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{0003] Ophthalmic research has indicated that the greatest resistance to aqueous
outflow is in the irabecular meshwork, more specifically, the juxtacanalicular tissue at
the inner wall of Schlemm’s canal (Grant, M.W., Arch. Ophthalmol. 1963; 69:783-
801) Traditional glaucoma surgery such as trabeculectomy, involves a flap
20  dissection of the eye and the removal of a portion of scleral tissue and of the
trabecular meshwork to bypass the normal aqueous outflow pathway and form a direct
flow path from the anterior chamber. The aqueous fluid is directed posteriorly under
the surgical flap and to a sub-conjunctival lake known as a bleb. Post-surgical
complications and bleb management are significant issues with trabeculectomy and

25  similar procedures.

[0004] Recenily developed surgical treatments for glaucoma involve surgically
accessing Schlemm’s canal by manner of one or more surgical flaps and subsequently
dilating the canal to increase aqueous humor drainage into the nafural drainage
pathway instead of a bleb. The mechanisms involved in dilating Schlemm’s canal to
30  aid aqueous outflow are not fully elucidated. Dilation or expansion of the canal may
cause a direct communication between Schlemm’s canal and the juxtacanalicular
space and 1ay enhance aqueous outflow (Smit, B.A., Johnstone, -M.A.,
Ophthalmology, 2002; 109:786-792). In addition, dilation of the canal may also limit




Opht habnol og, y, 2002; 109: 786-792). In addition, dilation of the canal may
alsolimt the ability of the inner wall to be distended outward by

i ncreased intraocul ar pressure and press against the outer wall to increase
aqueous outflow resistance (Ellingsen, B.A, Gant, WM, Investigative
Opht hal nol ogy, 1972; 11(1): 21-8). [0005] Various approaches and devices
for glaucoma surgery involving Schlemi s 5 canal have heen described in the
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[6008] While the prior art describes various ways to bypass or to stent the lumen of
30  Schlemm’s canal, it does not teach a way to increase aqueous outflow by applying

non-drug induced tension to the trabecular meshwork at the inner wall of the canal.

The present invention describes a novel approach in surgical treatment of glaucoma

by placing an implant in Schlemm’s canal that is designed to impart mechanical

tension to the interfacing trabecular meshwork on the inner wall of the canal, thereby
35  increasing aqueous outflow and reducing intraccular pressure,




5 placing the inplant by mnimally invasive nethods. Summary of the

I nvention [00010] The invention is directed to an inplant for the treatnent
of glaucoma conprising an elongated el enment with distal and proxi nal ends
positionable within Schlemm s canal of the eye so as to provide a
tensioning force to the inner wall of the 10 canal to thereby increase
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reglons. another embodiment, the tensioning element may be a crimping element for securing
the implant in a tensioned position. The implant may be provided with an expanded
tip or cross-sectional shape to dilate the canal. In some embodiments, the ends of the
20 implant are connected with a tensioning force in the range of about 1 to 11 grams.

[00011] The implant may be provided with sufficient mechanical stiffness to
impart the tensioning force to the inner wall upon placement within the canal.

7 [00012] In some embodiments, the implant may comprise a helical filament or
at least two filaments twisted together in a helical manner or fixed in a parallel
25  manner..

[00013] In some embodiments, the implant may comprise a serpentine filament
having a circular or ovoid cross-sectional aspect.

[00014] In another embodiment, the implant may comprise first regions of a
first cross-sectional dimension interspaced with second regions of a second cross-
30  sectional dimension wherein the first cross-sectional dimension is larger than the
second cross-sectional dimension. In some embodiments, the first regions comprise
beads or cylindrical segments and may freely rotate relative to the second regions.

[00015] In another embodiment the implant may comprise filament loops
connected to an axial element or connected at alternating ends.
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[ 00016] The inplant may be provided with a shape to pronote flow of aqueous
hunor fromthe inner wall of the canal to the collector channels on the
outer wall of the canal. In sone enbodinments, the inplant nay conprise

mul ti ple angul ar bends resenbling a sawtooth profile, repeating
semcircular profiles, a helical filanment or a 5tube wth internal
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[000620] A method is provided for increasing the outflow of fluid through
Schlemm’s canal that is useful for treatment of glaucoma. The implant is placed in
25  Schlemm’s canal by use of a flexible delivery instrument attached to the implant. The
method comprises positioning the instrament and implant within the canal, releasing
the implant and connecting the distal and proximal ends of the implant to apply
sufficient tensioning force on the inmer wall of the canal to increase fluid
permeability. A method is also provided for increasing the aqueous outflow of fluid
30  through Schlemm’s canal in the eye by positioning in the canal a delivery instrument
attached to the implant securing one of the distal or proximal ends of the implant
within the canal, adjusting the implant to provide sufficient tensioning force on the
inner wall of the canal to increase fluid permeability of the inner wall of the canal,
and securing the other of the distal or proximal ends within said canal to maintain the
35  tensioning force on the inner wall of the canal.




Description of the Drawings [00021]Figure 1 is a cross-sectional view of
the anterior portion of the human eye indicating the | ocation of Schlemis
canal and other relevant structures. 5[00022]Figure 2 is a 3-D sectional
view indicating the traverse of Schlemi s canal around the |inbus.

[ 00023]Figure 3 is a cross-sectional view of a filanent inplant placed
within Schlernm s canal and providing tension on the inner wall (trabecul ar
meshwor k) portion of the canal. 10 [00024]Figs. 4a and 4b show two

enbodi ments of a filanent inplant conprising a non-uniform cross-section.
Fig. 4a shows a "bead-on-a- cripfio ra 8 4b shows a series of
varying dianeter cylindrical segnents. [00025]Figs. 5a and 5b show two _
enbodi ment's afoodgNsi OnFipkefli ik argegksSectional vaéw apgRntefoAPortivh aF tHeaunen. Fi g.

5a shows a seri.es. of qval |oops.connected at 15alternaiing ends. Fig. 5b
shows a seri &% ‘8$1°?t5'§326 %)Sﬂf?gc‘{%gaﬁgrf%‘nsgcaga g ﬁ@%ﬁé&e"fﬂ{)ﬁ’}’gj‘ﬁsgs_ 6a and 6b
show two enbodi nents of tensioning devices in a configuration of multiple
bends desd gnBWORY pl ackigure isrneP speiionabyieyHadigipgdhmiravassened] Satemmassi on.

Fi g. 6a showsasR sevndiBe Gambs gured in a sawtooth pattern. Fig. 6b shows a
device configured with serial sem -circular bends. 20 [00027] Figure 7 shows

fil t i t wit ' I.SLNg ' tt
rovi de tens RZan ¢ e e 2 APRRLesRH oY RESyan e ds ol Tnas 6
show a fil anBehlemmys| eanel pifl @3qyA¢iBR: (Pusigl o ther Bgpewall (trabecular meshwork)

portion of the canal.

10 [00024] Figs. 4a and 4b show two embodiments of a filament implant
comprising a non-uniform cross-section. Fig. 4a shows a "bead-on-a-string" format.
Fig. 4b shows a series of varying diameter cylindrical segments.

[00025] Figs. 5a and Sb show two embodiments of tensioning filaments
arranged in an axial pattern. Fig. 5a shows a series of oval loops connected at
15  alternating ends. Fig. 5b shows a series of loops connected along a backbone.

[60026] Figs. 6a and 6b show two embodiments of tensioning devices in a
configuration of multiple bends designed to place the inner wall of the Schlemm’s
canal in tension. Fig. 6a shows a device configured in a saw-tooth pattern. Fig. 6b
shows a device configured with serial semi-circular bends.:

20 {00027] Figure 7 shows a filament implant with a securement device
comprising a spring element to provide tension on the filament in-situ in the eye.

[00028] Figs. 8a ands 8b show a filament implant in expanded and contracted
position with a securement device comprising a spring element in a protective housing

o

to provide tension on the filament in-situ in the eye.

25 [00029] Figure 9 shows a filament implant with a securement element
comprising a crimped coupling to attach the two ends of the filament together under

tension.

(00030} Figs. 10a-10c show delivery instruments with features on the distal tip
for attachment of a filament implant. Fig.10a shows a delivery instrument with a
30  distal tip of larger diameter than the shaft. Fig, 10b shows a delivery instrument with
a larger distal tip, a short segment of shaft and then an enlarged segment of shaft.




position with a securenent device conprising a spring elenment in a
protective housing to provide tension on the filanent in-situ in the eye.
25[ 00029] Figure 9 shows a filanment inplant with a securenent el enent
conprising a crinped coupling to attach the two ends of the filanment

t oget her under tension. [00030] Figs. 10a-10c show delivery instrunments with
features on t for attachme 'L f a filanment inplant. Fig.1l0a
Shove & del | JaJ08 SO drsh e PR EoHOMS £ dFoheR S GRNICRT GO 8 ARETEEThan « ha
shaft. Fig. IUkedimbwmeat.delivery instrument with a larger distal tip, a
short segnment of shaft and then an enlarged segment of shaft. Fig.10c

shows a del i \{@(MBI] nst rp nfla%nﬁhl@sﬁﬁb&?ﬂnﬁ&ﬁt%&%ﬂhg B%Hés &-%&dqggggonent
11b sh ow an Tp

of the instru 1 F| 11a dfl

series of rod Ehtyd’dlﬁ appm ’§1I gé agﬁ?ﬁdrﬁj" Sﬁn{‘%é:‘&'aﬂﬁépo‘ﬁ? h<§5\“1E‘attened
coil sprifAg. viawgwhdn dompsésowds the side 5 view when conpressed. [00032]Fig.
12 shows an inplant of the invention in the formof a helical filanment.

[000331F1 0. YGocahpvs apigl MBI RBks a5 GAbANGE b EGarloR RNthe Wl Rt fichiubul ar

in shape with inter naI channel s directed fromt cein erfaC| ng
the inner walff'®®%t10Schl enmi's canal to the surface |nterfaC| ng the outer
wall. [00034]Figure 14 is a graph of fluid outflow vs applied tension on a

prol ene fil arf@#iBd3j npl abig. &3 shiescmi ibpiinhecordngp the iveatiph thalis HBOA3ME] Fi gure
15 is a graphnQf JitthnferRH tdhhosBfireBtel YRS RNsRfacd BRGHHRMORe Runer wall of

10 Schlemm’s canal to the surface interfacing the outer wall,

[00034] Figure 14 is a graph of fluid outflow vs applied tension on a prolene
filament implant as described according to Example 2.

[00035] Figure 15 is a graph of fluid ocutflow as a function of tension on a
prolene filament implant at three different intraocular pressures as described
15  according to Example 3.

[00034] Figure 16 is a bar graph summarizing outflow in temsioning tests
described in Example 4.

Description of the Embodiments

[00037] The invention provides an ophthalmic implant comprising a fiexible,
20 clongated element with distal (farthest from the inserting instrument) and proximal
(nearest to the inserting instrument) ends, and cross-sectional dimensions less than
Schlemm’s canal, which may be inserted into the canal and positioned to provide
sufficient tension force to the mterfacing trabecular meshwork on the inner wall of the
canal to improve the outflow of agueous humor. Referring to Figs. 1 and 2,
25  Schlemm’s canal 10 is a hoop shaped channel in the eye adjacent to the trabecular
meshwork. Aqueous humor drains from the anterior chamber through the trabecular
meshwork at the inner wall of Schlemm’s canal and into the canal. From the canal,
the aqueous humor is guided into collector channels and eventually into aqueous veins
and the venous system. Schlemm’s canal has a radius in the range 6f approximately 5
30 to 7 mm and typical ovoid cross-sectional dimensions of 200 microns by 50 microns.
Surgical access to Schlemm’s canal may be performed by dissection of a scleral flap,
as performed in the viscocanalostomy and deep sclerectomy surgical procedures, or
by a scleral radial incision. Once surgical access is achieved, the implant is placed
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prol ene filanment inplant at three different intraocul ar pressures as

descri bed 15 according to Exanple 3. [00036] Figure 16 is a bar graph
sumari zing outflow in tensioning tests described in Exanple 4. Description
of the Enbodi nents 1000371The i nvention provides an ophthal m c inpl ant
conprising a flexible, 20 elongated element with distal (farthest fromthe
inserting instrunment) and proximal (nearest to the inserting instrupent)
ends, and cr ﬁé%selééﬁlmohﬁqmgl%ﬁs%ﬁ%d plaag tenelFPusiieeRss AY SCRISARIS C4At ch may
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force to the LI r{h?c'n tra gjcula {’reshwork on the inner wall of the canal
tourprovetﬁf’é \i réc?ug unor. Referring to Figs.1l and 2, 25
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implant may also comprise one or more filaments wrapped together or arranged in a

parallel manner.

[00040] In an altemate embodiment, the implant comprises a filament
comprising first regions of a first cross-sectional dimension interspaced with second
35 regions of a second cross-sectional dimension such that the first cross-sectional

dimension is larger than the second cross-sectional dimension. This non-uniform




25 may be inplanted. The filanent may or may not have a |unen or internal
or external channels for transport of aqueous hunor. The filanent may have
a uni form or nonuniformcross section to enhance the flow of aqueous in the
canal . The filanment may conprise any material that is non-toxic and
non-inflammatory | to the interfacing tissues. Mnimal tissue reaction is
desired to mnimze fibrous tissue formation at the 30 inplant-tissue
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separ ate t he enpinsiondbret toesepeanta theoralis@i thel cata ot tmeilia‘@rthﬁ: car@h [00042] I n
anot her alternate enbodi nent, the inplant may conprise a tensioning

filament 4y t hogespape &p RO LR bW eRToAEHRO Ui NisiintT RO sdiRprisanar
tensioning filament with a shape to promote flow of aqueous humor from the inner
wall of Schlemm’s canal to the collector channels on the ocuter wall of the canal.
Referring to Fig. 6a, the filament is provided in a configuration with multiple angular
bends 18a to resemble a saw-tooth profile. Repeating semi-circular profiles 18b may
35  be provided as shown in Fig. 6b. Referring to Fig. 12, a helical filament 32 may also
be used. The implant 33 may also be tubular in shape as exemplified in Fig. 13 with
internal channels 34 directed from the surface interfacing the inner wall of the canal to
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wal | of Schlemm s canal to the collector channels on the outer wall of the
canal. Referring to Fig. 6a, the filament is provided in a configuration
with rmultiple angul ar bends 18a to resenble a sawtooth profile. Repeating
sem -circular profiles 18b may 35 be provided as shown in Fig. 6b.
Referring to Fig. 12, a helical filanent 32 may al so be used. The inpl ant
33 may al so X . L13.wWth |nterna
channal o 34 rputtedterare e Shef Vol TTRe srbSlimsledndh il Ut BP e
canal to thpatbufrbmdbe imeevilhtn fhg ontes W@thOérthw\samal. whikeeappling tsdbine i ghef or m
radi al |y out waedyiihow paths fromthe inner wall to the outer wall of the
canal while applying tension to the inner wall. [00043]The inplant is

preferred to suf fi.ci ent chan st,i ffne t nsion to
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where previ Oﬂﬁa)eﬁﬁershﬁ;ﬁﬁ{n? éﬂﬁmé@ﬁ&gi@ﬂ%aomé tﬂngmnptaerwaaq @@n@do erraa%lelsm bl e
lonal ly
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of the inpl apttieot’s exe maxbm@tedﬁn@esremm,émmmubvm@@ stgtidyewbdre aodvedist o one

end of the i gpl @RlerPhadRidRA PpSHABRLALR cmmae@eahbltenarafauav&ﬁfa@n&ﬁe
attachnent and tenS| oni ng of both ends of the inplant. The securenent

devi ce may cHWﬂ?’?se the sane materi al as the filanent, a different material
or a pl uralltégof materials. For exa a small ring may be fabricated on
t he proxi mal [84dind of T impiptamayf if h@ﬂlywmmplatm@emwtngewe tthe

di stal eng ofaclitfe hatth@nmat tol ﬁﬁe %tﬂe@%ﬁd o-flﬂ% DIAHt %mtnsﬁ%y | GBe RBMIr&RER! | Se an
he i ant such that the distal

ttach t h f
o ooy e fectedo P oot A malt & Kradlt Datrbran s t b o
r at chet typealhtmsffanﬂlsraﬁaclnr[eﬁmﬂ%mmgﬁthomnﬂﬁ obthe sthplami. iThe Feaurer®enta cl anp

such as a CrHEO?ée“Hxa?'o% Rie 34 s]a%ze M’zﬁieﬁ&! iBe Qﬁaxﬁen‘%eﬁacﬁﬁér@ntcﬁgﬂéﬂéle&t a O nmay
be fabricated on on of _the [ ant m}/ lL)J ﬂ) ecure t he ot her
1l ririg may be fa ncate

end of the i RiyraERt Fla‘ieb‘alﬁeg%?f‘aﬂ'fi‘ G festia on the proximal
25  end of an implant filament to facilitate tying of the distal end of the filament in a loop.

The securement device may comprise an attachment mechanism for the distal end of
the implant such that the distal end may be directly attached to the securement device
and tensioned with a ratchet type mechanism. ,

[00045} Alternatively, as shown in Fig. 9, a clamp such as a crimping element
30 19, which may be a separate component or may be fabricated on one end of the
implant, may be used to secure the other end of the implant or to nearby tissue.

[00046] The securement device may comptise a tensioning element such as an
elastic material or spring. In Fig.7 and Fig. 8, a spring 20 is shown which allows the
tension on the implant to be adjusted during surgical placement or in a second
35 subsequent procedure after implantation. The spring 20 may also allow for elastic
change of the implant length to accommodaie tissue motion and thereby minimize
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[ 00046] The securenment device may conprise a tensioning elenent such as an
elastic material or spring. In Fig.7 and Fig. 8, a spring 20 is shown which
allows the tension on the inplant to be adjusted during surgical placenent
or in a second 35 subsequent procedure after inplantation. The spring 20
may al so allow for elastic change of the inplant | ength to accommodate

tissue notion and thereby minimze. notjon.at the inplant-tissue interface
and resul t anFlORYE AHF QB LRt Gsseinfesiace e%@%‘@‘eﬁﬁ?@g}énﬁﬁth%' Sﬁl?eesémtng resi de
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other el asti in-diertgi gmicsgonyethengathostomeade prabiateiposhioperetively e dURFiMBEf or ce

per mm changge B ihER8L PrypkliP 004 7hE Br sRReiatic térkRninFRhAdal soud peetei n
Schl emmi s canaqh e ytp a ?IQ%% bFe deljvery instrunment attached to the

i npl ant. Thi &89% ¥%ésg§€1%JHﬁ§FP§rrF8ﬁl %“%?dg’e?%’hi ng the instrunent and inplant

within the canal, releasing the inplant and connecting the distal and
proxi nmal 1@nd§00047t he i Impgenstalt Gedpplant duplaced antSchiemst visrng MHoRKeobA t he

I nner wal | ofiefibe £B0@) idsBuhBRlaRagRd b Bt duplefiMedl hij ve ackdmilb@edBghani cal
15stiffness gfsiﬂgh?n%?lﬂﬁ ;rktr&'ﬁ@& ah AR ARkt \ﬁhﬁ’fﬂﬁllc'c&a]?,ufd;l]éaﬁhgﬂie i@ lantaad t
g

suf ficient tensioni orce on the inner wall of the canal, then connecting
the ends of térmeitiny thadishyndsexipal ensls e5®aiyplany tp applysiffieient tepyRnidhd of t he
i mpl ant may ke anchaored | e S0shifiBY 8. achalsd to the
tissue after lP%{(c:ﬁ %ns@gﬁ%nefﬁgn%ﬁﬁftg%@#om Irgg\}gqltui]&;&propé@t ension. In this
manner the twrfessst hé pbdionedihplant aeeds méficitnd to eparicsdificeenP @asionngt her or

t he i npl ant d t.t th ' e bal f.the.
canal | [ 00048¥HRE Pgrantal of i srnanry presitl Bl et i on "M o1

a flexibl e dekhseEary. NSlteraurRaly, sdedndios thesmblahomenbesnchired cathatissiach as

described b . .
Y then the end may be anchored to the tissue after adjusting the implant to have the

proper tension. In this manner the two ends of the implant need not be secured to
20  each other or the implant need not traverse the entire circumferential length of the

canal.

{00048] The implant is preferably placed in Schlemm’s canal by use of a
flexible delivery instrument that is used to enter the canal such as described by
PCT/US02/37572, incorporated by reference herein. The implant is progressively
25  advanced along Schlemm’s canal into the desired location by the delivery instrument,
such as a cannula, optionally with prior or concurrent dilation of the canal. The
implant may be secured to the dclivl'ery instrument and released from the instrument
once placed in the desired position within Schlemm’s canal or after traversing the

circumference of the canal.

30 {00049] Alternatively, the delivery instrument may be placed in the desired
position within the canal, and the implant secured to one end of the instrument, such
as a canmula or guidewire, and pulled into the canal during withdrawal of the flexible
instrument. As shown in Figs. 10a-10c delivery instrument 25a, 25b and 25¢ may
have features to aid attachment and release of the implant or its securement device.

35  The instrument may have an increased diameter segment 26 or segments 27, 28 at the
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PCT/ US02/ 37572, incorporated by reference herein. The inplant is
progressively 25 advanced al ong Schlenm's canal into the desired |ocation
by the delivery instrunent, such as a cainula, optionally with prior or
concurrent dilation of the canal. The inplant nmay be secured to the
delivlery instrunment and rel eased fromthe [ nstrurrent once placed in the

desired position w.thin Schle S can # ver

ci rcunf er enc8isEY g do dagilifate & TA?’i‘eeF P @E—ﬂ i&@%%&y P8¢ r unent
may be pl acedeahnties Ilﬁe)r melide desigresuth asranvuppiupnaiblyeszzrdmme oraid at bee ¢mipifant
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device. 35 The instrune creased d| rrete

segnents 27, “BRRL atglh §?ﬂ@?§l”§ﬁ§ ta[gl f@ivefy Itngtfm g{éfn %’ﬁgélpegnd of
the inplant. mmhtﬁrarﬂahvﬂvﬂwelﬁg@HOWéahW)e@&fmkaﬁnglﬂmdésdésﬁnghscwbwcas an
appropri atel y, sarZ&ﬂcﬁ%ne vﬂfh Sﬂlﬁenéﬁt Nk, thkcel iﬁsih'éucf@ﬁéd t&atidgert and

attach a portion of e i Thedllver stru ve ctive
mechani cal ewca&&éwr%@% el%ﬁh"?@ g %‘BWSrB’dI&% eé‘ﬁé%%/’ee ®tab 30
to attachOt hénplaiarite paoyctt positian.r el ease the attached i npl ant once pl aced
appropriately in Schlemis canal. The delivery instrunment nmay al so contain

fS Eﬁ}ur es suclpgsop de'Tl}’eeE%h\LérNjﬂ?lﬁstﬁlﬁwﬁ Iy mﬁﬂﬂé@w fRkibke cgfulc?wagoﬁ :awfl to
chl enun's ¢ prior to, 0 0 e i an
Once in the %@%‘#’Peﬂ“‘ir?féaﬁlﬁ Jes g@% ‘Faé‘ﬁ'trl]]ﬂ?‘g% g%ﬁg‘rﬂél?a\’?@y e

i nstrument mdetbery m;runbmtuwébtytpmaﬂplbea%@clahé lbQingpd dnatnetem it Hbe pargpenf
position. [ 099(%9]56@?3%}&@;{?%0 'ﬁ@%&tmmﬁ@&anaﬁyrlﬁqiemléé’eﬁew iB%hRhé ey dewi re

or a flexible mcrocanny esi g 360 cannul ati1on of Schlenm § canal .
The del i Verybptist rymefcdisie Fnd ybﬁeaw b WRIDFIRL B TREVF 0§ A er i n
the range of Salleniin’S&malotPHANYE 6 Gmsnt Thé inttrwhdrtinmytalve compeibe a@'ﬁléaﬂcbeXI bl e
delivery i ”%ﬁiﬂéﬁm DRt %@Va%vgnc%ﬁ'é te% ﬁ# Sﬁl 60k ”suéh %%@{qbteﬁ’gn

appI’OXI nmat e the ra 1 Us of vature o canal
mm  The i nst PGIREAROZRY 73 s Sudompideae élcwtdaﬁ%fecc@ll@?%rﬁm@\élgéf‘ﬂeét 1@ftoper
advancenment @hndolisich 8évade Pht 4508 fﬁaHlept&Sb&66ﬁlat eddiktal BgTdMS@?deBV&ﬁ Such

uidance | enent onpri se m i S I vice such
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overlying schfedbnbhEsescddbntbithehs@ini@e tvitdingé@ddngat i on or non-invasive
i magi ng during insertion and advancenent of the instrunent within the

canal .

[00051} Dilation of Schlemm’s canal during advancement of the delivery
instrument has been found to facilifate atraumatic placement of the delivery

25  instrument and implant. Dilation may be performed by injection of a high viscosity
fluid such as a surgical viscoelastic material to the distal tip of the instrument through
a lumen in the instrument. Altematively, the instrument may comprise expandable
elements at the distal tip which may be repeatedly expanded and contracted to dilate
the canal during advancement of the device. A rounded distal tip and a hibricious

30  surface treatment may facilitate insertion and progressive advancement of the delivery
instrument.

[00052] To verify the positioning of the delivery instrument in Schlemm’s
canal several methods are useful, including use of a fiber-optic beacon tip
incorporated into the delivery instnunent, direct visual location during surgical cut-
35 down or by external image guidance such as ultrasound imaging or optical coherence
tomography. Accurate positioning within the canal may be aided by features of the
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[ 00051] Di | ati on of Schlenm s canal during advancenent of the delivery

I nstrunent has been found to facilitate atraunatic placenent of the
delivery 25 instrunent and inplant. Dilation may be performed by injection
of a high viscosity fluid such as a surgical viscoelastic material to the
distal tip of the instrunent through a lunen in the instrunent.
Alternatively, the instrunent may .cqonprise expandable el enents at the

distal tip witEHTRESUSR 2} BREGPECRIUsHIRIFREY HiHD LsfERale CRAINES ORMARE t he
canal duri ng tadimbitefe)tandf mifkengd dviiodicatd\ roatinide diighiséal  Fifhendrea the

| ubricious 3 face. . : Ll tate ik ' s sive
advancenent g?s t gﬁd(g-l llH zﬁsq?%}s%ngﬁﬁ%rtﬁ?%{%%gg]%&\%trd?%&n ?’h“% g%gﬁ%%‘ﬁ?%ni ng of
t he del i very shelsasdlymtentent or Winsoaippilsredagiae caeings a1 radistonsgye magkessef ul |

i ncluding use of a fiber-optic beacon tip incorporated into the delivery

i nstrument, qo0088F Vi Slhednel dbieaiati onemhbodiment,sihe ghsladt neaytbe @ aced aintieralireby

5 o . 1é gny .
Conogr aphy. - ArS afar SGuaE Sller e 2t B VB0 gl B ER EBUIRERI Y. o
of the instinpFEmenisehbadlavad ithiraegh @ eomerd lecisian e frehantprier ¢hamber awhal |

coatings or RRGEE the frbedlilr hi¥BIdIY of @B dydMdkSdAdsnrh'e chrigli cat e rot ati onal
alignnent. Furthernore, the instrunent or inplant may incorporate markers

to assist in m ni i cat. a 0 or .4l t.r. nically
reflective cc@ﬁsﬁ S, qg@%d?‘%’-‘%%q%%?‘e%ﬁ%@ﬁgg{é . §§f%%0@§%%ﬁ&tgﬁegvé té‘?l?l%?ei ve
enbodi menf, bisompyibaliy srdynashaeah pumeting drclalipg retals wighiep sinlen stelom t he
ant e[)| Orl Chadliil%ﬁhur@,f thdgélteﬁ,y QﬁckEFﬁt_ahiﬂﬁd albys$ eét-‘dlbhﬁﬁhﬁﬁxe? aflgld, Vﬁb&oxh;ﬁhiﬁ:[eugent
may be pl ace rou corn nci sion.into the.anterior chanber an
Ty ough't he. PPLBERyISIFR naShREP R Rt Rl S AP SRBEROYB054] The
i npl ant may @olyplyiese, Buaranaiedt yolphemnppadydtldrghenkethns potyablfene, polysthylene,
10bi oconpat i BblybkipyRAE NBOYARIEA! pdtRRRIHe! CPolyifdiilingafEt Yotyiiabheas
st ai nl ess _steel’s, "‘Eﬂl t ani 1ur’rhlé%ungst erﬁgjé[n ckel E [ ta%uiﬁgl | oys, cob%l t-chrone
al | oys, B?océ‘ﬁﬁéi“f @ BOIFHETINS s (RPN Yol PIELATI MR Eer SFHRES: §581°9Pni de,
nyl on, pol ycaidiegradable pahgtstisls ensychf | asor ipodtladicpokgider qyolyglycolic  acid,
pol yet her et h Bé/ﬁ RO buRRAY S B LR S SN NEe BRbRIORY, esters,
pol yur et hane?’ p?y%@n@?ﬁyl ’sﬁ xane, ;’)glx but ytﬁglnée 5t er eﬁht.(}?gpg%eerpgﬁ_%
pol yet hyl ene 2 &l SAtlesPaldati SIXFPRFBIMOBIERISH FEUR i d&ivatiyistgd elastin,
bi odegr adabl endredosipbsies dusichamafeablyl adt fitansai dmplahty ghayc bt | drcaiat,doval,
20  rectangular or in a variety of other shapes in cross-section. The implant may be
configured from a piece of filament or wire, cut from a length of material with the
desired cross-sectional configuration, chemically etched, mechanically or laser
machined, extruded or molded.

[00055] The implant may also comprise biologically active agents to promote

25  favorable biological response by the interfacing tissues such as the minimization of
blood clots (anti-thrombogenic agents), inflammation, infection and fibrosis (anti-
fibrotic agents). !Such agents include anti-clotting agents such as heparin, TPA, anti-
microbial agents such as antibiotics, anti-inflammatory agents such as steroids, anti-
adhesion agents such as hyaluronic acid and anti-cell proliferation or anti-fibrotic .

30  agents such as rapamycin, 5-fluorouracil, mitomyocin, methotrexate or paclitaxol. The
biologically active agents may be incorporated into the implant or applied as a
coating.

[00056] Another function of the implant is that it may serve as a marker and
thus be visualized and assessed from the anterior chamber to be safely used as an
35  alignment target for laser freatment of the trabecular meshwork. For example, the
implant material of construction and design can allow laser treatment of the adjacent
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pol yhydr oxybut urate, pol ydi oxanone, pol ytrinmethyl ene carbonate, biopolyners
such as silk, collagen, gelatin, glycosoam noglycans, chitin, chitin
derivatives and elastin, and conposites of such materials. A filanent
i npl ant may be circular, oval, 20 rectangular or in a variety of other
shapes in cross-section. The inplant may be configured froma piece of
filament or wire, cut froma | ength of matgl%i al with th esi re%
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anti-cell profliefeat@sion or anti-fibrotic 30 agents such as rapamycin,
5-fluorouracil, mtonycin, nethotrexate or paclitaxol. The biologically
active agent 0008y be i TieofoNewik@farhpleart Peovidepkailiustedte deihv@doasuaaeoat i ng.
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thus be vi sudPis §n8 A R P I Phe Ehteri or chanber to be saf el y used
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the desired &hapad Bplder Attt Hemsckgrissgedianoy wasipynsornd adiemps @ethods 5
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hol der. A si hebidonfdfdhe midregaphulevbeeiptiheosenglas perf ormed and Schl enmi s canal

was exposed, allow ng access to the ostia of the canal. A 200 m cron
di anet er 2845 ogdaséral m CTIE ChReEREMMA WisT NGeEMwiti chieedasid aHehidai enge

Surgi cal Corp.,). was.,Wsed.to. .ca | ate. the .enti nal. .circunference. The
m crocannul a%@ca‘ié\l}fﬁﬁa& ngélcsﬁp%a.%lgegs%fegn%{oo@gé)%g%ﬁéitﬁ%c_ b g[r]rsfr’?_gsgcanal
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m crocannul a when i h nal .. . . . . . .
tip was 1:>ulrfedt ou?o? e surgical site a sufficient distance to attach the implant device.

25 A filament of polypropylene of approximately 28 microns diameter (Prolene, Ethicon,
Inc.) was tied to the distal end of the microcannula, which was then withdrawn pulling
the filafhent into and around the canal. The filament was removed from the tip of the
microcannula and the two ends tied in a surgical knot with tension on the loop,
thereby applying-tension to the inner wall of Schlemm’s canal and the trabecular

30  meshwork. The surgical flap was then closed.

[00060] Example 2

A human whole globe was prepared similar to Example 1 above. The globe was
placed in a room temperature bath of phosphate buffered saline, and a 30 gauge
infusion needle placed through the cornea to provide fluid input. The needle was
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20[ 00059] The m crocarnula was prinmed with viscoel astic (Heal on GV, Advanced

Medi cal Optics, Inc) and inserted into the ostia of the canal. Using a

m ni mal anount of viscoelastic injection to open the canal and provide a

| ubrici ous environnent, the mcrocannul a was advanced conpl etely around the

canal . The distal tip was pulled out of the surgical site a sufficient

di stance to tach.the inpl.ant .device. } (0] I e of
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Tensi on was Figebd.applied to the 15 filament by opening the henostats, and
again the flow was allowed to stabilize. Alternate tensioning and rel ease
was perfopnmeghoggzia 15 midipiesi nterval while recording the flowrates. The
flow rate changed froma non-tensioned value of 1.22 +/- 0.05 ul/mn to a
tensioned value aof 1,93 +/-. 0 .01 ul/mn incre f 58% .See Fig. 14.
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facility in SSEETaiisAeas npEmat valniop Mnweias uBlototagiibnn # lnsen Fughglt he
entire | endt ppadximately MbamMmd fong: dengthe@nti@. 1dimdh bo the Ppfang lagEadeor M ar ¢
length of cagaky {£h 285 PPMRE ndf FBMHERTR LGl % 2 nominal 12 mm diameter of

30  curvature canal. Outflow was significantly increased in the tension range of 1 to 11
grams force or 0.027 to 0.292 grams force per mm of arc length of the canal for a
nominal 12 mm diamster of curvature canal. Further increases in tension led to
decreasing outflow facility up to the failure point of the tissues. See Fig, 15.

[00063] Example 4

35 [00064] In a set of experiments, a tensioning device for the filament was tested.
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30 curvature canal. Qutflow was significantly increased in the tension
range of 1 to 11 grans force or 0.027 to 0.292 grans force per mmof arc
| ength of the canal for a nomnal 12 mm di aneter of curvature canal.
Further increases in tension led to decreasing outflow facility up to the
failure point of the tissues. See Fig. 15. [00063] Exanple 4 35[00064]1n a
set of experjinents, .a tensioni nt% ?w ce for the filanent s.tested. 14
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W th a tensimisigthdevireat. [ 00067] Exanple 5 An experinment was prepared as in
Exanmpl e 3 above. In this experinment, a 25 mcron 30 dianeter stainless
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[00067] Example 5

An experiment was prepared as in Example 3 above. In this experiment, a 25 micron
30  diameter stainless steel filament was placed into and around the circumference of
Schlemm's canal and then attached to the mechanical force gauges to measure the
tension applied to the filament and the inner wall of the canal. A high resolution
ultrasound imaging system (iVIEW™ imaging system, iScience Surgical Corp) was
used to take cross-sectional images of the canal with the implanted filament under
35  different tensions. Images were taken at 0, 5, 10, 15 and 20 grams of tension on the
filament. The images indicate an increasing distension of Schiemm's Canal with
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filament. The inmages indicate an increasing distension of Schlemn's Canal
with increasing filanent tension. It was observed that Schlemr s canal was
visible with an open lunmen at all applied tensions, including at filament
tensions that denonstrated little or no increase in agueous outflow or
aqueous facility (0, 20 grans applied tension). These results indicate the
i nportance of the appropriate anount of tension 5, a kied to the inner
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purpose of description and not of limtation. What is clained is: 1. An
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gl aucoma by increasing aqueous outflow through the walls of Schlemis canal
by use of an inplant by providing axial tensioning on the inner wall al ong
the | ongi tudinal direction of Schlemr s canal, conprising an el ongated
element with distal and proxi mal ends, said elenent being a size sufficient
15 to be inserted within Schlenmis canal of the eye and conprising a
securing elenent at said one or both of said ends, said securing el ement
attached to a tensioning elenment providing an axial tensioning force to
said elongated el ement along the axis that is the |ongitudinal direction of
Schlemm s canal to apply a radially inward force to the inner wall of the
canal to thereby increase fluid perneability of said inner wall. 20 3. An

i npl ant according to Claim2 wherein said tensioning el ement conprises a
spring. 4. An inplant according to Claim2 wherein said tensioning el enent
is acconmmopdated in a protecting housing.
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5. An inmplant according to Caim2 wherein said tensioning el enent
conprises a 25crinping elenent for securing said inplant in a tensioned
position. 6. An inplant according to Claim1l wherein said el ongated

el ement conprises a helical filanment. 7. An inplant according to Claiml
conprising at |east two of said elongated el enents twi sted together in a
hel i cal W Q@laimed &: An inplant according to Claim1l conprising at |east
two of said elongated elenments fixed in a parallel manner. 9. An inplant
according to Claim1l wherein said elongated el enent conprises a serpentine
fi | ament. Araimpigntdocihe cubtarento e suceprthiyonetaspapeoussanilowthiongl ant

accor di t im1l wherejn said elo t.ed el t. i ti
i1 anerbeals AbSaeaver anarBeEtstat PBRAN SopasEme S SR " aceor di ng
to d aiehdef whit a grﬁ@é Tongihdind Il RERM o (CRARAINSS Sadl SRIMEBiI@fanl 0Ops. 12, An

inplant according to Caim1l wherein said el ongated el enent conprises first
10 Begi dmsgatdd ederhént stithodigeksarslaresionhendd) sichelemant hetngr spacvdlidiFeth second

regions qf .a second. c S-Sectiqgn di rensi j i i rst
Cr ose. <odti SRR A Sain TS S ST R b LS R e e W BT
di Mensi@Bchanikdl sti¥hebI MR Mat G RAGNES dnxEll dénFiohthgibaicad Bai8 @lethehi r st regi ons

conpri se beads. . .14, An inplant according to Claim1l2 wherein said

g rst ragiohs awﬁbﬁil%@eé%glﬁa@mgﬁ@recmg%@5%%%@ s epnjal pRAvidEH? B2 laccor ding to
aim 12 wh i jd fi i f . LME: sai d second

reai ons PRGOSl e el of GELANT I ERLY Ml Buld b LR et

el arentsatdimped wal fil anment | oops connected to an axial elenent. 2017. An

i npl ant according to Caim1 wherein said el ongated el ement conprises

filament | oops connected at alternating ends. 18. An inplant according to

d ai m 12-wiemenlantdar the drameat elelarcomarity Nerepile ABeEU R HOY tREEE to pronote

o ! IRHES B A S5t bl B i ool oo o
‘ the inner wall along the longitudinal direction of Schlemm’s canal, comprising an
elongated element with distal and proximal ends, said element being a size sufficient
15  to be inserted within Schlemm's canal of the eye and comprising a securing element at
said one or both of said ends, said securing element attached to a tensioning element
providing an axial tensioning force to said elongated element along the axis that is the

longitudinal direction of Schlemm’s canal to apply a radially inward force to the inner

wall of the canal to thereby increase fluid permeability of said inner wall.

20 3. An implant according to Claim 2 wherein said tensioning element comprises a

spring.

4. An implant according to Claim 2 wherein said tensioning element is accommodated

in a protecting housing.

5. An implant according to Claim 2 wherein said tensioning element comprises a

25  crimping element for securing said implant in a tensioned position.

6. An implant according to Claim 1 wherein said elongated element comprises a

helical filament.

7. An implant according to Claim 1 comprising at least two of said elongated

elements twisted together in a helical manner.
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2519. An inplant according to Caim18 wherein said shape conprises

mul tiple angul ar bends resenbling a sawtooth profile. 20. An inpl ant
according to Claim 18 wherein said shape conprises repeating semcircular
profiles. 21. An inplant according to Claim 18 wherein said shape
conprises a helical filanent. 22. An inplant according to Claim218

wher ei 8. g ﬁ;ﬂ&lﬂ@&@@\n}%m 6e8ma donieisweldl |@bnhersfahideaigarlis 23. An inpl ant
according to Claim?2 erein said securing el enent conprises a ring. 24.
An i npl Aencnie BsedinfgoardlebmEnpsT2 wherei n sai d tensioning el ement conpri ses
an elastic elenment providing 4 to 6 grans force per mm change in | ength.

25. An | ant accordin .Cl.aim 2 wherein id securing el ement conprises
21001 dph R AR R ERu Sy g P B e R RS PRt cecur  ng

el ementsegleh@idfiRgicHShAVR 2 Gfcul@rdseR@dtional aspadtd i npl ant.  27. An i npl ant
according to Claim1l provided with an expanded tip to dilate said canal.
1528. An inplant according to Claiml conprising a netal. 29. An inplant
accér di ifg Angmplaaik aecordingtr Ceimd vehenéin sodshnighied elsolephrermprd®s aAn i npl ant

according t iml conprising a biologically active agent. 31. An
ool ant kel Bt AP O S OREr IR AN agi cal 1y act| ve. agent is
sel ected fromthe group consisting of an anti-thrombogenic agent,

anti - mqr abi; 1038 ing %’élairﬂb'ogmﬁéfé{n 208 Flam @R bdmplifk AlskRedgent ,

anti-cell proliferative agent an
loops.

12. An implant according to Claim 1 wherein said elongated element comprises first
10 regions of a first cross-sectional dimension interspaced with second regions of a
second cross-sectional dimension wherein said first cross-sectional dimension is

larger than said second cross-sectional dimension.
13. An implant according to Claim 12 wherein said first regions comprise beads.

14. An implant according to Claim 12 wherein said first regions comprise cylindrical

15  segments.

15. An implant according to Claim 12 wherein said first regions freely rotate relative

to said second regions.

16. An implant according to Claim 1 wherein said elongated element comprises

filament loops connected to an axial element.

20 17. An mmplant according to Claim 1 wherein said elongated element comprises

filament loops connected at alternating ends.

18. An implant according to Claim 1 wherein said elongated element is provided with
a shape to promote flow of aqueous humor from the inner wall of said canal to the

collector channels on the outer wall of said canal.

25  19. An implant according to Claim 18 wherein said shape comprises multiple angular

bends resembling a saw-tooth profile.
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anti - adhesi on agent. 32. An inplant according to Caim31 wherein said
biologically active agent is selected fromthe group consisting of heparin,
ti ssue plasm nogen activator, a steroid, an antim crobial agent, hyal uronic
acid, rapanycin, paclitaxol, 5-fluorouracil, 25 mtonycin and methotrexate.
33. An inplant according to Claim1l wherein said tensioning force is in the
range of0. aGtplo B6rdifg b CREN I8 AR dIQELE sIRPE cOMPHAES reAgag of said canal .
34. An inplant according to Caim33 wherein said tensioning force is in
the rarfgBigrculgealiles. 159 to 0. 265 granms force per nmarc length of said
canal. 535. An inplant according to Claim1l or 2 wherein said ends are

connectged W.th a tensi.onjng forge . in.the,range of .abouyt.l tq 11 granms. 36.
An | mpl AnATEPLPAR e ) Gl A8 s R P SP CempeSE A g aPE i 1 h
tensioning force in the range of about 6 to 10 grans. 37. Atool for

i nser tion AQfinfhnt Q&bﬁﬂﬁ%d@l@ié@k‘kﬁfé?@ﬁsa@@%&)e%m}aﬁé‘es%}t&b&%ﬁri sing an
10i npl ant according to aiml or 2 attached to a flexible cannula. 38. A

t oob f onteimgelannels. of an i nplant into Schlem s canal of the eye conprising
an inplant according to Claim1l or 2 attached to a guidewire. 39. A tool
according.ta aim 37 further conprising a mechani cal el ement. on said
cannul &%ﬂﬂ@ﬁa&&mmnw@ éi“&lgi‘%r%fsa‘ S°LHNG© FANPIESAH A t ool

according to Cl aim 39 wherein said nmechani cal el enent conprises a hole,
sl ot , : | 1 LB £ b - 1 i a. 41. A
t ool a%bggiingﬁggg%g@%%?é@ﬂ??her éc%%%??eﬁr?é{n% eg%r?%gﬁceﬁﬁkg%nt for
| ocat i ripstiakckinteaoprodidingtopd geendnice andmacchangemdatgthv t hi n Schl emmi s canal .
42. A tool according to Caim41l wherein said guidance el enent conprises a
fi ber 200ptic beacon. ) o ) _

25. An implant according to Claim 2 wherein said securing element comprises a

10 clamp.

26. An implant according to Claim 2 wherein said securing element allows adjustment

of the length of said implant.

27. An mplant according to Claim 1 provided with an expanded tip to dilate said

canal.

15 28. Animplant according to Claim 1 comprising a metal.
29. An implant according to Claim 1 comprising a biocompatible polymer.
30. An implant according to Claim 1 comprising a biologically active agent.

31. An implant according to Claim 30 wherein said biologically active agent 1s
selected from the group consisting of an anti-thrombogenic agent, anti-microbial
20 agent, antiinflammatory agent, anti-fibrotic agent, anti-cell proliferative agent and

anti-adhesion agent.

32. An imiplant according to Claim 31 wherein said biologically active agent is
selected from the group consisting of heparin, tissue plasminogen activator, a steroid,
an antimicrobial agent, hyaluronic acid, rapamyecin, paclitaxol, 5-fluorouracil,

25  mitomycin and methotrexate,
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43. A tool according to Caim37 further conprising an expandabl e

nmechani cal elenent for dilating said canal. 44. A tool according to C aim
37 further conprising a lumen for njection of viscous materials. 2545. A
tool according to Claim37 further conprising a |ubricious coating. 46. A

tool according to Caim37 wherein said cannula conprises a rounded tip.
47.  An 337RmARipl A Gedoliing td Olaan) WiReiflsaidltaisighide fofeelPinie-8igh o$ai d tension

is axially applied to said wall. 48. An inplant according to any one of
C ai s a@ut 04t herepamsdpige pemsinonc lengtesdisaid gpnalppl i ed to said wall. 49,
An inplant according to Caim35 wherein said tension is axially applied to

sai d 20, An inplant .accqrdi.ng.to.Claim 36 erein,said tension is
xi al |y i PRl §eoRTng e Pt S0 eteret i sBodiePiG i 5 s Z0gF 86 her ef n
sai d t efbpuon 158 1AKDE8 bivnBRDick Bk hfh 81l said cagal. A tool according to
Claim 38 wherein said tension is axially applied to said wall. 53. An

i nplant according to Claim1l wherein said tension is axially applied to
sai @ wall. An implanbdccoAding ol Chon dragiZnghdrein Ghidieml 8& e feomteheed witnpri si ng a

guidan%e el enent for Iocatipg%}Siai9 tool during placenent and advancenent
wi t hi n EPERGT Qo thy rangg 8T aouf [ 49 TLgrgsdi ng to O ai m 54 wherein said

gui dance el enent conprises a fiber optic beacon.
36. An implant according to Claim 35 wherein said ends are connected with a

tensioning force in the range of about 6 to 10 grams.

37. A tool for insertion of an implant into Schlemm's canal of the eye comprising an

10 implant according to Claim 1 or 2 attached to a flexible cannula.

38. A tool for insertion of an implant into Schlemm's canal of the eye comprising an

mmplant according to Claim 1 or 2 attached to a guidewire.

39. A tool according to Claim 37 further comprising a mechanical element on said

cannula for attachment of said implant to said cannula.

15 40. A tool according to Claim 39 wherein said mechanical element comprises a hole,

slot, or an area of increased diameter at a tip of said cannula.

41. A tool according to Claim 37 further comprising a guidance element for locating

said tool during placement and advancement within Schlemm's canal.

42. A tool according to Claim 41 wherein said guidance element comprises a fiber

20 optic beacon.

43. A tool according to Claim 37 further comprising an expandable mechanical

element for dilating said canal.

44. A tool according to Claim 37 further comprising a lumen for injection of viscous

materials.

25  45. A tool according to Claim 37 further comprising a lubricious coating.
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46. A tool according to Claim 37 wherein said cannula comprises a rounded tip.

47. An implant according to any one of Claims 1 to 10 wherein said tension is axially

applied to said wall.

48. An implant according to any one of Claims 12 to 34 wherein said tension 1s

axially applied to said wall.

49. An implant according to Claim 35 wherein said tension is axially applied to said

wall.

50. An implant according to Claim 36 wherein said tension is axially applied to said

wall.
51. A tool according to Claim 37 wherein said tension is axially applied to said wall.
52. A tool according to Claim 38 wherein said tension is axially applied to said wall.

53. An implant according to Claim 11 wherein said tension 1s axially applied to said

wall.

54. A tool according to Claim 38 further comprising a guidance element for locating

said tool during placement and advancement within Schlemm's canal.

55. A tool according to Claim 54 wherein said guidance element comprises a fiber

optic beacon.
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