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the microcannula to have varying mechanical and delivery properties that will enable ophthalmic

treatments by minimally invasive means.
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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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A mcrocannul a having a reinforcing elenment in the
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m crocannul a. A m crocannul a having a conmuni cati ng
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or an electrical conductor. A mcrocannula designed to
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an outer “sheath. A mcrocannul a having an outer sheath

formed of heat shrl nk tub| ng A m cr ocannul a havi ng an
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conmuni cat i ng eI ement and a reinforcing el ement that
are joined with an adhesive. A m crocannula having
A microcawmiairiving 4 reinfercinzaiemenidhay iy @peres teyag the Briakandagihe
are bonded t hrough non-adhesi ve nmeans such as ther nal
microcanfld, '+’ asoni ¢ wel di ng. A conposite ni crocannul a for
access and advancenent into a tissue space of the eye
conprising at | east one fl egl bl e, tubul ar
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I sSué space of the eye conprising at |east one

fI eX| bl e, tubular comunicating elenment with an outer
di a .M ClLoNs o h proxi mal and
A microcgp %flav%g dls%ggpgv 1? %’i"&n‘éem‘f%“%m@ %g lunmen sized to
fit within the tissue space; a proxi mal connector for
i ntroduction of fluid and a second connunlcatlng ..
A microcehmHehavieparpemslnisating PpnpPRiAndf BBHOICEElcnqnh dhat are joined by an

Outersheglllgrocannul a provides neans for the delivery of both

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.



fluid and a visible light signal to the distal tip of
the m crocannul a sinultaneously. A conposite
wor@soramnul a for access and advancenent into BCT/USH0O&002603
spﬁcF of the eye conprising at |east one flexible,
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ofa ﬂexiblﬁ@gtﬂ?mgp&a{F%ef@is'ti\'f%e}fal%ﬁoﬁo_t h fluid and a visible
! signal “to the distal” tip of the m crocannul a
simul t aneously. A conposite m crocannula for access
A composi8 Lt ARSI ALt InPadvadRHRBRAS & tiSuelsPaeefehe eye comprising
conprising at |east one flexible, tubular
at least onedtexibié, caltilapopinews cetingicldmeah with tas routfir ipsneser i3 5@gpicrons or

..mcro or ..l ess,. with proximl and tal. .
s, with B AP LGP R o Duap g e RS fp @b ne
tissue spa%e%; SSH6xifRRESinedtoP FPihiGuct ANERREiA and @kedont rcotuaini catingf element
~ tluid, a second conmuni cating el ement conprising an
comprisingpini cpéikalffiiserwhean theamiceicata proyides msans fopsher deliypy of both

fuid and {8 SRR St f e S R e Rlrd Al Rabe i 0t O

the mcrocannul a sinultaneously. Brief Description of
t he Draw nlﬁ; Figure 1 is a cross-sectional vi

A composjisrpissicaRIH EFEEIHR andahANFTTA L E SPeratidhe g}fﬁ@ Comprising
at least orgelotﬁ%n(gbgé -t @on%nhﬁic?tg{%e@e?ﬁérﬁ &5th ANAer\difMetef 0fB50 microns or

’t'e m crocannu aving two reinforcing
less, withgr@;ﬂﬁﬂt snd i@l énds| ardenfytiti camchuoivetipgtunieal sizedrig fih within the
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comprisiﬂg:%lts j icgpﬁﬁgr%P&e MR Mahfila FA ¥ Rinded &istal @@ bikd provides means

ss-'sectiohal view of a conposite mcrocannul a
for the deni?ynyrcg battsfiidahd woisidle fightsignat tontlye distahsiptof ithe miseo g2
. of a fiat ribbon. Figure 5 is a side view and close u
simultaneppigly, of a curved conposite microcannul a having a P

signal i ng beacon tip extending beyond the distal tip
of outer sheath.
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.



Figure 6 is a cross-sectional view of a conposite

m crocannul a having a tapered reinforcing el enent and
wa@2osomded distal tip. Figure 7 is a cross-seckCDOs1005/002603

view of a conposite nicrocannula havi ng a bal | - end
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C
Figure 2 isa W§ecgﬁga Aievhf # ESMDaSite 1cr98arg1p%€kfaa'éng¢ 370 rgmgtgg@%ﬁlements
one full leﬁ%tfrllgﬁki:oggba%gﬁﬁ%ﬁed at the tip. Description of

vention conprises a mcrocannul a
desi gned to be advanced into very snmall tissue spaces
durin sur

. rticular f.or o l.mc
Figuee 3 iy hBh TGP BRI ) HETTERGC DRI G e ptnd
reinforcingéﬁﬂ{ent ROME 94t5n SURInERlkect or channel's, agueous
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Such structures range from50 to 250 microns in

pee 41§30 AP 52 b G R R PP G

rmnﬁmmnghﬁhﬁ%@ﬁﬂwkQb@@ﬂp{ﬂﬁ@&b&nf|EXIb|e el ongat ed el enent
a connector at the proximal end 3, a distal tip,
and a comuni cati ng channel 1 therebetween, as seen in
1 T

Figure 5 1%1 gll'cllg Ag) &glog e@\b/g)gé Pﬂfeg%?ﬁggérltegrpglr(gcghﬁﬁn% Paévrlrll% ia g1gna11ng
beacon tifSEi@Erdhin E@&ﬁ&,th@di@th] tipof aikrghesdh. t ool s and inplants to

a dist % surgical site for a variety of surgical

tasks. The communi cating channel 1 may be the | unmen of

Figure 6 1§atci'&? slaétp)%gfatl%%?ta% bﬁﬁ%ﬁr&cgnﬁdlﬁﬁﬁﬁﬂg b tdpRERrbiafdicing

er totr nsport l'i'ght energy, or a wire
element ah@a&dna’rd&ﬁdmtaleﬂpect rical signals. The flexible

el ongated el ement with a communi cating channel 1 is
referred to as the conmunicating elenment. A single

Figure 7 19 Q14 'sE&EdnﬁgV@lV%@‘ﬁ'% ?_B%te"}ﬁiéﬁ)cﬁﬂﬁlﬁa hﬁkﬁﬁ% @mell-end distal tip

comuni cat 1 ng channel m crocannul a of the present
formed sepanagaly from fha compomisetieg elpmentand agenfigh ffheatqpre¥ide fgra beacon

_ be placed into very small tissue spaces.
Wlthhght,é}%’&/gefl@ilmﬁgj is the use of a conposite mcrocannul a

desi gn that has the appropriate conbination of axi al
stiffness and conpliance. The mcrocannula is desired
Descriptipo ofdnyemdionyl e to allow it to be advanced al ong a

The 1nver{%}%é\l3:§g p?%es{ Y Bﬁ#ﬁéﬁ%n@l?%@ﬂ cB%E a }ﬂ&re{ﬂ%e@?rﬂb WBly dnlafiSiSue spaces

| CI axl al st ness or
during sur B driiular fbﬂo;ﬁitﬂlabmdsumy ghe nﬁcrbcamalatmasabh/@ndéo cannu late

m cr ocannul a. ]ge; | xe out er di.nens v e dthe
Schlemmrﬁéémha@aﬁmﬁrl@ﬁ@r £9 t°61° WB}%E%H%? a‘{e‘HK@ %ES a
supracho}o%ddl 9}?';0@ R¥cth E}?ucﬁﬁkse&hg@ﬁo&fﬂﬂ@@@() in@bHnoin Gamster, YedrtiRN

an 0ss-sectiona
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, annd 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 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 electrical signals. The flexible elongated elemernt

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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di mensi ons. In one enbodinent, a reinforcing el ement 2

is attached to the outside of a comunicating el ement.
wagysoal4by, the reinforcing el enent 2 conpri sSeBCHUS2005/002603

material with higher flexural nodulus than the

conmuni cating el ement. The comuni cating el ement may

be a thin wall polyner or netallic tube. The

The mlcrocgw L54h8 ?re@érﬁ 'ﬁ?\%ﬁtlﬁn IR¥reeatdos @lic Qbsigh feakliréthat enable it to

suc but n l[imted to, netals
be placed e kfﬂ@l srrgtllsttsamerﬂpaw A b@I featude mthemﬂe qfuatcaﬁnpgﬁteamm@gﬁ@nnula

st oS50 R BB B 38 Brocumn

is desired Fc%e ﬂ&&bl@% ali$® it 1B b8 ABYdnckd %ﬁ% aRBee%r tdriius tissue space with
m crocannula is desired to be flexible at the distal

minimal tiséye, travuta, butawish sufﬁnuentgaxuai stifnessior gpeshibifyarie allpw transfer of

roperties t ovva I [
force to a@ @H,ger{hgén ErogangL an‘[)]'f Sffxgg Fﬁ dlrﬁﬁﬁgor% gxglrﬁécﬂglﬁﬁlg%@aee?ﬂ& of the
microcanfifla fia$ 'bé‘@dlﬁ‘)?éd the @B ticANsTen ALY of dftﬂlsﬂr@cmgyh fand fcrd‘sh}eectional
m cr ocannul a. he transition in nechanica

dimensionsayi bee efobestplents hedinisycias elerIsge2 isphipgeddp &eg‘;tggg
communi?a{tigxgl geﬁr@e%niﬁt f¥¢1 &lllyp e qgﬁl?dg?ﬁg %ien%e!?x@ 2 %ﬁ?ﬂ% "é"lﬁét@rlﬁl vﬁ'ﬂg h1 gher

ncor one of nore
flexural nfoldufuk €idinrte H@’ﬁbﬁﬁﬁ:atmg elanemm‘d]hn abimommidaging ofemehhmay be a thin

enbodi nent of the inyentio cann
wall poly e TBR e d9bea TRGTATHTERE RSOt B T ORBRE gy digh modulus
material sﬁ&ﬁ%@hﬁﬁﬁ ﬁlﬁﬂte‘aq@ QH&EIF Indi@lihg s@in®ds Et%@lrﬁné nfldk%l(tl@hﬁlm alloys,
two rernforcing nmenbers 4, 5 attached
ceramic f@bmmgdihi@ thedgthpolpmesetited or wingonced polymass, arfd paipmer-polymer
rei nforcing nenbers 5 extends al ong the conmuni cati ng
compositest ement but not conpletely to the distal tip, while
the other reinforcing nmenber 4 extends conpletely to
the distal tip to provide a transition in flex
For optmmbuqal ih ameB tlsmpa@s,rthg mi¢regannsifie desivpd tg bﬁﬂymbl@ gt 61}%%1&‘[31 tip,

but transrg%g%l F(}ﬂgnﬂ{errr? B¥ a?,(g‘fol%)ﬁgtieg Fﬁ&éﬁj%}ﬁ%@o%ﬁitl gh!l.aﬁ“he transition

may comprigdbhie ok &oré Etelstl @ thdchhnisdlicofipéiasce, siE Qrad&n’aoﬂca)pqn‘lmdce along
wire 2, may be used to reinforce, the comunic

the lengt@féhenncrowamélan dihieiansition in weelenical PEPFRERHBAY gﬁlﬁg‘%’énphshed by
a change B}t g‘égoggz%&%%ﬁ]eﬁ%d (?rrje rﬁa:tgrgﬂgﬂ&?[eh eés mﬁ%/ fnﬁ&odﬁﬁﬂlﬂh léﬁ)n%rlts length,

reinforcing el ements
the incorpRdtiddcoftvak dr ntbr@i;t‘ﬁf%ntg/mambere; @ra neandiiod threath Imaye

embodlmggﬁncﬁrqllp@sglﬁgqt;g%lg%r;@éql n%\],% neg?éésllﬂag(?qp?l{}yrg?%égl i%tmt d forming

the comn{{l%}’caﬁﬁg gl%ﬁf—:fffa%ﬁcg@&‘ degh af ﬂe)llﬁ‘l% poRHes WlﬂﬁWo%ln%@ﬁgﬁhembers
y or partially contained within the
4,5 attach@:d’la’mmg thatlépgh, @k eeemrin Figure 2. One of the reinforcing members 5 extends
along the communicating element but not completely to the distal tip, while the other reinforcing
member 4 extends completely to the distal tip to provide a transition in flexural compliance. The
reinforcing members 4, 5 may be formed of a high modulus polymer or metal. In asimilar
embodiment, a single reinforcing member with a transition in flexural stiffness, such as a tapered
wire 2, may be used to reinforce the communicating 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. Alternatively, the reinforcing
7



The reinforcing el ement may al so provide kink
resistance to the comruni cating elenment. Thisis

wespsorabl y advant ageous for use w th conmuni cBET/Im§2005/002603
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~ _shape, of the ncrocannul a to be adjusted manual |y t o
The reinfseng elemeat BRtBA P It criin b P R Prale opidly Thiss
especially Féﬁ§§ﬁt%e%u9ﬁir L §2RYiR BRIEMi@tiAg ERMmehRTatrRiaftidadtdih lhi%h modulus
el'enent 1 nclude but are not %Iﬁ]ted to steel, silver
polymers,a3n¢h g @tlyimide, polysyifoneT hisrarldginfotesulee ieight pelyethylene and fiber

intores g o o o Yo ARG, A en
mechanicdl| R¥4F. A h ERMTb ARkt r@@@sdﬂo@%prm bahallehblt funeaal toallow the
[t as seen in Fllqures & 4. A reinforcing

pushabi ,
shape of themiocannu® tabe adjneigd msmadldabstieraceamodaly asurved shape of the

. coil ed. or u el n ' L Qimi
ssov oo S0P SRR o R AT Gn . G b
to steel, sibRer 8A¥ pRhtakiieydi gh nodul us material including metals
such as, but not limted to, stainless steel, titanium
?ng superegastic al l oys, ceram cs such as ceramc
. [ s, i ] | r i . .
e rintp D56 57 B ERE Ao RPHATEID 1y SOAPRBEN 8 B oo
of coil-lil@%ﬁ@ﬁi@s toRptovidy _hi@rflyexﬂnil tahpliance betsalseligh eniak stifknegs for
_round or sem circular . 7 or rectangul.ar s in th
pushabiliy @icsesh e IEHise S fle AuSHIPIRE FHLDGH éiaﬁtagb%df@ g gpef Fhoath may

be a coileli Bk Wogﬁ(‘f LREAESPS! DriiBY inkSthe @REHBN§urfaE of thersByatheThe
varied to achieve differential flexural properties

reinforcing|membdr¥e 8 neaydtetanyfsuitstde highmawkhisunateriafimelpging mgsalnepch as,
.elepents. be i.ncor por at ed 1.t h e ' :

o ESE LRGP RNl TSR B

fibers, an& Fgfi&ﬁﬁédlﬂﬁ thiRIR coRbbiiRpolyRgeratraserts s Heom fitee

{em Aeon iguredsﬁgyprovige g 6r§?g?§§d deflec?ﬁ%ﬁfdﬁ ' )

reinforcedepaeayt dtbicancnaifers mey hive styshHehla PYOWTéeC@GHﬁB@ gsground or semi-

. m crocannul,a of th r ' .ion . a1 i

e TS FERGRAN b AL P B P NER B TP s

reinforcidel{Berfb&E @G RWoAstARY off it elayi e vhnied torachieve diffeoryiat Sdxural

conmuni cating el enments with I nf
propertie§ gong thedomgih 81” the microgapila M%H{Q?el vr\]/ogridc élgr%erﬁg rrTnt%g"/rbetilg)corporated,

with the elements being formed of like or different materials. The reinforcing element or

multiple reinforcing elements may also be configured to provide a preferred deflection

orientation of the microcannula.

The composite microcannula of the present invention may also include multiple communicating
elements. In one embodiment, the microcannula may include two or more elongated
communicating elements with a reinforcing member to form a composite structure. The
components may be adhered together, placed within an outer sheath, such as heat shrink tubing
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
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conmponents may be adhered together, placed within an
outer sheath, such as heat shrink tubing or an outer

weomwynrideat i ng el enent may contain one or norePEI/82005/002603
conmuni cating el ements. One of the connunlcatlng

B L. TR R —
may be al%‘h@&' kidb '15 s?deerlah‘a n%é’ﬂcirblﬁﬁﬁine%ﬂ feHré dinfod@hg eibhRnts. In one

n|c ting elenents may be aligned side-by-side or
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commumé’éﬂtl'h eRnRBEANL) ASTHRHMNAH b&ﬁbﬁib@éfﬁﬂithmﬁdﬁ bﬁmhﬂﬁlchtml@élements

Such concentric alignnment of connunlcatlng el enents
that are notdy cencsotrisetliggmant n conbi nation with ot her

co_rmunl cating elenents that are not in concentric
alignnment. In one particular enmbodi ment, the conposite

In one pafticGlaP EmBOHdinentYEe d@mmswmmbqanmatmm@ed orlyha mansszr
energy. For exarrpl e, . the m cr ocannul g be used
mechanicaldwareve Forewample.ithe ticrapmaslagnay (05BN 4 tisste space

r i ,
and used { 61%(6%}”&2&%1{9 :“Tl‘?'}u s ogg e%%f ¢k utg n‘gI?] Kch éag%eﬂfglarlr(ggﬁéfélﬁ goﬁlgrglcr:ucatlng
element n@e@/ 23 a/mmnambb{ aes wieyl p(flyﬂnelr oc ﬁhq:mx)mmsxbef oﬁmrmxatm@chamcal

propertioy | AR GECUPEMDH: PHSTLON HATISRE ML PEABREmU iy g Feleg ey also
be 1ncorpbﬁ9e‘a? QLA gmrﬁ £ héﬂﬁ‘g ht IEE‘S‘FJQ PFoxthaNl Al AAd d Baslti? Advancement

distal tip. Advancenent or
or w1thdratwalhxﬂ|t1m/mheroﬁemlbm nuayrimusné tdyé‘ranggghekséapps@‘d:hq disehtdpgbthe

microcangylg i atergRr Y foeed b tech el el b EBRRERF, ° o'

distal tip. In one enbodinent, the m cr ocannul a al so

conprises a proxi mal connecter for the comuni cating

In one errénlodrmfmt thaécroeannulatadio qerIpTiSes /RIoK BN SARRRSEeT éorstb?)pl y
en

r _ener
oS 25 sSHSE e A e
such as aft GG E@}&Iﬂg@ @r ﬁgﬁﬂt’mﬁfce té\cdi obtrmiilﬁilctaYmgtchmrwi t obthacominaimicating
contain a centra t
e TSI B Sl el gn comrisiig 6 SL0GS S o
multiple sﬁ@é: &Hn%{:t}{)rsetg U1 B at?aléﬁﬁeﬁtsofsaﬁ&llgﬁﬁ&{ r%ﬁélﬂlﬂ @ﬁ@hoafls_ syringes,

uré sources, sensing neans
vacuum catptréselﬁrHEBﬁrcém aemsﬁtgan&nﬂayd tiedikst dihd attaicluhemt g@tslestm'ﬂma}suse

st S b e B e S A5 D g REGBlton wih i

compone Ibed hﬂg?:ﬂér'en{%ﬁln?&%ﬁé‘ b&rﬁp&ﬁt@ hﬁ%@ﬁﬁﬁu@a ay 1ﬂc6ﬁﬁ)ﬁﬂ@ FedleSirations
eneéstrati ons or w ndows al ong the ledélth The

or windoWe alap it fength. Thy fhestuivds may de lusedio dedivey maegals figm the sides

the sides . . .
of the mlcrocannuija, Yor instance the delivery of therapeutic agents to the tissues of Schlemm's

Canal. Alternately, with the connection of a vacuum generating device to the proximal
connector of the communicating element, the fenestrations may be used to provide suction
against soft tissues. The suction may be used for the removal of tissue or 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.



of the m crocannula, for instance the delivery of

t herapeutic agents to the tissues of Schlemis Canal.
w@\dosomab@el y, with the connection of a vacuum PCT/US2005/002603

generating device to the proxi mal connector of the

conmuni cati ng el nt, .the fenestratjons m e ed
The commygiopi FREICSLEEY B e 94 (WBPEIET BLBET of ML PoAt
sufficient 3 %egghoga?lfot%ft 8 bd D& aheIPa t_ié%flestdr54?0‘1'1\%1 a_otlissﬁ@éba@ﬁ sibhed

e mcrocannula in placg il e anot her
Schlemm'eCamrindi of safficéamt SexibHity tyfollowsheaticeudardrast pASchignm's Canal.

Due to e Sy L7450/ 1 A BB LAt B PG Pt aop R ReE zea
Typically,‘t’)i’g(l: #ni&%cagﬁlg]laeig‘gi‘zéd {zPfh8 ranbB D GO ALY SedrémRdral@®néter®ith a wall

ormed of a thin walled polgnet or metallic tube of
thickness §ofif 10e1 @hmicsons: fHwssosseseetianoyf the micsoesanulgvamckegropnd gr oval or

tj gsues or al.on tissue. s C
ot ok SEHE o 208 B SRR PORREPRASY s RARTY Fap. 1o some
embodiménitd, & Préfetdrivhedd vt ey iR dpphad to thtidettice dirngsibdidation.

size of the target tissue spaces, the m crocannul a

nmust be appropriately sized. Typically, the

Suitable r?.nﬁt%riagigo@nlli” é%i ul’?’licft él&n% ?%Jh\?\%%ﬁet%i lgcg?gétﬁeré?igrketone (PEEK),

ut er I ane W ess rom )
polyethyléd2; ﬁ%?pﬂﬂp?reﬁ&qnolﬁhﬁdd; polysmsédes polgsulfohe podyatharrbdadkramitia

ma e round or oval ot b d sh t
A ooy Gy L Y BRI BHRE, Phaye surtce
treatment C%Jr}\k/l %?Eﬂrbzicm &batid 6? Qi GIRQHL PELBtioRaR] @daisitTion Bght

may be led to the device during )
interactivé adutingatd aid in Buhtiebirel gradamce.alke minro¢aneuleananmsachaviemeprkings

e G LSS TR B! SRR L.y
the form é}ﬁtr%? ‘leLfﬂﬁQhe HRbY@hReb A d0f kel d@efviRisBAeRg the length of the

opolynmers or simlar materials. The outer sheath
microcanmely. Fhe exthombmetkingsedlovrusar zrsessmeniindiihalengiiniites tigye space or
coati,ngs.to.assist.in tiss n i . .
crnne S E T RESE TS Mok B FBEREL R0 € prpopgpoui
| ocati on and gui dance. The m crocannul a nay al so have

mar ki ngs on the exterior for assessment of d%ﬁth in
In an emhodiment oF the igyentien, FHyst é@@gmﬁp@gthg@erﬁ@?tms%gor 9a1t;g%@ment of
. _the rm.of ri. r ] . tdistal ti
e miso g0 BRSOl bk bl i
relative téWhe ftﬁfgaftnish@% as{ JI::En :ﬁngtuEeaﬂ : Tﬂfer skfgrtm@ﬁg aldansunag eomprise an
~assessnent o e |l.eng of | i ssue_ s e Or. .
cohosni e oSk Sbe o ) s e b ST Pt s o

s SRR UITERRETUAR O HE A EEGIBE s st
of the mi@beamanta tifs i dne emiboilinieal, aylastiewptical diber RO Lis veetasd a
communitp:a?cg}g(a?é%]iq nﬁ({)ﬂipgq%g{%% Crt?g tv?suial 1egrl]1tt iscIL%cet zﬂ%hé 258 jcif)) qO.Ofl“hé Hﬁtal 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
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relative to the target tissues, as seen in Figure 5.
The signaling neans may conpri se an echogenic nateri al
wo enosofis@sound gui dance, an optically active PEL/E8108$/002603
for optical gui dance or a |ight source for visua
dance pl aced at_ the m crocannula. tip or, placed t
oz bt

of discretq pugbdeadingap bothe disth end 0% 3t @ kmowndgioi BHCYP??HBHIQ may be
used to 1n8{ggt%qhé? ({rﬁoﬂhé‘ﬁﬁ&&aﬂﬁﬁl’a%ﬁh e (g?rﬁl fif Cﬁbo@pl'aéerﬂéﬁ dras

to provi bright” vi sual
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connectiog ppih P13y Uy did "L AP S Gy PR SH B DR TS 4 one-vay
valve or aﬁ heRidhd gl r}ﬁteﬁfﬂtl%l?dt% iP@¥ehayBY plREedi@)-BhdL @o bﬁ;ﬁm lthe
tissues visually or Using sensing neans such
lumen of & déliverg dommagicating mmmlogvmﬁoraiebnermaﬁ éluaiStor gagep ghrough the
i s bevel ed ot.herw se
devery g R RO eSS OB bRy
illumnated by a | aser, |aser diode, |ight- enrttrng
di ode, or an |ncandescent source such as a nercu

Alternate hmbogmmnrmﬁdhe pcraeang il anayatse ofieh uagipg fechnelagies {0 locate the
st vt P e IR BOTROAAE, HTHEb bl gt

resonanceifdglng) Bubfist §B anliultssoinddi Ia ¢hiest embediptentd, Gediengpnigigitabmay
the distal end or_ at a kpown point glon

ke sthrone A bR s PRk efrched to or
embeddeci Et or el @6 ?ﬁb@ﬂl rhf&?ocqmﬁh@l Aitbﬁ’lah@@? Br Hi aﬁﬁ%f@ln hn &dhogenic

nrcrocannul at t target tissues, beacon
material o’i&_ﬁ@tﬁﬁg mail be addbdROEheHistalytihetc enoved. The connect ion
poi nt may be sealed with a cap or with a self-sealing
mechani sm such as a one-way val ve or an el ast oner

It is also @%i’éned’%f ﬁfe '?ﬁ’i%?\é%rﬁﬁla tblTlﬁvéD Prouia¥d BRtaPtipa2do afninine@sue trauma

or wthint [ unen of a deIrvery communi catlng
and aid thetsbidite lof thel mwmqagmﬂmto peidverge inip smaumguempag%ss assseen in Figures

oanan. SRL ML IS IS 50 SRS P DR e

dependmg Bhock JFRBkR Iﬁépe&h@ d¥Ei8 0 CRHRT Uil ey IZSIﬁay)bél ﬁmneﬁagd mtgached to
echnol ogies to locate the signal beacgn. Qhe

the micropamwildilurinigasesily e elainatiyglye $hq micresganWa tipapay b?d%rocessed by a
seconda%P?engi%hﬁ%fonp gﬁﬂ&d 08 ﬁ}a%ﬁe4 {B%g{nﬁﬂiegfn YOri9 Ak c@ﬁ]gnctlon

ese enbodi nen con si gnal
with a lighB¥mitBkesiohdl8lg Heatdi® such niwd: e 1rgm id ctmlgerreg prexiimablodbg rounded

such as_a radiqpa
tip, the tip pctp & disperee @:egfgg? ij?{e ﬁ'raeochReﬁ%td:ha P%} %ﬁﬁaﬁigagg;? %‘v?‘ren Vleevtlng the

I
oo SR 5 Wy 1 TapriB St ot

al so preferred for the mcrocannula to have a rounded
Another lgeysfegture ofpthe 1thegt1(EH is Itlgg e o Ia%grlfl?nutmcaﬁng 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

11



and aid the ability of the microcannula to be advanced
into small tissue spaces, as seen in Figures 6 and 7.
wab@soodnded tip 12 may be the sanme outer di anRCEUSHS5/002603
the m crocannula or |arger, depending on the specific
properties deS|red The jounded t] fo med
microcanyigl APEHEMAYSEWie o RETRAOMIT RN § RiTaCeBrB T

commum%Jtltng ei3lenY §lckas bf % e T‘B&at%%‘bﬁdé b RighEh R aBéP48ES ed

secondary ope ation to forma rounded contour.
mlcrocanﬁﬁ\ﬂe tip ik senond edmiriupicafing slemonitoideliver ﬂmé sighrasg solutign of

mitti I b 9 h
hyaturonip aldp farictpeapas Bar g GHae PR ot bR SErbb 2ot
microcantufla #Ha§Be h%u&l‘l‘}emlahiﬁmateh%ndﬂa@d b deigesaddd foghd naérdsannula

vi suali zation when viewi ng the mcrocannula off axis,

advancenfeo’r wh»kemmuaanmsiyan@mmgﬁ@e migsoeaAnarlgdipracatiqnjajpng the tissue

h
e TR T i Bl RS M Egon
the microbdhnuaigphvEéddvihdeddtetiatigd any tursieneidllonss prévdsely controlled

m crocannula within the tissue _space. .The, ipj.ecti
manipulaieraind agiyarepmenbin tgh; figpumanacser 788 pase 858’&11{13%}@“9{1 é%ﬁ%ther aided

with the a%ﬁﬁ%‘ﬁ Q?@iﬂfo%m rrmei: [Phat n§daﬁ11$91@m|eﬂtb6ﬂ tﬁ@ﬁﬁ’crb@a@mula

anne Increase the abiITty to advance t
n1crocannu|a atraunatlcally Delivery of surgical
vi scoel astic materials such as hyal uronic acid
Exampleso| uti ons and gel s are especially efficacious in
Exmnwe?bdlng advancenent and pl acenent of the m crocannul a.
livery of fluids, especially gel-Ilike viscoelastic
In the fommﬁg bainmle, al doopwsitamidroenaiilh avifhorwoofonenieatiog elenegpiwas

v SO SHIEAERES I WSS 0 8% bt 0004

inch OD)t Deofd OSAMIHIcatng elPRBAt Gkipasing aeﬂlﬁﬁiétdpﬂ&ul g o (B5AE00t microns,
onprises a mcrocannula with a communi cati n%&el enment

0.0034- 0@0&91mah O, aprinfostentenbelement BP4YS waresraingraOilny irhse shhe

e 253 oL F BEFPRL Fu LR A . £ S50 SEPTRALEAL) s

remamm@ Ye@hthrdmh&mﬁﬁb&nh@la} lAgd ah otee stwatt ca)rﬁprmmgfpdlﬁ:thyhme
gnal i ng beacon is active. Such a

teraphthafak T gk pEs0 Q0B aneh Ipbwns € B0Gha el i resyogRall cut
to lengths rc?pcrﬁl%%ltr% tﬁﬂg ﬁ{é“tﬁﬁ?% MBS THE HAGEQMALM. The distal ends of

crocannu a ti ocation a ong
the inner toMmpoiEnsPaEe themgnedrﬂusimndg ninefl withuancdhdtedivey dihy r¢1nfqr¢ieg

cloment escResEethif BOBnEp KB s Y et ALY i QST relntorcement

more prokgﬁasf 'upﬂlﬁ%ﬁlolc%l@ F[‘ﬁ@ el ¥leRRAsWRirk ﬁl_%'%{&nh R %éi‘{giu&@ paidin
ancenment I n tight tissue spaces. ease 0

rather thaeani ipdinatpatsernits cleatetanewsseitdediproiildwith thezauillestanajor-asis

rej nf .
dimensiog; ’glpeo;gsré%hﬂg é)rfr?nn?tlgle tcc())mf)(r)]neen?s was ﬂér‘f 1ants<|irrt]e% 1n{oetﬁg Rat %flrutllpﬁlbing
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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Exanpl es: Exanple 1: In the follow ng exanple, a
conposite mcrocannula with two communicating el enents
weR®sAld cat ed. A communi cating el ement w th BCT/USE05/002603

(Pol yi m de Tubing 0.003 inch ID x 0.004 inch OD), a
second co nicating el ement conprising.a plastic

fumen of &5 ERGRIS {1 BRSt 45 00y S 0n GOTT 0B STy espponded

to the profiniaf P Bf BT goﬁhﬁfﬁmﬁng Siefherts WspBotBieBH NThd &k téhsfid were
I'nches I1n the distal 2.5 1nches tapering up over a 1.0

finished biyradbinigerigteh itfosian domnvetoe andén gptakcannetiestofsgrvetdsanterfaces to
r emai. ni | ength of t m crocannul a nd an _pute

the commuREAKRE LOHBHT o Ry Ay a: FRATAGE PRy QinE S By

demonstritH sultRbNOMGE-AFery Hedi he IREcmBA82ond el deiVdry from the
thickness), were all Cut to |engths appropriate for

optical cogmedtontg themidroeashulevigr al | | engt h of the m crocannul a.

The distal ends of the inner conponents were then

aligned flush and joined with an adhesive. The
Example p€i nforcing el ement was tapered and aligned to provide

~nore flexibility distally and stiffer reinforcenen
The micropgpeulp fabyicatier in éxﬁlﬁélerﬂi Wasgesipmh i agcestg SR ’é|(g\%%{1?fsan
i i . : . .

enucteateflfiaflh 7k fifh B ARGl B Rty Himer ks Hlached
syringe fillb@ witheli® st thepfosimaldiuer dommenisero riThe Heeormbsembimicaing element,

mul tiple corrpgnen S, was, then inserted i.ntﬁ t he heat

the optica fibpth Rvag ali#ahgd st EDSTUENS SOBreF AR PRIIALGIIEF e fRFTatng at
the tempo}?ﬁés%g@ﬂib%ngﬁleféﬁgg tg?gétﬁtg& r%o?tidrﬁ%‘ thedfe, 86 tdikal tintéipgs wé¥e made

I OXi crocannula assenbly, the two
to a depthcafiSahitnoma’t idagaleindrestendingefroan thetckaad eernouapyirdsingtely Aenm

ST T TR T T
surgical fga?.e T Fap WHsithdh &HRERY P? 2620 ¢hd IEbIS) BYFosBIgESBBNENSM W€ a8al. The

ptured to forma multi-conponent shaft of the

distal tip of the comppsiteamicTiranedaas inserted infwtdrems (crarb e lighkspurce for
SRR EAE R M e e .

Schlemm&¢ARS$ Phe BaTBAiitEatftdig (el eitrrhenuletip was setedthtomgh iee sclera and
proxi mal end of the two conmunicating el emfnts

used to helpgpidetthe rigrocapmulae he TairoRaNINEY Was adYREtIRIoRE SRy HCanal
until the tlsi'rg%se EJJ—:Blf'ééc?lghrg?aglg%g)&gpgfa%eﬂggatﬁ)ﬂ. 9k isﬁ‘?ﬁ%%ﬂf]@&éd)fo th®first

e as 'in conmuni cat i el ement s.
communigﬁ&{g dlgmeft ckivasion waks esatitorinjectothad (licdomay , petvinredededical
enpnstrating sinmul taneous f.l ui [
Optcs, o et i 0SS 1 4,8 Sebl ket LS Mo e
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
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optical connector to the m crocannula tip. Exanple 2:
The m crocannula fabricated in Exanple 1 was tested in
wae@sssidny Schl enm s Canal of an enucl eat ed huPEIUS3085/002603
The first conmunicating el enent, the infusion |umen,
was attached to a syringe filled with fl
tubing. Urdex staigpmigrascopd Misudlizaton, am&%@&b%@&f%ﬁﬁﬂﬂﬁ?@aﬁ?lﬁ@rmg iron) set
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Optics, Inc.) into Schlemm s Canal as needed to aid
m crocannul a advancenent. After the desired
Exampledk cr ocannul a posi tioning was conpl eted, the
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vy 0001 P EHTERAS NS &Sk MARo S SRERED 08 damere
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an outsidg rd@aroetmz)a)qmmhemr 0 PigRRte 88 Meds Grnatened-000 inghggiar 150
microns 8{}%?)!?7%}" eﬁ)fnag)gﬁgglﬁrﬂgl)é f,n%hé/s {Hchém? %@%C@ Bﬂ?@fb inch or

! npri se a sec I on o oderm ¢
250 micrbd PIDTE 0RO Shrinkohitx a fred@imedrcindtidaipeit ene endfhosiippedivesl the

coil and fetcggérec\im usfn?g hc9c acl)rooZVSer 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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inch diameter was held inside the hypoderm c tubing
and extendi ng beyond the end of the shri nktubi ng.
wQas7@der eom croscope visualization, a poi ntP¢EES2005/002603
source (adj ustabl e soldering iron) set to 500 degrees
C was brought into close proximty to the
segment ¢fdhe aniprpLROTHYLPIHC et &Vp Eadial iRESIGNY WHE 14 ‘I P%
f Bnalid aﬁw_&

Schlemm@ Qﬂmgl afntdl'&tetlﬁ%%eﬂ\ﬁsrhur éeeatrtgl‘e)‘xglg%t g%)rg?l a8 ef‘t.’) 1 dé?eﬁ%)? A third
incision v@erseﬁztdechcaass thmrlﬁ)etﬂtrlbbathd ofdheltadial mondiens ta deﬁae)asmgm@ai flap. The

|
e GRSy ARG RS S LALIOVRE TS Sl v
inserted iftfo fﬁ-@nﬁﬁﬁ Uﬁﬁaltaﬂa'aﬁ%ﬂ%% & @?Y(ﬁd"ﬂaﬁel}@(ﬁd%réés drbénd from the access

_ mandrel determ ned the final dianeter t he rounded
site. Thetrgpal cA;ipWasmbIMDebleyse‘m hepuigh dliresslasdl walt dlpsving the angeet of
S .appr oxi 0.0 inch or 200 micron outer
1nwnxmn@ﬂ§ﬁgwgﬁmn tga% Hggﬂgwﬁ‘onponent was then drawn over
the distal end of a conposite mcrocannula simlar to
Exanple 1, which was 0.0075 inches or 190 microns in
Example bar gest di aneter. The tip conponent was butted up to
In the folbvﬁgggygarﬁ%et he pogRé) ﬁﬁ({rrgcéagﬁr}?lgﬁﬂgi%@gtgl {,cgglgl Waﬂﬂg teleg%: ts in
parallel ali Eﬂn&ﬁtrfornﬁiﬁ a ﬁ‘mﬂmalékegméhttvhﬂl £ mhkiawinn guteudmnieeer af2s0 tnmdgons was
a conposite m crocannul a was for t%ﬁout of a

fabricated G omiR I%mliﬁﬁé?mﬁ’é%ﬁd P ASTRIGRIT 810 B &V e dRierl Somimunicating
elements 5813% § % dqf gf QSREME! Xt ﬁfb@étﬁg:na o@t&o&tbpﬁﬁciﬁ}fe an
tal n ess steel ribbon under 20 grans
atraumatit epﬁermal ﬁtacpadh distal ﬁp@@ﬁ%mwdh Pdcmtlmpatm@llume@sﬂsa&sﬁoel@bd in the
N TN TN KT A E——
optical ﬁQerQl% al iBfmRfSerRént %Qz@néﬁ't CTIRSuterdleh P& W atuBURE Sfrudhire comprised
i nches or m crons, and overall |ength of
of three S&'ﬁp DﬁREBAt)@(ppb@mldﬁz{p@S'ethﬁ c@pplym)s 6B drpmpsitecibate: 0. 010

D Piogirdaefrpo O RS B RAe MERIOm A B, 5 T ana

2) M1§S@é’tﬁi’rﬁ(§10}[ﬁineﬁllb@d0 @i4inetveD, thectelehgthe | ength of the
coil. A 0.004 inch dianeter tlcal fiber was then

3)  Disteldisdtiom@.80¢ inshiDieh0dy inch©Lhilh Beh MR and advanced
to the distal end. The proximal ends were term nated
into a fluid infusion lumen and 0. 5nm di anet er opti cal

The outef fuBglar ERERACHAY &IngtrudibEbylfisst ehttipg thel indiviafual blenfasegerdntsto

was found to h d I i sti
lengths appropTiaie o $eFnE (AT AP EN AFRelh Sb R TRpTosganula. 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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Exanpl e 5: An experinment was perforned to test the
coi |l -wound m crocannul a desi gn as described in Exanple
W@ 20080400 gl obe human eyes were obtai ned from BCT/USEN&002603

bank. The enucl eated eyes were prepared by first

injecting the vitreous anber hos te buffered
mictocang fbe FPHIEELERPER P SRR AT HoH BHRER i e g i anember
assemblygl"l%lg ?ﬁ‘netr Qleﬁleﬂ%tv%r? Iah%r%%lﬂ%@ rd?sttélrf% Flihd Bistal GA¥Rr Al -

perior segnent t anteri or tion of the eye,
tmo radi al incisions were nade to a depth of Schlenm s

e D 7 SO B G SRR A e Y
curable aHR&?‘/eQEBQ@t@, Brifl 4’3@)‘5? Qb Qﬁplféﬂ% ﬂfe dulé sé@tﬂinaif thé @[s"ézllQig'S An

define a surgl ca he ap was then excise
adhesive lo|ﬁ ntedinar © Higlevistosiiysvas @hwgusn gha&;(dm asinsive @mphigiatiorfermed a

bulbous %’&1\9 og%g)rgg}laa g@fg;@pﬁg{ il%gl %1635%. e§cs2rléa ”gapg(d ﬁ%;%félg%mlcrollter

amount (ﬁ%&l‘i‘e%ﬁleirl/ds@lse&r ToecroRé e tHPThe WalsesBRIvastcarddao $&aA the spherically
hrough the scleral wall allow ngﬁt he anount of

shaped ammnamatmmtlaaécamﬁwf@rﬂloﬂ@cmé OHSILRHAIRSH. Exanpl e 6:
In the foll ow ng exanple, a conposite mcrocannul a
with several conmunicating elenments in parallel
The free 8hd gNEE Rifudion Ning wastbshiahted egienfemaiet Iuea pomx i Thenproximal end of

out er di aneter of 250 m_crons.was {) bricated. The
the opticgifiler v ABEIecied fpk PUSH PG (PP LB UPEAted Hamqpsioa
SMA co@&gg%l communi cating el enments conprised el ongat ed

I'near elenents. At the distal end of the outer
structure, an atraumatic spherl cal -shaped distal tip

e G GEERHE 54 A T e s
of the ouggrf'] ber w];? Ehdafegin H‘E}Fﬂ%@&ﬁre GRIFRE he@EhAforRfiel LRUb.f Thehub also

rei nforcenent el enment. The outer nenber was a
providedtwhednarfosnarupmlah@l Qﬁhpmlgedarmﬁlat hree sizes of PEBAX
(pol yam de/ pol yet her copol yner), 63 duroneter tubing:
1) Proximal Section 0.016 inch ID x 0.026 inch OD, 24

The optléaﬂ‘ ShA englidhtidh Wik @oneetddas adighidukdecdndllighkwhs @dAducsahto the tip
OD, 4 inch length 3) Distal Section 0.006 inch ID x
of the migr@ailntptpronde 2 sgnphgacore nEenl o dergimagion g fopnected to a

ment _was .G
noc-, PR R BB SR B ML B oty e
microcarfiild éxighg femfthadistabtigr Belivdrgogthe signat beacon gloicamthiibid.could be

i The mid section was
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:

D) 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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inserted into the proximl section with appropriate
| ength for an overl appi ng bond. The tubul ar el enents
waweos/otiaen bonded together with an adhesi ve orP@HUS2005/002603
mel t-fusing the polyneric tubes together with a
~controll ed heat process. The distal] secti.o s bqgnde .
A spherically shipedpirawnaic s was labrisajed aryibs anicgpraan Mﬁmg@% discribed
: 0 S es : : r i
i a0 g R S E LR 0 ShptleBSSOTM i
embodim@@4nSteifot@sselSmert wasiplaced imte tlfis 08tula-£o1GAO0G6N, ihowtever a plastic
. OD, and the optjcal fiber caonprised a plastic optical
optical filper fyas CQEPqratly é{ﬂm?%r Y€ Py rene and
pol ymet hyl met hacryl ate with an 85 to 100m cron OD. The

rei nforcenent elenent and the optical fiber were cut )
The opticalbSMengthimatippwepcoraceed tra Eghtspursetand lighhwas eemdugtad to the tip

I engt h. of .t hem crocanpnul a. The reinfofc . t e
ofthe micsglar e rieh GrPe pas erpeaer b & T AE TR aflfilflg actvarion
of the syrfee§8RIitéd i hidi NGy BrBHENHS nYieroR afinilg Beitingifidin teadistal tip.

di'stal tip of the distal shaft. An atraunmatic rounded

tip was forned at the end of the distal section. A
E L %gi ck drying UV curabl e adhesive (Loctite Brand 4305)

XaMple 3ns applied to the outer section of the distal tip. An
The compHéite fliv@cainulR G Bxuinpled Gid Buaspds 7tweraastediodmmaneyes similarly
t hat the adhesi ve _ap&lil cati.on formed af ul hous

to the megtodiéFeremplephr By diainim st dea! segrIFnit TRy BUGOCHYAg qould be
advancedaaqglggot?% TRER)! chchge%eﬁHe OF QLpk A 80U foP B6@EEES eI Rh M@ Sbserving
use the tip. e ad

O Create esive was cured to form
the beacdnhtgrabhiehe aftloyarmbmgdhatugh dretclerat iygjestionhofmnuilleanseunts of

tron ek S Lot B ELF N el s o

: The: pr.ayi [ i d3an to
airo UG RO 6 o A Rt

advancemgtt asdproSideddonmerstwegresine asvercenienthe ni cr ocannul a
assenbly where the optical fiber and reinforcenent
enter the inside of the outer nenber was sheathed in a

Examplel@F Ot ective plastic housing formng a hub. The hub al so
provi ded a neans for mani pul ation of the m crocannul a.
A compoFhemigso¢ananlagwi sveiahealliepsr alemeaisnwacbrcated sinyifg e Example 6.
. ource and |igh : ' . :
i s e R o9 S5 PG S T PR ion vas
connectel] AirBEtRafol th dises sevpionect ed to a fluid-filled syringe
and activation of the syringe resulted in fluid
delivery through the m crocannula exiting fromthe

instal tip. Delivery of the signal beacon |ight and
Example(fo%t §' 1\ o be

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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activated individually or simultaneously. Exanple 7:

In the follow ng exanple, a conposite m crocannul a
wawndokosmyer al conmuni cating el ements in paral | BET/US2005/002603

alignnent formng a distal segnment with a nmaxi num

~outer dianmeter of 350 m craons fabricated simla
forming an@trempgit spberically shaped tanigs d¢ SERed XTI e 2%‘??0‘@
. .C t
i a8 HGRE A ol e g %%&%2%*3%“%%%
|nch ID x O. 026 inch OD, 24 inch length 2) Md Section
0130 inch ID x O. 015 i nch

h |
The floxugi|SiEASBbs BRFTBSB0BEE METF T8 by B er o b ThRch
mlcrocan\tuﬁgf% Catl &rgpﬁ{r&& ish MR %ﬂarﬁétéﬁé%ﬁfﬁw&e dsPed'®Ba mechanical testing

on the mcrocannula by the nethod descri bed
apparatus wittEx highl sensitivifyolond ngll @nstitmodel 5pA2i 318 Leoad |C&Hé~t €he Gpear region

RN R A i O IR T TS

construction, however a plastic optical fi ber vvas
incorporated simlar to Fxanple 6 The ogptical SMA

Wed

MicrocamelrBesatiptoon was connected to a |ight solMeasurd Floxyral Rigidity
was conducted to the tip of the mi crocan & wer Luer
term nation was connected to a fluid-fill' yrlnge

PEBAX@HL@rQ?éa'tﬁ/at' on of the syrl nge resulted | B.0olIREMIA
delivery through the mcrocannula exitihg fromthe

PEBAX Guist Slheath mth E)@r}pn élameteﬂﬂés \Y@ﬂpo& te m tPJEHMUl ae of

PEBAX g\tﬁ"F Sfé‘?alﬂilwftbjpﬂ_,é\‘“ﬁ}éflﬁbadn%‘?r %(gl g §c§f ) Thé 83 |Es;T )ngEbt ip

fiber and distal segnents of the mi crocannul ag could be
advanced along the entire circunferencelof Schlenmrs

... \SARREE

PEBAX OaﬂeaShefadr w3B0. (&@gné@snmu SS%wibser vi ng t h8-89dddn

PEBAX pﬂféég%‘?a@hwbt}m %Iﬁ!lﬁ%lt%s ‘gi‘rgh;/;; E:ngnll l: 5?9?%' gased

PEBAX éd{gg SH@alth Mtﬁmsi'jﬁﬁfdﬁaqné‘téﬂwwﬁéleal on GV, | AdvBinoed

lcal _Optics Inc.) delivered during advancenent of

the m crocannul ae decreased the force required for
Exam leggyancement and provided for nore progressive
p vancenent. Exanple 9: A conposite mcrocannula with

The mlcl‘%@éﬁ%ﬁﬁh f@&icbteae@Exahpréa@t\ﬁermw‘d&bf tleadbilitysto et Stilemm’s
Canal of a hlamnlgn %ye 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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uronic a

demonstiékeicaed sl flekiml gidits o pyoximately 6.33 E-11 kN*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 kKN*m?* coupled with the

delivery of a lubricious material (Healon GV) allowed the entire circumference of Schiemm’s

Canal (360 degrees) to be accessed by the test microcannulae. It was noted that the amount of
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high lubricity. Three eyes were used for the
eval uation, wth cannul ati ons perfornmed both cl ockw se
w@nasooum er cl ockwi se fromthe surgi cal accessPGI/US2005/002603
When tested for the degree of advancenent within
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advanci ng each device manually, attenpting to use a
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i ncreased extent of cannul ati on, which was
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d.th
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e exar LB AL Yo el A0 cfiriche T it of petdiea

enmomn&ﬂmnﬂXMﬂmWahym180 degrees of the eye. Such properties
woul d allow the entire eye to be accessed froma
single surgical site by advancing the m crocannula in
both directions. The results of advancing the
m crocannula into Schlenms Canal with fluid delivery
denonstrated i nproved performance except for the
m crocannula with the highest flexural rigidity.
Flexural rigidity in the range of 3.09 E-1l to 2.86
E-10 kKN*n2 coupled with the delivery of a lubricious
material (Healon GV) allowed the entire circunference
of Schlemm s Canal (360 degrees) to be accessed by the
test mcrocannulae. It was noted that the anopunt
of force required to advance each devi ce was
significantly decreased by the presence of the
| ubricious fluid being delivered fromthe distal tip
of the m crocannula during the cannul ation.
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I nvention. C her ménts and nodifications will no
and adtemifdrcing mmnbe(o commseeds‘imth tieecconmmuiieatang elerfibe. exanpl es
gi ven should only be interpreted as illustrations of

some of the preferred enbodi ments of the

2. The thidvahm0s oM¥aiin | Sviebin®e cofpodite MictOeHRABIatRSs a flexural rigidity in
m crocannul a for access, and advancenent into a tissue

the rangesqf3Q0 Bfl 11tp@.86F1¢ sRFMsi ng: at | east one fl exi bl e,
t ubul ar comuni cating el ement configured to fit within
the tissue space and having an outer dianmeter of o

3. The mizreahindsn oB88inn ovinasin theeeiaforaing irmahber@rmléméater axial and

flexura! g8t 1 XA B £ UaeTnis e ks COMBatedap thaghal dof the

microcarfm@nect or configured for introduction of materials,
energy o r tools; and a reinforcing nenber connect ed
with the connunicating el enent . 2 The m crocannul a of

he CONPAsSI ocannul a
4. The fcRedte BP Gl Py SR R3St o AR e B ggow manua
shaping &FtAOnli@dldindla. 3. The microcannula of claim 1, wherein
the reinforcing menber provides greater axial and
flexural stiffness at the proximal end of the

5. The MEEQGANABE EafS 1 CORBAGR thelrBintEing ebdrfidnt SBfpREes I Retal.

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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m crocannula. 4. The mcrocannula of claim1, wherein
the reinforcing elenment is malleable to all ow manual
wabapiomgof the microcannul a. 5. The m cr ocannedHUS$005/002603
claim1, wherein the reinforcing el enent conprises a
netal. 6. The m crocannula of claim1, wherein the .
9. The misrasannelaol glpim) & vdsteie onp el the somnpunisating elomsnisrrpvidaga signal
rejnf ' er conprises a nmetal. 7. The
b%wona%?@?%@%%ﬁﬁﬁghg%ugﬁan11, wherein the m crocannul a
conprises a signal beacon capable of identifying a
position of the distal tip. 8 The mcrocannyla of,
10. The rgicgacpnaulagfielodmrd, sherein hegddiingp P HER IR as logpted
within thb $#5&n 8Phe 3R dodnRMick \Aﬂh@rﬁt ing element.9. The
m crocannula of claimS§, erel n one of the
communi cating el enents provides a signal beacon at the

m crocannul a distal tip.  10. The.m crocannul a of cl ai
11. The 1gicrogRRUR Pt EFEm P hETSHA IC SBRFRIFN CALE F(Fagnls i g pancentric
alignmertOcated within the |umen of the first communicating

el ement. 11. The m crocannula of claim 10, wherein the

comuni cating elements are in concentric alignment.

12. The m crocannul.a of .claim8.. erein the . .
12. The i iarA o se nen ettt it fisdnpospyel alignment
13. The riREodHnBHRGTRMIMA , @hefdiR B thicro¥aghelh Rotpeisds t6oQs &bt kéinforcing

conprises two or nore reinforcing elenments. 14. The
elementspi cr ocannul a of claim 1, wherein the reinforcing

el ement conprises a coil. 15. The m crocannul a of

claim1l, wherein the reinforcing elenent is tapered
14. The tRysvafintA@fdlsimal, virekin the demfoictipadanaticampiiSes altyel.

m crocannul a of claim1, wherein the conmunicating

el ement includes a segnent chosen fromthe group

s : . ¢ _

15. The r%%?r?ﬂggﬁhffa%’ggangln% %&gﬁgégg Frl%fn rteﬁfg&cg% eé@‘g%’tﬁ??%gfzreﬁ toward the distal
end of the anictochmaula.17. The m crocannula of claim1l, wherein

the mcrocannula is configured to fit within a tissue

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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space selected fromthe group consisting of Schl em s
Canal , an aqueous coll ector channel, an aqueous vein,
wa@2@apreehor oi dal space and a retinal bl ood veBSEUSMWN5/002603
the eye. 18. The microcannula of claiml1, wherein the
distal end has a rounded distal tip. 19. The _ .
20. The microcsoana@f glaim s wherain the oprenenisatingelanniand therpipfercing
n ' optical fiber capabl e of
denwnt%%ﬁﬁggépﬁgﬁﬁpgﬁgﬁ?%wthe rounded tip and wherein, when
light is delivered to said rounded tip, said rounded
tip acts to disperse the light for inproved off-axis.
21. The mpcEacannylataf GHIDG0, WhereH @F&&Eﬁﬁ{i?f’éh BPIIRIISES g‘ft‘at,silﬂﬁé piine.
t he communi cating el ement and the reinforcing el ement
arej oi ned by an outer sheath. 21. The m crocannul a of
22. The micedaanAlla offetrimi I wheeeio tHearonshestdtingmigmént esd theatinforcing
shrink tuybing. 22. The m crocannula of claima1,
ehnwnt%ﬁéF@Fﬁ“ﬂ&%ﬂb%“ﬁﬂﬁ?cating el ement and the reinforcing
el enent arejoined with an adhesive. 23. The
m crocannula of claim1, additionally conprising a
23. The thighvdapinolasfelaier], edditiongly @mprivingHaiydsictoss aiter eepdimaul a
for access and advancenent into a tissue space of the
eye conprising: at |east one flexible, tubular
24. A comPHTHNNERbEMEu R BARIREsIMnidhd@Endeuieat infh AMBue spade dTthe eye
_nmore than 350 microns, said conmunicating el ement
comprisipgivi ng a proxi mal end, a distal end, and a fluid
NMUR] [ . Pr-0Xi
ot e G iEls, gl By i QR bR enf RIS Ler SRR GHIRE more than
350 mRfIAN b4dtbmpmalicning elepent hatingd piaxinel éndes disted esd,gndla fluid
beacon, the signal beacon being capable of identifying
COMIHHCHHNG WE8¥AnUl a distal tip. 25. The conposite
aprogfngarl%%ﬁﬁéw&aco%fﬁ]gﬁ%eﬂ'fm &ivePSf £, t he second
comuni cat1 ng elFement conpri ses an optical fiber and
a sighdhdes¢@nal beacon delivers visible light. 26. The
m crocannul a, of. cl ai m 24, wherei .he conposite .
and aseeqd SPREIALES glemeptefnfisurgdgp S*Fflyefitﬁe i ?)8?%’& the signal
beacch l%ing'c&pa]olé Of ety th kle@RanndTa didartg.onposi te
m crocannul a of claim?24, additionally conprising a
rounded 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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28. The conposite mcrocannula of claim27, wherein
the rounded distal tip acts to disperse the signal
whemsom4dor i nproved of f-axis visualization. 2BCT/BS2005/002603

system for perform ng ophthal mc surgery, the system

conprising:a conposite m._crocannul g for access a?d
a coppoHisdBIRERRANRMR SorAcCrS A adEANCEmBHt 1819 2kjssue ppage of an eye, the
micrBL&aEARoMER: Ncl uding: at | east one flexible, tubular

conmuni cat1 ng el ement configured to fit within the
dtilsssuenesiiadiale amtulanvomguaitatng demditavefiguredfo fiowitbinghe tissue

PO BRI ARG B P BAORSY 350 FUf OLb AL P nicating
Arhag hadin Ca%rrak&d%%hﬁ@é dRtdengai d proximal connector

configured f introduction of materials, energy or
a prokimal gauinestali attasheddp snidrgoximabiend, kil prexamiahepnneetpriconfigured

erei,n sai d. di.st.al opening is. |ocated to all ow
%@lﬁtﬂ?g}lﬁtm&gfs%?taﬂﬁﬁb‘?ﬁ% FHR1 uid i nto the tissue
dndacdstar épenghgsai d distal end. 30. The system of claim

29, further conprising a second communi cating el enment.
and glubricatieg Byigk em of cl ai m 30, wherein the second

TR 508 OB ELSTEOl B ATl Do s oo

tissugispicecaoumd said didtal & mi cr ocannul a of cl ai m 30,
wherei n where the second comunicating elenent is
| ocated within the [unmen of the first conmunicating
. 20 Rt SRR SocBhd EbiihRunYBRERLA L e
30 Theg%ﬂm%%?glgﬁﬁng’ E’Ftelg}en(gs are %ncconcentri cal gnmen?.
34. The mcrocannul a of claim 30, wherein the
communi.cat i elenents are.in parall.el ali nt .35
31. The SHURHOGF B AR ASBT: (B arorndsomBnaretine efiaedb gLyt beacon
capable BF leRGAMB4 BodiBSn 8f 4 HRwY E'\ilglof fHeGhRidcinilla t he range of
3.09 E-1l1"to 2.86 E-10 kN*nR2. 36. The m crocannul a of
claim?29, wherein the conposite m crocannul a provides

32. The %{igr%tca?nrnu 1of c!laim 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 kKN*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.

24



and flexural stiffness at the proximal end of the

m crocannul a as conpared to the distal end of the
worR@sotamnul a. 37. The system of claim 29, whereCTU$1965/002603

nicrocannula i ncludes a reinforcing nmenber connected

comuni cating elenment. 38. The n1crocannu|a
37. The éyste;pﬁf ﬁiagm 29 Wherein the migiogamwls lﬁﬁlu@?seﬁﬁ?#ﬂ orcang member connected
@ﬁﬁ w manual shapi ng of the m crocannul a.
Wlththeg%).kﬂ e&ﬁ1 ?%o%g%rﬁul a of claim 37, wherein the
rei nforcing el ement conprlses a netal. 40. The

38. The gpgt{qg%?n%%g(floj 3{1@5‘?3 ﬁle rgifo rre?ilﬁg e ne gfsﬁeﬁfﬁag .egg allow manual
shmmng%kﬁi &§Q¢F$Mmg5eln the reinforcing elenent is tapered

t owar e distal end of the mcrocannula. 42. The
m crocannul a of claim 37, wherein the conmmuni cati ng

l.ement and.t.he or.ci.ng elenment —are  joined b n

39. The GiiFBF LA DSOS TSI TS i Phyprses P8
wherein the outer sheath conprises heat shrink tubing.
44. The mcrocannula of claim37, wherein the .

40. The suenegairsda pheais dhevherein dhe teenfersingiaderasmi gowmpEpas codlr e
joined with an adhesive. 45. The m crocannula of claim
29, wherein the conmuni cating el ement conprises a

41. The ntiexichirtalpof @i 37,Aherdin ehaetifocaipuldenfis wpakdt@Pard the distal
wherein the m crocannul a conprises two or nore

end of the:migreeanHly- el enents. 47. The microcannul a of claim
29, wherein the communi cating el ement includes a
segnment chosen fromthe group consisting of a segnent

42. The afictochimds ofclsiagdEnhenéin dlpt conamhudicdieng ederderd asé threeninfating
an electrlcal conductor.48. The m crocannula of claim

elementzge JOjpRS RS 31 QW €[ﬂ$@£ocannula is configured to fit
Wthin a tissue space is selected fromthe group
consi sting of Schlemr s Canal, an aqueous coll ector

43. The ofiarcetnulaof deuedUsvheeein theaowemhaath cowipsds heptasheink tebing.
retinal bl ood vessel of the eye. 49. The m crocannul a
of claim 29, wherein the distal end has a rounded

44. The %1§1t0@h11ﬂd1@ of &8im T &y Heré&in Feafomhaniedting edrhert And WRaERIfGcing

he conmunij cati ng ‘el enent conprises an optica
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.

25



fi ber capable of delivering light to the rounded tip
and wherein, when light is delivered to said rounded
wao e@s/0mEd@ rounded tip acts to di sperse the |ipgt/usmns/002603
i mproved off-axis visualization. 51. The m crocannul a
of claim29 additionally conprising a |lubricious outer
48. The wiszeqangulany claih 29nwhersiidhe migoesnnyladp goplogureghiorfi within g tissue

space is éellj%h&fﬁ(t)#ﬂﬂe érlpﬂig %oﬁﬁstﬂl Vdf %%ﬁl%}nﬁf’g 'C%nafnll iﬁll g(ipﬁ:ggfs cd(fﬁ:cté)r channel,

ht hal mc surg
an aqueotd Npihi Ssmaéﬂwldilep&eafnd a(radindl (bl(mdn,@smh of theiege.on in an
eye to access a tissue space within the eye; (b)
placing a tip of a mcrocannula into the tissue space;

49. The &&}o&ﬂﬁ@g% mgmfl%t@/ et ChO ARAN Hlluf‘hz?sl ﬁ%ﬂn&é@dlﬁt’aﬁ%}

e de rvering a lubricating flurd into
the tissue space distal to the tip of the
m croca@ira}ul a; of cl ai

50. The icGoGRRRI;Ehih Prvetieh tﬁiafom@uaweﬁl%%‘smg&ﬁoelmsa% g optical

fiber capé@le o-fla@h*!;@?fr@)%éhﬁ’fo b 2duRded tip! fah'd Wh@fen{? QIRhiI1EhNE deli®ered to said
st eps of activating a si beacon capabl e of

rounded tigesaid fopinded tip hets & dl@pprsﬁf thg lig tsmmmpnopetbpff{aﬁ@ visualization.
m crocannula; (f) identifying the location of the
distal tip of the m crocannula by |ocating the source

51. The Bfcré@nel ®Falaild@9G@aitionally 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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