Composite Ophthalmic Microcannula Field of the Invention The present invention relates to
microcannulae that are constructed with multiple components in a composite design. The composite
design allows the microcannula to have varying mechanical and delivery properties that will enable
ophthalmic treatments by minimally invasive means. Background of Invention: A variety of catheters
and cannulae are used in ophthalmic surgery to deliver fluid, gas, suction and energy to select regions
of the eye. Existing cannulae are typically straight or curved segments of rigid plastic or metal tubing
attached to a connector. In the dévetopaseist Gpathelnued\dinmgicahmedthods to treat the eye, it is
desired to have cannulae that can access and be advanced into very small structures or channels in
the eye to perform minimally invasive procedures. Such microcannulae that access curved or tortuous
spaces sufiekkoS8dntieng@anal or small blood vessels require a combination of flexibility and

"pushabilityhewhilernaiiaibing asiamsiabfdnaraneeef RRde.3Ra misengiplheriRsensinvention

describes microcarumlae that are constructed with multiple corgﬁ%onentéﬁl)? a composite design. The

composite’ SR HR TR S e A GURRAHNS SR ANS VR R B FFRSRHBHRI DAVS YRS PEiE& ies that will
enable ophthiadaiicetreptmenits hatmmiilireadblenphsisienineartsicRis by Arhibinite thBtsitesieatent 6,524,275
Lynch, et al February 25, 2003 Inflatable device and method for treating glaucoma United States

Patent 6,355,027 Le, et al. March 12, 2002 Flexible microcatheter United States Patent 6,142,990
Burk Novehiskgrpupday Invention:

A variety of catheters and cannulae are used in ophthalmic surgery to deliver fluid, gas, suction
and energy to select regions of the eye. Existing cannulae are typically straight or curved
segments of rigid plastic or metal tubing attached to a connector. In the development of
advanced surgical methods to treat the eye, it is desired to have cannulae that can access and be
advanced into very small structures or channels in the eye to perform minimally invasive
procedures. Such microcannulae that access curved or tortuous spaces such as Schlemm’s Canal
or small blood vessels require a combination of flexibility and “pushability”, while maintaining a
diameter in the range of 50 to 350 microns. The present invention describes microcannulae that
are constructed with multiple components in a composite design. The composite design allows
the microcannula to have varying mechanical and delivery properties that will enable ophthalmic

treatments by minimally invasive means.

Prior Art:
United States Patent 6,524,275
Lynch, et al February 25, 2003

Inflatable device and method for treating glaucoma

United States Patent 6,355,027
Le, et al. March 12,2002

Flexible microcatheter

United States Patent 6,142,990
Burk November 7, 2000

Medical apparatus, especially for reducing intraocular pressure



Medical apparatus, especially for reducing irdraocular pressu United States Patent 6,036,670
Wijeutane, etal. March 14, 2000 Coiled transition balloon catheter, assembly and procedure United
States Patent 5,911, 715 Berg, et al. June 15, 1999 Guide catheter haying selected flexural modulus
segments United States Patent 5,791,036 Goodin, etal. August 11, 1998 Catheter transition system
United States Patent 5,569,218 Berg October 29, 1996 Elastic guide catheter transition element

United States Patent 5,486,165
United States Patent 6,036,670

Wijeratne, et al. March 14, 2000

Coiled transition balloon catheter, assembly and procedure

United States Patent 5,911, 715
Berg, et al. June 15, 1999

Guide catheter having selected flexural modulus segments

United States Patent 5,791,036
Goodin, et al. August 11, 1998

Catheter transition system

United States Patent 5,569,218
Berg October 29, 1996

Elastic guide catheter transition element

United States Patent 5,486,165
Stegmann January 23, 1996

Method and appliance for maintaining the natural intraocular pressure

United States Patent 5,308,342
Sepetka, et al. May 3, 1994

Variable stiffness catheter

Patent Number: EP1114627 Al
Inventor(s): Grieshaber Hans R (Ch); Stegmann Robert Prof M D (Za)

Method and apparatus to improve the outflow of the aqueous humor of an eye

Patent Number: W0O0064389
Inventor(s): Brown Reay H (Us); Lynch Mary G (Us); King Spencer B Iii (Us)

Trabeculotomy device and method for treating glaucoma



Stegmaan January 23, 1996 Method and appliance for maintaining the natural intraocular pressure
United States Patent 5,308,342 Sepetka, et al. May 3, 1994 Variable stiffness catheter Patent Number:
EP1114627 Al Inventor(s): Grieshaber Hans R (Ch); Stegmann Robert Prof M D (Za) Method and
apparatus to improve the outflow of the aqueous humor of an eye Patent Number: W00064389
inventor(s): Brown Reay H (Us); Lynch Mary G (Us); King Spencer B Hi (Us) Tta.beculotomy device
and method for treating glaucoma Patent Number W002074052 inventor(s): Smedley Gregory T,
Gharib M&rtertlNTmtrfoSHedP AMddhcator and methods for placing a trabecular shunt for glaucoma

treatment;Ratent Nusahare YOIAAPZIR I nMaBLLS) TE ARsteR,S, Yamamoto R Ophthalmic

Microsurgical System .
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Summary of the Invention

A composite microcannula for access and advancement into a tissue space of the eye comprising
at least one flexible, tubular communicating element with an outer diameter of 350 microns or
less, with proximal and distal ends, and sized to fit within the tissue space; a proximal connector
for introduction of materials, energy and tools; and a reinforcing member in conjunction with the

communicating element.

A microcannula having a reinforcing member that provides for greater axial and flexural
stiffness at the proximal end of the microcannula and lower axial and flexural stiffness to the
distal end.

A microcannula having a reinforcing element formed of metal.

A microcannula having a communicating element formed of a flexible polymer and a reinforcing

member formed of metal.
A microcannula having two or more communicating elements.
A microcannula having communicating elements in concentric alignment.

A microcannula having communicating elements in parallel alignment
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Patent Number W02004/093761 Inventor(s): Conston 5, Kupiecki D, McKenzie J, Yamamoto R
Ophthalmic IVLicrosurgical Instruments Summary of the Invention A composite microcannula for
access and advancement into a tissue space of the eye comprising at least one flexible, tubular
communicating element with an outer diameter of 350 microns or less, with proximal and distal ends,
and sized to fit within the tissue space; a proximal connector for introduction of materials, energy and
tools; and a reinforcing member in conjunction with the communicating element. A microcannula
having a reinforcing member that provides for greater axial and flexural stiffness at the proximal end of

the microcapnsie-ansilowanaxial ans dexuialstiffpermiadhedistakench EpigracaRAME having a
reinforcin% elemen formfd.q?f. m tﬁi. A mi?rocgnnula having.a communicating element formed of a
S hanBer

TSP AR P OB 8 Ae S S et ASSiERS@nnula having two or more

flexible polymer and a rei
communicating elements. A rnicrocannula having communicating elements in concentric alignment. .A

microcar!%lLﬁi%gmlﬁgmw{'%tg}gn%@q;%ég@gg%@tglignment A microcannula comprising two

communicating elements where the second communicating element is located within the lumen of the
first communicating element. A microcannula having two or more reinforcing elements_
A microcannula having a reinforcing element in the form of a coil.

A microcannula having a reinforcing element that is tapered toward the distal end of the

microcannula.

A microcannula having a communicating element formed of a segment of tubing, optical fiber or

an electrical conductor.

A microcannula designed to fit within a tissue space such as Schlemm’s Canal, an aqueous

collector channel, aqueous vein, suprachoroidal space or retinal blood vessel of the eye.
A microcannula having a distal tip with a rounded leading edge.

A microcannula having a communicating element and a reinforcing element that are joined by an

outer sheath.
A microcannula having an outer sheath formed of heat shrink tubing.
A microcannula having an outer sheath that is thermally fused to the communicating element(s).

A microcannula having a communicating element and a reinforcing element that are joined with

an adhesive.

A microcannula having a communicating element and a reinforcing element that are bonded

through non-adhesive means such as thermal or ultrasonic welding.



A microcannula having a reinforcing element in the form of a coil. A microcannuia having a reinforcing
element that is tapered toward the distal end of the microcannula. A microcannula having a
communicating element formed of a segment of tubing, optical fiber or an electrical conductor. A
microcannula designed to fit within a tissue space such as Schlemm'’s Canal, an aqueous collector
channel, aqueous vein, suprachoroidal space or retinal blood vessel of the eye. A microcannula having
a distal tip with a rounded leading edge. A microcannula having a communicating element and a
reinforcing\eleneritéhatakajaine thbbycassOutie ndheatined itcrtanaspachaving aye@otesshieath formed

O oot o isnaAfilcipsaIIB haVDG A0 el haalh dat i derpalyshiseliglle
communicating € ement(s A mlcrocannula ving a c_ommunlcatlng e e_ment angua_l reln_?orcmg
element tHesarathorFedrwlitnadisahesiedo At ickadhn Heecraviagradcoraittdrneiingiefervieat and a

reinforcingiglgreentiiat aserkeogdes. tivaughe-narmdhesiie meanssHeh asthermeal oriragonic
welding. A co%ugigfite icrocannula for accesaz r%ﬂ’d advancement into a tissue space of the eye

comprising &t DHELiBIE: SRSETAP RS MRTIAICAting element with an outer diameter of 350 microns

or less, with proximal and distal ends, to fit within the tissue space; and a coiled metal reinforcing
member aftachedsie: thecommunieaiingselamaniawhaceiinioe cemmpricalinig elanmenipissiasmed of a

flexible polymer or a.superelastic metal alloy. A comppsite microcapnula for.access and advancement
o 2 (1ot B O ey B ST A e CHTG. i e S A s BlSnent with an
outer diameste Moh3BOmIidranbdattibeadsit providrairamaigitiag ne singl doffdidydbmmhanicating lumen

sized to fitudthig,she tissiersnacenaREasimal crenscienien inaductionceffivid anca Secend

communicating element comprising an gptical fiber, where the microcarmula provides means for the
delivery of BOH$HHRPR RS S THRE Rl T HE HrRET Yif oo A iR OE s s i aneously.

fluid and a visible light signal to the distal tip of the microcannula simultaneously.

A composite microcannula for access and advancement into a tissue space of the eye comprising
at least one flexible, tubular communicating element with an outer diameter of 350 microns or
less, with proximal and distal ends, and a fluid communicating lumen sized to fit within the
tissue space; a proximal connector for introduction of fluid and a second communicating element
comprising an optical fiber, where the microcannula has a rounded distal tip and provides means
for the delivery of both fluid and a visible light signal to the distal tip of the microcannula

simultaneously.

A composite microcannula for access and advancement into a tissue space of the eye comprising
at least one flexible, tubular communicating element with an outer diameter of 350 microns or
less, with proximal and distal ends, and a fluid communicating lumen sized to fit within the
tissue space; a proximal connector for introduction of fluid, a second communicating element
comprising an optical fiber, and a reinforcing member, where the microcannula provides means
for the delivery of both fluid and a visible light signal at the distal tip of the microcannula

simultaneously.

Brief Description of the Drawings
Figure 1 is a cross-sectional view of a composite microcannula having a tapered reinforcing

element.



A composite microcannula for access and advancement into a tissue space of the eye comprising at
least one flexible, tubular communicating element with an outer diameter of 350 microns or less, with
proximal and distal ends, and a fluid communicating lumen sized to fit within the tissue space; a
proximal connector for introduction of fluid and a second communicating element comprising an optical
fiber, where the microcannula has a rounded distal tip and provides means for the delivery of both fluid
and a visible light signal to the distal tip of the microcannula simultaneously. A composite
rnicrocannigarfc} aeccess andiathanoe nfervomposidisscespace bithe oyercofpiisyeateleast one
flexible, tu&glgnﬁg;\%m%g:gﬁg%[g%ghwith an outer diameter of 350 microns or less, with proximal
and distal ends, and a fluid communicating lumen sized to fit within the tissue space; a proximal
connector for introduction of fluid, a second communicating element comprising an optical fiber, and a
reinforcingipeeogn pisie she-ticigicann vk poavidas meansdanithedekvenyef Wothdluid and a visible
light signarle%tfgpcemdiggl tiRth méaigwicro aarg1r111%lcle})vs.riénultaneously. Brief Description of the Drawings
Figure 1lisa croseSectional view of a composnle inicrocannula having a tapered reinforcing element.
Figure 2 is a cross-sectional view of a composite m crocannula having two reinforcing elements, one

full length ﬁﬁﬁ&@% RartiadiRARBIgR 3 53 ABRISIRSSisREIANAL YigMnof aeamRasite microcannula
having a spiral wound reinforcing element in the form of a round wire. Figure 4 is a part cross-sectional

view of a COMYSS SRR FATRRAAGY PR wound reinforcing element in the form of a flat
ribbon. F gure 5 is a side view and close up view of a curved composite microcannula having a
signaling '%%%?QE‘ AR S’é&%@#&‘ﬁﬁ%&@%ﬁ@%@'%‘ dpahoyistsheath, & Eﬁa%%é% C£§§o%‘sﬁ% jonal view
of a composite microca-nnula having atapered reinforcing element and a roun e%l iStal tip. Figure 7
is a crosssaetipharyieNt e dooripesiis el a¥ing a ball-end distal tip formed separately
from the communicating element and an optical fiber to provide for a beacon with light dispersed at the
tip. Description gf. Invention: The invention com r'lses a rnicrocannula design({ad.t(% be advanced into

re 6 is a cross-sectional view o Com EPSI migroca gl aving a tapered. remniorcin
very smal tisstie Spaces during surgery. iy pa‘? icular for o%‘f almic ‘surgery, the mictotannula may be
used to catemdaterSchiemintdBeadih-aqueous humor collector channels, aqueous veins, retinal veins
and the suprachoreidal space. Such structures range from 50 to 250 microns in diameter, thereby
restricting the outer diameter of the microcannula to similar dimensions, The microcannula comprises
a flexible SISHGaALHESTORSEURTAL A E8HE & PRSI PrERGRRRY B ha & adhet it isfAl R communicating
channel 1ftherdbepaestly dsehn dontiguietinglhercammimicatiogl dbantgl:bdtitfermierassannula may
be u_sed t?vﬂ?'ﬁ’g% Iilllér?%?s e@?@%&%ﬁz energy, gases, suction, _surglcal tools and implants to a distal
surgical site for-a variety of surgical tasks. The communicating channel 1 may be the lumen of a
tube-like elongated element to transport materials, an optical fiber to transport light energy, or a wire to
transport ¢leckisabaignaisedimflexible elongated element with a communicating channel 1 is referred
to as the ggmmunicating element. A sinl%lle cgmmugicalt)ing elemgnt may have1 more than one

ula to'be ad 1

. (7] 19) t10 T1SE€S a MICroca es12ne vanced 1nto v sSmali fissue
communicating channer, &n 24 Hssue spaces

during surgery. In particular for ophthalmic surgery, the microcannula may be used to cannulate
Schlemm’s Canal, aqueous humor collector channels, aqueous veins, retinal veins and the
suprachoroidal space. Such structures range from 50 to 250 microns in diameter, thereby
restricting the outer diameter of the microcannula to similar dimensions. The microcannula
comprises a flexible elongated element with a connector at the proximal end 3, a distal tip, arad a
communicating channel 1 therebetween, as seen in Figure 1. The communicating channel 1 of
the microcannula may be used to deliver fluids, materials, energy, gases, suction, surgical tools
and implants to a distal surgical site for a variety of surgical tasks. The communicating chanmel
1 may be the lumen of a tube-like elongated element to transport materials, an optical fiber to
transport light energy, or a wire to transport electrical signals. The flexible elongated element
with a communicating channel 1 is referred to as the communicating element. A single

communicating element may have more than one communicating channel.
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The microcannuia of the present invention incorporates specific design features that enable it to be
placed into very small tissue spaces. A key feature is the use of a composite microcannula design that
has the appropriate combination of axial stiffness and compliance. The microcarmula is desired to be
flexible to allow it to be advanced along a curved or tortuous tissue space with minimal tissue trauma,
but with sufficient axial stiffness or "pushability” to allow transfer of force to advance the microcarmula.
For a fixed outer dimension, the mechanical properties of the microcannula may be tailored by the
selection of materials of construction and cross-sectional dimensions. In one embodiment, a

reinforcing;glement a5 2HAERGHLeANG ISR 2 B.eam ’J#Jé@ﬂﬁ@ﬂ@ﬁg%‘%%&% thyPiGally. i reinforcing

element 2 comprises a material with higher flexural modulus than the communicating element. The
communiCAtY EldRR PSPPI RIRATEN PokpnErormictircaohe CoRRSEMRIFERTE B hent 2 may be
formed ofaeighigh medidusprapinkiad shishatisn dtriat sinffies toduetplsiteluthgrstadriessisteel and
nickel titagy Lf&@%i?é!%sbecﬁéa%léc [19R55,3Nd fudn mody 'a‘ﬁ%c’a'wr%ﬁb‘;‘ %'?%ﬁ&#é’é‘&%rs‘:%?ep&i}’hmersz and
polymer-polymer composi 8s. For optimal use In small tisSue spaces, the microcannula is desired to
be flexiblerarithe Histsl tripbuabutarishtfonhsiprbarartifigire chishibditprdp eltivs tovsérd ahe proximal

end. T_he HROSIQRVAIRY ﬁ@%ﬂﬂé&%ﬁap Tm%rﬁ;é@&ﬁépdﬁ%@ﬁﬁﬂ!‘?ﬁé GQBEQH&QFFP@E@&T aeligot of
compliance along the length of the microcannula. The transition in mechanical properties may be

accomplidREEPEPA hEAY Ba P Hosed s elerdion o rRat 3 Al AT PO SRS Beihecrtierstannula along
its Ieng'th,dﬁmmmq?drmmmbodimmmmamiéfggm%embmsacmemtombiu_taiﬁemﬂhereof. In one
embodimephoffeetian e MiiRe AN MIRdNCRIPALAIER 2 SABMUNICAING 8 BleRt-AJorming the

communicating channel | fabricated from a flexible polymer with two reinforcing members 4, 5 attached
along the T, raedsbis b the GPEPUDIFEIRT HHEFSinfEREIRPHINASERS SleRehaealsny e
communieatingoglementiuinoheempletelyfadng disiahtip nvbhile thenedhgnrginferehagnmaember 4
extends completel Bo thgz gisttall tiptt tﬁrov%d{e a tra sitiotn.i er>§uraI Gom Iifintce. Thel reinforcing
members'4°> nr%asy%ea?brr%ena ofahn g ' Modulus blo%sear‘oFsr%sé ael}. R Rl %qll%sént, a single
reinforcingemensdérewithdhicansitiohindereral Bli¢thessidantedsoly tagrerad witen®rpalyberused to
reinforce thg,gompaunicating element. Alternatively, a reinforcing member may be formed of sequential
segments of varying modulus or cross-sectional dimensions. The reinforcing elements may be held in
place by an outer sheath 6 which may comprise a tight. fitting polymer tube or polymer shrink tubing.
Alternativeély, dpentelinfeioingake e nta g yhbenadiered e isbesiteitt dddHedbla mtiridatnptelement, Or
may be full g; parfialh coniainagyilbine.corumunicaing e Beti- I dcinfareing glgment may
also provide kink resistance to the communicating element. This As especially advantageous for use
with comi3HiieHIRESe iR ERTRORASHEA IS RO I IRBHERSS PORAFEIEI G ER 3B HRIE, polysulfone,
ultra-highmaleguiesrweighépelyethy|ane wndifibe iy aieipieRel PRIYARRS G BOSIEsmYYRIE ink o
deform unadeilrahl h I?éelds, formlﬁcgn% Qermanent rqechaerlqcal ?%Iect. The relpfolrcm%éeéemeint may also

comprise A TaNSABIE Haterial to Alldw the Shape Bri imerocaRnirs i be AghitEdMehually to better

accommodiate@guretonsiape ofmees it SoeizpacabPussilsl combitetiisheratérisiofier the reinforcing
element inglyde Duarenahlimited R.siegbaiMshand piatindmaleysidhg selpiarsementabthe

communicating element mag alsp be accomplished by the incorporation of coil-like members to

provide hidifi #REIRETAN e R RS HUE A g Bl St 2ol B sitHEB AR R LedR MBS ures 3 & 4.
A reinforcig machbé kidn g tattioled doseeh duidgisheatdmmaytheradoitetk enantdurnd eleieat on or formed
into the exterior, surface of the sheath, 1 5?}:%f°£?é{'%%efﬂ%b££&t8 manPe asylable 'ﬂ';g.h modulus
material mc?u%lng metals sucﬁ as, ut not’illmltera tO, Stalniess stee‘ﬁ titanium an superelastic aIons,

ceramics By arstcatiardiccfipereichiig hpyfisabbnaPiolimetsnsiticarndsitsabetnbistrucibres such as

carbon fibgieirfarcacharexy. sThe, MemBRIS NaYiRRe anYs pailahie srassisaatiamhaysch as round or
semicircular 7 %r rectangéjgfr 3 ??S in the case of a flat wire v_vir%fing. Th windi%%fpitch of the

8
reinforcinG HTMBERS Ailetse UBIEEAR TEFIPThay B A VHHREI 10 LR\ SRS En T AR R BFEperties
alqng the Mngzhmym ugbdrtnoahﬁodaa t_ivuﬂdmmum?amge;lkemm%mmyaheehygmrpm@tamgwith the elements
being formed atike. pechfistent roaarialy Thedslipreio element of muligla ginforcing elements

may also be configured to provide a preferred deflection ofientation of the microcannula. The

compositélimioeanntig GrtecHresmemyERIS Mkl aracmbiraowrisisrted mlinieating elements.
In one emhpehianent ;e fisrosannelauBay e HMRENaLe Alengaler aantamicating elements
with a reinforcing member to form a composite structure. The components may be adhered together,
placed within an outer sheath, such as heat shrink7tubing or an outer communicating element may
contain one or more other communicating elements. One of the communicating elements may be used
for transport of materials, another for transport of light or energy, thus providing a multifunctional
surgical tool. The communicating elements may be aligned side-by-side or arranged around one or
more reinforcing elements. In one embodiment, one communicating element with an annular
cross-section forming a lumen may be fitted with a second communicating element within the lumen.

Such concentric alignment of communicating elements may also be used in combination with other
commiiniceatina alemente that are not 1IN concentrie alioconment In one narticiilar embodiment the



vacuum or pressure sources, sensing means and the like. The attachment connectors may use
standard designs such as Luer fittings or may be designed to only accept connection with specific
components. In another embodiment, the composite microcarmula may incorporate fenestrations or
windows along the length. The fenestrations may be used to deliver materials from the sides of the
microcannula, for instance the delivery of therapeutic agents to the tissues of Schlethm’'s Canal.
Alternately, with the connection of a vacuum generating device to the proximal connector of the
communicatmenslermebd athertenestsadoh® thaydersédttogprievies, suctmnbadaliysirgaftitisgues. The
suction may he used.for ﬁ@ecgmg}@a%g%%}geg{ may be used to anchor the microcannula in place
while another element is advanced through the microcannula. For example, a composite suction
microcannula may be used to strip the juxtacanicular tissues from the inner wall of Schlemm's Canal.
The comnusieaifogelesrentmayykestosroed Otiakthisisuatie c prdymenonitaatalkttibe. of isufficient
stiffness tg allcol\/\{rl)? tg lge advanced into. tissues or. alon g tisstu% space ngCh ES H%chlﬁ?rlnm's Canal, and
of sufficieRtiiex Ii%y‘ion%ﬁﬁ)v%st je Gifcular Tact 6f Seéhfentits Canal. Due o the Smaf'size of the target
tissue sparggnthe snitratprinmadennstyivel @pprojrdtiely sited aFypitiitpolliethniorosadfibta is sized in

the range e 40138, FUFtRRDH QMG ARalei Wi AWALINCKRRISHOR ML BIAEAGS- The

cross-section of the microcannula may be round or oval or other bound shape to approximate the
shape of &fS¥ECaLAECEUERCASHRHISMAPEEARA Hre6APETRBSHTENE M4 pratieaimiied curvature
may be appigdotalth erderinendidringefatricat omnBalitadoleematarialsrfodibe comeduhigatiighelement
include metals, etheretherketone (PEE ethylene, polypropylen lyimide,.polyamide,
olysuton o Bl e B B P et
may also FavieehiaenraiaamesBaeh as lubricious coatings to assist in tissue penetration and
ultrasound or light interactive coatings to aid in location and guidance. The microcannula may also
have markings on the exterjor for assessment of depth in the tissue space, For example, the markings
ey take 1S TP PGB IR AT H SRS St REGHTAPRUSPRIE A5 RENHGR of the
microcarnedikifiie exteheal imarkindgshaglofievset assgsswreantt eisthedbngihl offinesti§sue space or
channel ageessadibye microsannyla.and theraepoximale oealian.eh heMigecanmyia.ip. In an

embodiment of the invention, a first communicatin%he ement used for initial placement of the
microcanmila HAE oS AN G BRAL SR 85 foprth A RTsEdRr Stthes i dhe aratiualBfstal tip relative to
the targetitissuespamaabs N Figurédaniheaisiplaligignmésdns mayicampiiiegancethoganic material for

ulrasoung uidarics, & apically ackve. materiah onoutical guidance, O1e lisourge, for visua
gwdance placed at the rnicrocannula tip or placed to Iindicate the position of the microcannula tip. In

one embodfieridhytasteds el TiBes @ OPYDTEcRtIIES WEUHIPH SHiBA6 STl to provide a

bright visualdightseysse. attbeetisialtifal Gt handistadiip L0s0kthek Qkrhis aeitonagiproximal to,
near or slightll}{ bgyond ;[he istﬁl end ?lf the m'gr cannula.sheath and Ih(g emijtted t| nal may be
detected thiough tETEE AREAM SIUEIRGSER F‘n%ah’ivel%?n‘?%%‘é’ﬁ'a ieis ‘B%R%&“giﬁg. he POF 9 may
also haveraitifpitiag isdoeveetadaynbivionethol, othenwide canditorechiey profirdenfol fedire¢tional beacon.
The beacarmabadliminpthy adAstrdassiiodalabiamilianAdade.oremineagdgscent source

such as a mercury halogen lamp. In an alternate embodiment, the signaling means may comprise
visualizatitFaibe Atg e Rmgimed o dikRict EERA IR T bk ahp e B TTaR B FfHRFR Optical fiber 10 of
discrete |langtipleaslityrtipdelthe disialyens oe ab&iknewn peikidlepg the-hdemeasnula may be used to
indicate tho%ggsgi)o“o?ﬁ}@% ircr}ioccracr)lca{}jnuIa and the distal tip. Upon placement of the rnicrocannula at the
target tissues, fhie beacon assemlg’ly 11 and I'OF 9 may be removed. The connection point may be
scaled with a cap or with a self-sealing mechanism such as a one-way valve or an elastomer seal.
Alternatively, thenFiik MRYRMBIACeeopinRar 1Q Qfwithify the umeR.chadslivennaemmypicating
channel, aIIowin% for delivery of fluids or gases through _thgB elivery communicating channel without

requiring 12 Ot B OSSR ShR BT ARSI B BYUHA BROTPATE HIRFBEArmula may use other
imaging technoladiestpelecatesthélsigralfbeacpmne@itian fossibterrmadingiechnol@gies include but are
not imitedto maghe i (axonanes iBRalng,lioioragrL AN b tieae 0ty It iisesamhegiments, ihe
beacon signal may take other forms to mat% the imaging technology such as a ra |opaq%e marker
attached tor 6r eHIFIEALAICOH FeAPTIFAIATSEAP T BRe PhiepER amALTAIAEiARIREENEBENS addition, an
echogenigypaterial ansaatingimayhe added 1@ thedistabiipoater Hikalss prafeired fanihs
microcannula to have a rounded distal tip 12 to minimize tissue trauma and aid the ability of the
microcannula to be advanced into small tissue spa%es, as seen in Figures 6 and 7. The rounded tip 12
may be the same outer diameter as the microcannula or larger, depending on the specific properties
desired. The rounded tip 12 may be formed and attached to the microcannula during assembly or
alternatively, the microcannula tip may be processed by a secondary operation to form a rounded
contour. When the rounded tip 12 is used in conjunction with a lied emitting signaling beacon 9 such
that the light is delivered proximal to the rounded tip, the tip acts to disperse the light 13. The

dispersed light aids visualization when viewing the microcannula off axis, for example when advancing
tha microcanniila in [Rehleamm'e Canal Annthaer kev faatiirae nf the invventinon ic the 1ice nf a



microcannula. A particularly effective embodiment comprises a microcannula with a communicating
element such as an optical fiber to provide a signaling beacon at the microcarmula Op and a second
communicating element to deliver a fluid such as a solution of hyaluronic acid to the microcammla tip
while the signaling beacon is active. Such a microcannula may be manually manipulated and used to
deliver fluids to aid microcannula advancement while simultaneously observing the microcannula tip
location along the tissue space. The combination of fluid delivery in the path of the microcannula and
the observalisht of theraichoearmvidingp whisfiaeiaatangicalincle dhnaororsioitedndl s psecisely

controlled manipyistionand,advancementintight issue spacehthmearmofianipdation is further
aided with the addition of a reinforcing member to the communicatin%ﬁlem,ent of the microcannula.

Example st B C0fC R RS ilAR e AT AT o SR GG 5 R B h R R&ifH RS S Einicating
elements fias! fabiicatechdccammititaitigneleméhinvithl entenm éfu P odyiride Tuping:0 403 inch ID x
0.004 inc 0 icating element IS i ical fibe -100 microns,
000340 0 B e B e AT e ciotal 2.5
inches tapb#rigeastdvepecnbisidignersth to a diameter of 0.003 inches for the remaining length of the
microcannula), and an outer sheath comprising polyethylene teraphthalate (PET) shrink tubing (0.008
inch ID and 0.000ZS‘WCh %%thickn ss?%, were all.cut to an%hs&p}gro riri\te for seftting the final overall
length of R’ N RFGEARH TR @%ﬁ%ttgf:e? 86t el?ﬁ%cé%%?np%en ss?/veopeytﬁoetﬁagﬁgeﬁed flush and
joined witmeshadéwe sivegiT héoreirfopbintheteimerinwds tapdedaht allymed oqr ovide sprore flexibility
distally ang, s{ilief (eipfrGama0h 81988 Broximaldnioe miaracaniia. g thigeplemapisyere aligned

in a triangular pattern rather than an in-line pattern to create an assembled profile with the smallest
major-axi$ BiRFBHERhPeTHEARER MISR A AR ARDERTH Po HBRRS WS e AfiHEE AR B e &t shrink
tubing outgosheiath sa that herbaewelentenisdwikakighadHo t @aptue dtinthe dneat shiinkdobing. At the
proximal end of the microcannula assembly, the two communicating el nts were extended outside
o1 the heat SR e e e e A B oo
degrees FrstitisaiahpEhdiree sveidah dehechrahatepibpthape f teptisidditeféim a
multi-compgneat-shaftRhthenmicsgcanmia . Themermasitsnmiereeamula demonstrated a final outer
dimension of 200 to 230 microns with a 12 lumen of 75 microns. To finish the assembly, extension
communicating elements were bonded to the proximal end of the two communicating elements

respectively offthenbxtbnsionsaveiedimshibdly addingeadmeximidsipnotmiecior and an optical

connector seiye. a8 ueHare iR e kompisalon elamentsbestingatin somplgled

microcannula was performed, demonstrating simultaneous fluid d ry from the L uer connector and
light delivery TRt SIBREITEsh RREsT 1R ikt GRRARTISABSERAMTIL 2 e mRBEATREIa
fabricatedeisr=sampleiflonars tastedcid aansiasiag Saklernotsu@hsratiol ashphseieateckkRisnan eye. The
first communicating, element, the infusion | n, was attached to a syringe filled with fluid at the
proximal Lo e B B e G S SR teched 1o
light emittiffguouE@rassie RO At sorhaetis RO perith glae aitacemipo PanesspesiBlesagment of the
anterior peiiR-AlheeY&ING radiaiRGisiRSWeradnada 1o smtepiafcaciamma-aRraicnd
extending from the clear cornea approximately 3 mm posterior. A third incision was made across the
posterior RERFHIraa ST IR AL Ao CRTRAT R P B WS TR EERSatF U toward the
limbus, exposindp Schlempiths!Eagtial Th&atistatitips afdhbeasmitosité vei cnatcaniaditannas siissrted into
Schiemms;Ciangl..TheAGN! SPHIGE. R\ IIRSRERS: GRREHRICAAG dlemeRtias-actialge and the

microcannula was advanced along Schlemm's Canal. ight emitting from the microcannula tip was

seen throbghdhe SEBre Y B4 fomefigLida YRR MIEBCaH A de TRR RikG Bt Mdla was advanced

along Schigrnis:Ganal dsntihthe dimpasseentrenabingionsappropriste lopatien sibgosyringe connected
to the first comrtnu%icatin%e{%nent.extens{)on wag u ed to inj c%%luid (Healo% GV, (ﬁdva%ced Medical
Optics, In5ATE ELAIERT'S Loanal 35 REedel 1o Jid TiETRanRUIS AGVAREEment AR e desired
microcanrbtarpositioning iwals worketacthth elenierbisadmrieed s vegiobitiviredcfonddditional fluid
Injections @&%?té?é%%ﬁ@ﬂ% completslyreagied.apusehiemp s Canak Hxamales:gihe following
example, an atraumatic rounded distal tip component was fabricated for placement over a composite
rnicrocanribfd™EsIyathyisrkterap fithkate (PET) shrink tubing (Advanced Polymers, Nashua NB)
0.008 inch ID and 0.00025 inch wall thickness was obtained. A lengTh of shrink tubing approximately 2
cm long was placed over a mandrel comprised of a section of hypodermic tubing 0.003 inch x 0.007
inch diameter. Teflon coated steel wire, 0.0025 inch diameter was held inside the hyped-el-mi., tubing

and extending beyond the end of the shrink



tubing. Under steremnicroscope visualization, a point heat source (adjustable soldering iron) set to 500
degrees C was brought into close proximity to the end of the heat shrirdc tubing. The heat was allowed
to melt the end of the tube without touching the heat source to the polymer. The surface tension of the
polymer melt created a rounded "ball-end" tip with a 0.0025 inch d iameter lumen. The polymer was
allowed to cool and then stripped off of the mandrel and wire. The length of PET shrink tubing held
beyond the end of the mandrel determined the final diameter of the rounded tip. Approximately 0.08
inches of &ktensionyjieliteipscappryimatelyd 00 Siinchaltrd200/méconmetaiéc dienvdter. The finished
component was ek lawo e i1 sleial ok ol famperln miiRcanalasimial to Example 1,

which was 0.0075 inches or 190 microns in largest diameter. The tip component was butted up to the
end of the tBlipBsiteretbishtd ubrtrdlSHRINAR 1A e Ratrs e Eritfeshicarsybaalrees F to
attach thepip kxamplelvsiie sheréaiawingsexapmpls, ihenhosyofidacompasiis ricrnegrnda was formed

out of a wire coil and palymer heat shrink tubing. Th il fabricated by. progressively winding a
0.003 inch W%ﬁbloi inc é4sqt%{i|n es5's ézeeﬁr} %tgnruﬁag?gg{a\r%ﬁﬁsm %rﬁgfo%uéfo%ﬁ%earo%%ﬁ%ﬁc diameter
stainless $eéeiasafiareLOFHbwicryTemiboarfroneeHenmbhdmictiraredalting beireuribboavedibhad an

outside digingtes.afiQA08INGHRS 20 MiskpPS ANASIde diameter 95008 pshas gr dBQ.microns,

and overall length of approximately 5 inches. A 6 inches long piece of 0.010 inch or 250 micron 1D
PET heat SARRGRA-4 Bredeiaasbemueyaray BﬁéPQHEd%g@%ﬂ%éﬁd&(}@ﬁﬁ%Bf’ééﬂ%d recovered

using hot air over the entire length of the coil. A 0.004 inch diameter optical fiber was then loaded into

the lumenf ' n anced he di end. The imal ends w, minated into
a fluid infussqugn%% %%%%%%%%%%ﬁ%ﬁ%&%%%5&%%?%&%%%%ﬁe%%%’e‘f?%?%%%gﬁg%ﬁi n of the assembly

was foundeb/BAvE e BivaBleniseh aizankapabiensttesobrekisiing ipdvddrtk Aeédto kinking. Example

5: An experimpent WMas RIBMedios tegh i celiwornd I secaR MR design.asgrscribed in Example
3. Whole %Ié)be huma eyps were obt?]ined from a tissue bank. The enu Ieate%%}/fzs were prepared by
I

first injectinga?ﬁeen{/sitsruecouas chamBer Wi mﬁf’lg)s?) RO RS AR " e‘b Eter R (VT (1)%1% post-mortem
and bring tifergliobe® wehmtardintdoeiOpadgndatthd lempovedsureniay degmermafdrganterior

portion of fhereyg: e dpdiabingisionswaramade oA depttaf Sshiamms.Canalang exignding from

the clear cornea approximately 3 mm posterior. A third incision was made across the posterior end of

the radial iRt RGhe tnaerrRynd Son griat shadt ierricaabramietiniiressidene babnairtibelimbus, exposing
Schlemm's.iGataindiheThicraeanhdakigs nkertedriniceSekiemits Canalodnd devanpetktor

approximalel, 90, deareps A1oyAd o e Acces sis.He elal ook wias Able, g peiseen through the

1D.
scleral wall allowing the amount of microcannula advancement to be determined. xarﬁ)ple 6: In the
following example, a composite microcannula with several communicating elements in parallel

alignmentifosming aidistabse@mnarhwit) Aanaximpmeuias dismetaised 22misions was fabricated.
The outer member confré)%sed atu ul%&structturg atr.é%épe two, inteérl_gl communiﬁa ing elements
comprised EIBHGSTEY X SIESTERRE KPTRR QiLiEITEH B R S P ST P At ARtic
spherical-sHiapedadist ddiiptwemidarrmectnAndogweini Gt ngtahngmeasas forymedchimishenannular space
between the, QUIGE IHRE-ANEL RS UBEAIIEMNRES ] BEHONGBRCTIRSISSOMIRTTRA anmeRtical fiper and a

reinforcement element. The outer member was a tubular structure comprised of three sizes of PEBAX

(polyamidBEbRgBTHefoE ShuRIAERES Rlgsehaldhs B RGP BRI Alased (R R §BieahmensiB% 0.026 inch
01), 24 inel fengtbrapMidSectibnofeQhib ddahetd, X flHid dpitriFDerA MOt eivgthd as a

communicating element to provide a bright visual light source at the distal tip 10. The distal tip
10 of the POF 9 is positioned proximal to, near or slightly beyond the distal end of the
microcannula sheath and the emitted signal may be detected through tissues visually or using
sensing means such as infrared imaging. The POF 9 may also have a tip that is beveled,
mirrored or otherwise configured to provide for a directional beacon. The beacon may be
illuminated by a laser, laser diode, light-emitting diode, or an incandescent source such as a
mercury halogen lamp. In an alternate embodiment, the signaling means may comprise

visualization aids along the length of the microcannula, for example a side emitting optical fiber

10



3) Distal Section 0,006 inch ID x 0.008 inch OD, 1.8 inch length The outer tubular element was
constructed by first cutting the individual shall segments to lengths appropriate for setting the final
overall length of the microcannula. The mid section was inserted into the proximal section with
appropriate length for an overlapping bond. The tubular elements were then bonded together with an
adhesive or by melt-fusing the polymeric tubes together with a controlled heat process. The distal
section was bonded to the mid shaft similarly. These tubes were bonded together to form a decreasing
outer diamétéstmivdedgthdediBtal tiptoThediein fort eme aketomentt clopgised 804 StaidassySteel wire

size 0.0010,14:0,0008 o OB getcal hercrmpesart lastic Rl foep pbricated rom

polystyrene and pol meet methacry, late with an 85 to 100 micron . The reinforcement element
and the oﬁﬂ&f&?%@v{w@%ww@%%gﬂ%st%ﬁd&?aﬁﬁaiéefwlgé&iﬁgdt%@}hﬂﬁl%awvr‘gkh%ﬂhe
microcannidencthenrgififoresrbesiatie ment ansooplical fllecwing inserediniache ouierwagmber
assembly.vgpe inner I(S?ments \ﬁ"eﬁffta" ne

with distal tip of the distal shaft. An gtfraumatie
rounded tip v\\fgé)rfgrrlr%é A %%eaehd.o?%ge ci%félpggg?qﬁé ibﬁtﬁlcﬁgeggﬁﬁqmﬁafr\%cﬁrg@%ﬁg%esive (Loctite
Brand 4308pgmel apislizer o thenpuieatisactiomes tHevdirgdprigelinaraah 8side afgssesiibrorad High viscosity

was chosegise et ihe.adhesieanplicalion foinisdabuieus stusiis.apriayimately 0,001 inch

thickness. A small, approximately 0.03 microliter amount of adhesive was used to create the tip. The
adhesive was cured to form the spherically shaped atraumatie tip with a diameter of 0.010 inches or
250 micronsdtetihe kesedichaftthe iinfusionchameénnugsite viindted ingheahferoglestakrcporhel he proximal

end of the aalieaLIRG! Wanonugtied 0 ElaskARical HbRLEOR INAtEIARd n an optical

SMA connector. The area of the rnicrocannula assembly where the optical fiber and reinforcement
enter the iFFSRISTSE thie2 & fe FTHOEIHRDY RS UFRs Qe d ji thepptabaidE pras iterisacin g BRI a hub. The

hub also previdedrasmeansdacimenipdatiorahtemicaca ARt phhe: optital Shdfdesmination was
connected tg a Icllgatea source %nd l|gahtﬁwg§tﬁonducted éogﬂtl?glég of the microcarmula to provide a signal

F]m ed OL ne:%r e distal e gncroc Tu native é/ oripa mOP an e éemc.
beacon. The Lucr termination was cohnected to a flul Syringe ana activa ibn o syringe

resulted incfhtidid elivenyitameybethddeditr deahsial imxiing from the distal tip. Delivery of the signal
beacon light and fluid could be activated individually or simultaneously. Example 7: In the following
example, a composite microcannula with several commupnicating elements in parallel alignment

forming a iStAFSEGHBHRARHIE RIEEAMIRTA REP U ArStBIErsse Hhdro s NAS AL St SHhailarly to
Example Guthailiiheahiodinéntitheeatenimerbbedtwas ¢ onstmetedwithphreeasizges of RREBAX tubing

with slightly Jajger,GImGRsiens, 4 Al 38U 90: - ALGIGL0hY Bi0RC NG, QR akdnch length
depending on the specific properties desired. The rounded tip 12 may be formed and attached to
the microcannula during assembly or alternatively, the microcannula tip may be processed by a
secondary operation to form a rounded contour. When the rounded tip 12 is used in conjunction
with a light emitting signaling beacon 9 such that the light is delivered proximal to the rounded
tip, the tip acts to disperse the light 13. The dispersed light aids visualization when viewing the

microcannula off axis, for example when advancing the microcannula in Schlemm’s Canal.

Another key feature of the invention is the use of a communicating element to deliver fluid to the
distal tip during advancement of the microcannula within the tissue space. The injection of small
amounts of fluid may serve to open the tissue space ahead of the microcannula tip and lubricate
the channel to greatly increase the ability to advance the microcannula atraumatically. Delivery
of surgical viscoelastic materials such as hyaluronic acid solutions and gels are especially
efficacious in aiding advancement and placement of the microcannula. Delivery of fluids,
especially gel-like viscoelastic materials, allows for the dilation of the tissue space in the
circumstance that a constriction or partial blockage is reached during advancement of the
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2) Mid Section 0.0130 inch ID x 0.015 inch OD, 4 inch length 3) Distal Section 0.008 inch ID x 0.012
inch OD, 1.8 inch length A spherically shaped atraumatic tip was fabricated on the microcannuia by
the method described in Example 6, forming a distal tip with a diameter of 0.014 inches or 350
microns. In this embodiment, no reinforcing element was placed into this cannula construction,
however a plastic optical fiber was incorporated similar to Example 6. The optical SMA termination
was connected to a light source and light was conducted to the tip of the microcannula. The Leer
terminatiomwasaconie dtedrto ddilyidttitedesyripgnent @otivasio n vidleeagyrilgatiesulted in fluid delivery

through th@omm%m%@eﬁém@gcﬁgmﬁ%&@ﬁ%ﬁpto%%m% Sodgcompasiie,microcannulae of

Example 6 and Exar;]p,e 7 were tested in human eyes similarly to the method of Example 2. The distal
tip and diSTHPLSgMBRERA R %ﬁ%gﬁﬁm%%ﬁlﬂy%%e&w&ﬁkéﬁ afbyg thehentroldiietmference of
Schlemm'syGanalitorc3ho tlegireswhilea apseariingdtkiglatiagorasgrnabaiitieSwsrocannula tip through
the sclera. Injection pf small amounts of hyaluronic acid-based surgical viscoelastic fluid (Tlea/on GV,
Advancednll\h%el:ra%(a:g? ﬁpﬁg ﬁéf}a%“e%?\}’e%“‘éll l%i%é) ?gvlgﬁcé?r?eg r% %ﬁﬁlﬁ%gg?ca‘r‘(?crgﬁﬁou aénemé%creased the
force requirB@tieseay ahde fsrttaredysho olded ey theorécpeograssiicl epttian ekane e Beample 9: A
compositespaicrocanpsid it ser e aoltinppmalrpantsrwasfakyisated shnilar Jos&ramplerd. In this

embodiment, the outegl(%truct re had no mid secgon in that t %}Eﬁroximal section was connected directly

to the distal SEEHSFBYRHR 0 A1 Brier e ARTHE B XP RESCEY (SPBB&HTES of a composite
microcanmutaifoddntroghdctibnnctmemialtigbstiss spaees,. dlfemibke of muicodannulafmbere fabticated with

the same quier,dimensions.andmalerialsharactaristicsRHiuit vering fexalrigidiny Flexural

rigidity of a body is equal to the product of the flexural modulus, E, and the moment of inertia of the
cross-section, I, and is typically called El. The outer sheath comprised PEBAX tubing with 0.008 inch
(200 micraya@pr@nd 0.006 inch (150 micron) ID. The sample set comprised the tubing alone without
reinforcin%ggem%qt_(s), the tubing with a 100 micron outer diameter plastic optical fiber placed within
the lumen and the tubing with stainless steel reinforcing wires of varying, size in the lumen. The ends
of the conipdpeiidowinecsarniead witpasitasiveocaiia 1ith two communicating elements was

fabricated. A communicating element with a lumen (Polyimide Tubing 0.003 inch ID x 0.004
inch OD), a second communicating element comprising a plastic optical fiber (85-100 microns,
0.0034-0.0039 inch OD), a reinforcement element (304SS wire ground to 0.001 inches in the
distal 2.5 inches tapering up over a 1.0 inch length to a diameter of 0.003 inches for the
remaining length of the microcannula), and an outer sheath comprising polyethylene
teraphthalate (PET) shrink tubing (0.008 inch ID and 0.00025 inch wall thickness), were all cut
to lengths appropriate for setting the final overall length of the microcannula. The distal ends of
the inner components were then aligned flush and joined with an adhesive. The reinforcing
element was tapered and aligned to provide more flexibility distally and stiffer reinforcement
more proximal in the microcannula. The three elements were aligned in a triangular pattern
rather than an in-line pattern to create an assembled profile with the smallest major-axis
dimension. The assembly of multiple components was then inserted into the heat shrink tubing
outer sheath so that the inner elements were aligned for capture in the heat shrink tubing. At the
proximal end of the microcannula assembly, the two communicating elements were extended

outside of the heat shrink tubing and separated.

The assembly was placed in a hot air stream at 220-240 degrees F, so the heat shrink recovered
and the inner elements were captured to form a multi-component shaft of the microcannula. The
composite microcannula demonstrated a final outer dimension of 200 to 230 microns with a
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forming an atratunatic spherically shaped tip, as described in Example 6. The lumen allowed fluid
delivery to the tip of the microcannula from a proximally attached Luer connector. The flexural rigidity
of the raicrocannulae were evaluated by mechanical testing. The microcannulae cantilever
force-displacement characteristics were tested on a mechanical testing apparatus with a high
sensitivity load cell (Matron model 5542, 5N Load Cell). The linear region of the resultant data was
used to calculate the measured flexural rigidity of the test samples. [ Microcannula Description
MeasurediEfernal Rigedo(E | L PL{NSINRE REBAKN . CutasSheatn8riG ihd ¢IREBA X Duten@teath with

0.001 in digmetRt iR 3 i Frd L SERAX Dhielenhea iyt 180 micrep diametgeplastic optical

fiber 6.33 E-]1 PEBAX Outer Sheath with 0.002 in diameter SS wire )
finished by adding a Luer infusion connector and an optical connector to serve as interfaces to

the communicating elements. Testing of the completed microcannula was performed,
demonstrating simultaneous fluid delivery from the Luer connector and light delivery from the

optical connector to the microcannula tip.

Example 2:

The microcannula fabricated in Example 1 was tested in accessing Schlemm’s Canal of an
enucleated human eye. The first communicating element, the infusion lumen, was attached to a
syringe filled with fluid at the proximal Luer connection. The second communicating element,
the optical fiber, was attached to a light emitting source at the proximal connection. Operating at
the temporal-superior segment of the anterior portion of the eye, two radial incisions were made
to a depth of Schlemm's Canal and extending from the clear cornea approximately 3 mm
posterior. A third incision was made across the posterior end of the radial incisions to define a
surgical flap. The flap was then excised up toward the limbus, exposing Schlemm's Canal. The
distal tip of the composite microcannula was inserted into Schlemm's Canal. The light source for
the second communicating element was activated and the microcannula was advanced along
Schlemm’s Canal. The light emitting from the microcannula tip was seen through the sclera and
used to help guide the microcannula. The microcannula was advanced along Schlemm’s Canal
until the tip was seen reaching an appropriate location. The syringe connected to the first
communicating element extension was used to inject fluid (Healon GV, Advanced Medical
Optics, Inc.) into Schlemm’s Canal as needed to aid microcannula advancement. After the
desired microcannula positioning was completed, the microcannula was repositioned for

additional fluid injections and subsequently completely retracted from Schlemm’s Canal.

Example 3:
In the following example, an atraumatic rounded distal tip component was fabricated for
placement over a composite microcannula. Polyethylene teraphthalate (PET) shrink tubing
(Advanced Polymers, Nashua NH) 0.008 inch ID and 0.00025 inch wall thickness was obtained.
A length of shrink tubing approximately 2 cm long was placed over a mandrel comprised of a
section of hypodermic tubing 0.003 inch x 0.007 inch diameter. Teflon coated steel wire, 0.0025
inch diameter was held inside the hypodermic tubing and extending beyond the end of the shrink
13



9.69 E-11 PEBAX Outer Sheath with 0.003 in diameter SS wire 2.86 E-10 PEBAX Outer Sheath with
0.004 in diameter SS wire 7.5 E-10 _ Example 11: The microcannulae fabricated in Example 10 were
tested for the ability to access Schlemtn's Canal of a human eye similar to the methods described in
Example 2. In a first trial, the distal tip of the microcannulae were inserted into the Canal and
advanced without delivery of fluid from the rnicrocannula tip. The number of degrees of advancement
around the eye was recorded for each rnicrocannula. In the next trial, the test was repeated with the
delivery oftabatpalladeostateofiisaoepastofllitatich; kaalbim KoM shdvadgdtbbeciorletipticco) cdt from the
mierocannyaip,uring adyapcement, One. Rroperly of Healon B alvalurenis, acicd Pased.,
viscoelastic fluid, IS very hlgsh ub icity. Three eyes were used for the evaluation, with cannulations
performed WtAlleloekiviseelaiy esliptdielobkwiswotdm dhiasiical seeests SieedVHER tddted for the

dlegrlee %f M@g@@ﬁﬁ%ﬁfg\ﬂ/ﬂﬁ@ iﬁ%ﬁ%ﬁﬂﬁ@&%@@@k&%mi%gﬁﬁﬁuiwﬁm Mg%@gﬁ%&lﬂ;%@}(&\{ ]g?uld be
slowly advanced along Canal unt|l further advancement was n ger passible adue to lack of force
transfer. THESE OWEPHETA) AU oGR8 EERALEH QT RERD OF RIMKVHER PR THES the it of travel,

The microdamgtiutd® Bitkhviekytiglg Hedirgloidthe end of the mandrel determined the final diammeter of
the rounded tip. Approximately 0.08 inches of extension yielded tips approximately 0.008 inch

or 200 micron outer diameter.

The finished component was then drawn over the distal end of a composite microcannula similar
to Example 1, which was 0.0075 inches or 190 microns in largest diameter. The tip component
was butted up to the end of the composite elements and then shrunk in place with a hot air stream

at 240 degrees F to attach the tip.

Example 4:

In the following example, the body of a composite microcannula was formed out of a wire coil
and polymer heat shrink tubing. The coil was fabricated by progressively winding a 0.003 inch
by 0.001 inch stainless steel ribbon under 20 grams tension around a 0.0055 inch diameter
stainless steel mandrel. Following removal from the mandrel, the resulting wire ribbon coil had
an outside diameter of 0.008 inches or 200 microns, an inside diameter of 0.006 inches or 150
microns, and overall length of approximately 5 inches. A 6 inches long piece of 0.010 inch or
250 micron ID PET heat shrink with a preformed rounded tip at one end was slipped over the
coil and recovered using hot air over the entire length of the coil. A 0.004 inch diameter optical
fiber was then loaded into the lumen of the microcannula and advanced to the distal end. The
proximal ends were terminated into a fluid infusion lumen and 0.5mm diameter optical fiber
respectively. The distal portion of the assembly was found to have desirable mechanical

characteristics of flexibility and resistance to kinking.

Example 5:

An experiment was performed to test the coil-wound microcannula design as described in
Example 3. Whole globe human eyes were obtained from a tissue bank. The enucleated eyes
were prepared by first injecting the vitreous chamber with phosphate buffered saline to replace

fluid lost post-mortem and bring the globes to a natural tone. Operating at the temporal-superior
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rigidity could be advanced a short distance until further advancement was no longer possible due to
the inability of the microcannula to bend with the curve of Schlernm's Canal. If advanced further, the
microcannula with very high flexural rigidity in some cases punctured through the outer wall of the
Canal, an undesirable result. The testing was performed by advancing each device manually,
attempting to use a comparable maximum force for each test run, so as to maintain an adequate
comparison. In cases where the cammla did not traverse the full extent of the Canal, the force required
to advanceetieceaiikamtaregsetonith incegased exiennoltanmgratiordathieideptisodttributed to

interactionsof the.pompliRnse RIORRIIES ofhe e and e stiapalipises atean e device and

the tissues of the Canal. Micrecannula Flexural ngidla{é' ) [ KiNtm2] Degrees Cannulation
Achieved-NeSHid B SRATHFRAEID BRsESr Cah AR A SR oNefmeristreikd i std Bfev Degrees

CarmulatienpAehievetexdrieichPeivegis\iniiegrgesiteesunldaiionGhahieved nidtidabeliverysStd Dev
3,09 E-11 i:rlisse%t?cfl into Schlemm's Canal and advanced to approximately 90 degrees around from the access
site. The metal coil was able to be seen through the scleral wall allowing the amount of

microcannula advancement to be determined.

Example 6:

In the following example, a composite microcannula with several communicating elements in
parallel alignment forming a distal segment with a maximum outer diameter of 250 microns was
fabricated. The outer member comprised a tubular structure and the two internal communicating
elements comprised elongated linear elements. At the distal end of the outer structure, an
atraumatic spherical-shaped distal tip was formed. A communicating lumen was formed in the
annular space between the outer tube and the inner members. The inner members comprised an
optical fiber and a reinforcement element. The outer member was a tubular structure comprised
of three sizes of PEBAX (polyamide/polyether copolymer), 63 durometer tubing;:

1) Proximal Section 0.016 inch ID x 0.026 inch OD, 24 inch length

2) Mid Section 0.010 inch ID x 0.014 inch OD, 4 inch length

3) Distal Section 0.006 inch ID x 0.008 inch OD, 1.8 inch length

The outer tubular element was constructed by first cutting the individual shaft segments to
lengths appropriate for setting the final overall length of the microcannula. The mid section was
inserted into the proximal section with appropriate length for an overlapping bond. The tubular
elements were then bonded together with an adhesive or by melt-fusing the polymeric tubes
together with a controlled heat process. The distal section was bonded to the mid shaft similarly.

These tubes were bonded together to form a decreasing outer diameter toward the distal tip.

The reinforcement element comprised 304 Stainless Steel wire size 0.0010 +/-0.0005 inch OD,
and the optical fiber comprised a plastic optical fiber fabricated from polystyrene and
polymethylmethacrylate with an 85 to 100 micron OD. The reinforcement element and the

optical fiber were cut to lengths appropriate for setting the final overall length of the
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microcannula. The reinforcement element and optical fiber were inserted into the outer member

assembly. The inner elements were aligned with the distal tip of the distal shaft.

An atraumatic rounded tip was formed at the end of the distal section. A quick drying UV
curable adhesive (Loctite Brand 4305) was applied to the outer section of the distal tip. An
adhesive of medium to high viscosity was chosen so that the adhesive application formed a
bulbous structure approximately 0.001 inch thickness. A small, approximately 0.03 microliter
amount of adhesive was used to create the tip. The adhesive was cured to form the spherically

shaped atraumatic tip with a diameter of 0.010 inches or 250 microns.

The free end of the infusion lumen was terminated with a female Luer port. The proximal end of
the optical fiber was connected to a Plastic Optical Fiber (POF) that terminated in an optical
SMA connector.

The area of the microcannula assembly where the optical fiber and reinforcement enter the inside
of the outer member was sheathed in a protective plastic housing forming a hub. The hub also

provided a means for manipulation of the microcannula.

The optical SMA termination was connected to a light source and light was conducted to the tip
of the microcannula to provide a signal beacon. The Luer termination was connected to a
fluid-filled syringe and activation of the syringe resulted in fluid delivery through the
microcannula exiting from the distal tip. Delivery of the signal beacon light and fluid could be

activated individually or simultaneously.

Example 7:

In the following example, a composite microcannula with several communicating elements in
parallel alignment forming a distal segment with a maximum outer diameter of 350 microns was
fabricated similarly to Example 6. In this embodiment the outer member was constructed with
three sizes of PEBAX tubing with slightly larger dimensions:

1) Proximal Section 0.016 inch ID x 0.026 inch OD, 24 inch length

2) Mid Section 0.0130 inch ID x 0.015 inch OD, 4 inch length

3) Distal Section 0.008 inch ID x 0.012 inch OD, 1.8 inch length
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A spherically shaped atraumatic tip was fabricated on the microcannula by the method described
in Example 6, forming a distal tip with a diameter of 0.014 inches or 350 microns. In this
embodiment, no reinforcing element was placed into this cannula construction, however a plastic

optical fiber was incorporated similar to Example 6.

The optical SMA termination was connected to a light source and light was conducted to the tip
of the microcannula. The Luer termination was connected to a fluid-filled syringe and activation

of the syringe resulted in fluid delivery through the microcannula exiting from the distal tip.

Example 8:

The composite microcannulae of Example 6 and Example 7 were tested in human eyes similarly
to the method of Example 2. The distal tip and distal segments of the microcannulae could be
advanced along the entire circumference of Schlemm’s Canal for 360 degrees while observing
the beacon signal at the microcannula tip through the sclera. Injection of small amounts of
hyaluronic acid-based surgical viscoelastic fluid (Healon GV, Advanced Medical Optics Inc.)
delivered during advancement of the microcannulae decreased the force required for

advancement and provided for more progressive advancement.

Example 9:
A composite microcannula with several collinear elements was fabricated similar to Example 6.
In this embodiment, the outer structure had no mid section in that the proximal section was

connected directly to the distal section.

Example 10:

In order to determine the optimal flexural properties of a composite microcannula for
introduction into small tissue spaces, a family of microcannulae were fabricated with the same
outer dimensions and material characteristics but with varying flexural rigidity. Flexural rigidity
of a body is equal to the product of the flexural modulus, E, and the moment of inertia of the
cross-section, I, and is typically called EI. The outer sheath comprised PEBAX tubing with
0.008 inch (200 micron) OD and 0.006 inch (150 micron) ID. The sample set comprised the
tubing alone without reinforcing element(s), the tubing with a 100 micron outer diameter plastic
optical fiber placed within the lumen and the tubing with stainless steel reinforcing wires of

varying size in the lumen. The ends of the components were secured with adhesive, while
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26 The results of advancing the microcannulae into Sehlernm’'s Canal without fluid delivery
demonstrated an optimal flexural rigidity of approximately 6.33 E-11 Ic4*rn2. Flexural rigidity in the
range of 3.09 E-11 to 2.86 E-10 provided a microeannula that was able to access approximately 180
degrees of the eye. Such properties would allow the entire eye to be accessed from a single surgical
site by advancing the microcannula in both directions. The results of advancing the rnicrocannula into
Schlemm's Canal with fluid delivery demonstrated improved performance except for the microcannula
with the hifhestdlaxsrabmgidityhbdiexiyahrigidityinstierabgenE308pk- 1.1 Toch86ck {10 kditin2 coupled
with ihe del jyseny; of 2 duiicigus matguiaLealon G Y allowad the.enlire circumferghce of Schlernm's
Canal (360 degrees) to be accessed by the test rnicrocannulae. It was noted that the amount of force
required to advance each device was significantly decreased by the presence of the lubricious fluid
being delivereddfrom theigistatipnat ithammiciocannelalciistngy the candedionmdn agdition, a number of

attempts
depositin

to advance a microcannula i .tq Schlemm's C%ane%l WithOUli flyig deIiverX were, matde by
microcanpnuiac can% erﬁgl‘ Qrce- lgf acem?fxt.éga%at%erls 1CS Wwere FS € 81}3 me hamca tﬁ% mg
g a small amount of the viscoelastic fluid at theé surgical site and then'passing the Cannula

through thepgehkiTheik didshetrasultitcanhyebighificanndddradks Miibed 6cincréastrnerathgrcement of
the test deyiees,indicating the advapiagsa afaelvering duid at e pigrocapRyla tpHLEng

manipulation and advancement. Many features have been listed with particular configurations, options,
and embodiments. Any one or more of the features described may be added to or combined with any

of the otheviembeadimentscapodher standard devices to create alternateeambinritons Rigdity
embodiments. The preferred embodiments described herein are iIIust“rggté\ngl ; and although the
examples given include many specifics, they are illustrative of only & few possible embodiments of the
invention, BtRéreiadihgethts and modifications will no doubt occur 30thBdd skilled in the art| The
examples gMERLS AR HOSARIVLRE INEF P e [ed asilusEaiQns of some ofithg preferred embodiments of the
invention,—_\What is claimed is: |._A_composite microcannulafor access and advancement intola tissue
space of fﬁg%%&mbﬁgm@ with 100 micron diameter plastic optical 6.33 E-11

fiber

PEBAX Outer Sheath with 0.002 in diameter SS wire 9.69 E-11

PEBAX Outer Sheath with 0.003 in diameter SS wire 2.86 E-10

PEBAX Outer Sheath with 0.004 in diameter SS wire 7.5 E-10

Example 11:

The microcannulae fabricated in Example 10 were tested for the ability to access Schlemm’s

Canal of a human eye similar to the methods described in Example

2. In a first trial, the distal tip

of the microcannulae were inserted into the Canal and advanced without delivery of fluid from

the microcannula tip. The number of degrees of advancement around the eye was recorded for

each microcannula. In the next trial, the test was repeated with the

delivery of a small amount of

viscoelastic fluid (Healon GV, Advanced Medical Optics Inc.) from the microcannula tip during

advancement. One property of Healon GV, a hyaluronic acid based viscoelastic fluid, is very

high lubricity. Three eyes were used for the evaluation, with cannulations performed both

clockwise and counterclockwise from the surgical access site.

When tested for the degree of advancement within Schlemm’s Canal, the microcannulae with

low flexural rigidity could be slowly advanced along Canal until further advancement was no

longer possible due to lack of force transfer. These lower flexural rigidity devices tended to

bend or kink when reaching the limit of travel. The microcannulae with very high flexural
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at least one flexible, tubular communicating element configured to fit within the tissue space and
having an outer diameter of n.o more than 350 microns, the communicating element having a proximal
end and a distal end; a proximal connector attached to said proximal end, said proximal connector
configured for introduction of materials, energy or tools; and a reinforcing member connected with the
communicating element. 2. The microcannula of claim 1, wherein the composite microcarumla has a
flexural rigidity in the range of 3.09 E-11 to 2.86 E-I0 Ic_N4M2. 3. The microcannula of claim 1,
wherein thegeinfercikideneivinetdor chvidessgreatertdXiatixrc diexuealcstiffrre s® aiithe possiliradiend of the
microcannyla, s, SBMRAEAJS 108 Ainlk ekl (e MIEGA0RY ShdnHie migiosANIMiR of claim |

wherein the reinforcing element is malleable to allow manual shaping of the micro.cannula. 5. The
microcarmHEisFchsif T OBk ife saitfePlsg B et ¥ drpirsee s tmertvis d fifeuslidiscannula of
claim 1, whereainihe commupicaingieleme nteampiisesanfexiblsspotyse bandviheirgiviercing member
comprises & metal, 7, The. mictoeannula of claim . wherein the dorocannila comprises a signal
beacon capa‘bfe of idén ifying ) position of the dis alnﬁp. B he mic ocannuia of tiaim I, wherein the
microcannuiaifisither astsnverisesnatisest breasaslditionahe samminibdtieg tedeerseribe 1l Thisnhidrocannula

of claim 8, yherein aRgREIhe, RITURICAIDG SlEMmeNS RIRYIdes Arsignalheasendlihe microcannula

distal tip. _
P cannulation, which was attributed to interaction of the compliance properties of the device and

the frictional forces between the device and the tissues of the Canal.

Microcannula Degrees Degrees Degrees Degrees

Flexural Rigidity | Cannulation Cannulation Cannulation Cannulation

(EX) [ kKN*m?] Achieved — No Achieved — No Achieved — Fluid | Achieved - Fluid
Fluid Delivery Fluid Delivery Delivery Delivery
AVG Std Dev AVG Std Dev

3.09 E-11 183 64 360 0

3.76 E-11 242 35 360 0

6.33 E-11 265 78 360 0

9.69 E-11 203 23 360 0

2.86 E-10 177 25 360 0

7.5 E-10 80 20 89 26

The results of advancing the microcannulae into Schlemm’s Canal without fluid delivery
demonstrated an optimal flexural rigidity of approximately 6.33 E-11 kKN*m®. Flexural rigidity
in the range of 3.09 E-11 to 2.86 E-10 provided a microcannula that was able to access
approximately 180 degrees of the eye. Such properties would allow the entire eye to be accessed

from a single surgical site by advancing the microcannula in both directions.

The results of advancing the microcannula into Schlemm’s Canal with fluid delivery
demonstrated improved performance except for the microcannula with the highest flexural
rigidity. Flexural rigidity in the range of 3.09 E-11 to 2.86 E-10 kN*m? coupled with the
delivery of a lubricious material (Healon GV) allowed the entire circumference of Schlemm’s

Canal (360 degrees) to be accessed by the test microcannulae. It was noted that the amount of
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10. The microcannula of claim. 8, wherein the additional communicating element is located within the
lumen of the first communicating element. 11. The microcannula of claim 10, wherein the
communicating elements are in concentric alignment. 1.2. The microcannula of claimS, wherein the
communicating elements are in parallel alignment 13. The microcannula of claim 1, wherein the
microcannula comprises two or more reinforcing elements. 14. The microcannula of claim 1, wherein
the reinforcing element comprises a coil. 15. The microcannula of claim , wherein the reinforcing
element isftapargditeivard theceistd] éadeithe sinidforatin diareded Hyghniarsearrflaof claim 1,
wherein t m icating, el nt i S t r isting of a
ceament o et o S oot e

microcarmigladgficrirrmitiiiept rifcrdraivs @ anisrectingly Edac hicwmis aansbielgyaéeidelected

from the grelREONSISHNAOS SEHEMALSGRARRL AR AHEAYSiSOIREtar ehanneh-aN QeSS INEIN, a
suprachorqidal space and a retlit)%al‘él%god vef,s L%)f the eg/e. ..The nticr%eam ula of ¢l
| ip. ¢l

1 im 1,
wherein the Hi8Eaf 8ad HEYR1H dii&r & THE r%f%%%é?r%’ﬂ?f&‘%? &Rt T8RRI e
communicating elenmentveoraprses dreoptical fibericdipatble bF deliverigg dighiitcthe foithatabetip and

wherein, W&%&&%&ié&%ﬁ&%{&ﬁg%&i gﬁt;&ymgdU&&mgngpunded tip acts to disperse the light for

improved off-axis visualization. 20. The microcannula of claim 1, wherein the communicating element
and the reinforcing element are joined by an outer sheath. 21. The microcannula of claim 20, wherein
the outer shigatfeenmphisesobantisbdinkei particular configurations, options, and embodiments. Any

one or more of the features described may be added to or combined with any of the other

embodiments or other standard devices to create alternate combinations and embodiments.

The preferred embodiments described herein are illustrative only, and although the examples
given include many specifics, they are illustrative of only a few possible embodiments of the
invention. Other embodiments and modifications will no doubt occur to those skilled in the art.
The examples given should only be interpreted as illustrations of some of the preferred

embodiments of the invention.
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22. The microcarmula of claim 1, wherein the communicating element and the reinforcing element are
joined with an adhesive. 23. The microcannula of claim 1, additionally comprising a lubricious outer
coating. 24. A composite microcannula for access and advancement into a tissue space of the eye
comprising: at least one flexible, tubular communicating element with an outer diameter of no more
than 350 microns, said communicating element having a proximal end, a distal end, and a fluid
communicating lumen, a proximal connector configured for delivery of fluid, a signal beacon, and a
second comhﬁl‘éléfm@déhment configured to deliver the signal beacon, the signal beacon being
capable of identifying the microcannula distal tip. 25 The composite microcannula of claim 24,

wherein thf: ggzond SO %lérrggatigg %pﬁngnt com E ises gnegplll’ggl f{ggﬁ asr# c@gfﬁ;gial beacon delivers
. W m

visible light. € microcannula o erein the composite crocannuld has a flexural
rigidity in tARMRIHEE0f 3.09 E-11 to 2.86 E-10 kIIsrn2. 27. The composite microcannula of claim 24,

additionally cenprising AcravindeshdistahiinuridiihbelceeHposiedie osE MmOl alguefhasherein the

rounded distal t(lﬂhacts to dISC rse the signal be on f% improved off-axis V|sLt1aI|z:i\t|on 29. A system
an out Cl‘ ettﬁ:r 0 more an rm TOIS, € communica mg element

for performlng OpKthafiTt surgery e system comprising

havmg a proximal end and a distal end;

a proximal connector attached to said proximal end, said proximal connector configured for

introduction of materials, energy or tools;

and a reinforcing member connected with the communicating element.

2. The microcannula of claim 1, wherein the composite microcannula has a flexural rigidity in
the range of 3.09 E-11 to 2.86 E-10 KN*m?.

3. The microcannula of claim 1, wherein the reinforcing member provides greater axial and
flexural stiffness at the proximal end of the microcannula as compared to the distal end of the

microcannula.

4. The microcannula of claim 1, wherein the reinforcing element is malleable to allow manual

shaping of the microcannula.
5. The microcannula of claim 1, wherein the reinforcing element comprises a metal.

6. The microcannula of claim 1, wherein the communicating element comprises a flexible

polymer and the reinforcing member comprises a metal.

7. The microcannula of claim 1, wherein the microcannula comprises a signal beacon capable

of identifying a position of the distal tip.

8. The microcannula of claim 1, wherein the microcannula further comprises at least one

additional communicating element.
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a composite inicrocannula for access and advancement into a tissue space of an eye, the
microcannula including: at least one flexible, tubular communicating element configured to fit within the
tissue space and having an outer diameter of no more than 350 microns, the communicating element
having a proximal end and a distal end; a proximal connector attached to said proximal end, said
proximal connector configured for introduction of materials, energy or tools; and a distal opening; and
a lubricating fluid, wherein said distal opening is located to allow delivery of said lubricating fluid to the
tissue spaee ateunidrsaidudistal ehdin 80yHdieisystatiod chaimudBafirrghedemmamprisiidsaastgaind

communicgggr&gneig{geentk%}a ‘m ﬁyﬁg@ of claim 30, wherein the second communicating element has
a signal beacon capak?ile of I ent%ylng a%bsition of a distal tip of the microcannula. 32. The

rnicrocannula of claim 30, wherein where the second communicating element is located within the

lumen of the fingt semyPAmicRIIg BleNeRLRS: thBedmnicsasanmta ot ol BRowhersindhe
communicatitrﬂgl Ierinents &r&ér}concentric.ali annt. 34. The microcannula of claim 30, wherein the

communic‘é’ﬁng eléments are |n1f)s§r‘:é’|1re1?’§ﬁb°ﬁ§n§ﬁ *BE™rhe microcannula of claim 29, wherein the
composite microcannula has a flexural rigidity in the range of 3.09 E-1.1 to 2.86 E-10 IcN*in2. 36. The

nuerocannyla;f ¢laim 29, wherein; the compesiie Mmiscanaulanievidas greateraxialand flexural
stiffness at lt,he protX|maI end of the microcannula as compared to the distal end of the microcannula.
alignment.

12. The microcannula of claim 8, wherein the communicating elements are in parallel alignment
13. The microcannula of claim 1, wherein the microcannula comprises two or more reinforcing

elements.
14. The microcannula of claim 1, wherein the reinforcing element comprises a coil.

15. The microcannula of claim 1, wherein the reinforcing element is tapered toward the distal

end of the microcannula.

16. The microcannula of claim 1, wherein the communicating element includes a segment
chosen from the group consisting of a segment of tubing, a segment of optical fiber and a

segment of an electrical conductor.

17. The microcannula of claim 1, wherein the microcannula is configured to fit within a tissue
space selected from the group consisting of Schlemm’s Canal, an aqueous collector channel, an
aqueous vein, a suprachoroidal space and a retinal blood vessel of the eye.

18. The microcannula of claim 1, wherein the distal end has a rounded distal tip.

19. The microcannula of claim 18, wherein the communicating element comprises an optical

fiber capable of delivering light to the rounded tip and wherein, when light is delivered to said

rounded tip, said rounded tip acts to disperse the light for improved off-axis visualization.
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37. The system of claim 29, wherein the microcannula includes a reinforcing member connected with
the communicating element. 38. The microcannula of claim 37, where the reinforcing element is
malleable to allow manual shaping of the microcannula. 39. The rnicrocannula of claim 37, wherein
the reinforcing element comprises a metal. 40. The microcannula of claim 37, wherein the reinforcing
element comprises a coil. 41. The microcannula of claim 37, wherein the reinforcing element is
tapered toward the distal end of the microcannula. 42. The microcannula of claim 37, wherein the
communicaiinteleimenimnth thixctainforeingelainannarejoingd bicammo atartisheatforodd; The

microcanne%%ig%tc;{%iﬁgi%gdy)\élﬂ%[;%i‘r;tép&ggﬂﬁer sheath comprises heat shrink tubing. 44. The
. o )

microcannula of claim 37, wherein the communicating element and the reinforcing element are joined
with an adhesive. 45. The microcannula of claim 29, wherein the communicating element comprises a

flexible polyimexe ABroDagnmicsecannula efickkimzZdowhereinihepieraoaantia.comprises two or more
reinforcing elements. 47. The inicrocarmula of claim 29, wherein the communicating element includes

a segment chosen from the group consisting of a segment of tubing, a segment of optical fiber and a
segment cf2ai el evtrioad woneottdrim 1, wherein the communicating element and the reinforcing

element are joined with an adhesive.
23. The microcannula of claim 1, additionally comprising a lubricious outer coating.

24. A composite microcannula for access and advancement into a tissue space of the eye
comprising:
at least one flexible, tubular communicating element with an outer diameter of no more than
350 microns, said communicating element having a proximal end, a distal end, and a fluid
communicating lumen,
a proximal connector configured for delivery of fluid,
a signal beacon,
and a second communicating element configured to deliver the signal beacon, the signal

beacon being capable of identifying the microcannula distal tip.

25. The composite microcannula of claim 24, wherein the second communicating element

comprises an optical fiber and the signal beacon delivers visible light.

26. The microcannula of claim 24, wherein the composite microcannula has a flexural rigidity in
the range of 3.09 E-11 to 2.86 E-10 KN*m?.

27. The composite microcannula of claim 24, additionally comprising a rounded distal tip.

28. The composite microcannula of claim 27, wherein the rounded distal tip acts to disperse the

signal beacon for improved off-axis visualization.
29. A system for performing ophthalmic surgery, the system comprising:
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48. The microcannula of claim 29, wherein the microcannula is configured to fit within a tissue space is
selected from the group consisting of Schlernm'’s Canal, an aqueous collector channel, an aqueous
vein, a supraciheroidal space and a retinal blood vessel of the eye. 49. The microcannula of claim 29,
wherein the distal end has a rounded distal P. 50. The microcannula of claim 49, wherein the
communicating element comprises an optical fiber capable of delivering light to the rounded tip and
wherein, when light is delivered to said rounded tip, said rounded tip acts to disperse the light for
improved off-axi®misusitizatiorzasiull Her aricrscadndiaokaliatinRg additomraly dompyisitg a lubricious
outer coa 52. The spigreeanaiiagf.claim 29, wherein the lubricating fluid is a viscoelastic fluid. 53. A
method of performing ophthalmic surgery, the method comprising the steps of: (a) forming an incision
in an eye to acce&s!&titrepikie Wﬁlﬁlﬁf fRBEBIcANB I AR iR 8 st Yhe tissue
space; (c) advancipgdaithaanigraaannilaaleng tedissuetispats) (d}wiiendebveningcaiubricating fluid

into the tissue spa erng}l§5§AJ% the }i Xf)f&peﬂ?icro&c&gtéfla&d54. The method of claim 53, wherein the fluid

delivered in step f' 3 ISa ViScoldstic uuf 5 he mepﬁod of claim 53, Farther comprising the steps of:
(e) activating a sigmatieaterneepabiéashddntniiyeivebtivh Bidpasialal st configured

for introduction of materials, energy or tools;
and a distal opening;
and a lubricating fluid,
wherein said distal opening is located to allow delivery of said lubricating fluid into the

tissue space around said distal end.
30. The system of claim 29, further comprising a second communicating element.

3 1. The system of claim 30, wherein the second communicating element has a signal beacon

capable of identifying a position of a distal tip of the microcannula.

32. The microcannula of claim 30, wherein where the second communicating element is located

within the lumen of the first communicating element.

33. The microcannula of claim 30, wherein the communicating elements are in concentric

alignment.

34. The microcannula of claim 30, wherein the communicating elements are in parallel

alignment

35. The microcannula of claim 29, wherein the composite microcannula has a flexural rigidity in

the range of 3.09 E-11 to 2.86 E-10 kN*m®.
36. The microcannula of claim 29, wherein the composite microcannula provides greater axial

and flexural stiffness at the proximal end of the microcannula as compared to the distal end of

the microcannula.
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microcannula; (1) identifying the location of the distal tip of the rnicrocamaula by locating the source of
the signal beacon.

37. The system of claim 29, wherein the microcannula includes a reinforcing member connected

with the communicating element.

38. The microcannula of claim 37, where the reinforcing element is malleable to allow manual

shaping of the microcannula.
39. The microcannula of claim 37, wherein the reinforcing element comprises a metal.
40. The microcannula of claim 37, wherein the reinforcing element comprises a coil.

41. The microcannula of claim 37, wherein the reinforcing element is tapered toward the distal

end of the microcannula.

42. The microcannula of claim 37, wherein the communicating element and the reinforcing

element are joined by an outer sheath.
43. The microcannula of claim 42, wherein the outer sheath comprises heat shrink tubing.

44. The microcannula of claim 37, wherein the communicating element and the reinforcing

element are joined with an adhesive.

45. The microcannula of claim 29, wherein the communicating element comprises a flexible

~ polymer.

46. The microcannula of claim 29, wherein the microcannula comprises two or more reinforcing

elements.
47. The microcannula of claim 29, wherein the communicating element includes a segment

chosen from the group consisting of a segment of tubing, a segment of optical fiber and a

segment of an electrical conductor.
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48. The microcannula of claim 29, wherein the microcannula is configured to fit within a tissue
space is selected from the group consisting of Schlemm’s Canal, an aqueous collector channel,

an aqueous vein, a suprachoroidal space and a retinal blood vessel of the eye.
49. The microcannula of claim 29, wherein the distal end has a rounded distal tip.

50. The microcannula of claim 49, wherein the communicating element comprises an optical
fiber capable of delivering light to the rounded tip and wherein, when light is delivered to said

rounded tip, said rounded tip acts to disperse the light for improved off-axis visualization.
51. The microcannula of claim 29 additionally comprising a lubricious outer coating.
52. The microcannula of claim 29, wherein the lubricating fluid is a viscoelastic fluid.

53. A method of performing ophthalmic surgery, the method comprising the steps of:
(a) forming an incision in an eye to access a tissue space within the eye;

(b) placing a tip of a microcannula into the tissue space;

(¢) advancing to the microcannula along the tissue space;

(d) while delivering a lubricating fluid into the tissue space distal to the tip of the microcannula;
54. The method of claim 53, wherein the fluid delivered in step (d) is a viscoelastic fluid.

55. The method of claim 53, further comprising the steps of:

(e) activating a signal beacon capable of identifying a location of a distal tip of the
microcannula;

(f) identifying the location of the distal tip of the microcannula by locating the source of the

signal beacon.
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