrigithedanst-figsa: of Melitie 3 Ghenax kegspde of the same material as

the jaw 500, but may also be made of different materials. Additionally or alternatively, other
surface enhancements and coatings may be applied to the inner edge of the retractor elements

and/or protrusions, such as hydrophilic or hydrophobic materials.
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WO 2010/048208PCT/US2009/061358 portion of the support element may be attached or coupled to
the shaft, the inner or outer surface of the retractor assembly, and/or embedded in the inner edges of
the retractor assembly. 4. Retractor Assembly Configurations and Mechanisms [0079]As described
above, retrattSt Hi¥&tHHifes may have one or more retractor elements, foP ek&F7S/EHAS, that may
assume any size or geometry as appropriate for atraumatic manipulation of and navigation through

tissue. Whilgsexamplesofsnrehanismefo; actuatingadetiastorasasnbinhargabeen described above,
other mechanigsms ma bfiga?ed to position the retractor E\ssembl in a varigrtg%of configyrations for
i t

various fURCHBIS PRCCSIESiH S OBRISHES: B AN BATS R IR SRRGREL PRV AR o SBLE 18y may be
biased towartisione toppiilyusadionroithero tlE] Gr B 8ithingloonfigtiratio poFomdxanple;rtfie, jaws or
retractor ?F'&%‘?’l BdhaY ke s'%&%%%%‘?% 058 FHO38A S 8{‘@1%&%3&[92}}35%6%%& I Ihe, absence of an
actuating force, the retractor assembly remains in the closed configuration, an adsumes the open
configurativheherfitesnatigtited aadroanadtorihs sempiy wWithienbigsiowsedsthidinsedvdoalfiguration

may be used, 19 Hapipiate 3N QLorRRlissue o RxaTMRIe. fOf FEIPRUA! ofeRlagementdn other

embodiments, the retractor members may be biased towards an open configuration, such that in the

absence 745 SELORERRY FopEed the Yatrietorterd s et i s pEr b GHRG U Ation, and assumes

the closed:genfiguratienthemactisaied. A reliacierassempbyrwiibie: Ridmiawands thenamesr
configura%gr&gm be used, for%gxampl&as a dilator or displace tissues or structures. A variety of bias
h

mechanis BN E QS LA GRS AHCTSI B IR LS FPHGISY BE88d to maintain the
retractor remrenisieimni pastiowlaiscahfigitatiothéelgalie biashapringR182 showmiinkiging1B), but

forces may be, applied i, ayereams, e, sbring force.and Jo ignsiion fhe eliadior membey (<) o an
alternate con iguration. € spring or other bias member may act direc Iy ono or more jaw

memberspon m@mﬁha@s—a@mmm@gamgwmmmﬁaﬂmmmn@@@ie@. Bf course, certain
embodimgntsynayack ahias A &P IoAHAN: '5]rﬁ@i@QPQHHQQQMQP'[%EQ%{ﬁUéQ&r assembly may

be releasably lockable into one or more configurations. For example, the jaws may be lockable in a

variety of ¥HalEaPbsiicisBetvetmer ivdccages sishrapaigrelichabait sty sgidaedor more,
including bytunessimitest arabaul 60: a8 abautE20n RReMtAB L REaRaUbLS (0 Hegrges. The

movement range of each retractor member may be the same or different. In certain examples of
retractor 48$eMBIYEBREGIO RIS RRTHRRIIPaYd BRI g EVaLERRbEP BULITYAC WidedAe or more
other retraatesigimendisumay be

[0082] The distal portion of retractor elements. e.g., jaws as shown in Figs. 3E and
4E, may be selected from a material that is transparent, which may be desirable for the
operation of the port components, such as for visualization devices. In some embodiments,
the retractor assembly may be formed from ri gid, clear plastic, while in other embodiments,
the retractor assembly may comprise a flexible, deformable material. In some embodiments,
the retractor assembly comprises an opaque material, but in other embodiments may be
translucent or transparent, which may facilitate the visualization of the tissue or structures
adjacent the retractor assembly. The distal portion of the retractor assembly material may be
stainless steel, cobalt chromium, titanium, nickel-titanium, polycarbonate, acrylic, nylon,
PELK, PEK, PEKK, PEKEK, PEL PES, FEP, PTFE, polyurethane, polyester, polyethylene,
polyolefin, polypropylene, glass, diamond, quartz, or combination thereof, for example. In
some embodiments, the retractor assembly materials may include the addition of one or more

radiographic markers or materials.

[0083] Although the retractor assemblies 300 and 401 may be generally svmmetrical

about the longitudinal axis of the tubular body 102, in other embodiments, the retractor
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WO 2010/048208PCT/US2009/061358 movable. For example, in reference to Fig. 4D, both the jaws
408 and 410 are movable or pivotable to create an angle between the inner edges, however it should
be understood that in other embodiments, either jaw may have a fixed position, while the other jaw is
movable. In YEPetEG&%dFig. 22A, the jaw 2210 may be fixed in a given I6EABH &1 1HE jaw 2208
may be pivoted about the hinge 2206 to obtain a desired configuration. [0080]The working space
provided bydhbretractor assamibiydnayche charaeie Hzechblifll168pertits thexgeomeatiyband
configuration of the relractor elaments, & d,, Jauis. I certain embodiments, he working, space may be
characterl28d 85 thé alggreg e spacé} gﬂrbcl}y stwesn any tWoyregl ns ot different retractor elements.
The workingrspacbrmayivahzdape ridingappie tte particolassontfiguratiogu oftttremetractor elements. In
some embodiments, NIRJENAGIDLARse Bl MAv ShARCIRNE G MERSAMUD ARG space
achievable by the rétractor assembly within its movement range, where the maximum working space
may providédafarivere doolirgeapisitheliay maifelpocerpareebodmanatibp EHacHisplacement of

tissues, TheActuaWO NG SRACHARFLOr Maxinum Werking SRacePlamiRsImeRhMaawPe restricted
or limited by the surrounding tissues or structures. One of skill in the art will understand that the

working spEE SRS hARTBPRUNG ASTRISIP4RR HhgS) SiFTray Toh cbf STARS \RidF tHR haXifiEim viewing
ability proyiged:-Hae: ietraciar assrmbior canexample: the warking space: wiefdheljaws.are about 180
degrees apart may be low, but the position of th(%aé{v%ma s%b%tarégal%}/]distlage greater amounts of
tissue aw Vﬁ%ﬁﬁl h"brgﬁ%%%rc%sﬁgnﬁ YRR ¢ ees’]%‘f?/v arrllg SRR p"?’ ides uemmz?&lr'fzﬁurirla“*‘\llxllwfcl)gfk"i)ng space.
Thus, in shmeigstasces, the effective viewing space may be bordered by the displaced and
undisplaced tissues surrounding the distal end of the cannula device. In some embodiments, it should

be undergigggd that themq&a%é@gp&mwyij@51‘@@&9&@%%%}; relragior@gsambly, for
example, retractor assemblies with an elongate and/or tapered or rounded jaw configuration may dilate

tissue moPeBgdRvEEtr a8 Eé R ML Wit i -SHEYISF St bt andisdiie dritsBtfiments, the
inner edges-Rthe [FwsdhaysempisaiasBoathetauagedsHiaceawbichicaaylhelfdreduce the risk of
inadvertent snagging o tifsue b tl—ge retractor e%}ssembly. In c%rtain embodiments of retractor
elements,"THAGIAEP 67 (e TRt A B TR Ay B KBS ErRM R Sev ARt 8f tissue-engaging
membersmEdsugsengdgingamemb érsua b sefulfondi sseetingoangiompie niovingaat@ortion of target
tissue, for, exapmple, dhing e enal Gl infenieriebral dlack ardon sy, Biopsy. dn,gier embodiments,
inner edges of the Jaws may fave tissu -engaging mem%ers, where the tissue-engaging members
may not béegierobiiey ibrfekkrpble stissud-way &givies me miseesiarraip e hoolkesndavs!dsrakpers, teeth, and
the like. W&@.O%[949é@%ﬁ%&{éyﬁg9%99&%5%9@%&3%@%&@%&%ﬂg@aﬂ&g fmggabers that may
e

be used with a retractor assembly, e.g., retractor assemblies 300 or 401, is shown in Figs. 5A and 5B.
As depictéif eyt ihgdipielodayErgsof HatFasidf ASYEMIER TP St A BR Pt with

tissue-engagingdeptbe504 tkhe legationaneodentatiansefine teath S04catbaminnesedge 502 may
help to reduce the risk of inadvertent tissue sn iani while actuating%gﬁs) 500 for the displacement

9 ,
and/or dil&HBHEF S FRE MHOSE0 Ry HECISEH ) Bhdae He&® B PESBYI PGissection,
biopsy, angkthedlika)¢sing deeith 504l hewse akihe tectivafd nay heacanttalled by one or more
buttons, side actuatars, dials. \evers, ele, of e handie. Lig, as,described previonsly, Whils one
example 5?%?5851133{%&913’9%9 members are ﬂﬁjs%rvafed In Figs. EA an?ll , In other exahﬁp’les;y
tissue-engeairtg deempar mathtiave diffdrentafenmetriending trrangederitsrasapproapriate for
engaging J08 IISL UsSiea R Geale, SMRRITRE IS AR SHOUND oA @NdpByfhigdecth S04 may
be angled with sharpiblunt vertices, as shown in Fig. 5A, but may be of any suitable geometry, e.g.,
domed, trdpessieit e ieatmang deddidonids] Betes B2 Yl Be daifoeHhk: 3deRIA slant with
respect topihig INRer @eemOLtorpRtimally seruse dissuaalelsipiiaheantach Buhilisheidddbe

understood that tissue-engaging members may be set in alternate conformations, for example,
tissue-engAgiRy e HB &PE AL Be HYRuARSIIG SEISRIth RETRt BRI oFHFYIRME, and the
tissue-engagiagmenber dsviay He Ofhemunifoirdskapesxdhpldagreaitd whicksthedeetoh04 extend
beyond the inner edge 502 may vary, with some extending beyond the edge 502 as shown in Fig. 5A,
but in othepgmpodiments, ligHe;rngaging, MeraRAES MY ACLRIIYHS ug¥iERdheyond the edge
502. The tissue-engaging members on the inner edge of the retractor elements may be set a suitable
distance dWNPibiE thave dgactalifsh et e suYFbthamoess il atiHrd the Pevipaioh Bfthe retractor
cannula dgyiegtenvandsiihe faraeh bodysegiRi s emaemodiments: the issvenengaging members
on the inner edge are set approximately about 0.1 mm to about 1 mm or more away from the inner
edge 502 of jaw 500. In some embodiments, tissue-engaging members, e.g., teeth 504, may be
arranged along the perimeter of inner edge 502, asldepicted in in Fig. 5B which shows a bottom view
of jaw 408. As shown there, teeth 504 may be arranged to tile a portion of the inner cavity of the jaw. It
should be understood that any arrangement, and any density (which may or may not be homogeneous
in the entire inner edge 502) of tissue-engaging members may be used in the inner edge. The teeth

504 may be made of the same material as the jaw 500, but may also be made of different materials.
Additionallvy ar altearnativvelyvy nthear crirface enhancemenite and coatinae mav be annlied to the innar



[0081]In some embodiments, the retractor elements and any tissue-engaging members provided in
their inner edge, may be made of any transparent polymer, such as (but not limited to) polyester
copolymers (PETG, PETE), nylon, urethane, polycarbonate, acrylic, and/or silicone. In some
embodiment® 4A& P&H¢or elements may be made of an opaque materiaf CAtERALIEYSr additionally,
the retractor elements may have a metal frame which may then be covered with one or more of the
aforementiepad-gelyimecsohhp diameyaaybe madepabbiyh noh iteekto} stadnlessgieekditanium alloy,
cobalt chreorzrgiuq'u, fungsten. tatntalu . In cer ain em%gdimtents, aélleast,a poﬂrt(iﬁ}ral of the retractor
elements r}ﬁalgllpo% made &%?gs?a I Srﬁgeff\e/elv%}%g ﬂ%éﬂg}’, e /EFatterer Séﬁ{%gﬁﬁ% be
constructedahradio, ppadde materigdstoralowlhis iralizationy obtirefdistal fiieodttiblida: dody 102 in X-ray
imaging. iy, oHher.embodioants, e, rstrasior elements inchids,a masksr gr.etier featyre(s), making all
or a portion of the retractor elements perceptllgle using externa]l imaging modalities. In another
embodimésitseher srapkéragpteattresissa Fadis epigdensries saiserneiizeh/iightidditioratiyththe retractor
elements may.beconsirclad At materials.that argd '%@%%@Qghwmé%y%ﬁragther imaging

modalities, In some embodiments, some portion of the jaév)ée.g. distal/forward-looking portion) may be

made of PESRRGIBIET (B IATHIPEIZR Batiia iR <t FasIh P HRERb VOGEPEER & 1ERATHG fon of retractor
elements pe:@d, jRVRRDSNBWNIBSFIESsoBke BRbAEEIRY Haseleaterlirona . Mmalariah that is transparent,

which may be desirable for the operation of the part components, such as for visualization devices. In
Some emBBBTRILTS LRI PSP S LI AL FOHA T e Sl SRR 1 other

embodimebts; theretrasctorasseimbyninayeamphise: & flexxbicntefetmablé: m@ierialsdasome

embodimes, e [elradior assemoly ombrises.an apaguemalerial ut o oer embediments may
be translucent or transparent, which may facilitate the visualization of the tissue or structures adjacent
the retractorcamseitoly! Tivehdistalbpdiientoththe tetsaoter aksehblyvmeatetigtmepeivetstainless steel,

cobalt chromymtARMM UCkRIIRAI, RANGAIBANAIR REN it Y IoR: R&E!S R REKK, PEKEK,
PEI, PES, FEP, PTFE, polyurethane, polyester, polyethylene, polyolefin, polypropylene, glass,

diamond, §iF&PE?; P e6hIBRIBRIGHPRSIEST SoPexBlfisie MhiBEAEI B ENSE 3N tAR FitFCtor assembly

materials mayi ineksdedne additian atrNe.or MaradadiparaRhic markersalmateralhd00§3]Although
the retractor assemblies 300 and 401 maé]be generally sgmmetrical about the longitudinal axis of the

tubular bdB*P82, 3R BtHet BISHESIRERL! the FEHETRPRVO ST TS G8RE 7/ 850087061358

about 3.7 microns to about 4.3 microns, or about 4.6 microns to about 5.4 microns. In yet
another embodiment, the wavelength is selected or adapted for use in distinguishing nervous
tissue from surrounding tissue and/or minimally vascularized nervous tissue. In yet another
embodiment, the wavelength is selected to distinguish nervous fissue from mauscle,
Wavelength selection information and characterization and other details related to infrared
endoscopy are found in US Patent 6,178,346; US Patent Application Publication No.
2005/0014995, and US Patent Application Publication Neo. 2005/0020914, each of which is

hereby incorporated by reference in its entirety.
5. Steering Mechanisms

[6086] As mentioned previously, one or more embodiments of the retractor cannula
device may be provided with any of a wide variety of steering configurations, such as the
steering mechanism 120 depicted in Fig. 1. In one embodiment, the retractor cannula device
is steerable in one or more axes, including a device with two axes, In some embodiments,
one axis may be a rotation axis. In another embodiment, the retractor cannula device is non-
steerable. In yet another alternative embodiment, the refractor cannula device may be pre-

formed into a shape that is adapted {0 access a portion of the spinal region or other region of
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assembly may be asymmetrical, such as retractor assembly 2200, Other retractor assembly jaw
configurations may also be used, and slits or windows may be optionally provided to increase direct
visualization. For example, the retractor assembly configuration may be altered using different jaw
shapes, varigifeWiiHiiness and/or by pre-forming curves or fold alond‘oH&BFH18¢EF8gions of the
jaw material. In certain embodiments, the retractor assembly may have small apertures, such as slits,
near the digtabtip. toiallgwdorissigation ahadminiskalion efdbempaitiasgertsiethedaiget site. As
such, the retractor ass mb!?/ t the dis&gl-m&t %ortion ﬁ%he retractor cannula device may vary in
structure ARE SR TSR AP Ao TSP SEL IR RTAY GUEMRAHT BTt help reduce
unintendex: tirauthrartoctivéntangie t tresutha R84l de senbed preioushycdties awsaofigy ngtractor assembly
may be agialed usingeers, slle, actualars, buians, sic,provided alahands, 6,gy figndie 118.In
some variations of a retractor cahntia device, the retractor assem ?y“ may be steerable, and the
retractor ¢apniuiudevice snaypiseinraiie bedreconsindlexsiveraymednanibare sagtostearingt mechanism
120, to naydgate iy ovgh @AM MBANIRkALE HisRYS- RALSAMRIe R LeUASIQL asseblymay be in a
closed configuration to facilitate insertion of the retractor cannula device through folds of tissue, and
may be opfSAEd 5 e dRHnphie DewReHaRbIS! SheissaEN T sSHIEvaRGoRs Pasi&titioner may
advance theisatiagtorcannidla.device yoser dirgebyisyalization to manipulate, dilate, and/or displace
surrounding tissue to create a working space in a tissue region. As the retractor assembly of the
retractor ‘i?mﬂ%%laﬁﬁi&? expands its jaws from a closed to open configuration, a working space or
opening may be created in the surrounding tissue, thereby easing the advancement or atraumatic
maneuverability of the retractor cannula device. Thereafter, the atraumatic retractor assembly may be
deployed or otherwhike&ibbed 48 Reform surrounding tissue and/or to make space available (e.g., by
displacing or dilating the surrounding tissue) for the retractor cannula device or other treatment device
provided B§O8ME or mores weorddgdohanive yinericbularsbmdiicitis g dntemplatedithatubobuor more of
these me S i inati ' t rrounding ti n variety of
other met s Ly e of
which arelgesengistsd bedovieJBOS5IEWMb pteN i9Df eoTeitrEcter tanfralardeviebahtay thavigate through

and maniP&lﬁ&%ﬁ%&h’ﬁﬂmﬁ‘%ﬁ&iE@%%%H@éi%%@ﬂtdﬁﬁ&%ﬁ}ﬁ%%%s@%%ﬁ%@@%lé‘@o&?d?ﬁ’éjéi%@ﬂ@ of an

instrument in a targeted area. In some retractor cannula devices, a visualization channel may WO
2010/04850EBESY ENGHRIGEPLE LEBEHAS B FEBERS Acdormbusiiehits slhtafie Abpropriate imaging
devices, gifer@NIRACORE bR AXaAMPIR sheciastiviaenid ay ke Siparadiisiag dpfarmatiomesuch
imaging or physiological jnformation, provided by the instrument, The image may come from a fiber
optic e BIASTGHS 0558 PR A 00108 Sk M A HGIE ot BB OB oG B B8 nstrument. o
from a sen8drwitichmbynatiomob8ehspesstharbnenaribedima ), thelsensor Bidizeadignt tasgenerate the
image. In@not rembadiment, the senspr is adapted through.the bloody field as presented in
the apinal s BB B e B00a or other bodily
fluids. In Sorhedantbisdimentsictasastbbnminfrarsdwaaserigtharanspaimey toiBlbpd presetsted in the

spinal fielg may, haye, a.wavelgngth of 2haut 1 migiando,3R0utL 5 micions,dn ARsther embodiment, the

at least one infrared wavelength transparent to blood presented in the spinal field has a wavelength

between #BBIRREEHEDHNIRF APBHE fHerERI9rSfelan SthnERBBH M B Cffesiterb 858 6ie-infrared

wavelengiubiapspangnhiedigadpieserierindne.spialJield fasduavalgnothdeiween about 6
microns to about 15 mjcrons. In yet another embodiment, the at least one infrared wavelength
transpareft & BIgd dHrEs ﬁ?é’&tiﬁ tRerepiRarhaty haLseraveidnit Set s et s dhhicrons to
about 1.5midionsaaleautyl te mieiehstotahgutel . aictons dapeut, 2.0 Rusrans«oabaLt 2.4 microns,
about 3.7({Q‘irclgroqn ot&gbt%t 45%@2&%% S, .ﬁro%le%t 4é6 rgicrt' to ab Utb5'4t 7 'cr_oq)s. It get another
embodimént, the wave engﬂw 15 sélec ealor a 5p]“' ed for use i thsln%ﬁls umg Ref/ous tissue from
surroundideetissuelandrod mgnimatly Vascularized. nErupus djsbeaéshtheet epother engbmdiment, the
wavelength,is elggleddo qistinauishRamMeys tisshe Jom myscle . WMayelength selpstion,information

and characterization and other details related to infrared endoscopy arefound in US Patent 6,178,346;
US Patenteppliiadch thebiitdaom b vaodsroo 4o9sichir OS PateheMsHivationmuiedtion No.
2005/002Q9k4, each of which is hereby incorporated by reference in its entirety.
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5. Steering Mechanism.s [0086]As mentioned previously, one or more embodiments of the retractor
cannula device may be provided with any of a wide variety of steering configurations, such as the
steering mechanism 120 depicted in Fig. 1. In one embodiment, the retractor cannula device is
steerable in Wrﬁ)ezﬁwmﬁ@gaxes, including a device with two axes. In someEmBeaHastd dne axis may
be a rotation axis. In another embodiment, the retractor cannula device is nonsteerable. In yet another
alternativ¢@ashodimenit thencetracidifrean) watevicetmay hingreforeediatotaiahapsythat is adapted to

access a portion of INc spinal feqlon or.qther ?‘%% af WQ, 2010/ 208F G T (20071061358 the
body. The sﬁlape may Inc lide ny &fa variety o angﬂed And/or curve segments to access a particular
body site.tdhulet ErgtAd. embpdime ntptivelretrdctors éan Tacdeeie € 18 witndied withinrtle trocar in such

a way that;{he relacior SAnRHIB-Max RaVaRIGRHIG CARAPIUR I ARRIERGAQdnside the spinal space.

A steering mechanism, e.g., the steering mechanism 120, may include one or more flexible bodies or
the flexibleriayigam Jkhe sl theretraarobecatnlilacd VR A DOSPRARI SB[ & suhg A Hdepart by

manipulaiipehd CeREPLSUEN AR he IRvalakd2 lerated anineResing 448 MadQux.examples of the
steering mechanism and the bendln% region 124 and are d‘escrlbed in (t;reate.r detail below. B. Tubular
Body 1, ng fseigiomay be spaced Tarther apart than the slots located aboutf the middie of the

flexible region. The slots 272 may have 2 similar configuration or a heterogeneous

configuration. The slots 272 depicted in Fig. 6 also have a generally constant width, but in

other embodiments, the width may vary along the length of the slot. The spacing between the

slots ends 274 of a slot 272 may be substantially similar or different among the slots 272

comprising the flexible region.

[0089] As noted in Fig. 6, the slot ends may comprise a rounded configuration, or any
other configuration, including but not limited to an oval end, square end, triangular end, or
any other polygonal shape for example. In some embodiments, such as the example depicted
in Fig. 7A, the rounded ends 276 may have a larger transverse dimension than the width of
the rest of the slot 278. In some embodiments, a rounded end may better distribute the
flexion stress along the edges of the slot compared to squared or angled ends. Also, ends that
are larger than the slots, such as the enlarged rounded ends 276 in Fig. 7A, may reduce the
degree of compression or contact between the slot edges during flexion, which may also
reduce the risk of cracking at the slot end. Fig. 7B depicts the enlarged rounded slot ends 276
of Fig. 7A in flexion. In some embodiments, the slot end may have a more complex

configuration, such as the T-shaped slot end 280 as depicted in Fig. 8.

[0690] In some embodiments, the number of slots per slot region may be anywhere
from about 1 siot to about 100 slots or more, sometimes about 12 slots to about 50 slots, and
other times aboutf 24 slots to about 48 slots. In some embodiments, the length of the fiexible
region may be anywhere from about 1 inch to about 20 inches, sometimes from about 4
inches to about 10 inches, and other times about 5 inches to about 8 inches in length. In some
embodiments, the outer diameter of the flexible region may be about (.05 inches to about 0.3
inches, sometimes about .08 inches to about 0.15 inches, and other times about 0.1 inches to
about 0.12 inches. The wall thickness of the flexible region may be in the range of about

0.001 inches to about 0.G1 inches, sometimes about 0.002 inches to about 0,006 inches, and
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[0087]As described previously, retractor assemblies may be coupled with a tubular body, where the
tubular body may be used to control the positioning of the retractor assembly in a targeted body
region. A tubular body may comprise certain features that allow the retractor cannula device to
maneuver in"aA2HOMIEEK dense regions of the body, where tissue struct e ¥ 6AIE8 pse around
any instrument or device inserted therein, e.g., an intervertbral disc, epidural area. Retractor
assemblieshtoriaxante; teiaciehassermblies@a00—ne 40has descrbed abave, May ke directly
coupled to a tubular body, e.q., tuhular body 102, which may be controlled by a steering mechanism
120, as sﬁ‘é}‘\(/i\/griéJ in %leg?;lf% a?'? o § %Q{gfgfggstﬁoe%g?‘fﬁQ’%ﬁﬁ‘é?%%@iﬂ’?%*o‘ﬁ] '§§§gﬁ1%f?|exible region
124. In sorheuehBotinebetsy aheirddion assembly mby bexmayde €O0pladHs tuhbtar badg 102 by a
separate flexible ing.r of a tuhular body may vary. depending upon the
particular%%ﬂs%h.ﬁiggéergeétlrggcﬁtjg-g‘%%ﬁ r?]gl%%%sv%%g%?y eem?ci){r?ﬂlalfﬁgg flvﬁé“:tt) éécli(r}illegsl}%zlgsé?%bﬁ%g-sided
bending ré&ngeshith rexseetiortne relRfhinsbaitio atontHelf ibindrestvaft, The bewdigrap§asmay be from

about 0 degrieesdarheyihIncHearess.spiepAiRer sMBRiImERESy thehanding fanag may be from

about 0 degrees to about 90 degrees, and sometimes about 0 degrees to about 45 deg"’rees, and still
other timeﬁ%‘ﬂ&@@f‘d’éﬁ’r@ég BABIICIE SR BHE ST edRES, e sERtiAg e ElaTmsEesther side, if
any, may heilessithafs egval docangeater han the firshsiderHn semeembedinentsingreased
bending angles may cause creasing or telescoping of the tubular shaft, which may obstruct one or
more char(?ﬁgélbs?%ﬁﬁlr{]%ﬁ\ésq%nuf F #ﬁ.o%ﬁ(ﬁ%%%ﬁ%ﬁéwmﬁé@%d%ﬁh some
embodimehtst tblérhadies thetbenditlyinahge afithédubniar fhody [ oneeheaesaitaxionslots may be
provided gn.the tubular body. Fig. 6 depicts one embodiment of tubular body 270, comprising a
plurality of slots 272. The slots 272 may have a generally circumferential orientation, but may
alternatively have a helical orientation or other orientation. The slots 272 may be equally or unequally

spaced altiigthe longitlinsEidRptAOPMmEBING PHBFIST0 S Bhkca i tiseadisestiat are located

about the @adsafihdexibleeegiandnayip spaced fatheanaitihan dag.sipls pcated about the

middle of tpe flexitge r?iog.{ﬁél%e s?lé%ésﬁZ?Z may have a similar configuration or a heterogeneous

configuration. The stits 2 i iNFIg. % idth, but in other
IO HHE dfts’ 272 tepittéd iNFIYIHE AP0 iabds YETEamPERHEIh Wiét

embodimentsigtivedvitthuseeenéing albihg titenlerigifyofithe: shet.of hespaeiiigdepeen the slots ends 274
of a slot 27 stantially similar. ordﬁl' erent amqng the slots 272 com rising the flexible
region. [Oqg%ﬁgs;ﬁ%gtiégdl{ﬁle é:%e.r&”tf%%g B s‘l{én%y t?;!'@cﬁtﬁglepgri\ége&]a&rlgLIJJ i e%%é%ﬁ @%‘?ﬁ%ﬁ%? %ny other
configuratizhhonetgling blthsorlinsited orareclealendsgmare éndhtrisgui@menidindmany other

polygonalshanRdor xampie ol somermuedinanis.cUeR A e exampla depigied il g 74, the

rounded ends 276 may have a larger transverse dimension than the width of the rest o slot 278. In

some emBodiATBRISOSY e GRABH EranReay I5atBridrslirbleHecrsdislrat disdenehgpiibesiglés of the slot

comparedi i sqyaredratinngled andsiAisosends-thatarskrgenthamthe slets psuch asdhe enlarged
rounded (Igpnds 276 1in géﬁ? TA, ma% reduce the degree of compression or contact between the slot

edges duntigEEH 280REh G 9 MO PEAEE therridk BIMG SEKRGEERT CoPey ! Hignasbaepicts the
enlarged fatifidedcsloteendstRy Grahkigor 4 indlexion! iesone BDbegiaantsiitieslat epstdnay have a

more com tle?n gzosnlf@jj rz.l%tc.ﬁ?or}"tg%%gtgﬁ g&%g- 5{?&%81’?{9}1?3'8% &%%eztx%%toarscgggliﬁe exiznc:f!,: }?dlg cutting
or other damage caused by the movement of the control members 192, In some
embodiments, the ends of the control members 192 are secured to the lever 122 in one or
more retaining channels or retaining structures, but in other embodiments, the control
members may be proximally attached to form a control member loop that may be secured to a
lever by placing the loop within a retaining channel of the lever. In some embodiments, one
or more control membeys 192 or the control loop may be crimped, wound, sutured andfor
embedded into the lever. The movement range and force may be augmented by one or more
bias members 198 acting upon the lever 122. The bias members 198 may comprise helical
springs as depicted in Fig. 9, but may also comprise leaf springs or any other type of bias

member configuration. The movement range of the lever 122 may also be affected by the
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[0090]In some embodiments, the number of slots per slot region may be anywhere from about 1 slot to
about 100 slots or more, sometimes about 12 slots to about 50 slots, and other times about 24 slots to
about 48 slots. In some embodiments, the length of the flexible region may be anywhere from about 1
inch to about" 2P MEEE ometimes from about 4 inches to about 10 inchg‘lg?"%‘%%éﬁ%es about 5
inches to about 8 inches in length. In some embodiments, the outer diameter of the flexible region may
be about fi:indhes it abetitOc3 titches; spmetint® phowtifdQs inchesstocaligutia dbniniches, and
other timeg abat 0,1 inches ta,ABaut0 12 nches. The wall (hicknessiof dhe floxble rcajpn may be in
the range ota ou‘f‘&o?ﬂ ihches {0 ab6ut o aflncheg Somatimes about U.002 inches to-about 0.006
inches, amtyenNO020 1O 1048 2O8REP UBRG09/06 1358both &Y Zimes @btuts. 908sirtbhesto about 0.004
inches. Theslols,2ZanayNare:anayetege sietuidty in s wage.lalput 0094 nples to about 0.02

inches, some times in the range of about 0.005 inches to about 0.015 inches, and other times about
0.006 inch&3 teransit Grodinpthre Teeupsatingiseinesithaniiots bramayHbiinattange of about

0.015 inchesdnabeut@:d dnghesmrmeatimes abor0.020Jashaste APrULE.0R0-Ineh@saard other

times about 0.025 inches to about 0.04 inches. The spacing between the ends of the slots may be in
the range SFABSIETBO A REHES WIbBITTHS EFe8 St ATES B IP 06 6 THERES to about 0.02

inches, angrotierndimes abnutif004 inehesHiaabat Qoddnahes Jhaupaximippotiansverse dimension
of a slot engj1 rﬂ% be.{n the ran#e ofa Olft 0.004 inches tptﬁlb%g %P&%H‘Ch S, oth_ercfl es about 0.004

inches to about 0-03 e étg,rg %tWerﬁrﬁggl%‘ggﬁ 361" Inches 16 A8t 0 zTol‘r11cI:1f}:1ueVsl. '[If)l 91]The

steering ardtneamemberingof retracto ttassemhes andiflexblezrégiofen oththe tubular body may be
controlled using any suitable mechanism, one example of which is shown in Figs. 9 and 10A10C.

Referring igé3g. 9, therstegring, meghanismnd 200 cenfigusedhia-cavsenending of thetubular body
102 at one qr more flexible regions 124. As depicted there, the steering mechanism 120 is depicted

with the pBrf' i%b?ﬁgj"gﬂﬂsﬁswﬁf}ﬂ%ﬁﬁ‘é‘q%ﬁ%f%s?@%‘ﬁﬁéqgﬁ&(ﬁ?%ﬂﬁﬁ?g"aﬁr@igé%oo removed.

The steeringsmgehanism CRMpFisps a4deldbd 22dfatds anfiguetkleniptaismertpival atadever axle 190.
The lever 1%2 is attacp%d t%two control members 192 that
51 O (I:'il C{ E}Jt;

C | | : gslidable%)c&teq)fllon the Iéangth of the
shaft 102 BhdAr& Gttacne atfoali} iStariSeativh ot e thbufa? o%?%f)ﬁ? fe B hriore ‘;%étg 191 may be
provided g@amm@f cm feembels th@@atﬁca&nmmémﬁudinnémg;t:eﬂémﬁgtsl 041theajbbexnfacilitate
changes ig e, arientafion qfiihg canitol members 8. smasialiding ol e sanifel permpers 192
and/or to protect offier components of the Tetractor cannufa_o]lewce rom cutting or oﬁ1_er amage
caused by tHetkadlrermEriesiothe eontrthen eniblers iableed met b bdinerisnithd ehtedilthe control
members; 192 258 SpGUIRIHA RS IRVE SR b QRS 9FMAe I&laining.ahaane!s QI FRIaINg structures,

but in other embodiments, the cogtrol members may be proximally attached to form a control member
loop that ATS§PHE SSRGS Tt by b g the 95dis withiA e FEERFA o s heiRirgselever. In some
embodimeitsivbog Srinere Saniiel members/182ieribaentabionis mayibecimpacswepnd, sutured

Pins mormiSoid SOH AR A L HE B 730 TG Do A NI TORTE) LB EHGS Pl springs 2
depicted inbbig: Qrbutrmay-alsw denfipriieed egfispfgs it ariBdthertyeaod i menitsrneonfiguration.
The movement 1anas; Al ANSIeYE L 26 MRYARR RS AIRTISARE NS 1 this particular

embodiment, the ribbon structure 266 may also be welded or soldered back onto itself to form

a loop to further secure the ribbon structure 206 to the flexible region 256. In other

embodiments, as depicted in Fig. 10C, the tip 269 of the ribbon structure 268 may be bonded

or soldered to the flexible region 256 or the tubular shaft, depending upon the material of the

ribbon structures and the fiexibie region or the tubular shaft.

[6693] In some embodiments, during bending, one or more components inserted
through the one or more channels in the tubular body of the retractor cannula device may
exhibit different degrees of relative displacement. The degree of reiative displacement may

be affected by the degree of bending, the fixation or coupling site, if any between the
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WO 20101048208PCT/US2009/06 | 358 size and/or configuration of the lever openings 199 provided
in the housing 118. In some embodiments, an optional locking mechanism may be provided to
substantially maintain the lever in one or more positions. The control members 192 may comprise
wires, thread¥CribB8H&28% other elongate structures. The flexibility and/or &tife2¥dPthELontrol
member 192 may vary depending upon the particular steering mechanism. In further embodiments,

the charagctesjsfies i thcantiolomamags 402 aydlsahéaty-atong dsgrogitnbTembndiments
comprising two or more control members, the contrg) members.ne ot be configured symmetrically,
g, havinl 8 SR, L Lt OHAI R A8 o SAPBE ) Epatie SRR SHEDith respect
to the longitidirfataxisoot theufubalacshHi0 Alseyrindivddual pontiol menmbershnded mat have the same
configuraljon alapg, el ienats: [ROIRIERK examplc. allhayah hspreximaten alibesantol

-li bers, t 500

members 152 depicted in Fig. 9 comprises wire-like members, the distal ends the control
membersc8endlli3tratds i Rig: Ai0he eomprisesibion BrrrsfEso2B4 end séfref émbodiments, the

greater sUffaca AIRA Ol e rPRoONSITHCles Bk dedY e e Tifnd! damage uiheiflexiple region 256
of a retractor cannula device. In the particular embodiment depicted in Fig. 10A, the ribbon structures

254 have H B84t ohiRfuFato that formyy £ THEEharRts aHI6e HeeHeraHas Wit igsRFR flexible
region 256 erothen gistabprdaxibladegionelihe subuian shaftinThenliexikie egier 86 may comprise

one or more notches 260, recesses or openings 262 confi d to accept the ribbon structure 254. In
Fio, TOA. FRRCREL 50 DA S0 ot TUErSY S B or i HIBOR REERH 4 SEPRIS the i 264 o
the flexiblebregian R2b6inyhiltvike tpeasirngsR6dh ane geovidad(tds penwdt iingertioposiithiireibivan ends 264
to further augment tthe int%rfit OJ the ri%n structires 254 and the flexibl egion 25 Figr. JOB

1m ¥ T 101 11 QO .

. gment, . . A0 Bit
illustrates another embodiment where in the fibbon start?(r:(t)t)ﬁléuﬂégll%%jeorts t roﬁa}}ﬁﬂse oepenlng 262. In

this partictikadisphlsodiengribe e ribbp mstridhy ri2e6imaysiiso betiwealtdaorsdltiereddack onto itself to
form a loop to further secure the ribbon structure 266 to the flexible region 256. In other embodiments,

as depictgggoulig. 10GnthetiRA68i0htae IbbeR&iHGHHe 268-may hesbopdeshaidsalgered to the
flexible re%ifon 256 or the tubular shaft, dependiréq.u on the material, of the yibhon structures and the

flexible regloR*eRRAMLHTET REFAOB8 1AM BAEAIS SHERRG BEAWHE S or more
componenpistitkerieddiraughthétonadnimoase: chidcnelsyincthe dubniacihoth efibaelseteactor cannula

device may exhibit djfferent degrees of relative displacement. The ?e ree of relative displacement may
b affectoll o T8 g A DF b T A e et i LSOl T S
2010/0482608RPCiPUIS 200906 BB the tubular body so that, during flexion, the proximal portions

of the endoscope exhibit the displacement rather than the distal portions. In still other
embodiments, a spring or other type of bias member may bias the endoscope distally against
an interference structure (not shown) located at the distal end of the tubular body to maintain
the endoscope position during flexion. In some further embodiments, the interference
structure may be rotated or moved out of its interfering position to permit endoscope

positioning more distally, as desired.
2. Lumens and Channels

[6095] As described previously, one or more fumens or channels may be provided in
the tubular body of a retractor cannula device. Lumens and/or channels may be used for the
delivery of devices and therapeutic agents for a variety of functions, for example,
visualization, dissection, dilation, displacement, aspiration, irrigation, infusion of
medications, augmentatién of tissue such as a disc, decompression of tissue such as a disc
nucleus, ablation, stimulation, implantation of devices, and any other desired function. One
embodiment, which is depicted in Figs. 12A and 12B, for example, the tubular body 102 is

depicted without the retractor elements to show the two channels, e.g., the visualization
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component and the retractor cannula device, and/or the degree of displacement from the neutral
position of the retractor cannula device. Referring to Fig. 11A, a retractor assembly 1116 of refractor
cannula device 1100 shown in neutral position (e.g. straight, but may be angled or curved in other
embodimentS it 4 & doscope 282 located in the visualization channef99853&43%684 of the
endoscope 282 is in proximity to the end 286 of the visualization channel 128. As the retractor cannula
device 1100vindleaschas tahonaninl Fi)) hiBythediph2@kaf the shdestenebzs? may exhilit a relative

distal displacement with respect to tllie d.286 of the visualization.channel 128, particularly in
embodime e WP (e RO AE e B o e e AL Lo T G B 0 B proira
location (elgiatiemtithédifousing)siWhercibe retraotel carm ol devise 10QlisHigredinthenipposite

direction, j. SOMEMISTANGES tha SREOSEOPE 482 MAY ?8‘?%%&? "i‘ﬂ%ﬁ‘l%'ﬂ?ﬁ@%@ﬁiil&%?m_pensate for

the displacement, the user may manually adjust the position of the endoscope 282 as desired.
[0094]In sEredmbbdinidstasef & stelerdimerraasss g als¢bedsigsocisaie ndosdbpe

adjustmegfmechenismse:thaimanipsiationpithe siesriogmeshanismRisqRiamidas at least some
position adjustment which m@/ reduce if not eliminate the degree of displacement. In other

embodiménts, HRVEHYBLRGhE M BRI R Hdsstracrsteanhiha HanreEbb i distal region of
the tubulasdagdy)sHaat-¢wiog dexinasthe o maihperticns aldheandascopa.exhibit the:

displacemgnt rather than the distal portions. |n still other embodiments, a spring or other type of bias
embor 10y S T G0 CEERS BTl TR AT L8 S P eI ARty Téhted at the
distal endod titheutubal &odo 2t m aihtaichtinrecdnoiogdepe plositibsiduringhibe honutnl somefurther

embodimepts. he interference sttueiure mavike rataedoremoyed QUL ot s inferiering position to
2 PRt 6 A S ek

permit endoscope positioning more distally, as desired. 2. Lumens an annels [0 S described
previouslyxameler teretiohhendsr eriheiarortalehe prévidednimalevigbuldnbedyota retractor cannula

device, Lumens 2RMOE SHARREISMav Pekised Iof ik delivany afdeMcssARd ARG raneutic agents for a

variety of functions, for example, visualization, dissection, dilafion, displacement, aspiration, irrigation,

infusion of EcAIHEINZIGRE Ay of fee RiP s Y la desinirescasiingradstiglsuch as a disc

nucleus, abladion e stiouilatian, twplantatign-ehgdavices anet amtiotber desiied funstien.One
embodimentgwhich is depicted in Fig@f.} 12A and 12B, for example, the tubular body 102 is depicted

without th& TRTFHELGH &IBENTRE RS ShibW PR TS Ehdhnels, e.g., the visualization WO

2010/048208PCT/US2009/061358
[6696] Proximally, one or more of the channels 128, 130 and 132 of the tubular body

102 may be in communication with one or more ports 108, 110, 112 and 114. In the
embodiment depicted in Fig. 1, for example, the visualization channel 128 of the retractor
cannula device 100 may be in communication with the port 114, which may be configured to
interface with an endoscope and act as an endoscopic port. Alternatively or additionally, the
channel 130 may also be in communication with the port 112, which may be configured for
the insertion and delivery of instrumentation, and channel 132 may be in commurication with
the port 108, which may be configured to be an irrigation or aspiration port. In some
embodiments, a separate irrigation port and aspiration port may be provided, which may
permit simultancous infusion and aspiration. Simultaneous infusion and aspiration may
expedite clearing of the working field when compared to alternating infusion and aspiration

using a single channel.

{60971 In some embodiments, the visualization channel 128 may be provided, where
the visnalization channel may be augmented by changes to the geometry and/or movement of
the retractor assembly 116. For example, some retractor assemblies may have hinge

mechantsms that allow the retractor elements or jaws to form an angle greater than about 90
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channel 128 and the channel 130 that open at the distal end 106 of the tubular body 102. In other
embodiments, however, the tubular body may contain a different number of channels or channels with
different positions, cross-sectional areas, or cross-sectional shapes, as shown in the examples in Figs.
13A-13C and"PAEH g to Figs. 12A and 12B, the visualization channBF TA8#EPHieSised to deliver
imaging devices, e.g., as an endoscopy channel, while the channel 130 may be used as a working
channel fok insertio el ene o apare] BistepmeestIn Atser SROmMHIdS, kil 34 whighR mayrenelose at least
a portion qf the lumen. of the tubular hody 102, and may enclose at least a portion of the visualization
R GRS IRt i

channel 198 4R (RRREHRET MOPE EAISHER BT NEve d BRGIRIBIAAeldHf tHat

anne
substantialtyespans they length wfithe dubldacibodyhlORnbtit athelechahmels may dtave Arength shorter

than the typyles hady 0% Andmax esminale Areximaldo e disial £nd g Qihier ghagnels may also
be used, for example, to control bending or other movements of the cannula device. One or more
channels thaghetmphiséoadissdndiading radheiitaseos ibingrofasthariersemwithigifiseechannel,

including FEEaREAMLAER yavigty QubiRcanpatible: lubyiciays ¢oating @QM@%&%&%}‘?

i
embodiments, the shaft may comprise a rigid or semi-rigid maferlal, but in"other embodiments, may
comprise Y HeXiBRTAIREM I 00Beipisxitai b AerbPktorddr it HalraIgeIesItE30%and 132 of the

tubular badynkRd Mayebeuin-eRMPRHHLEANN Withane AneradeLsH08, «4i8uldidandtl4. In the
embodimer{#%dgépicted in Fig. 1 fgﬁrﬂ,] xample, the visualization channel 128 of the retractor cannula

device 105" MY S8R SRS REATH Withrthe BOFEH WIRTEHHE DB 5 RJEFEG-RmRtE RS ce with an
endoscoper évldeict aspare @ Fdpscepictpoitsditeinatively areddditiarathe, thechrahaeldd® may also be in
communi%% ien Wiﬁ‘oﬁheo%?c{t ﬁ%ézv,iwgiglhn@@%be c I!%UQ%Q for the in%ertion and eliv%r]y of

. y £0 ] {
mstrumentatlc%%?ignd channel 132 may be In communication with t rglplglrltnigt)ﬁ?/v Fcﬁpmay be

configuredCt@figeraﬁOinrigé:tmT@rﬂasﬁl_ﬁaii&q pesnge lie sbmefemlj@xﬁménté 4 separadevvrigagion port and
aspirationsgott may,fe,Ravided, Wﬁ'&ﬁ%é@&%gﬁﬁr@lﬁﬁmu&@@@&%iﬂﬁi?ﬂ&@rﬁ@gn‘?ﬁﬁ'{sﬂ% - Simultaneous

infusion and aspiration may expedite clearing of the working field when compared to alternating
infusion aRdX%&piteRibitiame) H3iige @reainét: [0097]In some embodiments, the visualization channel
128 may be provided, where the visualization channel may be augmented by changes to the geometry
andior md#éasint of th& eétractan Fsserfiblyahd 6 2Bothexasnpliesemedeieh iy msgemblidsmay have

hinge mechanjemsiihatallow he relactay clements, arlaws o form an angle areater than about 90

provide direct visualization capabilities at the distal end 106 of the retractor cannula device
100. In some embodiments, a visualization channel 128 may house or may be integrally
formed with one or more illumination, visualization, analytical, and/or imaging components,
including but not limited to one or more fiber-optic strands used to transmit light from a light

source or to optically visualize the anatomy about the distal end 106 of tubular body 102.

[06099] The visualization channel 128 or the distal end 106 of the device 100 may
include a sensor used to generate images or identify tissue or tissue characteristics. In one
example, the sensor utilizes acoustic energy to generate the image, similar to diagnostic
uitrasound. In another example, the sensor utilizes an electrical characteristic to generate the
image or other types of structural or physiological information. In yet another example, the
sensor distinguishes the type of tissue adjacent to the sensor. Some properties used by the
sensor to differentiate adjacent structures or tissue include resistance, capacitance,
impedance, membrane voltage, acoustic, and optical characteristic of tissue adjacent the
sensor or probe. Additionally, the sensor or image may be used to distinguish different types

of tissue to identify neuroiogical tissue, collagen, or portions of the annulus, for example. It



degrees or greater than about 180 degrees. In other examples, retractor assemblies may have
different longitudinal lengths relative to their articulation points. For example, some retractor
assemblies may have a retraction element with a length of at least about 1 mm, about 2 mm, about 3

mm, about Mrﬁ?%’%ﬁ’% mm, about 6 mm or more from its articulation E&E{W%Wg!gﬁaﬂ. The

longitudinal lengths of each retractor element may be the same or different. The retractor cannula
device usedabayijecselediéddbpendingupdr theviegiomief shenbiteyemmomhichettimtrednractor cannula

device ha&g een&eg(l}gxed. In regions with I%rtggtg_atvi aroun ﬁg srlgggz retractor aqsembly may be

| ) i oL assen
used to reduce the traum%%c}fﬂr%t‘ﬁafﬁgeﬁsshe Wlt%offﬁ), grST%E)?ngSan the field of view. 1A regions

where tissue is more densely compacted or folded, a ta%gred shape retractor assembly may be used

because tH&88ber of tHaseidseyie drfiglirstials WEiRRSATBN SRS RRaMelv ST TR FAR Shd upon

transitioningk¥ohe-opercanfiguIation: sunstantially diria Hentssyusiiesaligvshapa lgmer field of view
and working space. In other examples, tiple_ retractor cannula devices with. different configurations
may be uélb?ae bAhSAPTRE gﬁﬁ?ﬁ"ﬁ Hght ggt ?-g[og’@%] ESHATE TS BIgs? )&’Cﬁnﬁd?q B™he visualization
channel 128:méy beshiskd @sia HSsage fewinsectibn/cemoval TiElkvatigatidrpisusalization, and/or

imaging compenents to provide direct visualization capabilities at the distal end 106 of the retractor
canmula GO e R SRR R ey be
integrally ¢bamed! \Wth whislommore iledrinatiordodkeraliy aligrecanalyticataserdiortimagfingiecomponents,

including hut ot Jimited.i0,0ne, Qs B0tg fibelentie siiandsysediefaRImit ight frorg light source or

to optically visualize the anatomy about the distal end 106 of tubular body 102. [0099]The visualization
channel 128U PRI SEAPEREY OB 6P e dR\AERADT MEIHERIBSESEfsorGeet i Galsérate images or

identify tisgue Qr tigauersbaractRrstEsaH aRe exapmiesdhasansortiings asausticiRnergy to generate
the image, similar to diagnostic ultrasqund. In another example, the sensor utilizes an electrical

characteri28¥ b5 BisHetatE BRI =G S BHReH tRE D PAPUIEIET 5 BHYSIITIE S AfORAEASh. In et
another exatn ptenthahsensamdistifgtishe scthedyperohtissyeadjpdensiathie: sensanr Some properties

used by the,sepsor o dffgrentiale adiaceryt siigiuies o lssenglyde resisiance, capagiiance.
impedancé. membrane voltage, acoustic, and optical ¢ _ Aracteristic of tissue adjacent the sensor or
probe. Addliticnd/Bpithesémsor ooiragdanayiabaased o digtitigoistrdifféfeatciypeés dftissyie to identify

”eur°'°9i8@%%&%5&%3%8!!&91‘?@0%!?%}i%ﬁc%ﬁﬂ‘%@wbﬂ%seﬁ% RIS 1¥Pi374, and
2010/048208PCT/US2009/061358 Is to be appreciated that the sensor may be a multi-modal or

multi-sengefiprotse dhiatsapoditing irshdsbran Ak eiEon SR AL G KTa! fapatonsHENS pELIitsh the probe
in the propgrelackstrated in Fig. 13B, the circular ports 1372, 1374 and 1376 need not have the same

diameter. In Fig. 13C, the tubular body 1378 of the retractor cannula device 1380 has a

visualization or irrigation port 1382, an injection port or therapy device or aspiration port

1384, and a retractor assembly actuator lumen 1386, wherein no port or lumen has a circular

cross-sectional shape. It is contemplated that functions of various lumens in a cannula device

may be suitably interchanged.

[06101] Referring back to Fig. 13A, the tubular body of the retractor cannula device
100 may include a visualization channel 1328, a larger working channel 1326, and an
additional irrigation/aspiration port 1330. The channels and/or ports of the retractor cannula
device 1300 may be configured to accept wide variety of therapy devices suited to the type of
therapy being performed. The therapy device may be configured and used to apply energy to
surrounding tissue, The therapy device may also be a surgical instrument used to cut, pierce
or remove tissue. Moreover, it is to be appreciated that the therapy device may be any
conventional endoscopic instrament. The therapy device may include ultrasonic devices,

motor driven devices, laser-based devices, RF energy devices, thermal energy devices,
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[0100]Figs. 13A to 13C illustrate various embodiments of the retractor cannula device, where different
tubular bodies may have different numbers, sizes, and shapes of lumens or channels therethrough. In
Fig. 13A, the retractor cannula device 1300 may comprise a tubular body 1302 with a non-circular
channel 132¥% 8afitltEd8 0 house a visualization device (such as, but noP e ¥/ "al¥ Endoscope), a
non-circular working channel 1326 which may be used to provide therapy device or as aspiration port,
a retractoegssembly. retdatovilenencidadeandsaditionahpert i 330 fen drigatiopweiaspiration. The
tubular bode¥f1302 may. also or%ti naﬁlﬁ{com rise one Olé ore str%cturezﬁ ﬁ}362 on its quter surface
1364. TheSe Sictured TP ‘a%)cc AP S TAER B BF Srotri GG e eHAG USRS SR Pmay be used,
for examplentomaintainchlignndentideitioraspestdointidducanapiuige destribed iogteareduce the

amount of.fricti | registance from.any manipulation af the retractor cannula device 1300, As depicted
e 198 B P T e
visualizatisigbioiifigatiprrporeAiszBakaeitnlatdhiks apipdevice Ghasphrationbpornd 372n gevieoular
retractor a3sgmblaciuatonimen éﬂﬁy And-additiangdciravlanpalt 4348 iraddiiionalirrigation or

S

additional aspiration having a greater. As demonstrated in Fig. 13B, the circular ports' 1372, 1374 and

1376 neeRGITRISTARS SR EREITTRTEr. MnZrefe 8 FHECTUBUINREDRIyCIEPS ehamreletrartst cannula

device 138@iasdaavisualizalion OEHaaal0n-at 139 nansinecimpedhapdheraRyideNiGe:0r aspiration
port 1384, and a retractor assembly actyator lumen 1386, wherein ng port or lumen has a circular
Cross-seclSHAPSRABEI 12 RO ARHTBIGEHENEE ASHETGHE GESARBLETHERS i AEMIRERce may be
suitably infexchdngepof@ 10 Refardng haekitahigtibdAs the dubularisaiiyatitheakattactor cannula
device 109&@11?9(&%?&!9 d]% a ¥IS%%IJ'EH? t&%nscihna sn %lclg’g\Sn’ ia {9‘{ &t \\évvglr klllQ c%ggrgeqt%ll 1?’ 66 inand an additional
irrigation/aspiration pPort ?L%fB. € channels and/or poﬁ§o the re]t(‘ra for cannufa device 1.300 may be
configuredawaoeEptiwidecxariety ofitherdpy devicesishited tytinectypeiofthesapinbeing performed. The
therapy deyige-mav Be canfioned and MaRAIRARRI SRSIGY 4P FUIOLPAING Hissue. TRe therapy device

may also be a surgical instrument used to"cut, pierce or remove tissue. Moreover, it is to be
appreciat&irti e i o ieayMoek g charvd itidwiteh sodeshiinsmirnentThe therapy
device maydpakideddinasericdaviersnBAtandivandavicesn aseriRasrehAQviFgs.RE energy devices,
thermal energy devices, WO 2010/048208PCT/US2009/061358 cryotherapy-based devices, or other
devices s&l%'g’élé H%@ﬂld%@éﬁmtﬁﬁ?ﬁﬁiﬁ BEMPREr BBl ek APl M Hh 8PS device may
also be a meehanicahdevice ddapiedieiemavedissiiasuehas & debrider, aieansaspigator. Other
examples are desgribed in greatey. detail below. eover, it is to be appreciated that the retractor
cannuta cRUBE T30 ) B OB IR B A Gt S R Sh . The ize.
number asd@rnahgepentofdne wobddgnehranhelscareireddilyhaplaptable for differenttogfidigurations,

depending,upan dhe,iypg afrraredutes Rearmed.: £igHaaier o feweraumber.of warking channels

may be provided, and the working channels need not have the same size and shape. In"addition, the

working chahRETSI A/ Hsorsteintigtre and paspritaossioie fereichs2trish@example the channels
or ports may.be;Lissd 4o, previdedrigation do.assistdmbisspedisrpction ashe.AhaHmalin i is
advanced in the spinal space. An irrigating working channel may e in communication proximally with
a fluid sodfEEP SRR SHRHGY 6F | ABIISHFUSIRFS st aidlh CoOMtHuRRALbR istally with the
distal endsakthevietragios caniuRdemicer gothahtheoliuidaxitag theisigruon werkingighasnel is
directed to the distal portign of the retractor cannula device. In another example, the irrigation working
channel oF St SR EFAREN Ay 0 (o AL Rt SEMEH G RS ERS other
portions ofithd retrasteecanni ik dipel niaythe particatow embeadiment de pictedcimbpigmt3Arthe working
channel a0 ndithe visualisafian ghaniel L3ad e canfiamsd b nonaieulal crase agptional
shapes. In some embodiments, the NOR-Circular & ape permits the p?acement of an instrument with a
circular crg®asettin halusbdjrecwritih ahbneih dierehonp oft witlengroviding stilbproidmddlow paths for
fluids and maferial threugh the channel 126 and the visualization channel 1328. Shared or eccentric
flow paths along non-circular shaft channels and ports may also otherwise take advantage of unused
sections cannula_shaft..Unlike shafts with only circular channels orts, the flow paths may be
provided (\ﬂgﬁﬁght havinaglt?bqlé PSSR TG 6 /EFAR &R éqgé%u otﬁg'lﬂé‘}:éjgciﬁ ?Iégo é?ﬁfu?&lgﬂ%ﬂe@hannels or
ports havineremacircitdaicetissesadorsl Shapesitdyfialsorbeitsed withiinspuanaeissbaring a
complementantpoRiciidal figevRssianal alansukonsample, Fmpimenian, fon-crcular
cross-sectiona é%ap“e’s may be used 1o control or limit the amount of instrimentation rotation within the
channel opPpsrenfRO2idigretheideg e dmaticaersresantatiomofiatiaberzmbdeyr 2B viconérembodiment
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of a cannula device 322 configured for two-sided flexion within a bending plane. In some
embodiments, one or more channels of the tubular shaft 320 may be configured and positioned to
reduce the degree of endoscope or-instrument displacement during flexion. In WO

2010/04820 &5H591061358 Fig. 15, for example, the tubular shaff 2 EBHIEILEE a

- visualization channel 324 and a working channel 326 wherein the centers 328 and 330 of the channels
324 and 32p, reSpectivabie aite ndatedsadériy @ lape332 thaiis-pespehdiouldtbaadxending plane 334
of the cannula device 3 lane 332 may, be lgcate r example, between idpoint of the two
st a2 s R e IR ¥ A2 i he bending
plane 334asrptinaly. deplendinbalparthensaiiic thar rpaperdiswhichahendiop g aiddranism is

anchored Jg, faf eyion-¥e0iof,o Sl ar.e HORAMANES, (N6 G6RISEAZA AddfnesdReLbe located on
the plane 332, but the central location of the optics or working instruments inserted into the channels
324 and 382 AI6EESE Of eSS 33T hspaxdmiplelal vhee i heay s eonfigardd Sifch that the
optical cepigdiat pnRNUNSEARS isysudpsiantialy @ligRer with the plane B32i@ven freengh the weighted
center of the channel and/or endoscope may not be located on the plane 332 (e%.%where the lens of

the endoSBEHR IS By AHRAFEEIR RS Atean SF i r thR E SRR RS o NGRS erfbiinients
comprising:ed aulae chanels, dheptenterDitihaichanael imayibe dhecepiies of theigiigle. In other

embodiments comprisig pon.clicular.chianpels, (ne genter,of achiannel may e gharacterized as
being coaxial With the cen%er of the arges% ‘cwcullar‘o ject A may be m&tted intd the channel.
[01031AltbroungHetheckmbddimaeht shofgwicd Figh1baigidirgaied tomecannuleandesdceshaving a single

bending ps!Q‘S‘s‘?aﬂﬂaﬂ?%ﬁg%@lp&ﬁm&é‘&aﬁ@%%@0&%98&%%@?&%&%@8%@@%?%@ Hithygepr more bending

planes. With these fatter embodiments, one or more channels may be aligned with one bending plane

but not arfder GskeiapeplaNa P dprashab dbiribnes] B dentraheraindermnay the pénihag that is
aligned with,fwa.prnare Reading,planes 4010410 sRMs emRadimentsaditacalomay g guided using

fluoroscopic or other external imagin%mod%ii% to place the trocar in proximity to a treatment area. In
contrast t6 SRR PR CEatTeY tharatEitint fubiostdpi N nSffatdtLietar tip around nerves
and otherdigsstanifigsEosriiay temaitsaliehs pesitionradavway fromsensityestieiviasand features.

In one emb%diment, th? troc%reti&)g rema# seﬁlbout 1lto bot{)t.z canr more from

as being coaxial with nter of the largest circular object that may be inserted into the
channel.
[0103] Although the embodiment shown in Fig. 15 is directed to a cannula device

having a single bending plane, in other embodiments, the cannula device may be configured
with two or more bending planes. With these latter embodiments, one or more channels may
be aligned with one bending plane but not another bending plane. In some embodiments, a

central channel may be provided that is aligned with two or more bending planes.

[0164] In some embodiments, a trocar may be guided using fluoroscopic or other
external imaging modality to place the trocar in proximity to a treatment area. In contrast to
conventional procedures that attempt to fluoroscopically navigate a trocar tip around nerves
and other tissue, the trocar may remain safely positioned away from sensitive structures and
features. In one embodiment, the trocar tip remains about 1 to about 2 cm or more from
vulnerable nerve tissue. In another embodiment, the last about 1 to about 2 cm of travel to a
therapy site is performed using direct visualization provided by a visualization mechanism in

the retractor cannula device,

[0105] In some embodiments, the trocar is removed and the retractor cannula device

100 1s mserted into the pathway formed by the trocar. In other embodiments, a tubular trocar
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vulnerable nerve tissue. In another embodiment, the last about 1 to about 2 cm of travel to a therapy
site is performed using direct visualization provided by a visualization mechanism in the retractor
cannula device.ﬁE}OlOS In some embodiments. the trocar is removed and the retractor cannula device
100 is insert¥§ S ?)Sathway formed by the trocar. In other embodime%?g,/%s%ﬂ%glﬁg}sﬁ%car e
2010/048208PCT/U S2009/06 |1 358 may be used. From the final trocar position, the refractor cannula
device 100anby bedodssedibhrughracehammeborthennabtivennobeteand aldngahecrpmaining distance
to the thegggy Ar(gaiman aiisdisine e cobandisualzalian ranaRliies. tepakgard visualization

may be used &lone or in combination with the retractor assembly“116 or other type of atraumatic tip to
identify, ateatmeaticiatyihephscemaaion e Fation catduhdese Vescanareinernbispéoadnisdded. An
optional sigeringMGCharVS ML LG Rravdesh an e LRHRCIPs crpmdlaHRiee LIt lamanipulate

surrounding tissue and structures, and/or to traverse the remaining distance to one or more therapy or
treatment SIS -SRI EBRIMHERES e KOl TR ERHT  FTUES 08 HR6) EVE % rigid or fixed
configuragiesi:anch MaytibeaMaripwatediayioptionally pranipudlating: theritaartareaddvadesired
location. Iih@n alternagave embod%rggnt‘_, the trocar ma% hoyse the retr_actgr cannula d \/tice during trocar
insertion ARY B RN (A AHPAEEGiLET Ao H e hN AL B tHEN R tal s At5H THBE AARTERS within the
retractor cannuta gewadn muidertnoaniposkionngdrestitbdnather @mieodime ninthatdeear may be
provided yyith a separate imagi ystem from the imaging device or component. provided in the
retractor ﬁﬁqﬁ%ﬂ%%&é‘élfﬁ 8%@%[?#83%?;’&5%%@%}%2%. Iﬁgsﬁl%a%ﬁglt%%?g %?)%ﬁ%% t, the trocar may be
configurethywitr fiogn todrouseceriiy WesinthlgieigiconpeneHefeHyrankeganesk cammiotardevice 100.
After the desired JorarRQSIHPRInIRAGRRE. eoratiSiFemayedanthgilbadipg;ramponent is

removed from the trocar and reinserted into the retractor cannula device 100. In yet another alternative
embodim&iitiabietHax¢apabilivsagiig iy e tEaaechydiB e be s Esie) @navigitieicslone or in

combinatign.with¢litgebimasinge. GnHandle pertianiRiREIAmdescribed previausikdasairactor cannula

device may be provided with a L , o
séparate imaging system from the imaging device or component provided in the retractor

cannula device for use during trocar insertion. In still another embodiment, the trocar may be
configured with a lumen to house only the imaging component from the retractor cannula
device 100. After the desired trocar position is reached, the trocar is removed and the
imaging component is removed from the trocar and reinserted into the retractor cannula
device 100. In yet another alternative embodiment, both external imaging may be used to

position the trocar distal end, either alone or in combination with direct imaging.
C. Handle portion

[0106] As described previously, a retractor cannula device may be provided with a
handle, e.g., handle 118, {o control the navigation and use of the tubular body and retractor
assembly. The handle may aiso serve as an interface between a variety of functional ports
and the longitudinal channels and/or lumens of the tubular body, where the channels and
Tumens of the tubular body may be continuous with lumens and channels of the retractor
assembly. Referring now to Fig. 16, the proximal end 360 of the tubular body 362 may be
coupled to one or more tubing segments 364, 366, 368, 370, 372 that correspond to one or
more channels and connectors 374, 376, 378, 380, and 382 of the retractor cannula device
1600, respectively. Asnoted in Fig. 16, a tubing segment 370 may be in communication with
another tubing segment, such as the tubing segment 368, which connected to the working

channel of the device 382, This particular tubing segment 370 may be used, for example, to
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handle, e.g., handle 118, to control the navigation and use of the tubular body and retractor assembly.
The handle may also serve as an interface between a variety of functional ports and the longitudinal
channels and/or lumens of the tubular body, where the channels and lumens of the tubular body may
be continuoEitH* s and channels of the refractor assembly. ReferPRE HEP @R §8 16, the
proximal end 360 of the tubular body 362 may be coupled to one or more tubing segments 364, 366,

- 368, 370, 1848 thakseiie spane anenAre BhanreksARacanneatersnd Hyva€6,s3 48380, and 382 of
the retractor cannula device 1600, respectively. As noted in Fig. 16, a tubing segment 370 may be in
communiggﬁ%sﬁeﬁigﬁr%%ﬁgf%#}%gp%{gﬁ%ﬁ?, 4 W%§eﬁ%€ﬂ}&%%g SeGrRENESEE SR EoHREcted to the
working chamnéiiod thentewioe 382y Tduscpditicutanttibing segnménic3isa. nNTay bendsad; for example, to
flush o aspliaie i oF materalinserted nto tne working channel ofthe device 367 that s accessed
through the |dd|te p8rt 578 and tubin segme¥1t 368 The %artlcueia'r (Xesign Tneafur‘es of atubing
segment MayOvRRY: depiadindnupor thebpditientar fursstion! el heecormestopwmepledtaya particular
tubing SeqmERiMAYCRMRARES BoeLRMALE N PLEPIRECIANRAN NSIHMANRieacgs. In some

embodiments, for example, one or more connectors may comprise a standardized connector such as
Luer lock CAHIFERT BtkePeriBorfiFantSCnmettiindRrtiag weon Bropvietahy chmmsdtdtsoDepending

upon the particiitaéehanebinS0Mme:SmAodineatn t.ahosk ¥ alye HSeRINM. T ALgNOoStasis valve may
be provided to resi retéc{)g}r@de flow of fluid out of the device, The characteristics of a particular

channel, IFCIGHAY it Wit eHebad ShHEKBT ity JIerfIRIRSSHEEY R FerritSH5H FPaticular use. In Fig.
17, for exaripléng iretimetasi canmaddl eevicey b7 O idoiy priseschvednons 380:388i2396k. 392 and 394,
wherein the | r, flexible ports 388 and 392 ma sed for infusion or iratio ports may
be beneficit 'c:lggfg%illﬁyé%gl f%é %ﬁggﬁ?%le%atng 3151 %ﬁ Il<(§/¥i embjgﬁc afa é‘{/er' %1& ?ﬁgl %pggtég’l?c as port
390, may 4se pvicled for tirstrugaritsxihét medy HBendid® besgddmagedoriahe diffisult to pass through

tubing tha;}smma&zﬁhM@g@&%ﬁ%@%ﬁ@ag@ﬂﬁ%1i&ﬂeotﬁlmgéfﬁ%@%%daemﬁ%qe}a% b fypplied with

energy from a source external using a suitable transmission mode. For example, laser energy may be

generated8i&endt teetAe Bbdying eenharsnvitte anyidysticalifibss fofsdbiiveny ke sppropriate

therapy deviganAdteraairhsithentherany davice MBhganerale cLaaneiLePaigYALthe therapy site, for
example electric current from an external source carried to a resistive heating element within the

therapy d&cE ffenergy is supplied to the therapy device, transmission of energy may be through any
energy transmission means, such as wire, lumen, thermal conductor, or fiber-optic strand. Additionally,
the therap§déVice maybethetielcetromagnéticempéigyyitictuding otnotdimited ttorddiongaves,

microwave s, FRreiiant MR RisIoRtARdWHAYIIELIGY e glectiomagasiie.engiey may bein

incoherent or laser form. The energy in laser form may bé collimated or defocused. The energy
delivered 8% anstthsayaaserivaddarecelifrent fordsdoandvivareppoertismizdenedgyifiom a heating

element. Mpeeovel; itHs iR Agarpieciatsdthatrmbediments ok ihg ieiraciascannyla devices

described herein may also be used to dispense a compound, compounds or other pharmacological
agents to TEHTRE, UMIFSHBI R Fecs Tt aP REG I TisddR SEaG, " oeioredErCT/U
S2009/06th328:[0iP8iAs M Otechénthe empbhsiment depigiedeideldrahs thieswsualzationghannel 128

be through any energy transmission means, such as wire, lumen, thermal conductor, or fiber-
optic strand. Additionally, the therapy device may deliver electromagnetic energy, including
but not limited to radio waves, microwaves, infrared light, visible light, and ultraviolet light.
The electromagnetic energy may be in incoherent or laser form. The energy in laser form
may be collimated or defocused. The energy deiivered to a disc may aiso be electric current,
ultrasound waves, or thermal energy from a heating element. Moreover, it is to be
appreciated that embodiments of the retractor cannula devices described herein may also be
used to dispense a compound, compounds oy other pharmacological agents to reduce,

diminish or minimize epidural neural tissue scarring.
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provides access to the target area for endoscopic imaging and/or medical imaging components. The
retractor elements of a retractor assembly in the open configuration may act as dilators or retractors to
permit a wider field of view. For example, the retractor cannula device may first assume a closed
configuratiorfiff StHEMG Htraumatically navigate towards the target body reigIgFS2518¢81#38 distal end of
the shaft has reached the target area, a retractor assembly can be transitioned to the open

configurajigrgglilating the sote@unding tissisandenabling @ engeseape ROSHIRAHN Migualization
channel 128 to visual%ac ess the target tissue. In some embaodiments, the retractor elements of the

retractor ASSEIHBIITHAY Beih RGe U R ah SARSRPIR ATEEHIS S HOAPSOeH IR Mosed configuration,
the endoscepeoresidinfhin:visvalizatmanchannet i@ mayhdve ivisualgecessi it suiigunding tissue,

and may glloy {16 ndascons o hewsed 1o piavids vsual.ues o navipale the distal i, gf the cannula
to the desired location. x[ c] s mentioned previously, an endoscope or working instrument (e.qg.
grasper(sjchaitonnydirer tissue debritbeprigybecnserrddrime onenetignidy echarnévefdhe cannula

device thrgugh. a-pEex{maliBprtoTheRIximalRert OdeSeARE. ANA/PTWRIKING, iDStUmEeRt pay be

optionally configured with one or more features to lock and/or adjust the position of the inserted
componeftSHBthErERBBATIHIRES, BrikesPRToTeEGHpUT M B 8B EHICSEE B bPWoAiAg instrument

may be agsiftagsally ermeshepmnpenent ol thacanmlsdeviceand isqetcanfigursd ferdemoval.
[0110]For example, in Figs. 18A and 18B, a retractor cannula device 340 is configured with a scope

port 342 i EBfHUMEAHBARRA BRE VSt HIFAT O T EAT S P (A% SHBRAY Fite Y egmidiitBidtibing 344.
The scopetoti:3d2mayeemplise tadusnenivitt: alviscestasticoifljcliommaustage madarialthat is

configured.to %id bly gri | erteijI endoscope. The slidably grippable materials include but are
ot limited ST b LS AR RO G Ta e r oS RG4S SRRERS TIANE(Y) (Kent,
OH) and dhy aidaseapiety of sigdenicrdtotkcopdyrners sutinadisodahigds’ e KRATON@Polymers
(Houston,;LX). Jg.scQpe port 342 thus need not have any particular clamp or locking mechanism to
secure the endoscope or working instrument to the scope port 243, nor any particular adjustment

mechanismjég other embodiments, however, the scope port may comprise a releasable lock or clamp
mechanishl @okigned t0 dUIE A HE S HABLEGI BIRIGHA WG 20 TOIDHBIBAPET/US2000/061358
instrumengravitbr@n bgtienad)adjistmelebassemialy thatsenay becugedtammedifttheaspaaing between the
lock or Cla%:@rpnmae 89\%&%@08{1%% etihperol’)](?rllegn)%ﬁ. The proximal port, endoscope, and/or working

instrument may be optionally contfigured with one or more features to lock and/or adjust the

position of the inserted component. In other embodiments, one or more components of the

endoscope or working instrument may be an integrally formed component of the cannula

device and is not configured for removal.

[0110] For example, in Figs. 18A and 18B, a retractor cannula device 340 is
configured with & scope port 342 in communication with the visualization channel (not
shown) with a segment of tubing 344. The scope port 342 may comprise a lumen with a
viscoelastic or friction surface material that is configured to slidably grip an inserted
endoscope. The slidably grippable materials may include but are not limited to silicone, a
urethane, including viscoelastic urethanes such as SORBOTHANE® (Kent, OH) and any of a
variety of styrenic block copolymers such as some made by KRATON® Polymers (Houston,
TX). The scope port 342 thus need not have any particular clamp or locking mechanism to
secure the endoscope or working instrument to the scope port 243, nor any particular
adjustment mechanism. In other embodiments, however, the scope port may comprise a

releasable lock or clamp mechanism designed to couple to the endoscope or working
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[0111]Another variation of a handle that may be used with the devices and methods described above
is shown in Figs. 23A and 23B. Fig. 23A is a side-view of the handle 2118, which may comprise a
housing 2120 which is shaped and sized to accommodate various ports and actuators as previously
described. FOPEXEHE"%he housing 2120 may have apertures to accomffobER2 P H#RIe port 2123,
and optionally, the auxiliary port 2130. The auxiliary port 2130 as shown in Figs. 23A and 23B retains

a tube 213G phuidmn otheraesiaitaasadRsyiateassanpbig it valvebcheCxampley whesgthe auxiliary port

2130 is u(s?e W%gnaﬁt?glg}% gluggugort etci}l% r}gbealzl%?{% &}gi%e sized to fit with other valves or tubes
connected 10 & Saline reservoir MIKen AGEIR use, the au%iliary port 2128 may be occluded with a plug,

which mat/ﬂhelp to prevent accidental insertion of fluids or devices. The handle port 2123, depicted in
Fig. 238, Hitlibe configurebeto adeinnmicaaadiniheiime previslishhdbadapiees dadisstheds example, a

visualizatign dedeansve i 3Rndassepe)s AntherHissie mAanpUing deVices (B.Qnefor gxtracting or
dissecting tjssue). One or both the handle port 2123 and the auxiliary port 2128 may be in

communicatiEh TthSAE S Srdiiheh<lin e dishRe H 8B DA CBERARBRIIMS FEIRBURIEY to the
handle 214 bytthedevipe: coupleddtABeavitich sxayie aphvustren, 0ipagieathapiserpfigured to
secure a device to the handle 2118 The de ic%.%ﬁ)le{hzmz. a}y alscg ‘ﬁfu a deyice by friction-fit,
form-fit, shap-fit, bonding by adhesives of Velcro Thr, and g ike? fith f e handlé' 2118 may also
have any pruhiiét) andhtype offagtudidrsifo28Bntreling thieer2ddiyatiom efithevirbulardedy 2102, as well
as for conualing ihe puliguralian ol e resaclARRemRMltased ke distgy eng of the tubular

body. For example, the pivot lever 2124 may be used to transition the retractor asse 'y associated

with handRe121t88 (g 2 IaRynsr thesietfdetdt asderiiisiiesideserivbdspavieustiorasaiecused here) from a

closed to RRPRARN COREPHIALODAREUSIANGS PN 2126 MAbedncluded: o Jeaate fhe Agtuation force
of the pivot lever 2124. Optionally, the bias spring 2132 maﬁ?e coupled with the pivot lever 2124 to

bias it intd' SR CHHERIATRETS Brampief fRidicss denriglhatiords Retiedgih dspisifg dbnstant, and

other featpres26Bihtnbins spiigrad 82:03m bR Erlesied tmbiasdha Pivallensn 2b2#dang in turn, bias
the retractor as emblg%aijwto any configuration aé desirjd. _Tt\‘tkt;,\ F[)Eiyo(t_ lever lock 2125 may also be
§iil CuSTIEVRPS 1B ROWRh e R RRRBY Y% PBaF breviously, any

. EXAMDie izaiion ae
included 18 featet the Actuation of th
number ofe\ WO d2@16/482 08 BGT/inS 26008/061:358 potishtulves] apetait@E o theaynbiddncluded

according,tg.he,diffRieRs HRVISER.NBLDEYRE YReY dHIDALYRTOUS RLASRIIES A fdy- Methods
Devices may be coupled to the handle 2118 by the device coupler 2122, which may be a pin,
screw, clip, etc. that is configured to secure a device to the handie 2118, The device coupler

2122 may also secure a device by fiiction-fit, form-fit, snap-fit, bonding by adhesives or

Velcro™, and the hike.

[6112] The handle 2118 may also have any number and type of actuators for
controlling the navigation of the tubular body 2102, as well as for controlling the
configuration of the retractor assembly attached at the distal end of the tubular body. For
example, the pivot lever 2124 may be used to transition the retractor assembly associated
with handle 2118 (e.g., any of the retractor assemblies described previously may be used
here) from a closed to an open configuration. A resistance pin 2126 may be included to
regulate the actuation force of the pivot lever 2124. Optionally, the bias spring 2132 may be
coupied with the pivot fever 2124 to bias it into one configuration, for example, the closed
configuration.” The length, spring constant, and other features of the bias spring 2132 may be
selected to bias the pivot lever 2124 (and in twn, bias the retractor assembly) into any
configuration as desired. The pivot lever lock 2125 may also be included to restrict the

actuation of the pivot lever 2124. As with the handles described previously, any number of

46



[0113]A retractor cannula device may be used for a variety of functions, which may be performed in a
variety of procedures on a body. A retractor cannula device may be used for visualization, dissection,
dilation, displacement, aspiration, irrigation, infusion of medications, augmentation of tissue such as a
disc, decomPre&idf¥#tsue such as a disc nucleus, ablation, stimulatioft THEPARAGIGIDf devices,
and any other desired function. Such a device may be used in medical procedures such as tissue
biopsy, dise-augmsniatapmatciausydeceniesaienrding leusabifasion dasivwelias for the repair of a
herniated o!isc{: and for the diaggé)%sg 8Ilgi§gd<1egeneration. Other procedures, such as the implantation
of devices to s‘%‘rlﬂigﬁj‘rfg‘ﬁl)%s rf)}or A disE annutus, or to shrink a portion of the nucleus or annulus, or
sealing an annulus, may use one or more of the devices and components described above.
[0114]During use, the retradtor cafffifi@device may be moved or may remain in place while an
inserted therapy device is manipulated to perform the desired function. Once the working or therapy
area has ([jgda]createdsor-accessadusing the atrabmnadd fetractoleassernidyipthevatiaimatic retractor
assembly,may. he temaved thereby llowing working channel or.ooan erairoducer tg bg used for
another instrument or Fherapy evice of to provide's 'ppor? {6F'a procedaure.]f;‘%r e%ampfe, the therapy
device mdgroompiisé e eshanicadidelviddsplathentypeiofitiss uei gisiupting devide that may be
introduced,via-the Working. 6hannek R assistin.femRval Al fisshies YAtoHs fxamples gfnechanical

tissue disrupting devices that may be used with a retractor cannula device are described in U.S. Pat.
No. 12/035:gle3s.filddtabrlian 2IPnpDuBaiHien Wals Peetcusdiypye iheotporeddansiicafereite in its

entirety. 1 yetianpthesexampleehithe flexibility; afithaseliacter RN deviceane afulere the
working channels or. ports may be used to provide access for the delivery of pharmacological agents to

ay I .
the acces%egﬂ%‘%ﬁﬁgé?%’?%ﬁ?c%Pﬁ%ﬂoé}n?é BF%Téé%W?ﬁﬁ?%%éh?f@B%dé?ﬁb%‘&iitﬁém%, the
therapeutiagestsomiy e diteetesh nfrote ghisdediheschanns! oe palatatiin otheremaediments, an

infusion catthetter na be iQs%r.ted into a ch%mrﬁ.l rg)ogt&ndolflaledn%%lp{g\gggn%d Jéi%r%%!a&?ﬁ‘”o' of the
therapy. THEAfdston Ehthe erﬁ%%@%ﬁé%n@% WA |e{y ot Conﬁgura‘ﬁdns and features, m%luding but

not limitechtauitsabwmuagtichansteenng nfathanismssepgarate fremttdesretrad tdoeannula device, and a
needle tip for injecting therapeutic agents into the tissues or structures. In some embodiments, the

needle tipgaybe retrasiahle @RdnME-204PAARARIRGY W 0 UGB 8- axtendahls [ peotect

against inadvertent puncture of the tissues ar structures accessible from the retractor cannula device.

Examples"Brinfactior Eaiistaps fsatsmis e inskird rerbouinteliret tHaHRadl8Fenula device
include UsxRiatest heripl Mea 10i&26n1bewdich issherehyiiachparateddeydeietenosdmilg entirety.

e e G A R SR 3, B I M (RS BI AS AR S RS o
trocar or introducer to be used for another instrument or therapy device or to provide support
for a procedure. For example, the therapy device may comprise a mechanical debrider or |
other type of tissue disrupting device that may be introduced via the working channel fo assist
in removal of tissue. Various examples of mechanical tissue disrupting devices that may be
used with a retractor cannula device are described in U.S. Pat. No. 12/035,323, filed February
21, 2008, which was previously by incorporated by reference in its entirety. In yet another
example of the flexibility of the retractor cannula device, one or more the working channels
or ports may be used to provide access for the delivery of pharmacological agents to the
access site either for application onto or injection inte tissue. In some embodiments, the
therapeutic agents may be directed injected into the channel or port, but in othes
embodiments, an infusion catheter may be inserted into a channel or port and used to provide
additional control of the therapy. The infusion catheter may have any of a variety of
configurations and features, including but not limited to its own optional steering mechanism
separate from the retractor cannula device, and a needle tip for injecting therapeutic agents

into the tissues or structures. In some embodiments, the needle tip may be retractabie and
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site and/or reduce the degree of tissue disruption in achieving access to the target site. For example,
in some procedures, the angle for approaching the target site through the skin may be different from
the angle that provides the visibility or viewing angle to treat or diagnose a particular abnormality.
Referring towfg%{fﬁfoﬁzé’gme embodiments, a cannula system 340 may bE ﬁ@é&%‘ﬁf{’g’&sﬁwget site 342
by utilizing longer or indirect access pathways 344 in order to achieve the desired approach angle to a
target sitexsmdAbidtogvotecintgriereneéviromtgtnncturest sbichiasdher tramsversacspisiblepiooesses 346.

By using g,steeraple cannula system 34 as denicted i, fig: A0, NoWRVE Aahoyjer or a more direct
insertion pathway 350 may be taken to a target site 352, which may réduce the aggregate degree of

tissue distUpREHTEOM AR RiracionermiHg sktioer pethdial - By eakiin g caidl Ainalgésap the steerability of the
cannula sygtem3d3.5he.desiEedanRreach angle oA darget site may be achieved. [0116]The retractor

cannula device may also be used to perform denervation procedures using direct visualization from

the retrac nnula deyice. The denervation procedure may be physical, chemical or electrical
comorvatblL I exarmp T At JLE e GBI S B AL e od BFAMES access the
posterior grposieratateralizniugus.df isdeebisapuireciated that hedeneriatiorpgraceddses may be
performe‘éé&éﬁ%ﬁ‘j’fs%ﬁg é?%'&?%‘ﬂh%”&!«%@ ?c%f%{) %ha%h%%ctf%'ea{%%%&ﬁ?ﬁfé% ‘%f?é%%&_?n% hemiated

disc or torn a 11 e retractor Cannuld devices'may b€ used, for €xample, in systems for
treating discdtfégrenicdiiatiohttragindhad eravicksubdas bty @ssin devioeks. Tlsretratignesmnula device

may be uged: I01AGEESHING ANERUAGISHS @Nd.debVETing 2 QUEIRHS dRCOMRIESEIRAGYiLR) For example,

a decompression device may be advanced from one of the working channels of the retractor cannula
device andanifes thecHae oL tefegtdise A Adalis e tawiestithcgeifees s raiséd 18 removed the

disc nucleygdissueneithandydisseshion. sustian .« iseehdngi-orRy shnking thernusiessoarious types
of thennal energy are known to shrink the nucleus such as resistive heat, radiofrequency, coherent

and incohbFSHEIGRE Sh B 408 VS SBURARSP IS tRr A YEPE AeY§Rae ets ks §8ue removal
devices niay alsizfiercsedFRetpmpression shbthe disanireléuscmayeresuliadthe pFotmudesk disc

material Ct?l Ifaflp ?cl)nagtaygg S%Q%QQA{V 21(: 8%%'- I/éJd%geO %%/Q‘gg%ggsﬁe degree of tissue disruption
compared to a longer insertion pathway. By taking advantage of the steerability of the

canmula system 348, the desired approach angle to a target site may be achieved.

[0116] The retractor cannula device may also be used to perform denervation
procedures using direct visualization from the retractor cannula device. The denervation
procedure may be physical, chemical or electrical denervation, for example, The approaches
used may be similar those described herein to access the posterior or posterolateral annulus.
it is to be appreciated that the denervation procedures may be performed to relieve discogenic

pain and/or before the disc damage has progressed to a herniated disc or torn annulus.

10117} The retractor cannula devices may be used, for example, in systems for
treating disc degeneration that include nucleus decompression devices. The retractor cannula
device may be used for accessing the nucleus and delivering a nucieus decompression device.
For example, a decompression device may be advanced from one of the working channels of
the retractor cannula device and into the nucleus of a disc. A nucleus decompression device
may be used to removed the disc nucleus tissne either by dissection, suction, dissolving, or by
shrinking the nucleus. Various types of thermal energy are known to shrink the nucleus such
as resistive heat, radiofrequency, coherent and incoherent light, microwave, uitrasound or
liquid thermal jet energies. Mechanical tissue removal devices may also be used.

Decompression of the disc nucleus may result in the protruded disc material collapsing
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toward the center of the disc. This may reduce the pressure on the spine nerve roots, thereby
minimizing or reducing the associated pain, weakness and/or numbness in the lower extremities,
upper extremities, or neck region. One or more devices that may be used to strengthen and/or support
the Weakené’&%%)(?féﬁ?%ay also be used with a retractor cannula device]?([:ai[is@m%’aﬁ‘c?ﬁfon to spinal
applications, the atraumatic cannula system may also be used for a variety of other procedures. The
atraumatimeanhiilacsysiena haclisdingHlentgtradcios danneiausy stes spiaynbervsedstahprebide direct
visualizatign i6.8 variely. ot hoh bedside, and surglcal procedures hatwere previously performed biind
and/or with m&lllrec%wsuaﬁza &tie procedures Inc tde but are not limited to peIeural biopsy,
pleuracentetsisyipasacartesigereitiah blopssk sgebjoifimmspirationidfocexampiey reanothier example, the
cannula Syslgam, A BR:BAIR HIESIGIARNAXIQRILOF URYBE CRAIGIRP RAHRETLRRIIANel taps fo
diagnosis blunt abdominal trauma. [0119]In some embaddiments, the retractor cannula device may be
used for di&ijAdstic purposes. Because of the complexity of the spine, it may be more difficult to
diagnose an injury than for other medical conditions. As such, the direct visualization capabilities of the
subject d¢gidg$ may bénalitétionacaipiae hpideatibnaryinstabilitc endefarmityindae dpirie. For
example, (e, sublect devise mav.offer direchyisualization of ay Wmars. iRctreg,nepye damage, or
disc degeneration. 1n ach?tlon, t smfbje'ct'dewces may Include Sehsors for collec Ing Jlagnostic data,
for exampleysénsoisithatmezsusedflow; tepdraturesplessundoaroxiggent coticeedratiomdThe subject
devices ”%ﬁ%g%?lj Redised 9 Jempy ﬁrQ%F&s'i?ggﬁo‘?&QQBﬁ%ﬂ@)@?&%ﬁd&?&‘# JRLexgHRal diagnostic

tests. Additi ly, the subject devices may deliver testing reagents or additional instruments for

diagnosingréisereegerrsragbiiantt BrROHbEEse fatRit O PR plevitfe Batfe ERHEMER S may deliver
electrodes{of diggRosia s usalinent A3 L20Mp NG aEPAUIIGHLEELARIO: SaRRMIALEvice may be
disc

used to perform ectomy. In this particular embodiment, the patient is prepped and draped in usual
sterile fasPidheda e TREFIYSOABIRE BREP3EPHS R ESERAUTTRGOHAET B8P Sihesthesia is
achieved and:asigicigaidawise may be inserted percutaneously to the epidural space. Guidewire
placement may be performed under fluoroscopic guidance or other types of indirect visualization

including yasound. 19,0/ 1N5(aRGES: @ BIDALKIBRUNFI AQRIDGIRIPIA MAHS ADGNIR L0 S inches

from the midline of the patient's lumbar region to
purposes. Because of the complexity of the spine, it may be more difficult to diagnose an

injury than for other medical conditions. As such, the direct visualization capabilities of the
subject devices may be able to accurately identify any instability or deformity in the spine.
For example, the subject device may offer direct visualization of any tumors, fractures, nerve
damage, or disc degeneration. In addition, the subject devices may include sensors for
collecting diagnostic data, for example, sensors that measure flow, temperature, pressure, or
oxygen concentration. The subject devices may also be used to remove fiuid, tissue or bone
samples to be used for external diagnostic tests, Additionally, the subject devices may
deliver testing reagents or additional instruments for diagnosing disc degeneratior and bony
degeneration, for exampie, the subject devices may deliver electrodes for diagnosis and

treatment,

[0120] In one embodiment, the retractor cannula device may be used to perform
discectomy. In this particular embodiment, the patient is prepped and draped in usual sterile
fashion and in a lateral decubitis or prone position. General, regional, or local anesthesia is
achieved and a rigid guidewire may be inserted percutaneously to the ebidura] space.
Guidewire placement may be performed under fluoroscopic guidance or other types of
indirect visualization including ultrasound. In some instances, a small skin puncture or

incision is made about 2 to 5 inches from the midline of the patient’s lumbar region to
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WO 2010/048208PCT/US21109/061358 facilitate guidewire insertion. A needle may also be used to
facilitate guidewire passage through some tissues. The guidewire may introduced on the ipsilateral
side from which the nerve impingement has been identified and at an angle of about 25 degrees to
about 45 de&gezg*%ﬂfﬁ%(}%atient's back, but in other procedures, a contra%?g/gﬁgwﬁ’%éﬁ and/or a
different angle may be used. After confirmation of the guidewire location, a dilator may or may not be
inserted deeiithe guitteviiee teeniarge theliguidewise pathcd ithiaapisiaraligpace. pAssaptroducer with a
releasablg, gelsmaybg serpd udhelaiprismanialn Acess sa ek hediplorapd guidewire
may be removed. An en oscope ©or other type of direct visualization may be inserted Into the scope
channel ofetive ranaerseccdhatheeleidiodiing mibatiornigil Sl 15 detirecteditontfe irrigation port on
the retracior cannii-3ad-ActNAIRd ue: PRQYIES Goptinnaus Hushing. A RBSING Qhakliye aspiration port

or outlet port is checked for patency. The retractor cannula is inserted into the introducer and

advanced'ttiwar aEepribarsphce Bifeniisnaionabhe sHE R NS as dHaLY Besheiformed with
the endosgepansdhesrbasier grR IRALS threpigiralispace. it thanetaalencannla enters the
epidural s&gce, the retractor sserlbﬁ/ %rjﬂfay bff? mani u(i!ated‘ e.g..flexed and/or rotated) to orient the
user and td'i ?ﬁévg%i?léﬁ RERRSCAREBRERY HLeY A hal BRIHSIBY F AT ator cannula
device mayathendiatadviahgad-cliasenio thedieatdeninsiteloiber @ itbentragpmendistte is abutting or
impinging upon a nerve, the.retractor assembly in the configuration may be used to separate the
roatment LR L R R T e e e e

em bodim:e*ri&tbylgﬂidémﬂrecmlay@eﬂﬁeic@grﬁéd in‘t@aa‘fchmm@} dftherstactomoanmladivdiedvanced
past the tig of fha/elRGIALATARMAL RWardhibe, Ueatmant site, HokSr MR, dhe:quidgwire may be

inserted into a bulging region of the annular wall at the site of impingement. Insertion may occur before

or after the@TeaERtsr d58aRYIIRIE TRttt tdcgpRl Bsringuraten sy ratié torardha nerve is

separate§afmapeingi s, SWHRLR I e e Vis Ul GUIRARGE 1R SRR AWS.SfhthR retractor assembly
may be directed towards the tissue to be removed, and then urged to the closed configuration, thus

grasping fREHSE0R NERrERAHRS FABNEBVERT JieERaED gy MdhCTEEFINSA B AGVE the tissue
gripped byhthaiaws ofdte flefraatetassembly. Alietaativalyuoraddiionatiyy antissueisiypting
instrument ma[yhbe insert(ﬂ:l ”2'1 thefr_e ractor cannula efvice agd actiyatedt mitrillc? or djﬁ]rupt the tissue
at the treatment it For e%n"elﬁfleyt & TRUACISH cannufd 8%‘0.68%%%? S8 gaur%a% house an
automated:auger covinich ¢ancbentyriienh bn ddvspoadvitiver tielchaemipemspace Whelosed by the retractor
assembly ickl tissue rnatively o itionall ' ressur y be applied
through tk?te&ég#ggﬁ %%53%&‘6&1&%&2%@52%@%%&%( raréﬁgﬁlgi%ﬁ%g%ﬁ{eé?v%g% %Rlc%%ﬁrj{%gﬁ@ﬁle disrupted
material ri@gfisEratipapnanke/ 5odkesapaizhoI048208 PETSo0o061B5R eratihubigskifigation and

ﬂ!JSh SYSt&fRe Ok may-befemeyed Iﬁ{%ﬂn@@rﬁ%@?m&ﬁ& ,%@uh%@ﬁ@%&@@%i@s%%@ﬁ% Qn the tissue
disrupting instrument, or secured by the%?évs of the retractor assembly which is then withdrawn
Y
V4

distally. ACBRRSHIRIGA (SHESEiF HaRel! E°thBRTLERS i tHRersiFAC o AR Ry akhieve
hemostasiscandiarin siinktissuapls seneembedimentsntordieated slisa surfane arayeself-seal due
to the small size of Ehe Igi\li‘s_:siue gﬁi{{tgtin%nstngnent and/or the rEd ced .presskire in that portion of the
disc foIIov?liHlé1 %r‘ﬁ%]vﬁf iR TRt Fﬁ%%glﬁ%/e%lfrt ?F%gfe%t%ﬁé eﬁ?&@?‘%&‘ further treated
to reduceaasymkfrissigrrdidisthenateriahffenrdhentreat efntesiteaf fonceps orsgaditiah@bgrasper
instrumens, gy @50 psed wihy N iiadier.cannyla devics ipspmove Ay eiadlseal fragments.
In some instances where ter'agments mafhave m’igratgg tﬁroug a foramen of the \yerrl%e)()rae, the size of
the retractdiceisanatearinippasmmii wdvarssermehrof thenroreadtr thashskal toliguesyien. tivough the
foramen. ;@%9%5%%‘&{0%?{8}&4Qt@ﬁ%&%&@ﬂ%gb@c'ﬂ}ﬁaﬁl%%H%ﬁ@x?t?eee{}}ﬁﬂhéQ&r}%hﬁ%%érom the

foramen to retrieve any migrated fragments. [01211In another émbodiment, a retractor cannula system
may be ufiitsRUFERREHPHIE VaTeR) BECAHHEMGAIETRRbroddtiTasY sheRIA e Bt HftEe to
bronchosaapyptiieuhak-bignsym pleirasentasis ne Hasidincantesiyand pedicaidiadbiepsyicLericardial
biopsy, for example, is indicated for the investigation of a pericardial effusion. The procedure may be
performed’u %ﬁl%&%%%%ﬁi%%‘iﬁ?ﬁﬂ’&%%rﬂffsi RABE e G T Bl AR SHIMRciated with
substantiabnforinietity; hookedinguootnetilagedwhitisksnofet pnedimoih gsaxvatdnntyodandiat rupture. A
minimallysin%aséggbdé%:t i%‘%@%&%?%@étn%gﬁ‘a%’eﬂg / !r%]rgr(‘){g%g@uee riilﬁg%n 1yzjt%grolfile of the procedure.
In one parﬁcufiar embo ﬁ/nent,t e patient Is 3f)re|5[pe nd draped i ususi €ieriie fashion. Local
anesthesiaiitachibveddntithersedsnipvid begioniiot theysitibntaupeotherembodirnentszotier entry
points intg dhe tharasit caviimay:Resed staad.Jneheremhadinenis,regignal ge.general
anesthesia may be used instead. In some embodiments where a pericardial drainage catheter was
already in place, the guidewire may be inserted int8 the catheter and the catheter may be removed,
leaving the guidewire in place. The guidewire may be a straight guidewire or a J-tip guidewire, for
example. In embodiments where an initial entry into the pericardial space is made by the guidewire, a
catheter may be inserted over the guidewire and one or more pericardial fluid samples may be taken

for chemistry, histology, and/or culture, for example, before continuing the procedure. One or more
dilataore mav he incarted nover the arinidewire and removed tno widen the tieeciie nathwav from the ckin to



WO 2010/048208PCT/US2009/061358 retractor cannula system is inserted, a sampling of the parietal
pericardial tissue (i.e. the outer pericardial surface) may be taken before or after the placement of the
retractor cannula system into the pericardial space. In some embodiments, the retractor assembly may
be in the op@ﬁoc@ﬁ%fﬁz‘fﬁon and pressed against the parietal pericardial LG dEE Rt ddfitional
retractor assembly may be used to take one or more tissue biopsies of the parietal pericardial surface.
A coagulatarnpraid-mayidieansdthib prosdehemostasisdaibiving tearbiopsy: aitbiopaies. The retractor
cannula may be placed jn the closed cqnfiguration and advanced djstally over t uidewire toward -
the percat A et e e e e b o T g e Rt T Roved from the
retractor camemite systebly Fhlpsribardialhfivid méydl diained dstdrepiesed withlshlineydrea gas to

facilitate vigwing- JRRalignts with.g emeriadie fiHsion; addrenalirkdaton and/of drainage may be

used to improve the clarity of the viewing field. The retractor assembly may be placed in the open

configuratiBehanens. seticartidissaeesray e e pieredrpycresitigAridre cfdatitigihe retractor

cannula dgvigg:4? sRMERMBAdIeNsdNe-retraaiat cankismay fearflexed iawatrograde fashion
and the extended retractor assembly tip of the retractor cannula is used tQ atraumatically tent up the

pericardidFRR: thdstimadetifd (ot i AtrdasEaneddisc oy Sr deBibgegtiflike traditional
endoscopiedpreced e swhichdave somelimes cantrainaisated Wwhendhererisdaisuifigignt flerid or
loculated fluid in the ericFrd]i)aI sac, use of the tapered e.retractor cannula s sc}em may facilitate
. mMSEmen:s (nav a Sﬁ] € USE W1§1 the retr %h ' cannu ac?i%wc tQ I'Ef ove ar% exirg- ;%ca .

tissue separéﬂon etween the pericardium and the épicardium to safely pertorm the biopsy in those
situationstrigsstigshibpsies ofsthecvisgbeal Pegiwandiumyard/omtigeregidardighne aanise tdken using

graspers gr,olper %99&%%?%@%9%@5985%&%%%ﬁa%%&%‘?a @'@9&%&“&%’8{@% Qaylalien probe, one or

more windows or fenestrations may be forme e pericardium to provide ongoing drainage of the
pericardianefostonn Pepiesdr dhalfwmaowslbrfehe stariviss dpary dnase ieap dfdrpadedato tbcor after

entry into thg.netisaipiahsPacs: TORFEAFIRNcaRILA MY S hesfrmeved and an x-ray may be
taken to check for a pneumothorax. If needed, chest tube drainage may be provided until the

pneumot Bﬁ)ﬁhas res?Iva%d. eOrlaz_ztlln another embodiment, the retractog can .uelguf'{sa){/qsgl%e)irin%t?%:g ttz)e used

to perforn afy’of a variety of geni oﬁﬁlﬁ%@t’élnig tBEtPéWnﬁr%cqgﬁﬁ?leg%c uthing
cystoscopsnithod randihdot slzdoterddiopsyiicledaldiopsy, jprostate hopsyanpyspigeny, fetoscopy
(s AL A S M SRR DR T g Pl
forward-pesiiemedarberiebierr aetortsssemply, truciideherfenmodinfaneseduipyoay be
2010/ 048%%5’&%4:%89@%91@%&%: guidance or using endoscopic instruments, but is still

associated with substantial morbidity, including but not limited to risks of a pneumothorax

and myocardial rupture. A minimally invasive, direct visualization alternative may improve

the risk/benefit profile of the procedure. In one particular embodiment, the patient is prepped

and draped in usual sterile fashion. Local anesthesia is achieved in the subxiphoid region of

the patient. In other embodiments, other entry points into the thoracic cavity may be used

instead. In other embodiments, regional or general anesthesia may be used instead. In some

embodiments where a pericardial drainage catheter was aiready in place, the guidewire may

be inserted into the catheter and the catheter may be removed, leaving the guidewire in place.

The guidewire may be a straight guidewire or a J-tip guidewire, for example, In

embodiments where an initial entry into the pericardial space is made by the guidewire, a

catheter may be inserted over the guidewire and one or more pericardial fluid samples may be

taken for chemistry, histology, and/or culture, for example, before continuing the procedure.

One or more dilators may be mserted over the guidewire and removed to widen the tissue

pathway from the skin to the pericardial space. After widening the guidewire pathway, the

retractor cannuia system may be inserted over the guidewire. In some embodiments, as the
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rigid retractor cannula system may also be used. In one embodiment, a cystoscopy procedure may be
performed by draping a patient in the usual fashion and prepping the urethral orifice with a sterilizing
agent and a topical anesthetic. In patients where ureteroscopy may be performed in addition to
cystoscopy, ﬁ%‘%{f’ﬁz'&eneral anesthesia may be used instead. A topicglcgﬁégfwg"l‘?@@%ptionally
applied to the exterior of the refractor cannula system as the retractor cannula system is inserted into
the urethrghatiice mndlacwanaaditndhalbladden eawityhépacsg piibadiments: the. bladdes:may be
filed with & gas.pr,2 I o oxpand tne bladderwall oy iewing Once.in.the blagder. the retractor
cannula s@s em may befiexad and rotated to View the Iglla er cawfy. lopsies may be taken as
indicated hyyptimsentingransitpsyiihshasm et ey, angraispen)dirtic: acchaionedwithley retraleton cannula

device, a‘fﬁ‘éaog%g EBS@%@XJ%H%?é?s%%@%}MF%rBé{}‘iE‘t%ﬂB&iP&%%}’siﬁﬁ@émﬁ%taﬂ?&oﬂﬁ?tera' orifice

may be identified and retractor cannufa may be inserted into the ureter. A guidewire may be
optionally Rigettsdtsrabigitebrarad or ek Al syRtEr Whel M ipech thedtaioaties ko Hhiellitate
passage gfthed eNaciortAR WA BY sIMHINRe Yreiele H&%@a&i@m@wmgmé,bmgs/mactor assembly

of the retractor cannula system may be at least partially expanded during entry and/or advancement of
the devic& IBHEHULRPHTE IR SPUMEIR FAPHRFRIRHDNT BESENEITY BibRHtHEN ARGt P retractor

cannula systen, dhe eiragiancanula syisienimay dlssbe ahvaneeetipiadhaiintspaenaheollecting

system. If a.stone is encountered dugr}%th%grocedure, the jaws of thiahretractor af,?l%m%lxl may be

actuated 5 Temove the’S oarllg.lﬁrﬁg}'ﬁatlve% or g&&ﬁ%ﬁ%ﬂﬁ“&ﬂﬁ?@%’or o‘?ﬁglr}f%%ao Captliing

instru merﬁaﬂ@mﬁa@eﬁp@eﬂb@imt@m retrastap danhtla sisstern. thorpatieves théhstone. For stones that
are too 'aF%SaB%,-R&YX%%%) f‘aﬁlg‘?%ﬂgﬁ ive ﬁ%@ﬁin%f/é'f'ﬁrﬁ?%%‘ét%ﬁ@ WA SYSiGM,,@ furr or other type of

disrupting structure may be use reak up the stone. Once iopsies and/or stone break-up or
removal isletiipietedyitvanetiaktor Banvitialeystembhagbebaikgea\win o 2Pk ¢8iguseiignderstood

that this inyantiopsartiliniied in-pardickias.exepplaiyLmbedimeants describet: assueh may, of

course, vary. It is also to be understood that the terminology used herein is for the purpose of
describingPafficdiaiosaBEERABME SR HHAGO HOTRHEIRYG 16 Trawifia g Enstaitfassidhe of the

present inkentieruiihe lmitedanlyhy therappented chaivasnill 4RO reraiaRgeant values is
provided, it is undgrst%gti that each intervening value, to the tenth of the unit plgtrbe lower limit unless
the conteXF ) ERR L BtHENASE LERESHIHE ol AHGISWBE AR LPIHAT PAAGE is also
specifically wiseloseitokdchdraitr pWRRADMHBRBPCTHIGR0091661856ted when there is

insufficient fluid or loculated fluid in the pericardial sac, use of the tapered shape retractor
cannula system may facilitate tissue separation between the pericardiam and the epicardium
to safely perform the biopsy in those sttuations. Tissue biopsies of the visceral pericardium
and/or the epicardium may be taken using graspers or other endoscopic biopsy tools. Using a
tissue debrider and/or a coagulation probe, one or more windows or fenestrations may be
formed in the pericardium to provide ongoing drainage of the pericardial effusion.
Pericardial windows or fenestrations, if any, may be performed before or after entry into the
pericardial space, The retractor cannula may then be removed and an x-ray may be taken to
check for a pneumothorax. I needed, chest tube drainage may be provided until the

pneumothorax has resolved.

[6122] In another embodiment, the retractor cannula systemn may be used te perform
any of a variety of genitourinary and OB/GYN procedures, including but not Iimited to
cystoscopy (with or without biadder biopsy), renal bicpsy, prostate biopsy and surgery.
fetoscopy (including optional fetal blood draws), and bladder neck suspension procedures. In
one particular example, cystoscopy may be performed using a flexible retractor cannula

system with a forward-positioned extendable retractor assembly, but in other embodiments, a
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range between any stated value or intervening value in a stated range and any other stated or
intervening value in that stated range is encompassed within the invention. The upper and lower limits
of these smaller ranges may independently be included or excluded in the range, and each range
where either* &P ERHoth limits are included in the smaller ranges is afol8n8Miass8d within the
invention, subject to any specifically excluded limit in the stated range. Where the stated range
includes engdaebaitvof dhealimitacrangesBsUedieg. cithel-anhotialihess ingltdstlisoig.ase also

included in the invention. [0125]Unless defined otherwise, .all technical and scientific terms used herein
nave the S TREAATTE S AT LHeHoA00E B CRE o GFSHER SRR (HELAR S Wi s
invention welongsiAkngughnanydaethods andimate dals: Simitarier e guivabernifp thgde described herein
can be used.d jice or testing of the present invention, some potential and preferred methods
and matef%gggg%%%n%{v%{? gﬁ:ﬁ&?edy. A)I%Cpégliceéiﬁ%rﬁs ?né‘nltllcfne%flﬁsg%lsﬁaé%gy?r?gélr%%r%}tse%f{'er%in by
referencett@igibelssehalitl tepérirdl Yo riedrHodecargropmatbriata dateormiaction sith ewhish the

publications, are,citethulh is HealetsiReAhak e LIRSS disslostie.supeIsedes any disclosure of an

incorporated,Puincation to the extent there is a contradiction, [0126]It must be noted that as used

herein anfRiAtheapIenaBd WS i Sagtrarmornbribedvitadat iy Harideogspandeterents unless

the contextflearlydietataswaieryiae. il Mespiliexanapiskeletanseiiay adbadey incliiles a plurality of

such blades and reference to "the energy source'’ includes reference to one or more sources of energy
4 r]?t’gng o B e

‘and equivaISALEHRRIR RN TS SR TN CEHREED Fo BT PITHEHiRations
discussedhergimaremeovicedasotehefpirteairctisldsyird: Nathing beneimisctadecconsiiyed:as an
admission_that the, pr t invention is not entitled to antedate.such publication by virtue of prior
vention e R P o L e S actual puplication
dates whighmifiydrssdho lobaside pandéntiyicbafirmed! [0028F Thetpresadinigwieralyyibastrates the

prindpleso%fci%li]@\{ﬁ@%' tHJ'MEIpﬁle retractor cannula system and into the ureteral orifice to

facilitate passage of the retractor cannula system into the ureter. In some embodiments, the
retractor assembly of the retractor cannula system may be at least partially expanded during
entry and/or advancement of the device, to reduce the risk of ureteral perforation. Depending
upon the length of the retractor cannula system, the retractor cannula system may also be
advanced into the intrarenal collecting system. If a stone is encountered during the
procedure, the jaws of the retractor assembly may be actuated to remove the stone.
Alternatively or additionally, a basket or other type of capturing instrument may also be
inserted into the retractor cannula system to remove the stone, For stones that are too large to
be withdrawn through a channel of the retractor cannula system, a burr or other type of
disrupting structore may be used to break up the stone. Once the biopsies and/or stone

break-up or removal is completed, the retractor cannula system may be withdrawn.

[0123] 1t is to be understood that this invention is not limited to particular exemplary
embodiments described, as such may, of course, vary. Itis also to be understood that the
terminology used herein is for the purpose of describing particular embodiments only, and is
not intended to be limiting; since the scope of the present invention will be limited only by

the appended claims.

[0124] Where a range of values is provided, it is understood that each intervening
value, to the tenth of the unit of the lower limit uniess the context clearly dictates otherwise,

between the upper and lower limits of that range is also specifically disclosed. Each smaller
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appreciated that those skilled in the art will be able to devise various arrangements which, although
not explicitly described or shown herein, embody the principles of the invention and are included within
its spirit and scope. Furthermore, all examples and conditional language recited herein are principally
intended to 31 HEYEEEE in understanding the principles of the inventionpgﬁgjﬁ%go%ﬁgéaﬁts contributed
by the inventors to fur hering the art, and are to be WO 2010/048208PCTTUS2009/061358 construed
as being witlwoietineitation taisdchispecificalymieegiteduexam plesdandzeanditionstivtoneader; all

statements. herein reciﬁilgq npginci Iga, asgectgfl and em%odi. enttgeof the .inveJT,Hgn as V\E/I%Ié as specific

1Rervening va atsta range is O assed wiinin invengion. u T
examples rtlhereoﬁ‘l, &re intended to enco pass%g%ﬁ structural and functional eqw%?ents thereof.

Add_itionalliwﬂr ib;mcit@ﬁﬁé@%ﬁﬁ@iﬂiﬁmwm@d@mm@b&h mgtrendlpiriolnd et emtecand _
equivalents developed inHhe dhire, i Aph e Tants Aeyelopad that peHrrm the.sameg Junction,

regardless of structure. The scope of the present invention, therefore, is not intended to be limited to
the exemplERIBPRIBRHIHEHSEHBYH e SBISCH et Hapsfil raAherc e Eapbiame SHstof present
invention jseabagiad By the-appendadciainse. toball frerembediments deseiikediriel, the steps of

the methad need not be performed sequentially. CLAIMS What is claimed is: 1 A retractor cannula
device colfBHEInBOsE (BRI oBRY it A ¢ tALHSH Ss8nbi§Nddhted at the distal end of the tubular

body, wherein the retractor assembly comprises a first closed configuration and a second open
configurafié¥kherein theessisiskaradodiecoppriaschnled stogrieimmientoonfigebetoinbiyan

endoscomﬁe%ﬁg@%eaning as commeonly understood by one of ordinary skill in the art to which this
invention belongs. Although any methods and materials similar or equivalent to those
described herein can be used in the practice or testing of the present invention, some potential
and preferred methods and materials are now described. All publications mentioned herein
are incorporated herein by reference to disclose and describe the methods and/or materials in
connection with which the publications are cited. 1t is understood that the present disclosure

supersedes any disclosure of an mcorporated publication to the extent there is a contradiction.

[0126] It must be noted that as vsed herein and in the appended claims, the singular
forms "a", "an", and "the" include piural referents unless the context clearly dictates
otherwise. Thus, for example, reference to "a blade” includes a plurality of such blades and
reference tc "the energy source” includes reference to one or more sources of energy and

equivalents thereof known to those skilled in the art, and so forth.

[6127] The publications discussed herein are provided solely for their disclosure.
Nothing herein is to be construed as an admission that the present invention is not entitled to
antedate such publication by virtue of prior invention. Further, the dates of publication
provided, if any. may be different from the actual publication dates which may need to be

independently confirmed.

[0128] The preceding merely illustrates the principles of the invention. It will be
appreciated that those skilled in the art will be able to devise various arrangements which,
although not explicitly described or shown herein, embody the principles of the invention and
are included within its spirit and scope. Furthermore, all examples and conditional language
recited herein are principally intended to aid the reader in understanding the principles of the

invention and the concepts contributed by the inventors to furthering the art, and are to be
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2. The device of claim 1, further comprising an endoscopic system. 3 The device of claim 1, wherein
the retractor assembly comprises at least one movable element comprising a curved surface. 4. The
device of clgj W!1 in the curved surface of each movable element is uniformly oriented around a
IongitudinaI%a!{z;(]l’s%g)%‘0 h%zreegractor cannula device to generally form a roundlé}éTt}iB%%r? '{%"gﬁﬁ?g% closed
configuration. 5. The device of claim 3, wherein the curved surface of each movable element is
non-unifosniistyde ntduamwrticati tngittdingl wuds wkthicrdlyactde¢anmfded eviceotulform.a tapered tip
in the firshglosed confignsation f-JnsLeves s A whereln the,cunesdsyrface of at least one

movable element is non-uniformly and asymmetrically oriented around a longitudinal axis of the

retractor CAYRURNAEVIEE &5 $BPRITKITXHBRG HisTo0ITHE HERICRIIPEBIRTBAGTIROFRIFTUTEEHGRD tip is
oriented agrREsAlengiHdnalReiglne ffhefalkactor aaspPiNat S:chhedevigaahelainybavherein the
retractor assembly{ comprises at least two movable elements. )

currently known equivalents and equivalents developed in the future, i.e., any elements

developed that perform the same function, regardless of structure. The scope of the present

invention, therefore, is not intended to be limited to the exemplary embodiments shown and

described herein. Rather, the scope and spirit of present invention is embodied by the

appended claims. For all the embodiments described herein, the steps of the method need not

be performed sequentially.
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9. The device of claim 5, wherein the retractor assembly comprises at least two movable elements. 10.
The device of claim 3, wherein a cross-section of the retractor assembly perpendicular to a longitudinal
axis of the device comprises a non-circular configuration. 11. The device of claim 3, wherein a
cross-sectioWszt(Hgf%ﬁg%tor assembly perpendicular to a longitudinal ax%cgf“tjﬁéeﬁgéeﬁ&@%omprises at
least one linear region. 12 The device of claim-3, wherein the curved surface comprises a first point
having a first tangent and a second point having a second tangent that is perpendicular to the first
tangent. 13. The device of claim 5, wherein the tapered tip comprises a linear taper region. 14. The
device of claim 3, wherein the at least one moygblg,glement comprise an optically transparent
material. 15. The device of claim 14, where the device further comprises at least one fixed element
comprising an optically transparent material. 16. The device of claim 15, wherein in the first closed
configuration, the at 1648t bH& HBVHble element and the at least one fixed element form a side

aperture.
1. A retractor cannula device comprising: a tubular body with a

retractor assembly located at the distal end of the tubular body,
wherein the retractor assembly comprises a first closed
configuration and a second open configuration, wherein the
tubular body comprises at izast one lumen configured to hoid

an endoscopic system.

2. The device of claim 1, further comprising an endoscopic

system,

3. Thedevice of claim 1, wherein the retractor assembly
comprises at least one movable element comprising a curved

surface,

4, The device of claim 3, wherein the curved surface of each
movable element is uniformly oriented around a longitadinal
axis of the retractor cannula device to generally form a rounded

tip in the first closed configuration.

5. The device of claim 3, wherein the curved surface of each
movable element is non-uniformly oriented around a
longitudinal axis of the retractor cannula device to form a

tapered tip in the first closed configuration.

6. The device of claim 3, wherein the curved surface of at least
one movable element is non-uniformly and asymmetrically
oriented around a longitudinal axis of the retractor cannula

device to form an angled tip.

7. The device of claim 6, wherein the angled tip is oriented across

a longitmdinal midiine of the retractor assembly.
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17. The device of claim 15, wherein the at least one fixed element is distal to the tubular body and
oriented parallel to a longitudinal axis of the device. 18. The device of claim 1, further comprising a
handle at the_proximal end of the tubular body. 57 19. The device of claim 17, wherein the handle
comprises a"gﬁ&%"é‘}%%g% and a device-locking mechanism. 20 The devic%cgf(@a?m/‘i%?%herein the
handle further comprises a pivot member lock configured to restrict the movement of the pivot
member. 21 The devic&hefdetaim df8;lvwnet ewhtharhdndiefurdhessearbiprises resistance mechanisms to

set the actuation force %f tggsgivqtlggqr‘p“pg{ﬁg‘%bghe cde\{litcg of claim 18, wherein the handle further

R . m d CILS . .
comprises a bias mem%er confslgure(f to exert a bias %I’CG against the pivot member.

9. The device of claim 5, wherein the retractor assembly

comprises at least two movabie elements.

10. The device of claim 3, wherein a cross-section of the retractor
assembly perpendicular to a longitudinal axis of the device

comprises a non-circular configuration.

11, The device of claim 3, wherein a cross-section of the retractor
assembly perpendicular to a longitudinal axis of the device

comprises at least one linear region,

12.  The device of claim 3, wherein the curved surface comprises a
first point having a first tangent and a second point having a

second tangent that is perpendicular to the first tangent.

13, The device of claim §, wherein the tapered tip comprises a

linear taper region.

14. The device of claim 3, wherein the at least one movable

element comprise an optically transparent material.

15, The device of claim 14, where the device further comprises at
least one fixed element comprising an optically transparent

material.

16. 'The device of claim 15, wherein in the first closed
configuration, the at least one movable element and the at least

one fixed element form a side aperture.

17. The device of ciaim 13, wherein the at least one fixed element
1s distal to the tubular body and oriented parallel to a

longitudinal axis of the device.

18. The device of claim 1, further comprising a handle at the

proximal end. of the tubular body.
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23. The device of claim 19, wherein the device-locking mechanism is configured to secure an
endoscopic system. 24. The device of claim 18, wherein the handle comprises one or more ports. 25.
The device t{ﬁl%mﬁ%zﬁ/gherem at least one port is configured as a flush %c:gl /'U%(S The device of clalm

. . . . . . . . . O02/36 1358
24, wherein at least one portis a visualization port In communication with at’least onie lumen

configured to hold the endoscopic system. 27. The device of claim 3, wherein the at least one movable
element comprisek’a cbmvéxvaustef sarfadé. 28eThethicviodlotctaimseys wiverein the at least one

movable element comB{Qg&g&gﬁ@é@é@@ggﬁ%@g&%@m{he device of claim 1, wherein the at least

one lumen configured to hold the endoscopic system is configured to removably receive the

endoscopic system.
PIc sy % The device of claim 18, wherein the handle further comprises a

pivot member lock configured to restrict the movement of the

pivot member.

21. The device of claim 18, wherein the handle further comprises
resistance mechanisms to set the actuation force of the pivot

member.

22. The device of claim 18, wherein the handle further comprises a
bias member configured to exert a bias force against the pivot

member,

23, The device of claim 19, wherein the device-locking mechanism

1s configured to secure an endoscopic system.

24. The device of claim 18, wherein the handle comprises one or

more ports.

25, The device of claim 24, wherein af least one port is configured

as a flush port.

26. The device of claimn 24, wherein at least one portisa
visualization port in communication with the at least one lumen

configured to hold the endoscopic system. '

27. The device of claim 3, wherein the at least one movable

element comprises a convex outer surface.,

28. The device of clamm 27, wherein the at jeast one movabie

element comprises a concave inner surface.

29, The device of claim 1, wherein the at least one lumen
configured to hold the endoscopic system is configured to

removably receive the endoscopic system.
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