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at the front of the eye and the lens. The aqueous humor is constantly secreted by the
ciliary body around the lens, so there is a continuous flow of the aqueous humor from the
ciliary body to the eye’s front chamber. The eye’s pressure is determined by a balance
between the production of aqueous and its exit through the trabecular meshwork (major
route) or via uveal scleral outflow (minor route). The trabecular meshwork is located
between the outer rim of the iris and the internal periphery of the comea. The portion of
the trabecular meshwork adjacent to Schlemm’s canal causes most of the resistance to
aqueous outflow (juxtacanilicular meshwork).

Glaucoma is grossly classified into two categories: closed-angle glaucoma and

open-angle glaucoma. The closed-angle glaucoma is caused by closure of the anterior
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This is initially by nedical therapy with drops or pills that reduce the
producti on of aqueous hunor or increase the outflow of aqueous. However,
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Al t hough trabecul ectony is the nost cormonly perfornmed filtering surgery,
Vi scocanul ostony (VC) and non penetrating trabecul ectony (NPT) are two new
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intraocul ar pressure in a manner whith is sinple, effective, disease site
specific and can be perfornmed on an outpatient basis. 5 SUMVARY OF THE
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2 ~F EB 200 In further accordance with the invention, the seton inplant
may be rigid or it may be nmade of relatively soft material and is sonmewhat
curved at its distal section to fit into the existing physiol ogical outflow
pat hways, such as Schl enmis canal. The distal section ins2d® FEB 2004 f | ow
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exi sting oqu | 0 thways is that the treatment of glaucoma is .
subst anti al | Qt@WI hrogedurs. the ianerswalhof Sedemp’ & sanahis sipprd o wfignseigically

the inventi | h1ization of sinple mcrosurgery that may be
per f or med O%Q%Q%%Plgé:?{‘%ht basis wth rapid visual recovery and greatly

decreased nor bi diTrybecHettahlyy VG dhdsSNPNcid pedbinied entder aDPSardtivab abd Q€letdtan
is found in existing inplants. Physiological outflow nmechanisns are used or
re- est abl i sif@ $iFhithat theaqueens hymarpgdramed gpto the surface i the eye or into the tissues
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will be bes nder st ood_fromi foll owi ng Detajl ed Descgription of
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drawi ngs. Fl ' i ' | t ' . .
FlG 20s o mpantl SudBEt WauRs KAl bah R S8 e et i A BB 363
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enbodi nent of the seton inplant constructed according to the principles of
the inventi &PCHE @ gayeomg %“Wos‘gmgébt?lé‘ha}“cﬁidé% fmahagegninfectiops apd g
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Examples of implantable shunts or devices for maintaining an opening for the
release of aqueous humor from the anterior chamber of the eye to the sclera or space
underneath conjunctiva have been disclosed in U.S. Pat. Nos. 6,007,511 (Prywes),
6,007,510 (Nigam), 5,893,837 (Eagles et al.), 5,882,327 (Jacob), 5,879,319 (Pynson et
al.), 5,807,302 (Wandel), 5,752,928 (de Roulhac et al.), 5,743,868 (Brown et al.),
5,704,907 (Nordquist et al.), 5,626,559 (Solomon), 5,626,558 (Suson), 5,601,094 (Reiss),
RE. 35,390 (Smith), 5,558,630 (Fisher), 5,558,629 (Baerveldt et al.), 5,520,631
(Nordquist et al.),‘ 5,476,445 (Baerveldt et al.), 5,454,796 (Krupin), 5,433,701
(Rubinstein), 5,397,300 (Baerveldt et al.), 5,372,577 (Ungerleider), 5,370,607
(Memmen), 5,338,291 (Speckman et al), 5,300,020 (L'Esperance, Jr.), 5,178,604
(Baerveldt et al.), 5,171,213 (Price, Jr.), 5,041,081 (Odrich), 4,968,296 (Ritch et al.),
4,936,825 (Ungerleider), 4,886,488 (White), 4,750,901 (Molteno), 4,634,418 (Binder),
4,604,087 (Joseph), 4,554,918 (White), 4,521,210 (Wong), 4,428,746 (Mendez),



FIG 6 is a perspective viewillustrating the seton inplant of the present
i nvention positioned within the tissue of an eye. FIG 7 is an alternate
exenpl ary nethod for placing a seton inplant at the inpl gh§ FEBeZUM
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trabecul ar bypasspguigethe 4dbdvPakhbsdihRhlks andetvanatiol aRérebs heed numel)Bass
di seased trabecul ar neshwork at the | evel of trabecular neshwork to use or

restore exi sdisattyantagésl awl pateramysicenssl rates. hdbey irvehweosubsrptialbtaaies utg eye
illustration rposes, FIG 1 sh a sectiona i ew of ap.eye 10 il e
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col | agenous tissue known as scléra 11 covers the entire eye 10 éxcept t hat
portion covepathiwiys dreenctouseéa Tht. probeducesr areambily perdortitednint amppatiegtroom

tissue that focuses and transmts light into the ey nd the pupil 14 i ch
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17 is a vascular layer of the eye underlying retina 18. The opti¢c nerve 19
transnits visual T ES?EPP&N%ﬁ‘eﬁ}bw‘tfhé"ﬁi‘a‘i‘??@%ﬂ“lia%t‘isé‘aG%Q’FL‘}?%IPFVR%%@‘FFW%’(HWby
gl aucoma. Th I.or e j 1:S.10 t &icbiekll Y
by the cor negf g%}sgir?ggﬁgs gﬁ&?ﬁ»@y%%ﬁ%@@laﬁis a%gu%%"girfg?] 1&516{’21—%}% f?c? I Iﬁ{;%lev{i th
aqueous. Aquemitsai th the adatamt of dpeasangly ghcome. bi dddition, lnadimal Grrevadtsrof issves
the anterior chanber angle 25 forned between the iris ;llgﬁgnd_l_ftap?eﬁug?gr nea 12
t hrough the @apalteredsand gxigting phsiolegie outflow pefgwarsasesutilizsdy e JiYPRSSe

t rabecul ar r Usr RARS ; prelane] ARSI Ec12h drfat O
Schl emmi s cgﬁg?%%ﬁgc tpﬁ%ggghﬁ)trhe agéggﬂgl%%?fné}{ 23 \%\%%,?{Honerg’e Wi tth

bl ood- carryi nges\wexistiag phesivloigc mefiomsnechanisthat This. surgery ould| ter perfarmsd naderf

the eye 10 i s nmaintained by Lhe,intr' ate bal%nce gf secretion and outfl ow
of the aqueolfPiGahapesthesiainaphyidan 5 pHipe YU RPIINSBREITRYSY: characteri zed by
the excessive bui rfjuRrfl (REGIGONSreld dinthal Reelt6r BBLREINRNL Ghéml@(fma?%{ Whrettbd
produces an increase 1 n intraocular pressure (fluids are relatively

i nconpr essi bikat amculpr s Saser, issfediandclessd exppnaiveythan curtently eacilablet medditiey..
As shown in 5”&% %, ghe trabecul ar .meshwork 21 coFs itutes a SWP'J ﬁortion
of the scl er dTaPfculpg bYRass) SerSt 1§ A 4B KS FUErEaY ‘ﬁ@ USSHBIRCH SR AT Por
i mpl anting a,fRyijGBlahh i@ B9bask Rsehded SHBEcMr B VWRRIaWHe! Avihe AdvandT Bibebiiar 11
is relatively a major surgery as 9 25 F E B 2004 conEared to a surgery
for inplanti mgshworkyamd usé oo rgHore hexisting e ilow rpatissdysor The obigsk yof the pressat
implant 31 of the present .invention for either_using or, Lestori i.siing
oLt ow pat hBPBIRDE B REHE PrPsiu AR Rerprh B e Selisd FRHa L HEp Y Id
illustrated iaNmkidder whicl i &nipld, SHfe@ROdisERB site 3pBBIiOQAd AN HeNgdrfsified ®n an
aqueous hunor outflow in an eye of a patient to reduce the intraocul ar
pressure t heostpatienttbasiset hod conpri ses bypassi ng di seased trabecul ar
meshwork at the |level of the trabecul ar neshwork and thereby restoring

exi sting outflow pathways. Alternately, a nmethod for increasing aqgueous
hunmor outflow in an eye of a patient to reduce an intraocul ar pressure
therein is disclosed. The nethod conpri ses bypassi ng di seased trabecul ar
meshwork at a | evel of said trabecular meshwork with a seton inplant and
usi ng existing outflow pathways. The seton inplant 31 may be an el ongated
seton or other appropriate shape, size or configuration. In one enbodi nent
of an elongated seton inplant, the seton has an inlet end, an outlet end
and a lunen therebetween, wherein the inlet end is positioned at an
anterior chanber of the eye and the outlet end is positioned at about an
exterior surface of said diseased trabecul ar nmeshwork. Furthernore, the
outlet end may be positioned into fluid collection channels of the existing
out f 1 ow pat hways. Optionally, the existing, outflow pathways may conprise
Schl emm s canal 22. The outlet end may be further positioned into fluid
col l ection channels up to the level of the aqueous veins with the seton
inserted either in a retrograde or antegrade fashion with respect to the
exi sting outflow pathways. In a furtber alternate enbodiment, a nethod is
di scl osed for increasing aqueous hunor outflow in an eye of a patient to
reduce an intraocul ar pressure therein. The nethod conprises (a) creating
an opening in trabecul ar neshwork, wherein the trabecul ar neshwork
conprises an interior side and exterior side; (b) inserting a seton inplant
into the opening; and (c) transporting the aqueous hunor by said seton
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principles of the invention. The seton inplant may conprise a bioconpatible
material) such as a nedical grade silicone, for exanple, the material sold
under the trademark SilasticT ", which is available from Dow Corni ng

Cor poration of Mdland, M chigan, or polyurethane, which is sold under the
trademark Pel | et haneTM %z ;E%;l j ?ﬁg f{ f r om Dow i

Corporation. In an al teS Iﬁtl.li '—FQEW@IE b i oconpat i ?g] EgB 2@45 FEB
2004r materials (biomaterials) nmay be used, such as pol yvinyl alcohol,

- polyvinyl pyrolidone, collagen, heparinized collagen, tetrafluoroethylene,
f1uorinated pol yHeggneralyibis aneekiect of therpsassnt invertidniioeréided ngwimethod for the

pol yol efin, pol ter olysilison, m xture of bioconpatible materi.als, and
the i ke, | RuBich Rertment qrtelacoma, (teabscyian, bypass éﬁ'i%gg}o at‘é“‘f)i“é‘)vc%rﬂfa‘f‘i‘b&r:\é‘a‘
material by nieghl@ikeardORbioRS dxiRing MRy SolBREI SRAwWHMRLA! 1als IRYh

wherein the coating materi al @?gﬁjgysgllxgct e(tsﬂl‘ﬂfr‘év t he %rggg conseip?tbﬁgggf
pol yt et r af | ther oovehtiorete prévidE)an ingllantraneh inytiodgfel itshepatiation thuertepesses c
drugs, and the like T‘ge mai n purpose of the seton inplant is to assist in

facilitatingiSEsed Jrabesular meshwrrikAldhe deveh of tra dnesbptorlo and ovhich sestares
Schl emmi : i . .

2ueous vei Sastng Phl=HGREELRMOW phbyd s Sl GRbReCAHiect o eS8l idtRniion
enbodi nent , td peviietsnoh aniinghnt Bdvisgapinlaeadadh eltlzngad esd & litémrheedbe tvedtn.

having a digtal. section 32 and an inlet section 44, Arigid or flexible
distal sect 18h 1Bt 1S PRRiUPRedoethe; dsTiE hamber at He lexrlsel Mg istarmal gifpbecular
pat hways. TheskvsikedndSEetd ; j

have at | east sone ?ﬁingge éiﬂ%tfﬂ?%’ﬁ&?) ¥’?’é’§‘!’e&r1?‘?%br?%h£@?§{é§‘g'¥§t“ Ir'fl'llh%i[ ﬂgn%a‘ﬁ%"’lgﬁz
outwardl y f tmbesubdni nesiwarkt frel/sreimo fluipl edlectiors iclenredd df ethe séistingo ouffloow
pat hways aftets1 in%)l antation. For stabilization purposes, the outer surface
of the distBF"8@%tion 32 may conprise a stubbed surface, a ribbed surface,
a surface W th pij d@bRiange Witk bUtStre3dt théfGenttn, tbechl WhelreRbY fACE
36, including the out eranr egion 35 %e?l(g”ﬁnne?mr en(::]IEOI’l cgfkg?'pa}ﬁgu ultyleerte en%i@BB,
of the set onpénipg amd hols thiooglotheatischsed teabecul argseshvwodathadughl reineo ntitraturgéry.

interactionfirritati bet,wee e outer surface and .the surroundi ti ssue
is mnim zeé-l.0 pﬁvéngJé(ﬁBHg FWT&%&E‘E It'“ﬂﬁ’ya YaeRmpa Ieeﬁ(imi' ! ‘Eﬁp%lﬁ?er%gw‘é méll"e
l'ocation prgglendl a s&6n divhich! meEHIIRR, &% ex@itiple, faf QRd A SULdIRIw @it. 3 oh®

allow fl ow of aqueous in nore than one direction. The at |east one opening
may be | ocaexemplaryt kmbgdidsnent, theciséton Bplant mby e @pgitisngde acfoss hbe odisdased end

33. In another exenpl ary .enbodi npnt, the seton inplant 31 may have a
ome-vay 11 oEResSEF SRR RRE BN apes i 5 gnls e B2 vl oL Stierr 11BRaler The
one-vay fl| 0¥mbedinieat, thé GnibBeHESo e TRYIaAEIsSEIpBSdde® the ARleHBE UM FQRSepd | NY
of a check valve) a slit valve, a m cropunp, a sem -perneabl e nenbrane, or

the |ike. Tohdsnbgewtlaticad aspesivenedsat iths exteryor surfaeeaef the trabequldraneshweplenimg

41 in the p ' niion of..the di stal secgt.ion 32) at a locatipon awa

fromthe ouﬁ? éb%k\%%ryaﬁagﬂ'\mgﬁt’ g‘i‘(ce %Ileére?%elﬁ%oéﬁ‘?)@ﬁil af,and oy eﬁﬁﬁ%§ﬁ°8¥§nd
of the out! ebrf&Rbfike trabechlzd YhedRWorklahd int the Fluid EolkRAEH cldritelsdofheRistng OP
cross-sectional view of FIG 3. The shage of the opening of the outlet end

33 and the Puflevhipagwasly lof stithanethen embedimentorthe Duttay ek inpabitionedinnl the
some ot her apt to conform.to the shape of the existing .outflo
pat hways. T%?@Q'g’gg? i%l'}rggtilg]na?/\,i a}lﬁemn}‘f’ ert °éi"3ffﬁt (5%? OSHEISER eerWﬁrg PN o
stabi lize t belléctibftchamidls @p 161 thd 168S REChe BQudORS VeldsSwARAhE QEtBRANted in a
preventing rotation. As shown in FIG 3, the seton inplant of the present
i nvent i on nE§ragEads of aptegrade faskiageen about 0.5 nrn to over a neter, |
dependi ng on the .cavity. .seton inplant applies to. The .outside
dianeter of the éggg'ﬁ"}gﬁ‘ﬁ|‘§%t"§‘%§§}_g ’e{ﬁeg%et&?%ﬂ%to tma\glﬁ orgrﬁ'?"‘(?"%B ergﬁlﬁn%lm
The |unen divanei & eitBerPR&lfcR¥ ablallown tHeNBow 2610 86 LVREMoRRR UolidObidBdhpataIO Ut
150 pm The seton inplant may have a plurality of lumens to facilitate

mul tipl e fl &wterad thadonbibes equeoTh el ki matatialderthe setonmyayde selecieddram thengrawg)l e

bet ween about 3Q. degfr ees to abOLft 150.d§g1[lees, i n.an ex rrgl (?rﬁ .inbodi melnt
at around 70°05 B e PReLs mgepply sgmirigid dnqigngl, soft patenale pyqrgRhilig metepal 5
shows anot hgydRpheslt MRériad hydRiyeb @8t mdRkaNtnd'heqiast ructed in accordance
with the principles of the i'nvention. In an exenplary enbodi nent, the seton
i npl ant 45 nmay conprise at |east two sections: an inlet section 47 and an
outl et section 46. The outlet section has an outlet opening 48 that is at
the outlet end of the seton inplanté45. The shape of the outlet opening 48
is preferably an oval shape to conformto the contour of the existing
out f |l ow pat hways. A portion of the inlet section 47 adjacent the joint
region to the outlet section 46 will be positioned essentially through the
di seased trabecul ar neshwork while the remainder of the inlet section 47
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present invention positioned wthin the tissue of an eye 10. A hol e/ openi ng
is created through the diseased trabecul ar neshwork 21. The distal section
32 of the seton inplant 31 is inserted into the hole, whel& FEBh2004nl et end

38 is exposed to th nterior chanper 12 .2 F E.B 2004 f ok
outlet end 33 is [ffbgﬁr‘?‘%?f‘é?ﬂ' C%Hggt?hea‘r?v BHY | ersegatr}rl gag“ @ng}g"g%‘t nay
di seased { raBegilialor TSR ko harehll fnd WIsbliRIHBIARMIRNLs didullseoitd wtfitant 33

may further enter in ection channels of the existing outflow

pat hways. | n yeneiging@tiysieligical beflowanathways, suoh as Schlemingl canalp eltierdistal seetinn

trabecul ar nmesh 21 nmay conprise an incision with a m C{Rﬁ ni f §n iiplcilgci:eon
S setip Pl

by a poi nt ed inpidedthgi pwiflow pathwarnBRY J3YE iaP ! shapes g 8RPUKS I'Tc

an irrigating. icator) ofr ab | j.C : ohe b efurth
trabecul ar n&gﬁ&g{ 'e f/ %‘&W%seg{agﬁq%@pvdrt ﬂég{rﬁmflﬁé{: ?E{r:gs%ltﬁs%yl ar tg gr
retinal pick sgengdihée@®Yrd @péCendldiR/@ N5t NgasiBye filigecomih oh theexten@auedcdyf

retrogade fiberoptic |aser ablation. FIG_ 7 shows an illystrative nethod
for placing ahedisehsectiph afithesetonher qttms|saifﬁcesalte@“°%d?5f&fi¢§é‘% ferRin KiiSER o1

applicator 51 conprises ringe porti 4 etobhRB, S wahe
di stal section O]ETR'B fAee E@ﬁ%@%ﬁ“gg}ﬁ#g’ﬁ' qétgﬂ%g]gegt Igasi?’e@gkeaingrfogat ?ng hwol)g

53 and a di stglveSHaemiFRrheibldlthbhgie af @AURDS fodblcud cels or Sremprokinhecomey
57 of the lunen of the distal space 56 is seal ed 'fromt,lgis remailni ngh)léyrgen
of the cannulaclineal ipoobl&s. IForaymbssi be usefelgoruse ashipeampsiible matgpal iy ates

openi ng throu t he trapecul ar shwor e AEtroaN&rthd he
gui dewire or aggf?@é?‘ﬁ)spf‘ﬁﬁr (‘?E‘?Ptgg?'é\é\g)t.hml %Héa%egﬁg){ ldé& g ﬁtr?e t the seton is
direct!y pl acgfeQilat HestidR)rk Ypénin@BPArb@rat e disedl sedioant et swnt he i npl ant

site, wherein the delivery applicator holds the seton securel durl)r}% tFe
del i very stage and)meebétihseisivMtaghjrqfﬁgbﬁﬁéafd@m%%gﬁw’sﬁsa‘é@?loﬁe hsfring, A Gr v
enbodi ment of the trabecular shwor AorE M thk Jeul B£@8bdchlat he
supi ne positiHh, % FrE ‘&}P‘H}‘a‘gg’ %ﬁgﬁgﬁ%g?ﬁrebg?ue{%}g?gi ned. I'n one .
enbodi ment, amgdMldrk Ah@ &Rrdvyane ixivtig sanbowmaivayy is thei the eratmenhefdgaucPmaotigh
the cornea opposite the seton placenent site, an_.inci scLon S ctI:el L on is
trabecul ar mesbsientially simples thary ingaisting therapies. fhBirter a3y289ef o MRV aiiPin2 ed
through the cornea [ nei s B inRformitadifin S@pdtRntibasis with
irrigating ap Fi“gg}%%)tw@Sgﬂagﬁngg(%ﬁ%?%%?tc&?%eng) %r e_ndoscop{)q gui dance.
The gppl i fﬁ-t Ofapids vishlNFbcavdty ?mgog?ﬂl)fzge@msyd amwblddrdedFm;cﬂlh)e a‘bldrSituggtm diffexents e
may be within a size range of o 40 gauges, prefera 0

From t he for eaprreashds ssed pan an foynd 18 g¥isfpg HBR}aBg ?ﬁ%?‘gﬁoﬁi}?gamﬁﬂ‘évt[g%&%g@g’ls
approach for the suraical, i e QR pleasht heRitioh,Sial @meddis@riction
rel easi ng exc%rgs‘fssg °?rf§r%gt3élﬁ$§?r%%ggﬁpgngvﬁi I ept he i nvenlti on has been
descri bed wi t kithgreientedisdosedypeaboddlogienbodi nent, the description is
illustrative of the invention and is not to be construed as limting the

i nvention. Various nodifications and applications may occur to 13 2 ~FE
8 2004




those who are skilled in the art, without departing fromthe true spirit
and scope of the invention, as described by the appended clains. 14 2 5F
E B 2004 What is clainmed is: 1. A method for increasing aqueous hunor
outflowin an eye of a patient to reduce an intraocul ar pressure therein,

sai d nmet hod conpri si BRIERYBASCRE O ¢k r mesh a,level of
sai d trabecul ar nmeshwor n g o 2 bgf | ow pﬂ\lsagtB Zbﬂ A
met hod for increasing agqueous hunor outflow in an eye of a patient to

reduce an intraoeul ar pressure therein, said nmethod conprising bypassing
di seased t r abeculAfiditignah abjaetsaand; featyies off theapeesentabivention Witls hegome warh a

seton i npl arhéagrggtsﬁﬁd tid ﬁl&:rﬁo}ug\?\slewflll By bgﬁt%%ys%otd?’ frofﬁ [B%t @@gh"i’g Qﬁtailed

i ncreasing a unfor ou I'n"an eyeé of a patien

i ntraocul ar [DéseAPEETEof BRdneility BniirentsOviidieread Oith referénteas Shd ecbRPanyin
di seased trabecul ar nmeshwork within the eye at the level of the trabecular

meshwor k; arfawiags.ori ng exi sting outfl ow pat hways. 4. The method of claim3
wherein the bﬁ?ﬁf bﬁg%jsi n ‘%i_nsea ed. trabecul ar meshwork conprises the
step of perforni fiyf i G’Peé“g‘? n ey Tor SRR AUROSTY ai m 3 wherein the step
of restoringrexizstd B%cigslip SiBALINVIBYS showing the anatomical diagram of trabecular
meshwork and the anterior chamber of the eye.
FIG. 3 is an embodiment of the seton implant constructed according to the principles of
the invention.
FIG. 4 is a top cross-sectional view of section 1-1 of FIG. 3.
FIG. 5 is another embodiment of the seton implant constructed in accordance with the
principles of the invention.
FIG. 6 is a pei‘spective view illustrating the seton implant of the present invention
positioned within the tissue of an eye.

FIG. 7 is an alternate exemplary method for placing a seton implant at the implant site.



conprises restoring outflowinto Schlenmis canal. 6. The nmethod of claim3
wherein the step of restoring existing outflow pathways conprises restoring
outflow into the aqueous collectors. 7. The nmethod of claim3 wherein the
Tnto the aquedeels iR DESeRE O EIB MR AR ERINOBERTS L '8 praronns
into the aque —8: ' e 5bepEpf2004
bypassi ng di seased trabecul ar meshwork further conprises the foll ow ng
steps: creating an opening through the trabecular nmeshwork; 15 2 5 FHB
200g transporti ngRefeensgue GUSShunor 7.t tvhetu ggh sidven apenmathodafed thy paseherg dfhe
trabecul ar nmeshwork at the |evel of the trabecul ar neshwork. 9. The nethod

of claim 8 weRUEPHa by dradeqular JyPass SHERENh glnt pastieylam a saiogrimplam s rRed tor RyRass
conpri ses theg; ' rd

canal 10, TRiEhSEcileollb2 ARGk M HEAATITN NP ipcefib el B i O SRR

t rabecul ar mesiving kutflowtpacivagoaid insthedd theredf.eps of transporting the aqueous
hunor into the aqueous collectors., 11. The nethod of claim8 wherein the
step of bypassi ngFenbackeweped illusiratipnspurpasesfilE: hehownapegtioaal vipw ofapsye 49,

transporting _t.h oys hunpr into. th 0, DS, - T h r

i ncreasing a%@%u@%?ﬁ%\pw&ﬁ”ap ewué)? g %Pﬁ%ggx% t\ll/\!lgé%llg#lgé?Pnge[_g%’bcélﬂﬁ%%‘a?’g?gﬁ {ehgt ed
by fiberopti grabeGfdr m&ShoHQMhe amteridinéhafifieR Oghd’ S¢hlérmigr £aarang HILIe QUBagR e
outflow of claim8, wherein the opening is created by a nethod sel ected

from t he grotissusokmavet ansplast 1l siovgrsahenentinskeyies k) excepbihat @artipn eeveradeby the
shar pened applicator a screw shaped applicator, .a barbed lic Fry s

et pal pi ok PoRAIR: THRePRES b B B whtebark i s B REr YRR R ion o
of claim8, wWheepl shd the payi® 18 ANRER $Che 2Arcalaf Bbledh thédeHer of thaeirik 3heslotedr
meshwor k conprises an exterior surface, and said nmethod further conprises

t he fol | owi ngostiamef the ayer Theeprnen 13 mrgss antoghe seleriankdl atrat junatuse referresdhiondsng,

id t i npl hayi A. i nl d. tl. d; ' th
Pl et Cend of ThhAMour 3 1 theieiiary ety T8 Dsfie Gtk i ohss Bt ot B albfi e
posi tioning tikerieuét @t s@8d 12faniRcsifdsQRe LRRLANT 7. aTh@BIRIbid! ITRiseX VAL LIRF layer
surface of the trabecul ar meshworKk.

of the eye underlying retina 18. The optic nerve 19 transmits visual information to the

brain and is sequentially destroyed by glaucoma.

The anterior chamber 20 of the eye 10, which is bound anteriorly by the comea 12
and posteriorly by the iris 13 and lens 26, is filled with aqueous. Aqueous is produced
primarily by the ciliary body 16 and reaches the anterior chamber angle 25 formed
between the iris 13 and the comea 12 through the pupil 14. In a normal eye, the aqueous
is removed through the trabecular meshwork 21. Aqueous passes through trabecular
meshwork 21 into Schlemm’s canal 22 and through the aqueous veins 23 which merge
with blood-carrying veins and into venous circulation. Intraocular pressure of the eye 10
is maintained by the intricate balance of secretion and outflow of the aqueous in the
manner described above. Glaucoma is characterized by the excessive buildup of aqueous
fluid in the anterior chamber 20 which produces an increase in intraocular pressure
(fluids are relatively incompressible and pressure is directed equally to all areas of the
eye).

As shown in FIG. 2, the trabecular meshwork 21 constitutes a small portion of the
sclera 11. It is understandable that creating a hole or opening for implanting a device

through the tissues of the conjunctiva 24 and sclera 11 is relatively a major surgery as



15. The nmethod of claim 14 wherein the outlet end of the seton inplant
further enters into fluid collection channels of the existing outflow
pat hways. 16 ~ ~ ~~a ~00~ 16. The nethod of claim 14 wherein the outl et
end of the seton inplant further enters into the aqueous 2dj IFER @084 17.

enters i nt o tREuEs B ARHOR ) Inbifiifl L uFieElifolth o RBELAE AR 2] NERY'

outflow i n AnseeyrCinGilai 31241 RO prebent iSEEAGiOn For dither @dvllbfesrRdgekistink batfRiva,
conprising the steps of: bypassing the diseased trabecul ar meshwork w thin
the eye at batbweys/positidned throughathe dtabegulareseshwyork 24 is hllustratadoin Rlgpfant ; and

restoring existi ut fl1 qw,pat hways., 19. The nethod for increasi ng agueous
amor | outt | ow of ToP aith eBocliRTel eihad for MEGH PR RIS et RO Lt 28 S8t on
having an i gf 2pafiéift 1o 3B the IntBBELI AN SreSsukd R R, e GREhYE ROmpRRES WRESHY
the inlet end i's positioned at an anterior chanpber of the eye and the

outl et end isegseditrabeneldr ateshivotkt aatheeYéver iofrths urabemparoimeshiwdrkdiasd aberdby

trabecul ar meshwork, 20. The method for increasing, aqueous hunor outfl ow of
clai m 19, wHSIoEIng exiing outflow pathwvays- rAtiqrpalsly ompthpd ffdnFrepgng papepus humor

col l ection | s, of .t ¢ St l. Ehwg% A f
I ncreasi ng gg@ggﬁ‘é‘ Saf?ué%grd?gtﬁ%p%%\t}vb ?ﬂiugﬁtaég)g}’élg?@ a pat ?éen%%{céégﬁﬁgg&gh%he
i nt raocul ar metheeistoneprises bepassing alisdasedt tkabdcdanmeshsionly at a)leve] edtsaligtrabecular
opening in trabecul ar meshwork, wherein the, trabecul ar meshwork conprjses

an int eri or meskorkwith aisetop amplentiand weing guging onglow pathavaysnihg setop implanh e

openi ng; an | sai i n
obssing. t neSl aybORT BRUEARE SOl oP UL UPpIOUIRE sfibe> 8l of chilfiplrdR0E Tin B
fromthe i nemboditnenit dfar elohgutedosetar implars) e sbn hisean! inkdd eady @y outles brvdird a 22.
The nethod for increasing agueous hunor oqutf|ow of claim 21, wherein the

outlet 17 lumen therebefweem whareinithe migtiend s prsijoned alan anterior ghamber of the &¥¢ on
Chan.nel S UPahduie§urlet e8l i?Eoﬁ@&eﬁ%%ﬂU&t an exterior surface of said diseased trabecular

meshwork. Furthermore, the outlet end may be positioned into fluid collection channels
of the existing outflow pathways. Optionally, the existing outflow pathways may
comprise Schlemm’s canal 22. The outlet end may be further positioned into fluid
collection channels up to the level of the aqueous veins with the seton inserted either in a
retrograde or antegrade fashion with respeét to the existing outflow pathways.

In a further alternate embodiment, a method is disclosed for increasing aqueous
humor outflow in an eye of a patient to reduce an intraocular pressure therein. The
method comprises (2) creating an opening in trabecular meshwork, wherein the trabecular
meshwork comprises an interior side and exterior side; (b) inserting a seton implant into
the opening; and (c) transporting the aqueous humor by said seton implant to bypass the
trabecular meshwork at the level of said trabecular meshwork from the interior side to the
exterior side of the trabecular meshwork.

FI1G. 3 shows an embodiment of the seton implant 31 constructed according to the
principles of the invention. The seton implant may comprise a biocompatible material,
such as a medical grade silicone, for example, the material sold under the trademark
Silastic™, which is available from Dow Coming Corporation of Midland, Michigan, or
polyurethane, which is sold under the trademark Pellethane™, which is also available

from Dow Corning Corporation. In an alternate embodiment, other biocompatible
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veins with the seton inserted in a retrograde fashion with respect to t he
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The seton implant may comprise at least one opening at a location proximal the distal
section 32, away from the outlet end 33, to allow flow of aqueous in more than one
direction. The at least one opening may be located on the distal section 32 at about
opposite of the outlet end 33.

In another exemplary embodiment, the seton implant 31 may have a one-way flow
controlling means 39 for allowing one-way aqueous flow 40. The one-way flow
controlling means 39 may be selected from the group consisting of a check valve, a slit
valve, a micropump, a semi-permeable membrane, or the like. To enhance the outflow
efficiency, at least one optional opening 41 in the proximal portion of the distal section
32, at a location away from the outlet end 33, and in an exemplary embodiment at the

opposite end of the outlet end 33, is provided.
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conﬁgu:anon will match the contour of Schlemm’s canal to stabilize the inlet section
with respect to the iris and cornea by preventing rotation. .

As shown in FIG. 3, the seton implant of the present invention may have a length
between about 0.5 mm to over a meter, depending on the body cavity the seton implant
applies to. The outside diameter of the seton implant may range from about 30 pm to
about 500 um. The lumen diameter is preferably in the range between about 20 um to
about 150 um. The seton implant may have a plurality of lumens to facilitate multiple
flow transportation. The distal section may be curved at an angle between about .30
degrees to about 150 degrees, in an exemplary embodiment at around 70-110 degrees,
with reference to the inlet section 44.

FIG. 5 shows another embodiment of the seton implant 45 constructed in
accordance with the principles of the invention. In an exemplary embodiment, the seton
implant 45 may comprise at least two sections: an inlet section 47 and an outlet section
46. The outlet section has an outlet opening 48 that is at the outlet end of the seton
implant 45. The shape of the outlet opening 48 is preferably an oval shape to conform to
the contour of the existing outflow pathways. A portion of the inlet section 47 adjacent
the joint region to the outlet section 46 will be positioned essentially through the diseased
trabecular meshwork while the remainder of the inlet section 47 and the outlet section 46
are outside the trabecular meshwork. As shown in FIG. 5, the long axis of the oval shape
opening 48 lies in a first plane formed by an X-axis and a Y-axis. To better conform to
the anatomical contour of the anterior chamber 20, the trabecular meshwork 21 and the
existing outflow pathways, the inlet section 47 may preferably lie at an elevated second
plane, at an angle 6, from the first plane formed by an imaginary inlet section 47A and
the outlet section 46. The angle 8 may be between about 30 degrees and about 150
degrees.

FIG. 6 shows a perspective view illustrating the seton implant 31, 45 of the
present invention positioned within the tissue of an eye 10. A hole/opening is created
through the diseased trabecular meshwork 21. The distal section 32 of the seton implant

31 is inserted into the hole, wherein the inlet end 38 is exposed to the anterior chamber
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into ﬂund collection channels of the existing outflow pathways

In one embodiment, the means for forming a hole/opening in the trabecular mesh
21 may compnse an incision with a microknife, an incision by a pointed guidewire, a
sharpened applicator, a screw shaped applicator, an irrigating applicator, or a barbed
applicator.  Alternatively, the trabecular meshwork may be dissected off with an
instrument similar to a retinal pick or microcurrette. The opening may alternately be
created by retrogade fiberoptic laser ablation.

FIG. 7 shows an illustrative method for placing a seton implant at the implant site.
An irrigating knife or applicator 51 comprises a syringe portion 54 and a cannula portion
55. The distal section of the cannula portion 55 has at least one irrigating hole 53 and a
distal space 56 for holding a seton implant 31. The proximal end 57 of the lumen of the
distal space 56 is sealed from the remaining lumen of the cannula portion 55.

For positioning the seton 31 in the hole or opening through the trabecular
meshwork, the seton may be advanced over the guidewire or a fiberoptic (retrograde). In
another embodiment, the seton is directly placed on the delivery applicator and advanced
to the implant site, wherein the delivery applicator holds the seton securely during the
delivery stage and releases it during the deployment stage.

In an exemplary embodiment of the trabecular meshwork surgery, the patient is
placed in the supine position, prepped, draped and anesthesia obtained. In one
embodiment, a small (less than | mm) self sealing incision is made. Through the cornea
opposite the seton placement site, an incision is made in trabecular meshwork with an
irrigating knife. The seton 31 is then advanced through the cornea incision 52 across the
anterior chamber 20 held in an irrigating applicator 51 under gonioscopic (lens) or
endoscopic guidance. The applicator is withdrawn and the surgery concluded. The
irrigating knife may be within a size range of 20 to 40 gauges, preferably about 30 gauge.

From the foregoing description, it should now be appreciated that a novel
approach for the surgical treatment of glaucoma has been disclosed for releasing
excessive intraocular pressure. While the invention has been described with reference to
a specific embodiment, the description is illustrative of the invention and is not to be

construed as limiting the invention. Various modifications and applications may occur to
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those who are skilled in the art, without departing from the true spirit and scope of the

invention, as described by the appended claims.
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1. A method for increasing aqueous humor outflow in an eye of a patient to reduce an
intraocular pressure therein, said method comprising bypassing diseased trabecular
meshwork at a level of said trabecular meshwork and restoring existing outflow

pathways.

2. A method for increasing aqueous humor outflow in an eye of a patient to reduce an
intraocular pressure therein, said method comprising bypassing diseased trabecular
meshwork at a level of said trabecular meshwork with a seton implant and using

existing outflow pathways.

3. A method for increasing aqueous humor outflow in an eye of a patient to reduce an
intraocular pressure therein, comprising the steps of:
bypassing the diseased trabecular meshwork within the eye at the level of the
trabecular meshwork; and

restoring existing outflow pathways.

4. The method of claim 3 wherein the step of bypassing diseased trabecular meshwork

comprises the step of performing microsurgery.

5. The method of claim 3 wherein the step of restoring existing outflow pathways

comprises restoring outflow into Schlemm’s canal.

6. The method of claim 3 wherein the step of restoring existing outflow pathways

comprises restoring outflow into the aqueous collectors.

7. The method of claim 3 wherein the step of restoring existing outflow pathways

comprises restoring outflow into the aqueous veins.

8. The method of claim 3 wherein the step of bypassing diseased trabecular meshwork
further comprises the following steps:

creating an opening through the trabecular meshwork;
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) Eypassmg the trabecular meshwork at the level of the trabecular meshwork.

9. The method of claim 8 wherein the step of bypassing the trabecular meshwork further

comprises the steps of transporting the aqueous humor into the Schlemm’s canal.

10. The method of claim 8 wherein the step of bypassing the trabecular meshwork further

comprises the steps of transporting the aqueous humor into the aqueous collectors.

11. The method of claim 8 wherein the step of bypassing the trabecular meshwork further

comprises the steps of transporting the aqueous humor into the aqueous veins.

12. The method for increasing aqueous humor outflow of claim 8, wherein the opening is

created by fiberoptic laser ablation.

13. The method for increasing aqueous humor outflow of claim 8, wherein the opening is
created by a method selected from the group consisting of using a microknife, a
poihted guidewire, a sharpened applicator, a screw shaped applicator, a barbed

applicator, a retinal pick, an irrigating applicator, and a microcurrette.

14. The method of claim 8, wherein the eye comprises an anterior chamber, the trabecular
meshwork comprises an exterior surface, and said method further comprises the
following steps:
inserting an elongated seton implant into the opening, said seton implant having an
inlet end and an outlet end;
exposing the inlet end of the seton implant to the anterior chamber of the eye; and
positioning the outlet end of the seton implant at about the exterior surface of the

trabecular meshwork.

15. The method of claim 14 wherein the outlet end of the seton implant further enters into

fluid collection channels of the existing outflow pathways.
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17. The method of claim 14 wherein the outlet end of the seton implant further enters into

the aqueous veins.

18. A method for increasing aqueous humor outflow in an eye of a patient to reduce an
intraocular pressure therein, comprising the steps of:
bypassing the diseased trabecular meshwork within the eye at the level of the
trabecular meshwork with a seton implant; and

restoring existing outflow pathways.

19. The method for increasing aqueous humor outflow of claim 18, wherein said seton
implant is an elongated seton having an inlet end, an outlet end and a lumen
therebetween, and wherein the inlet end is positioned at an anterior chamber of the
eye and the outlet end is positioned at about an exterior surface of said diseased

trabecular meshwork.

20. The method for increasing aqueous humor outflow of claim 19, wherein the outlet
end is further positioned into fluid collection channels of the existing outflow

pathways.

21. A method for increasing aqueous humor outflow in an eye of a patient to reduce an
intraocular pressure therein, said method comprising:
a) creating an opening in trabecular meshwork, wherein the trabecular meshwork
comprises an interior side and exterior side;
b) inserting a seton implant into the opening; and
¢) transporting the aqueous humor by said seton implant by passing the trabecular
meshwork at the level of said trabecular meshwork from the interior side to the

exterior side of the trabecular meshwork.

22. The method for increasing aqueous humor outflow of claim 21, wherein the outlet
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23. The method for increasing aqueous humor outflow of claim 21, wherein the outlet
end is further positioned into fluid collection channels up to the level of the aqueous
veins with the seton inserted in a antegrade fashion with respect to the existing

outflow pathways.
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