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whi ch surgi cal cgoﬁgéﬁﬁects the canal with the anterior chanmf&TUSIHEZEhunt
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SHUNT DEVICE AND METHOD FOR TREATING GLAUCOMA

Cross - Reference to Related Applications
10

This application claims the benefit of U.S. Provisional
Application No. 60/131,030, filed April 26, 1999.

i
S

Technical Field
15
The present invention is generally directed to a surgical
treatment for glaucoma, and relates more particularly to a device and
method for continuously decompressing elevated intraocular pressure in
eyes afféc;ed by glaucoma by diverting aqueous humor from the anterior
20 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 of the Invention
25

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
tmpact on an individual's ability to lead an independent life.

30
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an optic feurizpal figld)dfdhs Opéenedle [ITRhORdSure 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.

The eye is a hollow structure that contains a clear fluid called

s
;\ L

10 "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 into the anterior
chamber of the eye. Once in the anterior chamber, the fluid drains out of
15  the eye through two different routes. In the "uveoscleral” route, the fluid
percolates between muscle fibers of the ciliary body. This route accounts
for approximately ten percent of the aqueous outflow in humans. The
primary pathway for aqueous outflow in humans is through the
“canalicular” route that involves the trabecular meshwork and Schlemm's

20 canal.

The trabecular meshwork and Schiemm's canal are located at
the junction between the iris and the sclera. This Junction or corner is
called "the angle." The trabecular meshwork is a wedge-shaped structure

25  that runs around the circumference of the eye. It is composed of collagen
beams arranged in a three-dimensional sieve-like structure. The beams
are lined with a monolayer of cells called trabecular cells. The spaces
between the collagen beams are filled with an extracellular substance that

is produced by the trabecular cells. These cells also produce enzymes that



nerve) that usually occurs in the setting of an el evat ed 1gbeepsSd 3
pressure. The pressure within the eye increases and this is associated with
changes in the appearance ("cupping”) and function ("blind spots” in the 5
visual field) of the optic nerve. If the pressure remains high _enough for a
| ong enough period of time, total vision |oss occurs. Hi gh pressure

devel ops in aWRP&4Wecause of an internal fluid inbal ance. THEASHE1RE a
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2003 WO 1016 / 11298 degrade the.,extracel lular material .
Schl enm s Caﬁgﬁ%@%%?g@@ﬂ%n dnf%zlge eplsctlerai 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

15  abnormally high.

In primary open angle glaucoma, which is the most common
form of giauchma, the abnormal resistance is believed to be along the
outer aspect of trabecular meshwork and the inner wall of Schlemm's

20  canal. It is believed that an abnormal metabolism of t;lewtrabecular 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 of glaucoma (such as angle closure glaucoma and secondary

25  glaucomas) also involve decreased outflow through the canalicular
pathway but the increased resistance is from other causes such as

mechanical blockage, inflammatory debris, cellular blockage, etc.



trabecul ar neshwork. The outer wall of the trabecul ar nmestprOkbhercaioaCci des
with the inner wall of Schlemms canal- Schlenmmis canal is a tube-like
structure that runs around the circunference of the cornea. In 5 hunan
adults, Schlemm s Canal is believed to be divided by septa intg a series
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spaces bet weeV@¥#é43%r abecul ar beams, across the inner wal | RSTASEHIBIAN S
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because ilB cannot exit fast enough. As the fluid builds up, the intraocul ar

The clinical treatment of glaucoma is approached in a
step-wise fashion. Medication often is the first treatment option.
Admunistered either topically or orally, these medications work to either

15 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 stonés, aplastic anemia, sexual dysfunction and death. Compliance
with medication is a major problem, with estimates that over half of

20  glaucoma patients do not follow theix correct dosing schedules.

When medication fails to adequately reduce the pressure,
laser trabeculoplasty often is performed. In laser trabeculoplasty, thermal
energy from a laser is applied to a2 number of noncontiguous spots in the

25  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 [QP

decreases. However, the effect often is not long lasting and fifty percent



pressure (LOP) within the eye increases. The increased | OB ©¢opse®as the
axons in the optic nerve and al so nay conprom se the vascular 5 supply to
the optic nerve. The optic nerve carries vision fromthe eye to the brain.
Sone optic nerves seem nore susceptible to LOP than other eyes. Wile
research is investigating ways to protect the nerve froman elevated
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The most commonly performed filtering procedure is a
trabeculectomy. In a trabeculectomy, a posterior incision is made in the
conjunctiva, the transparent tissue that covers the sclera. The conjunctiva

15 is rolled forward, exposing the sclera at the limbus. A partial thickness
scleral flap is made and dissected half-thickness into the cornea. The
anterior chamber is entered beneath the scleral flap and a section of deep
sclera and trabecular meshwork is excised. The scleral flap 1s loosely
sewn back into place. The conjunctival incision is tightly closed.

20 Post-operatively, the aqueous fluid passes through the hole, beneath the
scleral flap and collects in an elevated space beneath the conjunctiva. The
fluid then is either absorbed through blood vessels in the conjunctiva or

traverses across the conjunctiva into the tear film.

25 Trabeculectomy is associated with many problems.
Fibroblasts that are 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, eighty percent will fail from scarring within



surgery is not usually repeatable. In addition, |aser trateOulobpt 2@ty is
not an effective treatnent for primary open angle glaucona in patients
less than fifty years of age, nor is it effective for angle closure

gl aucoma and 5 nmany secondary gl aucomas. |f | aser trabecul opl asty does not
reduce the pressure enough, then filtering surgery is performed. Wth
filtering surd® %64 hole is nmade in the sclera and angl e rBgFBNVIRAES s
hol e all ows the aqueous fluid to | eave 10 the eye through an alternate
route. The nost conponly perfornmed filtering procedure is a
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m nimze fi bregéelp%’ totHE YR P2, 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
15 visual loss. Endophthalmitis can occur anytime after trabeculectomy.
The risk increases with the thin blebs that develop after MMC and 5-FU.
Another factor that contributes to i;lfeCEiOH 1s the placement of a bleb.
Eyes that have trabeculectormny performed inferiorly have about five times
the risk of eye infection than eyes that have a superior bleb. Therefore,
20  initial trabeculectomy is performed superiorly under tfle—eyelid, in either

the nasal or temporal quadrant.

In addition to scarring, hypotony and infection, there are

other complications of trabeculectomy. The bieb can tear and lead to

25  profound hypotony. The bleb can be irritating and can disrupt the normal
tear film, leading fo blurred vision. Patients with blebs generally cannot
wear contact lenses. All of the complications from trabeculectomy stem
from the fact that fluid is being diverted from inside the eye to the

external surface of the eye.



applying antifibrotic agents such as mtonycin C (M) ang ceobditqyoaur aci |
(5-FU) to the scleral flap at the. tine of surgery. The use of these
agents has increased the success rate of trabecul ectonmy but also has 5

i ncreased the preval ence of hypotony. Hypotony is a problemthat devel ops
when aqueous flows out of the eye too fast. The .eye pressure 'drops too

| ow (usual |y IM¥39¥/64¥8n 6.0 nmmHg); the structure of the eye ruINSIpsEss and
vi si on decreases. 10 Trabecul ectony creates a pathway for aqueous fluid to
escape to the surface of the eye. At the sane tine, it creates a pat hway
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get into the eye. If Ms happens, an internal eye infection can occur
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successful ly |ower the. e¥ . . _ ...
sclera or pericatdium. The conjunctiva is replaced and the incision is

closed tightly.

With prior art aqueous diversion devices, aqueous drains out

(5 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
prote(-:ted from fibroblasts and scarring by the plastic plate. Many
complicaﬁons are associated with aqueous shunt devices. A thickened

wall of scar tissue that develops around the plastic plate offers some

20 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

25  contain a pressure-sensitive valve within the tube, although these vaives
may not function properly. The surgery involves operating in the
posterior orbit and many patients develop an eye muscle imbalance and

double vision post-operatively. With prior art aqueous shunt devices, a



pressure, the next surgical step often is an.aqueous shunig gewb&e008N
aqueous diversion device of the prior art is a silicone tube that is
attached 5 at one end to a plastic (polypropyl ene or other synthetic)

plate. Wth 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 po¥®We¢¥PPy  usually over the equator. A full tHGIKEE2%0le is
made into the eye at the |inbus, usually with a needle. The tube is
inserted into the eye. through 10 this hole. The external portion of the
tube is covePathwirY hs erqated fophasteriadioeget mto phe ieyaraidionddptahslemiignct i va
is replaced and the incision is closed tightly. Wth prior art aqueous

di versi on deRREQCHEFHYAFE ir ai ns out 15 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 fromfibroblasts and

scarring by the plastiThelmis: aNagvclu&ml hﬁﬂme?néf%whaé@&ﬁ%tﬂﬂ]\ﬁwh
a ev
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around thé pidasides, piclt as & SePaitadnbo2 &, 936,835 apesvidin @yt fdbena@stdiitn many
eyes limts the reductiqon in eye pressure. In sone eyes, hypotony devel ops
because the YW tﬁﬁr%@ﬂof gB8ampgp doj thenenmeak suiface dor Mhargtysintiodns ti e

an absor babl t u t t it for the suture to dissolve
post - oper at i ?é%ogéaﬁmﬁ 'gh rg%lter‘?é lﬁ%hﬁﬂ?fﬁ@&%ﬁi‘?@@&et%éérﬁﬁﬁ% gl hydy e
around the p th R ride I - Senskt | ve within
the tube, al 'ltfﬁ%ﬁgh tggsg?$g§€§g?%mﬁ$%@%%c§tﬁ%z% Fg% é?ﬁ§f nyﬁeg}/g?rgery
J-nvol ves opebat8(hgo62 ri¢dvhingashelitalr seebiiinmag wanyisPpldcedt & geyalep an eye
‘muscl e i nbal ance and doubl e vision post-operatively. Wth prior art
aqueous dRuntrajByge deom fhe angermen ehembeote the subrouBestiRal kRS 24298

athway is ¢ ted f b i 0 get..into.the e.and endophthal mtis
2 an po%/ent i aﬂ?s- g%tg,ﬂf&o. %?‘{ﬁﬁél t(gergerally teaching sl?gntmg ?rom the anteeor

chamber to the scleral or conjunctival spaces).

In addition to the prior art aqueous shunt devices described

I5  above, other prior art devices for glaucoma surgery have used setons, or
other porous, wick-like components 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

20 (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 Schiemm’s canal.

Some prior art references for glaucoma management have

25 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



The prior art includes a nunber of such aqueous shunt 5 @emkiess.2g9dch as
U S. Patent No. 4,936,825 (providing a tubular shunt fromthe anterior
chanber to the corneal surface for the treatnment of glaucoma), U.S. Patent
No. 5,127,901 (directed to a transscleral shunt fromthe anterior chanber
to the subconjunctival space),. U S. Patent No. 5,180,362 (teaching a
helical steel WOV that is placed to provide 10 drai nage HQTausoviges
anterior chanber to the subconjunctival space), and U.S. Patent No.
5,433,701 (generally teaching shunting fromthe anterior chanber to the
scleral or cangsbweeiky ahhe akedy removeddfonorthe canht fotloavingr injegigous shunt
devi ces desctréﬁ%ed & 5e above,,.other prior_art devices for glaucoma surgery
0
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hydraul i cal | gutfxglangngnethivhdsardes agan dduptér flicetpaiod. Whdetbemi£003 WO
‘007 64393 PCT/ US00/.11298 meshwork. The tube is renmoved fromthe canal
fol I owi ng¥i nfle¥ice ds not pdapted dox shuntingeaqueoyss hetween thet amtedoy chamiet he eye

for injection, pERR%m’s canal.

Most of the problems that have developed with current

glaucoma treatment devices and procedures have occurred because

15 aqueous fluid is drained from inside of the eye to the surface of the eye.
A need exists, then, for a more physiologic system to enhance the
drainage of aqueous fluid from the anterior chamber into Schlemm's
canal. In the vast majority of glaucoma patients, the resistance problem

lies between Schlemm's canal and the anterior chamber. The canal itself,

20  the coilecting channels and the episcleral venous sys;em all are intact.
Enhancing aqueous flow directly into Schlemm's canal would minimize

the scarring that usually occurs with external filtration procedure since

the internal angle region is 'populated with a single line of
nonproliferating trabecular cells. Enhancing aqueous flow directly into

25  Schlemm's canal would 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 agueous flow directly into
Schlemm's canal would eliminate complications such as endophthalmitis

and leaks.



the intersection of the outflow elenent with the preforned oaewadoogl enent
Wit hin Schlemmis canal is at about a 90 degree angle relative to 5 the

pl ane of the curvature, and 180 degrees away fromthe anterior chanber.
Therefore, at no tine does any portion of the '399 device conmmunicate with
the anterior chamber. Furthernore, relative to that portion within

Schl enmis canal, this tube has a | arger dianeter injection cuff elenent,
whi ch serves as an adapter for irrigation. Therefore, this 10 device is not
adapted for shunting agueous between the anterior chanmber and Schl emmi s
canal . Nbstgof the Ehﬁ | e t at have devel oped with current gl aucona
treatnent d ! have occurred because 15 aqueous fluid is
drai ned frominside of the eye to the surface of the eye. A need exists,

then, for a nore_physiologic s nhance ¢ dr ai nage aof aqueous
fluid from the aﬁB@Pf%P“ﬁ%‘Xﬁﬁ% Sn‘in E)eoéi‘ﬁ feamp¥el gﬂ’r‘i‘é?“ dap atsﬁ‘éc@tégtsuﬁ&ljcéh ty
of gl aUCOfT&n&ﬂicherfthe trearﬁe@ﬁwtg@muféanﬁnﬁmmh tht SRuRSs WeaRdIeige s canal
and the anterior e canal itself, 20 t he coIIectlng channel s and

the epi scl eP@HEORs ﬂsofsfry%ﬁé anterigr ghambecef themygdnta Peflaguas ganal e
directly i npRsSefhosttich GRAFbre\ARlHate MdThdnall s?(ﬁ il ﬂ%ﬂh@vﬁ?tfof’ f'é%de%l on

occurs with external filtration praocedure sinc nt'er nal ” ang

i s popul at eaf 3guasua hyumeg feomithgayerionghgmber, rathar th@@ shuabag up éinc &féf:lfas or
Enhanci ng aﬁlﬁkﬁﬂé‘zsarfét&ﬁﬁdjélfe%tlkﬂoh@?ﬁ)xrﬁﬁt SrBk SH‘E‘hﬁnF#ﬁkeé"WH Qigm ze
hypot ony since the canal is part nor mal out Syst an IS

bi ol ogi cal | inveRgPR ésetustet dlrﬁatﬁdlt@ peaiadingot mﬂnwnamdmlla@gjm th proyide
Enhancing a

Compl | cati on e ba SEAGH A MR froth The PHLcFiof SRAnREP Y Sl 38k,

O The | nvefarigaucpmsa mﬁ@@ﬁmﬁmnventlon Is directed to a novel shuynt and an

associ ated surgi gbne aspect, the present invention provides for 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 within a portion of Schiemm's
canal, and a proximal poriion having at least one terminal aspect sized and shaped
mmmwMﬂMMMRMMMWMmmmHMQ@mem®memmﬁwia
communication from the proximal portion in the ant_eﬁor chamber to the distal
portion in'Schlemm's canal, wherein the proximal portion intersects the distal
portion and wherein the distal portion branches in two opposite dircetions from the
intersection with the proximal portion permitting fluid communication in either
{} direction along Schlemm's canal with the anterior chamber.

In another aspect, the present invention provides for 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 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 device permits fluid
communication from the proximal portion in the anterior chamber to the distal
portion in Schlemm's canal, wherein the shunt device is non-lincar prior to

: insertion.
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met hod for the treatnent of glaucoma in which the shunt i1 pliasgddog di vert
aqgueous hunor fromthe anterior chanber of the eye into Schl emmi s canal.
The present invention therefore facilitates the nornmal physiol ogi c pat hway
for drainage of aqueous hunor fromthe anterior chanber, rather than
shunting to the sclera- or another anatomc site as is done in nost pri or
art shunt devices. The present invention is further directed to providing
a pernmanent, indwelling shunt to provide increased egress of aqueous hunor
fromthe anterior chanber to Schlenmi s canal for glaucoma managenment. In
one aspect, the Pres i nvention provides faor an aqueous hunor shunt
device to divert‘h&u€6&§rﬁ89%3 fhe Hﬁ$§9%”FWBHPFHgoaﬁkéﬂbéﬁ“bﬁ%#%%$ hyner
Schlem s capalt,dévid® BURerd 8Yh&RsOAIRE: Hi A @y@f:%ﬁ@'thé’@ﬁ%‘rf&@ éh%\’dtiw ittt

| east one éernlnal aspect si zed and shaped be receive pOF?IOﬂ
of Schl emm Schlgagunp canyl the ﬁht&&.Wicepfenmpaﬁngawdﬁ@llaaoru@raéitavmgea& I@asﬁ o
aspect si zegr@ich1 S{3BEdsizt® alﬂﬁ gt%@@avts%é/%éwh& l&ﬁtrﬂﬂtaehbﬁior{: B?fﬂ%fm rﬁlrké he
eye, wherein device permts flu comuni cation fromthe proxim i on
in the ant e$3rgf apf anpyoximal pcwéloau @vamg apleast ere fayrdeH| aspattssicethand shhpedi n
the proxi Moo ROFdLRRA DHEISRE Lhtdl? ML of R LHOR RSS! Perdls Alpd &
portion branches in two opposite dircetions fromthe ~rIntersection w

pr oxi mal pwqm@wnp@twm Erpng the prexigeinpeniieatin dhe i antesiothehamber eca:tth@rdlalabng
Schl emm s o] nt
Cnvent on prauehel folORaRCLERAT b RATIRE splbik BAEC T cBTRGR PP, ESRK
hunor in anneymuﬂﬁodp@haﬁahtdﬂﬁ@%mcﬂéhhenuﬂmmSchﬁmhhhnmhalw@aahnﬁ%hﬁ shunt
device conprising a distal portion having at |east one term nal aspect
'si;zed and shaped to be received within a portion of Schlemms canal, and a -
proxi mal portion having at | east one term nal aspect sized and shaped to
be received within the anterior chanber of the eye, wherein device permts
fluid conmmunication fron1the prOX|naI portion in the anterior chanber to
the di stal Bpgfbes i8] HBZS . wherein the shunt device is
non-linear prior to insertion. .10 16 Cctober 2003

FIG. 1A is an illustration showing an overhead perspective view of one
embodiment of the present invention, in which the inventive shunt is comprised of
tubular elements extending bi-directionally within Schiemm's canal.

FIG. I B is an overhead view of the embodiment of the present invention
shown in FIG. 1A, with phantom lines detailing the.intemal communication

between the lumens of the tubular elements comprising the inventive device.

FIG. 1C is an illustration showing an overhead perspective view of one
embodiment of the present invention, in which the inventive -

103



In a further aspect, the present invention provides for ag@&yeausoRunor
shunt device to divert aqueous hunor in an eye fromthe anterior chanber
into Schlemm s canal, the shunt device conprising a distal portion having
at | east one termnal aspect sized and shaped to -be received-within a
portion of Schlemms canal and a proxinmal portion having at |east one
term nal aspestoevamd and shaped to be received wthin the man@hionms
chanber of the eye, wherein device permts fluid communication fromthe
proxi mal portion in the anterior chanber to the distal portion in

Schl emi s canflunt WesRipistl e fShiesk tﬁll%’liaﬁ%lé[ﬁeﬁ@r@@téh{ﬁkg‘%@éh@ctf&r@ﬂ bl'e
material and permts bi-directional flow wthin Schle S cana n

i nserted. BriwfthiDe¥thi¢mm sgaGl. The Drawings FIG 1A is an illustration
showi ng an overhead perspective view of one enbodi ment of the present
invention, in which the inventive ,shunt is conprised of tubular elenents
extendi ng bi-direction yiWw thin..ochlenmg canal. FIG, | ,B is an, overhead
vi ew of the enbodi nentﬁt)(lf"' %weitspérl{géiglhsttral?ﬁqgeﬁiﬂvgﬁg U g¥rthead megspachiveyy t b
phant om | isnes;i@@tcf dre@nbb&int QB iQN : ns of
the tubul ar el enents corrpri[gilﬁgq{fﬁgéip?\vent m/@ g\q}f (l:%%ﬁw\%% g\%snltfgﬁge

i Il ustrati on shibntinmgomprised dfeadid) grospes tientents em&fdiﬂ@%i-@fé&@@h@[\%?t of the
present inventjion, in which the inventive t 103 16 Cctober 2003 00/ 64393
PCT/ US00/ 1129%tiRnphlsmneyapralsed of mesh tubul ar el ements extendi ng
bi-directionally wthin Schlenmms canal. FIG 1D is an illustration

showi ng an overhead perspective 5 view of one enbodi nent of the present
Favention, in whicht Ny gnticve,s [ ' .. S0l i-d rous
‘element s ext endi ng bi Plglior}e\g?i?olﬁa?PyBy%qéﬁ?n%%%égm%sQrfé%%alo.f HE Eis an
over head Iper speaidineny iof whefpreswit Haventidh, ewhBpiEmNbnOlintH AeRiiBEE Nthe

invention, with phantomlines detailing the
internal communication between the two proximal lumens and the single

distal lumen of the inventive device.
FIG. 2 is an illustration showing another embodiment of the
15  present invention, in which the inventive shunt is comprised of perforated
tubular elements and with an angulated terminal aspect of the proximal

portion.

FIG. 3A is an illustration showing a perspective of another
20 embodiment of the present invention in which the inventive shunt is
comprised of elements that are partially tubular and partially open in their

configuration.

FIG. 3B is an illustration showing a top view of the
25 embodiment of the present invention in FIG. 3A, with phantom lines

detailing the internal communication of the device.

FIG. 3C is an illustration showing a side view from the

proximal end of the embodiment of the present invention in FIG. 3A.

11



i nternal communi cation between the two proxi mal |unens antg OBebsd JuPse
distal lunmen of the inventive device. FIG 2 is an illustration show ng
anot her enbodi nent of the 15 present invention, in which the inventive
shunt is conprised of perforated tubular elenments and with an gngul ated
term nal aspect of the proximal portion FIG 3Ais an illustration show ng
a perspective Y %¥her 20 enbodi ment of the present i nveMCI8i50¢/H298hi ch
the inventive shunt is conprised of elenents that are partially tubular and

partially open in their <configuration. FIG 3B is an illustration show ng
a top view of the 25 enbodiment of the present invention in FIG 3A wth
phantom lines detaili t Jnt er al communi cation of the device. FIG 3C
is an illustration sho ‘§|f'(§'e1 SE‘W‘PF‘(ﬁ‘i‘PF‘HEg %P@%Pﬁ%ﬂl‘f%ﬁﬁ ﬁﬁpthelﬁe

WD 00/ 64393 %GH;&)W éﬂ%%&ﬁit@thgpafes pﬁl‘hdliyl H El'i Al dOtoR BRI in

perspective of another enbodi ment of the preSent invention in |ch t he
i nvent i veSshuonfigeratmanpri sed of el enents that are partially open and
trough-like in their 5 configuration. FIG 4 is an illustration show ng

anot her enbodi nent of the present i nvention, in mhich the inventive shunt
is conprised of distal | eent VI n cking e enS|on at t

terminal ends, and in %(?c‘ﬁlslﬁl ?IHE Y |§\$Ié’lw‘56§’t"| [fqab % th%l unt ed
tip with a p?fés@nt qeoémftuptiﬁ wl%émtﬂehm] SRR a{ dihe &ﬁﬂﬁh@@# o?odlgia?”

oriented to face away fromthe 1ris en the eV|ce|S|rrp ant
Schl emnl s carddmertts Gaving wsclang lcbctmstdrfst ataheEhewhitt dpdshafd ekaderent of
S J
10  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.

FIG. 5A is an illustration showing another embodiment of
15 the inventive shunt in which a portion of the device enters Schiemm’s
canal in oaly one direction and shunts fluid in a non-linear path from the

anterior chamber.

FIG. 5B is an illustration showing an alternative
- 20 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 Schiemm's canal.

FIG. 5C is an illustration showing a side view of one

25 embodiment of the present invention, in which the inventive shunt is
comprised of tubular elements, with a proximal portion extending
towards the anterior chamber that is shorter relative to the distal portions

which extend bi-directionally within Schiemm’s canal.

12



15 the inventive shunt in which a portion of the device e ®isbSaCiognm s
canal in only one direction and shunts fluid in a non-linear path fromthe
anterior chanber. FIG 5B is an illustration showi ng an alternative 20
enbodi ment of the inventive shunt in which the entire-shunt is placed
within Schlemmis canal but contains a fenestration to maintain fluid
egress of aqu¥@d¥s#thor fromthe anteri or chanber to Schl emBCEHUSHNAIS Fl G
5Cis an illustration showing a side view of one 25 enbodinment of the
present invention,. in_ which the inventive shunt is conprised of tubular

el ements, with a proxilfiér- pdPt iionarxtibndiration miarwimg hen aaiternavive hamber

that is shorter relative .to the.distal portions which extend
bi - di r ect i on&MPPAFENERS o dieripurRiiee Sy Coraprisedsofa meperll20pen Wough 64303

PCT/ US00/ 112 F LSpadl Llustratio howi ng an alternative

enbodi nent OB ﬁteh‘g%r?\?'é%tll%g %hh%%cgéo‘ﬁg‘?‘f%gg&%&?ﬁ%‘ ga‘ff{”iazm'ﬁ GYUASr Bugh-
ke el ement pyREfto! mafitaRedlutd | s SO AU ARAlorPHbnf WL AUierify POrtal
to maintain Tluid egress of agqueous hunor “fromthe anterior chanber to
Schl enmi s5 cankdmbé 6. SGemm'acanall ustrati on showi ng an alternative

enbodi nent of the inventive shunt conprised of a solid, but porous w ck-
i ke el ement which is placed wwthin Schlemms canal to FIG 6A is an

illustration show ng (i*elﬁ ai%ansaté)m' det a{.l S 0 the human eye. FIG 6 B
is a cross-sectional illUstPat on*ShoWHHGAtAR sPewing AR calteimatiVhshi ps of

the surgi cal epbaaRAEHofthe HveRXRERIAMY coRPPRa BFQlsofil, LHFp8{0%§ RALK-

i nvention.
~ _ like element which is placed within Schlemm’s canal

-
L

10

FIG. 6A is an illustration showing certain anatomic details of

the human eye.

FIG. 6 B is a cross-sectional illustration showing the
15 anatomic relationships of the surgical placement of an exemplary

embodiment of the present invention.

FIG. 6C is a cross-sectional illustration showing the

anatomic refationships of the surgical placement of another exemplary

20 embodiment of the present invention in which the prc;x'rmal 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.

25

Detailed Description of Present Invention

The present invention provides an aqueous humor shunt

device to divert aqueous humor in the eye from the anterdor chamber into

13



FIG 6Cis a cross-sectional illustration show ng the antg Osiober 2003

rel ati onshi ps of the surgical placenent of another exenplary 20 enbodi nent
of the present invention in which the proximl portion has an angul ated
term nal aspect with a sealed, blunted tip with a portal conti.nuous wth
the lunmen of the proximal portion, oriented to face awmay fromthe iris
when t he devi C¥OP¥643%p| anted in Schl emm s canal . 25 Det ai | ededdassot/i pds on of
Present Invention The present invention provides an aqueous hunor shunt
device to divert aqueous hunor in the eye fromthe anterior chanber into 13
16 Oct ober 208¢hlmioly 6aBd3iP@EhitISOD: $HRABISAbE ewmsriseanadisthNphigeh t he
shunt devi ce éonprises a distal portion having at |east one term nal

aspect sized MAtNEhMHedoty. Vi terminak aseser asizgdr eoel velthpaidt Hon be porti on
at | east ogne term nal

.of Schlemm s.; 0, mal, portion havi '

aspect si zed %ﬁ@@ﬁ%ﬁggg{‘g rgg%lge R Rﬂr:‘ﬂ{‘rf’tjtﬁgh]&ﬁ%férsi eanatnandar of the
eye, wherein plogigey p6iomREnk St 44 ¢ gL tween the proximal
portion in th% ant erlpor o chanbgr tOﬂgﬁgﬁggiﬂ%af%%éfﬁgﬁfq%@@ﬁ?%tg canal .
Fluid contfuni barémnved avittie thecintériat etthnidyeranf aRuSPASWhERRE (HE 1@ Gideng
channel in either, the  proximal or distal portions, as described bel ow
Fluid conmuniRAMENIYE ¢cupmynicatine begeeen thet proxiabpodtzia inght wneddan of a

solid proxi distal ..portiagns of the device, for exanple. The present
i nvention argéohagé%cvri%e@cﬁg&é‘{ipﬂé‘rﬂ%"‘oﬁkgﬁmﬁ%ﬁ@l-v@@ﬂm@m@@nmailghng a
body of bi ocupabé Fh&]; rd f ' dy: hape. adagpted to be at

| east partially ci rcﬁ%@%tregnﬂt)?g? %ﬂ“?%%ée?@e ¥ l%%ftﬁ’%eﬁﬁ%qeﬁi%nelgfer fl emm s

canal to di venbxagakotigifhportfomimat MR saibed below CABE o &Hﬁ;ahpﬁﬂn eye
to and within Schlemm s canal, and wherein the body facilitates e

passage 0 adis@lso Rarfaeiliatedbytrewieking ifonction of a solid proximal or distal

portions of the device, for example.

The present invention also provides embodiments of an
inventive shunt comprising a body of biocompatible material of a size and
15  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
) 20 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.

25

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

14



chanber into Schlemmi s canal. This enbodi ment of the deviteOcbbétrnoz0
present invention can be produced w thout the proximal portion of the
previ ous enbodi ment extending into the anterior chanber. An agueous hunor
directing channel can facilitate the passage of aqueous hunor f.rom the
anterior chanber into Schlemis canal. Fluid comunication can also be
facilitated byw@o#§4Ri ng function of a solid body portion, frrriessanpbe 25
The invention contenplates many di fferent configurations for an aqueous
hunor directing channel, provided that each assists in channeling aqueous

hunor from t bsamplertheraqueanbdunta debdingncham@iatan bs uchulds cRYidEQVi di ng a
| unen, trougggnvm' ck or.afapi | lary action. For 14 16 Cctober 2003 WO 00/ 64393
PCT/ US00/ 11288nefpidiallyirnclopsddumenuppn thughelike ghatead ribat isat lemsta ful |y

encl osed | ugen. tiglly enclosed lumen, or a trough-Ilike channel that
is at |east g%glratu?a%“‘ogéﬁ.m% 19%9wpﬁa%6ﬁ{‘%trﬁ)F%lt“ién‘?mlaﬂl%loifd
nonof i | ament p@lided @jy@%}, BRLH HE brolSiec L NE; e _insert into
Schl emm s canal topS provi de a afocéjféhgaﬁﬁ)ﬁgp%ﬂrﬂ&fgl@?(%PP?%SeCQIWZ?%aSsage
of aqueous hprovide far wicking fancdonab LBHNAES tHe pSeAbe Y sqedial husyeh 2

w cki ng extepnsion can also be grooved or fluted along acrlny portion of the

| engt h t her el§pm e anferipp chamber to Sehlguimis @nak tSrchsh spekingrexeemsisn sect i on.
The devi ces of the presen(}mi_lﬁl\ie tion can be_constructed of a solid,

matrix, nmesh. ¥ U5e bp EIPRVE _ 3iong aey perien af thelengnthiereafi smas t her eof .
Tradi tional gl paIGUNR-AsANS BY S?&I‘rgsth%?ea qﬁ‘tcrggsp%%cgﬁn)[rﬁe ga Vlé%]%g 8‘g é@gul tis

divided by septa into séparate canafs, ren age of a

suture i npossiebértt. inPeomtaaby cohbh@sd OF aHid HHPRN nfXE, i}eﬁmgegédeyes have
shown that Schlemm s canal is, indeed, patent. A suture can bé passed

t.hr ough he @rRarpss Blatesigh er esobinationhitherewfal . It has not been heretofore
determ ned that Schlemm s canal is patent throughout its
Traditional glaucoma teaching states tﬁat Schlemm's canal in
an adult is divided by septa into separate canals, rendering the complete
passage of a suture impossible. Preliminary studies on adult human eye
15 bank eyes have shown that Schlemm's canal is, indeed, patent. A suture
can be passed through the entire circumference of the canal. It has not
been herétqfore determined that Schlemm's canal is patent throughout its
circumference in normal adult individuals, as opposed to being divided by
septae into multiple dead end canals. The invention utilizes this
20  knowledge to access Schlemm's canal and to create and maintain the
natural physiologic egress of aqueous humor from the anterior chamber to

Schlemm's canal and to the collecting channels.

The present invention also provides methods of use of the

25  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 Schlemum’s canal. The portion of the

device extending into Schlemm’s canal can be fashioned from a flexible

15



circunference in normal adult individuals, as opposed to 1BeDeigbeli2fioded by
septae into nultiple dead end canals. The invention utilizes this 20

know edge to access Schlemi s canal and to create and maintain the natural
physi ol ogi c egress of aqueous hunor fromthe anterior chanber to Schlemis
canal and to the collecting channels. The present invention also provides
met hods of us&Q6EHE 25 shunt devices. One enbodi nent of PHREUBWEIIAL
invention is directed to a surgical nethod to divert aqueous hunor fromthe
anterior chanber of the eye into Schlems canal with a device that is

i npl ant ed t omatedal capable @f thiing ticeciantewidiin chgreiont of Skl eadius, canal .

The portion of the de}iiéfe exter}d' into Sch]l emmis canal .can be fashi oned
froma flexibieaturfs aRc MU QMRS s@nsli 34l peprdsed/ the by icmt er i al

capabl e of bgj i i th rii f t r.adi us cur,vature, and
di anet er of gicaﬁ/ﬂ)eénﬁ:l gi’X)g)g%'}g’%ﬁalgrt&%gbf@&o?eqeﬁgg@gv%Brd"weﬂe solid,
porous, tubular, trough-like, fenestrated, or pre-curved. 5 One enbodi nent
of the present invention is illustrated in FIG 1A in which the shunt
device 109 is shown i Ore simbwdiinemt of the mhsetit weeihtion 10QllaktrhtedSin

enbodi nent i o] ised of two portions, a_ proximal portion 10 which joins
a di st al porﬁé}nrﬁ%x inrpdich $he shunt deyieq LA0 i shawndirsa sidgperevi oi25 shown

create an en eg. 1. hanpel.ing structure. The total . |length of the
di st al porti%ljh S(Qen‘%lggbieﬁgggl\}\%e%lg‘%ﬂ SrPHerite Ogrtg’f)epaﬁﬁf‘sat?out 6 mm
The sane engadiifMtpditiohNE0PWEFAN tioindVE Ml | Sl ygtr | phant om

I i nes shovm'ngg tlhe ipnt elronal fluid é%n%%uﬁ%g@?%&élgbhglgh ﬁ*‘%}%r%ﬁgal]he | unen
or channel i portepat® aef idied] byottivn V28§ lskoafn that@raxiemslospar fubatal0 and

iph@e 15 distal portion(s) 25 are continuous at their junction at the distal
‘portion Yorehanneding structure. The total length of the distal portion 25 may be
between about 1 and 40 mm, preferably about 6 mm. The same
embodiment of the present invention is illustrated with phantom lines -
showing the intemnal fluid communication path in FIG. 1B. The lumen or
channeling space defined by the walls of the proximal portion 10 and the
15 distal portion(s) 25 are continuous at their junction at the distal portion

portal 20.

An alternate embodiment of the present invention is shown
in FIG. 1€, in which the shunt device 100 is comprised of two luminal
20 mesh elements, with a proximal portion 10 which joins-a distal portion
25. Yet another embodiment of the 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.

25

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

16



An al ternate enbodi nent of the present invention is shown6 QoioB&FOMBC, in
whi ch the shunt device 100 is conprised of two lum nal 20 nesh el enents,
with a proximal portion 10 which joins-a distal portion 25. Yet another
enbodi nent of the present invention is shown in FIG ID, in which the
shunt device 100 is conprised of two solid, porous elenents which may
provi de wi ck- IYRE¥Yi d conmuni cation therethrough, with a BSTibE0HRI298
portion 10 which joins a distal portion 25. 25 An alternate enbodi nent of
t he present inv?ntion is showmm in FIG 1E, in which the shunt device 100

i s conpri sed hlempy ncanal expadsi oh ettbenalitengionabalingeneparaer dizmens

termnating i roxi mal _porti.o ortals.18. The distal portion 25 shaped
and sized to B¥ f%%%ﬂ%é%‘%\%gh ﬁof'geafhé’%éf’éb%?l B8N \ROri5ey 40393

PCT/ US00/ 11298 Schl emmi s canal extends in either direction having separate
| umens traversing therethrough fromeach of the distal portion portals 20.

O her exanpl es of enmboOtleerikanples dembedriénts Bf e P%eﬁf &veﬁti%ﬁ%. In
FIGS. 2-5D. FIG 2 shows an enbodi nent of the inventive shunt 1n ich the

devi ce 108 i shewpuinaFIGfHid2fHdesFHat dcshoiss aB@mbodiitent ofothii igveativen, with
an acute (<90?] nﬂ‘lne of jllun tion between the proxinal (Fortion 10 and the
pl ane defi ned 5’31( Fhachs the dpyice; W isstubslarnand Senestrased ¢S, 35in #8) may be
, pl aced al on | 0f,: h Vi 0 to facj.litate the passage of
fluid theret %I(’)gfl}éﬁpﬁg%d[ g’r‘fe?‘f Sré‘r ‘f'g%l g%??ﬁdug?é%t ol jupgliapaBetveen she oot i ng
channel s of phexifia¢ poktida 18 dndr thBglafhQ¥En& by thd g{&@tﬁﬁgﬂ@ﬁ_ﬂgﬂ pof the

0

present invention in which the term nal aspett 16 e proximal portion
i s angul at edferestiationh €l 5,309 may b tplacedeslpag tanypdrtion ot the adeiveccoi 00 he

proximal portion.10, ‘with the tgtﬁt_al 18 of 15 the proxinmal portion directed
toward fr®m [hEcilitate the passagg oloiinish therethinyghnbut areqartpeharlyidirdet@l  6C, t he

portal 18 of t&vbﬁd?rtﬂéiégﬂecﬁﬂrgt LiPdhnels of the eye. FIG. 2 further shows an

alternate embodiment of the present invention in which the terminal
aspect 16 of the proximal portion is angulated toward the iris 40 with
respect to the main axis of the proximal portion 10, with the portal 18 of
15 the proximal portion directed toward from the iris 40. In alternate
embodiments as shown in FIG. 6C, the portal 18 of the proximal portion

16 is directed away from the iris 40.

FIG. 3A shows an embodiment of the inveative shunt in

20 which a portion of the channeling device is enclos;(r and tubular in
configuration at the 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 confemplates that

any portion of the device 100 can be semi-tubular, open and trough-like,

25  or a wick-like extension. Tubular chanrels 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.

17



16 is directed away fromthe iris 40. FIG 3A shows an ent®Ocisbat 2@f3 t he

i nventive shunt in 20 which a portion of the channeling device is

encl osed- and tubular in configuration at the junction of the proxinal
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

i nvention cont&8{64P8s that any portion of the device 100 ®gmUSBO/11298

sem -tubul ar, open and trough-like, 25 or a w ck-like extension- Tubul ar
channel s can be round, ovoid, or any other enclosed geonetry. Preferably

t he non-tubul ar trough-like aspects are oriented posteriorly on the outer
wal | of the canal to fgchiligate aqueous, hunor drajnage to the collecting
channel s of the eye, a@(‘dé‘h%é\ﬁhPWS%nd’v%fﬂga@ﬂel‘%@ grsEnbadimenhotdbe 64393
PCT/ US00/ 112 \ [; t . di ment t he
i nventive sh%ﬁ%&g&Fﬁﬁ%\,ﬁﬁ%ﬁ’er rg%t? g‘le %lﬁé’gﬁpﬁégﬁ‘éﬁ%glgﬁlgn%lﬂf’ﬁgg ng the
proxi mal por prainidl pmdidrhd0dasd ahe pdistdl Oporton B3¢ ahdeife MR mer

di recting channel is shown in dashed lines. FIG 3C shows a proximal view
of the enboddkestingchaneeliiswbomn i dashed bhesl EIG33.C showher prakeival | i ng t he

rel ati onshi p_anon he pr.oxj.mal portion 10 and the distal _portion 25. 10
FIG 3D shomgleé’hoq%hg}e STRRiRSA At thenanvanstia shunt REEIG | AwHieder he

structure of : 1 i aqueous hunor. . directi hannel
that is bot hd%‘%g‘h'gggﬂc‘fggﬁlg’ggﬁﬁﬁﬁp‘g&@‘gt‘@B&us“?#&?&ﬁ-"ﬁk"eanééﬁfbicﬁgﬁﬂgti on
al ong the prpgitioa 2q0rtion 10 and the distal portion 25. The distal

portion portal 20 is also an open trough-1like channel. 15 FIG 4 shows
anot her enbodi ment of the inventive shunt

{ ”} 10 FIG. 3D shows another embodiment of the inventive shunt

in which the structure of the device 100 comprises an aqueous humor
directing channel that is both open and curved in a continuous trough-like
configuration along the proximal portion 10 and the distal portion 25.

‘The distal portion portal 20 is also an open trough-like channel.

I5
FIG. 4 shows another embodiment of the inventive shunt
with the addition of aqueous humor-wicking extensions 32 which are
etther conﬁnuous with, or attached to the terminal aspects of the distal
portion 25. The wicking extensions 32 can be fashioned from a
) 20  monofilament or braided polymer, such as proline, andmpreferably have a

length of 1.0 mm to 16.0 mm. Furthermore, the proximal portion 10 is
curved with a sealed, blunted tip 16 and contains a portal 18 in 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

25 intended anatomic position. The shunt device 100 can also help to . = _

maintain the patency of Schlemm’s canal in a stenting fashion.

FIG. 5A shows another embodiment of the inventive shunt

in which the proximal portion 10 joins a single, curved distal portion 25

18



with the addition of agueous hunor-wi cking extensions 32 wghtcbbarmosei t her
continuous with, or attached to the term nal aspects of the distal portion
25. The wi cking extensions 32 can be fashioned froma 20 nonofil ament or
brai ded pol yner, such as proline, and preferably have a l|ength of 1.0 nun
to 16.0 nm Furthernore, the proximal portion 10 is curved wth a seal ed,
blunted tip 18%N#¥dntains a portal 18 in fluid conmuni caPCoMStVELEPSt he

| umen of the proximl portion and oriented to face away fromthe iris when
the shunt deyvice 100 is inplanted in its 25 intended anatom c position. The
shunt devi celm®( Vcakrrads otubstly eanfigvantioni Therembediemny shbwacinl BEGH s canal

in a stenting,fashi,on,Fl G 5A ows ,anot her enjhodi nent of _the inventive
shunt - in whiArCHEse hgxe MO%@RP?W%“} & 6 ol Rgrion 23 ediagent & al

portion 25 1§16, 0538008 itRA%3 %}88{3?4@2 i&q%u%g%%g%gcggﬂgag%ﬁ'shaped, "

tubul ar configuration. The enbodi nen own in ave a

portal (not diteswynal fldwef disd alithiathe @And5 Pelicaganbnd Qnthﬁ-:iuBBﬁfri on with

the proximal portion 10. in order to facilitate bi- directional ow of

fluid w thi ntrongh-dikedermmehopeniags arsscemtdmpdated b alloembSdinicaitg bf Hike
term nal openi nﬂs argwg ntenpl ated in all enbodinents of the invention,
and these fel¥eHHgR; thesg tepetiratigss fand ereningmmayohoreundgovoid.ner shapes

as needed fo ' . channeling, function wthin the

anat oni ¢ spaétggp%fﬁ%g]v%g&&%agpg%é “&MBB%%PH@PT&%BB?% upgliqihe

i nventive shyithin the Mt(ﬁﬁjctggﬁcépg,x,owecgevi ce 100 conprises only a single,
curved distal portion 25 which contains a distal portion portal 20
oriented towards the anterior chanber to all ow egress of aqueous hunor
f-rrom the_anterior ch%ng;[er to Schlemm s canal. The body of this device can -
‘have a I ¥hgth 15 of a8l 5B shews agotiersmbediaant af thednyantiee shuntThe

external di qEBlalch the body or device 100 comprises only a single, curved distal
portion 25 which contains a distal portion portal 20 oriented towards the
anterior chamber to allow egress of aqueous humor from the anterior
chamber to Schlemm's canal. The body of this device can have a length
15  of about 1.0 mm to 40 mm, preferably about 6 mm. The external diameter
can be about 0.1 min to 0.5 mm, or about 0.3 mm.
FIG. 5C shows another embodiment of the inventive shunt
in which the device 100 comprises a bi-directional tubular distal portion
\ 20 25 which is intersected by a proximal portion 10 whicl; 18 short in length
relative to the distal portion 25 and is directed towards the anterior

chamber.

FIG. 5D shows still another embodiment of the inventive

25 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

9



can be about 0.1 mMmto 0.5 nm or about 0.3 mm FIG 5C stb@Gstohao2disy

enbodi nent of the inventive shunt in which the device 100 conprises a

bi -directional tubular distal portion 20 25 which is intersected by a

proxi mal portion 10 which is short in length relative to the distal
portion 25 and is directed towards the anterior chanber. FIG 5D shows
still anot her worsbseiolrent of the inventive 25 shunt in whichdrhgogigyssce 100
conprises a bi-directional, trough-like, curved distal portion 25 for
insertion into Schlenmm s canal, which contains a distal portion portal 20

oriented to 28 liowregtes $o afpeaqtinoarst tH&lJﬁ@Ifle(ft[rgth@neﬁﬁttérfa@[litﬁtbaﬂtéer’
wherein the trough-1like distal portion [9 16 t ober 2003 WO 00/ 64393

PCT/ US00/ 11 XpsesssdfiagqueppeftEmwrt o open toward the col | ecting channels to
facilitate the egress of aqueous hunor FIG 5E shows anot her enbodi nent of
the inventive shunt 5 in which the device 100 conprises a bi-directional,

e i nventive shu hi ch e de | a bi -di rect
The coress of aqueous’ ainer o am TR SRS LR Renfige chibhel & 1o

wi cki ng capaaivwhich thbdesel IIéshplis®0s bi-AfredBokANsHISd ARG Bbn 0 POF OUS.
to As the inventive device is an inplant, it can be fabricdte roma

mat eri al t hdforunsértivm tdmpSchlohanisi ¢dnal te facHites tendgidssi 6 agizédus whi ch it
is in cont ag;t. It is p{lefer ble that the device not be absorbed, corroded,
or ot herwi s&'WReR from the ¢ap Bif seleding abanneds im aswicking mapacity Mor eover
it is equally.l - tissues and the aqueous 15 remain

non- det r i rrerxhae{ %@#ls{égpé%@hgﬁgﬁé’g EREROLRORREIOY | ant ed devi ce. A
nunber of materials are available to neet the engineering and nedical
specifications for the shunts. In the exenplary enbodinments of

L 10 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. It is preferable that the device not be absorbed,
corroded, or otherwise structurally compromised during its in sifu tenure.
Moreover, it is equally important that the eye tissues and the aqueous

15 remain pon-detrimentally affected by the presence of the implanted
device. A number of materials are available to meet the engineering and
medical épgciﬁcations for the shunts. In the exemplary embodiments of
the present invention, the shunt device 100 is coastructed of a
biologically inert, flexible material such as silicone or similar polymers.

20  Alternate materials might include, but are not limited to, thin-walled
Teflon, polypropylene, other polymers or plastics, metals, or some
combination of these maierials. The shunt device 100 may be constructed
as either porous or solid in alternate embodiments. The material can
contain a therapeutic agent deliverable to the adjacent tissues.

25

In the embodiments shown in FIGS. 1-4, the proximal

portion 10 joins 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

20



t he present invention, the shunt device 100 i s construct el Ofiober 2003
biologically inert, flexible material such as silicone or simlar polyners.
20 Alternate materials mght include, but are not limted to, thin-walled
Tefl on, pol ypropyl ene, other polynmers or plastics, netals, or sone

conbi nation of these materials. The shunt device 100 may be constructed as
ei ther porousvwsrogaiddid in alternate enbodi nents. The nat eri alcrasmsiigant ai n
a therapeutic agent deliverable to the adjacent tissues. 25 In the

enbodi nents shown in FIGS. 1-4, the proximal portion 10 joins the distal

portion(s) 2bamil. dhhapghensliporGbRN0 fsOpFéablyt bEsuffl GRNBALiRfatblie
proxi mal portion 15 wthin the anterior chamher of the eye when the distal

portion 25 i8.looi BAtranr omahcws 200 amre, f e8ehd romh stsZ@ndtién @ittotherdig@03 WO

Suf i ci ont | BHGHCH 23BogEHLBIT s 6o 8oy habiaceat opaen of Bicamener rom i ¢
unct Lon W Sl SVl S} ERRRATIAD SRS St BUBTARLE,
por 1 on o can e o zed Lo g1 6l dan | ater P Rrete sph B8 SR Eout 0.1
and 0.5 nm piedd enablgmabd2inater of betwaedn hbibwt 0.4ramli0Vethis hpreferably a

conpar abl e n&@i mal wdth for a shunt with a nultiangular configuration. In
ot her enbodi HeRi@m.t19g a wbylaran cussed isbani, praneemparablemaxioal widthgh- | i ke

the 1 engt h t Raroatt St B Riood il FPafGR. | 1 Shheh cradiBintindie | 1 ¢ ende
desi Tabl e 107 P R A L L o Fiching ERBMFIon el P
1.0pl ant , 18 huproVidescal agliengs hbmos Rlirkctidg\Whasnel then gty Rngtth@epsaxi mal

portion 10 may :

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 being drawn into the fummen of an implant, thus

15 occluding the shunt device. Therefore, the proximal portion 10 may
contain a plurality of fenestrations to allow fluid ingress, arranged to
prevent bc_clusion by the adjacent iris. Alternately, the proximal portion
10 may comprise only a proximal portion portal 18 in the form of a
fenestration oriented anteriorly to provide continuous fluid egress

‘ 20 between the anterior chamber of the eye and the directing channel of the
shunt. Said fenestrations may be any functional size, and circular or non-
circular in various embodiments of the present invention. In addition, a
porous structural material can assist in channeling aqeeous humor, while
muinimizing the potential for intake of fimbriae.

25

Furthermore, the proximal portion 10 may be positioned
sufficiently remote from the iris 40 to prevent interference therewith,
such as by traversing a more anterior aspect of the trabecular meshwork

into the peripheral comeal tissue. In yet another possible embodiment, as

21



contain a plurality of fenestrations to allow fluid ingre$Qctabsraa@dged to
prevent occlusion by the adjacent iris. Alternately, the proximl portion
10 may conprise only a proxinmal portion portal 18 in the formof a
fenestration oriented anteriorly to provide continuous fluid egress 20

bet ween the anterior chanber of the eye and the directing channel of the
shunt. Said f R4 ons nay be any functional size, and cir@uisay1iess non-
circular in various enbodi nents of the present invention- In addition, a
porous structural material can assist in channeling aqueous hunor, while

mi ni m zi ng t KBoywetiaktlal6€ gheideyideel MY nfayndamipese 2 prdatintad poetse 10 ihe

proxi mal porti.o 0 may .b osi tione sufficiently renote fromthe iris 40
to prevent |H‘f}B&F %Wfé“f‘ﬁe%@ﬁﬂ%t?sa‘gl%ﬁx‘ﬁéalmmﬂ@&\l@r@icﬁéjV@ epaegledt eri or
aspect of th B S ¢ in h eripheral. corneal tissue- In
yet anot her g%%é&ﬁ?lgéjéﬁ%o%n% m%ths azﬁﬂlf%eﬁgec?ﬂ)%ﬂ'ibgg Wé@(ﬂ

PCT/ LS00/ 1128fieabaienistidr Bto TRoe Whiydeidns Shd QhdRRiGOTRE 4P SRiox ™
portion 10 in which the term nal aspect of said proximl portion 10 is
curved or Sangbetigutatigar wouhk ténd & decreasel thd pbssibidtynifastclission off the p 16 and
a portal 18 oris&ged gnter_i orly to face away fromthe underlying iris 40.
Such a 5 confsh'b‘u Vin Mtﬂ’élst‘@;d to decrease the possibility of occlusion

of the shunt device by the iris 40. The device 100 may contain one or nore
unidirectional valves to prevent backflow into the anterior chanber from

Schlenmis to canal. Thehd %@qdhallok}u%dggéta?ﬂ (ﬁ{écbp%g?eogmdig%ﬁ%%gi thfo

device or the internal channel def e edges of an o n of

the device welvenrtbcpessndbacldldy i hhé hatdrivteshd HbENfrom Sealigh’ §f t he

istal portion a e proximal portion porta .
tal t t th | t tal 20
£ 10 canal. The internal lumen for an enclosed portion of the device or the

L
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.

15 The distal portion 25 may have a pre-formed curve to
approximate the 6.0 mm radius of Schiemm’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 portion 25 may be of sufficient
length to extend from the junction with the proximal portion 10 through

20 any length of the entire circumference of Schlemm’s canal.
Embodiments having a distal portion 25 that extends in either direction
within Schlemm’s canal can extend in each direction about 1.0 mm to 20

mm, or about 3.0 mm. to permit circumferential placement through
Schlemm’s canal. The diameter or width of the distal portion 25 can be

25 sized to yield an outer diameter of between about 0.1 and 0.5 mm, or
about 0.3 mm, for a tubular or curved shunt, or a comparable maximal
width for a shunt with a multiangular configuration. The distal portion 25

may contain a plurality of fenestrations to allow fluid egress, arranged to

prevent occlusion by the adjacent walls of Schlemm’s canal. In other
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15 The distal portion 25 may have a pre-fornmed curve to fmppetekemnaios the
6.0 mmradius of Schlenmis canal in a human eye. Such a pre-forned
curvature is not required when flexible material is used to construct the
shunt device 100. The distal portion 2S may be of sufficient |ength to
extend fromthe junction with the proximal portion 10 through 20 any | ength
of the entire vodomssmber ence of Schlenm s canal. Enbodi ment sschavéoslix 26k
distal portion 25 that extends in.either direction wthin Schlemis canal
can extend in each direction about 1.0 nmto 20 mm or about 3.0 mMm to
permit circumhebedivialtsplthe eaigrdl porQyahis SCH n ter or
W dth of the distal portion 25 cair? be 25 si zglgﬁggnréllng@dﬂgﬁ to(;l}fgefph Pgrreter
of bet ween abwigking extengian H’laﬁ’rproo'ndesalanwtqt&o&srﬁnmbr)rdlﬁedtmtgubﬁﬁnm curved

shunt, or a c arag |rral width for a shunt with a multiangul ar
conf i gurat i oﬁ‘ FRES E)'(S’Pfl on 25 may contain a plurality of
fenestrations to all ow fI uid egress, arranged to prevent occlusion by the
adj acent vvaI | s of Schlenmi s canal. In other 22

---------------------- In the-exemplary embodtmﬁ:nts of: the}?@egeq{t%g’grﬁ i (gt ober

2003 PCT/ USOO/ 11298 enbodi nents, the dist portior I's a non- Ui nal ,

non-t r ough- | IShent d,cukc npay bt eitieobitdinictional, Wak tas (ﬁﬁmngdﬁtié}\l@wthél recting
channel al ong | ength thereof. 5 In the exenplary enbodi ments of the
present i nveh¥P t IPWéSECéWﬁnW“héWdEOmaleOlémnhm aBiT-ghapedi’ijonationwi t h t he

di stal porti h t he. pr oxi mal portlon in a
"T- shaped j ggc |"(‘)’Er} Sgsfd’gioﬁgi[k%?ésgﬁfi %EY\%;J] og anggiregtigpad, sath ar
uni - di rect i ongl_shaMetih j@nctiofi SPaReSrox d apd di st al
shunt porti ons, adg shdwn 10" ThoF %O)Jéleﬁ?khg %lt‘dr Eelj[l’Fmggnoa gﬁuﬁ g}H)ev'i' ce can
thave a dist ain FGGL bdn Atstdirestionbl stafie deviveaalRAg! D@istil pREGHP A ié t hi n
Schlemm s canal. I n the case of

threaded into opposing directions within Schlemm’s canal. In the case of

the uni-directional shunt, only the distal shunt portion is placed within

Schiemm’s canal. In these exemplary embodiments, “non-linear fluid

communication” means that at least some portion of the shunt through

15 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.

20 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 iris 40, cornea 45, trabecular meshwork 50,
collecting channels 55, episcleral veins 60, pupil 65, and lens 70. FIG.
6B illustrates the surgical placement of the exemplary embodiment of the
25  present invention, with the relevant anatomic relationships. It shouid be
noted that the inventive device is designed so that placement of the distal
portion 25 within Schlemm’s canal 30 results in an orientation of the
proximal portion 10 within the anterior chamber 35 within the angle

defined by the iris 40 and the inner surface of the cornea 45. Therefore, if
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the uni-directional shunt, only the distal shunt portion 16s0gbB&ezboai t hi n
Schl enun's canal. In these exenplary enbodi nents, "non-linear fluid

comuni cation” nmeans that at |east sonme portion of the shunt through 15
which fluid passes is not in a straight |ine. Exanples of non-linear shunts
are the above described bi-directional "T" shapes, and the uni-directional

"V' shapes, orwebwetsss having two channel openings which are ggfnkdd/iizos
straight alignnent with each other. 20 The surgical anatony relevant to the
present inventionis illustrated in FIG 6A. Cenerally, FIG 6A shows the

anterior charfgrplag®.defiied S%hfféiﬂﬁ{’ﬁ?&maf E'éag%ﬁin%dﬁ)s Fg‘%r ng%efég’strgo pupi |

trabecul ar neshwork 50, collecting channe epi sclera

65, and | ens ptoxirRIGportBi i10lcantexates tiidiefrdut gi aalanRl@eePMed abb&

exenpl ary enbodi nent of the 25 present invention, with the rel evant

anat omi ¢ r el at@bHsANgSS. toptards she ¢oprca ASt eu—B0ategrbes tawand theeiribeddce i s
desi gned so that @rl ?ce nt tﬁxf t he d'}.at al  portion 25 within Schlenm s canal
30 resul ts i A3 BEFEAPE: indRe Jrnghat Uip gvdondaerpey-t 1Bis reoeqionay Haphia

anteri or gha : i I hga: . e Lkis 40 and e i nner
surface of% t Eg&{:vcl)g%gg %%?ﬁgrtﬁesﬁggg)e,ﬂlflf%%% @%ta“[ %’E?ﬁ’%‘b‘&g‘ \?\63@6&%§393
PCT/ US00/ 11298latike tpltiankmbal hnglé dthSahteeidn\cham@Ral35i s defined as zero

degrees, the proximl portion 10 can extend therefromat an angle of
bet ween about +60 degrees towards the cornea 45 or -30 degrees toward the

iris 40, nore preferaﬁ%/in thigqran e of 0 to +45 degrees. This range may
vary in 5 individual s Chgnetigr § igent @fcie persent dnventise masmi s

canal 30 rel@hie tﬁ? s{hlli}'ﬁt Idieg‘ﬂ%l }aﬁgilsecq[ ff}gtvqﬁ%?@ftﬁ%%dfs?ﬂggﬁnﬁﬁqug' n yet

ﬁaniot her errb_oél ment 0 e present rnven _ ) evice
100 is caofi gutiied thhbuﬁli\Etoﬁbl%bi’de ROSHun®ih o2 R nkRioaliey andl :Slbl?ﬁ’llaq’irty t§¢ 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 Schiemm’s Canal.

15 The surgical procedure necessary to insert the device
requires an approach through a conjunctival flap. A partial thickness
scleral Hap is then created and dissected half-thickness into clear cornea.
The posterior aspect of Schlemm's canal is identified and the canal is
entered posteriorly. The anterior chamber may be deepened with injection
, 20 of a viscoelastic and a miotic agent. The proximal portion of the shunt is
then inserted through the inner wall of Schlemm's canal and trabecular

meshwork into the anterior chamber within the angle between the iris and

the cornea. In some cases, as incision may be needed from Schlemm's

canal through the trabecular meshwork into the anterior chamber to

25 facilitate passage of the proximal portion therethrough. One arm of the

distal portion of the shunt device is grasped and threaded into Schlemm's

capal. 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
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proxi mal portions 10 which provide an anchoring function t60OstbhdiAd03e t he
overall inplant device, in addition to providing fluid communication from
the anterior chanmber to Schlemm s Canal. 15 The surgical procedure
necessary to insert the device requires an approach through a.conjunctival
flap- A partial thickness scleral flap is then created and dissected

hal -t hi cknesWOMEH9%| ear cornea. The posterior aspect of SERUSHMIWEcanal
is identified and the canal is entered posteriorly. The anterior chanber
may be deepened with injection 20 of a viscoelastic and a motic agent. The
proxi nmal pordirestioss frase thauhrsti $'het sedexal flay vod ¢dnjongtivalhwoundearenal | of
Schl enmi s canal .and trabe meshwork into the anterior chanber within
the angle bet gﬁ%ﬁﬁ?ﬂ%ﬁ‘Oﬁﬁdnaﬁwg'cornea. In some cases, as incision may
be needed from Schlenmi's canal through the trabecul ar neshwork into the
anterior chanber to 25 facilitate passage of the proximal portion
therethrough. One ar mywild ke atshvaetaéscm&alembmmmﬁs afweﬁerﬁﬁwryemes grasped
and threaded into Schlemms <canal. In a simlar fashion e ot her arm of
the distdl poventom o@ntt:m@i@hmthddmw ofibleapeprasslecunfigisatioweof ¢d i nt o
Schlemms capal in the o 24 16 Cctober 2003 WO 00/ 64393

PCT/ US00/ 11?58"6#? BERYids %‘Z FPIHBURiCAPN begwean the antmomhan@ec@miunct i val

d t b bed
onbodi ment s SsHaGfyl? b MAR IR ACRABSH onlBha Eonts B0 BSRFGR Mot ety o
shapes and Garhtied ke blAnkbithiy tbhﬁe%ﬁélﬁé ofﬁl@éﬁﬁhgﬁnﬁl&tﬁ’vﬂove @:%8%' on

bet ween the anterior chanber and Schl emi s canal escri bed
enbodi ments are therefore not intended to be limting to the scope of the
gLfins and equi val ents thereof 25 1 6 October 2003 CLAI M5

S
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1. An* aqueous hunor shunt device to divert aqueous hunor jgCasp&ymoir om t he
anterior chanber into Schlem s canal, the shunt device conprising a distal
portion having at |east one tenninal aspect sized and shaped to be received
within a portion of Schlemm s canal and a proxi mal portion having at | east
one term nal aspect sized and shaped to be received wthin the anterior
chanber of the eye, wherein device permits fluid comunication fromthe
proxi mal portion in the anterior chanber to the distal portion in

Schl enmi s canal, wherein the proximal portion intersects the distal
portion and wherein the distal portion branches in two opposite directions
fromthe i fEBAIMSBi on with the proxinal portion pernitting fluid

communi cation in either direction-along Schlemms canal with the anterior
chanber. 2. The shunt device of Claim1l, wherein said distal portion of the
shunt has ah ouvherqueeusshwmonshuelevi@ b divarttaguooss mmandn anlegadtdmahe

about I mm her e J OX} naorion has a.l.engt h,.of
2bout 0. 1 riterish, Famb P i St CaRICShIT, 400G SR AiGER R diidtas
portion hagpationhaeingalileast onetamining! adfiechsiappaodishmpabtda beracatiadswhin a
Schl emmi s f rein.the radius is be en abqut 3
and 10 nun bojon i SHIUTRE X6l 0 Bdkiial ol Ry fne 84 IRET 08 Wiimiha
const r uct edispéctasitéd rntl| shapedtterbalreccived vatishuwhe algwiice chimGeaiomthe eye,

{s the distal. portion at

wherein the proxi mal. portio f.the shunt ..intgrse

Bbout the N RBOThECKERLReR, Sl SoriRttisacol RRF ih progmatnaStioint #0; ce
0}‘ I d ai mhl,an‘ldsria:rred;l‘(an?lbrfl i glfﬁ?dﬁsmrﬁdﬁ?ﬁﬂ hasS¢hlémres cghﬁi?gﬂiéfciéﬁ!;ﬂﬁ Igg%m?l
all ows the passage o id.i.nto e canal . Cct ober | )
She ehunt - dRaRas HipRerlidie fihSodih THL WheEaathh sietabAORRE BRBHASR s e
fenestrati eppotiteditetidizafroml thevintdhechiaasar teé pfdaidal poirSpEENM S flaanal -
8. The shunt device.of Claim1, wherein the praoximl portion has one qr
more | une OTHRERIERHPR O st diEeatan Aleng HechlguwnseCatalf Wilhd the Bntemar

di stal portchambef. t he shunt.

2. The shunt device of Claim 1, wherein said distal portion of the shunt has an
outer diameter of about 0.1 mm to 0.5 mm and a length of about I mm to 20 mm,
and wherein said proximal portion has a length of about 0.1 mm to 3 mm.

3. The shunt device of Claim |, wherein said distal portion has a curve having
a radius which approximates the radius of Schlemm's canal of a human eye,

wherein the radius is between about 3 mm and 10 mm.

4, The shunt device of Claim {, wherein the shunt is constructed of a flexible
material.
5. The shunt device of Claim 1, wherein the proximal portion of the shunt

intersects the distal portion at about the midpoint of the length of the distal portion.

6. The shunt device of Claim 1, wherein the distal portion has a lumen
therethrough that allows the passage of fluid into Schlemm's canal.

-

26



9. The shunt device of daim1l, -wherein the proxinml ports Ogoba&s20m3e or
nore- fenestrations therein that facilitate the passage of fluid into the
distal portion of the shunt. 10. The shunt device of Caim1l, further
conprising a plurality of proximal portions intersecting the distal
portion. 11 The shunt device of Caim1, wherein at |east a portion of the
distal portion 1is selected fromthe group consisting of a round-tubular
channel, an ovoid tubular channel, a sem -tubular channel, and a partially
open trough-1li ke channel. 12. The shunt device of Caim1l, wherein at |east
a portion of the device is constructed fromporous material. 13. An
aqueous hundr shithe stewi devite ofiCleirh laquieosm thendistal Ppostioreigs hra® éhtore

anterior chgnber into,Schl capal , the shunt .device conprising a distal
portion hav eﬁ‘ﬁ“&?“‘?@éyre&%gggéﬁﬁwn% BSPRE&© "i‘é[dn%scéﬁ%'gg-c%aibe recei ved
within a portion of Schlenms canal, and a proxinmal portion having at

| east one tgrmn spect .si z and shaped to be received wthin the
anterior ch Trberﬂfi‘? Sﬁ'ﬁ[gt e Oﬁﬂ@r‘@ b ngﬁe@éﬂﬁeﬂﬂxf@afpﬁﬁﬁm_c’éﬁﬁﬁﬂﬁ eIIEH
from the priwmdRl theekliroaph ithattfaeilitBltRE bsagh PRI iitolthe deirfltRIriiBR'IFRE 1 n
Schl enmis cgnal, wherein the shunt device 1s non-linear prior to

i nsertion. MThe shunt device of Caim 13, wherein said distal portion of
the shunt has an outer dianmeter of about 0.1 mmto 0.5 nun and a | ength of

about | nug/%llnto 2,8 %gzin %Pd‘v\herei n said proximl portion has a |ength of
about 0.1 ninto Shempuntrevececsk Glsam bowberes thrproxhual perigndeasaineddainera 3,

wher ei n sai gngdé i : i ; i i it es
the adi us oo Sep R El® o SiciRLR HCpotBle PIRIL A, W5, UBA Foffos BF " ©
bet ween aboth!nd mm and 10 nm 16. The shunt device of Caim 13, wherein the
di/stal portion extends in one direction within Schlenmms canal. 17. The
shunt device of Claim 13, wherein the distal portion has a | umen

t her et hr ough-t hathasheis detviee pfsSlagm bf fntigrdcompusiBehh grmiadity axfaproximal

porttons intersecting the distal portion.

11 The shunt device of Claim 1, wherein at least a portion of the distal portion
1s selected from the group consisting of a round tubular channel, an ovoid tubular
channel, a semi-tubular channel, and a partially open trough-like channel.

12. The shunt device of Claim I, wherein at least a portion of the device is
constructed from porous material.
3. Anaqueous humor shunt device to divert aqueous humor in an eye from the
| anterior chamber into Schlemmn's canal, the shunt device comprising a distal
0 portion having at least one terminal aspect sized and shaped-to be received 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 device permits fluid communication from the proximal portion in the
anterior chamber, to the distal portion in Schlemm's canal, wherein the shunt device
is non-linear prior to insertion.

14.  The shunt device of Claim 13, wherein said distal portion of the shunt has
an outer diameter of about 0.1 mm to 0.5 mm and a length of about 1| mm to 20
mm, and wherein said proximal portion has a length of about 0.1 mm to 3 mm.

P
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18. The shunt device of Claim 13, wherein the distal portlodPctiblzes 2068 or
nore fenestrations therein that allow the passage of fluid into Schlemis
canal . 19. The shunt device of Caim 13, wherein the proxinal portion has
one or nore lunmens therethrough that facilitate the passage of fluid into
the distal portion of the shunt. 20. The shunt device of C aim 13, wherein
the proximal portion has one or nore fenestrations therein that' facilitate
the passage of fluid into the distal portion of the shunt. 21. The shunt
device of Claim 13, further conprising a plurality of proximl portions
intersecting the distal portion. 22. The shunt device of C aim 13, wherein
at | east gspotime Qﬁurtth@exdi:étoa‘l Cmmt 10N wheseimeksdt edudir portiohehsy aupurve

consisting of a ul ar cha

som - tubuitapingafates it et RIRT e AR R TR o A afeys,
shunt devivelecrofn 0k aiadmig & bwq@cmaboaﬂ heasindal (omnt.i on of the device is
constructed from porous material. 24. The shunt devi ce of claim 13, wherein
at |east a portion of the deV| ce . conprises. a netal. 28 16 October 2003 25
An aqueoud hunohhessiuntt deavgec ef {dagm gy twhgigtbihe H%rp@wogne@y@ S R QWL he
anterior Ghagbsn Wit Sealdemrd &nghnal , the shunt device conprising a distal
portion having at | east one term nal aspect sized and shaped to be received
within a portion of Schlenmis canal and a proximal portion having at | east
one term 4. ddpeshudi dedcand €haped 3t ovibaeme ted \zﬁsial/vipbtﬁicm thae arumrenor
chanber of I I I ation fromthe

pr oxi mal poé'{%ﬁgﬁx&tqa\tﬁgﬂgg}ﬁgg(?ﬁ}@rsgg%a%l&&?‘tgt%wec]ﬁ&t : port| on in

Schl enmi s canal, wherein the shunt device 1is constructed of a flexible

Cpser tod. 35 "THE {fturk deldcRot COIALIY, QHSHiA The i S oo o o
i i i i
t he shunt iRASSIraZQNG eé?‘“cfﬁﬁ‘néf%’i’ lbffp%t"’ﬁ%"? OBﬂT‘q?d“ﬁOSGﬁ%"@“ﬁrﬁa&ﬁ a length of

about 1 mmto 20

19.  The shunt device of Claim 13, wherein the proximal portion has one or
more lumens therethrough that facilitate the passage of fluid into the distal portion
of the shunt.

20.  The shunt device of Claim 13, wherein the proximal portion has one or
more fenestrations therein that facilitate the passage of fluid into the distal portion
of the shunt.

21.  The shunt device of Claim 13, further comprising a plurality of proximal
portions intersecting the distal portion.

22.  The shuat device of Claim 13, wherein at least a potion of the distal portion
is selected from the group consisting of a round tubular channel, an ovoid tubular
channel, a semi-tubular chaunel, and a partially open trough-like channel.

23.  The shunt device of Claim 13, wherein at least a portion of the device is
constructed from porous material.

24.  The shunt device of claim 13, wherein at least a portion of the device
comprises a metal.
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nun, and wherein said proximl portion has a | ength of abtBiOctdbér 008 to 3
mm 27. The shunt device of 24, wherein said distal
havi ng a
human eye, wherein
shunt device of 24, wherein the distal
that allows the passage of fluid into Schl emmi s canal. _
of 24, wherein the proximal portion has one or nore |unens therethrough

that facilitate the passage of fluid into the distal portion of the shunt.

radi us whi ch approxi mates the radius of Schlemmi s canal of a

30. The shunt device of 24, further conprising a plurality of proxinal

portions

25t er d@ciquagus hemdi sthdlt deotdel Blivaét aqlédusSitiibr AeXh @?e-q’ifongtﬁ’é m
24, wherein at. | east a portion of the distal portion is selec

group cons?UETIAG BRMbEr ity Stcg‘lﬁ‘l‘i“&rs epaaindhe dwnbudsvice wcompising matheir! a

semi - t ubul périoRarRelg atlBsktdnBAE iRkl YspRPE{lzEd 4@ 5hddeeotanRelvedvithin a

o
R

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 device pérmits fluld communication from the proximal portion in the
anterior chamber to the distal portion in Schlemm'’s canal, wherein the shunt device
1s constructed of a flexible material and permits bi-directional flow within

Schlemm's canal when inserted.

26.  The shunt device of Claim 24, wherein said distal portion of the shunt has
an outer diameter of about 0.1 mm to 0.5 mm and a length of about I mm to 20

mm, and wherein said proximal portion has a length of about 0.1 mum to 3 mm.

27.  The shunt device of 24, wherein said distal portion has a curve having a
radius which approximates the radius of Schlemm's canal of a human eye, wherein

the radius is between about 3 mm and 10 mm.

28.  The shunt device of 24, wherein the distal portion has a lumen therethrough

that allows the passage of fluid into Schiemm's canal.

29.  The shunt device of 24, wherein the proximal portion has one or more
lumens therethrough that facilitate the passage of fluid into the distal portion of the
shunt.

30.  The shunt device of 24, further comprising a plurality of proximal portions

intersecting the distal portion.

31.  The shunt device of Claim 24, wherein at least a portion of the distal
portion 1s selected from the group consisting of a round tubular channel, an ovoid

tubular channel, a semi-tubular channel, and a partially open trough-like channel
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portion has a curve
the radius is between about 3 nmand 10 nm 28. The

portion has a | unmen thervethrough
29_ The shunt device
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