RETRACTOR CANNULA SYSTEM FOR ACCESSI NG AND VI SUALI ZI NG SPI NE AND RELATED
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cl ai ms prwonntoyossaeder 35 U. S.C.  119(e) to U. S. Provisi enalusamplos388 i on No.
61/ 106,914, filed Cctober 20, 2008, the disclosure of whi ch i s hereby

|ncorporated by reference in its entirety. This application is also related
to U, 5 RAgH A6 AN LA szs@quwdp ) VASHALIGRCHSPING s 0

her eby |ncorporated by refegeﬁﬁ EDATED BACKGROUND [ 0002] Injured
intervertebral discs are genera y treate ed rest, physical therapy,

nodi fied activities, and pain nedications for substantial t r eat ment
durations. There ar@R@B§d1EFER|ErN€E'HT)RBle’aTEﬁmI?LﬂGAfH@NSeWpt to repair
i njured intervertebral discs and to avoid surgi cal renoval of injured

di scs. exanpl decqn ess rennv or
ahr i i DRUCGC e s il Fal SRR R et G 28 SECSLIGe R e P BB o

t he annapdiza@eINBEs v 836,9 14 Sifed MBS 26, m&caﬂtm@%suwhwﬁah mlféfe@yu nbar

di scect ony and aut omat ed percutaneous | umbar di scectony, renove the nucl eus

pul posuscaporateddytrefsreice il dremsiyetisphis applisatiemisalighclateddedl- & Apnlispden y
I nsert 1@?1@3%% #fe8 ‘Augﬁ dtezﬁ”gé&teﬁvgg{h% gﬂﬁ 'h@rebg‘{&'o}’p%a&@%?é}%ﬂe & @ ifli sc

augnentaf| evice In even I'sC egenerat|on
Augmenteatitedn refers to both (1) annulus augnmentation, which includes repair
of a herniated disc, support of a damaged annul us, and cl osure of an

annul ar tear, and (2) nucl eus au%gﬁﬂﬁgﬁlgHVQMMiCh i ncl udes addi ng or

renovi ng material to the nucleus ntional treatnent devices and
t echni ques, including open surgical approaches, involve nuscle dissection
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automated percutaneous lumbar discectomy, remove the nucleus pulposus of a vertebral disc

by aspiration through a needle laterally inserted into the annulus. Another procedure involves
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, involve
muscle dissection or percutaneous procedures to pierce a portion of the disc under
fluoroscopic 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.

[0003] 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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often invol ves a conbination of a thorough patient history and physi cal
exam nation, as wellas a nunber of diagnostic tests. A najor problemis the
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in some instances, when the jaws are in a closed position. The devices and methods

described herein may be used, for example, to perform annulus repair, herniated disc

excision, denervation of neurological tissue, or the removal of bony material from the spine.

The devices and methods may also be used to deliver pharmacological agents and/or cell or

tissue therapy agents, to diagnose disc degeneration and bony degeneration, to treat spinal

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

[0005] In one embodiment, a retractor cannula device may comprise a tubular body
with a retractor assembly located at the distal end of the tubular body. The tubular body may
have at least one lumen configured to hold an endoscopic 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 one lumen may be configured to removably
receive the endoscopic system. The retractor cannula device may also comprise an

endoscopic system. In one embodiment, the retractor assembly comprises at least one
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recei ve the endoscopic system The retractor cannula device may al so
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a concdV@iMher surface. [0007] In some embodi nents of a retractor cannula
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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 least one movable element may comprise a concave inner surface.

[0007] 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
embodiments, 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 handle may comprise a pivot member

and a device-locking member. In some embodiments, the handle may further comprise a
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[ 0008] Sone enbodi nents of a retractor cannul a device may further conprise
a handl e at the proximal end of the tubular body. The handl e may conprise a
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al so includes receiving visualization information froman imaging nodality
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spi nal deice asing dhe grechyseglizagen capabditypof thg instrument. In’still other embodiments,

a method includes providing access to a portion of the spine, such as the spinal epidural
space, the annulus, the layers of annulus, the disc nucleus, the facet joints, the foramen, or the
spine musculature. In still another embodiment, the method also includes receiving
visualization information from an imaging 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 tissues, and/or atraumatically manipulating the spinal nerve root or other soft tissue. In
yet another embodiment, the method includes using the instrument to deliver disc
augmentation devices, nucleus augmentation devices or disc excision devices. In another

embodiment, the instrument may be used for diagnostic purposes.



yet anot her enbodi nent, the nethod includes using the instrument to deliver
di sc augnentati on devi ces, nucl eus augnentation devices or disc excision
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any\/\/nerséaﬁt Paty aamptically Yatypasgnt retractor assembly may be used visualize the surrounding

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

[0012] 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 allow 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 living hinge involving

the flexion of a pliable material.



to about 359 degrees. In certain enbodi nents, the hinge may be a rivet or
screw around which the jaws rotate, and in certain enbodi nents, the hinge
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may be [gees] i N CaRjaHBGE GRbMikBnit 9ﬁleﬁfburfap&@iﬁn?aﬂeweﬁemydig@d@enmuome
integrated with the retractor cannula device. I'n sone enbodi nents, the

t her apyineleddsdetroducingraieirectsr ehasvlapsiceiss ithon peraviischregovisyaligatean apabihijyect

subst anges, anaLols HETOYE JBLRL Rl L1QM LNGUAYELRYS, o bOGH GIIMIMS, (O One o
nor e fragné%{edlsegne%P§ of the Vertebradl drsc. rn $Bhe enbodi nents, a

t her apyistedtime@ralBysub@siug &thubRzasibh iftkrrdatRArprb@dedby 4 MBuilatien syseim,t he
annul us. Treating the disc degeneration nmay al so conprise repairing a
her ni atBePlafingthe awisblitspagr ethelxirgarsavidhhgIrefEactaniya devieeiosisaigya mat eri al

A0 PIRRe . L L SO O RO, LMGALE: gy sl 1, an
r et r actioterwitebial dise dedenthadon end achiimg thadindldagaevitoa. (The aisusl@anonsysdmer
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 also 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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confi1Qgu' ration. [0016] In another enbodi nent, a systemfor

intervertebral disc augnentation includes a retractor cannul a device
conf i gur edonro10psas8de access for a di sc augnentati on dePCEASL@IAM 358
intervertebral disc. In one enbodiment, the retractor cannula device

|ncludes an el ongat ebod one or nore anabIe aws, a direct visualization
devi ce, Oéﬁoork.?torﬁ%%{gfnoa(ﬁ emhaﬁigeeth‘aweézaﬂovhﬂéqcav@ FRIEABPIENPKEE to t he

el ongat t i on,
gatg, ..yTh@ n b &R Efedm) ARSI GRAL i ah Ly bR ﬂg@ge&@l gﬂgnaﬁ

and is con |gure t transition froma c ose an
conf i guratheonrticulationeandris corfgucdd tb heleesthadbimentom 4 tlesgdawsndaperb e

confi gur to.di spl ace tissu in the spinal. area, and to c wor ki ng
roa CAohlipuaton Bl Mo h e sTeadiHEDy ey higy HREoMTH L Cal i nal o

deV'Cetﬁhxﬁ&ﬂﬂﬁ%phﬁl%ﬂﬁ%&d%b%ﬂmkhﬁwéﬁﬁﬂ L0 A GRRAUW iR Mich ey ifertdd T i ber
optic line or an inmaging sensor |ocated on the direct visualization device.

| n sonmanierthotitireier sannuhredeyingos mayttiedntegial vath th@mctgeganaulal desise, Wi aresh,
cage, rrler atch scaffol d ealin an el., .silicaone, gromﬂh
Fact or Tt OBl BRehRERer by KT R CRRRE OO e e, BhERRE: O

devi ce diyodifens tabiirhicdmtide \detiee cémpiades @PRastdhe ek raagé dhatieg; su@t, r ol | ed
energy elenent, for exanple. The energy el enent Eé be a thermal energy

devi ce SPFféQldd?éPh%m§aerebYC§PgQ}eﬂh@alﬁ gipgdh BEERISABPInagion degset. Hhgpme
I ncoher g ﬂl%%ihfiq d%%%g?ag%@%%la ﬂ)ﬁ]H{:ﬂcé 'Aeof $n lofh, energies to

t he nuéﬁeus ano Rer''s i ment od ‘of |agn05|ng di sc
degene I’talﬁ'lpﬂﬁtulrdf’rcaltﬁﬁ]bd endrgl Blhiste Sori exampit CTiegnargyeddmat: atayderntitanatievi ce

permtting djrect visuyalization capability into a portion of the spine,
st eer i rfgetelevics that delivesntraigiiye ]&"é‘\tﬂr%‘éwﬁ%‘i“r‘?ﬁ%|C§H%rFlPtza§fill%?hF1i‘?flblﬂ$Pét i on

provi d‘%chl?’c){v&v@eulfr%ofu%%?hg&é@ﬁ%ﬁlﬁ?é’ﬂe‘f es B APhAGLNY the neural tissues or

other tissues Wwth the retractor cannul@a device to create a working area,
and assessing the targeted site. The retractor cannula device nay conprise
a mat erl0817]or narlkenother enmbrativenty i swtlodxddiagnopfg tive dsgenation & wpiteyt an

i sual TodbrS i Siset £5aer sifuR Pise Pre Mieafie (i Sr B iy,

such as fdrien 65keRYine Gleeding AR reffBAPELAnGulh RIS PIRA 0SB MI¥BYIZAgon T¥6rmation
vi sual i zation i nfornation may al so be provided by an image generated by a

sensor Arepvidedy By retictericanaylp deico displagingeghe Walrt@ﬁlﬁeé@lf ©Fheg Hpas Wlthew ce
may al She e@&l:%gg%n%ffae&%f)cre tI) Q{mf\ém \Lfﬁﬁ\ﬁﬂgn ezglaﬁcg?&% rsg}g tgggaqgetég 91968] el anot her

enbodlnen augmen erver rscemay 1 nc ude at
| east aBRadoiS@nALIGdeVitaia9 Iaoﬁh@MBszemaﬁ:rllaE(berﬁ@{ﬂ(ell‘ to(bahdind:leallfﬂlahzaﬁ@n lpéitieng a
tapered shape retractor assenbly at its distal tip, an endoscopic, nmechani sm
havi ng SYUFigEg 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 fluoroscopy,
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 augmenting 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 instructions 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 capabilities, and instructions for |locating the at |east one
di sc augnentation device using the retractor cannula device. The kit for
deconpr eswpDregidag2oaucl eus of an intervertebral di sc nayPards20000b13d8 at

| east one nucl eus deconpression device, a retractor cannula device at its
distal tip that permts direct visualization using an endoscope or .

ot her vi‘dtra]ization; sypemdy ideiRstructigns s deeRmprsssang e nadewrRiredaichgtehal dise! eus
of an hﬂhﬁ%ﬂ@&%ﬁgb?kmg&ﬁﬁeHgkng the retractor cannula device. [0019] In
anot her erbodi mrent, a mst%o for treating intervertebral disc degeneration
i ncludes introducing a retractor cannul a device permtting direct

vi sual i[8819lon i ntlo aaother ¢embnlimentt heegpidifer usiting istewiegelahl dist degeneratidrani sm

di spl aci the spinal tissue with the retractoyr cannula device to .create a
wor ki ng"afdss Rsdieliia s hEar salpplateuie pEmifing el Be e nfy pgraSh

sti mul ajfitnspRheeeingosl @is iz G6h MeEhanTsBRdiPhcindttBe VRhiIeRLR whlh & reegesier at i on.
In one or nore of the enbodi nents, the retractor cannula device may be

st eer ecranauladpyst to wertabdiorkinharegpindaisingghe rrirapipr ganned deyiosdaldilrerifon of
the vi Ss?lﬁlullazt%ﬁlle? trgﬁg Q@V@:esf%} trlﬁ?ngqﬁ%eh\%gteﬁ%}/dl%cl: 8? e'ngl%ltiHﬁi.eIn g&eeoqg‘[]%g of he
retractor cannul a device using Vi sual | zation T nfor mat T on provi ded by the

vi sual itE@atinbsdifRaRAME $¢R-actir ephrats Bgidd@ay bs stu@sd tda pENithal abdleeWpinhl a
portion of the retractor cannula device to create_a working area, and using
the retGHERDBPY gt yisa2lipaiipe of ths virarlizationanechatisimatlihg meghdopndec devi ce for

treating. ol §f }éﬁﬁ%ﬁl%rréérac%l%ﬁnﬂ]ﬁg ﬂ&géé‘ﬁéiﬁ’g‘v‘sJATEatY&?M%rHaﬁBﬁ ﬁfbvffﬁ%gfb@ﬂhé m

such as an endoscope, may be placed into the retractor canhul a device or

may be visitadgateinlngechenismddmplading e tisstasao spnalcacmelth agentionenf th@RB8¢tot n
inent, a retractor cannul a device for asse slngoa target site

anot her enqog ﬁ
wi t hi n PRRUBEEYCHIATTHE R HPe<1ae ALFRt 319 YR BIVHRGIRL ETUWH VAT el fact or

assemblyipfidiRaRed 1Ble eHéStodtrefME iRfertdiRbaDaft degMrclBbA. THE vis8IIZAGEPT
assenbly is conprised of at |least two jaws coupl®ed to the shaft via any

sui t ablreechpnisow bushiasan endastopti, mgy e pipsed into dteurceastoswaohulp davice hempahe may

have a .ctl osagld f(():onef i‘gi r tei on no(l: an 1Oﬁgn econfi guration. In the closed
confi gdPgtg]f A, %éij rlf%?} t8"W't h8He another such that a substantiall y
snooth and rounded tip is fornmed. In the open configuration, the jaws are

moved qoo2@rd, i naneastngnbdiEmamngh eetheionesiuld@vicel ONgkeBi@esargehsieh may be
used to dilate tissue and to increase the field of view [0021] In another
enbodi N the hadymaast ieludea purltr e dengadt shaftang|aireiragoraspaamblppttaghed wit hin

body may ,i4¢liude 8Pth%rsﬁ%&,’W1Ler88 ik f%ﬂa(?tapasgergi) ﬁtié‘\%\%r{g@’iéeh QW at 1]%£st 't\‘x?é‘gaRvst hree
| umens positioned wthin the proxinmal portion, eln at least ©One | unen
i s confdogpleddo thershafinsmrany anitable articulation, 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 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.

[0021] 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 suitable 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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of an endoscope, and at |least one lunen is suitable for allow ng passage of
therapeutic instrunments or injection of nmedications. A retractor assenbly
may be atwachwd48298t he di stal portion of the retractor eamusk@Iderssee, and
at | east part of the distal portion of the retractor cannul a device may be
configured such that in at |east one configuration, the jaws of the

r et r act'BHAAYSIIAINBIY AESCORPIRIF LR T PRHUS PILIAIPPH SR BHC 1 TRHE WYY nent's, the
j aws of §ejTip r t q t
B e B R e

ur et harggsspol ycarbonate, acrylic, silicone, and/or glass. [0022] In another
enbodi nent, a retractor cannula device may include an el ongate shaft having

a proxi portiagn and a distal portion, wherein.the proximal portion

cont o 00T sealigef it Ren e e Rl a R R bR A 6EPEE T or ¢ ne
passageneft hh¥ifg @ PEOSHAPSOraGE AR a Histal fatioRwhdreinehdpON Bl peRonQontdisd | umens
bei ng configured for the Fassage of therapeutic instrunents and/or

aspi r atfPensepatiate lomenyhone af thid ywans bpiai sgnicgined fpurtleapassrgetoh dheandaseopag
menber s L rani pull e | 1 |V, one of said
| unens g;rb?grgg?t[n%lgﬁgﬁhgg%f gb?}gﬁsagér hl%%r%lS g’%@g%ﬁﬁ@éﬁ?%?rsﬁ%a@l as?)%rg;% ifon of the

I et r acttbérafainio thRrudewtscad /R YsEoEph] &R Jf WieidpaRnHPsing Bhificuwaefopthesai d

| umen openings in continuity with the |unen for the endoscope and/ or

i 1 i gaticBRINS MEMBErsShR NIRRT SRfeitva 9§ thereleasien a5eamE)Y vindipne ke s3id epeor
ther apayf i gii g ApRfIR ﬁ?ﬂ%ﬂi;ona%kg?sw Brtj AN (&R toS@lnflla WIERe QRGN NS
In contrnuity wt t e?un”e or additi na]I aspiration or i1rrigation. The
use of campriveirhannagreningedvittiodnede shidiutned openiagsparcbndudigrwithngie fumemforor

procedure, and may pe used different]y fromthe exenpl.ary. enmbodi nents

G scl odBg® %(?Pﬁ.anfi)ro?_r SR BB e meewgm@ngﬁwnéﬂhg?ﬁ IJReRs¥d £ or
the sanReRpure St @riennd/PRa958H8A CindldP048kail TuRdEoRARRL B inu Ry Wil mal |y
i nvasi ve spi nal endoscopy systemis provided, conprising a tubular shaft
with a th¢ bmeadof hdshtiionl aspuetiomor iregastont Wihe siké dfadrlyeone dwnemheedinogbe a

proxi mgl _end, a distal. end t least two,irrigati hapnel s, .at | east one
o o Al ophart e Henfes &R, 160 bbb B SHERRTRROR of some
exanpl esembhiey tmMbodidiens kidiclosb®MerbBRY &n 88ma¥Rbadigncdisa s 6 mbfe 1L@SSs thpn about
3.5 mMm or less then 2.5 nm or even less than 1.5 mm The system may

f ur t herbedpgpfardlee symegurpReciriag e acdvedueo at | east two slidable control
w res, a housing enclosing the proxinmal end of the tubular shaft and at

least gogefition gf, 8&1@ EmBGAiHALL ra’m%ﬂﬂa@ i%@ﬁs?@ecs%pﬁ{al @E@o%%yysgst-gﬁﬁs m ni mal 'y
i nvasi ve spi nal endoscopy system nay al so further conpri'se a guidewire, a
di | at orprodded, esbmpdsiagn tsthdatshaft avithi ssdareddddxidndamne, @ least two slidable control
wires, a proximal end, a distal end, at least two irrigation channels, at least 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 system 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.

[0024] 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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retractor assenbly, a coagul ation probe, and an infusion cannula configured
for insertion into at | east one instrunent channel. [0024] In anot her

enbodi merwQ 2a10m48308al | y i nvasi ve device for use in a bo#¢Tits2pwovided,
conprising a tubular body conprising a proxinmal end, a distal end, a first

| umen t herebetween, and a retractor assenbl y control | umen, and a retractor
assenbldpstiang- die F@%for@mn} éx/@av Alse davtm Flosrd contighiarion wathrageduger or

assenbl [ or
assenblﬁoﬁgghgﬁégb ave ose coﬁ%mgéapgggﬁgdﬁ% C%Q%Hﬂzp (%§% aﬁ; and an
open canfanghly atayde bastd tcatrhe ehlsed gcadlgpramfonl the open &mﬁgumnanm@sthlrd he

retractor .assenbl ¥ ﬁ' be biased to the closelgﬁanfu%ura b t he open
confi glfPBfIE‘HﬁUOlbr he eHRCtar BSTHRPY IR SOOI RLOVSER QL {BFed S8l y may
conprise a rounded or tapered shape. [0025] In one embodinent, a kit for
per f or mopzs1a medigahe BMBEEIEIE aN@iyfob BerPdrih €18 the de@NPoL&IuROmay @gnnul awth a
cannul a | umen configured to accommodat e an endoscope, a dlstal retractor
assenblBovided carrmmlng agasipde withgreanauly btrmnesmnélgtlﬁeésr,@ acqogRndale afevi ce

config r r Ki pace of
t he di SL,ét a?sco r ac glrrteggcg%}n% f%l@*h enlk éﬁ %a@é‘ qP %EraB%c}Yé@ue ﬂeﬂ%v?l
endoscafeice Qaﬁﬂlguécemrﬁmrﬂdm&ﬁfohgb thel dahoulh Aed GAE thel vaork{dg&g@de dfnheam@ﬁaher
enbodi ment, a nethod for mninmal|ly invasively accessing_ a body site is
provi déatra%@r?ﬁﬁqr%blﬁg The bifinAyrigsoluttheinoaiPise a endaserrs qoatigyet é@r IR¥EEe| y
|°Cateqnﬁﬁh9cgf ned of the tubular body and protruding fromthe distal
end of t nIar body, where retractor assenbly has a closed and an open
configuration, and the tubular body conprises a viewing lunen to retain an
endos Cdﬂ&@nd a Viorkothgr @plakmdits alethtod fohminimelly irg/abiudgm;xdssisg atbodyg a

t ubul d | t b i ng, th
ot T at TSR B S FHODOIaR BOaY T o anogan B e 1 ¢ 1 n

t he bodystaiafed of iUabihizi Ralytdng paRIdRSHEohahe 8idfaf&id & the bl RMbbME viHeRul ar
body and through the Iunen of the retractor assenbly. The method may al so

opt i Onerﬁilr%Ct@fcﬁﬁfﬁﬂm@E hppg eluomd@daﬂm apat ég@fcgnr@ﬂqmemct@e |t1rhUéartb|@éy ceibptises abody .

The net hod. { | ude advanC|n %> q .1 he Eubular body
VQinB T en 2 retallCan endosco ¢ and lt<1Hg space 1stal to't e Vlff‘Wln
toward a ne SUradt ure” IR eint'ac non-neur a ture; and

di spl aCihit@tlﬁghﬁtufbﬁlaf 8bdysiofmaed 4hén- fvﬁsf@ﬁ]air hecdi10fle teUbaly, tginCihei@radsirng t he
retractor assenbly. The method may al so conprise orienting the working

space OFSAHRY pbthedeluer body dnplap onFr ponfigaration Whilsduthe badyr gk visyatiging| n"sone
embodi RO S, Vgsjaﬁlapﬁa%%qglfté@}ﬁmatgg &bh&?%h af th R RIS of AROIRA Vé]téﬁeeurg' ng

the retractor asse roma c osed t an operr configuration in the
body, anstmblgudhe met‘hjpd may also optionally comprise inserting an endoscopic device into the

tubular body. The method may also include 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 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 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.

[0027] Another embodiment comprises a method for treating intervertebral disc
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

cannula into an open configuration to create a forward looking capability to enhance
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t he non-vascul ar target site fromthe tubular body and through a worKking
space of the retractor assenbly. [0027] Anot her enbodi nent conprises a

met hod f owopB#B8208 | nt ervert ebral di sc degeneration i nPETAS2000/0618588 ch may
i nvol ve introducing a retractor cannul a device having direct visualization
capability .into a portion of a spine, wherein the retractor cannula device
cont ai ndsualizationand givelacement of cslﬁwegmnédnwugmgaastéeraﬁy drdesivgpde relFsi%g t he
retract fil forward

| aoki me B B B P e e P R e P T & BT e and
i nt r odubénagy de\tlctﬁermp}yadmgwrm@ntsmomﬁgmed ite proactectructan whgpodeteiacksct amntilue at

di sc de eneratl The thera evi ce of .a varlet of t her apy
v codt TRt RGCT SIDIEHE B S AU TE s 0T e s TSN dbor ¢ 16" a
di sc aryﬁg}og%rﬁ(gvetg@i@ltgo%nﬁawggvtb% sRMdgured to seal a torn annulus, and/or
t hose instrunents that add and/or renove additional material to the

nucl eus. [0028] In sonme enbodi ments, a nmethod for treating intervertebral

di sc dd@8#Hr at i odnispmg esyiodiEncsts, amy'élmd fenjreatingpniesertabial dige deeeneigtis on int o

Ki d
vi suat i 0acPRE EARka Rl PRREA Aalnk AhAGO] ST B BRI P2t ng

the retre@gdi@f cadfidie dbViye ivithQ dirkcOW Suhlieaidn @ipdht@tiniod Iﬁfr&@i @f tae fsinyar d
| ooking capability to enhance visualization and displ acement of tissues,
i nt r odUEEHRG 08 MRS das febractphissebly 1Rt HPE D FoREY oA tasiFtees foryard

treati qgolf Fg %Jaﬁﬁ t?ﬁg&{ﬁgﬁ&thﬁﬁhzz{tﬂmsa%% 'fgagﬁil]!eﬁqed}ttﬁsuets hﬁtrgg&ctﬁ‘égja {H%}'aé)ze bl y

addi tion ernatively conprise n|p ating the retr
from a devesadottie ﬁnaapemnnollafdegme,atnldoreamng theaicdieganeraivhadgednaor ki ng space

to augnent tissue VIS al.izati Iacenent 0029 anaqt her
enbodi @&Odlfﬁe%t%ﬁe f may F%nﬁh M@W&PW&%%@&E@P%@? ‘on may

conpri S@rhdib QI Frod & 817056'%?&)%1 JpRR BoH R BN GE phANddh GHidre&d wiigMAal | zat i on
capability into a portion of the spine, steerlng the retractor cannul a

devi ce spacedopogintitdiysedyiswdntticanmndutislacsmefitace of the di sc or nervous
ti ssues using visualization information provided by the retractor cannul a

devi ce, 10 géﬁpl aci rig t% neenrl‘t\)/oo SertltI 3 RetiodFor g}:zﬁl%r 1ntef5V%Het§rathc dﬁfgﬁ I‘a%l(lg on of
t he retractor cannu a evice 10 ctreate a area, usin ere ractor

cannul angleadrgiseAnERluci@ra Brhdier @pyuld@evieehiahg tifr@ﬁmsnglmaﬂbﬁw@rbnﬂpr al disc
degeneration, and treating the disc degeneration. The therapy device may be
a nucl 0 AREBAHPILIEE SPIRC AT IBE ﬂteorelérmwnaulaéiﬁt%ﬁp BPOLRN FRICBLAN OWeul us,

or fragneateg tﬁ%gﬂ%% fervls s 1}4&% re t‘ﬁkéﬂ%n%‘fe er angygergle%dli ggtﬁ%f the

nucl eus or annu or exanple an one may be
pr ovi dedtraator 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 decompression 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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used with the retractor cannula device. Treatnment of the disc degeneration
may conprise repairing a herniated disc, supporting a damaged annul us,
seal i ng awoanrl48x8 addi ng naterial or renovi ng mat eri alPClUSROMASEEt t O

t he nucl eus or annulus, and/or dilating or displacing spinal tissue using
the retractor cannul a devjce, BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0030] The
embodi ASRIEINGP SPRMANPIISE. the duis deriuies shihe HE2iBEY By AEMGE el Pe9-

descri pt.i@n [ anj ' j, £ I:ng.-draw ol T 1S
R R L SR R
dr awi ngsdurey farclargty. brotonbefigwss ahesan@refenance ontmeslsmay heughidiredsnagas of t he
various features m arbitrarily expanded or reduced for. clarity. In
sone 1 TGHAS E e o e R PR AR B0 ey s GE S TE o gt et at ed
struct ypgswing riufdser ent enbodi ments or exanples. Included in the draw ngs
are the followng figures: [0031] Fig. 1 is a perspective view of one
variation of a retractor cannula device. [0032] Fig. 2 is a perspective

vi ew ofl083Hi st al arkiserpesipeetivg view pheroyarpdanaf a raegios safrugnddvicy. 1.
[0033] Fig. 3Ais a superior view of a distal portion of a retractor

cannul ice W G . rer [P y. i are side
Vi ews 3P&?ﬂe disgng%gﬁtlgﬁE%Pkgh%g?EggﬁggiggﬁhéFgﬁgggﬁgéﬁﬁﬁg agé?%%nded
retractfeom&ssenbly in a closed configuration and an open configuration,
respectively. Fig. 3Dis a cross- sectional view of the device in Fig. 3B,

and Fi is a perspective.ghosted view of the retractor gssenbly.jn Fig.
SA F OO | 3 2 I6robReiuPT Gl ToF Shs Ao ABH Pt ALt T aREHaR f O]

Fi gs. %ohﬁd&ﬁegsd%lciss@ﬁb@n‘p%m B ahd O aie Gi@L VidGh OF aeaaMl R ElsVifGe W th a
tapered retractor assenbly. Figs. 4A and 4B are superior views of the

t aper edetratteraanonla dewenbith;a reinded4@rictorassinthdy wi eelosfd qonégviatipmandan

assenbly fromFigs. 4A and 4B._.Fi,g,. 4D is a side .view of the .tapered

F et r act "SSP FFopaTendiE PBbisd TadePelP Rl HEY o il SE i 5P 1 i nes)
conf i guhatFi@MBE Ka@erspbetive shofted $RACIH I NCrevhedr &fsembE ih &g 3R AFigagsREbl y in
Fig. 4A. Fig. 4F is a conponent view of a tapered retractor e?enent. [ 0035]
Fi g. SAompogenivisy of evpupficdrstiagtbelement of a retractor el ement conprising
ti ssue-engagi ng nmenbers. Fig. 5B is an inferior view of the retractor

el ene nt[Oi)ﬂgFi g. 52‘}%& LleOt%Q]F CFC. 2t a1§ BﬁBB&iﬁ{ﬁﬁt Wreﬁrgptgldéa'ﬁ'ﬁﬂlta cfg(/ic@ in!hei(i bl e
egion o ac

r retr or cannula device.
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.4Disa
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.

[0036] 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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[0037] Fig. 7A depicts another enbodinent of a flexible region of a
retractor cannula device; Fig. 7B is a detailed schematic view of the

fl exi bl e wogow4sfo8Fi g. 7A during flexion. [0038] Fig. ECuasramwseendt her
enbodi nent of a flexible region of a retractor cannula device.[0039] Fig. 9
is a schematic cut-away view of the housing of one enbodi nent of a

retr act[85323an nul d18eVsdschsragoitargy .Vler@tgth% haysingpteong ePbofEeeny Pohs of

vari ous,.£xmodiABNL Seffke @ cannul a device with a steering mechanism [0041]
Figs. 1IA and 11B are schematic cross- sectional views of a retractor
cannul a device with an inserted endoscope in a neutral and a fl exed

posi t i dA04tlespecthigell§A th00G2} e Etgided viows ainduibaBenibpdioenoé agpirodd ment  of

t he quFns anﬁlcQannels %¥thin t he tubul ar body of a retractor cannul a
devi ce. “THEI3Y" B'GEeIK 1B ar e cross-sectional views of various

enbodi nents of a nulti channel tubular body. [0044] Fig. 14 is a schematic
repr esqoo4t]i on ofFigne 1ampadilBeRé schematit etos@edclbn AWy ¢ ddewh@sr dinhillat WO
channel s centered al ong a plane perpendicular to a bending plane of the

r et r actdsiice arifuAnaingrated €adoscopum)a neugal angl 4 lexgd petidipmtipweseylesent ati on of
one enbodi nent of a tubular body of a retractor cannula device in a neutral
posi ti din i L d it i | cted
W th daohed’ i nedst Tondby TEPg PRE O Aol O R PR pRL Bl e
cannul aheewbute budy bf 4 iehestocomnebtdediceo t he tubul ar body. [0047] Fig. 17 is
a side elevational view of a retractor cannula device. [0048] Fig. 18Ais a

cut-a j.ew and..Fi is a side. elevatiopal. view of. one enbodi.nent of
ot et ABOEHC Canndia 4307 £8 WF efbsiisedinaluSt o Luiahh FHbSTERRS F3eRaf B 6. 10
IS a scien®d hbusdr$edgut - 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
(respedfPP4AI y) ofFianihinascheapitisapryaseafation of pheyemn bedimgatef| seHesPice@npwe52)

Fia 2 . . . ‘ . . ; dovi
e RN S T e T e
t he angtesttoratanadh device.

[0045] 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.

[0048] 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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assenbly fromFig. 22A, and Fig. 22C is a second perspective view of the
sane angled retractor assenbly. [0053] Fig. 23A is a side view of one

vari ati orwof2or/asaedl e of the retractor cannul a devi ce f PORUSR9/06B3A and
21B. Fig. 23B is a perspective view of the handle fromFig. 23A. DETAI LED
DESCRI PT] ON [005@% Convent i onal ¥stems often relty on external, .

vi sual il283lon sudieae/s Pacidsepp P! antriatposamiiatgiacder eRelagpyisarihes the
di sc, st LOon

capabi | I g}eggwaﬁllt%gd&%}%{}étﬁ%gz e\llsirag%sst %)érr iC39@VEQ/a({ eh%l ﬂe? gédrjﬁoof tactile
sensat iassenfldy fioheFigu?2yeomddihg 226 iaatseainﬂwsphalvswn@eoﬁthteamt negledit i cal |y
mani pul ate surro ding tissue. [0055] There is a need, therefore, for

i ni mal'PYAGIPRATESVREY t echni ques and systens that provi de the capability to
di agnose or repair the spine using direct visualization while mnim zing
damage [p@53jur r ourgdy N AARALGIE Hak of bhdIGAHBR oRANahdls SERS retfR@r@ahfuldl SO a
need for a nmethod and device that allows a physician to effecti velg ent er
t he epidgticalfrosphies. DA andoal-ehie; 28 tsar peaspesi eaviiviohithe hangledpae &g @38nhance

vi sual i zati on and use the visualization capability to diagnose and treat
the disc injury. [0056] The gﬁal%g% i @e5¢d herein will be nore
clearly understood and appreciated w tﬁsrégzlggct to the following Detail ed
Description, when considered in conjunction with the acconpanyi ng Draw ngs.
| . Ret[fet]or CarCervantidemi syetdnB0F®h rélyroaterxmnzﬂrviwahmuﬂoa soavasdtuonesgope used
to deliver_devices _an thera |es uch ces for

vi sual iafatqngﬂPﬂlaénf‘Pfgt eéIéIHP? 61?F‘ﬁ?‘i»raf1€§1 iar?k Ay §PE Af rehtimas UsPerd spi nal
di sc augiRNLAfnQRApatiliGdse YSs SR RIR n%aéﬁ&ég@ro@@é RltleGR thel fBRh 3P ERti1:QBnsaBBA t he
like. Figs. 1 and 2 depict one enbodiment of a retractor cannula device

100, wibrthesasgeonapt dsrotallowishe surgbodty atoemajically angniplitoairrendingOdssand a
distal end 106, a retractor assenbly 116, and a handl e 118. The proxi mal

end of t ubul body be ;associ a ed vvlth Qpe _or 1S 108,
710, 1008 " AP RO RS 8PS R Do i BT R A EuBRh R ea o

t he retpracitiotheaspsbiliy\to Hﬂa@no@l’lﬁ r€aape epiaé uyihg altedtSistihioNioh mvhlﬂleg 2.
Retractor assenbly 116may be coupled to the tubul ar body 102 via a flexible

r egi on MMz daniage dnFyriundiepatoryial straqtes apd disuehellgisisalsoaiged 69, The
f et r aCta%et‘EE& Gl idelBar SRV V@%@fan‘@éﬁ;ég@é@?@r Qﬁé Qb Qéee@ft r detail

ow, may be used to create ertl on and movenent
of devipmesntacidardinraeet withiauld $paag tooernhaﬁcea/mmhgmonmdmsas ggivizualiSpaae may be
created bgbﬂql ssecting

cap ty to dlagnose 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.
I. Retractor Cannula Device

[0057] 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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def orm ng, mani pul ati ng, securing or atraumatically displacing surrounding
ti ssue, structure, or anatom cal features, for exanple. The retractor
assenbl y wo@orepssivave two or nore configurations, for ePamflse)oaniispen
configuration and a closed configuration. In sone enbodi nents, a retract or

assenbly may be configured to be advanced over a gU|de el enent, e.
gui de VIPEDE ctiptad thdlle trhielpr badyt 1024ay 1 flaxiplsesiontly thaét%%?@flgweéé%mrrrat deV| ce

to the fafgelqh. aﬁayeﬁaemeonrhew& &afars ?11%6 reg)ﬂe%’of%f’:h]a}e n%@%ﬁb&?m' n

communi cation with one or nore c anne ractor assenbly 116 via
one or greater detaieredowormahbammed go bmateheomunlgupare foothy mﬁrttbmmyl rhevecwnf ofgur ed

for any Of a Vv i et sage I NC I N but. not
o ol et S Lo BiROES s 1R bOt Piebersaramby ft St By disesing. or
SUppor tdeRGnAhl, SNAYREARG, sdcLhg Olozﬁffdu?naﬁﬁalw @ibﬁﬁb&lﬁ@-‘édrﬁﬁn@ﬁl‘g' tisSue, structure,

openi ng/ cl osing of the retractor assembly, and for insertion or renoval or
suppor torghatomieal faanmes, dereamplsr H@cxbtgactomtatsmmiféy i &6 tias hhecereentmeaf t he

ti ssue SUr I‘Orlé{]dlsng) tehemt rgﬂeg eegl Cbgflgura be/oSe AN AT orInasssean y 116
may i ncréase the afgre B PIRE sur?‘ounc} PR UYEs YoM an

endos ¢ apeboAmEtE) arreﬁfa&wsge&ﬁﬁly ehyaeToRhbirel CHd @wah&dtdwer devyide elekf?dt, and
may al so help to inprove the 1 mages taken by an endoscope, e.g b

y
di spl aci®ig? svidestiigr which neasrlagilifte pragation of discetragtosanpea daves tsbtﬂaé [ 0058]

The h t 058]
Ire pe gt TR R LRY! 8, PERLS  BUHG e ARG TR ESRCRY, 6, 2L
ports 108nord tRann2lkdf tleendtrdctds; askdrablidndliven dnikSrmmyte hanérdsior ahannebrin ghd at i on

and use of the retractor cannul a device through one or npre actuators, for
exanpl e"PHH AW sIdPYRe et igdtcsiar ami ofl VanehdrisaganigcludEe huk aot l{rpitgche

particyl, %fu%ﬁ?ﬁ%ﬁ%@i sdéﬁ@ﬁ SF ﬁ‘&ﬁd‘s Br fh&riall; intdofanel e Sloéﬂ'ﬁgblﬁ% aft | ever 122

conprising two end may project fromthe hand but in
ot her emdodioperitber- optmyOIWmmhvarqneteylc@f omtngéctlommg ofetie beraprooussdedly, beder s,

slide afctua rs, butto andri tIH i ke ma ave y .Sui t abl g 8 orretry and
may be 'Sh¥sgHoBPr Eﬁ‘inkoé/& rosuBI%P PE% Bty 8% S traymafie displagergenpe

| ocat edpé Q58 s@RSrld¥nHE B 8dtEd BodSresRAWY thdreltator dssehDESE 6afd Rt RAS miy be
used to control the use of the rétractof cannula devicé, for ‘exanple, to

contr ol thaalgle ef ving qfélmefmmogmhmg @trmtu@ts érerri mgeralgmb oy otheppiduadizaigenuat or s may

al so be Us &(¢ at Iar bendi ng..or erX| ng), as
wel | as®t%o em Ca{% ﬁ“ ({%BICF u’ra % ]E(fhé? prr% foig lma%esn%lf flaél Duri ng

use, tf@dé@bpacétg)rbwcamwlag cendnaes ieﬁtm%cbﬁdladﬂc&:rﬁ?@ﬁ tﬁermﬂugdmpe he wor ki ng
channel of a trocar or introducer and into the working area. In

sorreean iments, the worki ng area or space may be created by separating
st ruct UP@Blor ti shsdhandlerdd s anpydieramy saitatie h@%dﬂaﬁwfuraaaémywe RIPYiHES 2l one

or in Ccﬁgpfo'%ﬁﬁél%ﬂd%& Bt {h*é‘%uﬁﬂﬁﬁdddWoz. 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 handle 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 assembly 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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mechani sm 120. The steering nechani sm 120 may be configured to provide any
of a variety of steering features, including various bendi ng pl anes,

vari ous bEadirg4s@Ages, extension and retracti on rangesPCRAS2000061359NS
ranges, for exanple. As nmentioned previously, in the enbodi nent depicted in
Fig. 1, the actuator conprises a |lever 122 with both ends 188 projecting
from t FEWMRGIESHY ther BOrkiRE AP OltPaEs MaK BB ATRSADY SCRUHRG SURICHUERS Uttipsis

act uat Stﬁl(%a%?at]%g{ngﬁ(}’l RtratRR gs@ﬁ%@{, klglﬂ:j? alBR¥ oPh n?t:’ldﬁ%ft'lg{h@g;tetérlh%not

limte a obs, slider tons and the |1 ke, as wel S

el ect r onéahabiomcl20c dibt s@esng fmechaaxampP@may he somfiegueerbodiroede sny ofid yareme end
188 of the Lev?r 122. .project fromthe housin% %%8. The contr.ols used to
mani pul AeEeriRg FpisET ine S B2 REJe SR TENTPE P SRESEN YT ¢ he

USEr Ofrel¥ctRn VRIRANNARbtaGOR hRLesSHHP LM MO AL InfinRBndAF b G¥asIPOh s I n still
ot her embodi nent’s, actuators such as the | ever 122 may be omtted and the

r et r actesrbodamnenildapideediie Eigl d0theragtubter dompiites ¢ levsupl2withdoth engs dB8 cont r ol
system_These and .ot her.c nents.aof the.retractor. cannul a devjce 100 are
oot 1 O e PO B RELPETRORRGh S B bR i ar AR T 5 oS e “ome
or nor exchfgicbhiEléradions iRl & e8NAA0dIAY bat ndt@@sitedao BRINY, ksbs! bieteed, Bu@sgh. The
| ongi tudi nal channels may be for housing actuating nechani sns, providing

communia@dtthokkapas wekas plsereniatouch somemulter gmpltannspieiemborEngnsy, PAt or
assenbl &ﬁg eﬁ& 188%f E’]? 1R !fbi‘ﬂlag*eb%]gﬁ'fﬁom Menklado Ghanpel & Ry Req ?cg.”f | gured

for the delivery of various devices, or exanpfe, dissection or biopsy

i nst r umeatigylatniy éeringstadhhziaini 120 mivVbec@sSn Bl masprdate@ by draspeor BPne or nore
wor ki ng channel s nay be configured for the deliyerg of therapeutic agents
or f 1 uiB&hABEaliGopIrEEYSERAL COMMESNEArArS BORFS 102 e H AP o4 B % ARY2CFannel
that i suepRd ihgwed Ili?fnay the B?Hiﬂltgda&dd%e féﬁ‘&;&&)k okl SdeFice 1B0MhUR dikh} ON

]
channel . Additional types o ongi tudi nal channel s and therr arrangenent
wi | | beodpledito bewtorrcohtrok dyetemd ekhesd sndosthaveonjped0&0) ohe peteaciaywshiuldescri bed,

t he retyactaqr cannul evi ce 100 conprise at |east one flexible region
124 whi€HK'S 90ﬁgvgm?ﬂgﬁﬁﬁﬁﬁﬁg?3Fmggﬁﬁﬁfa devi ce to maneuver efficiency
t hrough tissue and may help the retractor cannul a device to be navi gated

atraumgpdeg! | y. 1Theagkidlai thdg oo chEls oné BEmate logisidisinehddneKisphmisea on
may be situated distally on the tubular body 102, e.g., proximal to the

r et r actleast agseiop|theratheuglrhThe fangitpdingl chapipds map be fordousinpacypténgal porti on,
of the &@e%%ﬁi%&?,rpr&%ﬁﬁngéoﬁnn%]ﬂ{i‘&‘éﬂoﬁ bgRVefel‘l BBt tﬂgﬂﬂhdlé{%dch el e for 360
degree rotation around 1ts Tongitudi nal “axI s. ucn a conriguration
may per netradtbreasseaiisl g ciranayCiamoilkén gdeidh geds. t Worlevg gedndelsandydiet dontigue@gorons of
the body, and may also | , , : .

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.

[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 flexible region may be situated
distally on the tubular body 102, 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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allow the device to torsion tissue gripped by the retractor assenbly to
re-position or renove it. [0061] The retractor assenbly 116 nay al so be
used w t woleiwmszoact or cannul a device 100 to provi de tRETAPSR000/061368at ment ,
and may shield surrounding tissue or provide access for the delivery of
addi tional  devices. The retractor assenbly 116 nmay be atraumatic, and may
be posiRTBHARF wiragtacagrigidexsice & n3vigus ERTtUQystieeioRs of B RpSE ANS MY ERHRed
condi t i QR w(HE8evi€e & torsidrdi ifd by RN ASRLPYE B BFEHSSALY o RRBVE: O »

Fi g. 36). [006%\11 ?Anyogsuint ggﬁ%gré@r%aukat?rce structur eErray ge Used wﬁll?)ﬁ t he

di stal iend 106 of the retractor cannula device 100 to hel p reduce the risk
of inadvertent injury to surrounding structures during a procedure. For
exanpl atraupptic retract senbl e .configured to provide
Caot 11 dOPEnaci. TBE it hRERBly ATRERHEs B s e e cbiulie o

St ruct We@keil00 e pilodfde tMrhply beeatthsitadmd sy} sHAE kh@Surling thBué 61 fracider
assenbly, to the user. |In one enbodinment, an atraumatic retractor assenbly
may al $6¢ss b the deliveseet dddiianel deiqeac The reteaioabsseinblyekl canay baagtrayenadisl e t o
di spl ac r0 i I i LhLur [ £ Lti.on . veral |
shape oPIIHOIRIE Led bR Sl tSlEh A L BEFLLSIE Chd MG Ves,
€. 0., nefVES. 3B) dddah@t dopildvietyas bcedsury (He€kMeMigB®| disc, as the retractor
cannul a device is advanced w thout harm ng the nerve or causing pain. In
one e pjrent, a retractor assenbly may have a curved shape and no sharp
edges "b[ﬁﬂqﬂ‘; or otRetVRRSARBRANGHIUCHEG MY S s WHaghe digaf gy 10 e s
har m ti,58480,! Aahul§ ABBSe 1A @ HedMtedfile ik bl bPRal GldeAtiRly 36 S8RYme The shape,
surface contours and/or overall finish of an atraumatit retracto? assenbl y
my be sseb@otselring atpedqedued Foeexmpie, pinmitaemanpetiactoonsesblyreay bhe tip,

.e., the.distal portion.o he. retractor ca | a deyi , .COMesS into
Lont act R EH oL it pRPE ce S ek Sk AE S AP e Rl B i SR & Canong
ot her s.sul,0QR3in EHRadtwiaLiNB I sEal Ph QPO oA tHRGe@idbssc@Mly kB Ghe @efl- In drlde

retractor assenbly 116, may al so be controllably pivoted or actuated from
t he cl cwewpdgoerti guateuineHc rdractes aggablicway rljo penviidmdisssetion praetigi®nconpri se

two or mor.e.surfaces .or .structures that,.are independently.controll able. For
exanpl ¢ DU FIRRR Ll i Rt B o) RSO Rl SR o2

conf i guh@biaHll tipadf P effaedici retiicdd Bfenily elgallewan Pk hiich SRRERs] ) %.l; he
surroundi ng .tissue, which may act as a clearing for inproved visibility of
any suiftcawsPén (euarimiataf 3 inferyereyaliss, pethg retrctaicannudy devige sadyanced i ssue

I's posi \;Jiitﬁ/o%lt }{aﬁ{ing[heln%?\%t 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, comes into contact with structures such as nerves, muscle and the spinal dura, among

others.

[0063] The atraumatic element at the distal end 106, e.g., the retractor 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 structures 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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sufficiently identified, the retractor cannula device nmay then be advanced
to the target tissuein either the cl osed or open configuration, as

appropri awe,20to48208at e a first worki ng space. The retra®ChuSawsontssy nay
then be actuated to the open configuration to create a second working space

and so forth to advance the retractor cannul a device towards a tar ted
body r dBicBher the glosedtqs ORER SPREEEUFHIONy 2% IPREARSIALCe EhGRte 2 dstti erking spacgp

space. rl:ﬁ'a&&dds g%&?ﬂé A4l4d t%alﬁ'{ﬁée% c‘%ﬁﬁ?&ﬁu&?% Bt 58k b waﬂQingde

sal i ne or anot | eani ng solution of a contrast agent to t
wor ki ngpageemdfso rfo@lm ttaznbflan@ the suakioz agninmin, ddvicegewtials a tagetod bodyntegjont he

retractor assenbly 116 may be veabl e or rtlcul at such that it may be
used t & &i @mdaweélaﬁﬁe&aﬁaf’ ?f’dm’clfo&u’é%‘?aélfl}l SPRcedn a%ﬁl&%ﬁ@%f@éfé&%m of

tissue Qhngh HKGEARES bERYedOS pfr&ll@le DYink BRaMSRS: (AR IR R ADr e tactile
sense of tissue novenent or displacenent. The tissue displacenent may

resul t dontymtagentvetheovekiwgtareffor ehaneing asualizagies. ehmeytambod@mmts,dhe of the
user, verrent C ed rel easin retractor assenbl a first
b o6 ea TR S 318 By b SRR R et fuck bR Flabl BRI Red i S 1
mani pulsatro@idifg tissue ot SadctireP| EREdit S adBiendbsisshie ot tlres KRN bE ﬂJlt Byhde
retractor cannul a device. [0064] Another variation of a retractor cannul a

devi ce Ussr YHdMRY Pievidegenor factiipnsel of tisRes mareent oadivalageaeyi dee 1106 may

2105, arsycpiiRL by RAGN el itk by amRh e Rleual EACROR M CHEOF L FEC, o
cannul aisdewvi o@vdiént chﬁ@dMmeMg %det?al:ﬁ# a@ﬂ‘entﬂhﬁfrbmkwjhat bilaedypalitibh@o amy be
associated with one or nore ports at the handle 2 118, for exanple, handle

port 2192ondrRpsiiori Qthgrropysntionalsechnigyes fosmanipylaionpd shigicl EMPIEmSNtRAYhe
<2>0an9Lms%%et&eél@&wﬂﬁ%ﬂafe‘%etwar%ﬁnﬂmﬁ@é for exanple, a device coupler

122 may be provided to help attach a device (e.g., an endoscope) to the
handl e 2118. The handl e 2118 may conprise actuators for the navigation and
act uat i[0064Hf t he Alighalvagatbrpdfoerepfctohennulskzice irodhpwRioFigse2 A and AEB.

o P R S it on i stiibafs BitBhar R PoF Sl AP S0uEI P94 16, as

shown igdhld&talZhB2186 %tr@aoﬁaﬂsganmm@@ A Q\Hadeld 2t 98 biAgsvithhBe Ritvetor| ever
2124 into a certain configuration ivot |ever |ock 2125 may al so be

i ncl udeanaida dewre & sy presistal ped 2 Hy fotbe abulaabpdin2 bt mpebpissediatedydth 2124,
Q her gfe%%%ré ortdt eaﬁanfigeozg%? fﬂiekﬁﬁ 18 nadfet (P%'Ptszu%%ﬂdta hﬂ %r pgal so be

i ncl uded as a O rra e va Ious C onents o act or

cannul armqwrt@aﬁd d&s}mhdlla@d1&hfa\ye)ermyﬁgmecﬂraﬂz&:cbmﬁmdamyvaﬁuust dﬁ%@s nth erial s.
For exanple, the tubular body and/or the retractor assenbly may be nade of
a rigi E¥ARPEr p 4pviceeruples]df mayibesoddeskio help 3tiagh @ dpyisets-&: arrr?fébfq%&) bl e

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 control 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 pivot lever 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.

[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 of flexible biocompatible polymers or pliable

metals. In some embodiments, the flexible region may be actuated by wires or struts within
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region 124 may be nade of any conbination of flexible bioconpatible
polynmers or pliable netals. In sone enbodi nents, the flexible region may be
act uat ed W9 20iwa8208r struts withinthe tubul ar body, or PgTAISR@9061368 her

el ongate nmenbers provided in the tubular body, for exanple. Alternatively

or additionall¥ t he tubul ar body may be strong and flexible, and may be
made ofthatubylbiPadt iobRY sidipgPl¥r alpggat% a@ﬁlbaés R Btbe Sty Dhdrdpr br ai d

enbedded . jaye lAﬂ?eTrh wng afraaaﬁmﬁﬁg@ t‘ﬁﬁu Ilygg%ynge a%égg mw daﬁdﬁat are

not limte to pol yur et I mensi ons of
t he varbecuslead mw@rrémmonfof mateeetatsas:lchlras csamicﬂs atedbwmie@ébragbohbaigded heelaﬂltcr act or
assenbl fl exible regiqn,. tubul ar body,. handle, , be siz and

o ect Al BSEAEEHTP RRORECATAPTE HEY Ry arns oL e R F ot ed
body reguQnicok@r exanple, one enbodi nent of the retractor cannul a device
may have di nmensions suitable for navigation to a spinal region for

di agnostic eval uation and/or to apply a therapy thereto. I|n another

enmbodi 8961 t he r &he dicncapionnphilic yadews; C@@m?ntbef & [egiagtor garmuta dgiviasi sichn

epi d“raas PRESCQf asfsgmf))lra ﬁéxrﬂ)le)fﬁ%8n &l 1911 e}‘ian?i%r 2l ‘iilrgurasﬁ% E%r g&mbodi ment s

may configured et cavr i opsy or

pl eu r acsem:ea ibSJedan tA® garticmal theipy ibeing vdtided #hdghe takgedaebodyaegloﬁ uspensi on),
or for non-spinal procedures such as breast biopsy and transvaginal oocyte
r et ri eAPMPioPIeKEPRSIBENY of RoTrEAERbEIMHEBIICYice My haxe dieqnsions sl ogevi ce

100 may, Iy ofi ment s,
the rot ool SR FEei £ R0 BB Sy o0 by e TR oL oo o
even 2zﬁoﬁmmemb@hﬁsntHwIammﬁhﬁmnRMbddmmenmybemﬂemn)ﬁoweMnhnwammﬂmymng

channel s .of the. retractor fg Ia evi ce have a di aneter of about 5

mm or 1B ProxHBiGY toxafegyerieREd disgp Bifiers Sl 8y begiiftevisdioprse iBss, or
about Qn8cHEN Qfvid 888 plAddi ﬁlblsmlr plekalch@sand dastiidbkanssfy (he vari ous

corrponent s of a fetractor cannula device are pr ovi d bel ow. Ret‘r act or
Assenblbfadde0aetk subgensien), ac fomosapmal prodalriresesutids braystbeopay eatd transvagingul at e

a targeted body region in different s.. For exanpl e he retractor

o anoub oL TREt R SRy I s dnsth s, B ISP AR Sl Ey OB ¢ -
Wor Ki Ntha$@aema&irhpbe e @fleds! Whl@intothdi@nbadaséntd, ilsSactbNEmula

medi cati ons, inject substances, renove tissue, etc. Furthernore, the

r et r actdsvice amayiaxe aéw@féerrﬁwb@@ JmaErertlessdel ¢vgaR. amyner lessy loanefbui ces to a
target &hsaHSent Qe o?%ag he%ﬁl\ﬂ\ﬁ' %H%H Iﬁsagﬂtﬂ?re%%wo?gzﬁl G c%vme% %% ope),

abl ati on devi ces, ener evi ces, | ation
el ectragesa dﬁirﬁhter.ffaf)@l[tél’lhrrr(&tléﬂpiﬁdm asae @blels@&b@i&)@ e eided, Mtlduh 1 e
or less, or about 0.8 mm or less. Additional details and descriptions of the various

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

[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 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, etc. Different retractor assemblies may be used with the
retractor cannula device to effect one or more of the above functions. For example, a
retractor assembly 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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retractor cannula device to effect one or nore of the above functions. For
exanple, a retractor assenbly may have one or nore retractor el enents,
e.g., jawsp2ard48@8 have one or nore configurations for PEEAISRe0iontFss
different functions, e.g., an open configuration and acl osed configuration.
By transitioning the retractor assenbly froma closed to an open

conf i guieer 6ANTIgHYIGe s HIBINEBR Fragior 35Se@mbhalte s Aed DY OPREy be ur ged
out war . i i i i r dir.ect

o i ISRl Ry MO B SRR oY BBBRGR Lgf e

vari at itbesyrramdaugrtasuestbipcovidd a sgico foraBsembualizatyoncancll e theingeeon bhe cl osed
and opeg»confi uration to assi.st in the advancenent the retractor

f
cannul 29GEPPEISVIGHS s BmomeAgEations an AERIMAICIRIHO e MUY FRYCSFICREREBI y may

t ake plageoWd dhdtdpen @§1§H%‘%&@eﬂﬁ% afsidiik getadvaR¥RkhZR thORraSlE Bargldl Mages from
an endoscope. Sone variations of an atraumatic retractor assenbly may

conpr i skeviger ki sametraan dhesopetrionai ¢hel mtradomassdnally ingay take plaeeitthenor e

channel s.;or JUTeRs | Ayt HRUL A0Sl el 5 FARLRI:CaRN! 8,881 08 01
LongitualngP(ﬁu s'%Hléé%éss‘quﬁ%ﬁs,gé.g., ¥ REChdiTn e 8 1328328 and
1330 i mtfhatid ArabRY a 8% IBRONENE Sk et G kin@ UM S thifige Ilduh@inibathy, and may
b e in comunication with the retractor assenbly. Thses channels may be

si zed tWithapncoRy pars sAywnely ortl waecrsan hettlplar basy b 8 defresor capepla device.

e LTERRLAR 6%, AELOG hliiCe of AROGhnTIIE) ERAPGERH 343 Findhe 3 E1 ract o
assenbl'y fay vary according to the“tfissue envirohnent (e.g., thfn'vs. thick
t i ssue,maegitanisthofugt elnslehyth pé dleadbiliusisidy, std mey brees cymunication with the
sparsel y-di stributed tissue structures, volume of liquid nedia in the

vi ci ni tUratoraseenpbly gdhsasicaans!s ks $1z94 & adpwinesagg ph e cpihskte, etc.). In

some vahhaldophs and fiSysHEL@AEy s, btk gk act or assenbly may be have one or
nore curves, where the curvature of the retractor assenbly surface (e.g.,
in the closed configuration) may be uniform around the |ongitudinal axis of
t he retlP8@llor cankhelshapteanideize dra meEgctdreassronblymayorny agcoudie torthe FHewgi t udi nal
axis. For.example, the syrface of the retractor assenbl be tapered

S ong S TPEEOR Rt o dhieR iR e oBpEFh e AT RSB Ber e al ong a
second s%b!fsél?&ﬁsti%ﬁt@d A58 GRREtuRRG Ruré oBliQRE medEn €hd ViBinktl oS theaRges econd
angl es or slopes may not be equal. Tapers may have one or nore angles or

s| opes,tisaird cloghisit afrtleas tapgey tibrarg cetohelnoyomepyasiatignd thespriaen efdhereéracton sone

vari at !a%é‘e%lb1§ E,%y%‘érﬁa% S0P Role TULASL e @RGP Hu TBY ¢ ar)ét?%&or pi§l mensi on
on a first's e, and a narrower di nensi on on a second sSi de. ITe’'certaln
exanpl esrfae (et riachadlodentifuresor meaydesaiifobadrdsldake longindiss rakaiof tishapes
and curves, it should be understood that other types of retractor

assenbl FEERAAPE gedae- Wi iy Peroprudiogp armd dhelopaifidial azisd FRagxamps,

accor diQggfifck BB the retractor assembly may be tapered along a first surface with first angle or

slope, and may be tapered along a second surface with a second angle or slope, where the
first and second angles or slopes may not be equal. Tapers may have one or more angles or
slopes, and curvatures may have one or more radii of curvature. In some variations, the
surface of a retractor assembly may have a wider dimension on a first side, and a narrower
dimension on a second side. While certain examples of retractor assemblies are described
below, with certain shapes and curves, it should be understood that other types of retractor
assemblies may be used with a retractor cannula device, and may vary according to the
desired functionality 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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desired functionality as well as the targeted body region or tissue, e.g.,
have different sizes, different shapes, different curves, and nunbers of

| ongi t udiwel2ommasawel s, etc.1l. Rounded Retractor Assenbl PCrAGe@p/0cY388
enbodi ment of a retractor assenmbly is shown in Figs. 3A to 3F. A superior
view of retractor assenbly 300 is shown in Fig. 3A, a side view of
retractor assehPINgedBOURLOIAGFROD Fig. 3B, and a perspective view in Fig.
3E. As depicted there, the retractor assenbly 300 conprises two retractor

el enentggggjaws 3QGradfbilBentITaRECh SRR i WBBIniiA Fidies O3 A
configuration, jaws 308 and 310 mate to forma substantially snooth round

shape, ssperidrariew of etipetor eisemh]ye}()@ is Heovouiniag Ui acsidet Hewjodvetswioraces i s

uni form ar ayn he nldll the tubul ar . 02, The suyrfaces of the
s 5 i dod Renh i B 380l bOSpeiPe AR abarss i BERS R,

di st al 1PR4dtibiORscIMy 300 dbhpAgRItvY r@factrleRintatd, 18 sy308QAR 0D MAp& Rith ehat
retractor assenbly nay conprise one or nore retractor el ements, such as

padd| esvhem|iahe clpssHeenfigusmion. jawss308znd 3lAanate teeformaeubgantiadly smoatsenbl y 300
may hay, Suﬁ@%’% & Q%Bg&’r t%"'atbuué’t” %hgfe t{i‘?&&v&%ﬁ é’fq%é Jé(vf s%?t%es%% uﬂ?ﬁ%{ Lu%ﬁﬁ'd fiRove,

such as a sp er shape that

may helmpidlige Be3luthe Ttli‘tﬁlllm‘&)oﬂjb 1exr Tl@amdfalags &l thS }a@vs 3138emd em@dagl beet ract or
assenbly is shown in Fi 3A and 3B, and each of the gams 308 and 310 are
shaped SA8metAgally cyprsdrsac ﬁ@t hepmeeedt aidastﬁﬂi@m@ﬁoku@d ally o%n enl ar ged

depi ct 'a‘i’t@ﬁaggétzl?"\érﬁlg’&ifl%ﬁtp g% Irac%ﬁ[jQ?seﬁl‘Bgr dréday?‘%rﬁ sead?lg o ARGE rdgR, 311 are

mrror ons of Jaw depi ct atraumati c geonetries,
whi ch aﬂ@nﬂﬁsGﬂdbﬁﬂmbékemmmadyhal&bsbewuaﬁdﬂwﬂﬂ@?d&dﬂﬂmqumm£Mﬂya@m 310

may have one qr on urations, anpl e, sed c nf i ation

(as depl®t By EhiRes ?itfa@%i: AT Bog C%ﬁd C?S&S&éf%%@&a Ve P ﬁsg%Péﬂéy and
an openyopRN{d Q&H%ﬁliﬁﬁal i }?e %@Qﬁf&tﬁ@r éh’élpé:’chgt m§§3}1e A thRegRalhgd aws 308 and
310 in Fig. gB are contacting €ach other around P heir outer edges when in

t he cl csaduadng tigueafl homunndqd rmheuor @ssamplyels shavivrein Bigs 3degndnidd, ahdehgh ol ose.

Phe o oP s ®aBg and TRk hodl R iR SRR T ST T S e | L oy

not m\@ld@géd/&@woh%fwmmc{h@Ar@ﬁe&gecmf(ﬁamﬁi ARNinBTBABE BI Calelirrok N t he
open configuration, a work gésgace 136 may be provi ded between the two

j ans 308flegiignsafiaw 108§4ﬁ<§‘epldt ﬂ@éﬁ%@%@ﬂﬂlctglﬁametﬂ‘?é wiich atdsscribsd dalomy 300
may co than two jaws, including three or nore jaws that may be
shapedqgétﬁg%ﬁgéﬁ?he distal portions 302 of the jaws forma snooth, round,
and atraumatic shape in the closed configuration. The jaws 308 and

[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 136 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,
including 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 to the tubular 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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310 may be coupled to the tubular body 102 using a hinge nmechani sm 306.
Each jaw nay be coupled to the tubular body 102 by one or nore hinges (306a
and 306b)wocnfoiigs2zoed i n any suitable way to expose or pPETAISROWISI3FOr Ki ng
space 136 when transitioned between theclosed configuration and the open
configuration. In some variations, jaws and any other retractor el enents
may be 4o6Prefigusatiqpardhe prsgyForguB o Msomeaidgpens, jagsradany gther [ 0071]

In cer tr@irﬁbt@@&ﬂ%ﬂﬁﬁfag be%?%irlgruég) tﬁﬁﬁh‘@mcg”ﬂo%g)? r@anaﬂHR[sj, §&e‘lv%,\éita?9 hi nges

and/ or mechani ca nges by rivets, or screws, for exanple.
The hi nge nechani sm may be nmade of any suitable material. In one exanple
shown i[A0H]gs. 3Bnanadai8E€mboHiendnisngdingeahmhismm306 niaymenipsiss limingdesge306a and

306b whi li.e flush_against. the out f f the tubular body 102.
The i r9Re 0L PABEh I FEG Be EERT P Ghr B EHeHof RET e ls HEE Aws 308 and

310 ar enédhafismtrh&N6dmhad 6 dnyeuRpes nﬁ%ﬂfai.glﬁr(ﬁfeieQﬁ‘mEE%h§@ﬁ\MFig@. 3B gnd AC, oOne
or nore distal portions 302 of the jaws 308 and 310 naY nove away fromthe
1€

ot her, the himge meghaiysn pOprrernprises Hitigae 3¥onndf30ohavhdgdyinaelie flugh agapmsy Beaway

o e S SURLERLLY LRI UG, U0 S0 A R |,

asymetthitGaldnythe jaws.308 By 8 1 @u@ytrdnk@ich&hiako Bk beén Esmdigustioangi shosh maFigaxi s
that is parallel to the mdline 399. In one enbodinent, as illustrated in
Fi g. 3GG1Re of mees disiabrartigmo3 (2 the ipys o8 apd 31 Ginay s eandy rm therathesin

angl e, j I i 1 hi. 90 degrees.

I n ot he()?%gon‘%oqé%a %ﬁ%q}g?}{ét @ﬂg%g%@ﬁegggggkg;%f e ie%ne )ﬁeoggfé 8) %nd the inner
edge 3Isyimmmyridrdlyaewpovimk ulee dodaingdpact 136.t s pileoionslgs8satibgd abs jawsrEOBudidng

about 60 degrees, about QQWgegrees, a%gut_lZO degrees, about 180 degrees,
or 270 HEGRBEEOVTHEDNTATH O FE EhHNTEPRIATEYof -t HEVE BV PR BeAEAAREN HOHeVi ce may

be UHQQOQ%itLﬂﬁ{a?-LXiQ!Ehapisafﬁhilfél tdthe Hilile FoMih dhe SbbARICR:, ARIIRKIrALS in Fid,
addi tion to nechani cal hinges that conprise a rivet upon which the hinges

306a arid, 3e6ineodgee30%ames 1d et i jrwn 888 pug 3 L forinze aaelei widig thé oges.  The
livi hi ' terial that £ ' d i t hin,
1 et o1onBET [ P TR R AR AT Rt PRt e Tl e

i NSt r ur3ithe ivef EdgeddY aBYhiBné daBE 31 1 ik 38 ah ¢ vAlie BRLAboRO YO B out B9 some
enbodi nents, other articulations may be used, including ball-and-socket

j oi nt s.deereeg.dneluding eheit ¢ wegtess. abor “Brdertegs.abpeinl 20edegrsen abpet k8UISGREEES:body
102 - . ; o
Cubut ar B0y CaRs e Ak PR M GO LRUEEP bR BRI AR e he

al t er nahétwledryplastibgoreilidr sEnil £tstidal ©masiaBNMbh yddidyn Remeadnhicgliiggesttbatbe

slidabl e al ong the tubular body, with or_w thout jaw apgul ation. For
exanpl €Oompise A &veosWiiels ths Aiiges £0G 3k J000 ratates sUBGEHNDOHIGN s dygtiiized t o

a living hinge. The living hinge may comprise any material that can be fashioned into a thin,
flexible strip, which may comprise the same or different material as the instrument shaft, and
may be a metal, plastic or other polymer. In some embodiments, other articulations may be
used, including ball-and-socket joints. In certain embodiments, the articulation between the
tubular body 102 and the jaws 308 and 310 may be configured to be slidable along the
tubular body 102 for additional maneuverability. Additionally or alternatively, the entire
retractor assembly may be configured to be slidable along the tubular body, with or without
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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a tubular body via a flexible region. [0072] In sone variations, when the
retractor assenbly 300 is in an open configuration, the jaws 308 and 310
are confiyorew/as2opr ovi de a wor ki ng space that nay hel pPCO/USREOVESSE he
field of view of any visualization instrument that may be used with

theretractor cannul a device. For exanple, where a visualization device
(e.g., "SHAEPIFISRYPLSViFE Korsupaels- W@F%e‘ﬁ“taﬁéat}%V%ée 8ndh SA4PSFPPSY) He

pr oxi J}rb!vﬁ@d bR MK ﬁ%@ré t}f gﬁﬁilﬁh st aYe B9 di? an open

configuration may prov e or war I ng "capa |I|t whi ch’may hel p
enhanc eetrimoivassanathly 280 iroan qmi o@nﬁgdlratromgtay provide $foﬁ~wandalr>dklhg okpabdity,

capabi | ma ust d ac ordrn to be visualiz and
G ST kit ey 4eG St han g A T ik S T

adj ust ifg, tét@djtdt@a%ebtdlﬁg&oqﬁe tlmemwasﬁm&%%@@&ﬁg&d@w he ViRSafleRg t he
si ze and ‘'shapé of e jaws 308 and 310, and other rel ated actors [ 0073]

I n son@eéﬁmdhmmﬁlsedgphéo%mdd]dga@pm tht@ﬂemblllmot':@nﬂmmemqh@mlsw%ﬁ t he
t ubul ar dy 102. . Referr |G 3 depi Ss-section of
ot o AR e RS e o Dhat 81 el S MLFD, SRPO Rkt SRR L

enbodi nents of a retract or cannul a device may have an inner shaft 316

W t hi n [8073]men 317 soine h®d ok thebosiiinkGRadeniB6 ivBycdi@hpnitticupifiotte any
structures that control and/or navi ate the retractor assenbly and actuate

the j avibdaabosiid V31 Beferrie [onffiér 3P aichalepicied craes-weelian Pythersieishire al ong t he
| ongi t%@ééﬁ?&r a3y ﬁlo(lg‘!ﬁ}le 8P ﬂ%&r&mﬁfl R, iﬁ’tc'eﬁ%gghb:gﬁﬁném %Qﬁra@tﬁldcﬁ%;lgl’a and

may be 1n co nication wt ng-space or exanpl e unen 312
or the demizemayhait ad ﬁﬁleﬂd}afﬂ’ﬁi@mﬂah allemei 3 B piotht kubola bpayvl G2 thaatian gelp

mechani sm One exanpl e of a W ag} uati,n% chanismis qepr ted in FIG 3D
As shovif SRRVt ‘i“FFﬁé]Pa%HJétF‘t 284/6T BOYIRTLF SiesreagtairsyBbly RaE aptigfe hd i cul at e

W th piings 3ddand iRy, erdenBnd?ishsr: 31¢nARYe Q%aﬁf%'l@clla%% 416nd e lrbr%‘{\@dl%gﬁa)ﬁ{'d 310.
Sli di ng of the inner shaft 316 nay translate the tab 314, "which nay rotate

t he pi Mdo3tacemta tﬂtatmcttima of dwsja®080& el 31D andipnapibe o C@utrwalcdﬂlqn yvithe. , may

nove avva fromt fromthe udr AL of
e dovy ke Sphds Fion dpFsaitc he s drofft i LB b A IRy M e
handl e pl)l@on 4 _ﬁ"w @X@Jﬁiﬁg @nechitfsif) mt@ exdrhBle 0Oy aach rﬁ@dhtaﬁlsﬁﬁ);’ desiete@t her

ani sns, for exanple pull wires or struts, to open or close

actuatin
he | avia FIGHED pdisRhows Brarshe Mol ik 3heFamphsss ortapd] yiher may aiBsle with ch may
be si ngd- Lr ? g Iﬁd r._brai ded
menber 11% 3:14ét§)iﬂ ‘I%d[O %1?%2}%( anglbggggfl d th‘!ﬂg éz{w %dSnafcn t B g%lﬁ%&? t}%, 1n1kt)Jr
asynretshaft all6 (Rydransiereahd aw 3rdywhieh tna@zsedtd the ping3e4 poshatt t}QI’]aWh BO®ande ot her
jaw i s unbi ased, etc.) or one or nore jaws may be i nmovabl e while one or
mor e Otﬂgrm?ya@%otd}%wardly (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 retractor elements, jaws 408 and 410.

Additionally or alternatively, embodiments of a retractor assembly may comprise one or
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novabl e. 2. Tapered Shape Retractor Assenbly [0074] Another enbodi nent of a
retractor assenbly 401 is depicted in Figs. 4Ato 4F. The retractor
assenbl y WwORongmpao8ses two retractor el ements, jaws 408Pamaisa@9/061358
Additionally or alternatively, enbodinents of a retractor assenbly may
conprise one ornore retractor el ements, such as paddles, flaps, |obes,

tabs, |BNE eERPTEMangty suchpipaddigs flaps labrs. B Jamsy and thevikeurlds iawad08r e
non- uni £,q qb%é@él&f}v&t&%s W Llfer}ﬁ)nzhﬁ?fonﬁ‘%roﬁﬁgvﬁﬂe 111'I'dlﬁfeg®9 24 s 9%:%131; &m@ jaw

408 is tapere one or nore opes or angles along a ongltu axi s,
e.g., mndl4iBnee499.4083s shewed with dneer mqnesliope:s ariaggles alokp g lonpAudinabaxigt r act or
assenbl 401, has f|r t curyature on, a f rofile of the ja 08, where
Ehes e RUDEAgD . AnBOw T e b Sioerichaiis D aRbiekmrdr atvoob s Bunded
t owar dsjgt diredid@b R firkORoiR%f tl@éqﬂv@(%e%&@ th@RRE cﬁrb@tfuré FasfaqHodgsbrakata

distal portion 402. Fig. 4B is a close-up view that shows where the jaw 408
may be it gp@rdly el @Ilyll@uad@itawapbmdlﬁml poRon 402 and heeqoaééqpebfhathe j aw 408

be f| di d f
the rovpulegit SELERmpYRoor A Rech Befsui foP e s RSP uRa B At ©

Figs. 4R taptdedBwaiS asm@mnpdrh@ﬁ 202 tefgeﬂfeuaﬁ@@et&qwam gayHe ﬂdﬂ@rd;@w&uﬁ% and
410 are different fromthe surface curvature as seen froma superior view

of the andestespdistallys fé%rﬁ‘lcydf‘@@ﬁs a pide vievt pfethe atiagton peseblyt HY thakissur f aces are
hon- unt Je?éfg?ﬁhﬁy 'f'odthte hf?ewrg sﬂ% 147%8 4Kh &'14}3 h sss'hg\%n Yllle?gv thé gﬁrfacg éﬁr@ﬁﬁl

assenbl’y as a nore uni orm aper al'ong a second profile as
conmpar ed theOJ atvied08 landt1 (pamfduﬂfﬁestrfmm thersuMiagscurdAugnd sédh fra'ﬂnla$upayorb@e\8 een
also in Figs. 4E and 4F. Wiile the jaws 408 and 410 have at | east two

di f f er éf tthf'c@%%ar SRy 01 (fee-gthe curvatupesef the jsy siufaces 415 0enSRERHN AoyRd
Super i Qfe ¥ifie 439d F%rﬁ fROAGk i Qe{h%(iie@é&graa‘%é%nﬁﬁ?%gl £ A0 BreSdrGifiaY bEW

perpendi cular to the superior view), In ot odi nents, the cross-
sect i onalifoon tgiedelopg @fsedoeldrmyﬁlbes pompared td the ilrst@pﬁﬂedhctmtn Kipe 4’rAa4mir from

t he sup rofi ta 08 a 410 i ncrease
e g s RS g HAE L T AE PO TR, Wiiede i SRS all el riip e B b ey o
non- taQﬁff@l@n@&iﬂ%c@tﬁHﬁEésQ@ g”@flrmal?b?@(ﬂsurm@b lsl?oW@-ﬁ@m‘laos% @Ingfvé}é@ draYa have
symretric tapers on two orthogonal |aw surfaces, ot het jaw variations may

have s;pmtdrtmer@cbmfa@e slrpwibfremt hade vigw Hemﬂnélsmkaaée@e Swpdrioh viesyy), ooty not
be orthogona Qr trlcta ers. as suit
at r aumabr Ayt oSty WGt SERE SRR g ot ARFCRU RS AP ERE Maer i o

parti cutéh t}@(@ml@,prbm whave tid@pang tH’elﬁwbaOQ afd CI®BSy irkesise Fmimmy)fi | e
with an acute angle (see Fig. 4F), where the apices forma flat tapered tip
404 i n WRET drgsed desHbi Jorogier smbodisneattonsy faRerry gr nofetapered configuration

may be used. While jaws 408 and 410 may have symmetric tapers on two orthogonal jaw
surfaces, other jaw variations may have symmetric tapers on more than two jaw surfaces
(which 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 a flat tapered tip 404 in the closed configuration, as shown in Fig. 4C.

[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 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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[ 0075] As described with respect to retractor assenbly 300, retractor
assenbly 401 may have the sanme or simlar configurations. The open

conf i gur awpan1o/=830Bl ustrated in the solid Iines of Fig. PCDUSSINOMHIIGS t he
action of the jaws 408 and 410, while the dotted lines represent the

| ocation of the jaws 408 and 410 in the cl osed conflguratlon The jaws may
be ur gedlyedfyn @h@lt&f@ﬁre@éﬁﬁ Ryt 2t Sipresy oA MBe-dRs HY A PAGRAAYE Y AegTRe:

di rect i @p,Qfo @ ;&@Bab%g@@%ée@?»abo%wd@gﬁee@%oet |60 go0ak Seboeseen t he
edges 409 and F11. an aws assune the open configuration. In the open
conflgukgummnﬂnmhe Aﬂgkmubthmewoeﬂgéss@ﬁ@ea&dmnmmmnhyhbewaﬂﬁMaMuHOfrom
about rees to bout 270, g@f S or nore, includin to about 30
degr cededHitiivene" albgs SeueBiste 66 StrRubodmBtE Po0T astiats M 180

degr eesayvahQmbd ?&Qa&ﬁ&ua@% o @He tIRU1S mARbEENDI aRe qcﬂaat%yg RE&aMisn &F (ROME
enbodi nents, both jaws 408 and 410 need not open or close symetrically,

and in rsmmorea@mmlwéﬁt maydnéhwanmrtdlffamt fiery tes/antuatiag eneghfnisegidisdosadi on
relatlv .9 t.he. t ubu at.i.ng. nechani of the

retract 8r% I "‘r%?r assfé‘i 1¥ras PYBEIOP%% dgs %?E’ %r %flf%wt?cgﬁltnﬁmgr%% ?‘lrin “act uati ng

mec hanlrﬁé&laﬁiﬂsﬁlﬁ I dbﬁﬁgulfaﬁénst Renctieisd, aﬂd PeiraSHeit ¥av@DeBi 8dcAbEd yndd@sehi bed and
depicted in Flg. 3D. Hi nge nechanlsns configurations, functions, and their

act uat iRseViPE® ehedn fieSEri bed and shown previously, e.g., in Fig. 3D 3.
Angl ed Retractor Assenbly [0076] In certain enbodi nents of a retractor
assenbly, t A &gp g tric about a mdline of the device in
shape or nnegne a §A?g depict an angled retractor assenbly 2200
in an open configuratlon, where the angled retractor assenbly 2200

conpri 40876 fi r stinjcaxail 26®otinzintshafs: ratracoipseer@@Q 3the gaves mageotdred j aw 2210

t hat does not ha n.some, enbodi nent s c 2210 ma
RS I A D TS A B o e S o S R O
shape aofy Ieaeemmmn{mpzz@% dnsopéﬂebnﬁgmu@ aeRdedaddIR eabtbyasddhBlyl S

provi ded thereln The angl e 2203 may have any angle between 1 degree and
180 degi2é@sompypesedanihe, 2208 dimt Aboyt aneb02YBg prebs sqcmémﬂli)ﬁbatd?@gas Bels, or
from at}lOUt ar:{'gr(l) lgeﬂlrseo%is tol% dgrgen gse%% 3 58522219 Cr o t10na1 '§iSCiaw Lo abOUt
160 degrees o Cf rom abou &e rees J“b ]tlﬁﬁﬁ degrees Pndl cat ed

pr evi oy mdyh@ninige e dourled ﬁptzgo4,aslfeemﬂe3éh2;9e0& théroﬁh@é@l’hﬂ'@l(ﬁl ik @udht thatopen
configuration. Wen actuated to its closed configuration, at |east a

port i orft lopnqaddin gaviy 29 Js&vlszaz%de%thsrem t e anglmade maspharoahy apgs bestesnd
beyond ig%k %&!'Maeﬁ rEQhr'ﬁ oBeregtt %53) de ereé‘? a%u@%%? des2a40orh© 9rasp

and/ or t1ssue e rouh egree ich tissue is

engagedboutyl (oeleaches st ﬂlﬂ)ubyﬁio 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 2208, 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
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varying the angle 2203, along with other features, as will be described
below. In sone variations, the extension of the first jaw 2208 beyond t he

m dl i ne 2202010048208t encl ose the retractor assenbly 220@CTMise000/06188% i n t he
cl osed configuration, fluids or devices in the one or nore |unens of the
tubul ar body_ 2202 may still exit the retractor assenbly 2200. For exanple,
in the C@V’&éé%l 12cHAY P@m%mlaﬁnwttwa ¥ith gxchjoshgr23bs ramded He 22¢4pan ajsalr 210 may

forma asﬂogﬁ‘dé?lpc i 821400 sée if @%Q}zg?ﬂﬂ ) rﬁ‘a Be ése%l't@%lfﬁsel Plshls Pﬁldﬁﬁ‘tilgzzog nmay

forma side ap rture w't 2202. The shape o irst jaw
2208 i scostredt apdrat The friorlgihg plawe 2a%0 tpy P2 @endrsllydaiinail me thetrbgior batweam theas
depicted in aw . cavi.t and the roun t|p avity
990 ey SUBY 08 SRl EA v et b AR rrB st AReav Y y al so
have a H@HQQ%QV&}!' @269) hewéR h¢anPRIBEEAI LfacE blg:atea %%hé RéhcBRYssO8bI g%@ot 0

infuse a flush solution or contrast agent. The wdrking space 2230 nay be
gener aldsyt ditdsrissbeas t he regi on between the flrst j aw 2208 and the second
jaw 2210, and may include the rounded tip cavity 2212 and the first jaw

it : t
RO T e S el S R e
assenblaytactiddaditieibslar botg FA00 Dl of g 2208 oEle Kige,ak twatihes 4 @ctnhﬁr;t hilagé ar

body 2202 by a hinge 2206 on the side, as well was_ a secondarﬁ hi nge 2205
on t he 4%8p ondke @@pfis(fte@u:tfidﬂnﬁ@ 2265 dn spie yariopar hahingn320q may REAge 2206 may

be a m%ﬁ%f’ﬁ%] cal hllt;% 2 d' aepug scre@v2 g 6Etata§férrﬁ¥¥nb& IRt @At ‘ﬁﬁé SnlRP&Eon AR the

i ke, e sec hi'nge [iving hi'nge that may bend, but
not rothange. 2204 r%ﬂ&raa]wmghmgs tih et abtlyebehd rtgnanmaotwﬂ'n Iarpenenaly abesuisbtd t hat

all ow the retractor as 220 cl ose bend as desi
Wi | e éa%%meihaw@éi@y UsSﬁ it iﬂgo‘ttot&slp etracsoy. %@tlﬂ%ﬁ%wnoma %@Sﬁr? dI y
coupl edyeh@ at h@snreu leﬂfe Loshd 260310 bfs mﬁh ISEDOdABRE § show By bediRQll

coupled to the tubular body 2202 by a hinge nechani sm Second jaw 210 may
be si greofipledme thy tethdarttedy 2402.angthier embedifientstit jnanal20 08 coupled forthotubglar

var i oo Saariit Ryt 0B Semee RRE meaet dban TR el ik P R hg RN al oAGh o

nani pultdd Agt jaWw2BBMButeABARE MBMtns, thesifd tsfSetach 3Mhe303s At réspectseeand j aw
2210 may be made of a clear material, i.e., optically transparent so t hat

even i roikdiana byswdicd epdarding & thewlesigedlrudl of Hyweicsnpavdibsingeand. | an _
?”dOSC %@9%'Iﬂ%gmte§ﬁ{b%hﬂ%t}§ flis C]al%ezz.%?'aﬁd g%l BE F&v‘fjezg@ pe'n€ first

jam122 secon 1 88 additTond and have
addi t i anade dira ol hreteehd, i@Q Imbugalryatan@ptﬁrenta@ tivad dvelén dte&@crsecﬂ)e@hfigataeronpm
[0078] I.n other enbodi nents of a retractor assenbly the retractor assenbly
may be visualization device (e.g., an endoscope) contained therein may sfill 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 longitudinally, radially, 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
elements may be located about a tubular 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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an extendabl e structure, where the extendable structure nmay be provided
with one or nore support elenments. The support elenents nmay be oriented

| ongi t udiweal2bio/048208i al | y, and/or circunferentially al on@CTS20001066388 or
assenbly jaws to support the various configurations the jaws may take on.
The configuration of a support elenment may he conplenentary to the shape or

conf i gUICHEGTL tBE SHRPErtedamesd My bysdashsypr cPyplechie therbhads: HsihnerokUEippor t

el emantsu%&’e mﬁpfétﬁgto? a@@\lg]iog? lancg&nérhgéﬂird@a }rpﬂﬂe iﬁ Fe %?k 'I‘C%&té[o e

enbodi ments, the support ments nmay be [ ocated about a tubular body | unen
(e.qg., dssemgly.312). The support el enents may conprise any of a variety of
materials, including but not limted to a netal and/or polyneric material.

The support gl n be rigid, sem-rigid.or.flexible, and at |east
aportion of Lfhlgquaﬁt%ﬁge@lér?g)ﬁggwo%seangtq\([%ﬁgﬁmﬁr coupl ed to the shaft,
the inner or outer surface of the retractor assenbly, and/or enbedded in

the inreo7gdges ofAsidb&ribed higBicOfetra&sLaNtNblick. mBehdvaehd br Avseidhhytor
Confi gurations and Mechani sns [0079] As descri bed above, retractor

assenb| dlEBenin oI mPin &y thabray AEFEENY 5178108 BRRIITY BAPPESRAIHS 18T j aws, t hat
may as I3 r : jate [ i i.nul ation
or and 3630y mahA 1R SPRPALYe R ARBLAPELEL P WiRte RUMBITRE b HRNLR

act uat ifogacauatikraaetradtoras sentlly hatabeen e anibde absieh ethe atpesternisatshedy eeadsdni sns

may be used to position the retractor assenbly in_a variety of
conf i guP RCPHAR EGFIRLLer; aseranbly it VoY 01a ferbigrratiops fryaapyehetions. Mechani sm

t hat a%Héihee?nt%d{rﬁér{té%%:rﬁcifcrhgﬁ%%rﬁ?éﬂéciﬁﬁbés Q?etﬁic?ét%%ehﬂ)‘ﬁfﬁﬁ? b B EQRaBHS at 1 on

or the other, or to a configuration. For exanple, the jaws or
r et r actame cehiegreati® oretlie béehioasedthiwantguratiol. ds@dxamplel gegavs anctrsaieh t hat

in the absence o n actuating . force,.the.retractor. assenbly remains in the
ol oseq SonTIyaraer B SE Rl e R B E i e Ao A e 15
act uat edétuaﬁn% BrEQGROe &S LAREMbNIrbRaids i &8 clR¥RESFiduRRIoa! ARedsandfthguration
may be used to mani pul ate and/or grab tissue, for exanple, for renoval or

r epl acepenpconfignrgidnerhanbsdiciereds A reractortssamblyrwitiearbias sowrigs the chisaded
t ovar dscoaﬂgl‘ﬁ%ﬁé‘n GA0hE AU ALL O TS And Rk ab BisdREr RRIGNGE QF (Al AFhyating
force, ThesTetractor: assent y e e ot 7o ne open configuration, and

assuneseplagntdn®s BotB@dni@diraéntd thovkaactaL indabed. m#y bechiiRaltOkads sebpdry W th a
bi as towards the open configuration may be used, for exanple, as a dilator
or di sploatisuiatian sach Hat igitheeisgreesof ap aghuatieg foresy. they rggadieicassgnklseraiys be

2SI B P I e Sy M R R,

bi as spissemeplR 13t astiawwowiardskhgopedldhfigimation orag ds usaly flrexamplel eda didator or
displace tissues or structures. A variety of bias mechanisms may be utilized as common in
the art, for example, a spring may be used to maintain the retractor member(s) in a particular
configuration (e.g., the bias spring 2132 shown in Fig. 21B), but forces may be applied to
overcome the spring force and to transition the retractor member(s) to an alternate
configuration. The spring or other bias member may act directly on one or more jaw
members, or may act on the actuator located in the proximal housing of the device. Of
course, certain embodiments may lack a bias to a configuration. In some embodiments, the
retractor assembly may be releasably lockable into one or more configurations. For example,
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 elements may be
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overcone the spring force and to transition the retractor nmenber(s) to an
alternate configuration. The spring or other bias nenber may act directly
on one orwAEPB/(4828nmenbers, or may act on the actuator [POTAISe@in3she

proxi mal housing of the device. O course, certain enbodinents may |ack a
bias to a configuration. In sone enbodi nents, the retractor assenbly may be

r el easdBPYAPIOICABKETPIRL IS BIFEPTGF (hibieetld dbith Hisars oS andol0 B AIpPYe o he j aws
Y be diadiAPlPerfle dn ALk eLkRh @AhGLBOShELONS |PELIRAR dElfooitRR T, Edges,
0d e, inclu

fromabout 0 to about 1 egrees or no ing but not Timted to
about 6Oheraibdotindts, abloartjavl 20y labeo atfix@édPositon, abivletthdBediegrieemvabilheln

novenent . range Qqf h retractor er. may .be the sane, or .di ent. In
Cor ¢ MERANBILE 0T ahF oY o | BLLRD HRELin Db O RSO bR 40t ot TeFahent o
nmay havR @vdibkfsbuPaRiHin@m208hb bBafNedQired B EiRtdAIRN. retractor el enents may
benmovabl e. For exanple, in reference to Fig. 4D, both the jaws 408 and 410

are novabl e or pivotable to create an angl e between the inner edges,
howeverl0080]shoul dltiseverkerspacsadovided by thegetiegtoreasreh gy de chpraperizghw may

have a f. i tion [ . FAW | i .. Ln r.eference 1o Fig.
2on, ¢ not EipBSTLHERomt hcceBLIE oL ek BTty hnd S S B5Be ey D
pi vot ecnsadithert§)@hdbkén 2Abe nay OO tRArfctari aeSis tigch pedthiegiphdd diggatly[ 0080] The
wor Ki ngl) space provided by the retractor assenbly may be characterized with
r espectPefHeRHEY Gwe fegienp A TeepfPEltslURcHs ThieWpiteadres MaY 8M¥nt s, e.g.,

jawns. Idég@lﬁfi%%héﬂb&etﬂpggljﬁy f éonfiglaﬁlti\@ﬂro% itl{%gret?m&eelém%’ntg %ﬁ{eae%tﬁ)rdirﬁégs,as the

aggregate sp irectl etweén any two regions of different retractor
el ementtke refietonasskinbly mpacleramgrized by tikepexidiung wopong $faee patri¢vablel tarthe
configuration of the retractor elenents, In sone enbodinents, the retractor

assenbl §IHLS SHARRIE AT, KYMBYCelt raRge; WhRRe Wl RANG S OIS FRAEY ARV e by t he

ret ractpyias 8 eoia¥d-Wok et ap s AMMaTRAL h&%%haﬂ%%i&aﬁi?ﬁiﬁ%h%%&ﬁtﬂ9
space may provide a forward-|o0king capability that may hel p to enhance

vi sual ioddisiusn. dhd adi:adpl akmgentceondtor sxxesum Thekiagtspade ofen kistyrepamey and/ or
maxi mum wor ki ng space.of .an instrunment may be restricted. or limt by the
cur  ount gt PE of B0 By R e RbdN Bue DB s (Ot 3 inng R bfler 3¢ ang
that t hdvRfaad Mitht HRAGE KR dph& HRaKE MARINRR KiollinS PFke® niiYor fay WY cHi9élate
correlate with the maxinumviewing ability provided the retractor assenbly.

For exanifh Be maxdmymrikewige spaite pighaledthrerefragier asemblyodior temnpleghees apart
may be A t past ti o g@ hen | %Jt[leﬁ ial.l g reat er
Ty e i A BRI ok T LSRN SHRSATM bt Bl
provi dgswt hay rabdtangiallwarskiang g@p@e emodis 8 tissie a@aR fonsthavadscopeip ®hfiecti ve
Vi ew ng[ space may. be bordered by the displaced and undi spl aced ti ssues

he jaw angle Wwhich 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 tissue 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 like.
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surroundi ng the distal end of the cannula device. In sone enbodi nents, it
shoul d be understood that the working space may vary with the geonetry of
t he retrawoan1A88®/bl y, for exanple, retractor assenbli @TRiSRVIAM3ES ongat e
and/ or tapered or rounded jaw configuration nmay dilate tissue nore than

retractor assenblies with a shorter jaw configuration. In sone_enbodi nents,
the i nrighe SAWLE offtisspecianrRgMbeshiiiel By &e SMsbvih 2 FeiactRs assmbbace- whi ch

may helr@tré&%?erﬁmﬁs@bélér 21, we%\wlwg §J&aa99'5@9 &Jdétpaaédl eRY tlehfndret ract or

assenbly. In certal n enbodi nents of ractor el emen e i nner edge of
t he reuﬂgeﬁﬁ@oékﬂnant&man@ybmw6@ﬁmugumqmowﬂuhwahWanwemgaghgumﬁEMELéﬁgaglng

menbers. Tissue-engagin may. be usef ul sect and/or
Fermovi HBeHOpaRY PORTBRO hHeleet T8 e GPeIaEsh P My e g FrHES Hpaikoror
inter VQMcﬁfléft@At tHERChaOFing Qhilk 8@ e D QRS Y500 Fér thé Bﬁﬁla@éﬂ?&ﬁi 'aH@/@P &ilatlonRser
edges of the jaws may have tissue-engaging menbers, where

t|ssueieﬂgagﬂﬁgawe%@emeﬂﬁa¥e®51ﬂb@g@hﬁmch3gfﬁnD@nawmub$eﬁMHSQE¥€h@a@|ng
rmMmr I I eLs t eet ke. One Ieof
tlssue g&fﬁng nﬁgpg ?ﬁBP“%%%ﬁﬁ Q it ecml { %‘3%§§%f % e.g.

retr aCts(DiEie asseohl 18K, BYEsOdtc 4Q1he mldﬁwn\&nas dbs&hlg.ﬁi réﬁo@gm Blbiledde depl ct ed
there, the inner edge 502 of retractor assenblnaiam/SOO %ﬁbe provi ded

with t|eg<§meleequlé§ﬂer@g9eegm€5mrsalrﬁélmsafé@fhna)ﬁlga and Bt @tqtly expmplse t eet h

naggr n b AL nerafhet e ibte NRLBeh b RAEC yl L Erdieshets oL BARKEETY, | onor
ti ssue.engh@ng aw t&@@t tisaye. b aweﬁh eéntbodirgage ab smeln(ng SA dmir5B,ehoteath,

di ssectj on, bIOpS¥ and the |ike) using teeth 504. The use of the teeth 504
may be Wdritavohe alasywighshasp/blugt werieasy amshowalin Fig. 24 B Brsbe of apysuitphlger s,

etc. of eBHl%trPaﬁan gorflté@ tra o%? q{ehpzﬂdar{?irtﬁé’ hEé‘SAYso t\ﬁ\@tée@n %@%ﬁ ﬁmﬂ e of

ti ssue- engag ng  nmenber's are i1llustrated in Figs. 5A and n ot her
exanplesuﬁmmbememan@agwn@Mnanbemthamnﬁaugedﬂﬂﬁ@o@nndgemnmmnmsszdwd

arrange S as i for en ng the tar issue.. In certain
erboay renaLcote DR EEF yaotnROSRR Biut FeleMERhmbos Pt gl od i th
shar p/ let@HfateV&fn'fdrﬁﬁﬁonsa%rﬁﬁﬂ\@le' Assub @nging RembBRYnREvefondihifotialy @Bl e
geonetry, trapezoi dal , ?lcé% and the like. Also,” the teeth

504 rraywuﬂedliﬁﬂ%rdn@slﬁnty og ¢ shantsgang]| tlaﬁtlssmetehg@eg)@@tnbw mdyebd efrmen- teni@em502 to

opt | malshlx 3¢ r%eglt;rleg Ir%:{ltt teetﬂl5p4 exte t‘fiCtd’thfl::){Jntn rled eﬁﬁglm bv%rund [stood
t hat t|sseena terna or

exanpl eonielexfnem@ngagindi@e eege)ﬁmasrmywben Hign 5 ADblfthﬁ Bthy,r slebo&miehtsdusfsﬁer ent
slants or no slants, and the tissue- en agi ng nmenbers may be of non-uniform

shapes .CIERENZBSFEBAWRIFHO Yl o exieRd Beypndibesrizes o rTéile tiggicrngesingdge 502
My Varyem rE gl nen né%)gd 0dt g ra%%}%lettﬁ%tseﬂgfbé 02 238t HOWR b 41:\17%/ fiofy  but

in other e ssueengag
the edge to limit trauma to surrounding tis sue during the navigation of the retractor cannula

device towards the target body region. In some embodiments, the tissue-engaging 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, as depicted 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. 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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menbers may not protrude or extend beyond the edge 502. The ti ssue-engagi ng
menbers on the inner edge of the retractor elenments may be set a suitable
di st ance wWoy10/048208t he edge to limt trauma to surroundPAE/USR@SMOE61388Ir i ng
the navigation of the retractor cannula device towards the target body
region. In some embodinents, the tissue-engaging menbers on the inner edge

are setl08Hr oxi ndfh&pyie sBBAdnENis, A TSNS St YIS AGREPSMEOm t he i nner
edge S5QZ. fberk gf’&wr%{%g in 't}{énsi & e@% A ade & a?l?%}p%géhg :pgga{g? "dael Ss (tat 9- -

teeth 504, may be arrange peri mete I nne e 502, as

depi ct embt limited tdi pplyesS@Br vd)pottj’m&h@EET@x ]bETE))nylmnewemhnq @M}&@ﬁonﬁs a&tbdwn

t here, 3 t h.. 504 y be arrggged totile a $ort|on %ﬁ %nner cavity of
the j a4 U8R N8N FHRCS A HiFEtrarier o %EH@EW% Rt ARYPYESsi ty

(whi ch fRY il ATRYnMQEIyRE aﬁ&lﬁ@ﬁﬁﬁﬁﬂiésfeﬂribtéﬂh@erﬁéﬁt& iy 'hQ\Fheé nﬁﬁ&gﬁraﬁ’l@@hl&f

ti ssue-engagi ng membefs may be uUsed in the inner edge. The teeth 504 nay be

made ofmayhidies amoquewuabnagr mhee §idhe ﬁ@rﬁmdmupnfrﬁagomms@ fée frade rody ki f f er ent
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coat | nguidsg 1B iof IR DG Ph SRRL it BV ERe Y BBt and! or
pr ot r ush@Rsm. SMGBrtas cbdaRRd, lacle@srt afpb&m;pctfam fetiABOL Elelefits (I made fonme
enbodi nents, the retractor el enments and any tissue-engag m& nmenber s

©

provi dedasisn Altgenagively o additigeallyny rﬁéacmaéermntamyy be sorsgactedof peiymer, such
as (but Oﬁﬁe 111151%}151‘3‘{’ Bl?c}w Qﬁh%(l?zsahgﬁ FRRA s¥e[f‘? Sof (uﬁﬁf%pgﬁg-[@ i ﬂyﬂa? ﬂgagﬁ 't hane,

pol ycar ate, acry or Si |cone sone e iments, efractor
el enentla oy ebﬁodﬁh&@tsofhe&atral:}ﬁ@wlmnémi mbluab a nfilrk@ranatliey &dayure(s) mdklingiatdnal | vy,
the retractor el epents nay have a netal franme which may then be covered

with orfd adiortinsy & the rett%tOéﬁlaFI@Pr@rPFrcaﬂ%‘ele peing GeteEnal ipaging aﬁéa Higy- B nade of
(but noatno{h'emﬁlﬁgdlﬁlg)lt %%&Jkgls& féatﬁl%lls atrécfl@BbeH{Eb %Jrﬁ’éf Aqf%%tlkelﬁm’rorq um

tungsten, tantalum [In certain enbodi nents | east a portio
r et r actadditehelhyg heremagtobe emete nofy tzglcaBSrucNdICémm¢malethyt o r@&dldytrewh&til y, the

retractor el enent be. const ruct ed of a e materials to allo
L eual B RFRES of AR e G AR SRRy e P
ot her ngdﬂsﬁﬁfﬁrﬁzarcii&%kﬁ@tpbﬁ%@ Ena?'b%fiﬁ{lfe%f ARGt Welertul BB iR trRHDEH

feature(s) making all or "a portion of the retractor elenments perceptible
usi ng extrepmdEng Hismgi ng nodal ities. In another enbodi ment, the marker or
feature is a radi o opaque marker. Alternativel y or addi ti onal ly, the

retract g()%@l enentﬁler@%alg)?)r%?rﬂifﬁlre&g&gldelgrlileI{@t eg% i es S af %}ﬁvtwnaﬁleﬁl ﬁgg é'hmant s

resol v ul t rasoun I'magi ng nodal

SOme POiH, intiy hefselebedjfiim § enageriatlihat B|t1‘ai1§];lia\nﬁ1’c dwhiob kiag®efaiesitdbtnfor iy be made

of a soft material to mnimze traupa to surrounding tissue.
operation of the port components, such as for visualization devices. In some embodiments,
the retractor assembly may be formed from rigid, 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,
PEEK, PEK, PEKK, PEKEK, PEI 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 symmetrical

about the longitudinal axis of the tubular body 102, in other embodiments, the retractor
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[0082] The distal portion of retractor elenents, e.g., jaws as shown in
Figs. 3E and 4E, may be selected froma material that is transparent, which
may be dewOratw@sfosr the operation of the port conponenP€T/USa@/ 06358 or
visual i zation devices. In sone enbodinments, the retractor assenbly nmay be

formed fromrigid, clear plastic, while in other enbodinents, the retractor
assenbl 3B}y W@é@nawm%k isHgheds raEacHRtRsEATRP R LRl Qther Jefragiokassemblydi nent s,

the r elEAchf n%ﬁg‘%e Dhay SQTRY LSS ANARGURISTR Rl B opt@&ﬁall}rgr&\ﬂmrto

enbodi nt S ent or transparent cilitate the
vi sual |1matasrardu@tt \tlhmlltatsmu&mexaﬂplu,dhur@mc@dpaemhty ¢dmﬁgm€atmmmagl‘oeassenbl y.

The di t f th t t be st I
Steel NGB TEHRREUHVTPESEN UREOR CRLI AP E SOt pary BAPHG & Sher vl i c.
nyl on, fgﬁ%n &6 or kK re I %Qﬁhéﬁ{v mB@@al EEE)ertaP il Eﬁbocﬂlﬁ{eyl’eér glhédR or

polyester pol yet hyl ene,” pol yol efi n, polypropyl ene, glass, dianond, quartz,
or contsisseantilp maytheresnall ﬁpﬂrtuee@aﬁmh@s slity, srontheatitsaldipterlow fphérlg@tqnam or
assenbl y._nat er.i al ud ddltlon of nor e ra hi c
v kor <CBPEERISH O B pbBE 3 (e BRES hE P e s RiralBh St AENE oG 401
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body 102, in other enbodi nents, the retractorassenbly nmay be asymretri cal,

such asvarlétlwe@ Biiragos asemplyypap be eeediand Séltap%dc@dxelpa@éwwmjﬂ&wd trauma to

confi gudé@E é?%s{ﬁ%y al so be used, and slits or windows may be optionally
provi de o-1ncrease direct vi sual i zation. For exanple, the retractor
assenbly configuration may be altered using different jaw shapes, variable
wal |t HDG&less anmsld dnscrbbedmrevibummth@jamrofasetoarctdrcmlsszbndﬂy)ngyd»necmatedor e

regions of the jaw material. In certain enb nts th ractor assenbl y
may ha s eraYqrs: é g5 f“iﬁ?"é%rsa@ﬁtﬂqs &40 Previged ar‘iég‘fm‘il et &t E*t“eﬁ’f ]i%p P3°%FI ow f or

i rrigaty,enRieHs FATERARE @hhAR d&icd, 'ﬂﬁéﬁﬁﬁé{i)f &ss@rﬁ@l@trﬁaﬁ& {ihgatiargetnsite. As
such, the retractor assenbly at the distal-npst portion of the retractor

cannul aedavorcanmely dodrs miap bs ranceweres esek & btzering medhoneny agi stedrons, a

o L P PR Y o TYiedBa R eE RCL PRARE Y Boite BotSopRE. e Bbgpasd (raum

r et r actRen@s$ iy ne 1ﬁramd@@d aGifLatfBnYs fd%ﬂltbt@\iﬂeﬁtlonsdfltﬁj@reﬁﬁ&tﬁﬁ&é?ﬁlﬁla but t ons,
etc. provided at a hand @(ig handl e 118. In sonme variations of a
Ad may

ret ract@WICééhfﬁuglanﬂ@\ﬁfé@su% ba@Pwdégg@ml%ﬁpﬁ@gxb%@em@ef@m ef and the
retractor, © aflﬂ]%l!né v %tbo%% ct?t?on%fﬂl%y‘é&a%% #g%a&oééaﬁﬁﬁla '&9¥1@§§H&?' sm €.9.
C an

steerlng nmechani sm t o' navi hrou I ssue. For

exanpl elirethesuadizatiat ormasseab) cmarmyndrrer dh@placa:du@mddmg IﬂfsSL@UdS atchtern t O

facilitate insertion of the retractor cannul a
working space in a tissue region. As the retractor assembly of the retractor cannula device
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 otherwise used to deform 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 by one or more working channels in a tubular
body. It is contemplated that one or more of these methods may be used in combination to

manipulate the surrounding tissue. Any of a variety of other methods for utilizing the

retractor cannula device are also contemplated, some examples of which are described below.

[0085] Embodiments of a retractor cannula device may navigate through and
manipulate tissue under direct visualization, which may help to facilitate the positioning of an

instrument in a targeted area. In some retractor cannula devices, a visualization channel may
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device through folds of tissue, and nay be opened to create a space between
the folds of tissue. In sone variations, a practitioner nay advance the

ret ract orwoanrwi4s2o8evi ce under direct visualization to mamiysatael3sgli | at e,
and/ or displace surrounding tissue to create a working space in a tissue

region. As the retractor assenblt% of the retractor cannula devi ce expands
its j al® APYAFhioAceBMOtae 3P% AiESHY IRPIRPAIRIOIMZNAMSVIGE R G- S AP o p@ni ng
may be e i enent or
U e R B ISy e
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ittt e RO T dRa b S s Sayeraracen o gt 5t i Eafk i amgus BuTan fot her
treat Wes@ﬁso%i/b&rﬁblﬁﬁt%ﬂ stednd¥s. oeonelenIPRH BN MR thé Rhs&hanned Betlto geﬂe'f'ahé”t}ﬁer _
body. It is contenplated that one or nore of these neth odgs may be used in
conmbi namage nanether pubedigenh ¢hesiensaunatlaptedttp g@mférou/ghyheolﬂoadwacﬁld@sy of ot her
met hods_f ar i zing,the retr annul a. devi ce a 80 .cont rrpl at ed,
sore_ exrtnanisd e e G b RE B aTRRY S e il fPER

r et r actdsoCaMIkbraodBY FIGRIs MRY sdha/ érfBEBmt At Oeuglé'hsﬁ(ﬁlfé 1ﬁﬁﬁlﬂe§'s}\|ra&51%ngthssue under
direct visualization, which may help to facilitate the positioning of an

i nst r uriERsPaeNtAo ploogd eresentad nthe ppinglofild mayhare amayvelangih of dkayit d @icrog to

vi sual g3k pEHANNGH 2 ABKBEALAYhARGNE Q: RESUTERARLE @MVelensih yansparent to
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I nst r urtgodd prayenkeel 1ﬁttm5rpadﬂ ﬁs]drlgs iam&mlmgﬁhmetw&ncafbohtma@mqmrto wqu%ol og| cal

i nformat]on, ?row ded by the instrunment. The inmage may cone froma fiber
optic IMSEPSy lbmﬁdlrﬂeth%?m'aodd@@%t gt E@sts%@ﬁnfé%re%\v@&? %{h HRBPSEFIHIP t he

di stal gk ks ih R GpHIRREI RS o RBlAs AHRAAn AboFATRIA BRG] 13eNSOr .

I n one enbodi nent, the sensor utilizes % to generate the inage. In
anot hermarmmdilmwttapoﬂlheemmthmﬁnu, ﬂleadmasmwnfraedawtamlcmg}n tratm)atrlnowy field

as pre n dinthe s |na b electing at | ea tonelnrar
Savel orgos RFshR SRR B 8 oeR BTt vy Yoo T iR bragoRt £
enbodi MRRkchs, Mout €3HhicHE td AMdull @%M@ﬁ@l 08t NOtKiBRIP RS A¥ut 2.2 ikRRY,
presented in the spinal field may have a wavel ength of about 1 micron to
about Ibowi &7 oretons tp oot hémiervbodi xbent,4. 6 mecralns thahstt rhai¢rafy. alme@t

vavel engti ! EARSRALEN Loy Ricef B8
wavel engf) 3

%ete orba teg St us%lm alstIP%UIShlltlg neréﬁ)ltl.|

ween

enmbodi riesie fr@rhauﬁbuﬂcﬁ@@ﬁssaa Qnd/ﬁlf ﬂhﬁﬁ@duyvamhﬁﬂgédﬂnetrvm&mieerm yeOarlolteod
presented in the spinal field has a wavel ength between about 6 microns to

about ©badEpgristhe mavelength ibtelrsteddpdidingpinh Nervpes tsus BaYMEBISE- | nf r ar ed
wavel eng %ﬂ%@&‘?&@&ﬁ rbfioﬂg%o%%d%gﬁ‘é&&&gn nhflisﬂ? ALAR rfde&d B iASR

wavel eng ween a mcrons to a
endoscopy are found in US Patent 6,178,346; US Patent Application Publication No.
2005/0014995, and US Patent Application Publication No. 2005/0020914, each of which is

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

[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 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 retractor cannula device may be pre-

formed into a shape that is adapted to access a portion of the spinal region or other region of
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m crons, about 1.5 mcrons to about 1.9 mcrons, about 2.0 mcrons to about
2.4 mcrons, about 3.7 mcrons to about 4.3 mcrons, or about 4.6 m crons

t o about WO20m@8WRS. | n yet anot her enbodi nent, the waPEramsge/ ossssel ect ed
or adapted for use in distinguishing nervous tissue from surrounding tissue
and/or mnimally vascul ari zed neryous tissue. |In yet another enbodi nent,
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a shape that is adapted to access a portion of the spinal region or other
regi on Bf THEIHRBAY The shape may include any of a variety of angled and/or
curved segnents to access a particular body site. In yet another

enbodi nment , 1t't}qe{igkr@%§&lr cannul a device is situated within the trocar in
such a way that the retractor cannula nay have steering capability up to
about 360 inside the spinal space. A steering nechanism e.g., the steering
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posi tioning of ere ctor as y In atargete y ion. A tubul ar
body nuytetv@nipral 88 cCaididhlnré e R etraetor abi@biibd, dvy dxampleg tdtaciodhsseabtied 300devi ce

Lo 01 a0 0 Ab T M e, hay o6 divectly Lonpled % a tubalar Body, c-g. fubular body
102, which may be controlled by a steering mechanism 120, as shown in Figs. 1 and 2. As
depicted there, the tubular body 102 comprises the flexible region 124. In some
embodiments, a retractor assembly may be may be coupled to tubular body 102 by a separate
flexible component. The bending range of a tubular body may vary depending upon the
particular design. The retractor cannula device may be configured with a one-sided or a two-
sided bending range with respect to the neutral position of the tubular shaft. The bending
range may be from about 0 degrees to about 135 degrees, while in other embodiments, the
bending range may be from about 0 degrees to about 90 degrees, and sometimes about 0
degrees to about 45 degrees, and still other times about O degrees to about 15 or about 20
degrees. The bending range of the other side, if any, may be less than, equal to, or greater
than the first side. In some embodiments, increased bending angles may cause creasing or

telescoping of the tubular shaft, which may obstruct one or more channels within the tubular

shaft.
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structures tend to coll apse around any instrunent or device inserted
therein, e.g., an intervertbral disc, epidural area. Retractor assenblies,
for exanpWe,20roas28t or assenblies 300 and 401 as descri IPEd/Ush@vds13atny be
directly coupled to a tubular body, e.g., tubular body 102, which nay be
controllgg by a steering nechanism 120, as shown in Flgﬁ 1 and 2.
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tel escopi ng of the tubul ar shaft, which nmay obstruct one or nore channels
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a pl ur allots yndsfzmloﬁ'raslozzzz mbeshibdtantiaN snmjarbadﬁfeaergamngkﬂeyslots 272
circunferentjal_ orientation, but may alternatively have a helical

or i ent ZOPBRIsHE the Heriblsre@pRati on. The slots 272 may be equally or unequally
spaced al ong the |ongitudinal |ength of the tubular body 270. In one

exanpl ggogdie s! ot tdiad 1@1? 4, Qﬁféif;l@pen@p §r cbﬁl%n@@g%ﬁﬁe& E‘&lffgluﬁfffoﬁl @r dn§9i on

may be spaced farther apart than the slo | ocat ed about the mddle of the
f 1 exi blatharegnioguratigne inflesting lzl?tmonhmlthémearaoml mid, aquare pfd, goarpuiagandrora

nener oy S oS RO Bkt chahe ittt S5ch bt P eusionsy ©

al ong tiheid engite Whinddaeng 216 mih@awPaRERE tASIVeRe it bRisH tﬁhﬁtlﬁﬂﬁ&tlﬁ?fﬂr of a
slot 272 may be substantially sinmlar or different anong the slots 272

conpri §h¢1§35t Pfethe plek? Bl dnrsegicsmbolmuaey, aAgundgsd ead may beger dstribyfe the ot ends
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depi ct edcfi:gree 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.

[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 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 0.05 inches to about 0.3
inches, sometimes about 0.08 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 0.01 inches, sometimes about 0.002 inches to about 0.006 inches, and
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in Fig. 7A, the rounded ends 276 may have a | arger transverse di nension
than the width of the rest of the slot 278. In sone enbodi nents, a rounded
end may bEORero/dd®8ri bute the flexion stress along the edyas2eP/061388 sl ot
conpared to squared or angled ends. Al so, ends that are larger than the
slots, such as the enlar%%g rounded ends 276 in may reduce the
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about 0.1 inches,” sonetines about 0. %20 i nches to about 0.050 inches, and

ot her tshaes imBigst 9 @A -l ACh&sfaron g bokie. 9.t stegrotgenechThigmsiP@ok ng bet ween

0. 051 reRbev By Bl int Rt pREREE R Rloro B nEREE 1 40 ot her

times aReitteddn&@4thk REebESe mecthowt 12D 0 Hepidflasith ﬂi@@oﬁmlﬂ% Bhd 4 porsivRIos e
di rension of a slot end may be in the range of about 0.004 inches to about

0. 008 ithe heusingot I8t the yetrgctahepinuly dggigeilAe agoved. dibegteeonmerhpafias, and
ot her téolﬁf? 1s9$°fé‘v r%ﬁ%hét%%ﬁ%? datQ%‘t‘at %ot gf&‘f‘e%er +399dd, ﬁ{éﬁl&%ﬁ%&' ng and

maneuver ract or asse e regl ons ul ar
body nay ath)a&hed)fdﬂ‘vm doatlolsiemgednyg?2 $1wt h&lﬁhaalﬂemckbam&mngaheleagmrmltbe gfaftwhi ch

is shown in Figs. 9 and 10A- 10C. Referrlnq)to Fi.g , the steering

mechani ldhang @re aftached at a distal location of the tubularbody 102 One or more posts 191 may
be provided against the control members 192. In some embodiments, the posts 191 may be
facilitate changes in the orientation of the control members 192, smooth sliding of the control
members 192, and/or to protect other components of the retractor cannula device from 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 members 192 or the control loop may be crimped, wound, sutured and/or
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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configured to cause bending of the tubular body 102 at one or nore flexible
regions 124. As depicted there, the steering nechanism 120 is depicted with
t he port wolzorig4829d a portion of the housing 118 of thePC&tusaaos13sunnul a
devi ce 100 renoved. The steering mechani smconprises a |lever 122 that is

configured to rotate or pivot at a |ever axle 190. The lever 122 is
at t acheirer?RSORERT N Grehilerer opgpingh 499 proyidediinytheihoupipg dd &ql ra%oafr?g t he
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st r uct wuesce Fheof thexibbon sttqptlansﬂn@y restuicé fheaisk oftlamhge wdhe flotibleeagien 2302 may
vary dependi ng upon .t rticul ar. eering nmechani sm n f r her
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t he control nenbers need not be COI’lfIﬂUI‘ ed symmetrically, e.g. havin t he

sane | ehig te flexidderegipaci oo athea distal or flexiblsacgion 06@96@1{1@ sheftadherEpxibki t es
i th
withr 3‘%%1?85583} gh:%m gbﬁeucqj IH%JC n%féh%agéeo %‘%essteygw) %%E C?f%tl oé.l?'e ©ng their

i ndi vi con ers hee sane gura
| engt hsaccd@RAjibHoarstrextargl s, Iﬁlﬂig](l()ghn&)tbbesmﬂ)mmpﬂovﬁlﬂd tcofesishﬁlptp@gﬁ sfol
menbers 192 depicted_in Fig. 9 co ses wire-like menmpers, the distal ends

250 of th¢ab I&Q}hstt%‘[ur?r%%@pgg Q}gjlp 26r4r1pof the flexible region 256 while the openings 262
are provided to permit insertion of the ribbon ends 264 to further augment the interfit of the

ribbon structures 254 and the flexible region 256. Fig. 10B illustrates another embodiment
where in the ribbon structure 266 inserts through the opening 262. In 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 266 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 flexible region or the tubular shaft.

[0093] 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 relative displacement may

be affected by the degree of bending, the fixation or coupling site, if any between the
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illustrated in Fig. 10A, conprises ribbon structures 254. In sone

enbodi nents, the greater surface area of the ribbon structures may reduce
the risk WO 20eveg®8t o the flexible region 256 of a retr&CTAIS2@2/00135%
device. In the particul ar enbodi nent depicted in Fig. 10A, the ribbon
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channel 128. As the retractor cannula device 1100 is flexed as shown in

Fi g. 1ldgyicenboutiaglistglaegipnofghednbrdaichnsa sg dimtrgaying)lexising the prefime] patignst al
di spl ac f [ zat annel 128,
part i Cuq?%«{‘énd‘é‘séo € e?l? Bﬁ(flrle &19%&%16%?%&1%62211 % Stlé% Qgt% héljﬁ%lslé C%USItlﬁ%él%{}O t he
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housi ng) .. Waen the retractor cannul a device 100 is flexed in the ogﬁfsite

di r ect i rinterfareaenemchue S sbowmdogrierba dhpdisobondefythe knlsr body tormaain
retractjo QndoIQop%%%Pﬁ'aﬁ ﬁhﬁné flkxion. 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

[0095] As described previously, one or more lumens 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, augmentation 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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t he di splacenent, the user may manual | y adjust the position of the
endoscope 282 as desired. [0094] In sone enbodi nents, the steering
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which is deplcted in Figs. 12A and 12B, for exanple, the tubul ar body 102
i s depiCERR e 5! ‘Pwémgeqrr%la%wgn@%r?é éhec“dmg‘ﬁlé\%ﬁ‘t’lﬁ"e PR OCRael s, e. g.,
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end 106 of the body 102. I'n other i ments, however, the tubul ar
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channel for |nsert|on of one or nore instrunents. Also shown is |unen 132,

whi ch H99@nc| osraximadlzseneprpagre obheshanneds [ 3830 and tHeoftthd tibalar bedy 102,
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e, e 20l 0 A By AR B el 2 e, 120
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may have a length shorter than the tubul ar body

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 communication 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 simultaneous 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.

[0097] In some embodiments, the visualization channel 128 may be provided, where
the visualization 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

mechanisms that allow the retractor elements or jaws to form an angle greater than about 90
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102, and may term nate proximal to the distal end 106. O her channels may
al so be used, for exanple, to control bending or other novenents of the
cannul a d0i208/048208 or nore channel s may conprise a | ay@CTars2@0a6i3588) t o
facilitate sliding of instruments within the channel, including PTFE and
any of a variety of bioconpatible |ubricious coating materials. In sone
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greater than about 90degrees or greater than about 180 degreé€s. In other
exanpl es3y betsedciong asthe sbhé asgataye.have di fferent |ongitudinal |engths
relative to their articulation points. For exanple, sonme retractor

assenbl | may h a retractj e with. a.length aof,.at |east about 1
ey e Rinb  FRSL A0 o, P the ikt g AR s B RN O ¢ o
i ts artd gadbatifONinRtid/remdvil thigusiakibn, viRlikanel batlbmialaglenehtpsonadts gach
retractor elenent nay be the sane or different. The retractor cannul a

devi ce Rigdde fsct yisuglejadion eapapdiien @i the dissd snd hEo peidie defrasforcarnbdpasyi¢n whi ch
the retyr@ct ice. I | i rge
e, PRl ay e £5, DRSO ISELONH Ml LB be
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regions where tissue is nore densely conpacted L .

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.

[0099] 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
ultrasound. 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 neurological tissue, collagen, or portions of the annulus, for example. It
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or folded, a tapered shape retractor assenbly may be used because the taper
of the closed configuration would allow it to maneuver into folds, and upon
transi ti onN0rg10/a8298t he open configurati on, substanti al | pCaiusae/061388ti ssue
to allow for a larger field of view and working space. In other exanples,
mul tiple retractor cannula devices with different configurations may be
used du? thly precitedhabthe senyet may Pe 2 myBgngdakar BEl-sgseIPreheydat eppa and 12B,
t he vi i i e Y u . f.
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etc. 1 GRERIPIRVINGH ¥ AETSPOBY YA RR S e et 1 B G GTeRpde Ay o
13C i | |destce ak @spirtib@ysrt @ BPDAI iR 0fa$ rédfacioh 8sse@blyadehtorddmneall 374apd ce, where
di fferent tubular bodies may have different nunbers, sizes, and shapes of

| umens agditionalnsniar ppgldl hfaagaitions] irjggtion gmadditipnal aspiradehaviRgmglcatetievi ce
1300 I b r ! i r 8

cont i gursaiged LY Ped enstons D208 SRR i, an
endoscafigeted IAdTg. Cli3ICE tHeatubviax badgd 3R anthelre k26 cahidl desiye b3sOURed t o

provi de therapy device or as_aspiration port, a retractor assenbly actuator
| umen 138R1ZH00 o5 diep MBI hot4 21 HHErFtios POt {tREARRYIE Vése CASPRIFACN ARt The

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.

[0101] 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 instrument. The therapy device may include ultrasonic devices,

motor driven devices, laser-based devices, RF energy devices, thermal energy devices,
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tubul ar body 1302 may al so optionally conprise one or nore structures 1362
on its outer surface 1364. These structures 1362 may conprise recessed or
pr ot r udi yocorwa4gaesat i ons and may be used, for exanpl e, PCOH/USI0006I3HS
alignment with respect to introducer or guide nenber, or to reduce the
anount of frictional resistance fromany mani pul ation of the retractor
cannul £0sTaRY-barsd deyisesy gppPiaeiadrviass pelgcted hsed pp dhe PRl HierapyRFie366 of t he
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addi tion, 't
visualization channel 1328. Shared or eccentric flow paths along non-circular shaft channels

and ports may also otherwise take advantage of unused sections of the cannula shaft. Unlike
shafts with only circular channels or ports, the flow paths may be provided without having to
increase the overall cross-sectional area of the cannula shaft. Channels or ports having non-
circular cross-sectional shapes may also be used with instruments having a complementary
non-circular cross-sectional shape. For example, complementary non-circular cross-sectional
shapes may be used to control or limit the amount of instrumentation rotation within the

channel or port.

[0102] Fig. 14 is a schematic representation of a tubular body 320 of one embodiment
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
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wor ki ng channels may al so be configured to performauxiliary functions. In
one exanple the channels or ports nay be used to provide irrigation to
assi st i rwoi2emuE8Bssecti on as the atraumatic tip i s adeamasdonmct3se spi nal
space. An irrigating working channel may be in conmuni cation proxinmally

with a fluid source, such as a Sél‘i nge Qr intravenous infusion system and
in comhigi Cafersrample: dejtybulieshatt 40 goraprises arydsuatizationa chanehdsbinddnnul a

devi ce &&k%r%f&%aﬂ&%% Whgrefﬁéhaic@l&em@siahabg@gf%@ gﬂg{d&isrm%a@asl i's directed

to the dis portion o e retractor cannu evi ce. I n another exanpl e,
t he i r regatiicny,\aoe locatgd eloap aelaner33a ot heperpwrdidubyg te hdambhg piaye B34 ofsthed t o

rinse the atraumatic ti kee | ear other portions of the. retractor
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wor Ki ngyi ghanaetmd26f @Rdieb e Ml'e&%ish%afh&@la@ibﬁgﬂﬁhorl@@t@e Bl B3Nhh@Heed with
non-circul ar crosssectional shapes. In sonme enbodi ments, the non-circular

shape pendingplanke3pinayemendepshdiag upas thewaestrulaimanner ipiwhieh e steering
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t he Vi si¢ali haitid Iopatedenitelpland 232, whaiesknatl IBeaRM it dptRWopAbi&n@l ong
non-circul ar shaft channels and Eorts %ﬁ? al so otherw se take advantage of
unused BERMeNssingfrtedqatodhhehangels R3¢ and 33 3R docgipdfansthowplane 832-yFedi r cul ar

channel g, 16699%31 Hﬂg b Q&f@}c%hssu@ﬁ%a%wporp 1¥£1%%9te¥"ioit 0 ;dogﬁék?sg Lo

i ncrease overall cross- Ional area of the cannu Channel s
or por tsabfratiatlg atigned Wit tierplated3q; ewachioagiatheshdgieisd oayeralf siee dannded wi t h
i nstrunments having a conpl enentary non-ci_rcul ar cross-sectjonal shape. For

exanpl N5 ABISARANT ARy NHdS-lesatedrhihe Plane 933 ¢ 2 Bifds theraedf thasndgecapsed t o

cont r olig by ph b ikal NS cABR R twHREe thBSLAHTRRLAS Ak B @hb i BbRplilige Channel
or port. ['0102] Fi'g. 14 is a schematic representation of a tubBI ar- body 320

of one cirbladcimantlsohe aeganfuhactdeutloeay3iX2the oafttigefrtbelcitde. Inwthsi ded 1 exi on
wi thin a  bendin | ane. In so enbodi ments, on r re channel s of ' the
bl are ORGP SE TR fen B G B TG SEET OB B B PR UR ee of
endoscoR@eRy doRShI WITE e @h@PbAGE MR BEst dHEUIRD Y@M aP Fray bR Grted Mrto fHRT
exanpl e, the tubular shaft 320 conprises a visualization channel 324 and a

wor ki nghemzehnel 326 wherein the centers 328 and 330 of the channels 324 and
326, respectively, are |located along a plane 332 that is perpendicular to a

bendi n (t’) ne 334 cgm? | 1?[ Lce. . } -ated, for
exanpl gO? ﬂt ween [%]%{eou%lﬂglbem n "éi(l)r?e ﬁs}e{b‘&g\blgjgil%stl g Sade}llteetc gégﬁ?reg%%&g Ji%(kflc:e steering
mec hanigring Bhingle batdiveplpas iid bher @hbddimeits ahe cddaladedidehraybiensbinfiguedane 334
may vary. dependi ng upon the particular manner in which the steering

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.

[0104] 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 is inserted into the pathway formed by the trocar. In other embodiments, a tubular trocar
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mechani smis anchored to the flexion region. In other enbodinents, the
centers 328 and 330 need not be |located on the plane 332, but the central

| ocat i on Wb 20102048398i cs or wor ki ng instrunents inserted PATAS20Q/0613a0Nnel s
324 and 326 are | ocated on the plane 332. For exanple, a channel may be
configured such that the optical center of an endoscope is substantially
al i gned™W bhusehe Fm Hhe fomd trogar drsitinp.ghg Frtieper Grinyl Eaiced P énaydie R dchannel
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inserted into the channel. [0103] Al though the enbodi mrent shown in Fig. 15
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at t enptmiohddsel dreastapocanhyla davicgaliengtrbdad aaertioh pnd oy ndlinethe elsreatnd ot her

tissue, .the trocar nay remain safely positioned away from sensjtjve

st r uct uiEelizHtpncaphilies of the yilisaitigpadipism wihip tcigfragtPpeananigidseicabout 1
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usi ng depaet imaginglsysganifom geomiagiad doyica ovésupdnenaprovidedrecthamétsxetarn t he
retractor cannul a.device. [0105] In so odi ments,. the trocar is renoved
ind ¢ ne Pl EVEs T i R saBat; B 1 GRS e iRl BEERGF dF e, by
the trQeafigukd wathNelnRARS Ao BhE, the irhdhiHe 86mpsRaAIBRMLOR 1SR carRuAM t he
final trocar position, the retractor cannula device 100 ggﬁé be passed

t hr ougldeaice HARn difteptheldgpiead todcat pesitiorois agached tlad oergr tsempeendnd the di st ance
to the it ge{na% O%nft:r{tesartegle mf":d %riot Sthé %ri og atng?eircl) Q:?t% Iirﬂ YI!I Srlél:fargci:tgra éajngu a
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identify, atraumatically displace, and/or naneuver around nerves and ot her
t i ssue Pgsition 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, 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 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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needed. An optional steering nechanismmay be provided on the retractor
cannul a device 100 to mani pul ate surroundi ng tissue and structures, and/or
to traverwo 20t0e48®8ui ni ng di stance to one or nore therapgTas2ameatisent
sites. In other enbodi ments, the retractor cannula device 100 nay have a
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variety of functl onal ports and the | ongitudi nal channels and/or |unens of
the tubtiday b%wemv%%k@g%ée@hlgrﬂ%qsé8§ﬁ6d PUrBA¥ b sder tiBiPHeT body nmay be

conti NUQUS, fnt fSul:h'g@r%m%?@e bOHIGH B AL HeSkbathaf o@%%ﬁﬁég'lbém RRp&shi ng
now to FIg. 16 proxi mal end 360 of the tubular body 3 may be coupl ed

to one sgnngmrA rigubpaorg ssdgmws3%may3ﬁ@)m\86& foB B {rudéRts thvamayartheewpend t o
one or nnel onne 37 380, d.382 of the
ot T ScBaag e PG By REE: E00S i ottt te ary Mo v R 6 ' Mo ng

segnmenteddigndddy be in comuni cation with another tubing segrrent such as
t he tubi ng segnment 368, which connected to the working channel of the
device 382. This particular tubing segment 370 may be used, for exanple,

t of | usHOM7]aspi r akhe th¢rap3ddwcarmmeg¢ aupPiied aithedeiaytion hsowes Ritnmakistthel  of

e S G ARSI bh RECRIEE iAot B STAL BP0
dependibady upod theh hanpattted byl opticdl dibetsi fondeliMeey cionnappopriao uipjr@:y demca
partic uAll?'errantgl?fl, {111% tl?e?gprgfecli’]f:tV1crfr:an¥ayC§errr1gz1ltes gr caé?l%lfer?];nearg;f/ gtrtlhg I“ih%rzg)fy S(l:tg nfgre ctors or
example electric current from an external source carried to a resistive heating element within
the therapy device. If energy 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 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 delivered to a disc may also 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 or other pharmacological agents to reduce,

diminish or minimize epidural neural tissue scarring.
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instrunent interfaces. In sone enbodi nents, for exanple, one or nore
connectors may conprise a standardi zed connector such as Luer |ock, while
i n ot her woRzot/@¥BIBS, the connector may be a propri et ar PCTAISA@O0CY3SS
Dependi ng upon the particular channel, in sone enbodi nents, a check val ve,
septunhgir a henostasi s val ve may be provrded to resist retrograde fl ow of
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t ubi ng thhtrzarkgdesegidn tOnpedhe distaf eridcefithnsliafthasirsiched e t410a(GT4a, Thietrackr apy

devi ce e su n fronr ternal ,usi.ng a suitable

e SRS BB ftiotlel b 8 ShA el Rk oo g He i SERBhalEl edafnit “o

the bodyaslivk dn@iotdope poiitibad 1B¥71s@@ﬁ2aﬁah chdrer stft@rwsﬂlahy H&eYs the fargét

appropriate therapy device. Alternately, the therapy device naﬁ generate or
£

conver ttissiterlgyore ephediniaisa #ie rsiracor qleyperss ahihe éet@cwtaﬁﬁe@b@um@é nfadem an
ext er nglg astfﬁlﬂ%;ga?erﬁ%z[tér?aq i rv?rﬂ tﬁ% \é@ﬁ?@é&&%&ﬁ Wﬁ@&d&&%’}emﬁgwer apy
devi ce. Iref g 0

IS SU her apy “devi ce, fransm ssion ener gy
may be mhrahugh)na;mymem ezzgmay hansviksad iaodessmeans sursatiddingsisvad, @and magatdowt her mal
conductor or fiber optic strand. Additionally, the theraP devi ce may
del i vertheradossepeds H%P?"@ tepER g Viswal clih t glawaﬁteﬁlaﬁ digtahiip et sapdg © %ves
m Ccr oWaNesed foRftfared light, visible light, and ultraviolet light. The
el ectromagnetic energy may be in incoherent or |aser form The energy in
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depi ct dastiymanit glay be opHenaliysgafizyad o ke e eZBH%ﬁer\l@@e@déE@éB%t tthe t he
target tp%rsf?% o? theS 1H&?%8§pr§?ﬁéﬁ?ginn&hﬁ%% olrduﬁﬁﬂé toﬁl; ol IBE Poqnn;fo%@i’&% The

retrac ractor asse € open configura |on may
act as e@hﬂbs&bpds 8r @brldi@ iheedraes niay uwnrrntegallwfdmiedfdoﬁipdnait ofileveanfrala exanpl e,
the retractor cannul a

device and 1s not configured for removal.

[0110] For example, in Figs. 18A and 18B, a retractor cannula device 340 is
configured with a 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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device may first assune a closed configuration in order to atraumatically
navi gate towards the target body region. Once the distal end of the shaft
has reachwo 20tve048208get area, a retractor assenbly can beCTAma@v0sBERd t O
the open configuration, dilating the surrounding tissue and enabling an

endoscaope positioned in visualization channel 128 to visually access the
tar get PFIEERRAL With AbpRiicAUySBRRtassepRly thet may bemsed eeefily BF Sk et r act or
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configuration, the en cope residing in V|suaI|zat|on channel 128 nmay have
visual access to the surrounding tissue, and may allow the endoscope to be
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[0110] For exanple, in Figs. 18A and 18B, a retractor cannula device 340 is
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Pol yner s (Houston, TX). The scope port 342 thus need not have any
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Velcro™, and the like.

[0112] 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
coupled with the pivot lever 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 turn, 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
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whi ch may conprise a housing 2120 which is shaped and sized to accommodate
various ports and actuators as previously described. For exanple, the
housi ng 2¥PQoreps8tsave apertures to accommodat e t he handPETABSRE09R4B3§ and
optionally, the auxiliary port 2130. The auxiliary port 2130 as shown in
Figs. 23A and 23B retains a tube 2130, but in other variations, nmay retain

a pl ug ROFtsyiaPSse andrpsiuaiqrs mavebe ippladed soqardingdolthedifferat deviqesghatanayshey as a
Sa"ne1&E&§ﬁh§¥¥&nou§9ﬁm€&ﬂ@s&@§Qo 1y be sized to fit with other valves or

t ubes connect to a saline reservoir. Wen not in use, the auxiliary port
2128 may be occluded with a plug, which nmay help to prevent acci dental
insertion of fluids dF deWahkeds The handl e port 2123, depicted in Fig. 23B
may be configured to accormpdate any of the previously descri bed devi ces,
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may be D& RTPHRAICIBEWLR ARy iy b&f?mewéirrhera%w ﬁlé%‘gmg rrerkingghamel@ed duri ng
var i ous; R OGEAHEER P 1 ReEYor ahbthe MRSt 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 to 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 into tissue. In some embodiments, the
therapeutic agents may be directed injected into the channel or port, but in other
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 retractable and
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[0113] A retractor cannula device nmay be used for a variety of functions,
which may be perfornmed in a variety of procedures on a body. A retractor
cannul a dE0i20/038308be used for visualization, dissecti oRCTAiSR@VI06I3S8

di spl acenent, aspiration, irrigation, infusion of nedications, augnentation

of tissue such as a disc, deconpression of tissue such as a di sc nucl eus,
abl at i Sitendphlan piofeshagais Madyeisn Runsturg &f fhedissues pa SERRFUISH Aesesdide ifioay
functi qfe R4 BarfiGl &é‘%quHEX%P}é% ofi di &u%ﬁ‘éht‘ﬁ@{ers%%%%@ésea YGth as tissue
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degener d.on (Proce ﬁre such as the inplantation of devices to
struct u¥ ﬂ?VIE%%BHP?]$P¥ﬁe YARSIANGS M Gy et ¥hr i nk a portion of the nucl eus
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provi de additi onal control of the t her apy he i nfusion catheter may have

any of a variety of configurations and feature including but not limted
to its [BWPlopt i onkie reeser Gagnyta dpyiae W§56é’ﬁ&1§%{ POrRSFROFA EleRAY Y or cannul a

grev'stcre Lpr@&‘&u?es %Fi‘ﬁg el d?sr%ﬁ%adoﬂlff‘o% 'tl{égfettr&%l?ﬁ%‘ﬁﬂﬁlh ‘de{'?Eg@“E e ddleRatiBf U1 SSUES

tures ts, the nee e retractabl e
andext qmdcaaldhe thay plh;eu:tal abaniesk orl eficuthveat tiﬁretvqmunpﬁou emm;ﬂet ke hp;frezw%s or
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i nj ect iR E]&y &sipidarthose dﬁﬁ:g;l BQLQ}@@&O@F‘E%“ € posterior or poster 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.

[0117] 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 nucleus 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 tissue 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, ultrasound 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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enbodi nents of the retractor cannul a device include U S. Patent Serial No.
10/ 820, 183, which is hereby incorporated by reference in its entirety.
[0115] Thwof2bexi48ae80f t he retractor cannul a device nay Pagius2eel3saecess to
the target site and/or reduce the degree of tissue disruption in achieving
access to the target site. For exanple, in sone procedures, the angle for
appr oadAVAY theeentefdhe g eThip F@Mdga)‘{cﬁ hesREH LIRS 18 SRINE PEVE AROt -t he
angle t vV L S P gty 0 L2\ 1, di agnose a
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cannul xgysiteEy $tor exyenices, os eedkadgivo. Ontar gete déviees3d2 nimy hetuiskd @ ng | onger
or indirect access path s 344 in.ord { to achi eve the desired approach
angl o t5CRepEY GEPorspRor Tk by hkened tirordll may i o Ak IR B Bt CRINGS such
as the gkgasverse spinal processes 346. By using a steerable cannula system
348 as depicted in Fig. 20, however, a shorter or a nore direct insertion
pat hway 350 may be taken to a target site 352, which may reduce the
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annul u® {584 F71e PRETSCREY LoD EANACATHR REESTTHRS 1984 2R, 1 AKEN@SSinpl e, i n
syst ems, 1 faabisamhi ML SC degeneration that include nucl eus deconpression
devices. The retractor cannul a device nay be used for accessing the nucl eus
and delivering a nucleus deconpression device. For exanple, a deconpression
devi ce [AblPlbe adVanewd embodinesmés, gfe retiectoionarinylg detianhmel de whed fioe diagnestict or
cannul 4, Jevi.cepand.d 0 6: LS IBUR] SR Sfind iE88 pe MAWERSYS, HefQBLESS T On
device]%a§ be Uséd 10 renoved the df s fide"elst ti°sste elyﬁergby I'ssection
suct i onnjuély S0l oilBer rAEdidY coltifidts PG duble, thalgik@d §isuMadation Sapaypiies of theher mal
energy are known to shrink the nucleus such as resistive heat )

r adi of rebiserfsyices Blg b rblednacsrisehaAnily PRy Htabiity podefoanitumstha spithd or

liquid &Ogg%rp ; le) BE ¢ ?ét?i%gi%%ﬁgg%%?}iﬁéét visuSSHARoh ﬁﬁ?@’ﬁu{rﬁ)

Y FGe Ry, 3L SO be
used. ssion nucl eus may result e protruded di sc

mat er i alanmgé | ap$dcrigeawadtthnt e additiventhofubjdeedeliss. makhinsludayenseddicie t he
pressure on.th spi ne nerve rooﬁs, therﬁby
collecting diagnostic data, for example, sensors that'measure flow, temperature, pressure, or
oxygen concentration. The subject devices may also be used to remove fluid, 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 degeneration and bony
degeneration, for example, 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 epidural 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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configuration may be used to separate the treatment site and the nerve and to create a workmg
space at the treatment site. In some embodiments, a guidewire may be reinserted into a
channel of the retractor cannula and advanced past the tip of the retractor assembly toward
the treatment site. For example, the guidewire may be inserted into a bulging region of the
annular wall at the site of impingement. Insertion may occur before or after the retractor
assembly is urged into the open configuration, and before or after a nerve is separated from a
bulging disc surface. Under visual guidance, the open jaws of the retractor assembly may be
directed towards the tissue to be removed, and then urged to the closed configuration, thus
grasping the tissue. Appropriate maneuvering techniques may then be applied to remove the
tissue gripped by the jaws of the retractor assembly. Alternatively or additionally, a tissue
disrupting instrument may be inserted in the retractor cannula device and activated to mince
or disrupt the tissue at the treatment site. For example, the retractor cannula device may be
configured to house an automated auger, which can be turned on to spin within the chamber
space enclosed by the retractor assembly to quickly remove tissue. Alternatively or
additionally, negative pressure may be applied through the auger to draw the tissue targeted

for removal into the working channel. The disrupted material may be swept away by the
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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 already 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 inserted over the guidewire and removed to widen the tissue
pathway from the skin to the pericardial space. After widening the guidewire pathway, the

retractor cannula system may be inserted over the guidewire. In some embodiments, as the
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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. If needed, chest tube drainage may be provided until the

pneumothorax has resolved.

[0122] In another embodiment, the retractor cannula system may be used to perform
any of a variety of genitourinary and OB/GYN procedures, including but not limited to
cystoscopy (with or without bladder biopsy), renal biopsy, 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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be withdrawn through a channel of the retractor cannula system, a burr or other type of

disrupting structure 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] It is to be understood that this invention is not limited to particular exemplary
embodiments described, as such may, of course, vary. It is 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 unless the context clearly dictates otherwise,

between the upper and lower limits of that range is also specifically disclosed. Each smaller
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[0127] 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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break-up or renoval is conpleted, the retractor cannula system may be
wthdrawn. [0123] It is to be understood that this invention is not limted
to parti cwiDanioasaepl ary enbodi nents descri bed, as such RAEY/USRH09061LISS e,
vary. It is also to be understood that the term nol ogy used herein is for

t he purpose of descrihing particular enbodi nents only, and is not intended
to be ICRtHYeHGS beingvdthonblimeation grsushgpesificalbnfecited @FHMRIGS i qongidions i t ed
only b j : . e i8.provided, it
s Unde g B e e R RS o P CORR Pl onBe Bt of the
| ower linvantionab @sH at kpecdond@xtples! teaedly adiiste adelsto ehdenpuss bothibetiowesah atdhe
upper d lower limts_ of that range is als ecifically disclosed. Each
sal | erHagigEa Sgreat o anitighiTet gy Piched Bahiush “Gurenis iieid bite g
range aigheiy kWAEEquIT ARAaRS eduiNBinY MR Y@ iBe itutDBE ., slyali@dedtange is
enconpassed Wt hin %he i nvention. The upper and lower lim'ts of these

smal | erdevelnpesthaagerionddhe sremfungtidye r¢gardlesdeod soncterzc [Thd ecoperef theepresange, and
each range. where either, .neither aor. both limts are included in the smaller
Fanges MEngahg it g She e r Rl b TRl B S g vh BB

speci f ideadried @xfelinl dREthéd, Fetschpt 4rldepEitf pebséangeentiYh e @ntidieedstiyahed range

i ncl udes one or both of the limts, ranges excluding either or both of

t hose iapeenfgd¢laimpy Far adf the ﬁn@@dWFﬁﬂféﬁgﬁeﬁ heppén, jthg/gers Grihe mathpgd pegghnetss
define i echnical and scientific terns used herein have the
sane nggﬁ%ﬂghﬁg§%§ﬁﬁgﬁpg'understood by one of ordinary skill in the art to
whi ch this invention belongs. Al though any nethods and materials simlar or
equi val ent to those described herein can be used in the practice or testing
of the present invention, sone potential and preferred nethods and
materials are now described. Al publications nentioned herein are

i ncorporated herein by reference to disclose and descri be the nethods
and/or materials in connection with which the publications are cited. It is
understood that the present disclosure supersedes any disclosure of an

i ncorporated publication to the extent there is a contradiction. [0126] It
must be noted that as used herein and in the appended clains, the singular
forms "a", "an", and "the" include plural referents unless the context
clearly dictates otherwi se. Thus, for exanple, reference to "a bl ade"
includes a plurality of such blades and reference to "the energy source”

i ncludes reference to one or nore sources of energy and equival ents thereof
known to those skilled in the art, and so forth. [0127] The publications

di scussed herein are provided solely for their disclosure. Nothing herein
is to be construed as an adm ssion that the present invention is not
entitled to
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ant edate such publication by virtue of prior invention. Further, the dates
of publication provided, if any, may be different fromthe actual

publ i cat ivwO 2dex@8208hi ch may need to be i ndependently corCirfusea9/opBiR8] The
preceding nerely illustrates the principles of the invention. It will be
appreciated that those skilled in the art will be able to devise various
arrangenents whi ch, although not explicitly described or shown herein,
enbody the principles of the invention and are included within its spirit
and scope. Furthernore, all exanpl esy apgsconditional |anguage 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 tWbatas elairegddsare to beconstrued as being without linmitation
to such specifically recited exanples and conditions. Mreover, al
statenents hergin,recifti | el pl e iments of the

i nvention as mglVAg§ﬁ§%5§%F?%£%ﬁg%ﬁﬁégngﬁ%fg%ﬁ?kgggdfﬁgggded to enconpass
both structural asgadteiBtdnasiflocacdiavdeatidtsl dnberf @af ubiadbddyonal Iy, it is

i ntended that such equival ents include both currently known equival ents and
equi val ent s develOiséeinithe ieHactpyasserablyjcomprisgi fist €ridt s devel oped t hat

performthe same &yAchkLQA ar{cﬁagé’ercghcﬁéﬁcnoéonﬁgﬁvgﬁlaﬁ!r er%ﬁ?nescoloe of the
e ed to be

present invention, therefore, 1s not Inten Imted to the

exenpl ary enbodi neilsr shigwompndeste st dedulnen eontfiguRat todwo]d t he scope and
spirit of present invention is enbodied by the appended clains. For all the
enbodi ment s descriFEHOHEPEISHS*Mhe steps of the nethod need not be perforned
sequentially. CLAIM5S What is clained is: 1. A retractor cannul a device

conpri sing: a 1 ubrieafevRedy cMith h, furthet ERspNin@asablippicocat ed at the di stal
end of the tubular body, wherein the retractor assengly conprises a first

cl osed confi guratsy®amand a second open configuration, wherein the tubular
body conprises at |east one |lunmen configured to hold an endoscopic system

2. The device pf i ok e LSl copic system 3. The
devi ce of claf§1iﬁkﬁkg#éfﬁcgkéqf%?%ggﬁééﬁggggﬁgﬁgﬂhgiprises at | east one
movabl e el enent comPiisad dideadt GiemMechbutlb@est.comprising a curved

surface.

4. The device of claim 3, wherein the curved surface of each
movable element is uniformly oriented around a longitudinal
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 longitudinal midline of the retractor assembly.
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4. The device of claim3, wherein the curved surface of each novable
elenment is uniformy oriented around a | ongitudi nal axis of the retractor
cannul a dE0i20/m8208enerally forma rounded tip in the fiPCIUSCIOHELESS
configuration. 5. The device of claim3, wherein the curved surface of each
novabl e el ement is non-uniformy oriented around a | ongitudinal axis of the

retractor canrtul alt§elFivics of 6l AntvherelfBe &dractop 2ps§MPhe first cl osed
configuration. 6., @ngﬁh&gtg&)&b@ﬁp@éﬁ?@mgyein the curved surface of at

| east one novabl e el'enent Is non-uniformy and asymetrically oriented
around a longitudinal axis of the retractor cannula device to form an
angl ed tip. 7.9.Thedkviceof ohimlbaivhedin thhestwictor afsemdhgl ed tip is oriented

across a Iongitudinal.niqline of tQﬁ%r tractor assenbly.8. The device of
claim 4, wherei n PHPTSE F i@ HMVo0QK ?@e%%ﬁ%Tises at | east two novable

el enments. 9. The device of claimb5, wherein the retractor assenbly

conprises at |@astheldaRiceny ki 3elvasRmM ScroddsectiBieotiByir@mcr cl aim 3, wherein
a cross-section of the retractor assenbly perpendicular to a |ongitudinal

axi s of the devi cescdhtppeperdigulanie-adprgitidiial ednpf fgrdsvicen. 11. The devi ce
of claim 3, mherq%ﬂﬁgmgggﬁ 1Ci$ﬁ£hgﬁﬁé§mﬁﬂ§ retractor assenbly
' t he

perpendi cul ar to a Iongitudi nal axis devi ce conprises at | east one
| i near region. 12. The device of claim3, wherein the curved surface
conprises a flrstThealenicehéiviang 3awherest a ¢rasigertiomoiitha reecand poi nt having a

second tangent that i erpendi cul ar. tao the first t ent. 13. The device
of claimb5, mheréﬁﬁﬂmﬁégP§5%lggmﬂpﬁl8@ﬁﬁwﬁgégméofﬂﬁgg I®aper region. 14.

The device of cl aloMpisedMigsRl ShelNRapleclmast one novabl e el ement conprise an
optically transparent material.

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 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 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.
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15. The device of claim 14, where the device further conprises at |east one
fixed el enent conprising an optically transparent naterial. 16. The device
of clai mwb,20e8®8n in the first closed configuration, PCHAIS2009/06688 one
novabl e el enent and the at |east one fixed el enent forma side aperture.

17. The device of claim 15, wherein the at |east one fixed elenment is
distal to thel®uptheslevissay clatip 1r VoseBIheBale €MRIZeH2 PHRGi t udi nal axis of

t he device. 18. i - chai r conprising a handle at the
}ﬁangé\ahﬁa &RicE 1@ekmg11%ﬁéeﬁagfsﬁle

proxi mal end of e tubular body. 19. evice of claim 17, wherein the
handl e conprises a pivot menber and a device-Ilocking mechanism 20. The
devi ce of cl atim IBe delviseoif plairhd Shaheitie thethardés fucthapedngesseaapi vot nenber

| ock configured to restrijc he venent of the pivot er. 21. The
device of ol ai m FYCURGHEF lodnFRNGR & FeaPichf TisIRPLaant esi st ance
mechani snms to setpifdignashaati on force of the pivot nenmber. 22. The device
of claim 18, wherein the handle further conprises a bias nenber configured

to exert a bias force against the pivot nmenber. 23. The device of claim19,
wher ei n the deli cheldseiee 9§ clate HanvBereindhe bytdigidear ¢nmsetir e an endoscopi ¢

system 24. The %ﬁéé'ét ce%ec%hﬁ‘iis@s%@set ez[c%ﬂoﬁ?&c@@ﬂ@%?i\%?npri S€s onhe or

nore ports. 25. evice o alm 24, erein at least one port is
configured as a frhemsberport. 26. The device of claim 24, wherein at |east
one port is a visualization port in comunication with the at |east one

I n nf i h [
uhen contig u52e d 'fh% eg{cg otf cl%in? qg,o \%ﬁ&gfncthg Kz;sntd‘laen}urther 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

is configured to secure an endoscopic system.

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

motre ports.

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

as a flush port.

26. The device of claim 24, wherein at least one port is a
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 claim 27, wherein the at least one movable

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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27. The device of claim3, wherein the at | east one novabl e el enent
conpri ses a convex outer surface. 28. The device of claim27, wherein the
at | east wOeommsdoBe el ement conprises a concave i nner $OTfEBC@®I/NRB58 The
device of claim1l, wherein the at | east one |lunen configured to hold the

endoscopi c systemis configured to renmovably receive the endoscopic
system 30. A et Hodethad TRy minnally invaviasivaseipsing adwdy sife-a body site,

conpri si ng: provi(gh{]bgisﬁ, tubul ar body with a retractor assenbly |located at a
di stal end of the tubu §r body and protruding distally fromthe distal end
of the tubul ar body, wherein the retractor assenbly has a cl osed

conf i gur at i growadugartubyenbakynsitlyu restacion assamélyeliopatehat a distal ar body conpri ses

a view ng lL.unmen configured to retain an endoscope and.a worki ng space

i st a8 o HEGraR besan i R Ang R BRI SpTB0M ovar doa -

non- vasgmliarbddd! @Béreml the rdthcdr RAEMbIURGIaNGoded @orifRdurdtdnoindagsenbl y into the
open configuration while in the body; and visualizing the non-vascul ar

t ar get open eonfigmatidne whetsul e tyudny bady compategla E¢YENE dyraen of the retractor
assenbl - cl ai . further | Sl.ng inserting an
endoscoc?c())ih{:lgu gg/?gglgetﬁqﬁ%lggﬁogé?pfba%fig‘r\g%ggl)g%p éfg: ({lsltglgtmr%rﬁeﬁlt ﬁg 91& cl ai m 30,

furt herlugesrpri si ng advancing the distal end of the tubular body toward a
neural structure in contact with a non-neural structure. 33. The nethod of
claim 32, further conmprising displacing the neural structure fromthe

non- neur al slfl%eafe:%&st%lﬂ%&oaﬁ&)waé@ﬁ&@flﬂr’iscg@géﬁﬁsw}wsw?%fmé met hod of claim

33, further conprising orienting the working space of the retractor
assenbly wi tihoi,Bend1R@RaMBsELbAblyliAIRE ofint@nfiguration while in the

body; and

visualizing the non-vascular target site from the tubular body and

through the lumen of the retractor assembly.

31. The method of claim 30, further comprising inserting an

endoscopic device into the tubular body.

32. The method of claim 30, further comprising advancing the
distal end of the tubular body toward a neural structure in

contact with a non-neural structure.

33. The method of claim 32, further comprising displacing the
neural structure from the non-neural structure using the

retractor assembly.

34. The method of claim 33, further comprising orienting the
working space of the retractor assembly with the non-vascular

target site.

35. A method for treating intervertebral disc degeneration in a

spine, comprising:
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35. Anethod for treating intervertebral disc degeneration in a spine,
conprising:introducing a retractor cannul a device having direct

vi sual i zawpDan10oap2Bi ity into a portion of a spine, whePerseée/oceahul a
contains at |east one lunmen configured to encase an endoscope; urging the
retractor cannula into an open configuration to create a forward | ooking
capabi | ity tiBUreHciigckreyreiohtanpakidstics havige e oaaieation i ssues: and

| ntrodygphg;i ihﬂ%earﬁo%béo@%i §find, W’hgret(i) ﬁlercﬁﬁﬁlﬁ&EQ{tg\iﬁé‘QﬂHés@o%Vi ce to treat

di sc degener ati on. e nmet ho claim 35, erein the therapy device
provi ddsmsh codigmrel tognppeat ehdosaoph;sc annul us of the spine. 37. The net hod
of claim35, wherein the therapy device seals a torn annulus. 38. The

met hod of claim 35 erein the therapy device. adds additional material to
The. nuch eus. 5GE T 1EbEePobRpRAT e P GEIPAB SRR sc_degener ati on | 1
a Spi N&oRfard 10RMe cap@BiRtyl ©lcRBancB®kiublzad0n aRE UkpRBerh&dt@fa skin of the body;
introducing a retractor cannula device having direct visualization

conponéitudshtnsl a portion of the spine; urging the retractor cannula into an
open configuration to create a forward | ooking capability to enhance

visual | zat | thrﬁ(P%ir%i astﬁlk%fg@{\& fo g{;ezgt&’ or dafh IR ARGENG t%é%‘?r apy device iInto

retractor cann evl ce reat egeneration; and treating the disc
degenerdifd dmgenedftionA met hod for treating intervertebral disc degeneration
conprising:introducing a retractor cannul a device havi ng direct

vi sual i zation_ capgbili ipto a portiaqn of the i.ne; steering the
retractor canfil gﬁlﬂ’é{}?tfiéd ?gdémbégi“fl}%ﬂngkﬁ therany a‘g‘ﬁceolﬂf%lrdes

structural support to a disc annulus of the spine.

37. The method of claim 35, wherein the therapy device seals a

torn annulus.

38. The method of claim 35, wherein the therapy device adds

additional material to the nucleus.

39. A method for treating intervertebral disc degeneration in a

spine of a body, comprising:
making an incision into a skin of the body;

introducing a retractor cannula device having direct visualization

component into a portion of the spine;

urging the retractor cannula into an open configuration to create a
forward looking capability to enhance visualization and displacement of

tissues;

introducing therapy device into retractor cannula device to treat disc

degeneration; and
treating the disc degeneration.

40. A method for treating intervertebral disc degeneration,
comprising:
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surface of the disc or nervous tissues using visualization information
provided by a retractor cannul a device; displacing the nervous tissues or
ot her ti sw0es1wi48i98a portion of the retractor cannul a deCTas2009/061388te a
wor ki ng area; using the retractor cannula device to deliver a therapy
device for treating intervertebral disc,de%eneration;,and treating the disc
degener at i oriMtraduEingEetiRePheNBl deyige Arving IR VEUAlIFeNt her apy device is a

nucl eus.,g8GBNRLESS o fEMInE €@ Femove a portion of the nucleus, annul us,
or fragﬁgnteﬁnsegﬁ%nt%. 42. %&é met hod of claim 40, wherein the therapy

device shrinks a portion of the nucleus or annulus. 43. The method of claim
40, wher ei n steegiagithegetrhagoiiawoulddgeine tat pontigoarhadesem ¢wgrai ri ng a her ni at ed
disc. 44.. The thod of claim40,.wherej.n treating.the disc degeneration
compr | SUFASTIBY EFRGr Serataate e G on R HOROBES o 40, wher i n
treating 4 Reaélbs€andeBereicat i on conprises sealing an annulus. 46. The nethod
of claim40, wherein treating the disc degeneration conprises addi ng
material to the nucleus or annulus. 47. The nethod of claim 40, wherein

di spl aci ng tdhelagingihe seporprsgasorgiaitisgues ath apation of theé retractor cannul a

devi C€. 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.

41. The method of claim 40, wherein the therapy device is a
nucleus decompression device to remove a portion of the

nucleus, annulus, or fragmented segments.

42. The method of claim 40, wherein the therapy device shrinks a

portion of the nucleus or annulus.

43. The method of claim 40, wherein treating the disc degeneration

comprises repairing a herniated disc.

44. The method of claim 40, wherein treating the disc degeneration

comprises supporting a damaged annulus.

45. The method of claim 40, wherein treating the disc degeneration

comprises sealing an annulus.

46. The method of claim 40, wherein treating the disc degeneration

comprises adding material to the nucleus or annulus.

47. The method of claim 40, wherein displacing the tissues

comprises opening the jaws of the retractor cannula device.
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