APPARATUS AND METHOD FOR OCULAR TREATMENT PRI ORI TY FROM RELATED

APPLI CATION Priority is hereby clained fromU.S. Provisional Application
Serial No. 60/566,776, 5 filed April 29, 2004, which is incorporated by
reference hereimin its entirety. BACKGROUND OF THE | NVENTION The eye is a
conplex organ with a variety of specialized tissues that provide the
optical and neurol ogi e | ye for

medi cal treatnent &ﬁ#ﬂ; ﬁ%@gﬁﬂﬁég@gﬁu %nat ure of the
tissues. Surgical 10 access nust not affect the optical clarity or

al i gnment of the ti ssumm I t vision. In
addition, the eye is i mur i f@&@mmMit suscepti bl e
to severe i nfpgietilydR hereby Sleinaddl forIES) Pidiasiorial Agplidatia SeRad®, 66/56d)70d, enged by
bot h pat hogens and trauna. nimally invasive surgi.cal pethods to access

M ni.m
and treat St $delkeAprdi2g; FO4epbichisingaorated by 1efereBos et ¥S ¢HiEha and
i ntroduction of pathogens. RaggeHtOORDAOE The: B’X&NHIONY surgery may af fect

the optical alignnent of tissues itnvolved rn vision and typically results
in scarring Vheeye ivalcompbuimsgaqueith a varicgeofspeniglized tissupe et prowieitheal | y

I nvasi ve surgica h ar. S A | Di:-rze potenti al
alterations %?%catl %r?%ep (:’:1% ?ﬂif?%g%sﬁ%%’? g%%lﬂt ﬁ% @?S%%gtﬁ%etségﬁ%ﬁo gdlggllsual axi s.

M ni mal |y i nwestinest is birglerdiby2Re sedlhsidsnddyliateyatat bbthe tissues. hBurgisal of snal |

i nci siong, thereby limting_ scalri .and ..al | ow ubsequent, surgi cal
procedurég t GO95ES B?tF‘BJF?'FJé?ﬂ’?thﬁ/IOHP%P %ﬁ%&gm@tﬁg&ﬁiﬁ?egﬂg%%ﬁ?# fy used
in eye surgekyplfrid |sbnCal Mddfonsthe eyiBlihmufslbgicARSprafiRgsR e dbiigdt t he
cornea and appropriately sized tools, introduced an used, under direct

vi sual i zat i ofusceitihlg)le seirre Bdeqtion, sipecially vwhep dhedniragpnler sRACE fechaligngedBy ¢ ool s
are used to ?“Fﬁrqf hihed natural lens and replace it with an

I ntraocul ar b e \sé |0h§ﬁaa%'?%%'i mal |y invasive nethods are also used in
retinal sur gfipimaliniovasivegurgidabmethodsidactesoanddfeat ashes dfifhaeyetaee desiseder i or

chanber the eye.through small incigions i he..par I gi on of the
scl er a. %’Tsr e& m#%‘fﬁ%%%‘i%i%%%ﬁ 0? R%ﬂ%%eﬂ%gD {gﬁ%u&s?gt&glﬁg%ﬂsn ith a
surgi cal m cgagegneayalfeayte bptcab Wigarnt éfissms ol én visiohand eoypicaiat 30 t he
retina and macul a, The present invention describes jjcrosurgi cal tools and
met hods, whi EFFUEHRSERTIOE ks § %’PW“%%@E@I‘IL%E%SMJ Ke eye from

wi thin the Swaﬁ%la{rgicﬁﬁ%etﬁ&ﬁ% adviRBeHPIARRAKSY HRlimBB P6Rnkiad aBerdiidrkual
space between the sclfera and choroid, due to the close appasition of the

two tissues toGmoptieal plignnzent of the tipuesisfhevigial axie  Mpsimaly inygsiymsurgical

20 methods may also allow for the use of small incisions, thereby limiting scarring and

allowing subsequent surgical procedures to be performed.
Minimally invasive methods are routinely used in eye surgery to treat cataracts.
Small incisions are made into the cornea and appropriately sized tools introduced and
used under direct visualization through the cornea with a surgical microscope. The
25 tools are used to remove the opacified natural lens and replace it with an intraocular
lens implant. Minimally invasive methods are also used in retinal surgery, involving
the infroduction of tools into the posterior chamber of the eye through small incisions
in the pars plana region of the sclera. Direct visualization through the cornea and
visual axis with a surgical microscope allows the surgeon to manipulate tools to treat
30 theretina and macula. -
The present invention describes microsurgical tools and methods, which enable
minimally invasive surgical access to the eye from within the suprachoroidal space.
The suprachoroidal space is a virtual space between the sclera and choroid, due to the
close apposition of the two tissues from the intraocular pressure of the eye. Although.
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1 the suprachoroidal space is delicate in nature and is adjacent to

numer ous choroi dal bl ood vessels, the present invention provides a

flexi ble, catheter-like tool that may be safely placed in the
suprachoroi'dal -space and naneuvered anteriorly to the region near the
cilliary body as well as posteriorly to the area of the retina and optic
nerve. 5 Suc el I r I

dr ai nage patEﬁ%3a¥%ﬁﬁ?ﬁ§§§§%%q%%%§%%%9%%@%ﬁé&#ﬁ%ﬁ%ﬁ%ng@é nﬂ%?ggﬁ&glaucona,
t o surgi cal | ybibodedssdléehemesdnhinvearithn phoides ddlexibies cathatenlile tool thitandyrbeat nent

of macul ar de eration as well as fo deljver drugs.to e .post.eri or
ti ssues of th%%;gygﬁf’ﬁﬂflﬁﬁe 4P ?ﬁ?ﬁlﬂi s rageav ﬁﬁmﬂg{yﬂgﬁ&gpgiglbt ic nerve
damage. 10 SUMMARE ciliiaritiody BBARRIT héPestehierlp ke fea bN i@ REANMB Pt S e, a
conposite m crocannul a device vmthcaﬁ}r,om mal and _distal ends for access and

advancement whidhitpols Hay g ypaldn srgicaly tregh theaveal selewal drpnage Bathwakiong, a
flexible tub %@fea&%@ﬁﬂé&s RaMIoROin 3R @ikbRént OF %ﬂgﬂoﬁ{a &fs aci;éﬂg tRRPHE mbOEs

mcrons and configured to fit within the s prachor ol | Space of the eye; a
proxi mal 15 awuslaibiojdat vascilgtneih thotredtment of mecilandegentrationms atelles iomt eri al s

i stal end t o nErlS R SERor Bl e B s Ritg it onCon 2 10
si gnal - pr oducdepgndrsiiomaut optic daveddradgee vi sual ly or by non- invasive inaging.

The si gnalo- produci ng beacon WM visible light at an
intensity ™ 20 that is visiblef P ; _ rposing tissues or the
beacon nmay COMRY prS&nt Q&R Prdvi@R alcbinpbdiR ni¥robfuia ek Wath fi&dnalandsuch as,
ul trasound i maging, optical ~ coherence tonography or ophthal noscopy. The

marker, for eXspAngs fraypcesss and adyproemant il e strraehoraidal supce BEECIR may
provide 111 Uiddialis, { HefTbioiutirshedn Efithetn oufh afiBithé ofl PR ol 0 about

135 degrees fromt axi s of the device to be coincident” 25 with the area
of intended tinicsens and eantfigurad to fihwithinidhe supracheraidal spscpefthe ey ppraximeled i n

t he range, 0of 12 t.q 15 radi dat e, at .l

addi ti on§§si ﬁﬁ%’i‘bﬂﬁ r %#m} e@té‘%@@%%ag?%%}fe%ﬁ@rgﬁ?ﬁaréllsga/ang rtgoa}%éhrﬁ%ﬁ-ﬂ?envasi ve

| magi ng to aigtoximal el iand)a pigadeitducinghdadon adthe distal Eydtodataiy theidiveal esheat h.

30 The dev| ce i i YEorais t e AOTATER BoRol f e P UanY OSBAE 20 {0
e device 0

about 30 MM jhoasiRambgihpe posterior region of the eye froman anterior

di ssection into the suprachoroidal space. L ) .
The signal-producing beacon may be configured to emit visible light at an infensity

20  that is visible externally through interposing tissues or the beacon may comprise
markers identifiable by non-invasive imaging, such as, ultrasound imaging, optical
coherence tomography or ophthalmoscopy. The marker, for example may be an
optical contrast marker. The beacon may provide illumination from the distal end at
an angle of about 45 to about 135 degrees from the axis of the device to be coincident

25  with the area of intended fissue treatment,

The tubular sheath is preferably curved in the range of 12 to 15 mm radius and may
accommodate at least one additional signal-producing beacon detectable visually or
by non-invasive imaging to aid in judging placement and location. Typically, the
sheath comprises a lubricious outer coating and may have an atraumatic distal tip.

30  The device preferably has a minimum length in the range of about 20 to about 30 mm
to reach the posterior region of the eye from an anterior dissection into the
suprachoroidal space.

The device may comprise an optical fiber for imaging tissues within or adjacent to the
suprachoroidal space and an energy-emitting source for treating blood vessels within
2




The device may conprise an optical fiber for imging tissues within or

adj acent to the suprachoroidal space and an energy-emtting source for
treating blood vessels within 2 or adjacent to the suprachoroidal space.
The source may be capable, for exanple, of emtting |laser |ight, thernal
energy, ultrasound, or electrical energy. Preferably the source is aligned

with the | ocati.QR: to.facilitate tissye targeting. The device
_mayl fu {t her Ciﬁ&ﬁigﬁﬁ gjﬁﬁ;?ﬁ‘gﬁl F%;g;tg eézgfc_icﬁféfqﬁ @@qe’éﬂwﬁgﬁ& of5

i mpl ant may c ar 5 N uli@soiat QrielciriRh] dhefl Pref ].C{Eé/lcerray
further corrpriss a.s t%ﬁﬂml egiynﬂgrug forrl;ul at i on_ge i\%ger_ablle at the
distal end. In°a %fsrﬁlfén pration pithe Beacen tofaetfitatesiisgne (argetngr i ses an

i nner nenber \mhi“—'ﬁeﬁceﬁl@@ﬁhﬂﬁi‘c&ﬂﬂis@@ﬂi@pﬂﬁﬁfeﬁ{wfﬁgﬁgttﬁ@?{s{tf‘agg%{%_ if\g]esheath and

I nner rrerrbgr are sized such 10 that the inner er ably within
t he sheat h”and™PHBL BPEENDIEE sprcephaintpinfg matenid or 2 dmgadapt ed to provi de

tissue treat mgat dk@cd G i : ni ngs in.the. distal
end. The distal endcof ¥ﬁiefﬁl|e%§16er ng%ggﬁmgn%y%é&ﬁ%ﬁ’éﬁugﬁ?ngﬁwﬂg&
di ssection, cthedisiglendbl ation or renmoval. The inner nmenber may be curved in

t he range of radi us and .conprise.a nulti-lunmen tube and/or
an 15 opti cal g?@%&Q%%ﬁ%&erf@ﬁﬁg%%?ﬂ COFHPFLSeS A1 TgbmempetaRid 2 t j t ani um
al 1oy or tungsmximal chd amhotisel eRirheeiciFRé sheathGRIPRRE LenbrLesa8 LR devi ce
i s provi d?‘? f% i%anta i 0 ig t he suprachoroi dal space of an eye for
delivery of f gt tsinmsT pem e‘bﬁ@ts dabbt witleg thsrherth ancbthe distal endof e Huger a
flexible tubuhﬁfnbsﬂgaaﬁptémw .'&gt%ﬁé@éaﬁ?aﬂt@@lgg%regﬁ@ulgﬁ%ggﬂ\q{n& an outer

o fi W

diameter of up to about 1000 m crons configure inthe

supr achor oi daPPE & te distad cadscThedigial od o tiieiinmgr prembermby bé addpteg feapabl e of
recei ving injgghé 8RsecAbn fobitid Sy vi-ce,. wherein the distal, end of
the sheath is adapt gg Yor rs’lsaébzhids?li[a)R({)’]ERﬁo&?lds P%‘}?FP%?BJ%EW%BEFW Bhe eye.
The devi ce nathesmgpof 32 tal Smyratinpaetey cognpize e aulfi-duhacRbeaddie i st al end

w thin 2§th hor oi dal__space during ingplantation wherein the signal
produci ng bea c%ﬁgllpﬁs&?’dglee]@sgrbtp r%llfﬂeﬁﬂgifwgge ok tamuppalioysi ng.  The
devi ce may betvagktsri ed for slow release of fluids, such as drugs, fromthe
di stal end. Ia]?1 agtgt her. enbodi nent, a nethod is provided for treating the

supr achor oi daf 28pHEengodinentes comngsits micropgnnula device is provided for

implantation in the suprachoroidal space of an eye for delivery of fluids fo the

posterior region of the eye comprising, a flexible tubular sheath having proximal and
20 distal ends with an outer diameter of up to about 1000 microns configured to fit
within the suprachoroidal space of the eye; a self-sealing proximal fitting capable of
receiving injections of fluids into the device, wherein the distal end of the sheath is
adapted for release of fluids from the device into the eye.
The device may comprise a signal-producing beacon to locate the distal end within
25  the suprachoroidal space during implantation wherein the signal-producing beacon is
detectable visually or by non-invasive imaging. The device may be adapted for slow
release of fluids, such as drugs, from the distal end,
In another embodiment, a method is provided for treating the suprachoroidal space of
an eye comprising _
30 a) inserting a flexible tubular sheath having proximal and distal ends and an
outer _
diameter of up to about of 1000 microns and an atraumatic distal tip into the
suprachoroidal space;
b) advancing the sheath to the anterior region of the suprachoroidal space; and
3




30 a) inserting a flexible tubular sheath having proxinmal and distal ends
and an outer dianeter of up to about of 1000 m crons and an atraumatic
distal tip into the suprachoroidal space; b) advancing the sheath to the
anterior region of the suprachoroidal space; and 3 c) delivering energy or
material fromthe distal end to forma space for aqueous hunor drai nage
The energy mayc)cONpaEI&R electri.cal energ
sufficient to )t reat orn%%%%ﬂg%?ﬁo%ﬁgk%%%gqél ci ﬁ?%cef?ffaql"f?gs di st al
end. The nat erh‘ﬂormecorrprl se a space-nmmi ntaining nmateri aI I n anot her

enbodi ment, a gt the p regi.on of an
SYet clorfpr 11 si ngrgtwaagﬁe%g V ﬁ%ﬁ &3&?@0%1’&?}; @qugsegg%f;ﬁgf&iﬁ%@y eﬁ‘tﬁr]’ and
istal ends a oF remg esc B eein thoef vi Gidtal &0 Oru¥i B4terihl IO t he
supr achor oisdal . e a b! d.vanci n‘%a&rhe sheath to the posteri otfv regi on of
t he suprachor0| 5% & ering energy or material fromthe

distal end sufmlmmmemmmmtammodﬁ%w@dfé:q}éaﬁﬁgﬂﬁ bt‘én&% S BFar achor oi d.
The energy may_ ¢ &&r’l se mechani cal, thermal, |aser el ectr cal energy
sufficient to >t PEBPI¥ & sues in the vicinity of the distal end. The

material may @pNprimermed A h@dﬁe&ﬁﬂgﬁ?g&om 1409 Rlsfar g%agﬁg-rhe drug

may conprise a neuroprot ecting agent angl ogenesr’s #nd/ or an
anti -i nf | ammato8iey disgeter of Alptt?pbm&OQi}chrqmlﬁﬂoa]Hanchoro&gemac@orrpr| ses a

steroid. hp apethegy \gﬂp d.i s prov edfor treating the
tissues wit hi n?or gﬁ?@ga@ 3%%5‘?%‘?”0@ SR 8@“%251@9% and
conprising 20¢ch) i ddwetmggnagpm‘mﬂﬁhﬁl@oiﬂﬁ%ﬂi%taﬂieﬁﬁﬁﬁﬁﬁ&&%'t?e af¥i ce having
proxi mal and distal . .ends.and an te di aneter of up to about 1000 m crons

into the supr aﬁ%lF’oﬁe'a%ﬂﬂ Aepeve of vice conprising an atraumatic distal
tip and an opTheaherfy hay céﬁpﬂe@i{écﬂﬁné’ﬁttﬁﬁ'ﬁiap 'i‘asePBr LbEFLE Snd r@¥ Elﬁﬁcl\ént%' nity

of the distal tip; b).advancing the devi ce he posterior“tegion of the

supr achoni dal T gisgnes ’JQ@S(Y)CHBM@&'? Figalond. Eh%lmawdrmz}r@pnsssldﬂsg dara t he

supr achor 05 dalirgRas BviiBronfieRld f and .d). del i veri ng energy

fromthe di stgllugend %’o treat th%‘hef%l‘ra%ﬂfé&tlséﬁééeanem(’pmtegungagem an anl-
angiogenesis agent and/or an anti-inflammatory agent. A typical anti-inflammatory ‘

agent comprises a steroid.
In another embodiment, a method is provided for treating the tissues within or
adjacent to the suprachoroidal space of an eye comprising

20 a) inserting a composite flexible microcannula device having proximal and distal
ends and an outer diameter of up to about 1000 microns into the suprachoroidal space,
the device comprising an atraumatic distal tip and an optical fiber to provide detection
of tissues in the vicinity of the distal tip;
b) advancing the device to the p-osterior region of the suprachoroidal space;

25 ¢ detecting and characterizing tissues in the suprachoroidal space to identify
target tissues; and
d) delivering energy from the distal end to treat the target tissues.
The energy may comprise laser light, thermal, ultrasound or electrical energy.
Typical target tissues comprise blood vessels.

30 BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a diagram of a flexible microcannula device according to the invention.

FIG. 2 is a diagram of a microcannula device with a reinforcing member according to

the invention.




The energy may conprise laser light, thermal, ultrasound or electrical
energy. Typical target tissues conprise blood vessels. 30 BRI EF

DESCRI PTION OF THE FIGURES FIG 1 is a diagramof a flexible mcrocannul a
device according to the invention. FIG 2 is a diagramof a mcrocannul a
device with a rei nforC| ng menber according to the invention 4 FIG 3 is a

di agram of a rpgr Héi%ﬁ N S tin acon at the
distal tip accordl ng to eb%:énvglﬁ?@é%%f%é h s%%%?’%fmﬁ F’i‘fé’ﬁﬁh Fa
devi ce accor didigalitip acbarding e thiiioventiasi ti oned within the suprachoroi dal

space of the 2nkd G, 5 shows crocan a device according to the
i nventi on posi ttéonec?m({fﬁnﬁct% F&Eﬁ%@&ﬁ% tg ’é’é’@“téﬂﬁ‘d’qs’@@é‘?

charge of drudbe shptachabiid] ipacé bEtheewd eri or region of the eye through t he

di stal end DESCRI PTI ON THE | NVENTI ON The present invention
provi des téoI[)E}-éntht@P"iSéi%w‘éﬁ?am‘@g apgarding o @QW@WMSHI,Omdmﬁbmcﬂuss t he

supr achor oi dalsysiRdeeoi@dl sﬁffbe%}i@ réc@ﬁllltsgllech&téﬁ BP3f Qﬁgﬂ%fed% g arh%sﬂg}t?rﬁgglon

i nvasi ve surgeré@or to deliver drug e oy8 ecifl
i nvention pro?f thesyathreyghihofistahtnsk ocannul a devi ce t hat maybe pl aced into

the suprachoroi dal spacepgEdiPHS SR ver | yi ng
ti ssues, maneuvered int th ne—ap rr}%%Sn a Iﬂo ce, and then

activated to The presarit mmlqdpmdenbok,onithﬁldatﬁltralateﬂit@etmfdsttdslﬁhr alfievi ce. The

devi ce mayqal Iude eat ur es fo tre ti ssues adj acent a region
al ong the'f engé) 0T TGRS SPagRa ‘t”reé(ﬁg?t"éﬁ‘?g S prrietag pnimally

i nvention i nclmrdﬁve sRgda bk tb&iehﬂ@fhnftgs&éﬁlie%?e Oﬁpe%fﬁcﬁﬁf the i%t’v%ﬁi&ﬁi)m\ﬁ&
delivery of eﬁ Eé t,0 adjacent  tissues delivery o ru rug
delivery mate mirRgla device fat é%%lbéiﬂa??dem@éhtﬂ @@raobpmlddhqaadel i very of

an inplant. 20Rehelshidndifofk bﬁhe %ver%éﬁtfs% euv?rgc?ﬂtg ﬁ:teaa%{ﬂ‘[s?gﬁfwgr

conprising a flexibl e el ongated rmo
with a connectegiongf therrpags and than acsivate@ fo treat tissu&seddjacem t3 th@diﬁtal«’hp of the

comuni caj4 n n T nnel used to
del i ver f%ﬂw gg rgg}é dévr%ﬁ Q‘r %ﬁg mcguﬁ(é?wrgsg’%EEEW@E?‘teﬁ%dJa%F Yre&Hn t ool s
and i npl ant salbmg)tﬂm ﬂdmgthnfdh@dmrmu IThe Qeatinatts REAKIpRBAedIH RS flvoftidnAndudd St al

site for a varl ({f) 33% he comuni catl ng channel 4 may be the
| umen of a tuIES1 % H¢ nog st tisstes, the delbesry of aneeita pdiacest fissbess opti c

to transport the géﬁveﬁ}ﬂﬁr digs sHdrds cmﬂir@rytn@atenals from the distal end of the device, or
the delivery of an implant.

sheat h

20 Referringto FIG. 1, a m1crocatxmula device is shown comprising a flexible elongated
element 1 in the form of a tubular sheath with a connector at the proximal end 2, a
distal tip 3, and a communicating channel 4, The communicating channel 4 may be
used to deliver fluids, drugs, materials, energy, gases, suction, surgical tools and
implants from the microcannula or the proximal connector to a distal site for a variety

25  oftasks. The communicating channel 4 may be the lumen of a tubular elongated
element to transport materials, a fiber optic to transport light energy, or a wire to
transport electrical signals. A microcannula of the present invention may comprise
one or more clongated elements, each having one or more communicating channels.
In one embodiment, the microcannula may consist of two or more clongated elements

30 with a reinforcing member to form a composite structure. The components may be
adhered together, nested coaxially, or placed within an outer sheath, such as heat
shrink tubing. One of the elements may be used for transport of materials, another for
transport of light or energy, thus providing a multifunctional surgical tool.




transport electrical signals. A mcrocannula of the present invention nmay
conprise one or nore elongated el enents, each having one or nore

comuni cating channels. I n one enbodi nent, the mcrocannula may consi st of
two or nore €longated elements 30 with a reinforcing menber to forma
conposite structure. The conponents may be adhered together, nested

coaxially, or L) : éd(ﬁohwqﬂéc lenk tubi ng.
One of the eI%%%&ggﬁ%g%%gﬂ@?p#quggﬁg%gﬁl 1mat edrill a asl,u?{ig;ldgt her for
transport of duffidient stiffismsetopllowt ihtecbamdgaricad aigngthewhprachonaitialopade, Buiigi cal
tube of  suf (PEHBTE Grible Rawe e oo « 1o sl oo i 2Rl TRR T
supr achor oi dallué&figscor sttitlarisisterd Honthel athibebor Hltwdastionedsécoatary kst al

end. The proxi mal connector 2 rrg%/3 be of 1LUM2[§: or .sirrilllar. Z%stemfor
the attacRmerfr 13y hefiepigarilior affchieaide SRfgLICFoRP Gmgpmze g EZ€Msi gned
for attachne Bfdiddl SpdeO BRABRA LS theliRicf cRirilZ &viddat SlodRI f the

supr achor oi dgfleé é%og occu;g)gl, ed bth hté@mecrgcgnn_ul a devi ceoi t should be =

appr opr i at el yappropeidielyRizeddEhe daviceaan hawpan nten dieareted i fothout 1QP0micBS Ut 1000
microns. TypiEaklfy, d0%iIhERRGANMILEARY fiint fndl 8Pfbolfisd Bab@@Bo Of about

50 to about 1 crons outér dianeter w ckness from about
10- 200 mi cr onaicrobh @utet diametel Vithaotdlbthickfiess fremmbonidda20uhmraey Thecnrssy be

round or gvoid to roxi mate the.sha of the suprachoroidal space. In
one embodi%renteetion °E?WW§EH%VG‘FW&JE'?3€° Olife Ogﬁﬁ |3P%f&"{"6£? hlg Shape

m crocannul a oqRYdvpfachSoffaP§ays. mat e the curvature of the eye, the curvature
being in the range of 12 to 15 mmradius. The _| ength of the mcrgcannul a

i s preferred Inonpembedigienh s pedeiepning FuwipremHy 58P tBrther’E_ﬁ’F 2t he
suprachor oi dadevfcg@&gqu&gl\grhé @%ﬁw&%fﬁﬁ%?éih@&&%melbéﬁ@iﬂﬁie%&g@of120 to 30

mm Suitable materi the el ongated él'enent include netals, polyners

such as pol ydbHéman helitse tBedenziirefidhe minsdophmlel is prefoirgie hedorg enough to
| yet her-bl ock, co- pol yani f :
ol o opyioand it BER keafort 8L brachtoitattondtfom gh dRBAXIE B,

t he sheath i rgpbrsténly20lty a0nde, Syitibld mateléals footheeldngated elraientintids

pol yet hyl ene terepht hal at e po ropyl.ene, et hyl ene or fl.uoropol ymner.
The i cr ocanrfgftals Y‘E@Sﬁ‘é@”éﬂ’gbg ESHIST 'BE) e&ﬁ)ér B%P@Q?’r@i’f@@%%rh as

| ubri ci ous coRfijdiEs-bRck 8. Pelyatide(Pebhs rolsfdne] fludrefol AR &S Solfptbpynedept h i n

t he suprachoroidal space. |In one enbodi nent the m crocannul a conprises an

i nner menber Mokyedyleneros skl mpterigls; deferygdapaterialyior Begngath dlideenent , the
inner menper  DayA8e, Dol Bty bR afdide, polyethylens terephthalate,

polypropylene, polyethylene or fluoropolymer. The microcannula device may also

comprise surface treaiments such as lubricious coatings or markings on the exterior
for assessment of depth in the suprachoroidal space.
In one embodiment the microcannula comprises an inner member which fits and
25  slides within the elongated element, the inner member having a proximal end and a
distal tip. Advancement or withdrawal of the inner member may be used to change
the shape of the distal tip of the microcannula, or aliernatively to effect a mechanical
action at the distal tip to manipulate tissues or deliver an implant.
The microcannula of the present invention incorporates features that enable it io be
30 placed into and maneuvered in the suprachoroidal space. A key feature is to have the
appropriate combination of axial stiffness and compliance. To achieve this, referring
to FIG. 2, it may be required to use a reinforcing element 5 attached to an elongated
element 6, allowing smaller overall wall thickness of the element 6 to maximize the

cross-sectional dimension of the communijcating channel. The reinforcing element .
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distal tip. Advancenent or w thdrawal of the inner menber may be used to
change the shape of the distal tip of the mcrocannula, or alternatively
to effect a mechanical action at the distal tip to nmanipulate tissues or
deliver an inplant. The m crocannul a of the present invention incorporates
features that enable it to be 30 pI aced I nto and maneuvered in the

supr achor oi dal s ace, Rk onbi nati on
of axial sti fli‘l% Pé}?aa’&% ena ﬁcg\%éelﬁlﬁﬂqmﬁ@gérrl negg &F% FIG 2,

it may be reqithitiee, édbalﬂ%ﬁroﬁnerﬁb?é amgstagami wckehtitabivat 4llykedramc ﬁberehmhgat ed
el emrent 6, al I ovm ng mal | er overal | hi cknfess of the el enment

maxi ni ze the & YR £PT@P R s OIEHE CEBITALMFE ARG é?ﬁ’é‘?ﬁhel The

rei nforcing edoﬁggf‘:rmnﬂalﬁconﬂ%ﬂraﬁ&iﬂ) Pﬂhéeelﬁﬂabb]ﬂy Abmem At hugipi@élenbmt maych as
metal s including stainless steel, titanium_ cobalt _ chrope alloys, tungsten

and ni ckel5 t mlﬁ?rhqnwﬁgliré@@ pre‘éﬂawaefqrreéélﬁﬂecélﬁa OﬂﬁlﬂtﬂFP%‘tfrthﬁO%B?@her
conposi t es. @@k&&ﬂ eﬁﬂn%gwa bdPihafOBR &:Qt@rléi‘sﬁ&lsasalﬁ&hll & fMowsi mi | ar

configurations. e rernforcin ement or t|p e. elenents may 5 al so be
configured tdh@smgeojﬂoaetmrméa‘ferrecbgemwect ion orientation of the

m crocannul a. Th I nto CI n Yy, terial
such as a metEoﬂ E“B"’lg h% @?F%gagnpa{”o’ﬂégﬁcgopre ngaﬂe gg%rﬁoe ry. For
opti mal use lﬂbﬂﬂ]@aﬁu@ﬂﬂﬁhm@bﬁtafansxﬁamﬁg tot theremighd mechanichlrconplipnef er red to
be flexible at the di stal end, but transitioni.ng to nore rlgﬂg nmechani cal

conpl i and®  1toweihiBs Proximal sady Thedrangitign may compHscqne;op MRS 3fnr i se one or

nore steps '%E%ﬁﬁeﬂ'c%ﬁ{ph%%ﬂa%&cﬁem%fc&nﬂiaﬁé%ﬁ&t @k 1apidfiteace al ong the
| ength of the m crocannul a. Is al so preferred that the distal tip of

t he devi ce bemigracanmda.i & is m@fe@ﬁgﬁi thet the é‘S%W phigs ApueebeaEapglndERf shape

or conprises I | ARG Auring
advancenent o St@h@%é’(/{ngglé\bmgteha %Elﬁerd S LPSrogghﬁplgéléga?n%ﬂf g%@élg The1ﬁg
m crocannul a pra\;enahsae damagepinriag edvancdnamt ofthe é¢\e¢m1$nahmgraph®‘01déhgt h to

di rect th sha aorienta f the distal |l o geon to
Steer tha m At R REroRREL Rt e pore ke B e Bl o0

i mportant f eatb WirSctQhe HABe SeViriatation bhde aapatip, dllowingf thbsirpepntb stead the ed

wi thin the suprachor0| dal space.tg allo gulﬁance by the surgeon. The use
of high resolmicresaunuipyhileplaging £4n the sprashomidalsgdfeng, such as hi gh

frequency ul tmﬁ%fs}gg m&&‘m@ﬁv&&% the ShRLRIF 61 BMPASHRRN ¥ he OF

I ndi rect ophtha py, may be used in ‘conjunction with the m c¢rocannul a
devi ce of t hesubrasherpidahspatihie afawisuidanes\hy thegisgeon. The use of high resolution,

20  non-invasive medical imaging, such as high frequency ultrasound imaging, optical

coherence tomography (OCT), or indirect ophthalmoscopy, may be used in
conjunction with the microcamnula device of the invention. The patient eye may be
imaged to determine suitable avascular sites on the overlying tissues for introduction
of the device. The suprachoroidal space may also be imaged to determine the best

25  regions for introducing or advancing the microcannula device to minimize potential
trauma. The use of an ultrasound or optical contrast agent, either delivered directly to
the suprachoroidal space or systemically to the subject, may facilitate imaging.
Material selection and the use of contrast markers at the distal end and along the
length of the microcannula device may be utilized to provide the desired imaging

30  properties for the device and facilitate image guidance.
Visualization of the microcannula in-siti may also be accomplished by direct imaging
via an endoscope placed in the suprachoroidal space. A flexible endoscope may be
used to track alongside the microcannula as it acivances. ‘The endoscope should be

constructed on a similar size scale to the microcannula and may be a separate device
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I mged to determ ne suitable avascular sites on the overlying tissues for
i ntroduction of the device. The suprachoroi dal space nay al so be imged to
determ ne the best 25 regions for introducing or advancing the m crocannul a
device to mnimze potential trauma. The use of an ultrasound or optical
contrast agent, either delivered directly to the suprachoroidal space or

systemcally to - ect. facll]i L TRO k ction
and the use OLF’G%%%%P@% ? ﬂ‘%a‘%ﬁ%ﬁ%@%‘%? iﬁdgh%?)g? %bkl%% Q%%aét a oﬁ{;nhﬁ%aﬁﬁ%lgngt h of
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the m cr ocanrflSRHGFHE Q%?q’?ﬁi}n%ﬁ’%mgés %&%ﬁﬁ%ﬁ?ﬁgﬁhﬁﬁgﬁﬁég{: é}?dﬁ%%%ﬁg } via
an endoscope duaRGrédling AAesioOwiE ae beil dlss Spaee . D fol texstabeofthdoscope maybe
used to track al ongside the m crocannula as.it (ﬁd.\/ance . The. endoscope
shoul d be 5 couBrFhareidal spaces theilpng ays %ﬁ%‘%‘i’é@e@ Bp Y @%&;ﬁ’ﬁﬂ a and may

be a separ at qmggﬁ,q%?eltzsﬁm& 1@ s&&n&%ﬁ}ﬁs iolag aite Morlghiig T Sa@ AR YarallRl

fabricated as e mcrocannula. I'n one enbodi nent of the
i nvention, artotheesyiface of therenieralomd isheroidal tissupsduspg pdvapesmeivé  or gradi ent

‘index lens i ing rod.is fabr.]c AN L WM at ed
el enment, cre ?ﬂ%%f“& g?ga%%t]%m%&%{c/%ﬁtéé@ggigcﬂg%%tﬁﬁlg r?%%&gg ?‘gdﬁ‘gs@;hape of
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significantly . larger in dinension than. the shoprt . axi as._lo t he | ong
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m cr ocannul a ideshe surgisal ppeeduss, o ifmaYy PaBafRRE giect vistghization BEHE fy t he
| ocation of t e%_cF%&anglyiegthq ivaddh Tihddy c%n{p?ihé‘ﬁﬂ aé@og(ﬁm_; RereHialfoet tissues.

The signaling acon e conpati bl’e w'th nedi cal inmaging techniques
used to [ guildissomivbguidangecal opticallyetivasmatorialifer ontipaltamidenersoraolighl poveest

vi sual i zatd on. by. t he surgeon. For exanple, the beacon 7 may conprise an
echogeni ?érra?fﬁ%ﬁ‘lwqﬁﬂlrsdm trasound gui dance, an optically active materi al

f(r)rtr) SPt i cal ghioidaeﬁgoﬁfneﬁt,hbll}i@?q %ﬂiﬂtﬂkﬂ)er ?@E)maybeﬁua:lrpqmﬁed&n%ﬂfeﬁdbn ongad

e odl nent , apas,tl optica [ , . . n r ted.to rovi de a
bri ght vi sualbﬂahbh'ﬁ“éélaﬁ*é@% aﬂllie%HFf’iggs- #ﬂ%@%ﬁf@ﬁ 1 SPPPHEF t he POF
i s positi oned,eaNGaliichily Sdyolll ilelenl 87 B8 Ehdalitofehéim@frodatifuls hedinb epfittddhe

m crocannula and theé emtted signal may be detected visually t hrﬁtﬂ?h
gh''t he

ei ther the scfigahimaybedeeeedriseally toangh eithcnthe sHerabissagrondpe pyiFgy
choroi dal,f i SSUes RN HE RIRkAI 1Rk FREME BifTlary 4pbnfe SERIA difting

beacon allows the distal end to be placed by the surgeon into the suprachoroidal space

and advanced under visual guidance through the sclera to confirm proper introduction
and placement, The microcannula may then be advanced within the suprachoroidal
space to the area of desired tissue treafment under direct visualization. For treatment

25  of posterior regions of the eye, the signaling beacon may be visualized through the
papillary aperture and directed to the desired area. The POF may also comprise a tip
which is beveled, mirrored or otherwise configured to provide for a directional
beacon. A directional beacon may be configured in the range of about 45 to about
135 degrees from the microcannula axis to align with the direction and region of

30  tissue treatment from the distal end of the device. The beacon may be illuminated by
a light source 10, such as a laser, laser diode, light-emitting diode, or an incandescent
source such as a mercury halogen lamp. The beacon may also extend the along the

~ length of the microcannula to indicate the orientation of the microcannula to aid

surgical placement.




beacon allows the distal end to be placed by the surgeon into the
suprachoroi dal space and advanced under visual guidance through the sclera
to confirm proper introduction and placenent. The m crocannula may then be
advanced within the suprachoroidal space to the area of desired tissue
treatment under direct visualization. For treatnment 25 of posterior regions

of the eye, t i gnal i ng ];galé | | t B %-_Jsi% Lisrmpapi llary
aperture and H%i!(? 86 .(l)&'(ti%g(?eg]g%i re e@%&ﬁﬁ#ﬁﬁamf a sg conprise a tip
whi ch i s bevelegite. The distabendof the devicsinsay nompargte clethents that@llpwdor or a

di recti onal eacon. .A directiagnal beacon may,b i | range of
about 45 to atB?fﬁ?e“uf%erH%tfo tg%?ar%ﬁ?etsh Orrﬁxéﬁpé%eaﬁlﬁ@?sgg lggéléﬁ?gb g?‘%agﬁedw th the
di rection ancheaffie @fteflbr RRiohios Hetuprasinbsitl spdce and theeledics hetivateddo tréatt he
devi ce. The beacon my be iII_urri_naLl_gd b a light source 10, such as a

P b t cultg

| aser, |ager Wpwgadarsnyir thedistaliting PHHRESE fFce such

as a mercury Qal,0aeRpit@BPro FIAL 2 REAGARYIBYIcA] BO AT tishiRs & @dgndehe | engt h
of the mcrocannula to indicate the orientation of the mcrocannula to aid

surgi cal pl acweeslscleral dRinagaior theplasampns of aw irarlantde ngreasesegak Slesdr f or m
el _ . . !
e o R i 8 Bt -

I ncorporate e on to the
ti ssues. For spremelsring lreatohiest «flthecidraidsy maenladw setined The tissue trivafment 12y or

regi on of, t he suprachoroidal space and, t.he deyice tivated treat 5
tissues ad] ac@mpg%ﬁteﬁaplma??%ﬁi‘?ﬁ?n (g SuRre °¥°ﬂ%§§%ﬂ&ﬁaﬁgﬁ g%or%lr glse t he
cutting or rgnRWal ordhe irbfimecorti dptic e shathod irétieys iqinal vt ocddstonabl at i on
of tissues to enhance uveal scleral drai naghe or %hegpl acenent_ of g)n

i mpl ant to i nBledisses tigpiment aylse| compriss tha geplicatinn of eeergy oL FSIGERMONF B pe

advanced to at?érétaé i {)iiﬁgﬂrﬁrnvgcﬁﬁﬁié{ﬁhaﬁ@l%&ﬁéjﬁjnevﬁ?%oﬁﬁﬂﬂﬂsioﬁ'ﬂnérgyeat nent of

t he choroi ds, , or retina. The tissue treatnment may 10 conprise the
appl i cati on odppicativhomeyths adectiplishedvsing roitehy adaptedrraicrasargblasy ingWeMSi dal

vei noccl el ot HEERE B bl FrRb el BRRAR IR i, 10, o

energy or surgisoel a ta3e)the evicd additonallyocompriats amcinneg cuenzher wathiagmoximel anona or
nevus. Various forns of energy. plication may be acc lish | ng

Ui t bl y. adapSdR iR sRbaratein R Bherh poe s A R BPr BARbe R, "as

radi o frequengyedhts RaOUs thuet MeMBBR fiasldlapBGiitih thelshedtemgdthe distal endcdf a case,
the device additionally conprises an_inner nmenber with ach;“%gi mal  end and
a distal end, thafseemy Présggﬁ?&dﬁocﬁfo"fqﬁ’élsfﬁ%ﬁ%er’i‘mﬂ@e P ®ber are
si zed suc%b Enl:ﬁbreto%@nihgéﬁrthmggﬁéndf hth8 dftal SR Mhdnh&Y Aerhb nehiaRtddaesd the

di stal en

-

for tissue dissection, cutiing, ablation or removal. The inner member may be curved
in the range of 12 to 15 mm radius and may comprise a multi-lumen tube and/or an
optical fiber. The inner member may be made of steel, nickel titanium alloy or
tungsten.

25  In one embodiment of the invention, the microcannula device incorporates imaging
element to allow the surgeon to view, characterize, and treat blood vessels from the
suprachoroidal space. For example, the device may incorporate an endoscope to
image the local tissues and blood vessels. The imaging may incorporate non-visual
wavelengths of light such as infra-red to aid tissue penetration. When energy is

30 delivered by the microcannula, the area of energy delivery may be aligned to coincide
with a specific area of the imaging means to facilitate specific tissue targeting by the
surgeon. The imaging may also include elements to characterize blood flow, such as
Doppler flow methods, to identify target vessels for treatment. The treatment method

may also incorporate the use of localized labeling of target vasculature with
9




the inner nenber is adapted to provide tissue treatnment to the eye through
one or 20 nore openings in the distal end. The distal end of the inner

menber maybe adapted for tissue dissection, cutting, ablation or renoval.
The inner nenber may be curved in the range of 12 to 15 mmradi us and may
conprise a multi-lunen tube and/or an optical fiber. The inner nmenber may
be made of steel, nickel titaniu l. . odi nent
of the inventﬂ%ﬁ,seqsﬁgeﬁﬁg%nrtso%ugﬁr%{ﬂaeaéﬂég%ég‘{yﬁﬁ%%ﬁg%%@e%&%néggﬁagtgﬁzaglggnent to
al | ow t he surgéddentification\wf tagm bhot eedsels, thamitrocaemila blay bd usakioakkveir om t he

suprachoroi dal space. For anpl e, 1he device I.ncor porat e an endoscope
to inage the“*nﬂﬁgé?c @é@?@géﬁ%rﬁ%’%ﬁﬂ%@s@F@% ‘ﬁ?&%ﬁ%ﬁ%ﬁ"y i ncor por at e
non-vi sual  WRYEIeNakSRbr blo8d{essdlthukage. i nfra-red to aid tissue

penetration. \Wen ener({% is 30 delivered by the mcrocannul ak:“g e area of
ener gy delSi verhy migipepnnuly maynalsp beused fhdsliyer drjgs o dERsSRUYER 1P %% the

| Agi NG Meangy} GisfaPéid d VROt FRIQ, iRTMS0LAGuIV 1hsy b Ur geon. The
i magi ng may al so 1 nclude elenments to characferlze bl ood fl ow, such as

Doppl er f| ow adesdved & the suriraduardida) spage tpethe pesteior pofed2 vig eaurgspenttyhe

treat ment netho al I Ncor t ' L.ng of
target - vascul el RAPTR e BT a el afed sORL AP, (ORSAIIC S AR b8

phot odynanmi ¢ sbefoafeliverAfrigror dhay delivayiimplants to tha tatgétdiet The dag bodrugf t ar get
bl ood vessels, the m crqcannul a e used to deliver . eper such as
laser |igift domtainempieay e d&ﬁg%/ra@elﬁt?f e 4Tae Paryingocile
neovascul ar i Z@atAnSortHad pHREEAl cohRRleRIEFICR] ) Eiough 6 hesarsitha may al so be
used to deliver drugs or drug delivery inplants from the distal end of the

devi ce. Ref ermicrgannyiler| gug gontpmemeipedaiaiiravida sysnedeleass Py £ t he
supr achor of dale Spage: b "enPRSIRA: My liBidcRedtichr BOTHEOhGRL ARy PO Nt

12A fornmed by surglc fornme fllap 12B. The m crocannul a maybe
used to del i vervediangge fompglagonie) dndeliverédriplthsuprachoroidel spaggjistiresi t e, The

drug or drug 10 contai ni ng.mater.ial ..may b | V. ' r m a storage
space in ‘the “IhP’E?f‘%’E85W‘3F§%JSS?SEWH$P%%%'8@M?@ géfﬁegaru%g’olﬁlhérﬂa% eg%%‘?iect or 2
(FIG 1) througibpathly eran@s. ihéne siibotingat) the micrddenmlcibnsed wideljverat eri al s

t hat provi de sustained rel ease over ti mﬁ are  of gad{etic | ar u‘ﬂ\tj,eié]‘lsit . The
materi al s naynisepgriciss of drpgie the spprachapeifal spase e Progide aslptaingdy ?j%t%*/rage from
gl aucone, or ggl loEEaskd Hisidi® TRYREREHANGA Gkt IRRPBRpiBtely 2AK, Whh 6 haie dal or
retinal diseases, -1 ncluding nmacul ar degeneration, nmacul ar edepsa, :

retinopat hy, dmepsorcefifivelto tayriimesibiaparetae, of fhedrpg BrceRgshtles Wik asmogth o
del i ver 20 flow path to prevent obstruction by the microparticles. The microparticles may be

formulated into a suspensibn and injected i:hrough the microcannula at the appropriate
location of the eye to provide highly localized drug concentration. A typical drug
formulation may comprise drug microparticles suspended in 2 hyaluronic acid
solution. The drug may also be delivered to the suprachoroidal space as a solid dosage
25  form, either in the form of microparticles, a filament or a drug releasing implant
designed to reside in the suprachoroidal space.
Referring to FIG. 5, a microcannula 13 is designed as a permanent implant, residing
in the suprachoroidal space 14. The distal end 15 of the microcannula is adapted to
deliver drugs 16 over a sustained period to the posterior region of the eye. The distal
30  end may incorporate microporosity or diffusional barriers to provide the appropriate
drug release kinetics. The proximal end 17 of the microcannula is implanted to
extend outside of the suprachoi‘oidal space, and is positioned‘ within the sclera or info
the subconjunctival space. The proximal end 17 incorporates a self-sealing septum
(not shown) that allows repeated injection into the device with a syringe 18 to refill
10




m croparticles of drug to the suprachoroi dal space to provide a sustained
rel ease of drug to diseased tissues. The m crocannul a nust be
appropriately sized, with a lunen dinmension of five to ten tinmes the nean
size of the drug microparticles, with a snooth 20 fl ow path to prevent
obstruction by the mcroparticles. The mcroparticles my be fornmulated

| ocat fon o e & & ' Riiof RIoARIEIRPT | at e
| ocation of t ee&glf'g %%@ﬁ%&rh%ﬁ%%@?ﬂﬁgﬁﬁyme% of i

! concentration. A
typi cal drug eyé trfailitetd moessaThe disipl éslel Sanucpanositioped reat fhePpiespEated in a

hyal uronic acgid _ solution. The.d a ' ]

supr achor oi diIFe‘?g'QE@%ée?nﬁoEW a@é%é%?@Bﬁ%?%%eglﬁé%%ﬁs?gt%ﬁg grmof
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in the suprachoroidal space, Referring to Fl 5 .a mergcanpnulg 13 is
desi gned ds &CPEr FENEFLOSERFISAgENts F‘b@‘?ﬂgmﬁﬂﬂaﬁd%g?qqﬁmgﬁﬁ?‘i%ﬁﬂ“% v%f?}itos ace 14.
The distal e@geﬁ'@t QAfeat HEanEHOR BN pestérfor S6hARINEEY thoeydl eltiewierodanigi 16 over
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may i ncor por amplani wepplee ewitaiy spacc-amaintyaing materisky Fychas hyguongackle Alf
appropriate dr ' ";}%Td- s, iR beRBA tolibcath ielistaliead oOcannul a
Is inplanted eo%éérﬁén%g%gl?&l e oﬁi%-%ﬁé‘g{)@g%ﬁ%?%i dal sf)ace, and ei S
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proxi mal .end 17 incorporates, a self-sealin ( : al | ows
r epeat ed 1|%nj f Sﬂl‘?ﬂﬁ{é&r‘%t Hé’\??sg@cﬁat%ﬁ?mam ﬁﬁ%ﬁé@%& f;ag{mrlg%ﬁi | f%gﬁe
device with Qfsigs. Sha Maeilsmciude dollhermyctbs malyiteaethyisilddaee,ant eri or regi on
of the eye to facilitate acgcess. The distal end’

; é/S b]fe osliti ned near
the optic neppbupithanesd cflan,sgicopg-uyethane CoRgyIES BPY® g%c F‘g'g? gﬁ’?%?he
devi ce may b}oﬂéﬁﬁdé, %@g&y&ﬁa& PHS 110 hicl8ban¥ 6l Yoa) al Bruidise Seeohas
n e

neur oprotectant’s to'treat” damage to the optic 5 nerve, anti -an%ho enesi s
¢

agents to tr ekmantscubiaps abeayderar dmcomicpranniHe fo. fapifiiaig sragicl yropleg to treat
i nf I anmat.i.on J4.n the pasteri.qr nen ¥i€o i PEfocaltsea 1 npl ant
may al so 1éont © “E%S@g%"ﬁé?ﬁ%éﬁ“ ?’%g rr%ﬁcglfrl]ln% s,afsu%ﬁl;glg)oh aleuroni C Iaci d.

Al so, the i nphandchamyaeecprementlcicingd tissee mgpmdh peositiuai frafulse faasatuie | ocat e
the distal end _wthin the suprachoroi dal space during inplantation. The

mi crocannul a BfFRYWEs 10 enmbodi ment is preferably constructed from materials

sui L able f Ior diﬂé%ﬁeafi% F]@@pioﬁid%%feil:hoﬂé ﬁﬂ:irc]bﬁﬁan @a$htsn@tm1y gT@deg:ﬁlade pol yners

such as pol ydi met hyl si | oxane, pol yur et hanes, Tef]qn, si.licone-urethane

copol yners, popipedieidalipacs Té’é—f‘ﬁ_lﬂ%&ﬂ?@,"ds ¥6 PVH?‘Flegé",s B%W%V %ﬁfhﬁ%& The

| mplant - macr Oc%ﬁ&{wﬂe%er@%irfécﬁ% bihéthddy vﬁﬁ&?ﬂ?}%é’useﬁ leoBNEtiEN Gith @ an out er
ac

or inner ‘mcrocannula to Itate surgical” i nplantation. ]
devices described herein, In a first example, the surgeon accesses the suprachoroidal

space and places a microcamnula device having an atraumatic distal end within the
space. A microcannula device comprising a sheath with an inner member and beacon
signal is used, wherein the inner member has a distal tip configured to treat or excise

75  tissue. The device is advanced within the space while visualizing the beacon signal to
position the device tip to a location desired for surgical treatment. The device is
actuated to treat a controlled amount of tissues adjacent to the distal tip. The energy
may comprise mechanical, thermal, laser, or electrical energy sufficient to treat or
remove scleral tissue in the vicinity of the distal end. The surgical {reatment may

30 include: formation of a space for aqueous humor drainage; treatment of the macula,
retina, optic nerve or choroids in the posterior region of the suprachoroidal space;
treating blood vessels within or adjacent to the suprachoroidal space. To treat blood
vessels, the device preferably is adapted with an optical fiber to provide the capability
of detecting and characterizing tissues and identifying target vessels before delivery

11




15 The outer surface of the inplant mcrocannula may al so incorporate
features for in situ mechanical securenment , such as tissue ingrowh
porosity or features for suture anchoring. The invention also provides

met hods to treat an eye by surgically accessing the suprachoroidal space.
The foll ow ng nmethods are provided as explanatory and do not 20 constitute
the entire sc f et h i ch. S L0 conj i | he

devi ces descr‘%gg%lgﬁa@?lg?th. eﬁ)ﬁ% SP}I‘g?’cgl? %ee%%%ﬁ%i tglg d%‘ﬁ%efggéf&é%ﬁ a%@%:h\egsarsc‘té.bssgt he

supr achor oi dadite iShas eeabsdichyingeafisite Mmetifodcannul a devi ce having an atraumatic

distal end within the space. A mcrocapnul a device conpriging a sheath
with an i nnerlnfapiher ebogiment. the suns ﬂ’éﬂlc{]a??aﬁ%@cf}ug@%g}’é? Sﬁeﬁém?ﬁner nmenber

has a distal ichhRiith BWiahiiRd Wil the kpRX A Sordtanhiils Seice ddigprid@igice is
advanced within the space while visualizing the beacon signal to  position
the devi cé t i tybular shepthdunornomatinga heagpnssignakal ity disfpl snd dnissdnibe devieedevi ce i s
actuated 10 tifaced wifll 8 s SERARNNbHRL Whil I4ERIAY BE Bleod Aghd1irdl ST 2
tip. The energy may conprise nechanical, thermal, "l aser, or electrical
ener gy suffi cthemgh the sclee tissmes andovoand thuoligh the pepienyapenture kepasitionthe y of t he

di stal end. The.syrgical treatnent m Lnecl T Armat | . gpace for
aqueous hunor 68}05?5#?338;9"?*?%%{?%% prt 8?5"¥ ‘?‘ugogrqrau&?éaég&nrte f%’, érggf?%tm%]é%ve or
choroi ds in thgeRss beipads-mabiitig afatdrial atdifpliaedd todwkhl theminecannila.e@hé ng

bl ood vessels within or adjacent to, the supr oroi dal , space. ,To treat
bl ood vekke| devicepgregioyee an %F@F%Sbﬁ“?lﬁ@%%&‘;aﬁﬁgawmu’éﬁgﬁ’@%m fiber to

provide the béédﬁﬁemafaaﬁﬁ@ﬁfoﬂﬁem%&@ﬁfaﬁeﬁﬁ?éréw& thi P BeHRGUIRIC

i dentifying tardet vessel's before deli Veéﬁl 11 of the treatnment. After the
surgi cal tr ealnmpeastics, ttheprgesduramasbe periovnel ehenagsanaie sifessanddhe patiedt { nen

seal ed by any L Bl te H:gﬁ . Selg@iafg B HPsa6duasol dal
space is surgrflé'%ﬁ%é &ng(sés e@%gnlgﬁgr@%&%?%énn adggl\%ggﬁpl%cegﬁw&{ahi n the
space. A m crmgpbepdrforded.i ce conprising a 5 tubular sheath incorporating a
beacon signal,.at.the, distal. end is ysed..The devi I.s..advanced within the
supr achor idaTheszg%“émﬁﬁf‘WIW ghare %?ngf ﬂlgpggngg%%ﬁgl AP ?l?‘d:asrfe go& hr ough t he
scleral ti ssugfendditto3RE0ME inviahitdigif ahptap@pl | | ary aperture to position the
device tip to_a posterior location desired for drug treatnment. Drugs,

dr ug- cont ai ni%ﬁ&ﬁ;{ tials or space-maintaining materials are delivered
through the %%&%@ﬁﬂuia%omﬁﬁﬁng&%ogﬁmd@msﬁoﬂ RERUOStARRsd el aicRmE Site is
then seal ed by any requisite nethod. The procedure mag al so be perforned at
nore than si te@rpeire eyda plestiregptisel fibstie oreste a baapomyignal pithe deviee tir Weedure may

be perforyed of: ONG FheMBLSomntsiFere BMhatOE MR LLR Very thin watled heat shrink
tubing of polyethylene terephthalate (PET). The assembled microcannula was

approximately 200 microns in outer diameter, 75 microns inner diameter and with a
working length of 25mm. An atraumatic ball-shaped distal tip was produced by
heating the end of the PET shrink tubing to it's melt point prior to assembly. The
25  surface tension of the melt results in the creation of a rounded ball-shaped tip. A
stainless steel wire was placed in the lumen to maintain the lumen during the melting
of the tip. The proximal end consisted of an infusion tube connected to a luer fitting,
and a fiber optic light pipe connected to a 25 mW laser diode illumination source.
The luer fitting was attached to an injector filled with a surgical viscoelastic (Healon
30 @GV, Advanced Medical Optics, Irvine, CA).
Enucleated human eyes were prepared for surgery. Using a radial or radial plus
lateral (cross) incision, the sclera was cut down to the suprachoroidal space above the
medial rectus muscle attachment near the pars plana. After accessing the

suprachoroidal space, the microcannula was advanced into the space while visually
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‘moni tored post-surgically. If nore treatnent is required, then a subsequent

procedure may be performed. 15 The foll ow ng exanples are presented for

t he purpose of illustration and are not intended to limt the invention in

any manner. EXAMPLE | A mcrocannula conprising a polyimde infusion |unen,

a stainless steel anti-kink core wire and a plastic optical fiber to

create a beagqilrsihgi hebor il thotp. 1 biBton BbaRIEI HREEH T oMpOnent s
e

wer e bound toget using very thin walled heat shrink tubin

of
pol yet hyl ene outsidssif theegyathropginiy overlyingsslesmindafsodfremdbainside ag thesye
approxi mat el y;, 20 ' | . | . W& ' ] ter and
vmplto h )z;I \/vorki)&f‘faugl eﬂ%ﬁ}t@%ﬁ S’é@(ﬁ%ﬂ&%ﬂ%‘rﬁgﬁ%‘%?%gﬁgﬂi&é aptla11 isotsgﬁl)ﬁ%Hiap was
produced by byemdnipidationefdrcrofintthendREilexbsérning thedieagpnt signat aigheddvicepoi nt
rior to assenbly. e 25 surface tension of.the Lt. 1 I i,n the
(F:) reation of é’%ﬂ%‘ﬁdg@%b el@gli‘?ﬁ?f@ﬂlatqenﬁ‘?te posgqrg}'lpﬁ tggge\é?eegﬁé’%ﬁéftg brv%/as pl aced

in the | umen gieanaBd fdjadent folike bptigaRr@Y Difeted Nferalty, thedpvico kol de hdyancethe
proxi mal end consisted of an_infusion tube cqnnect elgigtg?e luer. fitting,
I

and a fiber &pwEpletaly giepngibsglobs iracking@ grept sirgle ronlg 1Y %8 nat i on
source. The de{éil%é cdifid bé @8 ﬁ&)t%ﬁ/i&ﬁﬂn'é Cardadd th&F o the iahieR6k dMatnBerd

surgi cal viscoelastic (hHealon 30 GV, Advanced Medical Optics, Irvine, CA).
Enucl eat ed hUnarewmnd sxpeeineenh teaiceasatmnla weg pjeged intpidhagypeacheraidal spase r adi al

plus lateral_ (cros | nei skon, - t I :

suprac hor1 [ déﬁn&%r;%%dé}l%%vg@ég% ﬁeﬁ@%ﬁcil(ﬁh%g@fn\ﬁgﬁlﬁ%% ng(?égft?'t Z@ ﬁr:rleﬂ%(t)cmr}%%? t he
pars plana. Abulbeabsesal dg guiied withpr the bugravhdmidad grece pnden énaging. odmannul a was
advanced intqQ the space il e visyal ohserving t beacon siagnal at
Thetip. The medesrtorsosie d it bt AfpePiue it R iR e REER Tl o
through the qy IaRGkc Slhf1cAisston B 812 shicein RerdaFitkbamidiockieledietal t hr ough
the interposing choroidal tissues. The tip of the device could be
positioned B¥. mani pul ati on of the proxinmal end while observing the beacon

signal atycth }%1@//% ¢g» distal tip. Wth the microcannul a directed
posteri orllsy,%t e device was able to be advanced adjacent to the optic

nerve. Di r ectedrigfommadtion wastpeepdendiforsupagharoidal asminigeatipn hydnigetiane| vy ar ound

t he gl obe, tracki.ng _a great. ci.,,cl t. ] L .. the device
could be advéﬁ?@%}l ?ﬂ:‘(‘%g &F ﬂgr?ﬁﬁ?p%ﬁ%gglﬁéeﬁﬁ)&{'ﬁgﬁﬁgl n§ gﬁﬁée&{as{ne}%eri or chanber.
In a second expachsBRs acetdifleBusiensian (Kenalogds, 40 me/ad, Bristol MagrsSquric hor oi dal

space 10 under_qul dance. W 1 B 0hilte! 1ESUSASY L LLAROHAC faRgbIg SYStem

20  micron syzinge filter and the drug suspension was injected into the filter, capturing the

drug particles. A second syringe with an adjunct mixer was attached to the filter and
0.6 milliliters of sterile hyaluronic acid solution (Healon, 10 mg/ml, Advanced
Medical Optics, Irvine, CA) introduced into the filter containing the drug particles.
The hyaluronic acid and drug particles were then withdrawn into the first syringe and

25  the filter removed. The hyﬁluronic acid and drug particles were mixed by multiple
passage between two sterile syringes. The suspended drug formulation contained 200
mg/ml triameinolone acetonide and 10 mg/ml hyaluronic acid. The drug formulation
was then transferred to a viscoelastic injector for injection through a microcannula.
The mean particle size of the triamcinolone acetonide suspended in hyaluronic acid

30  solution was measured using a Coulter Counter instrument, demonstrating a mean
particle size of approximately 4 microns.
EXAMPLE 3

Microcannulae were fabricated, comprising a communicating element of 65 Shore D

v

durometer Pebax tubing of 0.008" x 0.0010" diameter, containing a plastic optical
13




coul d be observed and guided within the suprachoroi dal space under i nmaging.
An injection of viscoelastic was nmade whil e observing the site wth the

i magi ng system showi ng a viscoel astic dissection of the space in the area
of the mcrocannula distal tip. 15 EXAMPLE 2 A drug fornul ati on was
prepared for suprachoroidal adm nistration by injection through a

m crocannul a of pr | | Ryigeo Bl didnhde&rvoinieh thetighéd. €
trianci nol onéﬁ%grc%?@sr?i e sugﬁgﬁé?%%dl%ﬁgﬁ%il og 4‘8?1 A%Adlng/ m, Bristol Meyers

Squi b) was Vilhtpthsdivoptical fiben weis eorireeted {ord Inspe dioflh dightsonreg simpites tasthefached to a
sterile 0.45 20, .m.cron, syringe.filter. and. the i .nj ected
Tnto the il uesdinExaEale b rreade for gyt '?%f%ﬁgsgnifﬂ%?t%ﬁ?%%fﬁ%ﬁﬁéxﬂ?h an
adj unct i xehpoNasorabd RGfeeknt Binkiag of theskaft. alitt lufedofthb hibeivasmitached &taer i | e
hyal uroni c acid solution (Heal on, 10, rTg/ m, Ad%/q%ncfgd -N&d' cal 90t I Cs,
Irvine, CA) igeraastiedbesnd thendo p proximal Lypk conpediey orbe g %FE‘T“&&?‘E i%cl es. The
hyal uroni c a%ﬂrtl%w fvﬁ:&b’&ad%riﬁjér%@%ﬂ\ﬁfa@mfaﬁ@&isw ﬁ@@ﬁmatb@bﬁgﬂmﬁni arst
e |

syringe and ter removed. The hyaluronic acid and drug particles
were ni xed bymalllatiophteof highsdsegeityheltronielst quppadhesive pnd allowingwe surfke suspended

drug fornul a&% Oﬂm_cltﬁg}e e %]llgsﬁgrﬁﬁdﬂﬂ?ﬁr {o\rl%ugiﬂ'g'h"fﬁé QSR GRICALAE A RH wiO nO/

hyal uronic a rlf'g or en transferred to a
vi scoel ast i ¢ bylgame@tadtradiation. nj ecti on through a mcrocannula. The nean

article size Qf the triantinolone acetonjde.suspended in h ronic acid
20 sol ut i¥8n \r%%mﬁ%ggéd&?se‘ﬁerﬁg?‘%ﬂ'"’fg&mﬂf%%%ﬁ'ﬁ?g? “ﬂ%ﬁﬁcﬁgsﬁfl%éada%mnst rating
a mean part isghichivhdfal@hackitnd QdvAwbing ky/thé poiteicrpslc. EXAMRIEvas btforoednnul ae
were fabricated, conprising a_conmunicating el ement of 65 S({:ore D i ..
dur omet er Petisieg junsniefasn pagso deach spregty; Be W%?ﬁ%ww,wﬁ%hé‘é? TPrPAdast i
optical 13 k:eﬁﬁﬁ%f%mwﬁal Bredira! amhsfﬁ?eﬁ&eyw%wo@me@ﬂa

di ameter wt The plastic optical fjber was connected to a
| aser di ode Irétrdet the somjorctivianitl smalk sglerah incisionswees madedn Hiedass planagegipbyi de f or

an illum.nat beacon,di stal ti s j o]

pr event K nkied%a'ng? ﬁ{eﬁgors%‘%% o gnﬁé&ﬁ%%h@gkﬁaﬁ%ﬂstg {Jt e %ﬂ?@%ﬁ%@hﬁ%@é a b

| arger pl ast ithe duphheroilial faoe il therpadvaiced badk e theymsteeiot polef Burgichle .
s o eat ed_ ByoRsRs YRR IG T a e s Hegrrndened B TRbA ST b ot P ur e
adhesi ve and gkicemidie: dikisl 5y Heerving the illuminated beacon tip. The microcannula

could be advanced to the posterior region of the eye without difficulty or visible tissue

(

20  trauma.
Example 4
Microcannulae similar to those used in Example 3 were made without the atraumatic
tip. The devices were used during the porcine animal study as detailed in Example 3.
In one case, the microcannula was unable to be advanced into the posterior region,
25  appearing to be caught on the tissues of the suprachoroidal space. In a second case,
the microcannula was able to advance to the posterior pole, but was seen to catch on
the choroidal tissues in a number of locations, causing tissue irregularities visible
upon angiographic imaging. In the remaining trials, the microcannulae without
atranmatic tipping were able to be advanced in the suprachoroidal space. Iit was noted
30 | in each case that the devices were more difficult to advance than those with an
atraumatic tip.
Example 5
Microcannulae were fabricated and used in porcine animal studies as described in
Example 3.
14




tension to create a ball-shaped tip prior to curing. The devices were
sterilized for use by gamma irradiation. 10 Ani mal studi es were perforned
to evaluate the mcrocannula in accessing the suprachoroidal space and
advancing to the posterior pole. The study was performed using juvenile
farmpigs. In each surgery, the animls were anesthetized and prepared per

standard opht a|pifas ﬁyggé%ﬁ{sﬁﬁg,%ﬁggwe%ﬂ@%ﬁd& q;r%rry was perfornmed to

retract the conjunctiv Cl si onvva made in the pars
pl ans region S1$01d@m¢0¢1@stlcr(mam¢unbndadeaqngie plustigeaining fpmiatioh as desstibedgar t ed

into the |nC| S supr and advanced
back to the %@r |%¥Vg§§$g§mgﬁ$g]ﬁ%ﬁa gcﬁén@‘ggete% If%fat%'%]%r% t hrough the
pupillary ap@eﬁmﬂlm Vhstbelaﬁtmhnﬁlsermd)/mweﬂnmoﬂeﬂdeq ammmawdlﬂcan tessal tip
by obserV|ng nat ed bea The ocann oul d, be
ntvanced B0’ S0 JHE AP UBRERS TR B PRSPyt RPN BT vi i bl o
tissue 20 tr@é@%sﬁﬁ@dﬁéh%n&b%@d&&ib@@é@ﬁeﬁ@@gﬁﬂg'ﬁmgtafkcbﬁlﬁﬁﬁabb%ed in Exanpl e
3 were made without the atraumatic tip. The devices were used during the

por ci ne ani nePh@elmppscene. derimpls s¢re syrexedys te oge mopih. Jestcdariegmente
m crocannul a; g@,%h t 5
appeari nguto E g g th%é]eoqlﬁe fsﬁg\gl%gggb%e%ﬁlg cgﬁn&ggch%%g&%a{&%%gﬁédagl n a

second case, blmdddlqw,(an@naaduﬁlrﬁtxmra&;:lt:enstweradmnce to the posterior pole,
but was en ge,@? 33 the choroidal tissues in a nunber of |ocations,
ing fl:’assda5 é‘g [ ic i [

causin arities visible upon angiographic imging. In the

remai ni ng trl@ﬂ&nblte&ﬁcﬂﬁb@rﬁﬂﬁ&ﬁﬁtph@@g\éﬂsmhuuﬁdosedﬂeazm&iﬁrﬁ:ateﬂmu?sen:\/@.ée abl e
to be advanced in the suprachoroidal space. fit was_noted 30 iltR each case

that the deviSEachgeoidalispace. dytrpperinent s nerformed 1@ peaipais s use,p

atraumati ¢ tigcrobadmb®mBl 8t ﬁnaéﬂﬂﬂﬁé‘é&ﬁﬂh%ﬁd %r@xd&l%%ﬁé&eﬁ&ﬁwﬁﬂﬂ th!é ed in
porci ne ani mal studies as described in anpl e A . viscoel astic

(Heal on, Adva&nprechoxgidil shiceOpt fustom WW*ﬂ@dOS@W (Uﬂﬂ@ﬁc%ﬁlér, Gainesviledd) ast i c
(triantigil 0@‘3135@#%%@%%1: BbotPel E@‘ﬂb&@w&%ﬂﬂéh@& ? A%rdS38dsk ah@n Exanpl e

2 was delivere e suprac or ol space I'n the region o e area
external jacket dimension of about 250 microns terminating in a 350 micron diameter

tip that included a gradient lens objective with a 5 mm focus. The micro-endoscope
was coupled via a 10x Mitutoyo microscope objective and tube lens to a CCD video
camera, and then to a video monitor. _

20  Anenucleated human cadaver eye was used for the experiment. A z;adial incision at
the pars plana was made to the depth of the choroid. A small amount of viscoelastic
(Healon GV, Advanced Medical Optics, Irvine, CA) was injected into the surgical
incision fo open the suprachoroidal space for placement of the micro-endoscope and
to lubricate the passage. The micro-endéscope was inserted into the incision and

25  advanced posterior in the suprachoroidal space. Transillumination was provided by
the surgical microscope, which was adjusted to provide the best image without
saturating the camera image. The micro-endoscope was advanced and manipulated to
view various locations within the space. The tissues could be easily identified, the
sclera appeared as a white colored bright tissue (due to the transillumination) and the

30  choroid appeared dark reddish brown with details of the choroidal surface
discernable.

EXAMPLE 7
An indwelling microcannula implant to provide repeated access to the suprachoroidal

space was fabricated. The microcannula comprised Pebax polymer tubing 0.010" ID
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centralis. Viscoelastic and steroid/viscoelastic delivery anounts ranged
froml.2 to 5 9.2 ng. The delivered materials could be observed in the
suprachoroi dal space by direct vi sual i zati on and by posterior segment

i magi ng using a scanning | aser ophthal noscope. Aninmals were survived up to
one nonth. Posterior segnent i-maging at sacrifice did not show any

observabl e ch " t el fl .and. no adverse
ti ssue reacti g%&e&% s%g% dﬁ%ﬁ%ﬁ&@%ﬁ%‘%‘@ Vg#ﬁ%%‘?crhg) annqu’ conpri sing
a smal | endosuﬁ@@dﬁsmatﬂhtvmtedmﬁwmglm thnslfdrmm§mmuadém[mwaksuepace An
experiment wa qed Lo eva croc or

di rect i nmagi nglt%?ch% a?@?gﬁ?re%ﬁ‘g%éﬁ p&?f?e?‘f% B’HF%WW ?1 ?aﬁ&é

supr achor oi datubspansing # t€ fdsic@itwirds. CEHRIGIRISERIE of tha RAEbLEHulaRFas 0.79".

Gai nesvi | | onsi.stin f about 3000 gJ.ass fibers was fabricated.
The micro- indgg%lﬁ‘ége HHF\“"’ ?‘}Gﬁ‘%kwa ety migroesmiplp similap othgi cr ons

terninating lﬂu@o@aﬁﬁﬂ%@ﬂ@ﬁnﬂb@wﬁw' Mrﬁmghéigﬂi NEleYBH: HPErggénﬁﬂfa lens

objective with a 5 nmfocus.” The mi cro-endoscope was CO via a | O
M tut oyo m crB3tHHes PP and comaineta plassis qp@ﬁ@ﬁb@rtap@@miwﬁodmummda and

then to a vid d ed for

t he experi nent'?gtagﬂ?agﬁg o %%:aﬁgkll{;n atﬁﬁe%ﬁ%s ‘B%Hr}%&e gonagﬁla‘%{mgrs}%;acf%gse?he depth
of the chor oi diodesasingel ds dasrpibed indExawipsch el'tmstelivery pitieratanulavyasAthed resid

Medi cal iC rV| e s injected into the surgical incision to
open theo'fsqur%%l AOror aflhe%w%%ﬂ f?ent of the m gro endoscope and to
| ubricate t heAm&mmmdhﬁlﬁﬁnrm@dver SRABE UIEfOVMES ckPeRidn€ A Iridifl ihd@oh ACI Sion
and 25 advanctg EI{S)SE@I@I OrF@Q % suprachoroi dal space. Transillum nation
was provi ded B§PIER 7. the forisiop gping thipvehheadoradnd sxrogingdheor ovi de t he
best image widHard. Assaiawa%iduﬁgoftv*&%oaééﬁ%&&d (Rdfon, X&&nﬁ&ﬁmﬁﬂ gpe was

advanced and mani pul ated to view various |ocations wthin t spdce. The
ti ssues coul dree.&zs)was inigetad w¢§ﬁmmm@0r@dﬂlép@eap¢emmbmmoadwm te col ored

bright ti shedégsg&%é&"ﬁagﬁ |SJ:1% r;h&%{eﬁﬁ?m d Ptslgcreefﬂé?}t thﬁ?r oi d appeared

dark red rown wt scer nabl e.
EXAMPLE 7 An mmdmaﬂ:ﬂulmg m crocannul a inpl ant to provi de repeated access to

t he suprachor Race bri c t ed. crocannul a, conpri sed Pebax
pol ymer t ubi 'g’ g a5 o7 s Vﬁte By n@ﬁreqﬂﬂé’ég%’%ﬁﬁi’ 08 the ddiXeyt i p was
created by appicyicagnda. g usyntP@as Paced into the suprachoroidal space and advanced
under visual guidance toward the posterior pole. The assembly was advanced untii
20 the tissue flange of the indwelling microcannula was flush with the scleral surface.
Examination of the exterior of the eye showed the beacon tip was located near the
macular region. ‘ _
The delivery microcannula was withdrawn, while holding the indwelling
microcannula in place with a pair of forceps. The incision was sealed with
25  cyanoacrylate adhesivé. Using a 1cc syringe, a small amount of methylene blue dye
was injected into the exposed lumen of the indwelling microcannula using a 31 gauge
hypodermic needle. After completion of the injection, 2 small incision was made
through the sclera at the macular region near the distal tip of the microcannula.
Methylene blue dye was seen at this incision confirming the delivery of the injection
30  to the posterior region of the suprachoroidal space from an injection into the proximal

end of the microcannula located in the anterior region.
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ultraviolet cure adhesive to the tubing end, thus formng a rounded tip. A
tissue interfacing flange was created at the proxi mal end by applyi ng heat
to the end of the tube, causing it to flare outwards. The total |ength of
the m crocannula was 0.79". 5 The indwelling mcrocannula was placed over a
delivery mcrocannula simlar to the mcrocannula of Exanple | with a 4"
wor ki ng I ength. The delivery mcrocannula was 0.008" OD and contained a
plastic optical fiber to provide for an illumnated distal tip. The

pr oxi mal tigelajmed i ber was connected to a battery powered | aser diode
source as described in Exanple 1. The delivery mcrocannula was sized to
fit 10 snugly inside the indwelling mcrocannula. An enucl eated human
cadaver elé\ opmpasgechifrocannhlkz dexioe miithipndximAl amddiisd] ehdcfos beessaind t he pars

pl ana was e.1.N¢i sion going. throu the sclera and exposing the
chor oi d. %‘T’g%%mehg%fﬁlﬁﬁheo?@{ﬁcg%r%ﬁk@taf%o BFY ©ASEE: Advanced Medi cal
Optics, |rvineflex@f} tviiasarishaBChRthgd 4h Arabiinetie SREPES) QAidisR&h ﬁmr%%@t the
incision in order to 15 djssect the choroid fromthe sclera sufficiently to

al | ow pl aREFEHAMBFT Aihe oAbt ALY hmisrens and confiaerd tgifbadthitadeact i vat ed,
provi di ngsuﬁra'&ﬁtlg}oidagé'ﬂacpgptﬁé’ Byd, k8d %ai%v&%ld T a@ﬂﬂ@&'nge off N€

assenbl y was aced i nto the suprachorol space an vance under
visual g mb@ahﬁbmtabmﬂ@ mingo persh dieipostepal regiof b€ thasye filbmyanimeermdvanced unti |

20 the ti -1l f the indwelling mcrocannula was flush with the
scl eral s%?sggt(l:oél.l%%x%?ﬁxprrlacth%)r@ag?pﬁcﬁe exterior of the eye showed the beacon

tip was | ocat etprogiatal hisemblyrobligired £Qi0fdudid dehdtorfiyandit6s19GAGM a was
wi t hdrawn, ., whi | e ' indwelling mcrocannula in place wth a pair

olding,th )
of forcepgid pfﬂ’é“qaﬂ‘é‘? ‘in@nthﬁ&g’ugaéélll“é‘ﬂl iRitheeyssnd yapeyat plinatedalaarbiopbe. Using a

lcc syri ngm e rbu@mﬂla“ﬁlbu%sﬁ%‘éhhw ene blue dye was injected into the
exposed lunen of the Tndwelling mcérocannul a using a 31 gauge hypodernic

needl e. After a8dgsigel-plededing beacomjtesididivtal cad smimkite said idisiabandvarghimade
t hrough t C . at . [ Fegion ar .the distal tip.of .the
m crocan ntﬁggfe’ L‘ﬁé@hﬁ%&ngg%ﬁg&ggglgg\kg%ogése%?e@fttabgﬂlgua:uﬁc?f by BREYARTYE i ng t he

del i very iofaginge i njection 30 to the posterior region of the suprachoroidal
space froman injection into the proximal end of the m crocannul a | ocated
in the anterior region. 16 What is clainmed is:

2. A device according to Claim 1 wherein said signal-producing beacon is detectable in
the suprachoroidal space, the interposing scleral tissue external to the suprachoroidal

space, and the interposing choroidal tissue internal to the suprachoroidal space.

3. A device according to Claim 2, wherein said signal-producing beacon is configured to

emit visible light at an intensity that is visible externally through said interposing tissues.

4. A device according to Claim 1, wherein said signal-producing beacon comprises

markers identifiable by non-invasive imaging.

5. A device according to Claim 4, wherein said non-invasive medical imaging comprises

ultrasound imaging, optical coherence tomography or opthalmoscopy.

6. A device according to Claim 4 wherein said markers comprise an optical contrast

marker.
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1. A conposite mcrocannul a device with proximal and distal ends for access
and advancenent within the suprachoroi dal space of the eye conprising, a
fl exi bl e tubul ar sheath having an atraumatic distal tip, said sheath having
an outer dianeter of up to about 1000 microns and configured to fit within
the suprachoroi dal space of the eye, said sheath having a m ninum | ength
in the range of about 20 to about 30 mmto reach the posterior region of
the eye froman anterjor dissection into the suprachoroidal space;, a

pr oxi mal és”sme;ﬁce‘efﬁmgga (aims vherpinsaidirelulasishenth ipsueied ap theaangetof 82 s
through @aikdnmiayihdal end into the tubular sheath to the eye and renoval

of materials and tools fromthe eye through the tubul ar sheath; and a

si gnal - produci ng beacon at said distal end to |locate said distal end within

t he eye, ef eJ: id.si .- produci n acon. i s detectable visually or by
non- i nvas%eﬁg’{lér%aazc?onrg{ngég ﬁi“@&/‘ﬁ@%“&é%&?@“ﬁﬁ SP??EH%’PW 2 AFast QBf o

si gnal - praditivhalgi grhpriduéiag Bedces Habttable RisudloryRoAGHALRE dahgisParsd the

i nt er posi.n cleral tissue external to the suprachoroidal space, and the
interposilﬁg‘l Ripqggient algeations er nal to the suprachoroi dal space. p$4 3.
A device according to Caim2, wherein said signal-producing beacon is
configured to emt visible light at an intensity that is visible externally
t hrough shidddavireacprdingdo Claimueshereis said tubendr sheaticoompgtisagpdlgantidaj m 1,

wher ei n [ {0 - ing.beacon conprises. markers identifiable by
non- i nva:‘?)\l)gm?dr‘?ﬁg@k%ta&%% %‘g\(}le’é)g?yae@c?’geﬂlg?%aﬁﬁglﬁ’ﬁo ggpy:l,agig,r ei n said
non- i nvagiohethybaic @a fluoropgiyngr.conpri ses ul trasound i magi ng, opti cal

coherence tonography or opthal noscopy. 6. A device according to Claim4
wherein said markers conprise an optical contrast marker. 17 7. A device

accordi ngot & deviek ﬁ&cjer&iﬁ%f@tﬂ_ilﬁ Qivthetdtb Wi @FubiiRe §lin c%irfb\%’\%é/seadlubﬂcigﬁe range of

12 to 15 mmradjus. 8. devi ce according to Claim erein sard tubul ar
sheat h actB¥RPHERes at | east one additional signal-produci ng beacon
detectable visually or by non-invasive inmaging to aid in judging placenent
and location. 9. A device according to Caim1l wherein said tubular sheath
conpr i sed IpAldgeice decording to Claim 1 further comprising an implant deliverable at said distal

end.

12. A device according to Claim 11 wherein said implant comprises a space-maintaining

material.
13. A device according to Claim 11 wherein said implant comprises a drug.

14. A device according to Claim 1 further comprising a sustained release drug

formulation deliverable at said distal end. _

15. A device according to Claim 14 wherein said drug formulation comprises

microparticles.

16. A device according to Claim 15 wherein said microparticles are suspended in a

hyaluronic acid solution.
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pol yi m de, pol yether block am de, polyethyl ene terephthal ate,

pol ypropyl ene, polyethylene or fluoropolyner. 10. A device according to
Claim 1 wherein said tubular sheath conprises a lubricious outer coating.
11. A device according to Claim1 further conprising an inplant deliverable
at said distal end. 12. A device according to Caim 11 wherein said

i npl ant conprises a space-maintaining material. 13. A device according to
Claim11 ﬁ?erégn said jnplant conprises a drug. 14. A device according to
Caim1 frh&viessprrieig Caimjsadditioadly eqmepisiednigner mesnhgt withen

del i ver ablgxiilal 8/ shdd Gkl e herbfy safd SHEMA gﬁc} ﬁlﬁgrq%%h&% abLsitdddL M chg Wherein
.said drug formul ation conprises mcroparticles. : device according to
d ai m 15 ssitbineénrmemabet fits glrdaplyrwitléh exd sireathsnd paid désthliend af saydhinueroni ¢ aci d

solution.___ 18 17, .A device.accordi ng t aim 1l additionally conprjsing an
oner nerBERSs pdaTE o ARG iiind? g TR PR i PERrLoncmghisnt hand
i nner nendagt distakeersliofegidsigcide.t hat said inner nmenber fits slidably within

said sheath and said distal end of said inner nenber is adapted to provide
tissue treatnment to the eye through one or nore openings in said distal

end of Saingd@e‘Oic‘é%chrginlgeb BN Q9 vHeth UiddistaPertd (ﬁ ARG Elep %ssai d distal

end of said inner nenber Is adapted for tissue ssection, cutting,

abl at i on astepted fw\tisbue dissectiond ewtting ablation di negpoval. O ai m 17 wherein sai d i nner
menber is curved in the range of 12 to 15 mmradius. 20. A device
according to Caim17 wherein said inner nenber conprises a nulti-I|unen
tube. 2119. A disice@ecadingtelClgntlo whesdimsald inBiemhembersabwtvedinghe FRPOST
conpriseslstaﬁl, n%fkel titaniumalloy or tungsten. 22. A device according
to O ai m 2AOMAMBIHIS| d i nner nember conprises an optical fiber. 23. A
device according to Caim1 or 17 wherein said beacon provides illum nation

from the distal end of said device at an angle of about 45 to about 135
degr ees 300k depice grgosdipg to Claim 17 wherein said inner member comprises a multi-lumen

tube.

21. A device according to Claim 17 wherein said inner member comprises steel, nickel

titanium alloy or tungsten.

22. A device according to Claim 17 wherein said inner member comprises an optical
fiber.

23. A device according to Claim 1 or 17 wherein said beacon provides illumination from
the distal end of said device at an angle of about 45 to about 135 degrees from the axis of

said device to be coincident with the area of intended tissue treatment.

24. A device according to Claim 1 further comprising an optical fiber for imaging tissues

within or adjacent to the suprachoroidal space.

25. A device according to Claim 1 further comprising an energy-emitting source for

treating blood vessels within or adjacent to the suprachoroidal space.
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said device to be coincident with the area of intended tissue treatnent.
24. A device according to Caim1 further conprising an optical fiber for
imging tissues wthin or adjacent to the suprachoroidal space. 25. A
device according to Claim1 further conprising an energy-enmtting source
for treating blood vessels within or adjacent to the suprachoroidal space.
19 26. A device according to Claim25 wherein said source is capabl e of
emtting iﬁser light, . thermal energy, ultrasound, or electrical energy.
27. A devité Nisraartigingso BlaimRShessin sBd spnseais sapablerieaittiog lassr light.gned
with the {0630 Rk yqlfltra%@hx?d NG ?&Hcél%n%rgﬁ' litate tissue targeting. 28. A
conposite nlcroca%ﬁu l'a devi'ce for Inplantation in the suprachoroidal space
of an eye for dellvery of fluids to the posterior region of the eye

i si bl heath,h ds with
an ot or ARSI BBy 17 KA 23 OF B0 P SR B Pt e ni ¢ ne

suprachor@ﬂsdallbesmqefanihthteelsme&argsmg:l sheath having an atraunmatic distal
tip;, a self-sealing proximal fitting capable of receiving injections of
fluids into said device, wherein said distal end of said sheath is adapted

for sustad @x%dn%o@ﬁé&&&ca‘hhﬁ*h @@vwé fo? %ﬁl%&l&ﬁﬁ'tﬁ@sﬂg%ﬁo&ﬂﬁl

devi ce accordin Claim28 further conprising a %§UC|ng beacon
to | ocatevedends lélﬁrytoélﬂumdo Vhetmﬁtnrlorfmglsm of teelepe cmdmhsum;ace during

i npl ant ati on D nal - produci n detectabl e visually
or by non- |nvg£@%§ﬁlﬁgﬁ%%8he .aﬂgé?OXI i’%%ﬁ%% a WghEPQFngg”ﬁﬁéreln sai d
sheat h i sofagaptibslitfl000 sitsbies cvaflgured eafievitlh tHel supdshddyidhinpacddiiad dyen i nt o

sai d sheath g% cr.opor ous or é*ffu3|onal barriers. 31. devi ce accordi ng
to any ofseHd ‘HEhﬁﬁn gn aeupticsisi2ldi® d 1 ui ds conprise drugs. 20

a self-sealing proximal fitting capable of receiving injections of fluids into said
device,
wherein said distal end of said sheath is adapted for sustained release of fluids

from said device into the eye.
29. A device according to Claim 28 further comprising a signal-producing beacon to
locate said distal end within the suprachoroidal space during implantation wherein said

signal-producing beacon is detectable visually or by non-invasive imaging.

30. A device according to Claim 29 wherein said sheath is adapted for sustained release

of fluids by incorporation into said sheath of microporous or diffusional barriers.

31. A device according to any of Claims 28 to 30 wherein said fluids comprise drugs.
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