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corresponding visual field loss resulting in blindness if untreated. Intraocular pressure

elevation is the major etiologic factor in all glaucomas.

In glaucomas associated with an elevation in eye pressure the source of resistance
to outflow is in the trabecular meshwork. The tissue of the trabeéular meshwork allows
the “aqueous” to enter Schlemm’s canal, which then empties into aqueous collector
channels in the posterior wall of Schlemm’s canal and then into aqueous veins. The
aqueous or aqueous humor is a transparent liquid that fills the region between the cornea
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 cornea. 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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vi sual | ossg , cataract formation, and hypotony macul opathy (potentially
reversi bl e trabeculectomy and aqueous shunting implants after failure of trabeculectomy or if

trabeculectomy is unlikely to succeed. Trabeculectomy is a major surgery which is most
widely used and is augmented with topically applied anticanéer drugs such as 5-
flurouracil or mitomycin-c to decrease scarring and increase surgical success.
Approximately 100,000 trabeculectomies are performed on Medicare age patients
per year in the United States. This number would increase if the morbidity associated
with trabeculectomy could be decreased. The current morbidity associated with
trabeculectomy consists of failure (10-15%), infection (a life long risk about 2-5%),
choroidal hemorrhage (1%, a severe internal hemorrhage from pressure too low resulting
in visual loss), cataract formation, and hypotony maculopathy (potentially reversible
visual loss from pressure too low).
If it were possible to bypass the local resistance to outflow of aqueous at the point
“of the resistance and use existing outflow mechanisms, surgical morbidity would greatly
decrease. The reason for this is that the episcleral aqueous veins have a backpressure that
would prevent the eye pressure from going too low. This would virtually eliminate the

risk of hypotony maculopathy and choroidal hemorrhage. Furthermore, visual recovery



visual loss frompressure too low). If it were possible to bypass the | ocal
resi stance to outfl ow of agueous at the point of the resistance and use
exi st i ng wobi/fss®s mechani sns, surgical norbidity woul d greptctysodsessease.
The reason for this is that the episcleral aqueous veins have a

backpr essur &oukhbe veggunrid ré visk of idectiopevgid b8 yew smaditagedusgion diom 3% Thi s

woul d vi rtugld<y \eld m. nat rl on cul opat hy, and chor oi dal
henor r hage. 0 3 r/?)hegr%g%,&\}{liésgg5Taszr)rgsié%l\%er°§¥Bg‘ge\/%%gﬁr?‘%gg%sﬁ%}ﬁ?m'f 0‘@6@%’?‘3
woul d be vesyrgesdodthgnthbeddde mdshivatlecti on woul d be very small (a reduction

from2-5%to 0.05%. Because of these reasons surgeons have tried for
decades to devel dpeProveveatsrniquasy gdish have besa iriedbere gomiotomsitiabeduloTmey,

previous te ' I.ch ve. be ied, ,are ni,ot ony/ t r abecul ot ony,
B ot her - itk e echica ofAUioBR et g WPl e OO Y o EpERfoniciine
t r abecul opupeitigplotoat iy A ORdeatilaPAblatidf ednd: LaMBEMtdgeab! Bilel OfkeaBefly
goni ocurretage. They are briefly described bel ow. Goniotony/ Tiabecul otony:

Goni ot oy adepctibedbbelaot oy are sinple and directed techni ques of

m crosurgi cal di tLonW,th chanj.cal . disrupii.on of the trabecylar
meshvork. These DOTAaT g e AR5 "EEBiohY R (BheBleloly (it Frils mend o
open-angl e @irédted NBchniiQwe Vel miteBgrgical Migsesicawwath sbcBariadl aRaAIpibe sheyed
only limted success in adults. In retrospect, these procedures probably

failed secoHabgoplar neshwipsl r Thesshiaitiablirdad redrly fpraselde sesppnsesiin Ithatreatnient Fhe

filling in s t e f heal i rocess whi.ch has the defrinental
ef fect of cé??nagfglénggﬁgﬂﬁémgl ogllor‘{vgf VP ']g?g-feﬁrél &R eoéc 5“6%‘8% Fuis Phﬂ‘@’%%lﬁn%f he
trabecul ar IEsledekcesONE adilRe BY RALSSECORBENIECALRS Hrobdbly FAlcaSRESRIaBH ] dS
back up and the surgery fails. Trabecul opuncture: Q sw tched Neodym un

(Nd) : YAG | ats@piy mechgnisay an @anocasnobstilligatied Zhe SHingoniis ahd sesulhvfgiheeling

AR G SIS S AT e

techni que eypdrind shdufhdutithe tiabe@flhre tles@Rerkl @rce. the created openings close, the
pressure builds back up and the surgery fails.

Trabeculopuncture: Q-switched Neodymiun (Nd):YAG lasers élso have been
investigated as an optically invasive technique for creating full-thickness holes in
trabecular meshwork. However, the relatively small hole created by this
trabeculopuncture technique exhibits a filling in effect and fails.

Goniophotoablation/Laser Trabecular Ablation: Goniophotoablation is disclosed
by Berlin in U.S. Pat. No. 4,846,172, and describes the use of an excimer laser to treat
glaucoma by ablating the trabecular meshwork. This was not demonstrated by clinical
trial to succeed. Hill et al. used an Erbium:YAG laser to create full thickness holes
through trabecular meshwork (Hill et al., Lasers in Surgery and Medicine 11:341-346,
1991). This technique was investigated in a primate model and a limited human clinical
trial at the University of California, Irvine. Although morbidity was zero in both trials,
success rates did not warrant further human trials. Failure again was from filling in of
created defects in trabecular meshwork by repair mechanisms. Neither of these is a valid
surgical technique for the treatment of glaucoma.

Goniocurretage: This is an ab-interno (from the inside) mechanical disruptive

technique. This uses an instrument similar to a cyclodialysis spatula with a microcurrette
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Goni ophot oabl ati on/ Laser Trabecul ar Abl ation: Goni ophotoabl ation is
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trabecul ectonmy (NPT) are two new variations of filtering surgery.
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procedur es mnplantgblgndrinegmidevdces bavenpaebi whed yto éiem that the desired filtration and
outflow of aqueous humor through the surgical opening will continue. The risk of
placing a glaucoma drainage implant also includes hemorrhage, infection and
postoperative double vision that is a complication unique to drainage implants.

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),
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surgery have i ns?hér%?org,qnérg ?sl, erln ;gr%at clinical need for the treatment of glaucoma by a method
that would be faster, safer and less expensive than currently available modalities.
Trabecular bypass surgery is an innovative surgery which uses a. micro stent, shunt, or
other implant to bypass diseased trabecular meshwork alone at the level of trabecular
meshwork and use or restore existing outflow pathways. The object of the present
invention is to provide a means and methods for treating elevated intraocular pressure in
a manner which is simple, effective, disease site specific and can be performed on an

outpatient basis.



surgeons to | ook at other approaches to | owering intraocul ar pressure. The
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To prevent “filling in” of the hole, a biocompatible elongated implant is placed within the

hole as a seton, which may include, for example, a solid rod or hollow tube. In one
exe_mplary embodiment, the seton implant may be positioned across the diseased
trabecular meshwork alone and it does not extend into the eye wall or sclera. In another
embodiment, the inlet end of the implant is exposed to the anterior chamber of the eye
while the outlet end is positioned at the exterior surface of the trabecular meshwork. In
another exemplary embodiment, the outlet end is positioned at and over the exterior
surface of the trabecular meshwork and into the fluid collection channels of the existing
outflow pathways. In still another embodiment, the outlet end is positioned in the
Schlemm’s canal. In an alternative embodiment, the outlet end enters into fluid
collection channels up to the level of the aqueous veins with the seton inserted in a
retrograde or antegrade fashion.

According to the invention, the seton implant is made of biocompatible material,
which is either hollow to allow the flow of aqueous humor or solid biocompatible
material that imbibes aqueous. The material for the seton may be selected from the group
consisting of porous material, semi-rigid material, soft material, hydrophilic material,

hydrophobic material, hydrogel, elastic material, and the like.



trabecul ar meshwork and/or into fluid collection channels of the existing
outflow pathways. In accordance with a feature of the invention,
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di seased trabecul ar meshwork through m nor mcrosurgery. To prevent
"filling in" of i{méirthet eqcoaldnrowithyibe invertic, thegmtondmipiqpit amty besrigitl ac éomay
within the ,hole a seton, . which may. include, for. exanple, a.solid rod or
ol | ow 1 ube % FHIEAE rEleih PO JPRusib BRis FOMEPHE: SHEtSSht T sk seRig fspfie nco
posi ti oned @ QssinkhydbRER3LGtIbIARERMyATsuBR S8 &n AP ODGANthd distH0gS APt
extend into the el;lllgiﬁ\j\l/zl I gr scl erg&gl n gn’ostuher enbodi rrenta, t he 1iS nl et ld(;aHrjld
of the inpl aidd theespfiswdpatbwayremaptleve ain clwhrshepe of stahdizeythe sefonl i plaee
outlet end is_positioned at the_exterior surface of the trabecul ar

meshwor k. | MQHOtURERE SHbHHi%ar ys@ﬁ@%af%ﬁf, (et AEoBP e i 08 ¢ fipthet at

and over t hgy&phedie@'by aisl%élaé}ﬁ af?ifd/otr!Bgta't &RE o ESHWBA 'fhé‘é’&g?jri]&tss?ﬂri]‘ap@ of

Gl
fluid collection chanhel s" of the existing out%?ow pat hways.
anot her enbddi distal sectibreoDtht lsetbn cordbthies spdaietalteradidns destgned tSekdie the sstomanal .
In an alternativ enbod#)()@lé, the outlet end enters into fluid collection

channel's up to tfeO%HB B e SG0800 o/ BY FYIORImAY IpFEdE BIYFFOPRZEr PRVPh a
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inplant is nade o conpat | mat eri al , is elther ow to aﬁlow
t he flow of aafjnealprdblmnr Iiomag alsocbebisefibnpaté blbéocompasbleahatehalt thatniydoates
aqueous. The teriagl for, the seton may be selected fromthe grou

consi sti ng S’FC??%P_ SRR ﬁb%ﬁge Fatoey Teafockedh io r@égw.na?r',guné the
hydr ophi | | ctraaéc%ur%eshwbmﬁe%mr%ma%é @tal QYHE PG s&bASLT ¢ materi al

and the like. 6 WO 01/78656 PCT/US01/08088 In further accordance with the

i nvention, the s@mnemfithphdvintagay obé&abécglad bypass tsurgayy, abeisthded béreirglaad ithel y
soft material apd is sonewhat, curved at its djstal, sectio o fit into the
oxi sting. phySs o1 DaTRRIBIERT RoWHISR T reliehlan aeanPdraniae a0t wagslar
di stal sect hRBhwbikSdd&hiB6y Qéété‘)c!is%‘f’{gl%%%ﬂw\\@}ﬁth%}\’s IS AR R YRt ITRRC R is
stabilize the seton in pldce wthout undue suturing. Stabilizatlhon or
ret enti on ofulistentigBy simpterythbe id existieg therapies. A further advantage of the invention is
the utilization of simple microsurgery that may be performed on an outpatient basis with
rapid visual recovery and greatly decreased morbidity. Finally, a distinctly different
approach is used than is found in existing implants. Physiological outflow mechanisms

are used or re-established by the implant of the present invention, in contradistinction

with previously disclosed methodologies.



strengthened by a taper end and/or by at |east one ridge or rib on the
exterior surface of the distal section of the seton, or other surface
alterati omsodesssgned to retain the seton. I n one enbodi nepCT/UBHISS®Bt on Of
the invention may include a mcropunp, one way valve, or seni-perneable
menbrane i f refl ux GRIEEDESCRIPTION QF FHEBRAWWINGSei n beconmes a cl i nical
problem It may al so be useful to use a bioconpatible material that
hydrates and expands after inplantation so that the seton is |ocked into
posi tion around wal@ltlotnﬁla%gﬁg a% § ko fopRN| fégelf?rm%ﬁ%d“tlhebéébﬁkahxore
section of the seton e advant ages o trabecul ar bypass surgery,
as di scl osedppezeri and madnvdmOnusselfoinllabesbenrundaqstoa)dtfrd)m thy fadewitigsioaadet

t rabecul ar shwor k t he | evel of trabecul ar 1 rk and thereby use
exi sting ou F%wtlﬁatﬁv%g?m gy dmhodiments, et Wgtﬁ CERRCH ¥ thesaccompanying
subst anti al lyy, sk gg)l er than in existing therapies. A further advantage of
the invention 1s” the utilization of sinple mcrosurgery that nay be

per f or med ol1@nl suteetiomihtichasizn exe fdr illusapatidn pinposds. r ecovery and greatly

decr eased ity. Finall a i stinc di fferent . approach is uysed than
is found in é& gt Bng ﬁll:%ﬁtué’n %"“0 ySFot 65?%‘&‘& %‘Gt?‘}a&ﬂ“ﬁéﬁ&ﬂ’f% £ tghecyiakd
or re-establi sheqlelgp{ e el R5E i nvention,

contradi stinction W lf'%edlf)l?gi\ﬁ/)él %gésr& g%ngr(F)Used %t hodol ogi es. 7 WO 01/ 78656
PCT/ US01/ 08088. 3 M&nﬁ]ﬁﬁﬁ&h%ﬁ @Js%nTﬂﬂﬁlaﬁRéWsN(Be@\ddédrdkngab tlebpréradtislesnf]

features of the present. invention will becone nore apparent and the
i nvention itsel f R&IPYeN®hest under st ood from the fol | owi ng Detail ed

Descri pti onpgd. E?S%B%f&éﬁ?%?ﬁﬁhl@%%fsémgﬂlr]]e@tq-“lw th reference to the

acconpanyi ng draw n sectional view of an eye for

i |'lustrati ofI@uS poasstherFdbodimest af the aston impime comtaictedi iavaccardamienyith Hise
anat om cal diagram of trabecul ar, nmeshwork and the anterior chanber of the
eye. FIG 3 is aR'BHBSACKENINENtPhe seton inpl ant constructed according to

the principlpgs. 8fis 4 BershBMRRIViBR- 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.



FIG 4 is a top cross-sectional view of section 1-1 of FIG 3. FIG 5 is
anot her enbodi nent of the seton inplant constructed in accordance wth the
princi pl eoof/7d6be i nvention. FIG 6 is a perspective vi ewCTsetasess ng t he
seton inplant of the present invention positioned within the tissue of an
eye. FIG 7 iBERAILED &HESCRIPFIGNIDREXBNMPIOR YIEVIBOIMENTS seton inplant at
the inplant site. 8 WO 01/78656 PCT/ USOL/ 08088 DETAI LED DESCRI PTI ON OF
EXEMPLARY EMBODI MENTS Referring to FIGS. 1 to 7, what is shown is a nethod
for the treal menfeplinglBUERER DY, 1 APREUL AnoRUPRSS MHFEP T lentBAhE "
a seton inplant is use o bypass 'di seased trabecular nmeshwork a e

| evel of tr ghacomarbynesievaakbipasssagery. reghanicalarexsadén gplabt isleed pabhyRys
and nmet hods thereof. For background illustration purposes, FIG 1 shows a
sectional videsRewd Gebesylar meeshwgrk pb th fgveb of fghecular cmeshwvaik toj wsg, ofs FRsidirag
the relativ ] [ abecul ar meshwork, the anterior
chanber, an x%@ﬁégﬂ@?%%ﬁggs a%ﬁ?%ﬁ?ﬂ%égp %Eéafg\ous ti ssue known as sclera 11
covers the entir @oepackhtbudd dBwstratibapuiposds, BIG.Closhemed fytidriae viewdsMNereyk210, The
cornea 12 is a thin transparent tissue that focuses and transmts |ight
into the eydilsndG eshay # clogewni vewi shavvieg ¢he relative asiomiry lopations midhe of
the iris 13 e i me ' t

ol era 11 ooy iches iy 9, Sleres U6 sAYRCERERTE Ml PTHER cMhBs 1 o
begi ns i nt enidgld kndwn h$eclenel 1Bk eex tirnelfiralegin g0 tkeeptithitepdraion @bvérb@ byaher a
11 and becones the choroid 17. The choroid 17 is a vascular |ayer of the
eye under | yicagead2i daergmegid ippthia tigasnaeent Gssue dha dpeuses angmansmidighbinton
to the brai d_is.sequ i al ly .destr.oyed | auconna. antesior
chanber 20 4 el RGNS Fhich S AR B 1 A BTy ol Wi P! (Slosi
post eriorly payidonef the ie§e)l ThakBre@nNe mérged Mtd thel RRravi1 At AGURDUES reRHEEWI ST S
produced primarily by the ciliary body 16 and reaches the anterior chanber
angl e 25 forhetmbpeildechhet ¢ibatyrhosly11® begins intereallyniacthe Zye land egtendh elopgphe

14. In a norirrfgg}iore dfthe tsc Gra 1 S Becomes the choroid 17. The choroid 17 is a vascular layer

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 cornea 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 cornea 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. Tt 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



I's renoved through the trabecul ar nmeshwork 21. Aqueous passes through
trabecul ar nmeshwork 21 into Schlemmi s canal 22 and through the aqueous
vei ns 23whbohseserge w th bl ood-carrying veins and i nto PEDOESI/0808S
circulation. Intraocular pressure of the eye 10 is maintained by the

intricate babapared el asegestiodimplagtinyi Hevdve diodghahaquieeubir infeshWwerk 2ROAIGT
descri bed above. d aucoma is characterized by the excessive buildup of
aqueous f | @i tominpantidtefithe presemimvantion fopItber wirgiorcestonng exisHag gutiion

i ooted cabRrort Renel Aulie fh® Bt Al MR kG RIRRT Lo n 990, £ Ssore 1 2

trabecul ar meshwir & fizsk ethddirhéridf £methodndt incEHAthFQQu@fusthhmor%@{fﬁfvairilin eyd 1S
under st andabl e that creati ng@a hol e or opening for inplanting a device
t hr ough t heof patien tofredyse thd Hjtizaewlpy pressurgigreds | heamathod somprisas kyppssing

ol ant i ng. AHRA CBERORRh HRIE PSSl Sl JEPRRIY i S fighets”

i mpl ant 31 edstdriifg existing ButfioW pathiveys. fAlkerRité e méthiod Fordhcretsih®bdRGueNihibi NY
outflow pathways positioned through the trabecular meshwork 21 is

i || ust r at edopiilom i@ anseye|of agpatipntde redvige an imraocular presshouthewin isrisadessidngThe

aqueous hunpr_.outfl ow. in, an eye ..of tient tq reduce the i.ntraocul ar
ressure  noiedRel Lorfishl bR S iPracd PR IR PR IoaR 408 LT of Tty Bl
meshwor k at nieslewb®\weith @fsetoR emblaabgedhafig BSOS U160 hath@ly b The k&6h MapRst
exi sting outflow pathways. Alternately, a nmethod for increasing aqueous

huror  out f Bbunaynbeapn elpagaed setpaior efiter mppropdate shang, sige oasenfigurativresbupee

therein is discl.osed, . Th t hod conpri.ses SSi n i seased.trabecul ar

roshvork ot SEOPUORRL af Al dended Sorr AP EE P BECH R RERR T AREFAE,
usi ng exi st iiferPbfchetveRRl WNEYiH thed fiffet 88 WpdsiiUnadbt anddntéfeyt dABmBEr ¢t thogpd ed
seton or other appropriate shape, size or configuration. In one enbodi nent

of an el ongandtheseutleh endnis peditionedcat sbpwmrherderiar surfpes obsrid dissasedt trabecead
anteri o ondseroy ToEelet BR P MrkB e bt efiionsd B8 TR0 R Bhme'san
exterior supfare Ristivngi sittowepaRWays a??ﬁtﬂn&lfly, {He SEMRNE. oftfloWN Patiags rhie
outlet end may be positioned into fluid collection channels
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 (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 (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.

FIG. 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 Corning 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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of the existing outflow pathways. Optionally, the existing outflow pathways
may conprise Schlemrs canal 22. The outlet end may be further positioned
into fl uiwdo ooedebecti on channels up to the | evel of the agreDusonvmBIgss Wt h

the seton inserted either in a retrograde or, antegrade fashjop wt,
respect t o maeriggi(Biomagerigly) mabp asswayel a3 Rokyvimyl f‘li‘i@]imlap’fa’]é(?"ﬁ‘é( eroslqone’
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i nserting aieeomenatiblepmatsrialsnaed thenkikesphp fyrtherraiternage emBedigisnt i ngOmpRsIte
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exterior sigigereih tthe édaaihgcCatdrialreslawobl. sélbéted 3freinowke agroapbedngsistivg off t he
seton inplant 31 constructed according to the principles of the invention.
The seton inpiytereflypagetelsens (PIEE), prlviatdedurmeel, hapa, dierapedtie drugs. anddgi cal
grade sili qane, for exanple, the material sold under the trademark
SilasticTM Which is avail able from Dow Corning Corporation of Mdl and,

M chi gan, or porhwminh@n?osewm b se®nsalpthnynder agshe it fadaatnk theedutBowarfe TM
which is also available from Dow Corning Corporation. In an alternat
enbodi ment ,aquedusringAnoRusYYRE dirsicon 46 into e Srblsaen’ pegnalignd spisguentiypingy ﬁ’SI s

(bi omat eri g S%%lfrgfl%éélgﬁtoyssa%%’ the %&beog? VB?A:S%XitHQ‘cltPgingrgp lar @'g%%ﬁle{ Malanced. In

. aqu
pyrol i done, q hepari nirzed col Tagen, uor yl ene,

f1 uori nat echneQiny$tlimert| thersefoatigmplant 3asdoatprises il eshfptel fubakad ekinidnt daving a
pol yol efin, polyester, polysilison, mxture of bioconpatible materials,
and the | i kdistal gection 32 airban it seqienedde Phogichanflexible disiaparstion 3235 Begdiipnedi bl e

RT3, DS bAE e ALt b T GBI R LB L bE s,

pol yt et r af | {iglepehd1BY & @at P fehst ddelriigei Ifeor buiel @@ation deyias iprotridigy syaiédllyi C

drugs, and the |I|ike. The main purpose of the seton inplant is to assist in

facilitati rfgltwhleﬂ)omrf stahiligihg the seton implant inside said existing outflow pathways after
implantation. For stabilization purposes, the outer surface of the distal section 32 may
comprise a stubbed surface, a ribbed surface, a surface with pillars, a textured surface, or
the like. The outer surface 36, including the outer region 35 and inner region 34 at the
outlet end 33, of the seton implant is biocompatible and tissue compatible so that the
interaction/irritation between the outer surface and the surrounding tissue is minimized.
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.

11



aqueous in an outward direction 40 into the Schlem s canal and
subsequently into the aqueous collectors and the agueous veins so that the
i ntraoculvad oprssseure i s bal anced. In one enbodi nent, thepcEUsSH/G8pgs ant 31
conprises an el on?at ed tubul ar elenment having_ a distal section 32 and an
inl et section 44FIG 4 plpves ®fort sress-sschonsl yiew of K¢ nTBe shapesdshe ppendag of

I nsi de one hsking .outfl ow ) 1.5t ahy SECHI O have
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conprise a stub ur.f ace, ribbed surface, .a. surface with pillars, a
textured sur“ﬁ‘ltglcrggp%gftm HESER ecf)mfﬁ@yé’ﬂetvg?mn I;ofaglé)g' 36, including the outer

region 35 and i npRrshoRAIIPRIGH, dhe §cidh indplbhteSf tBpreseht iBlentiie ma@thae hNaHgant
I's bioconpatible and tissue conpatible so that the interaction/irritation

bet ween t hebefitesn abouti b enrariel overea mgiarodapandigs onghe bodys cayiityithe seten implaat
seton inplant .may c rise,at. | east qpe openin t a location.proxjmal the
distal  SectPRiras: HReg e fiepiet e e B amg ol ing? e iBhr e e
in more thagbQRS00dih e CtHeQlmer ABarfter! 833 feABE RPBE AHEe WS dRGR0EnPR t he
di stal section 32 at about opposite of the outlet end 33. In another
exenpl ary eabadi If®npm. The ssteh dmplanp hagtha3d angyrahgvef hnene tovdacifitatamultiple

controlling _neans 39 for allow ng one-way aqueous flow 40, The one-way_now
cont rol | i nglR¥aHanspertatgn. pd he éh%%t 34teR Ghavt P CvEd 3t @B sl Petyeen aaov;th%e@ k

valve, a sl itorel@lo/Boon 13) SeORUIT A SEMHpIRECHRARIEABIBIRAE 700110 Berbdske.

To enhance outfl ow i ericy, at one optional opening 4T 1n the
proxi mal pomtithaefepdnce hetidiisleadecdectd4.on 32, at a | ocation away fromthe

outlet end 33, and in an exenplary enbodi nent at the . o%osite end of the
outl et end 33, i §1Gr vk anathggpembedigeens Mcheustan daeEmt G consislsiits 1h

top cross- Stﬁﬁéoirﬁ’é}ﬁle Wil E’Eia&y_‘bc‘?f‘\ of 'the-rigi@%rtﬁ%%pqn%.e&@rﬁg%ﬂﬁ%ﬂ%dimem REshl ! et

end 33 and e remaining t he section e oval, round
or sone ot iaplaahap enaydapipeide boleasirthvorsacticnst e irsiétageetiarf 47 had ai ioatlet@ction

out f | ow pat hways. Thi s ) )

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. §, 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 6 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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configuration will match the contour of Schlemis canal to stabilize the
inlet section wth respect to the iris and cornea by preventing rotation.
As shown weoFt$es6 3, the seton inplant of the present invencT/oS0WMm®BYsshave a
| ength between about 0.5 mmto over a neter, depending on the body cavity
t he seton i Afivdnle thaputletesndt 3B lsmltmcdsaﬁdoom arnrex@noosurfa@e 4§e:tfcsald diptamed

may range fro out ut, 500 . m Th ef erably
in the rangér E]eect %‘5"83% EEOI ?‘b“heét%lhc’d 714 e's‘é‘? |"Pﬁ§'| Meﬁﬁg}mﬁave
a plurality b ﬂuitﬂ&ﬂl%cﬁéh Ermhéls bR emhhg Bh@lowm&}rsansportat ion. The
di stal section may be curved at an angl e between about 30 degrees to about

150 degrees, in &moexempbdimgnitizonearsrfor frmangahole/opening inlyr tedmeulaniricbh
reference tqQ,the inlet section 44.. FIG. 5 s ows .anot h enbodi nt of the
Lot ontl o Lo e bOmBts T b on With b AR R ORI, £ EP BN SLEGe Ve &

i nvention. Hhrﬁéheﬁxé‘ﬂmkﬁtw aegé}@@' ﬂﬁ?&d afaﬂilﬁ:a&ﬁt an 1rrig'39h§‘%pl’f'c'§td’f336r %OHB{JJ:&G
at least two sections: an inlet section 47 and an outlet section .

out | et sect epplidats. amilamdtivelyppbei trapedi8art nztshverkatmayhbe odisdeeted eoff wﬁththle
seton inplan hape he outl et ening, 48 i s prefer Fn oval

Th f
shape to CoNTUHHERL IS B BEK, Hemest ORGS0t PPORPBATHOA)SmisD

portion of thatddHyabirs&kifBropric @lbAfRdion. the joint region to the outlet
section 46 will bé positioned essentially through the di seased trabecul ar

meshwork while t ﬁé(}r’ésimwscb@rlllwtramemethoeitfosp,kacmgra sdtbnamplamhet tbeithplansgtet i on

46 are outsjide the trabecul r giwork As shown 5?9 t he L? .axi s
of the oval W 109G BB 193108 |°Hmémls?sr%fy”6’|g8rl?8“¥°8r A, cagmy ‘%n and
a Y-axis. T@sbeatrtefistgoRE@s1 @e caﬁ}ﬁu@q@&lemsg%s GPRLAWne Sfridalify BBESST AHd a

chanber 20, the trabecul ar neshwork 2 d the existing outflow pathways,
the inlet sdtsltailcspaat?S&’rﬁ)y hpldafgsa sdvdry irhplentedl. dhheeproviaad @énd 8 ofiche jnheeneyf the an

angle O, he fi formed by a |ma|nary|nlet section 47A and
t he out | et gés& iSBRC ?%éeadﬁ%fp e()reﬁﬁy‘%%ﬂ'b%ﬁt‘\/ﬁ (H’egsﬁees and
about 150 degrezzar HJ: Elﬁonﬁx SHE"téh BE FPRE! hiR ¥ © erhh% Utﬁ;(fug{‘g"t'ﬂg rhRcd
i mplant 31, 45 o pre ent I nvention p05|t|one e tissue o an
eye 10. A haleshepsknthegseton mayebd aﬁ/antdalramgmetmmlm&eﬂbetrmahse(cwk@rad&s fwor k
21. The distal sectjop 32 of the seton i qp 3
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 1 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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3l is inserted into the hole, wherein the inlet end 38 is exposed to the
anterior chanber 12 WO 01/78656 PCT/ US01/08088 20 while the outlet end 33
i s positivomed7ssse about an exterior surface 43 of said di seap@sol/aspssbecul ar
meshwork 21. In a further enbodinment, the outlet end 33 may further enter
into fluid collection channels of the existing outflow pathways. In one
enbodi ment , these wimas skitedsigrthe ag. withewtedeppding feom ihe tee spisbendiseapenafsthe 21
may conpri se 1 NCJ Si.0N. W m croknif.e. an incision by a pointed

gui dewi r e, gm&@ﬂgﬁﬁ%ﬁ%%g§%%%?g%?%??“% §gF@® shaped applicator, an
irrigating applicator, or a barbed applicator. Alternatively, the
trabecul ar nmeshwork nmay be dissected off with an instrunent simlar to a
retinal pick or mcrocurrette. The opening may alternately be created by
retrogade fiberoptic laser ablation. FIG 7 shows an illustrative nmethod
for placing a seton inplant at the inplant site. An irrigating knife or
applicator 51 conprises a syringe portion 54 and a cannula portion 55. The
di stal section of the cannula portion 55 has at |east one irrigating hole
53 and a distal space 56 for holding a seton inplant 31. The proxi mal end
57 of the lunmen of the distal space 56 is sealed fromthe renai ning | unen
of the cannula portion 55. For positioning the seton 31 in the hole or
openi ng through the trabecular neshwork, the seton nay be advanced over
the guidewire or a fiberoptic (retrograde). In another enbodi nent, the
seton is directly placed on the delivery applicator and advanced to the

i nplant site, wherein.the delivery applicator holds the seton securely
during the delivery stage and releases it during the deploynment stage. In
an exenpl ary enbodi nent of the trabecul ar meshwork surgery, the patient is
pl aced in the supine position, prepped, draped and anesthesia obtained. In
one enbodinent, a small (less than 1 nm self sealing incision is nmade.
Through the cornea opposite the seton placenent site, an incision is nmade
in trabecular nmeshwork with an irrigating knife. The seton 31 is then
advanced t hrough the cornea incision 52 across the anterior chanber 20
held in an irrigating applicator 51 under goni oscopic (lens) or
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endoscopi ¢ gui dance. The applicator is withdrawn and the surgery concl uded.
The irrigating knife may be within a size range of 20 to 40 gauges,

pr ef er ablwo abmsse 30 gauge. From the foregoi ng descri pti onpctAaiseinsodsd now be
appreci ated that a novel approach for the surgical treatnent of glaucona
has been disclosed for releasing excessive intraocular pressure. Wile the
i nventi on h&$hdéeclamesicici bed with reference to a specific enbodi nent, the
description_is illustrative of the invention and is not to be construed as
limting thd: ihvesthedfor inerendng agusans hemer owflowna asngyiei ofa pasiest teasedBecar to
13 WD 01/ 78656, Se.. L ' - ' t
departing fromlﬁggc#ﬁgééegg&rgﬁ?&gﬁd%%% chc@ﬁféﬂlélﬁg%%ﬂ&gg,oﬁ‘{féseg‘é\fsr{%ﬁré?@% by
the appended ch@shworkldt ¥\WQekl/ofSHAD trRbeblildbGAéDBOBS andViadtorise ekidtin® dutffow 1.
A nmethod for increasing agqueous hunor outflow in an eye of a patient to
reduce an int PAGXN#&r pressure therein, said nethod conprising bypassing
di seased trabecular neshwork at a |level of said trabecul ar neshwork and
restoring existing outflow pathways. 2. A nmethod for increasing aqueous
hunmor out f| @w Anmmahod Y@ iatreasin@hd@ots homoeouflowain an ¢viercfecpdtiRht ff RIGEY &n
therein, said nethod conprising bypassi nﬁ; di seased trabecul ar neshwork at
a level of sai dtFa05BBE prespurpebeeinr Raidimaihed semprisingByRassing thisegsgdngabecular
existing outT! gHlsRRLINAYZ 1d oft RIS - BREGRAY AMSOUTIIRI QithE ' OW
in an eye of a patient to reducé an I niraocular pressure ot e n,

conpri si ng t heegistpg oafflowopatiassysng t he di seased trabecul ar meshwork within
the eye at the level of the trabecular nmeshwork; and restoring existing
out f | ow pat hways. 4. The nethod of claim 3 wherein the step of bypassing

di seased tr %b €k %&ﬁoﬁcﬁ'm‘i@{egsing 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.

s

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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conprises the step of performng mcrosurgery. 5. The nethod of claim3
wherein the step of restoring existing outflow pathways conprises

restori ngvout/fdessv i nt o Schl enm s canal . 6. The nethod of BtBHURVIASKEser ei n
the step of restoring existing outflow pathways conprises restoring
outflow into the aqueous collectors. 7. The nmethod of claim3 wherein the
step of rest or FAFPERING e adusers hyneihrawh ke oneaimgs ftds rest oring outfl ow
into the aqueo i f i i p of
bypassi ng. di seaTaPF 5 tihec e SEHNAH & el L HIBRORP, T ng
steps: creating an opening through the trabecular nmeshwork; 15 WD 01/ 78656
PCT/ US01/ 08088__transporting the agueous hupor t,hrougejth t he openi ng; .and

bypassi ng t e ThagEtindat chariwprenthe Hep pebyrasypg thedrabeeurcne v ore SHISF k.
9. The nethod qf,,¢)REME sl@@?&ﬁirﬁqs@&%ngft@q@éom{%ﬁ%'i&g t{%@&htlérﬁlplesc af.
es t eps-of t

meshwor k further “conpris es ansporting the aqueous hunor
into the Schlemm s canal. 10. The nethod of claim8 wherein the step of
bypassi ng the trabecul ar meshwork further conprises the steps

2 h ps . of
transporti ng O hbe asthodiaf arimot Wherew the gtep gfiBsssing thedrabgewlar mashwerle fyrther o d
of claim8 whergj S| r]ﬂ]ﬁ& I a“?q?]lé f er
conprises the sct%e srits%f‘:%ht§ %%E%ggtrr%)éﬁg%? hg% aaquﬁ}g%l&'s u%gétgiﬂrl]to t%%&lg%l}ﬁ
veins. 12. The nethod for increasing agueous hunor outflow of claim 8,
wherein the opening is created by fiberoptic |aser ablation. 13. The

met hod for ildel8a8IcHpdRfrbams® whersin tBesiep shPyrastns hn mbegaraeshvwore fwEehi ng
|s created by R iiBofleSg ?8%&%%%&%%%%%@}&% %ht%tth@&gl%uwéi&g a

m croknife, a polnted guidewre, ar pe appl1cator screw shaped
applicator, a barbed applicator, a retinal pick, an irrigating applicator,
and a mcrocurrette. 14. The method of claim§8, wherein the eye conprises
an anterior ‘Zhdmsenethodiorincensig agreousdyAnG PRITOBYGlalBss. arheasit ghe Quening is

surface, and sajgh P RFkrbpEd BT HAMNBLI SeS the

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
pointed 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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foll ow ng steps: inserting an el ongated seton inplant into the opening,
said seton inplant having an inlet end and an outl et end; exposing the
i nl et endvobi/tdsss seton i nplant to the anterior chanber of PChEsSeymspssand
positioning the outlet end of the seton inplant at about the exterior

surface of the trabecul ar nmeshwork. 15. The nethod of claim 14 wherein the
outl et end o6 Themsgiodrpfickgimaidt whareinriks owlet endsof the seton fmplgniclyrthercanitesp into

channel s of th i St fl ow pat hways. 16 WO 01/ 78656 PCT/ US01/ 08088
16. The met hodqgféﬁ%ép%&f%ld%ﬁﬁgér ein the outlet end of the seton inplant
further enters into the aqueous collectors. 17. The nethod of claim 14

wherein the outlet end of the seton inplant further enters into the
aqueous vei n. Thgmethogeafichdms g whereindhaseuilst erfleighe seiominplent furthey anteraintey e

of a patient tqpur gﬂﬂ%ﬁsgﬁmi ntraocul ar pressure therein, conprising the
steps of: bypassing the diseased trabecular meshwork within the eye at the
| evel of the trabecular nmeshwork with a seton inplant; and restoring

exi sting outflow pathways. 19. The met hod for_increasing aqueous hunor

out fl ow of cl&ifnnethod\fhe sragsiggiagueis dwmor pyiflave in an aye of »Aefianédo ssluepnan

havi ng an inl e.tinf?g'o%ula?igre%’sﬁ g%%erglgdco d..8 ltHgEtQ Jferebetween, and wherein
a ’ cha f

the inlet end i s positirone an’ anteri or Pher of the eye and the

outlet end is pYphdsimpnad aisedbdUtabatul@X bRERVASTk SEHhiAC theObyes al thediGRRDEChe
trabecul ar meshwork. 20. The nethod for increasing aqueous hunor outfl ow of

clai m 19, wher draveeHear meghwerk withd setonfimplangrangosi ti oned into fluid

col l ection char}gsgl)rsf Oéxigtpnguo?u;t(tilévgip%w%%.flOW pat hways. 21. A nethod for
i ncreasi ng agueous mor ow'in an 'eye of a patient to reduce an

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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i ntraocul ar pressure therein, said nmethod conprising: a) creating an

openi ng in trabecul ar nmeshwork, wherein the trabecul ar neshwork conprises
an interivwoos7sges and exterior side; b) inserting a seton pPaplUaetosisst o t he
openi ng; and c) transporting the aqueous humor by said seton inplant by
passi ng the trabecul ar meshwork at _the | evel of said trabecul ar nmeshwork

fromthe interi®d is{ether gosipeneddntogflyid coldgcgian ghanngls yn tebe laval olnds BaeRaKS

the outl et 17 VB0l daiaa- Bl (ES) BabBiardt, Gth Miuf Bl Ad nt 3SIsEhd

fluid coll ectl autfitnapatavaysip to the | evel of the aqueous ve| ns with the
seton inserted in a retrograde fashion with respect to the existing
out f 1 ow pat hways. 23. The nmethod for increasi ng aqueous hunor outfl ow of
claim 21, I e4 hﬂ:ﬂq‘a L i r]hgg i iyt j
collection c aﬁ?@‘? S up()) tu% t Céeﬁ(gg%e%qﬁgé&t e a cﬁxﬁ%«h& O?@ga?lﬁsﬂ\imq}’}“#%ghes%%ﬂet
inserted in a amdeagfiader pastiowed iniot fhuid esl}hmbntcbartriaﬁ gxosthe hgyel oflthe lagi¢ous

pat hways. 18 L : : : . .
veins with the seton inserted in a antegrade fashion with respect to the existing

outflow pathways.
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