APPARATUS AND METHOD FOR SURG CAL ENHANCEMENT OF AQUEOUS HUMOR DRAI NAGE
PRI ORI TY FROM RELATED APPLI CATION 5 Priority is hereby clainmed fromU. S.
Provi sional Application Ser. No. 60/567,024, filed April 29, 2004, which
is incorporated by reference in its entirety. BACKGROUND OF THE | NVENTI ON
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suprachorolaal space and along the muscles and vascular vessels of the eye. This

pathway for aqueous humor drainage is often called the uveal-scleral pathway and is
20  believed to be responsible for 5 to 25 % of the total drainage of aqueous humor from
the human eye.
Typically in glaucoma, the primary pathway for aqueous humor becomes narrowed or
occluded, increasing IOP and resulting in gradual nerve damage and loss of vision.
Such conditions are usually treated by topical drugs in the form of eye drops, but may
25 result in surgical treatment if drug treatment becomes ineffective or if patient
compliance is an issue. Traditional glaucoma surgery, such as trabeculotomy or
trabeculectomy, involves dissection of the eye and the forming of a new flow passage
through the trabecular meshwork into the anterior chamber. The fluid is channeled to
a reservoir formed under the conjunctiva known as a bleb. While blebs are effective
30 1nremoving the aqueous humor, blebs present a high incidence of post-surgical
complications due to imritation and mfection.
There is also a new class of surgical procedures which approach treatment of the
ocular drainage system from the scleral tissucs without penetrating the interior

chamber of the eye. These procedures are termed “non-penetrating” surgery and
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chanber of the eye. These procedures are ternmed "non-penetrating” surgery
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facilitate repeated treatnent. 25 SUMVARY OF THE | NVENTI ON An apparatus is
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flexible mcrocannula that 30 may be | ocated proximal to the distal end.
The micr odh%’ﬁfme&u}?ﬁyleﬁ}a‘b’@rk&mﬂ&?hééﬁns Canal. Since the aqueous humor passes

directly into the secondary drainage pathway, the creation of a bleb is not required,
20  eliminating the post-surgical complications associated with a bleb. Furthermore, the
invention describes devices and materials that can be implanted in the tract to
maintain the tissue space and fluid flow during the wound healing process. The tools
and methods of the invention are designed for mimimally invasive surgical use to
minimize trauma and facilitate repeated treatment.
25 SUMMARY OF THE INVENTION

An apparatus is provided for forming a tissue tract from within a first passageway of

an eye connecting to a second passageway in the eye comprising an elongated tool

with a proximal end and distal end, the tool having an outer diameier in the range of

about 50 to about 1000 microns. The tool may comprise a flexible microcannula that
30  may be located proximal to the distal end. The microcannula may have a rounded

atraumatic distal terminus and a lubricious outer surface coating.

The tool may comprise an outer sheath and inner member. Preferably the outer sheath

is flexible and the inner member has a higher flexural rigidity than the outer sheath.
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atraumatic distal tenninus and a |ubricious outer surface coating. The tool
may conprise an outer sheath and inner nenber. Preferably the outer sheath
is flexible and the inner nmenber has a higher flexural rigidity than the
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of an eye from a first passageway of the eye, such as the Schlemm’s Canal, to a
second passageway, such as the suprachoroidal space, the method comprising:

20 a) inserting a microsurgical tool from a surgical access site into the first passageway;
b) advancing said tool along the first passageway to a desired site for formation of a
tissue tract for the fluid path;

c) actuating the tool to form the tissue tract from the first passageway to the second
passageway;

25  d) removing the tool and
e) closing the surgical access site.

The advancing of the tool and actuating may be performed a plurality of times to form
multiple tissue tracts from the first passageway to the second passageway using a
single surgical access site,

30 DETAILED DESCRIPTION OF THE INVENTION

[t has been found that Schlemm’s Canal and the anterior edge of the suprachoroidal

space are at similar depths from the scleral surface. The spatial relationship between
the two passageways has been found to allow the natural geometry of the first

passageway where the microsurgical tool is initially introduced to align the tool for
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single surgical access site. 30 DETAI LED DESCRI PTI ON OF THE | NVENTI ON 1|t
has been found that Schlemm s Canal and the anterior edge of the
suprachoroi dal space are at simlar depths fromthe scleral surface. The
spatial relationship between the two passageways has been found to all ow
the natural geonetry of the first passageway where the m crosurgical tool
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space 7 are shown connected é/ a tissue tract 8 made in accordance with
t he il@venRéferringriod’IGnlidhe tedmfap sweisasipatuss, th%@mﬁémv@ltﬁbe eof and

related methods Lo.iol2naitacellbi-c1 sal e @yl al PRASHI Rl Oh Ageous hunor

whi ch conn&?a suprachor 0i space t he

suprachorgt @B:bwﬁp :':Iﬁe Sakldmnie dlagang azd@apﬁalcha:roﬁiap spRagenaylsowPtoragbRaus hunor
drai nage. In general, methods are provided for surgically accessing one or

bot h of t%éail\?&}wﬁ%&%gﬁﬂﬁ%a%ﬁ@%? Withdhe Wventioue tract to connect to the
passageways, ;,90&¢hd r%@id' a?ﬁa.li'zﬁu %ﬁl bhdfs fh@fé%}t‘ YEPr1 6 nfafhodl BPS @)

i nserting amcros gi ca asurglca access site into the first
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ool 1o FUPHIABIHSREE tp SABETRY 8 1 He H1h i REELIONEY Soelnd socond 25
passageway;hlemm’s Canal are passageways for aqueous humor drainage. In general, methods
are provided for surgically accessing one or both of the two passageways and forming
a tissue tract to connect to the passageways. Specifically, the invention involves the
20  steps
a) inserting a microsurgical tool from a surgical access site into the first passageway;
b) advancing said tool along the first passageway to a desired site for formation of a
tissue tract for the fluid path;
¢} actuating the tool to form the tissue tract from the first passageway to the second
25  passageway,
d) removing the tool and
e) closing the surgical access site.
Specifically, in one embodiment, the Schlemms’s Canal is accessed through a surgical
flap, small incision, or by penetration of a surgical tool. Then one or more
30  mijcrosurgical tools are inserted into the canal and advanced to create a tissue tract to
the suprachoroidal space. Then, optionally an implant or material may be inserted to
maintain the tract opeming and fluid flow. Lastly, after the tools are withdrawn, the

surgical access site 1s closed as required.




d) renoving the tool and e) closing the surgical access site. Specifically,
i n one enbodi nent, the Schlems's Canal is accessed through a surgical
flap, small incision, or by penetration of a surgical tool. Then one or
nore 30 mcrosurgical tools are inserted into the canal and advanced to
create a tissue tract to the suprachoroidal space. Then, optionally an
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mi cr ocat het € {GHPR PN R BRIOL0RLR & dgsus b withia tissuascaf ttaesyersoeh of
ei t her Sclhamy actanabs P iRapHARTEARE R RbanaPRG: LBcRlb Ay Tak ! | Y
tiple ti L3RI ¢ or

i nvasi ve sur gerl%/ and to allow formation of nu ssue
dr ai ndge - PlogvEthsslagrats seimyilaylinte doeisact & meintdo thEdlpd dowi eh.t Pefaighods of
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may be minimally invasive surgery and to allow formation of multiple tissue tracts for

drainage from a single surgical access site.

20 To practice the methods of the invention either Schlemm’s Canal or the

surprachoroidal space is accessed from the scleral surface. Both tissue regions are

beneath the sclera varying in location from patient to patient in relation to surface

landmarks of the eye. Both Schlemm’s Canal and the suprachoroidal space may be

identified by surgical dissection or high-resolution medical imaging methods such as

]
n

high frequency ultrasound (HFU) or optical coherence topography (OCT). The use of
medical imaging may be ideal in that the most surgically preferred access sites may be
selected to minimize trauma and allow for use of minimally invasive surgical
methods. The use of an ultrasound or optical contrast agent, either delivered directly
to Schlenum’s Canal, the suprachoroidal space or systemically to the subject, may

30 facilitate ideniification. Pressure changes applied to the anterior chamber may also
facilitate identification and selection of a preferred surgical access site.

The use of HFU or OCT is also desired to determine the optimal placement of the
tissue tract. The surgeon may use imaging techniques to pre-plan the rouie of the

surgery and to verify locations, direction and placement of tools and devices durine
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identified by surgical dissection or high-resolution nedical inmaging

met hods such as 25 high frequency ultrasound (HFU) or optical coherence

t opography (OCT). The use of nedical inmaging my be ideal in that the nost
surgically preferred access sites nay be selected to mnimze trauna and
allow for use of mninally invasive surgical nethods. The use of an
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The t ool orIrlprl se a'nechanically cutting tip su}%h as %,soli or hol | ow
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di aneter through eye tissyes.. ln I I demay
conpri se reAdBaY RMPIIHR h‘ﬁﬁ’é‘é%’b? W§t21,a%§%%?g§%a?g@ %ﬁ%ﬁ&ggﬁe{b&%ﬁbéﬁr@ tissue
penetrat i qpaﬁ{ OTﬁé)fe'i‘ﬁ HEot iHiSue dMate to fomathettiet neylaotiomaintainihg thet ool may
conprise a hollTow tube wth a sharpened distal edge.used to {:org.]gout a
tissue treaet andiibe subseguvelt pdeceasnial aimpang P&%@?’W‘P‘&P}W&W&W &° may aid
i n mai ntai ni nﬁart hf tract and the subsequent placenent of an inplant or
space- mai thaFM¥§ material into the channel. 15 Al ternatively the tool may
conprige aAftéﬁéi%ll HRULBT maef eabfrisndfidxivie utve sheth wid mehaembet with difeat h

di sposéd axially about the Inner nmenher. The inper.nenber .na conprise a
trocar, sobitet sheath dissosethexialy W%Wil&lﬁfémenﬁ%ﬁéd&g? lwngleéﬂbeéé%alycm fiber.

Such an optical fiber may 84 RSN, &I Wik@bi offtikal Hieert i p of the
fiber, whi PP F& irgglggg%%t%gg‘ytés? dIZ{}gt the tip of theﬁsheath and hence

may be usegydio sHiticar fiberdRaywbauml iz atriorisible ighs 9 Bt hihefibeth#hidol
through s Cin?l;%le d&gpiggdet%' reslige te.ithitle’i‘e ﬁfi‘ cS)? th%fshgar%h and hence may be used for direct
70  visualization of the location of the tool through scleral tissues. In the case of an
opaque outer sheath material, a cutout section or window near the distal tip of the
sheath may be provided to visualize the optical fiber tip. The described optical
beacon can provide an adjunct method of gniding the creation of the tract.
Alternatively, the optical fiber may be used to carry energy for tissue ablation such as
95 laser energy, in order to create the tract. The tip may also accommodate a radio
frequency or thermal energy source i0 ablate tissue.
The microsurgical tool is sized for access into Schlemm’s Canal and the
suprachoroidal space and to create controlled diameter tissue tracts. Diameters from
50-1000 microns are useful, and in particular diameters from 100-500 microns are
30 preferred for access to Schlemm’s Canal. Outer diameter of a sheath member may
correspond to these ranges and may comprisc a wall thickness between 10 and 100
microns.
The microsurgical tool may act as a flexible microcannula or microcatheter to allow

the distal tip to be advanced within Schiemm’s Canal or the suprachoroidal space
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opaque outer sheath material, a cutout section or w ndow near the distal
tip of the sheath may be provided to visualize the optical fiber tip. The
descri bed optical beacon can provide an adjunct nethod of guiding the
creation of the tract. Alternatively, the optical fiber may be used to
carry energy for tissue ablation such as 25 | aser energy, in order to
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quart elr t hEIVERE O HicdfsepreRassrecyay widlennbla ﬁgllllbmetf:rﬁeof@lﬂefalﬁaemmt withisur gi cal

access sit ance tely a
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passageway™® r‘F” miSEeaGe e r the suprochosdfelppase. epproximaiely 22r st

ti ssue pas r r e t he, l.engt h of
Tl e bl L e ot Bl e Gl e ap el B or ot
| east ldne- M@Itddattm@llﬂ'ﬁslwrﬁmmeramglecshrﬁm}ihlam}smﬁ‘anal or the suprachoroi dal
space, appﬂ‘om maé (iﬁw %t 0. 40 mMm Flo‘iXI ble tool s of such length allow the
entire circunfeVeRte s l}fﬁn&%suf%c%éo BOIPHSEs dflexf lﬁﬂP‘EeFﬁllleéﬂBWde%l froma
singl e surighGahendss 85 R texihl QA8 dﬁﬂﬁﬁ%&f&ﬂ& shbAR. Ff'h%&&.ﬂ‘f%ﬂf j tool
conprises a flexible outer sheath an I nner er Wt r fl exural
rigidity tHeshasugipebaccssseie ito THisstpessageway w{stbc twy such as Schlemm s

Canal or the suprachoroidal space. The inner member is removed or withdrawn from

20 the distal tip of the tool to allow the flexible outer sheath to be advanced
atraumatically within the passageway. After advancing the tip of the tool to a location
distant from the surgical access site, the inner member is advanced within the outer
sheath to the distal tip. This may the same of different inner member, since the inner
member may be removed and exchanged with another during use. The now more

25 rigid tool assembly may be used to advance into a second passageway of the eye, such
as Schlemm’s Canal, the suprachoroidal space, or the anterior chamber. The inner
member may also accommodate cutling or tissue ablating components to facilitate
formation of a tissue tract at the distal tip of the tool as previously described. The

microsurgical tool may also incorporate features to aid atraumatic advancement

L
<

within a tissue passageway such as a rounded atraumatic tip or a lubricious outer
coating.

In creating the tissue tract with a microsurgical tool placed in Schlemm’s Canal, the
tract may be oriented radially outward from within the canal toward the

suprachoroidal space. This approach would fonn the shortest length of tract to
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through a surgical access site into a first passageway of the eye, such as
Schlenmmis Canal or the suprachoroidal space. The inner nenber is renoved
or withdrawn from 20 the distal tip of the tool to allow the flexible
outer sheath to be advanced atraumatically within the passageway. After
advancing the tip of the tool to a location distant fromthe surgical

access Si{fmatiife hH BhssHBMRGK. AStodtivdaaed mkotthi: namdilénﬁliﬂ embodieat wilt o t he
distal tip. This may the sane of different |n
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passagewa§’'s roun raumatic tip or | ubricious outer coating.
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canal in tsﬁfds&énrrﬁ%cfgalcﬂt%etﬁ% Fﬁﬂ}grﬂg}fx@?gg&?y have a I?I éXI b 1; tip so that it
may begdi peehedit ® thecmal he td csstedht traxftTheafdmﬁaI%/ﬁﬂd)‘wﬂ%rlﬂ arptlfhogonal to

the long axis of the tool. Alternatively, the tissue tract nay be forned
by advancish@g¥Bhe tool tangentially fromwthin the canal to intersect the 5

supr achor g 0@6“%2@? methdOH subsedly deditbicS 1B thdt &oﬂ'ﬁmeoﬂish@ow isthee cutting
on CO

or ablati ent for formng the tract at the distal Fof thetool
in a forwayed thesimgon dill ecesoehitignedanal erd plage 3 BRGOSNBYaY 500 Withing
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t he canal nprise a sheath and trocar where
t he trocarol is released to maintain the tract opemng The tool is removed and the surgical
access site is then sealed by any requisite method.

20  Referring to FIG. 4A-B, there is shown another microsurgical tool which may used in
accordance with the invention. The tool has a Luer connector 19, flexible shaft 20
and an atraumatic tip 21 for advancement through tissue. The distal end of the tool
accomunodates a stent 22 secured to the tool. After formation of the tissue tract as
described above, the stent is released within the tract where it remains as a stand alone

25 delivered stent 23 in FIG 4B.

Tn creating a tract with a microsurgical tool first placed into the suprachoroidal space
to form a tissue tract to connect to Schlemm’s Canal the tract is radially oriented in an
inward direction. A too!l may be used aligned parallel with the equator of the eye
having a flexible tip enable formation of the tract in a direction orthogonal to the long

30  axis of the tool. Alternatively, the tool may be aligned in the suprachoroidal space at
{cast partially directed toward Schlemum’s Canal and the tissue tract formed by
forward advancement of the tool. In an alternate embodiment, the microsurgical tool

may be advanced from the suprachoroidal space toward Schlemm’s Canal, and

continued to be advanced until the tissue tract connects the suprachoroidal space to
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15 has a distal tip configured to forma tissue tract. The tool is advanced
within the canal to a location desired for the creation of a tissue tract.
The tool is actuated to formthe tissue tract connecting to the
suprachoroi dal space. A stent-like device attached to the tool is released
to maintain the tract opening. The tool is renoved and the surgical access
site is thenasearetabpenarBherteguinsy pessietongld SciZ2OmRes €analng may FI G 4A- B,

there i s shown _anot her_m crqsurgi t ool which_.may used jin accordance
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20 removed and the access site is then sealed by any requisite method.

Referring to FIG, 3, there is shown a diagram of a tissue tract 17A connecting the
suprachoroidal space 17 to Schlemm’s Canal 16. The microsurgical tool 18 is
inserted in to the suprachoroidal space 17 to create the tract. The cornea 14 and sclera
15 are also shown.

25  The microsurgical tool should preferable accommodate features to allow for
orientation of the tract to be identified and controlled by the surgeon. The use of
known medical imaging systems to coordinate or verify the position and orientation of
the tract will aid accuracy and precision of tract placement. The imaging system
should allow for identification of the tissue target and the tool position while

30 minimizing the creation of artifacts into the image. Material selection and the use of
contrast markers known in the art of imaging may be utilized to provide the desired
imaging properties for the tools.

As previously described, the tract may optionally be filled with an implant to help

maintain the patency and fluid flow of the tract. The implant may be especially
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removed and the access site is then sealed by any requisite nethod. In
anot her exanple, the suprachoroidal space is surgically accessed and a tool
placed within the space. A microsurgical tool conprising a sheath and
trocar is used, wherein 15 the trocar has a distal tip configured to form
a tissue tract. The tool is advanced within the suprachoroidal space to a
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opt i onal | yoberiddblediateinls. Amtifibpitiamgedto sl g5 methointxaiiay sirblampsgtency and
fluid flow of the tract. The i;@l an}. ‘ﬂa\)//ﬁ’?re e$ﬁeci a&lvgcg advant ageous when
the tissuduqrpi@etl prd pasliaxel Py ReARRipd, orgisi@fed e fdqvice s amplaitved  or
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di ssection or penetration through an incision. The inplant may ‘al so extend
i nt o he miguefemsrapedai closphesd! matriged, Mams solsewbedike fnd beniskilpy achor oi dal
space to aid flujd, flow. Ref%r.rin ave

feat ur es LI5S ¥highmay changiifipig c ié]ilg?t%gﬁlg%%iaﬁeﬁ?%él%h@g%n‘%gt"i[‘%?lang hanber
or Wi t hi nqe96dy RAFEASn Ganddet nAy eipEsd aryitable idpldnt haweiag indledigked tip 26 to
ai d advancenent within the tract and fenestrations 24 to aid in the
di st ri butineilsgsudhy as stpinlespgieel, titanium, titantum alloys, cobalt-chrome alloys; a
polymeric material; ceramics, and carbon materials such as vitreous carbon. The
20  implant may also have surface porosity to encourage tissue ingrowth to provide
mechanical fixation of the implant or mechanical features to facilitate suture fixation.
Furthermore, a tubular device may incorporate multiple fluid outlets or fenestrations
along its length to provide for improved flow characteristics. This is particularly
important for an implant that resides in a tissue tract connecting the anterior chamber
25  to both the suprachoroidal space and Schlenmm’s Canal since the tract would
incorporate a flow path from the anterior chamber to both tissue passageways to
maximize aqueous humor outflow.
An expandable stent-like implant may be placed within the tract to enlarge the tract
diameter or provide fixation through mechanical means. The stent implant may be
30 compressed and released within the tissue tract, or expanded in-situ, for example, with
a balloon attached to the microsurgical tool. The stent implant may also incorporate
shape memory functionality to allow it to expand once placed into the tissue tract.

Furthermore, the microsurgical tool may be provided with an outer sheath that

comprises the stent implant which is left behind after the tool core is removed.
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The inplant may conprise an antifibrotic agent, space maintaining material,
such as 10 hyaluronic acid, tubular device, stent-like device or simlar

device to assure that the drainage tunnel renains patent. The inplant may
conpri se pernmanent or biodegradable materials. Antifibrotic agents such as
met hotrexate, sirolinus, 5- fluorouracil and paclitaxel, may be applied or
rel eased fThestes iteldnt maghbeipiqabdint a tissie hract foimeed batoten Hesuprphantdahmy be in
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chanber . ent i nplant ‘may be pre-sized based on pre-surgical inmaging
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stent may T%le %gocg UL ga?r%ls% l;elpaepfggnetdh a%tmciresz tl%ln%%g%e} Q)Eeoas may be required to

20  provide adequate drainage. In practice, the procedure may be performed on one or
more sites, and the patient’s 10P monitored post-surgically. If more pressure
reduction is required, then a subsequent procedure may be performed at another target
site. Multiple tissue tracts for aqueous humor drainage can thereby be created. The
tracts may all be created in a single operation by advancing of the microsurgical tool

25  and actuating it a plurality of times to form multiple tissue tracts from the first
passageway to the second passageway using a single surgical access site.
The following examples are presented for the purpose of illustration and are not
intended to limit the invention in any way.
Example 1:

30 Anenucleated human cadaver eye was used for this test. The eye was prepared by
removing any excess tissues around the limbus and replacing lost fluid until the eve
was firm to the touch. A rectangular scleral flap, approximately Smm wide by 4mm

long, was incised posterior from the limbus in order to expose Schlemm's Canal.
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Schl enmis Canal, the anterior chanber, or the suprachoroi dal space to
provide securenent of the inplant. Furthernore, the inplant can al so be
made to partially constrict the flowin the tract to provide a controlled
amount of flow restriction that would be |l ess than or equal to the 10

maxi mum flow in the tract. This may be acconplished, for exanple, by naking
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flexible ni | t ot i th tside di ameter . of i mat el
220" i or WS REGA G AR ATHEE P MR RALS FLTTHERE bt L B ommun cat | ng
el ement ?&gﬁﬁﬂ.ﬁﬁ%&%uﬁ@hﬁégﬁgﬁyﬂéﬁ@ HB@&1heA0F the AppleSnt, insHoMEican

e

Co-linear tot :
was made of the tissues to plan the access and route for placing a shunt from the

p—d

suprachoroidal space to the anterior chamber. A radial incision was made at the pars

20  plana and extending through the sclera to expose the choroid. A microcannula
(MicroFil, World Precision Instruments, Sarasota, FL) was employed. The
microcannula comprised of a 34 gauge fused silica core tube coated with polyimide.
The microcannula was inserted into the surgical incision in an anterior direction and
at a small angle with respect to the scleral surface. The microcannula was advanced

25 until the distal tip had penetrated into the anterior chamber. High resolution
uitrasound imaging confirmed the cannula placement in the suprachoroidal space and
extending above the ciliary body and penetrating the anterior chamber at the anterior
angle. The distal 15 mm of the cannula was then cut-off, remaining in place between
the anterior chamber and the surgical site. Fluid flow was seen at the cannula

300 proximal end. The proximal end was then placed into the suprachoroidal space and
the incision scaled with cyanoacrylate adhesive.
A perfusion apparatus consisting of an elevated reservoir filled with phosphate
buffered saline (PBS) connected to a 30 gavge hypodermic needle was uscd to perfuse
the eve. The infusion pressurc was set to a constant 10mm Hg by sctting the height of
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comuni cating el ement was a stiffening nmenber conprised of a stainless
steel wire 5 0.001" dianeter and a plastic optical fiber 0.004" dianeter. A
heat shrink tubing of polyethylene terephthalate (PET) was used to bundle
the elenments into a single conposite m crocannula. The plastic optical
fiber optic was incorporated to provide an illum nated beacon tip for

| ocal i zat i tha PBShresclveac GFhetrigpd\easasi thiaued nabegh s cageaintddtd noriqgower ed red

|l i ght | aser, diode source.. The m crocannula was inserted_jinto the 10 Gstia
of Schl enmfitémesdt ‘Flﬁlyeaacﬂ?é{‘f??éa pﬁTfB?'Fgfgf HounHes o rgeh AL RisAL efRnt  Of -

appr oxi matiglatiich 6f e dTOifIBAORNL, LAE nEAB B, HMEMEE Q6AREY! 11as, advanced

posterior 1nto the suprachoroidal space, formng a tissue tract for flow
of aqueouswirpmiusediive andieacidmurs. pTiod parfision versaeranmibdandtheeasi | y seen on

t he outside surface, .through the scleral walls duripg the procedure,
ai di ng Squi arEd Vi%‘_a]g’ca ‘?g"l‘f?‘pﬁbﬁ‘?‘l‘é%\'jﬁr_leéﬁ’f a%ﬁﬁthé’{@:?ﬁa\i?@’_re 188 algds pr epar ed
as in Exangbndlhe HeiriGhorbidl $ct, B@é@héﬁa‘tiﬁ% gl A %H‘agnér@%ﬁﬂb@’t%%ﬁé“

an was nade of the ti

devel oped by the applicant, an’'imaging s ssues to

pl an t he atpwshoranial space. eAfrestangudayisnrgicel Shp mas freated itrendsppretoas oi dal
space to trg ._ant.eriqr..chamber . f\ éadi al i.ncision was nade $t &he pars 20
pl ana and "EXPEHETG Wlﬂjr%?@&ﬁ“?ﬁg% P afgex B WS TeHaries and e

m er ocannuisdues(obb&vafi The iMWer 01PN GifSdeQRd kNS Ui BBt dal SHASAL@e FL) was
enpl oyed. The mcrocannula conprised of a 34 gauge fused silica core tube

coat edOwi tupiieerlyi staiers withrmethyileneddendrnanstiaiing e ntte the sspmchbweidalir gi cal

i nci si on i$ an anterior direction and at a small angle with respect to the
‘scleral su f&ce. The microcannul a was advanced 25 until the distal ti p had
penet r at ecExapiple 3:he anterior chanber. High resolution ultrasound inaging

confirmed the cannul a placenent in the suprachoroidal space and extending
above t he {95t WASPo5ERCd Huesdiids ¢ Sbukg nmplantnenesciise Schiempes Canaltthitheant er i or

angl e. The,distabiadb of, ER&L -off remaining in place
bet ween t Hgllaant er %op%fha‘{?%er aﬁﬁ%ﬁ@éﬂ%?&s&&?& P 4T E\ﬁg% seen at
t he cadfnullxagplet.oAiradibl iecision Wes npadexin telsupeib-wamotdl Embal Agash, i 0 t he
suprachor oi dal gfac(ﬁ a@g t he. i nc}gsﬂfi on scal ed with cyanoacryl ate_ adhesive.
A perf usi SR-PHEFERULE (B ARPISKIAYC YR 2Bq &/ depth oS efllemn's Crnadd The t h
phosphat e pobidfibierRths 8@ ihBigioh RBR)exEARRERaM fo%x?os%%@%ﬂ&h%%@?ﬁier m ¢ needl e
was used to perfuse. the eye. The infusion preSsure S se 0 a constant
10nnm Hg byitheost eutieg nivethh ehopoid lofrer. he scleral spur fibers were left intact.

A tubular implant comprised of polyimide tubing, 0.0044" ID x 0.0050" OD was

20  fabricated. The shunt tubing was split down the middle for a distance of 0.5mm. The

two halves of the tube were then folded back to create a "Tee" shaped flange at the

distal end. A bend of approximately 30° was made in the body of the tube, 0.75mm

proximal to the split. The length of the base of the "Tee" was 2.5mm. The proximal

end of the shunt was placed firstly into the SCS, then the distal end was placed into

25 the Canal such that the flanges of the "Tee" were positioned inside the ostia of the cut-

down, in order to stabilize the implant in-situ. The surgical incision was sealed with

cyanoacrylate adhesive.

A perfusion apparaius consisting of an elevated reservoir filled with phosphate

buffered saline (PBS), connected to a variable orifice flow meter and a 30 gauge

30 hypedermic needle was used to perfuse and determine aqueous outflow in the eye.
‘The contra lateral eye was prepared using a sham surgical procedure identical to the

implanted eye, but without placement of the tubular implant. The infusion pressure

was set to a constant [0mm Hg by setting the height of the PBS rescrvoir.




the PBS reservoir. The needle was inserted through the cornea into the
anterior chanber and the eye allowed to perfuse for 60 mnutes to reach
equilibrium An injection of 0.1 cc of nethylene blue was made into the
anterior chanber. The eye was perfused for another 4 hours. The perfusion
was term nated and the eye 5 exam ned visually. The scleral tissues were
stai ned wptf3:418h Rk enewld weuh toreappas:gmately D4 hours e véugt arleshoiqisous r act ,
denonstrating flow fromthe anterjor chanber to . th sbl%)rachqroi dal space.
A rect angalidlovseangriart e i55t s ith e e lgi STaTdalse ondhy 68 4Ei al

i nci sion gith ge?fgroxi mately 3 mnmmargins. The flap was retracted and the

ti ssues obS8YVEd The inner scleral surface and the outer choroi dal surface
were 10 umn foerd¥dessttmdie@xwhple Tehdydrénmell] udted @dbnstsraftperfysiohow i nto t he
suprachoroi dal space. Exanple 3: A test was rfor t.o evaluate a

tubul a¥ i mptadencBinadre MAYTSFFERIA e erlsar: P}Efg?et?f’ Ofgﬁ’g?ﬁc@f& %fgeél space. An
enucl eat e geyate] hitrios Bhdpdng 1. A
radi al i n%@ﬁ%@%@ﬂ%@émﬁ%@%‘%@éﬁgﬁ o-t e‘ﬁ%%?‘glﬁgﬁli %tg)aa%lfbp eéi on, the

i nci si on exdrends Riileevidpprafistatiag pf dersuprdheroidahspadeplemanstraing 8em s
Canal . The posterior end of the incision was extended inward to expose the
suprachorcfi‘i’éﬂﬂﬂhe "Witﬁff%&gmﬁt?ﬁrti ng into the choroid layer. The scleral spur

fi bers wer al,n%flg intact. A tubular inplant conprised of polyimde tubing,
0.0044" 1DX .0%'50" OD was 20 fabricated. The shunt tubing was split down
the miodl e\ fest asadadtsbeainiodExampl: Hwes pafiermedndn His oensrigrent.Hbe dUBRNSHESe t hen

fol ded back to create a "Tee" shaped.fl ange at -di dpend of
appr oxi matodlBe @g“‘ef\’éémﬂ]&ﬁtew?rﬁ n%(ﬂ%asg‘g'd};ﬂ%& néu% E%@%%‘%%ME%Q?% to the
split. Thep,£ngbBoobDt herhass abéordshit priedire WASORmIFWaT necdrThé mal  end of

the shunt 'was placed firstly into the SCS, then the distal end was, placed
into 25 t hperfosinalwaswtlowedh i Caneue Fopfydays gpd theaquaeisoufidow cRprGlyiBARY i nsi de
the ostia of the. -..d o d s t i{lkze the inplant in-situ. The
sur gi cal itﬁ%ieg‘?Wﬁ%@“g@%ﬂéﬁaas&ugﬁq%@néﬁ%gac% I é’ adhesi ve. A perfusion
appar gkus %B}Qﬂl@g_i ng of an elevated reservoir filled with phosphate

buf fered saline PBS%, connected to a vari abl esfg&i %&g {Iow ﬁgter and a 30
gauge 30 hygsbaedescabehindixempie’ weaaefgmys tihe B2 P IRE ¥ dhieous
outflow in.the eyg, efde RS Erof¥Rr YPP2 BRGERS Hld Wi Bikichsfiam
sur gi cal gﬁﬁ%%%%ﬁ%“ eent?nlgg(gti Yo the (ﬁ%ﬂr}%pl aFlt ed eye, But w t hout pl acenent
of the tubub@s InphaOS" OTheThadrus iod thepiTies's wees: approximately 0.02" long and
the base of the "Tee" was 0.2" long. The proximal end of the shunt was beveled and
70  small fenestrations were made along the length of the base of the "Tee" for better

distribution of fluid flow. The implant is similar to that shown in FIG. 5
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was set to a constant 10nmm Hg by setting the height of the PBS reservoir.
13 Perfusion was allowed to run for approximtely 24 hours, at which tine
t he agqueous outflow capacity of the test eye with the inplant was higher
than the control eye. Exanple 4. A test as described in Exanple 3 was
performed. After 24 hours of perfusion, 5 nethylene blue dye was injected
into the anterior chanber of the test eye. After another 24 hour period,
t he nethyl ene blue had cleared fromthe anterior chanber and there was

vi si bl e evidence of staining of the suprachoroidal space, denonstrating
flow fromh;ingcgl%@(ﬂsor chanber. Exanple 5: 10 A test as described in
Exarrpl e was perfornmed. In this experinent, the dinensions of the tubul ar
i mpl ant V\)er e ifveaprasases foirﬁa'llmlgrEMSucmsctcﬁforrth&h:nmﬁlratrﬁassagé\eaﬁonQ@g | D X

0. 0080" nst ant essure of s used. The
per f usi an%%gg%gkllﬂ%ég@o op %Sg%ﬁewﬁﬁén &81’3 %CW@W@]‘P{;% aa%‘ﬂd‘é‘t tflow
capaci ty mbxiitaend :ﬁﬁltdlﬂyleenm daltl tobleconippisAgta ﬂ&@ﬂaléﬂnﬁﬂﬂ@danﬁﬁlﬁ'lbchﬂ%@ control eye.

15 Exanpl e 6. described in Exanple 3 was performed. The fl anged
t ubul ar |%¥'5ﬁf t%é&.dt diftahgd @l baving HhP B eeT ipthe rapge of aboui T nmbeirt of 72

Shore D, mnd nﬂbt@iﬁ?%%ﬁl s‘iﬁd A&it10 ﬁucrbg?iniﬁulg cgﬁg?segg ro r[?:%d g{rgﬁmg% d%staq " Tee"

were approxinmately 0.02" |long and the base | ong. The
proxi mal teweines whisl farmsiseidwsialisad ef ssid woti 20 smal | fenestrations were nmade

along the | en he 1 Tee for di stribution of fluid
Flow Theti ol aeBparbtd® alRinglo RS 1 KiSreit S RPLSHeprishs Gcaieh el ai rred 1.
1. An apmdammnfembef ormng a tissue tract fromw thin a first passageway
of an ey§ co ecti n to a econ(gl passageway . in the e conprising an

t oo

el ongat e aPPFr Us 3eq9 I%TO AR A mdrerginstaid O%Wdheaééilscﬂftxéﬁﬁ achippt i sing a

flexible lm&mﬂ;@nummgsatﬂ%siurapﬁgmtmangad%aeeiﬂs]%ﬁlt al end and having an
outer dianeter_in the range of about” 50 to about 1000 m crons wherein said

f1exibl e 4micr &‘Sﬁﬁi’.ﬁraw&mrdlwg) Glaimpy) Mdie@m&m@mnutm@nluhrmwbe reeovadnus whi ch

wher ei n Sal t ool conpri SES an ou
5. The apparatus according to Clalm | wherem said fiexible microcannula

additionally comprises a lubricious outer surface coating,

6. The apparatus according to Claim 1 wherein said tool comprises a mechanically
cutting tip at said distal end.

7. The apparatus of according to Claim 1 where said tool has the capacity to direct
tissue ablative energy from said distal end.

8. The apparatus according to Claim 7 wherein said energy comprises laser light,
radio frequency energy or thermal energy.

9. The apparatus according to Claim 1 wherein said distal tip is visible by imaging to
enable image guidance during formation of said tract.

10. The apparatus according to Claim 9 wherein said imaging comprises ultrasound

or optical coherence topography.

15




and i nner nenber. 3. The apparatus according to Caim2 wherein said outer
sheath is flexible and said inner nenber has a higher flexural rigidity
than said outer sheath. 4. The apparatus according to Claim3 wherein said
i nner nmenber may be renpbved and exchanged with anot her inner nenber during
use of said apparatus in the eye. 5. The apparatus according to Claim1l
wherein said flexible mcrocannula additionally conprises a |ubricious
outer surface coating. 6. The apparatus according to Claim1 wherein said

t ool conmptli seslhs appaRAApewrdips th‘Sllﬂtnil havherein seid distabtiplternprisesaoptival The
apparatu 2 Cor.ql : I r Ioh & has the capacity to

di rect ?Oiegésol?taavq %gﬂegin?%e&%ﬁ@rbgé%éogvnﬁﬂ%g%§"3%rsltt§aﬁg%eshd.. 8. The apparat us
accordi ngl2t o Jhziappatatnk ecerdingti Claim & figthec comyprisigsa spasemalritghing radi o
frequency_enerqy.or, thermal energy. 9. The apparatus according to Claim1l
wher ei n snéziﬁ%”%i%gfrﬁl?la?tir}gr ﬁgce\ﬂegfgﬁgmlﬁldi #44ing to enable i mage gui dance
during forBmat e appars@k Bedofdgd to Gifim TRAeRRPAL Pl EPcAGRRESB e KAl M 9
wherein said | magi ng conprises ultrasound or optical coherence topography.
15 11. THBSSEGS oAy Beerelegiic disteetion erdiseyenenctiatither ei n sai d distal tip conprises
an opticaly b Y rergi Lon 1. h _scl.eral
sotes. o, Th S Py A o B RS

space- maicomgripgsngyaluraniermcidl or i npl ant for placement within said tract. 13.

The appar,at us cording to aj m. 1 rein said tool conprises neans for

bl ant i Ssecrer g acepulid o Y hel LE bR Rin S fspauaiitis SEGH 14, The
appar at usoaptisgsdinngtitfibréicedgehtl 2 wher ei n sai d space-nai ntaining materi al
conpri ses. hya[l uroni c acid. 15. The apparatus, according to Caim 12 wherein
sai d spad@: nailhE APPATHYS AeceElinglo c‘é’ﬁhb'{)wg"é§méﬁ1dd’ﬁiliﬁblf?t!frftﬂelﬂc agent. 16. The

appar at UsoRGAgidhdiothRafel fIcMaksl, YAGES! Racttdrdirgfihls f broti ¢ agent  conpri ses
nmet hotrexate, paclitaxel,” 5 fluoro uracil or sirolinus. 17. The apparatus

of accordi’ng tlbeepparamsof achendiigrio Sddink primeeinuaid spacrimintaimirgrmatbrial conpr i ses
an anti - tcgﬁ]gﬂpe%tah%nff%%botic agent.

18.  The apparatus according to Claim 17 wherein said anti-thrombotic agent

comprises heparin or tissue plasminogen activator.

19.  The apparatus according to Claim 12 wherein said implant comprises a tube or
stent-like device.

20.  The apparatus according to Claim 12 wherein said implant comprises stainless
steel, titanium, nickel titanium alloy, cobalt chrome alloy, ceramic, carbon, or polymeric
material.

21.  The apparatus according to Claim 12 wherein said implant is capable of changing
configurations when delivered in the eye from said apparatus.

22. An apparatus according to claim 12 wherein said implant comprises an implant for
placement in a surgically formed tissue tract in the eye between the suprachoroidal space
and Schlemm's Canal, wherein said implant maintains the space of said tissue tract and
provides a path for aqueous humor flow through said tissue tract.

23. An apparatus according to claim 12 wherein said implant comprises an implant
for placement in a surgically formed tissue tract between the suprachoroidal space and
the anterior chamber, wherein said implant maintains the space of said tissue tract and

provides a path for aqueous humor flow through said tissue tract.
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18. The apparatus according to Claim217 wherein said anti-thronbotic agent
conpri ses heparin or tissue plasm nogen activator. 19. The apparatus
according to Claim12 wherein said inplant conprises a tube or stent-like
device. 20. The apparatus according to Caim 12 wherein said inplant
conprises stainless steel, titanium nickel titaniumalloy, cobalt chrone
all oy, ceramc, carbon, or polyneric material. 21. The apparatus according
to Caim wherein said inplant is capable of changing configurations
when del i ¥er ed HerfPpaatus pecordipgicsglam 3p pa? hivhereingbe intplanfispmprisass accor di ng
to clal m e BRied iyisdh bRl Ao ABARRIeS 65 ciBlkd JIR kilicd: OoamPhACETeNt 11 2
surgically forned tissue tract 1 n the eye betesn e suprachoroi dal space
and Schl etmbiler dexival or amtentdika dedea i npl ant mai ntai ns the space of said

ti ssue tract d rovides th for,aqgueous hupor flow through said

i ssue ¢ e . 0% onRS SRR B aist o AL SRS RY P R SPBPHSS |l an
conpr i sessudude,iaPingé\tor aftRsuefth@e @esifabdtodprodl d0tiGas kiXatdRr degidtindRHEnt I act

bet ween t he suprachoroi dal space and the anterior chanber, erein said

i npl ant m@Hf%Ffns the space of said tissue tract and provides a path for
aqueous higror | ' . r.atus
according to g?%?%?%%&ggaggﬁa%g}gkﬁﬁ?%8}%ﬁ%ﬁ%ﬁ%q%%ﬁgﬁggggﬁBﬁggrospheres,

m cr opar tstaikless stegl, ¢itapfurhaitaniuopdny cobdl dsee ckoy, ceratnié, cebon boam gel , a

t ubul ar i stent-1ike device. 25. The apparatus according to

d ain122q%¥h§§kﬁﬁ%?@?h the inplant conprises a suture, a flange, or a
tissue i My owtThesppdrame adcordiiio Claint 23 6LES Wheraihitdlinglaf abfipiigmlaant in  said
tract. 26.. The qﬁgar fus %gcordinP to Claim?22 or 23 wherein the inplant
conpr i sesiodseradabla o8 bigprodpble mafesiaf um  ti t ani um al I oy, cobalt chrone all oy,
ceram c, wgar bohe@hpark@ i i Y ing to

Qo m 22 o 2 e e o s e PRAp Bkt Sad

bi oer odalng-fipsetérmaterialp8. The apparatus according to Caim 22 or 23 wherein
the inplant conprises an anti-fibrotic material. 17
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