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continuously deconpressing elevated intraocular pressure in eyes affected
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call ed ueous unor ueous hunor is forned in the posterior chanber
of the e?@mBQH?ﬁ@“@Pmery body at a rate of about 2.5 microliters per
m nute. fJooe1f! ui d, ThbpedRentSint@ RN gandrally Hi¥ected to a surgical treatment for

glaucoma, and relates more particularly to a device and method for continuously

decompressing elevated intraocular pressure in eyes affected by glaucoma by diverting
aqueous humor from the anterior chamber of the eye into Schlemm’s canal where post-
operative patency can be maintained with an indwelling shunt which can be surgically
placed to connect the canal with the anterior chamber.

Background Art

[0002] Glaucoma is a significant public health problem, because glaucoma is a
major cause of blindness. The blindness that results from glaucoma involves both
central and peripheral vision and has a major impact on an individual's ability to lead
an independent life.

[0003] Glaucoma is an optic neuropathy (a disorder of the optic nerve) that
usually occurs in the setting of an elevated intraocular pressure. The pressure within
the eye increases and this is associated with changes in the appearance ("cupping") and
function ("blind spots" in the visual field) of the optic nerve. If the pressure remains
high enough for a long enough period of time, total vision loss occurs. High pressure
develops in an eye because of an internal fluid imbalance.

[0004] The eye is a hollow structure that contains a clear fluid called "aqueous
humor." Aqueous humor is formed in the posterior chamber of the eye by the ciliary
body at a rate of about 2.5 microliters per minute. The fluid, which is made at a fairly

constant rate, then passes around the lens, through the pupillary opening in the iris and
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to the trabecular meshwork. The outer wall of the trabecular meshwork coincides with

the inner wall of Schlemm's canal. Schlemm's canal is a tube-like structure that runs
around the circumference of the cornea. In human adults, Schlemm's Canal is believed

to be divided by septa into a series of autonomous, dead-end canals.

[0006] The aqueous fluid travels through the spaces between the trabecular
beams, across the inner wall of Schlemm's canal into the canal, through a series of
about 25 collecting channels that drain from Schlemm's canal and into the episcleral
venous system. In a normal situation, aqueous production is equal to aqueous outflow
and intraocular pressure remains fairly constant in the 15 to 21 mmHg range. In

glaucoma, the resistance through the canalicular outflow system is abnormally high.

[0007] In primary open angle glaucoma, which is the most common form of
glaucoma, the abnormal resistance is believed to be along the outer aspect of trabecular
meshwork and the inner wall of Schlemm's canal. It is believed that an abnormal
metabolism of the trabecular cells leads to an excessive build up of extracellular
materials or a build up of abnormally “stiff” materials in this area. Primary open angle

glaucoma accounts for approximately eighty-five percent of all glaucoma. Other forms
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these medications work to either reduce aqueous production or they act to increase

outflow. Currently available medications have many serious side effects including:
congestive heart failure, respiratory distress, hypertension, depression, renal stones,
aplastic anemia, sexual dysfunction and death. Compliance with medication is a major
problem, with estimates that over half of glaucoma patients do not follow their correct

dosing schedules.

[0010] When medication fails to adequately reduce the pressure, laser
trabeculoplasty often is performed. In laser trabeculoplasty, thermal energy from a
laser is applied to a number of noncontiguous spots in the trabecular meshwork. It is
believed that the laser energy stimulates the metabolism of the trabecular cells in some
way, and changes the extracellular material in the trabecular meshwork. In
approximately eighty percent of patients, aqueous outflow is enhanced and IOP
decreases. However, the effect often is not long lasting and fifty percent of patients
develop an elevated pressure within five years. The laser surgery is not usually
repeatable. In addition, laser trabeculoplasty is not an effective treatment for primary
open angle glaucoma in patients less than fifty years of age, nor is it effective for angle

closure glaucoma and many secondary glaucomas. If laser trabeculoplasty does not
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present in the episclera proliferate and migrate and can scar down the scleral flap.

Failure from scarring may occur, particularly in children and young adults. Of eyes that
have an initially successful trabeculectomy, cighty percent will fail from scarring
within three to five years after surgery. To minimize fibrosis, surgeons now are
applying antifibrotic agents such as mitomycin C (MMC) and 5-fluorouracil (5-FU) to
the scleral flap at the time of surgery. The use of these agents has increased the success
rate of trabeculectomy but also has increased the prevalence of hypotony. Hypotony is
a problem that develops when aqueous flows out of the eye too fast. The eye pressure

drops too low (usually less than 6.0 mmHg); the structure of the eye collapses and

vision decreases.

[0013] Trabeculectomy creates a pathway for aqueous fluid to escape to the
surface of the eye. At the same time, it creates a pathway for bacteria that normally live
on the surface of the eye and eyelids to get into the eye. If this happens, an internal eye
infection can occur called endophthalmitis. Endophthalmitis often leads to permanent
and profound visual loss. Endophthalmitis can occur anytime after trabeculectomy.

The risk increases with the thin blebs that develop after MMC and 5-FU. Another
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other synthetic) plate. With an aqueous shunt device, an incision is made in the
conjunctiva, exposing the sclera. The plastic plate is sewn to the surface of the eye
posteriorly, usually over the equator. A full thickness hole is made into the eye at the
limbus, usually with a needle. The tube is inserted into the eye through this hole. The
external portion of the tube is covered with either donor sclera or pericardium. The

conjunctiva is replaced and the incision is closed tightly.

[0016] With prior art aqueous diversion devices, aqueous drains out of the eye
through the silicone tube to the surface of the eye. Deeper orbital tissues then absorb
the fluid. The outside end of the tube is protected from fibroblasts and scarring by the
plastic plate. Many complications are associated with aqueous shunt devices. A
thickened wall of scar tissue that develops around the plastic plate offers some
resistance to outflow and in many eyes limits the reduction in eye pressure. In some
eyes, hypotony develops because the flow through the tube is not restricted. Many
physicians tie an absorbable suture around the tube and wait for the suture to dissolve
post-operatively at which time enough scar tissue has hopefully formed around the
plate. Some devices contain a pressure-sensitive valve within the tube, although these

valves may not function properly. The surgery involves operating in the posterior orbit
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pot enti aldnyinRGFalispadddf171 The prior art includes a number of such aqueous
shunt devi Cces, sugﬁ as U S. Patent No. 4,936,825 (providing a tubul ar
shunt fromthe anterior chanber to the corneal surface for the treatnent
of glau , U.S. . Patent . 5,127,901 (directed to a transscleral shunt
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Pat ent N@mponents to divert and convey excess aqueous from the anterior chamber to the
exterior ocular surface. Examples include U.S. Patent Nos. 4,634,418 and 4,787,885
(teaching the surgical treatment of glaucoma using an implant that consists of a
triangular seton (wick)), and U.S. Patent No. 4,946,436, (teaching the use of a porous
device to shunt anterior chamber to subscleral space). These patents do not teach

placement in Schlemm’s canal.

[0019] Some prior art references for glaucoma management have been directed
at Schlemm’s canal, but these have not involved the placement of long-term,
indwelling shunts. U.S. Patent No. 5,360,399 teaches the temporary placement of a
plastic or steel tube with preformed curvature in Schlemm’s canal with injection of a
viscous material through the tube to hydraulically expand and hydrodissect the
trabecular meshwork. The tube is removed from the canal following injection. Because
the tube is directed outwardly from the eye for injection access, the intersection of the
outflow element with the preformed curved element within Schlemm’s canal is at
about a 90 degree angle relative to the plane of the curvature, and 180 degrees away
from the anterior chamber. Therefore, at no time does any portion of the '399 device

communicate with the anterior chamber. Furthermore, relative to that portion within
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Fur t her ebarselsr aidatﬁevepitsa:lemhafbnqmrs.yswm ailtdne ANt (Eﬁhﬁliﬁfé@q@ﬁm 1116@2/ 26100 7
Schl enmmi s canal , i s tube has Iar glwamt er ect 1on cuff .el enent,

whi ch s&Peely mig Sﬁ eoER Copa f"iﬁcfu‘if“}l? sci*ﬂ%‘}ge BS“ K% G L i s not

adapt ed e&fafna% @i%?étioﬂ%r@@é&%%@nc%%%@ﬁai B8 Rdeesi R poplimrdIekitieadingtd! enmi s
canal . [0020] Most of the problens that have devel oped with current

gl auco nélne t ofe anonprelifetating deabegiderp edlse dimhencingy equsestrilen dretvis@taqueous

fluid i 3 Hler%'rﬁ‘se %arflar OFbuld minimize hypotony since the canal is part of the normal

outflow system and is biologically engineered to handle the normal volume of aqueous
humor. Enhancing aqueous flow directly into Schlemm's canal would eliminate

complications such as endophthalmitis and leaks.

SUMMARY OF THE INVENTION

[0021] The present invention is directed to a novel shunt and an associated
surgical method for the treatment of glaucoma in which the shunt is placed to divert
aqueous humor from the anterior chamber of the eye into Schlemm’s canal. The
present invention therefore facilitates the normal physiologic pathway for drainage of
aqueous humor from the anterior chamber, rather than shunting to the sclera or another
anatomic site as is done in most prior art shunt devices. The present invention is
further directed to providing a permanent, indwelling shunt to provide increased egress
of aqueous humor from the anterior chamber to Schlemm’s canal for glaucoma

management.



inside of the eye to the surface of the eye. A need exists, then, for a
nore physiologic systemto enhance the drainage of aqueous fluid fromthe
anteri or woasmeseshnto Schlemm s canal. I n the vast maj or ikgr/Es02gé@m@oucoma
patients, the resistance problemlies8 between Schlemmi s canal and the
anterior chanber. The canal itself, the collecting channels and the

epi scl er ale nhanci ng aqueous flow directly
into Schgwggﬁﬁ%%hiln 1iiﬂzlg”rf‘?‘ﬁéwégarri ng that usually occurs with
external ddobirati o r r I .internal angle region i opul at ed
with a spfndg2 PL | i ngKg'fﬂg%ﬁ%r@lu?#%%glts?la‘gmlgr%lboé’gﬁ}eﬁ&pg‘é?‘?cél.v E?ﬁ’iva?l‘i‘?rﬁg aqueous

f1ow di r ggbbdiment 8f th%%?éﬁ?}iﬁve’ﬁﬁaﬁl in‘”@h’ilcg tfligs ﬂL\{gh Ve M%QH? 'agmgﬁ&eﬁeoft he canal

is part of the normal " outflow system an ol ogicall'y ‘engineered to
handl e th@,ura@ewﬁienmktbﬁaingfbi@%a%mlybb%ﬁﬁ{smfé?ﬁﬁ%aﬁgl. aqueous flow directly
into Schlem s canal would elimnate” conplications such as endophthal mtis
and | eaks. SUMVARY OF THE | NVENTI ON [ 0021] The present invention is
directed to a novel shunt and an associated surgical nethod for the

t reat mnenf0028] gl aucBi@a 1B ishianhotefiteat hvietlr oS thd aetddimei yEile pagugous hunor
fromthe anterior chanber of the eye into Schlemm s canal. The present

i nvent i omventemeshowa ih FdG| 14 aweh phimomdines detetling the agéemapainimmicdtion dr ai nage
of aqueous hunor fromthe anterior chanber, rather than shunting to the
scl era obPetyRet the umens of tha wbuler elements somprising theripwantive idevicar t  shunt
devices. The present invention is further directed to providing a
permanent, indwelling shunt to provide increased egress of aqueous hunor

f th [ t a..Schi. . | f I 1 t. W
031 0156580BIT] LSO 0B 1001 28 RIS DESHFE  GReGE T PESTRIAVY NES 10093] FI G
1A | i i i . d ti ! f.

embodi o oREREL AR AR B eRPorg E PREGARCHOBRE'S siuhis vetmsfor, <
compr i seglog tubiithilbAbn e LOTRRRS bRAkERILAY il ScRRLI9AALY, Wi thi n Schi e s

canal .

[0025] FIG. 1D is an illustration showing an overhead perspective view of one
embodiment of the present invention, in which the inventive shunt is comprised of

solid, porous elements extending bi-directionally within Schlemm’s canal.

[0026] FIG. 1E is an overhead perspective view of another embodiment of the
present invention, with phantom lines detailing the internal communication between

the two proximal lumens and the single distal lumen of the inventive device.

[0027] FIG. 2 is an illustration showing another embodiment of the present
invention, in which the inventive shunt is comprised of perforated tubular elements

and with an angulated terminal aspect of the proximal portion.

[0028] FIG. 3A is an illustration showing a perspective of another embodiment
of the present invention in which the inventive shunt is comprised of elements that are

partially tubular and partially open in their configuration.



[0023] FIG 1B is an overhead view of the enbodi ment of the present

i nvention shown in FIG 1A, wth phantomlines detailing the internal
conmuni cawiooos/otkab ween t he | unens of the tubul ar el ement s roamyso2Ré6109 t he
inventive device. [0024] FIG 1Cis a® illustration show ng an overhead
perspective view of one enbodinent of the present invention, in which the
inventive shunt is conprised of nesh tubular elenments extendin

bi - di r ect0PBNal | y wWihi3B isanibysimation shawing pdop iewrpidthe embpdiment P? fh§strati on

showi ng an over head pectiy i ew of one, .enmbodj nent. of the present

i nvent i oHESEH IMYFRIAP il%ﬁ;éar g&e\‘ﬂtﬁ\l’g‘a‘%“ﬂﬁn@n‘? ge H%rtﬁ%@(f:erﬁ?l cog’é?qrﬂ?ﬁlﬁﬁr ous

el enent \s/oeﬁﬁt gndi ng bi-directionally wthin Schlemm s canal. [0026] FIG 1E
is an ovErh® %IVlf)eerspecti ve vi ew of anot her enbodi ment of the present
invention, with phantomlines detailing the internal comuni cation between
the two proximal |unens and the single distal |lunmen of the inventive

devi ce. 7] FI S i j I t 3 i t of the
pr esent [b?%@enti O%qur?%?@hwshgﬁé%%drﬁﬁ%gggﬁdw?rgﬂlctgg F@%@%déo per f or at ed
tubul ar gk eABBERent BEhYbFReR In@RAsh & B 3@r M nal aspect of the proxi mal
portion. [0028] FIG 3A'is an illustration showi ng a perspective of another
enbodi nent of the present invention in which the inventive shunt is
conprised of elenents that are partially tubular and partially open in

t hei r cdd3hur at i oRIG. 8D 8 3h AhShafoPhiowing 2 p26hefdive Of pOEIR&] entHoGim@B i s an
illustration showing a top view of the enbodi mrent of the present invention
in FI G @Ahe pieséntpheantiominl whieh thiemaentivegshtihiels icotpriseall ofcdernentd that aten  of t he

device. [0030] FIG 3Cis an illustration show ng a side view fromthe
pr oxi malPagidlyodpentand trenglobkaartheip ponfigaraiossent i nvention in FIG 3A [0031]
FIG 3Dis an illustration show ng a perspective of another enbodi nent of

the present invention in which the inventive shunt is conprised of elenents
that argoeft1al PPl AN dnlsh b shviBe dotiaf b SAMenP Ut Hd SMhsent

invention, in which the inventive shunt is comprised of distal elements having wicking

extensions at their terminal ends, and in which the proximal portion has a sealed,

blunted tip with a portal continuous with the lumen of the proximal portion, oriented to

face away from the iris when the device is implanted in Schlemm’s canal.

[0033] FIG. 5A is an illustration showing another embodiment of the inventive
shunt in which a portion of the device enters Schlemm’s canal in only one direction

and shunts fluid in a non-linear path from the anterior chamber.

[0034] FIG. 5B is an illustration showing an alternative embodiment of the
inventive shunt in which the entire shunt is placed within Schlemm’s canal but
contains a fenestration to maintain fluid egress of aqueous humor from the anterior

chamber to Schlemm's canal.

[0035] FIG. 5C is an illustration showing a side view of one embodiment of

the present invention, in which the inventive shunt is comprised of tubular elements,



[0032] FIG 4 is an illustration show ng anot her enbodi nent of the present
i nvention, in which the inventive shunt is conprised of distal elenents
havi ng wi wla 03g156%t ensi ons at their term nal ends, and i n pdr/Esv26m@0

proxi mal portion has a sealed, blunte&d tip with a portal continuous with
the lunen of the proximal portion, oriented to face away fromthe iris
when t he vice is.imlanted .in Schle s canal. [0033]. FIG 5A is an

i |l ust raYV?[ﬁr? psrﬂmaﬁagg]r?&t ‘?ndg’r%t}%{?ﬁ‘}éﬁg qﬁeqqqézhpmbg ahig shariepglative whi ch a

portion gf ' L er L.em.s canal..in,only one direction and
Chunt ot F Hﬁﬁaqﬁ&lr?g’ﬁ-s ?’iﬂ%"%aer%‘t%gﬁ\%%r?c&’rﬂn?ﬁ W&mne&ﬁ%?r?{wa%%r. [0034] FIG 5B
is an illustration show ng an alternative enbodi nent of the inventive
shunt in which the entire shunt is placed within Schl enmi s canal but

cont ai nsygaszgenest r pic: ofpt; i sl AT : fromthe
anteri or[ chlznber tﬁc?ﬂr g%?\llgrf;nam glmf:tgdrtllgP.ShF{gg}gg?{ %ﬁ%ﬂgé‘ea%ggﬁ&f gfs)plreati on
showi ng mvsitile sHuawceipasal 6Bt ofth trélis- | Dt jgn whi ch
the inventive shunt i spcorrpri sed of tur%fl}l ar@gll @Eneleaﬁft%glten!\/\o 03/%%%%?&

PCT/ US02WwikihO0Schldimié chnad ot aohiaitls PRoilon sxirkadi Madepras ¢F dgisoant eri or
chanber that is shorter relative to the distal portions which extend

bi - di r echungeraidny thei arténior Shiunbento Scidemad's c4ndl036] FIG 5D is an illustration
showi ng an alternative enbodi nent of the inventive shunt conprised of a
partially open trough-like elenment which is placed wthin Schlenm s canal
but contains a portal to maintain fluid egress of aqueous hunor fromthe
anterior B%ilnber t G dsman dllesdistion showme] arplEmEve embedimentuet thet i on
showi ng .an alternative enfjodj ment. of the inventive shunt conprised of a
solid, be HPosﬁﬁ‘Ena‘\Af%}%PIP%e eoqjea} éﬂ@n&%ﬁ?@ﬂs dckslike elemepi tvhigh isaaesani s canal
[ 0038] F\’Vﬁiin%&”g- s an il Ilustrati on showi ng certain anatomc details of the

human eye. 5}m|§|"6§1a 6B is a cross-sectional illustration show ng the
anat om c

[0038] FIG. 6A is an illustration showing certain anatomic details of the human

eye.

[0039] FIG. 6B is a cross-sectional illustration showing the anatomic

relationships of the surgical placement of an exemplary embodiment of the present

invention.

[0040] FIG. 6C is a cross-sectional illustration showing the anatomic
relationships of the surgical placement of another exemplary embodiment of the
present invention in which the proximal portion has an angulated terminal aspect with
a sealed, blunted tip with a portal continuous with the lumen of the proximal portion,

oriented to face away from the iris when the device is implanted in Schlemm’s canal.

[0041] FIG. 7A is a cross-sectional illustration showing the anatomic

relationships of the surgical placement of an exemplary embodiment of the present



rel ati onships of the surgical placenment of an exenplary enbodi nent of the
present invention. [0040] FIG 6Cis a cross-sectional illustration

showi ng tW® @masami ¢ rel ati onships of the surgical placementusb,2enot her
exenpl ary enbodi nrent of the present tnvention in which the proxinal
portion has an angul ated term nal aspect with a sealed, blunted tip with a
portal continuous with the |unmen of the proximal portion, oriented to face
away frofiveR@on showingdhet mexigeal; pation of nﬁgﬁ devicg i acharkwhanedcansher [ 0041]
FIG 7A is a.cross-secti.onal illustration showing the anatonic

rel ati ong’ﬁie‘&im%fo“faﬁ‘i%dp@i cal placenment of an exenplary enbodi nent of the
present WO 03/015659 PCT/ US02/ 26100 11 invention show ng the proxi nal
portion of the device and a barb-shaped anchor extending toward the iris.
[0042] Fldfan(B | Pt 9-i3at bARaLoddohMS ifididaitn SHOWNG {e 2ANRKAM ©

rel ati onshi ps of the ‘surgical placenent of another exenpl ary enbodi nent of
the pre L i 1 I X b {5 er P i o) Vi avi ng an
annul ar ﬁe?&ioéllb@gﬁ%e@gnﬁgﬁlgﬂgﬁﬁﬁe@hﬁeon.er[é(%%zﬂig]m?él%ﬂlséét%ms oe\g%})éqne

enbodi Mepfes@it ihiitids \ch6®ingaitle NGroRintHl PHIRCHT PBaleviddi isdvtde BORAMAR &nd an
anchor on the proximl portion extending circunferentially thereon. [0044]
FI G 8B sinausfemntilath@thadbnrent of the device having a bi- directional

di stal portion and an anchor on the proximl portion extending nedially
toward the location of the iris when inplanted. [0045] FIG 8C shows

anot her enbodi rent of the device having a bi- directional distal portion
and an al¥43l on tRér.BAshemss opeembodinsut eb thendevicet lavinng g bodiredmohl si de of
t he device when inplanted. [0046] FIG 9 shows another enbodi ment having a
bi - di r ectlistahdortinnsrd aposrchen onalg BIexERAl Heortion exfradivgosirgvatiersatiallyon

ext endi ngle%orncunf erentially thereon in a barbed

[0044] FIG. 8B shows another embodiment of the device having a bi-
directional distal portion and an anchor on the proximal portion extending medially

toward the location of the iris when implanted.

[0045] FIG. 8C shows another embodiment of the device having a bi-
directional distal portion and an anchor on the proximal portion extending laterally on

each side of the device when implanted.

[0046] FIG. 9 shows another embodiment having a bi-directional distal portion
and an anchor on the proximal portion extending circumferentially thereon in a barbed
or cone shape to facilitate introduction into the anterior chamber and to inhibit removal

therefrom.

[0047] FIG. 10 shows another embodiment having a tapered proximal portion

with screw threads.



or cone shape to facilitate introduction into the anterior chanber and to

i nhibit renmoval therefrom [0047] FIG 10 shows another enbodi nent havi ng

a taper edwaorapoismb portion wth screw threads. WO 03/ 0156%9/#X01/264802/ 26100
12 DETAI LED DESCRI PTI ON OF THE | NVENTIZON [0048] The present invention

provi des an aqueous hunor shunt device to divert aqueous hunor in the eye

' ' Schl enmnd | which th hunt devi
conpr | SoREd AR ﬁPﬁ%ﬁ%@?ﬁ%&%@f Wegait ?ﬁﬁé tlepm nal asFegtSlsi?n%dse\elllnge
' I n lon . of SC
e R e
The dov aiebls REpbPRrnEase s Mol Rk Ehodhn ?@gbnbf a tlpelbe on i n the
ant eri or,g Qﬁﬁﬁ@&evﬁ%&é?ﬁprﬁ@ﬁ%ﬁstﬁﬂﬁfrﬁéﬁ ﬂav1ﬂ € Wa8eSte gét %ﬁiannel i

communi cati on can tate queous humnor rec ng

ei ther t4f dhaped e cﬁfcuﬂl*férélﬁiallp%éeh%ﬁswlﬂﬁﬁ a%%ﬁﬁfn' &%‘éhféﬁjlﬂ%"can fla.ldhq
conmruni cation can also be facilitated cking function of a solid

pr oxi mal progimaligeitién Pavitd ayisasblont h&nﬁﬁaﬂ.laﬁﬁect fsed Q@ ERipRd tb 804&deivEae present
I nvention al so provides enbodi nents of an inventive shunt conprising a
body of withimorthat aibeormahembal off tiee sdyee whetemhahe @daR!t qirhids bAuidt | east
partially circunferentially received within a portion of Schlenm s canal to
divert cogumbuisatiombetwieenthet prxamalepdrton ¢hahbentedér thembrmrheydstilo and

w thin Schlemis canal, and wherein the body facilitates the passage of
aqueous BRIHOR 11 Sehlenels genabr iFdrd comumtrseationt aan Sehfacifitrited byanlaquadiss

enbodi nent of the deyice of the present invention can be produced w thout

the proxXiURaT Fercting ghagmel WI@P%WCCREQXIE%QH distah portiogs, eﬂﬁdieﬁ@ibedltb@lqme )
t nber . Ana hu cti ng .channe nfaC| |tate t he
ggsggégrfg?]@ 3 SBrhet’{;rrgllil C{E]PY B %%’Eﬁm‘i’%f’ 2 splid igwimalcanal .

Fluid %Qll 0%6 fgﬁ‘ende%kc%ofo?%xf acllel itated by a wicking function of a
O|Idb08 PR oA Yo7 Tmpre.

[0049] The present invention also provides embodiments of an inventive shunt
comprising a body of biocompatible material of a size and shape adapted to be at least
partially circumferentially received within a portion of Schlemm's canal to divert
aqueous humor from the anterior chamber of the human eye to and within Schlemm’s
canal, and wherein the body facilitates the passage of aqueous humor from the anterior
chamber into Schlemm’s canal. This embodiment of the device of the present
invention can be produced without the proximal portion of the previous embodiment
extending into the anterior chamber. An aqueous humor directing channel can facilitate
the passage of aqueous humor from the anterior chamber into Schlemm?’s canal. Fluid
communication can also be facilitated by a wicking function of a solid body portion, for

example.

[0050] The invention contemplates many different configurations for an
aqueous humor directing channel, provided that each assists in channeling aqueous
humor from the anterior chamber to Schlemm's canal, such as by providing a lumen,
trough, wick or capillary action. For example, the aqueous humor directing channel can
be a fully enclosed lumen, a partially enclosed lumen, or a trough-like channe] that is at

least partially open. The invention contemplates that a solid monofilament or braided



exanpl e. [0050] The invention contenplates many different configurations
for an aqueous hunor directing channel, provided that each assists in
channel i ngoapesdss hunor fromthe anterior chanber to Schicmsoz/2canal
such as by providing a |unen, troughi3wi ck or capillary action. For
exanpl e, the aqueous hunor directing channel can be a fully encl osed

| umen, a partially enclosed |lunen, or_a trough-Ilike channel 'that is at
| east paPalymey yuglhan Prole® (radvirpmenebriagris serted wig Sshlswnysdcamshis i | ament

(poly pr o ) wickhR huitbe ASo R ] Abhe dbAtile o MEL AT RERE L) cvi ng

or st entthagnfetinocthantber to Seldehnisadaralt chpawiie afstating exiendioiedn flsom t he
anterior, chanber to Schlenm s cagnal,. Such a w cking or stenting extension
can al so® %80@‘]0%\;@@6‘%50% Ef’tlye%PfE‘Plb?]%th% _ gfhdhetegh sp s ﬁontée rP‘é'Hg?PH“]taﬁ%’f eof, so
as to bes_téﬂ-ghtaft)é@i'ﬁgéﬂ&s%fsegﬁon. sn?erde%re@p@pltfhe Bré&ERSAvaRdh A be &t}@gﬁ&w ges of the

present invention can be constructed o a solid, matrix, nesh,

f enest r aa edid, patrpo sk, fengstiated) or porovs endienteal s draombitatioss fherdo0051 1

Tradi tional glaucoma teaching states that Schlemms canal in an adult is
di vided by septa into separate canals, rendering the conplete passage of a
suture jogpgssi bl e’l‘raﬁ’ftﬁinbﬂ%'lﬁ@dol/nastéwﬂi t28s etBEn1BuAB caaNEnhankuRYes have
shown that, Schlemm s canal is, indeed, patent. A suture can be passed

t hr ough {ikideddtyi pepta dntocsappesice Geanalsy frendesing fhe| completh assige afek suthes et of or e
determ S ﬁﬁ‘i}iﬂa i t 0 i Chl ence in
nor mal 2 Io%g?l%di ?/)itl)egua sl,%/ gtga%%)pogsg%ﬁféﬁ%é?n © 2 \kl}l 5’%‘“‘8 %ayes%gﬁggﬁl?lnto

mul ti pl eSadamBncanabrig| mdedd)epatententAl eaturd ichn Zes phdsed thrvagh atlgentited access

S oS b R bl B SR s 7 0
col | ect | B@atehhR@hSut #OSRAAARRLIGRBMAA] AASALVRR §Oofo8M daRifget hods of

use of the shunt “devices. One enbodinent of the present”inventiommis
di r ect eddivided by sepfre iito mutltipld dead endi cannls. Bopigwyestidnumtilizes thasrkndveledget er i or

chanber tgfacéegg SEHRmniY gansaf Q1|1§ B RS g lma\ﬁnltgilq the natural physiologic egress of

aqueous humor from the anterior chamber to Schlemm's canal and to the collecting

channels.

[0052] The present invention also provides methods of use of the shunt
devices. One embodiment of the present invention is directed to a surgical method to
divert aqueous humor from the anterior chamber of the eye into Schlemm’s canal with
a device that is implanted to extend from within the anterior chamber to Schlemm’s
canal. The portion of the device extending into Schlemm’s canal can be fashioned
from a flexible material, such as silicone, capable of being received within a portion of
the radius, curvature, and diameter of Schlemm’s canal. The external diameter of the
proximal portion can be about 0.1 mm to 0.5 mm, or about 0.3 mm. Preliminary
studies indicate a preferred diameter for the proximal portion to be about 0.23 mm to
about 0.28 mm, or preferably about 0.23 mm to about 0.26 mm. All or parts of the

device may be solid, porous, tubular, trough-like, fenestrated, or pre-curved.



a device that is inplanted to extend fromw thin the anterior chanber to
Schlemm s canal. The portion of the device extending into Schl enm s canal
can be fawlowwesksof rom a flexible material, such as silicawyuwapetohe of
being received within a portion of the radius, curvature, and di aneter of
Schl enmm s canal . The external di arret er of the proximal porti on can be

S efer (r)eé’oggianet or %&Pﬁ@lfﬂ%ﬁ%iﬁi e gt P}E%reﬂleélm o Nabhensed 61 B nllrﬁrlﬂéca;];oﬁ%
0. 28 ]

Gon oo mublopBhes ﬁ%e%ISF I00'is Bndin A= SedneH: ?&%Gh%ﬁ’«s&crf&{g@ﬁ% Sf ° ht °
L AR AR Sd F, PR0, ), 1c
i's shownydfoR 28] %eﬁir%naf?@rtﬁﬂummn‘gf 1519?]?611‘9& ?g s%l\g\'mg S0 HE %’test Al

conprlsed of two portions, a proxi portion h joins a

por ti on @Bulaf BignREIR FHRIctRO EHeOMtal Feriflofing Hi%ltal%{ﬁdnoi‘s Ay HEBehvdcheat e an

encl osed tubular channeling structure. The total |ength of the distal
portion ghputay hs et prébably dbdit BThinGo 40miN THe! QbR ébadimbawrs 4 nmto
6 mMm The sane enbodi nent of the present invention is illustrated with
phant om the n@sseah dwientjort hie illiteteadaivith| phadtonc dineal vhewinigothepitdmal Nl G 1B.
The | unen or channeling space defined by the walls of the proximl portion
10 and té¢vedimcationpetht inoflGs )1 B2 5Tz oot ichannekingspach defingdimcthe ovellsat  t he
distal portion portal 20. [0054] An alternate enbodi nent of the present

i nvent i off the PEmEWH nowtin &) andcthe disiahprréon(iis angantinious ebthedguictiotonpr i sed
of two lu sh elenents, with a proxinmal portion 10 which joins a

di stal plt ?%ﬁtag@m%w éPher enbodi ment of the present invention is
shown in FIG 1D, in which the shunt device 100 is conprised of two solid,
porous el enents which may provi de wick-like fluid comruni cation

f 382?} RIS, o nat T el B TBoRBR RE iR bt BovE S n TR &
' il 1Yi’+\kfﬁ1lah YA SRR ey R MI086is TothprRed BFRKS ?ﬁgln%{ nfesk ?én&‘l?s! Wi Lion 10

prox1ma1 portion 10 which joins a distal portion 25. Yet another embodiment of the

D

,_

hav

present invention is shown in FIG. 1D, in which the shunt device 100 is comprised of
two solid, porous elements which may provide wick-like fluid communication

therethrough, with a proximal portion 10 which joins a distal portion 25.

[0055] An alternate embodiment of the present invention is shown in FIG. 1E,
in which the shunt device 100 is comprised of a proximal portion 10 having two
lumens therein terminating in proximal portion portals 18. The distal portion 25
shaped and sized to be received within Schlemm's canal extends in either direction
having separate lumens traversing therethrough from each of the distal portion portals

20.

[0056] Other examples of embodiments of the present invention are shown in
FIGS. 2-5D. FIG. 2 shows an embodiment of the inventive shunt in which the device

100 is tubular and fenestrated (15, 30) in its configuration, with an acute (<90 ) angle



| unens therein termnating in proximl portion portals 18. The di stal
portion 25 shaped and sized to be received within Schlemm s canal extends
i n eitherwdo3gasdson havi ng separate | unens traversing thaex@risoenagioofr om
each of the distal portion portals 206 [0056] O her exanpl es of

enbodi nents of the present invention are showmn in FIGS. 2-5D. FIG 2 shows
an enbodi ment of the inventive shunt in which the device 100 is tubul ar

and f en@éiunstier betwsen Hig)proximal Rorgigh L0 gud dre Riane detingd By thedistal Rodden ) angl e
WD 03/ 01565 / US02/ 26 15 qf j.unction bet t i tion 10
ot he 231 SHEhdEI BRI TS RO Al PGSR Seporigiet PeRedss ABD she (15,

30 be.. d al L f. the device.100 t ilitate th
passags FBHIAILTE Henee oh Ay g bR PRERNY Db RBEG s tne

col | ect 0 ecgi?@tnﬁ"'illgﬂfeég fof {h%eeyg.y FiG.7 Rrtter fsy\%\%’%ﬁﬁ taﬁ%ﬂ%ﬂ% eﬁﬂmﬁ}rﬁ&ft ifte

enbodi men resent “rnvention in rmnal aspect 16 of the
pr oxi ma i S, ; : ki Ay i t he main
i 5. of PERENnethiich, NG IRE Crghltatiee pg of Ui bOfo e Bt

porti on gl 4acheid a0aNith £&RO leimdif 4R of Be Pré@MARPRtioR TOORKHBRE S as
shown in FIG 6C, the portal 18 of the proximal portion 16 is directed

away fresitainesidf thedftoxin®Dpoliidd Girectéd sbwuel &ometheoiisnemt Iafaltdneaté nventi ve
shunt in which a portion of the channeling device is enclosed and tubul ar

i n conf iegibodiments & shohva in FIGLAAC,che pdrtdlHE qf tloexprorimab pottioarl 61 daaded he di st al
portion 25, but where the distal portion 10 is a trough-like channel. The
di stal poryifom theitis#0.20 is al so shown. The invention contenplates that
any portion of the device 100 can be sem -tubul ar, open and trough-Iike,
or a w ck-1like extension. Tubular channels can be round, ovoid, or any

ot her encl osed geaqnetry. Preferably the nop-tubular trough-1ike aspects are
ori ent ed00%dst eri &InE'y 36n shayes Bﬁt%?bWPnto?PlﬂF?euE’ﬁﬁ%‘fe F@“gdéi‘f" Bt2 aqueous
hunor dr ai nage_.t t he.eye hown in FIG 3A

t | | ecti h | f
056  PPRUAIR! dhe melite SERcE % AR Bl e i e RN A e ent L ve

junction of the proximal portion 10 and the distal portion 25, but where the distal

portion 10 is a trough-like channel. The distal portion portal 20 is also shown. The
invention contemplates that any portion of the device 100 can be semi-tubular, open
and trough-like, or a wick-like extension. Tubular channels can be round, ovoid, or any
other enclosed geometry. Preferably the non-tubular trough-like aspects are oriented
posteriorly on the outer wall of the canal to facilitate aqueous humor drainage to the

collecting channels of the eye, as shown in FIG. 3A.

[0058] FIG. 3B shows an overhead view of the embodiment of the inventive
shunt of FIG. 3A, further detailing the relationship among the proximal portion 10 and
the distal portion 25. The aqueous humor directing channel is shown in dashed lines.
FIG. 3C shows a proximal view of the embodiment of the inventive shunt of FIG. 3A,
further detailing the relationship among the proximal portion 10 and the distal portion
25.



shunt of FIG 3A, further detailing the relationship anong the proxinal
portion 10 and the distal portion 25. The aqueous hunor directing channel
is shown woaasksd |ines. FIG 3C shows a proximl view @dcvbs2esoodi nent
of the inventive shunt of FIG 3A, further detailing the relationship
anong the proximal portion 10 and the distal portion 25. WO 03/015659

PCT/ US02/ 26100 16 [ 0059] FI G 3D shows another. enbodi nent, of the inventive
shunt i l0%lch th@h@ﬂé‘@ﬁ’lﬁé‘n L Qﬁlé‘%??‘%?é’fi]@%m@ﬁ%‘feisl‘%tlﬁﬁ’héﬂh§‘8us hunor

directing channgl that i.g.both. open and curved.in.a cgontinuous. tyough-I|ike
cont 1 gurBrFBRe B becterie 1 BP GarAires S Autims BoE diferit: GRBhE Foathn 95 The
distal porti Qrt 20 1. I . nir -l ke, ¢ 0060] FI G
4 shows Ogﬁ%taﬁg rcﬁrevr%gla ian(% i ;n%(lﬁ%st 3&? 'H\ggﬁ??fé%g%hn%bé& %hr? I{}ﬁ)gﬁl%gg(g{tlp gon of
aqueous A oL Y| Si : i J i o0t it h, or
attac hed1 W;%ﬂ %‘g d?%élgébr{g?ﬁ gg'p (;I((i:)i tg Eh%% }%Mﬁ%&g?@?aglﬂp% El f?slroogfri\1 cg%h q#)%gﬁ vlmﬁy(l% Ki ng

ext ensi Qign3. can be fashioned froma nonofil anent or braided pol yner,
such as proline, and preferably have a Il ength of about 1.0 mmto about
16.0 mm Furthernore, the proximl portion 10 is curved with a seal ed,
blunted tip 16 and contains a portal 18 in fluid communication with the

| umen of[0060] pr oxiFid. Hchdéwonnaher embeditredt tof thadeveiiay shiuitowithhigei ri s when
the shunt device 100 is inplanted in its intended anatom c position. The
shunt dediddenki@qeeovsdiusworivationg extensionsai2rwhiak appatither gonthu@Sshvighmrs canal
ina stenting fashion. [0061] FIG 5A shows another enbodi nent of the

i nvent i \aétaghnadnio the teghiiad aspeets of g idisial peatien 8h. 1lthe] wickingextanpighe 32 cur ved
distal portion 25 in a "V-shaped," tubular. _configuration. The enbodi nent
shown i rfaf ks fashionsd f59m 2 merpelilamsat 1o braided pohgwe) susth ag pEolifies@ad porti on

25 adj acen he junction.w th the proxinal tion 10 jn order to
facil J| té’tr%tteﬁ%?%ithﬁ%‘?:{ai gﬁ&‘;h 2 \aﬂb&_’%fl-¢1|r{}$ldf[w ‘?ﬂtn{)é{%ém@aniwil%}?é%tﬁhﬁti ons and
non- L Ul &y bhORANL KA RleaRRCBARE o Fo SOGHIBARE S 153

fluid communication with the lumen of the proximal portion and oriented to face away
from the iris when the shunt device 100 is implanted in its intended anatomic position.
The shunt device 100 can also help to maintain the patency of Schlemm’s canal in a

stenting fashion.

[0061] FIG. 5A shows another embodiment of the inventive shunt in which the
proximal portion 10 joins a single, curved distal portion 25 in a “V-shaped,” tubular
configuration. The embodiment shown in FIG. 5A can also have a portal (not shown)
in the distal portion 25 adjacent to the junction with the proximal portion 10 in order to
facilitate bi-directional flow of fluid within the canal. Fenestrations and non-tubular,
trough-like terminal openings are contemplated in all embodiments of the invention,
and these fenestrations and openings may be round, ovoid, or other shapes as needed

for optimum aqueous humor channeling function within the anatomic spaces involved.

[0062] FIG. 5B shows another embodiment of the inventive shunt in which the

body or device 100 comprises only a single, curved distal portion 25 which contains a



and these fenestrati ons and openi ngs may be round, ovoid, or other shapes
as needed for optinmum aqueous hunor channeling function wthin the
anat om ¢ woasaasisavol ved. [0062] FI G 5B shows anot her erfoadiseensioof the
inventive shunt in which the body ori1device 100 conprises only a single,
curved di stal portion 25 which contains a WO 03/015659 PCT/ US02/ 26100 17
distal portion portal 20 oriented towards the apterior chanber to_.allow

egress dlistalaperdenspatanA0 priented Hewards dhg gpiepan FBURDEotosalw AgfesS ©fnal . The
o1 &1 e aAGHeI QAR T LA ier B R RO S OHEETS wpek H5° oy ebRRevERe a! ot

D bout 0. CARrHAE  GEBEMR ShIB A0 SBr 8 0 B BeRoTy. ot Babmha®e o8 1o or
Shunt 1+ rOSHTigreer b (e BB SE MR AAUDEESITIRE LEREY @b da Do 1S

portion gn WhGh 0.5 'e}@}%&?@&lﬁ%&ﬁo.ﬁn&ft@&bmo.Pﬁﬁﬁjﬁefemly\mdﬁhom ﬁhort in

|l ength relative to t stal” portion 25 and is directed towards the

ant eri ormahdibsit-0. 28R4 dr ot 020 nghows still anot her enbodi nent of the

i nventive shunt in which the device 100 conprises a bi-directional,
trough-1i ke, curved distal portion 25 for insertion into Schlemis canal,
whi ch contains a distal portion portal 20 oriented to allow egress of
agueous 00a3]r f r onFliché Cashbersianothehembelimenttveited imveitevet shougin-whidtethedi st al
portion 25 is oriented to open toward the collecting channels to facilitate
the egrédwived00aguwuisss hbirdirectionaleBbulm distabportinnRg valkoh iscintessepisdbirent of

the inventive shunt in which the device 100 conprises a bi-directional,

sol i d dispekimgmorden 26 whieh jsnsherttindengihiedativectn| theristal parion 30aqd48i | i t at e

t he egress of aqueous hunpr gro the canal to the collecting channels in a
wi cki ng Egstediteyyardythe il cBR@PEt portion 25 can be porous or  non- por ous.
[ 0066] As the inventive device is an inplant, it can be fabricated froma

[0064] FIG. 5D shows still another embodiment of the inventive shunt in
which the device 100 comprises a bi-directional, trough-like, curved distal portion 25
for insertion into Schlemm's canal, which contains a distal portion portal 20 oriented to
allow egress of aqueous humor from the anterior chamber, wherein the trough-like
distal portion 25 is oriented to open toward the collecting channels to facilitate the

egress of aqueous humor.

[0065] FIG. 5E shows another embodiment of the inventive shunt in which the
device 100 comprises a bi-directional, solid distal portion 25 for insertion into
Schlemm's canal to facilitate the egress of aqueous humor from the canal to the
collecting channels in a wicking capacity. The solid distal portion 25 can be porous or

non-porous.

[0066] As the inventive device is an implant, it can be fabricated from a
material that will be compatible with the tissues and fluids with which it is in contact.

The device may be constructed of biodegradable or non-biodegradable materials. It is



material that will be conpatible with the tissues and fluids with which it
is in contact. The device may be constructed of biodegradable or

non- bi odegoaabiaomaterials. It is WD 03/015659 PCT/ US02/ 28 10@802/28100
preferable that the device not be abst# bed, corroded, or otherw se
structurally conprom sed during its in situ tenure. Mreover, it is

equal |y jnporta that the eye .tissues. and the agueqQus renain

non- det rb‘%@eﬁ?‘bﬁ %ata]?]?ee ¥igepfiot ke @Sﬁcéo%?yqdhé)r Pthsrise erugaialye. A
nunmber o -1.8l r val.l abl e tqQ . neet t.he engjneering and nedica
speci fi cé?%@q#gr&{%gqgsﬁﬁnftgigq 1 Morg&vgﬁﬁpgriﬂug 6‘8?%4’?3136#1? W& present
i nventi L 00 ] t f i ol ogically.inert,

f1 exi bl ?%%ﬂ??ﬁwgﬂgﬁ’\ﬁgggﬁﬁ no AR, |a§fe°%8| @‘Frgfi‘% pregpice, ofahe

mat et al Sflhahd dbvied udenufibls & Badfibls 44 Bkl @ mbdide WRkbediplekhon(n)

pol ypropyl'ene, other polyners or plastics, netals, or SO co§b|ﬂat|on of
these neinedicall pecifibeicniubt titeshiuar. LOOhERYeRSlaBP8RbsUREE @Sthe ﬁiﬁé}ﬁr por ous
or solid in alternate enbodi mrents. The material can contaln a'therapeutic
agent delnivertioapthe shontt devicedj0acie BbndtiusRU S a HiHO 'Eél(lf thekthBeaBRAFERNAT S Shown
in FIGS. 1-4, the proximal portion 10 joins the i stal portion(s) 25 at an
angl e sufuchais silicono onlsimilartedymérac ektemtiate natdrialpmigtit Ta¢ludd) Bt b@Met5 Wi t hi n
the anterior chanber of the eye when the distal portion 25 is oriented in
the pl anénied s Hrianvalied ckeflan®, Phiyppyleherdthgrqrolymoers b plasties, efesghly of
sufficient qu%th, abPut 0.1 to about 3.0 mmor about 2.0 nm to extend
from it sSPneIRIRRtAn: Af thepe matertals. Thershuahdedcs A0Gamyehericanstractad as owar ds

t he adj acgnt space oii the anterior . chanber. \Wile many geonetries can be
used forel‘i’ﬁ%?{g‘t‘ﬁ Forokd dn altemstg smbodimeats. dihgmatenial san gerifein aghereprutipr oxi mal

portion C i,zed to vield an internal dianeter of between about 0.1

and abou%gﬁt.%ﬂ‘ﬁ%%b%}%&eeragﬁcémébsﬁm& 0.2 nmto about 0.3 mmfor a tubular or

curved shunt, or a conparable maxinmal width for a shunt with a

mul tiangul ar configuration. In other enbodi ments, the proximal portion is a
- lumy , hon-hn i e lyOp, .t . ovi.des . an _aqueous

non unooet] Th tﬁ’é’%b&dﬂ‘rﬁaf’% s%é{vﬂ% %i‘(%§{'%h the fp?&hnﬁi p(\)/rltlonﬁo joins queou

hunor directing channel alon engt et €0
the distal portion(s) 25 at an angle sufficient to allow the placement of the proximal

portion 15 within the anterior chamber of the eye when the distal portion 25 is oriented
in the plane of Schlemm’s canal. The proximal portion 10 is preferably of sufficient
length, about 0.1 to about 3.0 mm or about 2.0 mm, to extend from its junction with
the distal portion 25 in Schlemm’s canal towards the adjacent space of the anterior
chamber. While many geometries can be used for channeling aqueous humor, the
diameter or width of the proximal portion 10 can be sized to yield an internal diameter
of between about 0.1 and about 0.5 mm, preferably about 0.2 mm to about 0.3 mm for
a tubular or curved shunt, or a comparable maximal width for a shunt with a
multiangular configuration. In other embodiments, the proximal portion is a non-

luminal, non-trough-like wicking extension that provides an aqueous humor directing

channel along the length thereof.

[0068] Because the nature of the iris 40 is such that it tends to comprise a

plurality of rather flaccid fimbriae of tissue, it is desirable to avoid said fimbriae from



[ 00681 Because the nature of the iris 40 is such that it tends to conprise
a plurality of rather flaccid finbriae of tissue, it is desirable to avoid
sai d fi mbwicams/ofisasmn WO 03/ 015659 PCT/ US02/ 26100 19 bei ng drcaawsoenéoot he

| umen of an inplant, thus occluding the shunt device. Therefore, the
proxinmal portion 10 may contain a plurality of fenestrations to allow fluid

the pr oo SRR o DRSS gt R skt B AET dowee: Shergbieal 10 1
agress BUPAE ?ﬂéﬁ*a%@??% hﬁrﬁﬁ?’lur%“w%i'f%{?'a%tlgﬂa% AUk channel
of t he %grd %ﬁén?ﬁ@&ﬁé’i&{ %@%iaﬁa\é ngn n%ﬁéﬂﬁgygg{r%ﬁm’ahﬁ??omgﬂqPCI rcul ar

non-circ n various e I nventi on

addi ¢ ONmap cHRPAYSortY b Wedxidl p ﬁ&ﬁ?bﬁél%tﬁé?d f@@ﬁgirﬁl% F%gueous

hunor, while mnim7zing the potential for inta 69]

Fur t her rift@iortyhe REEdE BEMtiNROHS 1101 dReRB¥HRRNARS hﬁtbﬁ&e&aﬁiﬂef bPﬂf%rlstyley renot e
fromthe iris 40 to prevent interference therewith, such as by traversing a
nmore ardngdrthe dirastipgathamfe]l bfiehe shahe cS4id fereBitivns hlalyrﬁechnyflﬁnaﬁihhpéi% al coneal
tissue. In yet another possible enbodinent, as shown in FIG 6C, the

devi ce 10d mlarowmnwrserwlarpmoxarlmjs qzminctdlmmti@f ithe witéseht ihenti@r. mInal aspect
of said proximal portion 10 is curved or angled toward the iris 40, and
with a [ddiionga I@é@lsmﬁﬁupallreataml eanpssistain d@nealingraqueousalmtoeorj wihily to f ace
away from the underl |r|s 40.. _Such a configuration would tend to

decr eas dNIHBIZREGEE gp eme fop infrke Ofi §mbiiast t he shunt devi ce by the iris 40.

[ 0070] The device 100 nay contain one or nore unidirectional valves to
prevent backfl ow into the anterior chanber from Schl emr s canal The

i | d f the d |
channet 9UTad by wfiEmEdg. BRofrod tl@%@ﬁagfbabtﬁ%g%'fp‘égwéﬂ FEGeEtmni cat es
o ot rretistetrithe B30 & WIR O SRARNE ndbwint o hSh P fﬂ/ﬁ'% Re . "
pre-for nRgkripy fa¥fSect Bf %%Mbﬁ’l@f ﬁlegllf\@ork(in% ﬂ’f@‘(g{eﬁ'ﬁiﬁéﬁl At tHsS{Em i }(;e%mal ina

human eye. Such a pre-fornmed curvature IS
another possible embodiment, as shown in FIG. 6C, the device 100 may comprise a

proximal portion 10 in which the terminal aspect of said proximal portion 10 is curved
or angled toward the iris 40, and with a blunted, sealed tip 16 and a portal 18 oriented
anteriorly to face away from the underlying iris 40. Such a configuration would tend to

decrease the possibility of occlusion of the shunt device by the iris 40.

[0070] The device 100 may contain one or more unidirectional valves to
prevent backflow into the anterior chamber from Schlemm’s canal. The internal lumen
for an enclosed portion of the device or the internal channel defined by the edges of an
open portion of the device communicates directly with the inner lumen or channel of

the distal portion at the proximal portion portal 20.

[0071] The distal portion 25 may have a pre-formed curve to approximate the
6.0 mm radius of Schlemm’s canal in a human eye. Such a pre-formed curvature is not

required when flexible material is used to construct the shunt device 100. The distal



requi red when flexible material is used to construct the shunt device 100.
The distal WO 03/015659 PCT/ US02/ 26100 20 portion 25 may be of sufficient
| engt h t owexasensbsbrom t he junction with the proxi mal por traamusbh26100 ough
any length of the entire circunferenc2 of Schlemi s canal. Enbodinents
having a distal portion 25 that extends in either direction within

Schlemm s canal can extend.in_each direction abqut 1.0 to ZQggm or
about 3POrtiogRm> meyherof wulfegient lereth inextand Fpuc W%Cthﬂt""G{g]We@E?ﬁl s canal .

The dianmeter or wdth of the diistal portion 25 can ized to vield an
out er dP&ﬁEngooﬂ“%E%ME@%lﬁﬁﬁhpf ©1°04RY e, mﬁr“@ﬁS@Fm@?ﬁ‘ﬁﬁg'for a

t ubul ar or, curved shunt, or conpar,abl. e xi,mal whdth.for a Jnt with a
nul ti an&fﬁ’?@% i BRI floﬁ.sml?'ﬁ’é’rt nstzgl %hﬁBreg%Sﬂs 28 élllfr%@%érgﬁ e r‘fi{eiihllgl urality
of fenestiallons I |, i . t reye sion by
the. ad SEaRpga b finl i oBiE Bl ERon, BoLE LAy @ NN BB AP O
portion._i = ] g 1 Ihd6hi engi rovi des
an aquegllljlg' % m)rrJ ﬂﬁpﬁ?ﬂ%@?ﬁiﬁﬁgﬁhﬁ%ﬁ %Er}]le I e%gc?ﬁalf %ée)%l?ﬁlet[%%)ggﬂ In the
exenpl arydgidrade ARM SolfontIBeaRHREBRY th MekDhd Oiter dilMeRPbNbetwgVilioRit TRy be
either bi-directional, with the distal portion of the inplant intersecting
Wi th the. paekioRimmost bsgut 0B e, Tfos a®ddlar jou Ratvedrshast, hanomparddlé&S. 1A- 1E,
2, 3A- 3D, 4 and 5C, or uni-directional, with a "V-shaped"” junction of the
pr oxi mamaidaldivédthl for abshmitit with ti mnkiangdars banfiguratiok] The Biktal Aoltiond2¥ ect i onal
shunt device can have a distal portion that is threaded into opposing
direct i omay eértthinna $hivhliyndfsfeoestrationy o aHewcBuid egnéssit treangad -telipressant onal
shunt, only the distal shunt portion is placed within Schlemms canal. In
t hese eweplysign pydhe adiapevells of gghlemar s canal uinptees emhedinents the distths t hat

at |l east sone portion of the sh nf thrig%ﬂ which fluid passes is not in a
st r ai ghtPOFtiqRels 2 RonslipNiadl, Ben-Howeh-ikrewickyly witensignathatRIowias, an ABCORF bed

bi-directional "T" shapes, and. t uni -di rectional "V' shapes, or shunts
havi ng °6ﬁ§ﬁﬂ8’rg Ci’ﬁ’é’%ﬁﬁ@@%ﬁ%@ﬁ%“??t in straight alignment with each
ot her when inplanted. [00731 The surgical anatony relevant to the present
invention is illustrated in

[0072] In the exemplary embodiments of the present invention, the shunt

device may be either bi-directional, with the distal portion of the implant intersecting
with the proximal portion in a “T-shaped” junction as shown in FIGS. 1A-1E, 2, 3A-
3D, 4 and 5C, or uni-directional, with a “V-shaped” junction of the proximal and distal
shunt portions, as shown in FIG. SA. A bi-directional shunt device can have a distal
portion that is threaded into opposing directions within Schlemm’s canal. In the case
of the uni-directional shunt, only the distal shunt portion is placed within Schlemm’s
canal. In these exemplary embodiments, “non-linear fluid communication” means that
at least some portion of the shunt through which fluid passes is not in a straight line.
Examples of non-linear shunts are the above described bi-directional “T” shapes, and
the uni-directional “V” shapes, or shunts having two channel openings which are not in

straight alignment with each other when implanted.

[0073] The surgical anatomy relevant to the present invention is illustrated in

FIG. 6A. Generally, FIG. 6A shows the anterior chamber 35, Schlemm’s canal 30, the



FIG 6A. Cenerally, FIG 6A shows the anterior chanber 35, Schlemi s canal
30, the WD 03/015659 PCT/US02/26100 21 iris 40, cornea 45, trabecul ar
meshwor k @@ o3pofdsect i ng channel s 55, episcleral veins 60, pquuasok2669 and
lens 70. FIG 6B illustrates the surgtcal placenent of the exenplary
enbodi mrent of the present invention, with the relevant anatom c

rel ati onshi shoul d_ be note hat_ the i phveniive device i s designed so
t hat pl dE%ﬁ@r&or%?a A{Shga‘ach{a&meslb\mr?(‘ é&nc‘ﬁéecﬁpgﬁ Fnels e pRtperalyeins %b results

535 i t DU G118 d0: G B THbTs ol Tiamonhal CORRRHYof 1 he
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as zero degrees SX Tl por can ex ere rom an angl e
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May Var Yhoktibr 28lthBUSdemMayiangl 3 &Eﬁl&hh'a}i oRichiBbRBF tﬂe%&hhﬁﬂp&ﬁo§0h| emm s
canal 30 relative to the Iinbal angle of the anterior chanber 35. [0074]

In yet amokifigh tReraeoedhan®er 3 &ithinahe Bhgle A¥fndd BNthBetis SMandthe il@r shunt
device 100 is configured with one distal portion 25 which is tubular to

provi de sarfachuofitthengofneacliSi oThkiefore,aifdha pianer ddfiried ®f Sphilexinti®lcagdriki ons 10
whi ch provide an anchoring function to stabilize the overall inplant

devi ce, definedids zéronlegreeprtbe ipcixmyal Fdruon 16 camericod theyefrdm atran beglamfer i or
chanber to Schlemm s Canal. [0075] Therefore, the invention provides an
aqueous Hebwesn abeuhtoQdogrees towardsi the eemnae dé sus-3Rudegrees toveard dhyeeirtsr4n t he
anterior chanber into Schlems canal, the shunt devi ce conprising a

di st al ﬁﬁ?fﬁlpé?feﬁblﬂﬁgt & Fange 0110 tordStdseraenalhissigags may yay inwlividRalped to be

receivedq circu aII Wi I hi portjon f Schl.enm anal a

br oxi el ERIEA DS e loraseBiol SefeRin iert J9SBRETe & DedmaRaefiped (o be
received . .wthin tﬁ g 3>e§r|or chanber of the eye, wherein the proximal
portion %éléeaéﬁeré%é’ APP%eXt endi ng therefromto maintain the position of the
term nal aspect of the proximal portion within the anterior chanber of the
eye, wherein device permts fluid

[0074] In yet another embodiment of the present invention not shown, the
shunt device 100 is configured with one distal portion 25 which is tubular to provide a
shunting functionality and a plurality of proximal portions 10 which provide an
anchoring function to stabilize the overall implant device, in addition to providing

fluid communication from the anterior chamber to Schlemm’s Canal.

[0075] Therefore, the invention provides an aqueous humor shunt device to
divert aqueous humor in an eye from the anterior chamber into Schlemm’s canal, the
shunt device comprising a distal portion having at least one terminal aspect sized and
shaped to be received circumferentially within a portion of Schlemm's canal and a
proximal portion having at least one terminal aspect sized and shaped to be received
within the anterior chamber of the eye, wherein the proximal portion has an anchor
extending therefrom to maintain the position of the terminal aspect of the proximal
portion within the anterior chamber of the eye, wherein device permits fluid

communication from the proximal portion in the anterior chamber to the distal portion



comuni cation fromthe proximl portion in the anterior chanber to the

di stal portion WO 03/015659 PCT/US02/ 26100 22 in Schlem s canal. In

al t er nat i w® ®mhadd nent s, such an anchor can extend from dicaresozpendi ons of
the device to assist in stabilization2nf the inplant within Schlenm s
canal. [0076] The nultiple proximal portions or the anchor extension(s)

fromthe. distal  or oximal partion (collectively referred to as the
"anchor " y? g@?ﬂ’é‘%%ﬁ%ui“ﬁ%%&?ﬁ@ﬁgg‘g% p iISBERH 2B AEHOT G S B t o t hose
of skill ;jin,the art_.jn view.of the esent disclosyure, .proyide nmultiple

i npr oven%lﬁ{?igp?rﬁpn? ﬂg{hftﬂﬁmce&%\%s&%.m ‘Tﬁéﬁﬁﬁb%?tl tﬁ? éf@?faflfg(ftgg‘ g%"ﬁﬂtsati on and
pr oper p&a% ment of the device, as the proxinmal portion can be advanced
into the anterior chanber and then pulled back into place until it contacts
t he edge of the anterior chanber. As further described below, a shelf may
be created by the surgical procedure for inplantation that is designed to

capture [gagepnchor Thd Ritipleesokintal tfdgcHd " e é&h@@%ﬁ&ﬂéi&%ﬁﬁ%ﬁ%@h of the
chanber

proxi mal portion is left ‘extending into the anterior . The anchor
feature aksb odlpr@¥imal ertiow Wolladtivalyt fiferaddi Meadthe Fardchbr) MR tBOVirdist he

proxi mal portion into the anterior chanber, and then placing the distal
por t i on( ehbodimentScleb@iveil betownahd affuecrdne bwse af skillsiartie arttia vaswe bbthet he shunt
device in the desired location within the anterior chanber and Schl emmi s
canal wi pissentridisclpaiires hiovidengultiplé mgprovennaits fxghe fB@E Mevithe Thacinchiorcan be
fabricated_by a sinple thickening of the material of construction of the
shunt, efagilitajey impdantation anderepss plasementiod therdeviss, 35 thg praximplporticocanor  can

be nmade of anot her terial attached thereto., Additionally, the anchor can
be fabrPeHvaRcadyn nﬁﬁ%‘i@ﬂe’f chambss andrfhen prHed bagkantoplacsy witd if conteglsd f r om
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into the anterior chamber. The anchor feature also allows the surgical altemative of
first implanting the proximal portion into the anterior chamber, and then placing the
distal portion(s) into Schlemm’s canal. The anchor also serves to anchor the shunt
device in the desired location within the anterior chamber and Schlemm?’s canal with

minimal shifting during normal use.

[0077] The anchor can be fabricated by a simple thickening of the material of
construction of the shunt, e.g. silicon, at the desired site on the proximal portion, or can
be made of another material attached thereto. Additionally, the anchor can be
 fabricated by removal of excess material. The anchor can extend from the proximal
portion in virtually any functional shape, such as in a rounded or barbed fashion. FIG.
7A is a cross-sectional illustration showing the anatomic relationships of the surgical
placement of an exemplary embodiment of the present invention showing the proximal
portion 10 of the device and a barb-shaped anchor 80 extending toward the iris. FIG.

7B is a cross-sectional illustration showing the anatomic relationships of the surgical



7B is a cross-sectional illustration show ng the anatom c rel ati onshi ps of

the surgical WO 03/015659 PCT/ US02/ 26100 23 placenent of another exenplary

enbodi nenwoois/ukeE9 present i nventi on showi ng the proxinmal poavwsoeneidd of the

devi ce having an annular or circunferzntial anchor 80 thereon. [0078]

Therefore, the anchor can extend circunferentially around the proxi nmal

portion, Ly n gne or more directions therefram FElIG .8A.shgws one

enbodi me%lg éeng%ht tqrgeanag\% SERE namhoﬁfn-eaf) Pi&ei BhTSymt JPegaien HoYing thss and an

anchor | [ t j ' r i al | y.thereon.
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di stal pgefeban 25 and an anchor 80 on the proxinmal portion 10 extendi ng

medially toward the location of the iris when inplanted. FIG 8C shows

anot her enbodi ment of the device having a bi-directional distal portion 25

and an anchor 80 on the proximal portion 10 extending |aterally on each

si de of [0OE8|devi ceThenéfore, itdn@hbeshn ekbeadiciveemfdréitiall atcmal thé ﬁﬁ)x{fﬁaﬂy ot her

configurations of the anchor, including a plurality of teeth extending

f r om t hepqtion;i arminlypiaroni @n mdre dit8¢tichk ¢healefvin e FIGR A klsovdendpsnaboditaehtwi t h an

anchor for placenent adjacent the exterior surface of the anterior chanber

t o assi sef thedeveghaying pbiaditactional disthl pedtioni 23gnd mhenderi80en the proxomalwi t hout a

correspondi.ng anchor_ adjacent the interior surface of the anterior

chanber .Portigis 10 exepdiagicirgnméespntiadiyrthereom FEG.s§Rshows anather dophwidimenti s a

devi ce Vi .anchors f.or, pqgsitioning jnside the anterior chanber and
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anchor 80 affod é‘(?orpﬁﬁ?ﬁ%ba?g&?foﬁﬂO&t%ﬁ%ﬁ?ﬂﬁ%@g% re%%i%% %?El‘lﬁadekri’/c t her eon

in a barbed or cone shape acilitate ion In ecanteri or
chamber ahh fathladiél. Pitle ihO&R6A!contemplates many other configurations of the anchor,

including a plurality of teeth extending from the proximal portion.

[0079] The device may also be provided with an anchor for placement adjacent
the exterior surface of the anterior chamber to assist in surgical placement and securing
the device, with or without a corresponding anchor adjacent the interior surface of the
anterior chamber. Thus, a potential configuration to stabilize the implant is a device
having anchors for positioning inside the anterior chamber and inside Schlemm’s canal
to secure the device about the trabecular meshwork between the anterior chamber and

Schlemm’s canal.

[0080] It is understood that the anchor can extend in any direction in any shape
and size which facilitates implantation or anchoring of the device. For example, FIG.
9 shows another embodiment having a bi-directional distal portion 25 and an anchor 80
on the proximal portion 10 extending circumferentially thereon in a barbed or cone

shape to facilitate introduction into the anterior chamber and to inhibit removal



WO 03/ 015659 PCT/ US02/ 26100 24 therefrom Furthernore, the end of the
proxi mal portion can be cut at an angle, rather than blunted or square
cut, in owdems/usssbacilitate introduction through the wall rafT/wsee/26i@nt eri or
chanber. The angl ed shape of the tip »f the proxinmal portion allows the
proxi mal portal to have a |larger surface area to facilitate the flow of
aqueous
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i nsert edielite SHBLRITHE St CaBtapablRi 6f peattingeme AN be aqhebus dEndrngt@sces,
sinplify insertion by elimnating the need to make an incision into the
ant er i orestimhatediermal 26@R}iod hete afubonr 2.5asicvettdrs par mpiiteonal |y t he remai nder
of the device, can be constructed on a textured, grooved or porous
material in order to facilitate the growh of cells, such as fibroblasts,
to stabilize the inplant fromnovement. Preferably, the extrene tips of
the prodPO¥l] and diigergl10eshesvsoyet tanethge pinbediareat pf dudedce i whishdhehe
attraction of new tissues, such as fibrobl asts, which nmay grow at the
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ends inserted in Schlemm’s canal. This embodiment would, in some instances,

simplify insertion by eliminating the need to make an incision into the anterior

chamber.

[0082] The anchor, as well as optionally the remainder of the device, can be
constructed on a textured, grooved or porous material in order to facilitate the growth
of cells, such as fibroblasts, to stabilize the implant from movement. Preferably, the
extreme tips of the proximal and distal ends of the device are produced to avoid the
attraction of new tissues, such as fibroblasts, which may grow at the surgical site and
impede the flow of aqueous therethrough. Therefore, the proximal portion of the
device can be produced to extend beyond the entrance into the anterior chamber by 0.1
to 3 mm, or preferably about 0.5 mm. As discussed above, the angled tip of the
proximal portal will create a range of lengths along the proximal portion extending into

the anterior chamber.



[ 0083] The distal portion(s) should simlarly extend beyond the site of
surgery and subsequent fibroblast proliferation. Therefore, the distal
portion(syx@nihadye a |ength of approximately 4 mmto 6 rrar/égaienod aki ng
into consideration variability for argled extremties. The single or dual
| umen shunt devices of the present invention can be manufactured by
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confirmthe distal ends are properly inserted in Schlemis canal and

mar Ki ngsextiisioneprpdastionplingleduiiend carfbeisabsequeitlyqrartiliyejoinedSegéthentol Nt o t he
anterior chanber. [0085] Optionally, the device may be sel ectively coated
or per nefatmdual nimentdeeices) etthedndigientlslumsnsled coeektrudod dealdumke devwibesr e
ingrowh is desired for stability, <certain growh factors may be present,
wher eas @n helmartiadhyndepatited do define diklel portioisextensiablos sepagate dirbetioas.oltded,
certain antifibrotic agents, may be present, such as 5- fluourouracil or

i t omycilf. Preferabdie vhat sughydegicesdieccapstiagted sychy thal itheyd will tuet deBle iwhgg  t hat
are antibioti¢c, anti-inflanmtory, or carboxylic anhydrase inhibitors.
Agent s t‘WEi’Ppe‘f%r@PP ¢ QZ7eminhbigelyr adati on of col I agen within the trabecul ar
meshwor k can al so be enployed. [0086] The present invention provides

nmet hods for the inplantation and use of the shunt devices. The surgical
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thi cknesg, g 86Ate td aidtSn tﬂ?@ﬁbrcﬂlg&hﬁaﬂt in the anterior chamber or Schlemm’s

canal. Markings on the distal ends could be used to confirm the distal ends are

properly inserted in Schlemm’s canal and markings on the proximal end would avoid

over or under insertion into the anterior chamber.

[0085] Optionally, the device may be selectively coated or permeated with
therapeutic agents as desired. For example, where ingrowth is desired for stability,
certain growth factors may be present, whereas at the terminal portals where
obstructions are to be avoided, certain antifibrotic agents may be present, such as 5-
fluourouracil or mitomycin. The device may be more generally provided with coatings
that are antibiotic, anti-inflammatory, or carboxylic anhydrase inhibitors. Agents that
facilitate the degradation of collagen within the trabecular meshwork can also be

employed.

[0086] The present invention provides methods for the implantation and use of

the shunt devices. The surgical procedure necessary to insert the device requires an



and di ssected half-thickness into clear cornea. The posterior aspect of
Schlemms canal is identified and the canal is entered posteriorly.

Schl emm swoansahisamd/ or the anterior chanber may be expanded/esvd26mbri cat ed
by injection of a viscoelastic and/or26a mtotic agent. Suitable

vi scoel astic conpositions and devices and nethods for their injection into
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facilitate passage of the proximal portion therethrough. One arm of the distal portion

of the shunt device is grasped and threaded into Schlemm's canal. In a similar fashion,

the other arm of the distal portion of the shunt device (when present) is inserted into

Schlemm's canal in the opposing direction from the first. The scleral flap and

conjunctival wound are closed in a conventional manner.

[0087] The following procedure may be followed for the insertion of a bi-
directional shunt within Schlemm’s canal, in particular to insert an anchored shunt as

disclosed onto a surgically prepared tissue shelf:

Obtain general or local anesthesia. Preferably with either a retrobulbar or

peribulbar injection of an anesthetic agent (lidocaine, bupivacaine, etc.).

Scrub the periocular region with a surgically acceptable antiseptic such as

povodine solution. Place a lid speculum.

Make a fornix-based conjunctival incision at the limbus. Ensure hemostasis

with either bipolar cautery or diathermy.



approximately 100 of the choroid. Dissect the flap anteriorly to unroof the
outer wall of Schlemms canal. Continue the dissection along a nore

shal | ow pWan®s/ussser eate a corneo-scleral shelf over the trcabesvekenno
meshwor k. At surgeon's discretion, plate a stay suture through the scleral
flap to hold it in position. At surgeon's discretion, dilate the opening to
Schl emmi s canal on both sides of the flap using a viscocanal ostony cannul a
and a viscoel astic agent (e.g., hyaluronate or hyal uronate/chondroitin

sul fate). Makerage PArRLEARESE -t mhhecldrddgp, dbsibAding Got Redsp Ghigh site. At
surgeon's discretion, inject a viscoelastic 'agent and a m otic (carbachol
or acetyl chappredimiatelyol G0 theehoreidr chamber to deepen the area. Renpve the
GW Shunt fromits case. Insert the distal portions of the shunt into the
canal on both sides. Enter the anterior chanber along the corneo-scleral

shel f using apiescatieup ieridely & uirodlthgduse watlediSehlelAsetina.he proxi mal
portion of the tube into the anterior chanber. Cose the scleral flap with

interrupted 10-0 nylon sutures. Initially, place one suture at the base

and one each n(g(lnﬁﬂﬁwttﬁg g%%\g:ti&jl gﬁggl aBl'ﬂBYﬁ §ﬂ§ﬁo®%l#eetolﬂﬁ9%t§ a colRBRRR1he

anterior chanber wt nce t solution oug e paracentesis. WO
03/ 015659 PCIshel50a@ve2 6he Arab2@ilaremeshtvwoak s c Aersatgebh’aplisvirétiona piaekl allsage sponge.

If there is | eakage, place . additjanal.10-0.nylon sutures to achieve a
wat erti ght C|WP&IOE§5§§ s@Wﬁﬂ%W‘h?&“W%&%ppr opriately sized
absor babl e sutures. Dress the eye with subconjunctival and/or topical

broad-spectrum antibiotic and corticosteroid. Place a protective shield
over the eye Ahshrgegnés dikesetyon;, dilafeitie epeaing to Schlemm’s canal on both sides of

the flap using a viscocanalostomy cannula and a viscoelastic agent (e.g.,
hyaluronate or hyaluronate/chondroitin sulfate).

Make a paracentesis at the limbus distal to the surgical site.

At surgeon’s discretion, inject a viscoelastic agent and a miotic (carbachol or

acetylcholine) into the anterior chamber to deepen the area.

Remove the GMP Shunt from its case. Insert the distal portions of the shunt

into the canal on both sides.

Enter the anterior chamber along the corneo-scleral shelf using a keratome

blade or a 21 gauge needle.
Insert the proximal portion of the tube into the anterior chamber.

Close the scleral flap with interrupted 10-0 nylon sutures. Initially, place one
suture at the base and one each along the two sides. Bury the suture knots.

Deepen the anterior chamber with balanced salt solution through the

paracentesis.



Results of Preclinical Study in Animal Eyes Study Device [0088] A study in
16 swi ne was perforned using a shunt device conprising two (2) 7 mm

| engt h, OwlRBrmsdsmner di ameter and 0. 250nm out er di anet er WiT/Uspenel00( 65 A
duroneter) tubes bonded together w th2&ilicone adhesive over a 1.0 nm

|l ength at the proximal end, creating a Y shape. The device was inplanted
in one eye of each animl and the pon-inplant eggeye served as control .

Sur gi cal ~ Pr odedutle polgmbillapopithag ireipiosfisPongse pPEihse Up dFAkeRBaPBEC t he st udy
eye was preppadiiohSVe)- 1 Gl Y %]gpg 08 AGH3B) clostide ani mal was then

anest hesi zedggglltlr?ggﬁl @o@ﬁﬂgr ane. U% er est eri I1 c%(r)lsdi tions, a lid speculum
was used to open the eyelids. An operating mcroscope was swung i nto

pl ace. A peripheral cornegal idle syture ed to rotate the eye and
expose t he sﬁﬁ@?qtgr‘ CRYELHVE Y GEPIOWE?{W@Z)?&%E?%&%E%?WHH%H val incision was
made in the sclera and henostasis ensured with bipolar cautery. A

partial -thickness triangular scleral flap that nmeasured 4 X 4 nmwas nade
at the | i nbddressthedexeswith agbennwictivell gnd%rt opicab hroadspedaim Andlieed, deeper
flap was cre d base of the first flap, and dissected anteriorly
to unroof th%ﬁlg&%’@%‘:ﬁétte%z%i valent of Schlemm s canal. The plane of the
deeper flap then was angled anteriorly to create a corneoscleral shelf. A
vi scoel asti c _agent (hyal uroqri te agd chondr oi iji g?jglél_fa]te was instilled
into the Schifd#seapretehtive fhiglgoxsrdheexsng;iinsdpe {813 a vi scocanal ost oy
cannul a. The distal aspects of the bi-directional glaucoma shunt were
inserted into the WD 03/ 015659 PCT/ US02/ 26100 29 canal on either side of

t he unr Rdsittts of PrexlinidabStudydn iAgrimahByéeer was entered through the

coneoscl eral shelf and a viscoelastic agent instilled into the anterior
chanber. The proximal (radial) portion of the shunt was inserted into the
ant eri orgigpMRefcet hrough the corneoscleral shelf. The scleral flaps were
tightly closed with 10-0 nylon sutures_and the knots buried. The

conj unctlP88lwas cldsiuyint® spsevrsmeafosged vsing thehugt deyige comprising

two (2) 7 mm length, 0.125mm inner diameter and 0.250mm outer diameter silicone

(65 A durometer) tubes bonded together with silicone adhesive over a 1.0 mm length at
the proximal end, creating a Y shape. The device was implanted in one eye of each

animal and the non-implanted eye served as a control.

Surgical Procedure

[0089] For each animal, the periocular area of the study eye was prepped
(eyelash trimming and betadine). The animal was then anesthesized using isofluorane.
Under sterile conditions, a lid speculum was used to open the eyelids. An operating
microscope was swung into place. A peripheral corneal bridle suture was placed to
rotate the eye and expose the superior nasal limbus. A fornix-based conjunctival
incision was made in the sclera and hemostasis ensured with bipolar cautery. A
partial-thickness triangular scleral flap that measured 4 X 4 mm was made at the
limbus and dissected anteriorly into clear cornea. A second, deeper flap was created at
the base of the first flap, and dissected anteriorly to unroof the porcine equivalent of
Schlemm’s canal. The plane of the deeper flap then was angled anteriorly to create a
corneoscleral shelf. A viscoelastic agent (hyaluronate and chondroitin sulfate) was
instilled into the Schlemm’s canal-like space on either side using a viscocanalostomy

cannula. The distal aspects of the bi-directional glaucoma shunt were inserted into the



suture was renoved. Subconjuctival garanycin and decadron were instilled
interiorly. The eye was dressed with tobranyci n-decadron ointnment. The
ani mal wawoaisloasesd to awaken and returned to the boardi npcare®2/210090] | n
each case, the surgical endpoints wer2 achi eved. The Schlenm s canal-1ike
space was accurately located and unroofed in 16 of 16 eyes and the device

was successful | ¥1 npl anted without copplicati og L\EI t her écjg‘z]ir tructures
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washout, no tearin iris, .and no t vi ce and
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Cobser vapi s EREdridd. | TR RISt o Was aloRed Wi dbemrbaslé swfues: aleneide! | . No
ani mal denonstrated post-operative pain or disconfort as evidenced by
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occur due to | 0 chronic
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[ 0092] The swine included in this study were nornmal aninmals wthout

gl aucoma. At basel i ne, the average intraocul ar pressures of the right and
left ey re t fg,oggh%vwelyh OBerhtd aocul ar
pressurgﬁll mat he st u&\‘!}&leg%% e %ﬁ%lﬁar%ag?@?ms 14% | ower et%anet he

cont r al asrei-tike (spmetwmd accemmlx locdted and mate)yed 1n[ D0OB16 eyesvand thdenticei pat ed

that | OP woul d t d t
ol aucomaaeachup BF spBlanieq oo SOEP IR PeaN e BT BEP AP o
03/ 0156 g&iECH S@ 23 EH0Rrin3CiniplariMRAS SThé\lﬁl\ﬁ%[dah shesas aﬂé@lackfy closed esul t ed

in a lower pressure even in these nornal No eye had hypot ony or

ocul ar Mibewt &iffiqudyy. Drming thy progasuse ﬂlﬁlteéwsmomb&%a@f: tquehing between the

device and the corneal endothelium, no collapse of the anterior chamber, no anterior

chamber bleeding requiring washout, no tearing of the iris, and no touching between

the device and the iris. All animals tolerated the surgery and anesthesia well.

Clinical Observations

[0091] All animals tolerated the implant procedure well. No animal
demonstrated post-operative pain or discomfort as evidenced by rubbing, decreased
eating or sleeping. No sight-threatening complications occurred due to implanting the
device. Specifically, there was no chronic inflammatory reaction to the device, erosion
of surrounding tissues, choroidal detachment or hemorrhage, retinal detachment, or

infection.

[0092] The swine included in this study were normal animals without
glaucoma. At baseline, the average intraocular pressures of the right and left eyes were
equivalent. At 3 months post-operatively, the intraocular pressure in the study eye

with the device was 14% lower than the contralateral (control) eye (n=16 animals).

[0093] It was unanticipated that IOP would drop in the study eyes since these

eyes did not have glaucoma and therefore did not have an area of abnormal resistance



study, the potential for pressure |lowering of the device in a

non- gl aucomat ous ani mal nodel was denonstrated. Denonstration of in vivo
fluid fl owd@agdssAt 3 nont hs, two devi ces were expl ant ed Homousozeeioeyes f or
pressure- flow testing. In these eyes30 a forni x-based conjunctival incision
was nmade over the scleral flap. The scleral flap was gently | oosened from

t he surr,oyndi ng .tiss an i ssected. forward to unroof .the Schle S
canal - | ith’y_B?Jse?ce}%e ﬁtg“%ﬁ@e/ﬂ&e(ge\)ﬁg rFﬂ’itﬁil it iaﬁgweWIFfﬁuFF THTB 18 S8 NGHEP!t he

di stal pges.i MaseyRfhallipeRUY 6€ oMREChypRABES. TThAR ihBis SRBGS: phab&aringg the
proxi mal portion within the anterior chanber. At this point, aqueous fluid

was obs eitudye theopatpiiel dor preshre lhwesng af therdaviceta aammeglivsomabusasimalut  of t he

di st al nyy q%asq%ﬁgﬂa{, t@cfi ng in vivo flow through the device. [0095] While
t he above-described enbodi nents are exenplary, the invention contenplates

a wde variety of shapes and configurations of the shunt to provide fluid
conmuni g@'gi on between the anterior chanber and Schlemm s canal. The above-

descri bedeBomEatamelinyivo figyiddlasy ore, not intended to be Iinmiting to the
scope of the <clainms and equival ents thereof. WO 03/015659 PCT/ US02/ 26100
31 CLAIMS WE CLAIM 1. An aqueous hunmor shunt device to divert aqueous
hunor i {089d]eye f rAnhS trhenthstve dievices vareberplamid frGmhiweneyies faamadsurd-he shunt

devi ce ri sing i stal rt.iqn having at |east one term nal aspect

si zed a%ﬁ‘)%ﬁ%%ga‘ t]% tggsereé@%ie{jg’ X‘ﬁ%%ﬁﬁ%&%%ﬁ InCipioR; Vi Fade 9et: ﬁ_hﬁn of

Schl emmisglegd Nfdp. aMUe &cRED Bl add DértiyORosdial | fidn ahe kBdGinddLilsBE Wpal aspect
si zed and shaq[i)ed to be received within the anterior chanber of the eye,

wher ei n diysectad fersargiorunront theaSchiemmie eanalilikaepaes. Biie devicsrwasiidantifedl mn to
about Oﬂlgﬂgﬁlé; ﬁela%ﬂgc[ug d%{afl ]Icpéﬁnfgpg%?%e éle\ﬁg %v%red'roemo% frvéhme e sT)a}:er]e device

permts ni-catron € proxi
leaving the proximal portion within the anterior chamber. At this point, aqueous fluid

was observed to flow through the shunt from the anterior chamber out of the distal

tubes, demonstrating in vivo flow through the device.

[0095] While the above-described embodiments are exemplary, the invention
contemplates a wide variety of shapes and configurations of the shunt to provide fluid
communication between the anterior chamber and Schlemm’s canal. The above-
described embodiments are, therefore, not intended to be limiting to the scope of the

claims and equivalents thereof.



portion in the anterior chanber to the distal portion in Schlemm s canal.
2. The device of CQaim1l1, wherein the outer dianeter of the distal portion
is from woons018523 mMmto about 0.28 nm 3. The devi ce of KdTaUsSwA¢10nher ein
the outer dianmeter of the distal portson is from about 0.23 nmto about
0.26 mm 4. The device of Claim1l, wherein the length of the distal portion
is fromabout 1 mmto about 20 rrE . The device of Caim1l, wherein the

| ength of the distal portionis f ut 4 mmto about 7 mm 6. The

devi ce 9iE Cramm:1, wherein the length of the distal portion is from about
6.0 mMmm 7. The device of Caim1l, wherein the I ength of the proximal
portion extends at |east about 0.1 mminto the anterior chanmber. WO

03/ 015659 IPCAhUSDZ6@GHEA0r §8nB devitretaddiveirt @quéous! hainrar iin anieye ¢iom thee pr oxi mal
portion extends about 0.1 nmmto about 3 nminto the anterior chanber. 9.
The devi ce ofan@riar shambetistebehlema’ eanak dhe shuns|dswice gemprigipgectistal t h a

t herapeutic agent. 10. The device of Cdaim9, wherejn the device js

sel ectivel y dosieyheying ah leaskenseterginghespest siged ARd shapsd o begrec devi ce of

g owt h | nhi IR REIGGRATY SR PSS, P ST S A0 SRR RE Ty oo
permts' a flow of ueous, hu_m)f th[ereet ha[n Légh ‘?ltto% rateeve f ; bl(l)?the 2.5 .
mecroliters lefr”larﬁ%é. IBIHE HEYT df afti 1, “WAErelh Yhe' shunt devi ce
S a dual L UNER SRR mbdbe ol te,g‘sﬂégglgloﬁg diSta b b na HEE RLANikG YRl 1| umen

is bifurcated TOr insertion i rections w mm s
canal . from about 0.1 mm to about 0.5 mm and a length of from about 1 mm to 40

mm, wherein the device permits fluid communication from the proximal

portion in the anterior chamber to the distal portion in Schlemm's canal.

2. The device of Claim 1, wherein the outer diameter of the distal portion is from

about 0.23 mum to about 0.28 mm.

3. The device of Claim 1, wherein the outer diameter of the distal portion is from

about 0.23 mm to about 0.26 mm.

4. The device of Claim 1, wherein the length of the distal portion is from about 1

mm to about 20 mm.

5. The device of Claim 1, wherein the length of the distal portion is from about 4

mm to about 7 mm.

6. The device of Claim 1, wherein the length of the distal portion is from about

6.0 mm.

7. The device of Claim 1, wherein the length of the proximal portion extends at

least about 0.1 mm into the anterior chamber.



15. The device of Caim 13, wherein the dual |unmen anchors the shunt. 16.
The shunt of Caim 13, wherein the dual |unmen shunt is extruded as a dual
| umen tubwoansdhisdse i ndi vi dual |unmens are partially separ atrEd/gkoei26i90

manuf acture. 17. The shunt of Claim1® wherein the dual |unen shunt is
extruded as a single Ilunmen and two single lunens are partially attached
together during nmanufacture. 18, An aqueous hunor shunt device to divert
aqueous h®noThe devdge of Glaimdmwharein temapyimal perien xtep %%@Eﬁile‘ﬁﬁtg canal ,
the shunt device conprising a .distal portion having at |east one term nal
aspect si zed 2how SHapwip ths apleripe SH WO 03/ 015659 PCT/ US02/ 26100 33
circunferentially within a portion of Schlemm s canal and a proxi mal

ti i t. | t t i nal 6 ' : b
Focei ved w1 P Gariee SRt SRR oBrEfke B S8CRRR SRR e,
permts flui q &%ﬁ)mi@:agéﬁti on fromthe proximal portion in the anterior

S po

chanber to th rtion in Schlemis canal, and wherein the proxinal

portion has an anchor thereon to maintain the device in position when

i mpl ant ed qignThi 8RS of Flaim DEwRGY¥inGhe Abviet & RldiveWhearirvithe tRaghor
extends circunferentially around the proximl portion of the device. 20.

The devi ce ofgrgvﬁjlm)&ﬁﬁng\/@ wei n the anchor extends toward the iris when
inplanted in the eye. 21. The device of Caim 18, wherein the anchor
extends away fromthe iris when inplanted in the eye. 22. The device of
d ai m 18, Mh@heidavichef Ehuim®;, whrteanitis tératier] akpegtsrazt stleativelywonted withi s when
inplanted in the eye. 23. The device of Caim 18, wherein the proxinal
portion has a tEsue gtowth indfibitingagent.s .

12. The device of Claim 1, wherein the device permits a flow of aqueous humor

therethrough at a rate of about 2.5 microliters per minute.
13. The device of Claim 1, wherein the shunt device is a dual lumen shunt.

14. The device of Claim 13, wherein the dual lumen is bifurcated for insertion into

opposite directions within Schlemm’s canal.
15. The device of Claim 13, wherein the dual lumen anchors the shunt.

16. The shunt of Claim 13, wherein the dual lumen shunt is extruded as a dual
lumen tube and the individual lumens are partially separated during

manufacture.

17. The shunt of Claim 13, wherein the dual lumen shunt is extruded as a single
lumen and two single lumens are partially attached together during

manufacture.

18. An aqueous humor shunt device to divert aqueous humor in an eye from the
anterior chamber into Schlemm’s canal, the shunt device comprising a distal

portion having at least one terminal aspect sized and shaped to be received



24. The device of Caim 18, wherein the anchor is inside the anterior
chanber when the device is inplanted in the eye. 25. The device of Caim
18, wher ewo a3lesamchor is outside the anterior chanmber wraT/tdee26@vi ce is
inplanted in the eye. 26. The device & C aim 18, wherein the shunt is
anchored on a shelf of corneo- scleral tissue created by a surgeon when the

device is inplanted in the eye. 27. The device of Clcgi m 18, wherein the
term nal aspesifcugifereptiallt withive PesEen pbfchlpme sirangk gRdka RFRFIBALROTHOE | i t at e

into th t i hamber . .03/ 015659 [ US02/ 26100 4 28. A
P adC of | e Ayt Ghe, FRURL Aest i e BRTSACETR (B o o 1 or
d ai 18 to di t i . h i hanb i nt
Senl ammts. canintGidy GABEHRe UTDE il af (B3 SViOBUERS Ah SonBlmiRRIDET | 10
t hi ck | | | i : : | f- C&ﬂ&.ﬁ& t r : b.
di !sgegte??\gstchg&?l %1% Igrg}t(%lr@ r %&?bn E%r %Ig%ﬁ%rhe out é:tg\ﬁg? I%S? pg@%?rgﬁ?n S

canal ; c. congiHidhRg a8l dhd %@feﬁrpfheqirgﬂ%a@pﬁﬁ{o% #Rak Mehd BGR.A & Create a
corneo- scleral shelf over the trabecular meshwork; d. i1 nserting the device

into Schl enmM gameui@thealddide i€ pavifi i Whén @djHIEd in tskddi N the angl e between the
iris and the cornea; and e. closing the scleral flap and conjuncti val

wound. 29. The nethod of Caim 28, wherein the device is further anchored
by the shel4. The3RvicEhud Clainind8, wheréhahena@éhor whtends cirdmiferntidlly aamad | s
injected with a viscoelastic agent and/or a mtotic agent prior to
insertion of thherakemakportigd of thhdevies.hod of Cl ai m 28, wherein the distal
portion of the device is inserted into Schlemis canal before the

posteri or 2Dorti on is ipserted into the anterior chanber. .
0. The device of Claim 18, wherein the anchor extends toward the iris when

implanted in the eye.

21. The device of Claim 18, wherein the anchor extends away from the iris when

implanted in the eye.

22. The device of Claim 18, wherein the anchor extends laterally relative to the iris

when implanted in the eye.

23. The device of Claim 18, wherein the proximal portion has a plurality of

anchors.

24. The device of Claim 18, wherein the anchor is inside the anterior chamber

when the device is implanted in the eye.

25. The device of Claim 18, wherein the anchor is outside the anterior chamber

when the device is implanted in the eye.

26. The device of Claim 18, wherein the shunt is anchored on a shelf of corneo-

scleral tissue created by a surgeon when the device is implanted in the eye.

27. The device of Claim 18, wherein the terminal aspect of the proximal portion

has an acute angle to facilitate passage into the anterior chamber.



32. The nethod of C aim 28, wherein the distal portion of the device is
inserted into Schlemis canal after the posterior portion is inserted into
t he ant er waro3/abEaber . PCT/US02/26100

34

28. A method of implanting the anchored aqueous humor shunt device of Claim 1
or Claim 18 to divert aqueous humor in an eye from the anterior chamber into

Schlemm’s canal, comprising:

a. creating a conjunctival flap and a partial thickness scleral flap dissected

half-thickness into clear cornea;

b. dissecting the flap anteriorly to unroof the outer wall of Schlemm’s

canal;

c. continuing the dissection along a more shallow plane to create a corneo-

scleral shelf over the trabecular meshwork;

d. inserting the device into Schlemm’s canal and the anterior chamber

within the angle between the iris and the cornea; and
e. closing the scleral flap and conjunctival wound.
29. The method of Claim 28, wherein the device is further anchored by the shelf.

30. The method of Claim 28, wherein Schlemm’s canal is injected with a

viscoelastic agent and/or a mitotic agent prior to insertion of the device.

31. The method of Claim 28, wherein the distal portion of the device is inserted
into Schlemm’s canal before the posterior portion is inserted into the anterior

chamber.

32. The method of Claim 28, wherein the distal portion of the device is inserted

into Schlemm’s canal after the posterior portion is inserted into the anterior

chamber.



