SO N R

i~

10

15

20

25

30

3s

This invencion is a hybrid intrastromal corneal
zing ("ICR") coﬁp:ising at least one cuter layer of a
physiologically compatible polymer having a low modulus
of elasticity, which polymer may be hydratable and may be
hydrophilic. The inner pertion.of the ICR may be hollow
or may contain one or more physiclogically compatible
polymers. '

Sackaround of the Invension

Ancmalies in the overall shape of the eye can
cause visual disorders. Hyperocpia ("farsightedness”)
occurs when the front-to-back distance in the eyeball is
teo short. In such a case, parallel rays originating

' greater than 20 feet from the eye focus behind the

retioa. 1In contrast, when the front-to-back distance of
eyeball is too leng, myopia ("nearsightedness®) occurs
and the focus of parallsl rays entering the eye occurs in
front of the retina. Astigmatism is a condition which
occurs whqg the parallel rays of light do'no: focus to a
single point within cthe eys, but rather have a variable
focus due to the fact that the cornea is aspherical and
refraces light in a different meridian at different
distances. Scme degree of astigmatism is normal, but
whare it is pronounced, the astigmatism must be
corrected.

Hyperopia, myopia, and astigmatism are usually
corrected by glasses or contact lenses: surgical macnods
for the correction of such discrders are known. Such '
mecthods includeé radial keratotomy (see, e.g., v. S '



Field of the Invention _ This invention is.a hybrid
|ntrastronal‘eorneal ring ("ICR') conprising at | east one outer |ayer
of a-10 physi ol ogi cal | y conpati bl-e pol ymer having a | ow nodul us of

el asticity, which polynmer may. be hydratable and may be hydrophilic. The
I nner portion of the ICR may be hol | ow or may contain one or nore

phyS|olog“R§§bM3g@npat|b[e - pol ymers. Background of péfig:shiygeiyol ON
Anomalies in the overall shape of the eye can cause V|sual di sorders.

Hyper opi a ("farsightedness") occurs vdren the front-to-back distance in
the eyeball is 20 too short. 1In such a case, paraIIeI rays orlglnatlng
greater than 2Q feet fromthe eye focus behind retina. In

contrast, when RA@BESoNCB:L o4plLR 463 13Rk &L 588, 57°)e9§5a}¢5¢§ qqrneadng,
nyopi a (" near siagglatdans s hepceugs, U.S. agtdnteNbocuss o, ogapl | el rays

cond thon whi ch - oocaRetRaz mRbe Rod MrkBLL iRy, cafhe WRORE 0
a _ is chrough the implantacion of polymeric rings in the
5 eye’'s corneal stroma to change the curvatura of the
cornea. Previous work involving the implancation of
polymechylmethacrylate (PMMA) rings, allegraft corneal
tissue, and hydrogels is well documented. One of the
ring devices involves & split ring design which ig
10 {nserted into a channel previoudly dissected in the
 stromal layer of the cornea. A minimally invasive
incision i3 used both f£or producing the channel and for
implan:ing the implant.
The use of ICRs made completely of corca;n
1S hard, hydrophobic polymers is kmown. For instance, in
the article "Intrastromal :mplan:acibn Eines Juatierdaren
Kunstecofforings Zur Hornhautrafraktionsanderung®,
. Hartmann et al., - ’
pages 465-475, the use of intrastromal ring implants of
20 rings of silicone, polymethylmathacrylate ("PMMA®), and
flucrocarbons ("TEFLON"). Other disclosures of the use
of PMMA in such intrastromal rings is found in U.S.
Patents 4,452,235 to Reynolds; 4,671,276 to Reynolds;
4,766,895 to Reynolds; and 4,961,744 to Kilmer et al.
25 These documents do not suggest the use of rultiple layers
of Aiffering materials in the ICRs. |
The use of 30ft polymers as intrastromal
inserts is not widely known. For instance, U.S. Patent
No. 5,090,955 to Simon, suggescs an ICR which is made by
30 introducing a settable polymer into an intrastromal
channel which has been previocusly made and allowing the
polymer tc get. This procedure does not allow the
surgecn to specify the size of the resulting ring nor 1is
it a process which allows coatrol of the flowing polymer
35 within qhe'eye;
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si ngl e point mnthln the eye, but rat hey have a varlable focus due to

t he- fact that: the cornea i.n aspherical” and refracts litght in a :
different neridian at different 30 distances. Sone degree of astigmatismis
normal , but where it is pronounced, the astignmatismnust be

cofrected. Hyper opi a, nyopia, and astigmatismare usually
corrected-by gl asses or contact |enses. Surgical nethods 35 for the,
correcti OWOH/@2h di sorders are known. Such met hods iREI/LS83/0%E3M0al
kerat ot onmy (see, e.g., U.S. .3. o

Temizrov gf al, "Refractive circular tunnel
keroplaa:y in the correction ot'high myopia*, Vestnik
ot:almologii 1991: 3-21-.31, guggeats the use of collagen
thread as ICR material.

5 They specifically do not suggest the use of
goft or hydrophilic polymers insertable into the cornea
as ICRs.

Summaxy of the Invention
10 This invention is a hybrid intrastromal corameal

ring comprising ac least one outer layer of a soft, low
modulus, often hydrophilic, phyeiclogically compatible
polymer. . .
The porticn of the ICR inside that cuter layer
1S may be hollow and adapted to be fillable with a biologic
agent, drug or other liquid, esmulsified, or time-release
eye trsatment material. The inner portion may comprise
‘ variocusly a core of a high modulus, physiologically
compatible polymer or a further composite of a low

20 modulus polymer or a high modulus polymer core or a high
modulus polymer or a low modulus polymer core. The inner. .
portion may comprise a polymaric material which is
polymerized iz situ aftar in:raduccion into a holloew
centar layer.

28 - The term "high modulus polymer* is meant to
include physioclogically campatible polymers such as PMMA;
TEFLON; certain longer chain silicones; polycarbonate;
and polyolafins such as polyethylene, polypropylene,
polybutylene, their mixtures cor other polyolefin

30 interpolymers. The term "low modulus polymar® is meant
to include physiologically ¢ompatible polymers and
hydrogels, such as polyhydroxyethyl methacrylate ("poly-
HEMA") or polyvinylpyrrolidene ("PVP") or elastomeric
materials and biologic polymars such as crosslinked

38  dextran, hyaluronic acid, and hepazin or the like. The
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abl ati on (see,

net hod for corr
pol yneric rings

ts Nos. 4,815,463 and 4, 688, 570) aiid I aser” ¢or neal
e g., US. Patent No. 4, %41, 093). - Anot her

ecting those disorders is through the inplantation of
inthe 5 eye's corneal stroma, to change the curvature of

t he cornea. Previous work involving the inplantation of

pol ynet hyl met hacryl ate (PMVA rings, allograft corneal ti ssue, and

hydr ogel s w® ygbdrzdocunented. One of the ring devices i nyefXR9e3 A7 I|t
ring design which is 10 inserted into a channel previously dlssecte

t he stromal |ayer of the cornea. A mint#mlly invasive ‘i nci si on |n
used both for producing the channel and for ‘inplanting the inplant.

The use of ICIG
is known. For
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the type which is sufficiently cross-linked such that

they do not swell upon contact with water (and subsequent

hydration) or of the type which swells when hydrated.

Additionally, the class of low modulus polymers is meant

to include elastomeric polymers, e.g., latex rubber,

colloids of polyester and polyether, polyurethanee, lower
molecular weight silicones, isoprene, and the like, which

are stable and physiologically compatible. Finally, the
low modulus polymer may be a reinforced hydrogel such as
an interpenetrating network of polymarized vinyl |
pyrrolidone and methyl methacrylate. '

Qur ICRs may be implanted into the stroma using
a number of kaown techniques. If hydratable polymers are

used, they may be hydrated before or after introduction
into the intrastromal passageway created by the surgical
device used to iatroduce these devices into the eye. If
the cuter layer is hydrated before insertion into the
eye, the final size of the ring is set before that
insertion. If tha hydratable polymers are allowed to
hydrate wichin the corneal space, the device (if
appropriate polymers are chosen) will swell within the
‘eye to its tinal size. 1If prehydrated, the outer layor
often provides a measure of lubricity to the ICR,
allowing it to be inmerted with greater ease. Other of
the noted low medulus polymers may also provide such
lubricicy. :

This invention allows for adjustment of ICR
thickness and diameter and provides a softer interface
between a harder polymer core and corneal tissue.

Ty
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35

Pigure 1 i3 a schamatic illustracion of a
horizontal section of the eye.
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the article "Intrastromal |nplantation Lines Justierbaren
Kunst st of f ori.ngs’ Zur Fbrnhautrefraktionsandeung", * Hartmann et al.
' pages 465-475, the use of intrastromal ring
i pl ant's of 20 rlngs of silicone, polynethylnethacrylate ("PMVA"), and

fluorocarbons ("TEFLON'). O her disclosures of the use of PMMA in such
intrastromal rings is found in U S Patents 4,452,235 to Reynol d;
4,671, 276w | ds; 4,766,895 to Reynolds; and 4,96 Kol mer
ef al. 25 G%ﬁggremdocurrents do not suggest the use of rrultigggﬁﬁg;@rijq

of differing materials in the |ICRs. -5- The use of soft polyners
as intrastronal inserts 1s not wdely known. For instance U. S. Patent
No. 5,090,955 to Sinon, ggsstﬁ an |CR which is _nmade b i nt roduci ng a
settabl e polyner into an FRstr dftaf Schemagis, ddlugfra 1ﬁﬁs°%e%hﬁ

previ ously nmadanmesigiz @m:mgonhet the eys whowing e vaBisud’ Dopsky @gdoes

not allow the @@on to specify the size of the resulting ring nor is
it a process Mhlg% al oms control of the flowi ng polyner 35 wthin the
“eye. Figure 3 shows the step of inserting the

S 1nventiva ICR through an incision in the cornea.
Figure 4 showa, in pgrtial crogs-gection, the
anterior portion of an eye with the hybrid ICR installed.
Figures SA and 5B show, in cross-section,
. respectively, an unhydrated and a hydrated ring in which
10 the hydratable, 1ow modulus polyme: is placed on only two
surfaces. :
Figure 6 shows in croaa-eection an unhydrated
hyhrid ICR in vhich the hydratable, low modulus polymer
completely coats the ring.
18§ Pigure 7 shows a multiply coated ICR.
Figure 8 shows, in cross-secticn, an ICR
comprising a swellable, low modulus polymer.
. . Figures SA and $8 show, in cross-section, an
ICR comprising a fillable ghell which is nonhydrated in
20 Figure SA and hydrated and swollen in Pigurelss. The
Figure 9B ICR contains a fluid. '
Figures 10A and 108 :hov a baffled soft ICR
Pigure 11 shows an end-to-end ICR connector
which permits intreduccion of drugs'cr 4 settable
25 'polyme:.
Reacxipsion of the Invention
Prior to explaining the details of the
inventive devices, a short explanation of the physiology
30 of the eye is needed to appreciate th- functional |
ralationuhip of the ICR to the eye.
Figure 1 shows a horizontal cross-section of
the eys with the globe (10) of the eye resembling a

sphere with an anterior bulged apherical portion
as reprnaencing the cornea. (11).

< This Sheet Has Been Repl
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Temirov et al, “Refractive circular tupnel keroplasty in the
corriection of, high nyopia", Vestnik Oftal nol ogii 1991: 3-21-31,

suggests the use of coll agen thread as ICR material. 5 They
specifically do not suggest the use of

WO 94/03129 | PCT/US93/07339

The globe (10) of the eye copsists of three
concentric coverings enclosing the various transparent
media through which the light musc pass before reaching
the light-sensitive retina (12). The cutermost covering

§ is a fibrous protective portion the posterior five-sixths
' of which im white and opaque and called the sclera (13),
and scmetimes referred to as the white of the eye where
vigible to the front. The anterior one-sixth of this
. oucer layer is the transparent cormea (11).

10 A middle covering is mainly vascular and
nucritive in function and is made up of the choroid,
ciliary body (15), and iris (20). The choroid generally
functions to maintain the retiaa (12). The ciliary bedy
(15) ‘is involved in suspending. the lans (17) and

15 ‘accommodation of the leng. The iris (16) is the most

 anverior portion of the middle covering of the eye and is

: arranged in a froantal plane. It is a thin circular disc

. gimilar in function to the diaphragm of a camera, and is
perforate near ite ceater by a circular aperture called

20 the pupil (20). The size of the pupil varies to regulate
the amount of light which reaches the retina (12). It
contracts also to accommbdaticn, which serves to sharpen
the focus by diminishing spherical aberraticn. The iris

~ divides the spacs between the cornea (1l1) and the lena

25 (17) into an anterior chamber (21) and posterior chamber.
The innermost portion of covering is the retina (12),
consisting of nerve elements which form the true
rocep:ivo pczcicn for visual impressions.

The retina (12) 18 a- plrt of the brain arising

30 as an ocutgrowth from the fore-brain, with the optic nerve
(23) serving as a fiber trace conaecting the retina part
of the brain with the fore-brain. A layer of rods and
cones, lying just beneath a pigmented epithalium on the
anterior wall of the retina serve as visual cells or

35 '
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soft or hydrophilic polymers inseftable into the coinea as ICRs.

Sunmary of the I'nvention 10 AThis inventian i.s a hybrid .

i ntrastromal -cor neal ring conprising at |east one outer |ayer of-a
soft, |ow nodul us, often hydrophilic, physiologically conpatible

pol yner. The portion of the ICR inside that outer |ayer 15
may be, hol Fow and adapted to be fillable with a biologic agent, drug
or ot her lwguigh3tmul sified, or tine-rel ease eye treat hn% r| aI
The inner portion may conprise ~variously a core of a h?@ﬂ

physi ol ogi cal | 'y . conpatible polynmer qr.a further conposite of a Iom120
nodul us_pol yner or a hi gh nodul us pol yner core or a high nodul us

pol ymer or a | ow nodul us pol yner core. The inner portion rmay conprise
a polynﬁr:f napaotarembpebréswnicﬁzqnﬂqymamthdyhgﬁsitéh g§ﬁ”lﬁght3dFCtlon
into a holl ow r 5 e term "hi gh nodul us

ool yrrer - 4nco gS@&S 1 Fdes.

The vicreous body (24) i3 a crangparent

gelatinous mass which £111s the posterior four-fifths ot

5 the globe (10). At its sides it supports the ciliary
body (15) and the retina (12). A frontal saucer-shaped
deprassion houses the lens.

The lens (17) of the eye ig a :ranaparené bi-

_ convax body of crystalline appearance placed between the

10 4iris (16) and vitreous body (24). Its axial diametaer
varies markedly with accommodation. A ciliary zonule
(25), consisting of transparent fibers passing between
the ciliary body (15) and lens (17) serves to hold the
lens (17) in position and enablas the ciliary muscle to

15 act on it.

Roferring again to the cornea (11), this
cutermost £ibrous transparent coating resembles a watch
glass. 1Its curvature is somewhat greater than the rest
of the globe and is ideally spherical in nature.

20 However, often it is more curved in one meridian than
another giving rise to astigmacism. A central third of
the cornea is called the cptical zone with a slight
flattening taking place oucwardly thereof as the cornea

) thickens towards its periphery. Most of the refraction
- 25 ¢f the eye takes place through the cozrnea.

Pigure 2 is a more detailed drawing of the
antarioxr portica of the globe showing the variocus layers
of the cornea (11) making up the epithelium (31).
Epithelial cells on the gsurface thareof function to

30 maintain transparency of the cormea (11). Thase
epithelial cells are_rich,in glycogen, anzymes and _
acetylcholine and their activity regulates the corneal
corpuscles and controls the transport of water and
electrolytes through the 1amallaé of the stroma (32) of

35  the cornea (11). '
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i ncl ude physi ol ogical ly conpat i bl'e " polyners such as’ PMA TEFLON

certain | onger chain silicones; polycarbonate; and -pol yol efi ns:- such as

pol yet hyl ene, pol ypropyl ene, pol ybutyl ene, their m xtures or other

pol yol efin 30 I nterpolyners. The term "Il ow nodul us polyner"” is meant

to include physiologically conpatible polyners and hydrogel s, such as

‘pol yhydr oxyet hyl net hacrylate ("poly- HENVA") or pol yvi nyl pyrrolidone

(¥ PVP") onRy ric mat eri al s and bi ol ogi ¢ pol ynmer sgsulak «

crossl|nkedsggﬁgpg§xtran, hyal uroni ¢ acid, and heparin or tRé*ﬁﬂ%gﬂh3¥%e
-3-

An anterior limiting lamella (33), referred to
as Bowman’s membrane or layer, is pesitionsd batwaen the
epithalium (31) and the stroma (32) of the cornea. The
stroma (32) ie made up of lamellae having bands of

5 . g2ibrils parallel to each other and crossing the whole of
the cornea. While most of the fibrous bands are parallel
to the surface, some ars oblique, especially anteriorly.
A posterior limiting lamina (34) is referred to as
Descamet’s membrane. It is a strong membrane sharply

10 defined from the stroma (32) and resistant to
_ pathological processas of the cornea.

The endothelium (35) is the most posterier
layer of tha cornea and consists of a single layer of
cells. The limbus (37) is the transition zones batween

15 the conjunctiva and sclera on ths one hand and the cornea

' (11) on the other.

. Pigure 3 shows the completion of the step of

'1n¢otting the hybrid ICR into the corneal stroma.
Techniques such as that shewn in our copending

20 application serial no. 07/867,745, are auitablp for
preparing the eye and inserting the ICR into the
appropriately prepared interlamellar stromal channel.
Generally the ICR is installed in the following manner:

A small radial incision is made at the corneal radius in

25 which the ICR is ultimately to be installed about the
cornea. A dissactor in the form of a split ring having a
point suitable for producing the interlamellar channel in
the corneal stroma is introduced into the stromal space
through the small incision. It is then rotated in such a

30 fashion that a genarally circular channel is formed
completely encircling the cbran; The dissactor is then
rotated in the opposits direction to withdraw it from the
tunnel or channel thus formed. An ICR is then introduced
into the circular' channel and jotnod at its ends. Hybrid

as —

T ——————— e
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- 4- | ow modul us hydratabl e polyners, in any case, may be of “the

type which is sufficiently cross-1linked such that . they do. not swell
upon contact with water (and subsequent - ~  hydration) or of the type
whi ch swells when hydrated. 5 Additionally, the class of |ow nodul us
polymers is neant to include elastoneric polyners, e.g., |atex rubber,
col l oi.ds of pol yester and pol yet her, polyurethanes, |ower nol ecul ar

wei ght si WQ 8483129 soprene, and the |ike, which are st BETA 9347339
physi ol ogi cal | y conpati bl e. Finally, the 1 | ow nodul us pol yner may be a
rei nforced hydrogel such as an’interpénetrating network of polynerized
Vi nyl pyrrol-idons and net hyl nethacrylate Qur | CRs may

be inplanted i t of knomn t echni ques. |f
hydratabfe po|3%§§%r§§§?ﬂ TNy hyarBedd D& yrars A nes E HLJue

periphery are typically slippery and consequently may be
incroducsd into the interlamsllar tunnel with great case.
It is usually desirable to (at least partially) hydrate
5 the hybrid ICR in that, otherwise, the ICR during ics
traverse through the tunnel may desiccate the path and
begin to stick to the ianterior wall of the tunnel. The
ICR may be lubricatad with suitable ccular lubricants
such as hyaluronic acid, methylethyl cellulose, dextran
10 golutioms, glycerine solutions, polysaccharides, or
oligosaccharides upon its introduction to help with the
insertion particularly if one wishes to insert the hybrid
ICR without any hydration. '
Figure 4 shows, in cross-section, the antezrior
P por:icn of the eye with the hybrid ICR (50) ingserted.
Subsequent to the insertiom, the ICR (50) will swell to
its fipal size or thicknees (53) within the eye. This
. swelling permits the inmclusion of larger ICRs than would
normally be accommodated within normal sizaed intrastromal
20 channels.

Figure SA shows in cross-section the hybrid ICR
having inner and ocuter faces (54) coamprising polymn:s
having low moduli of elaaticity. Low modulus polymers
are those having a modulus Of elasticity below about 3,5

25 kKpsi, more preferably between 1 psi and 1 kpsi, and most
preferably between 1 psi and 500 psi. They must be
phytiologiéally'cempatihle with the eys. Most polymeric
magterials used in goft contact lenses are suitable for
the ocuter layer contamplated in thig iavention. 1In

30 addition, the clasa includes physiologically compatible

| elagtomers such a polyacrylates, silicones, isoprene, and
the like. Additicnally, low modulus polymers include
biologic polymers such as crosslinked dextzan,
crosslinked heparin or hyaluronic acid.

35
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15 wused, they nmay be hydrated before or after introduction |nto the
i ntrastronal passageway created by thedsurgical devi.ce used to -

i ntroduce these devices into the eye. |If the outer |ayer is hydrated
before insertion into the eye, the final size of the ring is set
before that 20 insertion. |f the hydratable polyners are allowed to
hydrate wi:thin the corneal space, the device (if appropriate polymers

aire choseYORA®31 el | within the eye to its final siz&CT{§S93/07339

prehydrated, the outer |ayer often proyides a neasure of lubricity to
the ICR 25 allowing it to be inverted with greater ease. Qher of

the noted | ow nodul us polyners nmay al so provi de such lubricity. .
This invention all ows forThadj imemrpcxn‘idrﬂar care { 56 © kawe sshowidl (& anet er

oD ey o5, 2, ke SR 2y alhr BN SaBERELE YL ST,
a = algh modulus of elas:icicy A high modulus of
elasticity is considered to be greater in value than
5 about 3.5 kpsi, preferably 5-12 kpsi, and most preferably
8-10 kpsi. These polymers are typically stiffer and may
be materials such as polymethyl methacrylate (PMMA),
TEFLON, longer chain silicone polymers such as are used
in hard contact lenses. Additionally, suitable polymers
10 include polycarbonates; polyolefinsg such as polyethylene,
polypropylene, and polybutylene, thair mixtures and
polyolefin interpolymers, block copolymers and the like.
: _ The extent to which the outer layers swell upen
‘hydration ig depeandent upon the type of polymer chosen
1§ and, when the polymar is ‘hydratable, upen the amount of
c:oss-linking found in the outer layers (54), and on the
thickness of the layesr. Generally spenking, the more
. ‘highly linked the hydratable polymer, the smaller the
amount of volume change upon hydration. Conversely, a
20 pclymn: having only sufficient cross-linking for strength
in the gervice in which this device is placed, will have
a somewhat lower lavel of croas-linking. Alternatively,
a substantially nonswellablae polymer system may be formed
of a hydrogel physically interpenstrated by another '
2S polymer which does not hydrate, e.g., polyHEMA. See,
polyacylnitrite. '

The thickness of the outer layer depends in
large function upon the intended use of the ICR. For
inscance if the outer layer ie to be used as a container

30 for an inner volume of a settable polymer or drug, the
cuter layer may be relatively thicker. If the ocuter
layer is uged to provide a swellable cuter layer which
does not add significantly to the size of tha ICR or is
used functionally as a lubricant layer, the other layer

35
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hori zont al - seCtlon of "the’ éye. ' o | _
-5- - ' Figure 2 is a’ schematic illustration of the anterior

portion of t he eye showi ng the vari.ous | ayers of t he cornea.
Figure 3 shows the step of inserting the.

WO 94/03129 _ PCT/US93/07339
-11- '

may be quite thin even to the point of a layer of minimum
coverage, perhaps as thin as a moleculae thick.
' Figura 5B shows the bybrid ICR of Figure S5A
after it has been completely hydrated and the polymer
S faces (54) have swollen to their largest extent.

The invantive device shown in Figures 5A and 5B
may also be used in the instance where a low modulus
covering is not placed over the entira cutside gurface of
the ICR. For instance, to alleviate astigmatism, an ICR

10 having a thick portion and a thin portion may be desired.
An ICR having an inner core of a high modulus polymer and
an outer covering of a swallable polymer might ba chosan.
The surgeon would remove a portion of the ICR’s exterior
coating or face prior to introducing the ICR into the

15 eye. Such an ICR and its use are described more fully in
Serial No. 07/939,492. |

Figure 6 shows a hybrid ICR in which the core

' (56) is of high modulus polymeric material such as
mentioned above. In this variation the oute” surface is

20 completaly coated with a swellable polymer or polymeric

- gel such as those discussed above. Again, the
composition of cuter covaring (58) may be of a hydratable
polymer system which is sufficiently cross~linked that
the polymer does not swell appresciably upon hydration.

25 Alternatively, the covering (56) may be cross-linked only
80 zuch as to allow substantial swelling of the outer
covering eithar before or after insertion into the eye.

Figure 7 shows another variation of the
inventive hybrid ICR. In this variant of the inventive

30 hybrid ICR, the inner high modulus cors (56) is
surrounded by more than one layer, spacifically, an
intarmediate layer (60) and an outer layer (62). This
hybrid ICR may be appropriate when the outer layer (62)
is difficult to bond to the core (56). An intermediate

35
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S inventive | CRithrough an incision in the cornea. . . Figure 4
shows, in partial cross-sectiom, t he anterior portion of an eye with

the hybrid ICR install ed. Fi gures 5A and 5B show, in
cross-section, respectively, an unhydrated and a hydrated ring in which
10 the hydratable, |ow nodulus polyner is placed on only two surfaces. -
Figure 6 shows in cress-section an unhydrated hybrid ICR in which the
hydr at abl WO $483¥8dul us pol yner conpl etely coats the riRgl/U$33/07339
Figure 7 shows a nultiply coated |CR 12~ . Figure 8 shows, in
cross-section, an ICR conprising a sméllable, | ow nodul us pol yner .

Fi gures 9A and 9B show, in cross-section, an |CR conprising a fillable
shel |- which is qﬁﬂﬂy ety € drmid B 2 [ r en in

Fi gure 9B. Thel' gﬁ%ﬂrgh%%nlggpdggﬁ?g?ﬁgﬁgﬁ%fﬁggg_QB?? iﬁﬁléa“gde Fi gures

10A and 108 shcWSamhHaME, (637 TpYrbe used. Intermedipglrtayer stifils an
end-to-and | CR typitadlyr would nbtcCbe perpalyindz WhidHCbwall $f aphirias ad1 ya
settabl e upon hydration lest it split outer layer (€2). Outer
5 layer (62) may either swell upon hydration, as is shown
in Figure 7, or may remain at approximately tha same size
upon hydration if a suitably low modulus polymer system
is chosen. .
Figure 8 shows an ICR made of a low modulus,
10 hydratable polymer such as those digscussed above. Since
these polymers often lose substantial mechanical strength
' upon hydration, these ICRs would be inserted into the
intrastromal space prior to being hydrated or with the
assigcance of a tool either before or after hydration.
15 Figure 9A shows an ICR made of a low modulus
polymer system hydratable cuter coating {(6€) and an inner
cavity (68). This ICR may be inserted into the
intrastromal space creatad by the dissector (as described
above) as a covering on & tool similar to the dissector
20 which created the intracorneal channel. Once in position
~the insertiocn tool is rotated out of the ICR leaving the
shell within the stroma.
Alternatively, the ICR may be intréduced into
the intrastzromal channel as the dissector ig fully
25 ' rotated in place, attached to the leading edge of the
disesector, and pulled into the intrastromal channel as
the diseector is rotated out of the eye.
Figure 9B gshows the ICR of Pigure SA upon
completion of the hydration in that the ocutar covering
30 (66) is swollen to its largest extent., PFurthermore, the
inner cavity (68) (Pigure SA) may be filled with a
biologic, drug or other liquid, or biologically activa
eye treatment material. These devices may be tied or
otherwise connected at thair point of insertion by known
3§ tachniques., : ——— .
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25 polymer. =~ Description of t he unventlon | . Prlor to

explaining theé details of the " inventive devices, a short expl anati on

of the phy5|ology 30 of the eye is needed to appreciate the functional

relationship of the ICRto the eye. Figure 1 shows a

hori zontal cross-section of the eye with the globe (10) of the eye

resenmblin phere wth an anterior bul ged spherical portion 35

represent ?W@?%@‘Eir nea (11). PCT/LS93/0‘330
-13- :

The shell may be injected with a settable goft
polymer core and allowed to expand to a desired
thickness. Suitable injectable polymers are well known
but include polyHEMA hydrogel, cross-linked collagen,

5 cross-linked hyaluronic acid, siloxans gels, and organic-
giloxane gels such as cross-linked mathyl vinyl siloxane
gels. The injected polymer sets after injection.

Figures 10A and 10B show a variation of the
inventive ICR (80) in which a pelymeric ring containing a

10 number of chambers (82) separated by baffle walls (84)
which may have an opticnal hole (86) in the baffle wall
(84). Once the ICR is introduced into the eye, it may be
filled with a drug or biologic material via injection
with a suitable syringe through the ICR wall or into the

15 end (88) of the tube. A settable polymer of the type
discussed above may be iantroduced into the chambers in
similar fashion if a ring of variable bulk is required.

. It is also appropriate to include a smaller £ill tube
(90) which extands through the end (88) of the tuba (80)
20 through the holes (86) in che baffle walls (84). In this
way drugs, biologic agents, or settable polymers may be
. delivered in a specific fashion throughout the ring as
the £i1]l tube is wichdrawn from the ICR.
' Figure 11 shows a connactor (92) situated

25 Dbetween the aends of an ICR (90). The ICR is a low
modulus pQlymer having a hollow center. The connector
has a receiver port (94) muitableée for introducing drugs,
bioclogics, or settadblae polymers into the interior of the
ICR. The connector has a passageway connecting the

30 receiver port (94) into the ICR intarior.

In the varidtion of the invention specified
just above and shown in Pigures 10A, 108,'and 11, the
wall or outer covering of the ICR may be a hydratable low
modulus polymer or an elastomer. If an elastomexic

35
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The gl obe (10) of the eye consists of thiee’ T GORGENTTTE Coverings T

encl’osi ng the variou$ transparent: hedi a t hrough- whi ch - the |ight nust
pass before reaching the light-sensitive retina (12). The outernost
covering 5 is a fibrous protective portion the posterior five-sixths

of which in white and opaque and called the sclera (13),

referred td as the white of the eye where vi sible

and soneti mes
to the front. The

anterior (Wﬁ‘ﬁ}’@ﬁtlfb of this outer layer is the transpar %{ﬁﬁﬂ@f’%ll) .
n

10 A m ddl e covering is mainly vascul ar and

function and is nade up of the choroid, _q4.Ciliary body (15), and iris

(20). The choroid generally functions to maintain
ciliary body -

lot:able polymer as spec:fiad.

the retina (12). The

polymer is selected, the ICR may ba injected wich.a

The low modulus polymers uged in this invention
are oftan abgorbent, particularly if they are hydratable,
§ and may be infused with a drug or biologic agent which
may be slowly released from the device after implantation
of the ICR. For ingtance, the low modulus polymer may be

loaded with a drug such as dexamachaaonn

to reduce acute

inflammacory rasponse to implanc:ng the device. This

10 drug helps to prevent undesirable scarring or vascular
ingrowth toward the ICR. Similarly, heparin,
corticostercids, ancimitotics, antiinflammatories, and
antiangicgenesis factors (such as nicotine adenine
dinucleotide (NAD*)) may be included to reduce or prevent

15 angiogenegis and inflammation.

Clearly, there are & variety of other drugs
suitable for inclusion in the ICR. The choice will
depend upon the use to which the drugs are put.

_ The terms and axpressions which have been used
20 in the description above are ugsed only as terms of
' deascription and not of limitation. There is no intention

of excluding equivalents of the faatures

shown or.

described. It is recognized that one having ordiniry

skill in this art would perceive equivalcnco to the
25 inventions claimed below, which oquivalnnca would be

‘within the spirit of the investion as expressed abova.

30

35 .
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(15) is involved in suspending the lens (17) and“ié-h'ééééhnndation of the

lens. The iris-(16) is the nost . nterior portion of t'he middle
covering of the eye and is arranged in a frontal plane. It is a thin
circular disc simlar in function to the di aphragmof a canera, and is

perforate near its center by a circular aperture called 20 the pupil (20).

The si ze pil varies to regul ate t he anount of Ll Lch
o vimat oAl

reaches the retina (12). It contracts al so to accommod

serves to sharpen t he focus by dlﬂ]ﬂighlng spherical aberration. The
iris di vides the space between the cGfnea (11) and the |lens 25 (17)
into an anterior chanber (21) and posterior chanber. The i nner nost

portion of COVELbﬂﬁﬂWﬂﬁﬂEﬁﬂjﬁ*ﬁﬂEiﬂ&Q consi sting of nerve elenents

whi ch formthe true receptive portion for visual inpressions.

The ratina (12) is a part of the brain arising 30 as an outgrowmh fromthe

fore-brain, with the optlc nekveplit pclyMerder ving sisitablierdozt ract '

connecting the g t5-cpfad r r A | ayer

of rods and laetc:gﬁgce%{‘n%%m ués?{e b%%eat ct& wiﬁ?e‘cﬁ qe%t.%elglht%m on the
5 cuter layer of a low modulus, ph olagically compatible

polymer.

2. The ring of claim 1 where the low modulus
physiologically compatible polymer is selected from
10 hydratable polymers which swell upon hydration,
hydratable polymer systems which do not sﬁell upon
hydration, and slastomers.

3. The ring of claim 2 where the low modulus,
1S physiologically compatible polymer comprises an
elastomer.

4. The ring of claim 2 where the low modulus,
physioclogically compatible outar layer comprises a
20 hydratable polymer system that is sufficiently cross-
linked or reinforced such that it does not awell when
contacted witch wacer.

S. The ring of claim 2 where the low modulpa,
25 physiologically compatible cutar layer comprises a
polymer which will swell upon contact with water.

€. The ring of claim 1 additionally
campriaing az inner portion of at least one
30 physiologically compatible polymer.

7. The ring of claim 6 where the
physiclogically compatible ianer portion comprises a
polymer having a high modulus of elasticicy.
3s :
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anterior wall of the retina serve as visual cells or

-7- phot.or eceptors whi ch transform physical energy (light) into
nerve I mpul ses. The vitreous body (24) is a transparent
WO 94/03129 | | PCT/US93/07339
-16-

8. The ring of claim 7 in which the
physiologically compatible inner portion polymer
comprises a polymer selected froim PMMA, TEFLON,
silicone, polycarbonate, a polyoclefin selected from

5 polyethylene, polypropylene, polybutylene, mixtures, or
interpolymers.

9. The ring of claim 8 where the inner
portion polymar is PMMA.
10 .
10. The ring of claim 6 in which the
physiologically compatible inner portion polymer
compriges a low modulus polymer.

15 11. The ring of claim 10 in which the low
modulua, phyniologically compatible ianer portion polymer
is cross-linked or reinforced sufficiently that it does

. ' not auba:lncially lwull upon introduction into the
stroma.

20

12. The ring of claim 10 in which the low
- modulus, physiclogically compatible inner portion polymer
will swoll upon contact wi:h wa:cr.

25 13. The :1ng of claim € where the inner
- portion comprises two or more physiologically campacible

polymnra.

14. The ring of claim 13 where the innar
- 30 portion comprises layers and a center which independently
comprise polymers salectad from high mcdulua polymers,
swellable hydratable polymers, and non-swelling
hydratable polymer systems.
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gel ati nous mass which fills thé posterior four-fifths of 5 t he gl obe
(10). At its sides it supports the ciltary body - (15) anmd the retina
(12). A frontal saucer-shaped depressi-on houses th | ens.

The lens (17) of the eye is a transparent bi- convex body of

crystal line appearance placed between the 10 iris (16) and vitreous body
(24). 1ts é& k.gianeter varies markedly with accommodation. Aciliary
zonul & WQa ﬁ,l’ onsi sting of transparent fibers passing bBEWES93/0733% he
cili'ary body (15) and lens (17) serves to | d the lens (17) in
position and enables the ciliary nuscle td M5 act on it.

Referring again to the cornea (11), this outernost fibrous transparent .

coating resenbles a watch | ags. Its curvature i s somewhat greater
than the rest of thetdy o@&aﬁgrﬁgs#d@g#‘? ’s%téﬁ'{:’althi%cﬁ&fzaf'e?-’zﬂ
However, often high smedulug polguhem one neridian than anot her giving
rise to astigmatism A central third of the cornea is called the

optical zone with a slight flattening. takin | ace outwardly thereof
ag t he cornea J 16. The E%ng of glaim 1éJJ%era the cenceg_is

s PMMA.,

17. The ring of claim 1 where the inner
portion is fillable.

10 18. The ring of claim 17 where the hollow
inner portion is fillable with a liquid.

15, The ring of claim 17 where the hollow
inner portion is at least partially filled with a gal or
15 a settable polymer. '

20. The ring of claim 19 whera tha hollew
. inner porticn is fillad with a gel or settable polymer.

20 21. The ring of claim 19 where the gsettable
polymer is selected frem polyHEMA hydrogel, cross-linked
collagen, cross-linked hyaluronic acid, siloxane gals,
polyvinyl pyrrolidone, and crganic-siloxane gals.

28 o 22. The ring of claim 2i whare éhe settable
polymar is polyvinyl pyrrolidone.

. 23. The ring of claim 1 additionally
comprising a drug or biclogic agent.
30 : '
24. 'fhe ring of claim 23 additiocnally
comprising an antiinflammatory or antithrombogenic.

25. . The ring of claim 23 where the drug is
35 selacted from dexamethasgcne, heparin, ccreicbgggggiggL_m"“

-
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t hi ckens towards its periphery. Most of the refractlon 25 of the eye

t akes pl ace through the cornea. Figure 2 is a nore detail ed
drawi ng of the anterior portion of the globe showi ng the vari ous
|"ayer s of the cornea (11) meking up the epithelium (31).

Epithelial cells on the surface thereof function to 30. maintain

t ranspar enWP B0318% cornea (11). These epi thelial cell PEWESHINOIBION
gl ycogen, enzynes and acetyl chol i ne agg their activity regulates the
cor neal corpuscl es and controls the fransport of water and

el ectrol ytes through the | anellae of the stroma (32) of 35 the cornea (11)

ancimi:otics, antithrombogenic, and antzangiogeneaxa
fac:ors.

26. The ring of claim 13 additionally
5 comprigsing a drug or biclogic agent.

27. The ring of claim 26 additionally
comprising an antiinflammatory or antithrombogenic. -

10 28. The ring of claim 26 whers the drug is
selected from dexamethasone, heparin, corticosteroids,
antimictotics, antithrombogenic, and antiangiogenesis
‘factors. ' | '

1§ 29. The ring of claim 17 additicnally
comprising a drug or biologic agent.

30. The ring of claih 29 additionmally
comprising an antiinflammatory or antithrombogenic.

20
31. The ring of claim 29 where the drug is
selacted from dexamethasone, heparin, corticosteroids,
aptimitotics, antithrombogenic, and antiangicgenesis
. factors. .
25
30
35 S T—
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-8- " An anterior Iiniting Faméria (33), referred to  ~ as

Bowran' s renbr ane of | ayer, is positionkd between the epithelium (31)
and the stroma (32) of the cornea.- The stroma (32) is made up of

| anel | ae havi ng bands of 5 fibrils parallel to each other and crossing
t he whol e of the cornea. Wiile nost of the fibrous bands are parallel
to the surface, sonme are oblique, especially anterlorly A posterior

limiting IWOIMO3) is referred to as - Descenet's nenbrm(w”/oﬂggl

strong nmenbrane sharply 10 defined fromthe stroma (32) and resistan
pat hol ogi cat processes of the cornea. =13

| 32. A split polymeric ring suitable for
introduction into-the stroma comprising at least one
outer layer of an elastomeric, phyuiologzcally compatible

polymer.

33. The ring of claim 32 additionally
comprising an inner portion of at least one low modulug,
physiologically compatible polymer.

10 34. The ring of claim 33 in which the low
modulus, physiclogically compacible polymer systam inner
portion is sufficiencly cross-linked or reinforced such
that it does not substantially swell upon contact with
watar.

15 '

35. The ring of claim 33 in which the low
modulus, physioclogically compatible polymer inner portion
' will swell on contact with water.

20 36. The ring of claim 32 in which the inner
portion is fillable.

37. The ring of claim 36 where the hollow
inner portion is fillable with a liquid.
25
38. The ring of claim 36 where the hollow
inner porticn is at least partially filled with a
settable polymer. ‘

30 39. The ring of claim 36 in which the hollow
inner portion is filled with a settable polymer.

40. The ring of claim 35 where the settable
po;ymar is selected from polyHEMA hydrogel, croes-linked
38 ) ' '
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The endot helium (35) is the nDst.posteFior | ayer of the cornea and
consists of a single |ayer -of - cells. The linbus (37) is the transition
zone between 15 t he- conjunctiva and sclera on the one hand and the cornea
{11) on the other. Figure 3 shows the conpletion of the step
of inserting the hybrid ICRinto the corneal strona. Techni ques

such an t in our copending 20 application seri al 71867, 745,
are sui ta@ﬁi\g‘f/@?‘% preparing the eye and inserting the Iﬁ/i"ﬁ%’ot‘g%’
appropriately prepared interlanellar stre®@t channel . General ly the

ICRis installed in the follow ng manner: A small radial incisionis
made at the corneal radius in 25 which the ICRin ultimtely to be

i nstal | ed abou€othdgen, cressehinked hyadazosic aclide 4¥#Qﬁ4§°a51§ph|t'r|ng

having a palpiriaylt phreol Ddome OGHd REgahsct 8l poxfie!delg.Channel in
the corneal stroma is introduced into the stromal space t hrough the
small incision. It is then rotated in such a 30 fashion that. a generally

circular channel is fornsd. Theting atfeloladncAf cvhee tthe eewrakleThe
di ssector igs tBelymer is polyvinyl pyrrolidone.

42. The ring of claim 32 addicionally
comprising a drug or biologic agent.

10 43. The ting of claim 42 additicnally
compriging an an;iin!lamma:ozy or antithrombogenic.

44. The rving of claim 42 where the drug is
selected from dexamethasone, hcpa:in.'carticot:eriods.
15 antimicotics, an:iinflammacozy, and antiangiogenesis
factors.

45. Tha ring of claim 32 additiomally
comprising a high modulus polymer core whara the high
20 modulus, physiologically compatible polymer is selected
from FMMA, TEFLON, silicone, polycarbonate, a polyolafin
selected from polyethylene, polypropylene, polybutylene,
- mixtures, .or interpolymers. '

25 46. The ring of claim 45 where the high
mndnlus, physioclogically compatible outer portion polymer
ccmp:is-- PMMA.

30
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rotated-in-the:opposite direction to wi t hdraw it fron1the . tunnel or

channel thus formed. An ICR is then introduced into the circul ar
channel and joined at its ends. Hybrid '
1 9- | CRs having partially hydrated polyners on their outer
WO 94703129 o . . PCT/1$93/07339
«21- :

47. A eplic polymeric ring suitable for
introduction into the stroma comprising at least oze
hydratable, physiclogically compatible polymer.

5 48. The zing of claim 47 whare the polymer is
sufficiently crosg-linked or reinforced such that it does
not swell when contacred with water.

49. The ring of claim 47 where the polymer
10 will swell when contacted with water,

S0. The ring of claim 47 where the polymer is
selected from polyhydroxyethyl methylacrylate and
polyvinylpyzrolidone.

18 .

S1. The ring of claim 47 additionally

comprising an ocular lubricant.

$2. The ring of claim S1 where the ccular
20 lubricant is selected from hyalurcmic acid,
methylethylcellulome, dextrag solutions, glycerine
sclutions, polysaccharides, or cligosaccharides.

§3. The ring of claim 47 additionally
<5 comprising a drug or dbiologic agent.

54. The ring of claim 53 whera the drug is an
antiinflammatory or anc;:hromhagenic agent.

a0 55. The ring of claim 53 where tha drug is
selected from dexamathascne, heparin, corticosteroids,
antimitotics, antiinflammatory, and antiangiogsnesis
factors.
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periphery are typically. slippery and copsequently may be .. introduced,.
into the interlanellar tunnel with great ease. It is usually desirable
to-(at least partially) hydrate 5 the hybrid ICRin that, otherw se, the
ICR during its traverse through the tunnel nay desiccate the path and
begin to_stick to the interior wall of the tunnel. The | CRRema
| ubri cated With suitable ocular lubricants such as hyal ur ofti
met hyl et hyl cel |l Pesle dext r aprLbONTEQBEWhD MOEATGIRY GQEJrAE SOl ut | WRY
pol ysacchari des, “or ol i gosacchar i B&E& B t s i ntroducti on ™
the | NSTERNATIOPANLL AFPUIE@THON IPUBOBEED (NSER TE PABANT CASERAHUN FrEATY (IPG%h

Wi t hout a7 hyratT o 3 Fgtt-e—4—shows—t+-A—e+oss-seciion the
anteri of ﬁ%“’“{f‘&?‘ff‘é‘ﬁ' Qesifeption 250 i g_i t 28(‘WBM'G°RF'@WW®)NMerted. WO 94/03129
Subsequient AIF 2/t i nsertion, the | CR ABO), . wi || Ll .to .~ its final size .
or thid¢kness (53) within the eve. This i}"’%“g‘\%}éﬁﬁfﬁ"ﬁg"'ﬁ’%Pﬂf-ts l’tfgb"i"ﬁ'cllq?féij&ng"

of larger |ICRs than woul d normal | y bg¢ acconmbdat ed wi thin nor nal si zed :

i nt r as{ (AOHpiresional Applicatia, dymber: PCT/L593707339 95} ! eni?}/::%uﬁnhp s i SILVESTRIN lCtii on -
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(57) Abstract

T.his invention is a hybrid intrastcomal cornes! ring (50) ("ICR"') comprising at least one outer tayer of & phytiologi .Lull_\
compatible polymer having a low modulus of elasticity. which polymer may be hvdrateble and may be hydrophilic. The innerfpor.
tion of the ICR may be hollow or mav contain one or more physiologically compatible polymers.
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havi ng i nner and outer faces (54) conpr|5|ng polymers = having Tow

modul i of elasticity. Low nodul us poly are those having a nndulus
of elast|C|ty bel ow about 3,5 25 kpsi , nDre preferably between 1 psi’ and
1 kpsi, and nost preferably_betmeen 1 psi and 500 psi. They nust be
physi ol ogically conpatible with the eye. Mst polyneric materi al s used
in soft comtact |enses are suitable for the outer layer contenplated
in this i wenleeme In 30 addition, the class includes phy5| ol ogi cal |y
conpati bl e el astomers such a pol yacryl ates, silicones, PF§ 9éﬂb33‘hnd
the like. ‘Additionally, |ow nodul us polyners include bIO|OgIC pol ymer s
such as crosslinked dextran, crosklVknked heparin or hyal uronic acid.

24

23
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-10- . The inner portion o; core (56) as shomn in Figufé"

5A is a physiologically conpatible polyner. haV|ng -a hi gh nodul us of

el asti.city. A high nodul us of elasticity is conS|dered to be greater in
value than S about 3.5 kpsi, preferably 5-12 kpsi, and nost preferably
8-10 kpsi. These polynmers are typically stiffer and may be materials
such as “pofymet hyl nethacryl ate (PMVA), TEFLON, |aonger chain silicone
pol ymer s used in hard contact |enses. Additi Y., Suitable
pol ynmer s i“gm“?onjglﬁﬁde pol ycar bonat es; pol yol efins such as p%él‘%?ﬂ’@f?é?

pol ypr opyl ene, and pol ybutyl ene, thelr m xtures and pol yol efi n

i nterpol ymers, bl ock copol ymers and th@/l4i ke. The extent to

which the outer |ayers swell upon
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hydration i s dependent upon the type 6f polyner chosen 15 and, when the

pol yier - is hydr at abl e, . upon the anount bf cross-linking found in the
outer -layers (54), and on the t hi ckness of the layer. Generally
speaki ng, the nore highly |inked the hydratable polyner, the smaller

t he _.amount’ of vol une change upon hydration. Conversely, a 20 pol ymer
havi ng-.only sufficient cross-linking for strength in the service in
whi ch thi 5\9(3\&4&? 45 placed, will have a somewhat | ower |evel of
cross-1inking. !%rnatively, a substantially nonswel | aBCH USIBA0NA39
system may be forned of a hydrogel physically interpenetrated by
anot her .25 pol yner whi ch does not hydqp&g, e.g., polyHEMA  See,

pol yacyl nitrite. The thickness of the outer |ayer depends in
| arge .function upon the intended use of the ICR For Lnstance if  the
outer layer is to be used as a container 30 for an inner volune of a
settabl e polyner or drug, the outer layer may be relatively thicker.

I f the outer | ayer . Rge a swellable outer |ayer which

does not add significantly f.e i p the ICR or is
s !
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used functionally as a lubricant layer, the other |ayer ¢

-11; may be' quite thin even to the poi nt ‘of a |layer -of m ni nrum
couerage, perhaps as thin as a nol ecul e thick. Fi gure 5B
shg’)ws the hybrid ICR of Figure 5A '

T WOy PCT/US93/07339
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after it has been conpletely hydrated and the polyner 5 faces (54%n9§9§%5
.swollen to their |argest extent. The inventive device shown
in Figures 5A and 5B may al so be used in the instance where a | ow
nmodul us covering is not placed-ever--the entife-out-si-de surface of
the ICR For instance, to allevjate’s gmat i'sri-an I'CR 10;  having a thick
- £ y He desired.s v AR PEREnving an i nner core
of a hi : “Dut er-Eover Fng Bf 8- sivel | abl e pol yner
m ght He hel sur gech, “wotil ¢ reémowe’ & portdidn®of the ICR s
exteridr 1 idaa iy of face brfbﬁuﬁaiintﬁoﬂub%nget.,JLER_ﬁnto the 15 eye.
Such an I|CR and its usg are described nore fully in Serial No.
07/ 939,497 ' | Figure 6 shows-a:hybrher | CR in which the core
(56) id_of high nodul us pol yneric materi-al—such-as~ - ~menti oned above. In
this variation the outér surface is 20 conpletely coated with a swell able
pol ymer or polyneric gel such as thosel«di scussed above. Again, the
conposition. of outer covering (58) may be of a hydratable pol yrer

systen1mhi%p S sufficientl¥ cnpss-linkéd t hat

Eleld of the Invegtion
Thig invention is a hybrid intraastromal corneal
ring ("ICR") comprising at least one outer layer of a
10 physiologically compatible polymer having a low modulus
of alasgticity, which polymer may be hydrétable and may be
hydrophilic. The inner portion.of the ICR may be hollow

or may contain one or more physiologically compatible
polymets. '

et and: %'
/

is

Backaround of the Invention
Anomalies in the overall shape of the aye can
cause visual disorders. Hyperopia ("farsightedness")
occurs when the fronc-to-back distanced in the eyeball is
20 too short. In such a cage, parallel rays originating
' greater thanm 20 feet from the eye f£ocus behind the
retina. In contrast, when the fromt-to-back distance of
eyeball is co¢o long, myopia ("nearsightednasg") occurs
and the focus of parallel rays entering the eyea occurs in
25 front of the retina. Astigmatism ia a condition which
occurs when the parallel rays of light do mot focus to a
single point within the eys, but rather have a variable
focus due to tha fact that the cornea is aspherical and
refraces light in a different.maridian at differentc
30 distances. Soma degree of astigmatism is normal, but
vhere it ig pronounced, the astigmatism must be
corrected.
Hyparcpia, myopia, and astigmatism are usually
corrected by glasses or contact leuses. Surgical mechods
35 for the correction of such disorders are known. Such
methods include radial keratotomy (see, e.g., U.S.



t he pol ymer does not well appreciably upon hydration. 25

Al ternatively,

-the covering (56) may be cross-Ilinked only so nuch as to allow
substantial swelling of the outer covering either re-or..after
insertion into the eye. Figure 7 shows oLAer; i atten; of
t he inventive hybrid ICR In this variant of thefifventT 30-=hybrid
| CR, the inner high nodulus core (56) is surroungefl bys ;Lqﬂ;ha@ gne

| ayer, specifically, an intermedi ate | ayer (60) and an oufer 1ayer

(62). This

hybrid I CR may be appropriate when t Layer (62

is difficult to bond to the core (56). An-2-nternedi atje

———.

v
. a2 S

Patents Nos. 4,815,463 and 4,688,570) and laser corneal
ablation (gsee, e.g.., U.S. Patent No. 4,941,093).

' Another mathod for correcting those disordars
is through the implantation of polymeric rings in the
eye’s corneal stroma to change the curvature of the
cornea. Previous work involving the implancation of
polymethylmethacrylate (PMMA) rings, allograft corneal
tissue, and hydrogels is well documented. Ona of the

 ring devices involves a gplit ring design which is

10

15

20

25

a0

35

ingerted into a channel praviougly disgected in the
stromal layer of the cornea. A minimally invasive
incision is used both for producing the channel and for
implanting the implant. .

' The uae of ICRs made completely of certain
hard, hydrophcbic polymers is kmown. For instance, in

the article "Intrastromal Implantacibn Eines Justierbaren

Kunstetofforings Zur Hornhaucrefraktionsandarung®,
Hartmann et al., | : :
pages 465-475, the use of ingrastromal ring implants of
rings of silicome, polymechylmathacrylate ("PMMA®), and
fluorocarbons (*TEFLON®). Othar disclosures of the use
of PMMA in such intrastromal rings is found in U.S.
Patents 4,452,235 to Reynolds: 4,671,276 to Raynolds;
4,766,895 to Reynolds; and 4,961,744 to Kilmer et al.

These documents do not suggest the use of multiple layers

of differing materials in the ICRs.

The use of soft polymers as intraatromal
inserts is not widely known. For inatance, U.S. Patent

No. 5,090,955 to 8imon, suggests an ICR which is made by

introducing a gettable polymer into an intrastromal
channel which has been praviously made and allowing the
polymer to get. This procedure does not allow the
gurgeon to specify the size of the resulting ring nor is

ic a proecess which allows control of the flowing polymer

within the eye.



- 12 - | ayer (60) which bonds both to the core. (56) and to the

outer layer (62) may be used. Internediate | ayer (60) typically would
not be a polyner which swells appreciably upon hydration leat it split
outer layer (62). Quter 5 | ayer (62) may either SMB|F§PPQMEMWQﬁ@$$£ﬁ%ﬁ as
i's shown in Figure 7, or may remain at approxi mat éi ythe-dans Kizte
upon hydration if a suitably | ow nodul us pol yner systém .S _chosen.
Figure 8 shows an I CR nmade of a |ow nodulus, 10  hydtaf abl &Fg8I9¥er isuch
as those di scussed above. Since t hese polyners ofien | ose subsgartial
mechani cal strength upon hydration, -ghese 1 CRs wpul d be 1 nserted ijnto
t he I ntrastronal space prior to being hydrated okwith fhe

assi stance of a tool either before or after hydration.
Temirov &t al, "Refractive circular tunnel

kercplasty in the correction of high myopia®", Vestnik

ottalmo;cgii 1991: 3-21-31, suggests the uge of collagen
thread as ICR material.

5 They specifically do not suggest the use of
soft or hydrophilic polymers insertable into the cornea
as ICRs.

Sumparxy of the Invention
10 This invention ig a hybrid intrastromal corneal

ring comprising at least one outer layer of a soft, low
modulus, often hydrophilic, physiologically compatible
polymer, . )
The portion of the ICR inside that cuter layer

15 may be hollow and adapted to be fillable with a biologic
agent, drug or other liquid, emulsifiad, or time-release
eye trastment material. The inner portion may comprise
variocusly a core of a high modulus, physiologically
compatible polymer or a further composite of a low

20 modulug polymer or a high modulus polymer cora or a high
modulus polymer or & low modulus polymsr core. The inner
portion may comprise a polymeric material which is
pelymerized iz situ aftar introduction into & hollew
center layer. _ o

28 The term "high modulus polymer® is meant to
include physiclogically compatible polymers such as PMMA;
TEPLON; certain loager chain milicones; polycarbonace;
and polyclafing such as polyethylene, polypropylene,
polybutylene,. their mixtures or other polyolefin

30 incerpolymars. The term "low modulus polymar® is meant
to include ph?siolugiéally compatible polymers and
hydrogela, such as polyhydroxyethyl methacrylate (°*poly-
HEMA®) or polyvinylpyrrolidone (*PVE®) or elastomeric
materials and bioclogic polymers such as crosslinked

35  dextran, hyaluronic acid, and heparin or the like. The



15 Fi gure 9A shows an I CR nmade of a | ow nodul us pol ymer

sSystem hydr at abl e outer coating (66) and an i nner cavity (68). This

| CR nmay be inserted into the i ntrastromal space created by the.

di ssector (as described above) as a covering{iﬁplﬁz Fxsrqtmw;to t he
di ssector 20 which created the intracorneal channg SR-5681 i on
the insertion tool is rotated out of the I CR | eavi pgit li1 fwi t hin
t he stronm. Alternatively, the |ICR ja) 5b€Fﬁ¢r6%Uced into
the intrastromal channel as the dissector is fullyj2b rotated in place,
attached to the | eading edge of the glssector, and pulled intoithe

i ntrastromal channel as the di ssectol™is rotated out of the eyg.

Figure 9B shows the I CR of Figure 9A upon conpl etion of the hydration
in that the ouldy nfd&(ﬂ'im”@k ya®acahfR) wﬁml%

[&y‘ kasbkd ﬂ?f ?géﬁte”t
Furth 9 th
b:JE)I oglr(r:mrgrugtqm %?e cé?uﬁ'a ’B¥f£?§%%éfig‘%%e?'amd such thag r\tlamat meﬁt
materi al . Theshegedecemtmmwedd uped contact widlenater dandesusseqierdiei r

poi nt of i nserfjifaddodi"@Nof the type which awells when hydraced.

5 Additionally, the clase of low modulua polymers is meant
to include elastomeric polymers, e.g., latex rubber,
colloids of pelyestar and polyether, polyurathanes, lower
molecular weight silicones, isoprene, and the like, which
are atable and physiologically compatible. Finally, the

10  low modulus polymar may be a reinforced hydrogel such as
an interpenetrating network of polymerized vinyl '
pyrrolidens and methyl methacrylate. '

our ICRs may be implanted into the stroma using
'a number of kmown techniquea. If hydratable polymers are

15 ussd, they may be hydrated bafore or after introduction
iato the intrastromal passageway craated by the surgical
device used to introduce thesa devices into the eye. 1If
the outer layer is hydrated before insertion into the

~ eyes, the £inal size of the ring is set before that

20 insertion. If tha hydratable.polymers are allowad to
hydrate within the corneal space, the device (if
appropriate polymars are chosen) will swell within the
‘eye to its final size. 1If prshydraced, the cuter iiycr
often provides a measure of lubricicy to the ICR, _

2§ allowing it to be inmerted with greater ease. Other of
the noted low modulus polymers may also provida such
lubricicy.

This invention allows :or adjustment of ICR
thickness and diameter and provides a softer interface

o between a harder polymer core aznd cc:'z_:cal‘ tissue.

Figure 1 iz a schematic illustration of a
horizontal section of the eye.



35 techni ques. -13-

- The shell may be injected with a settable soft pol ymer core and al | owed
to expand to a desired t hi ckness. Suitabl e injectahle_polyners are wel |
known but include pol yHEMA hydrogel, cross-Ilinke E?yﬂa“.ﬂs igf

cross-|linked hyaluronic acid, siloxane gels, and or gang-€

-5-

Figure 2 is a schematic illustracion of the
anterior porrion of the eye showing the various layers of
the cornea. - '

Figure 3 gshows the step of inserting the

§ inventive ICR through an incision in the cormea.

Figure 4 shows, in partial croes-section, the
anterior portion of an eye with the hybrid ICR installed.

Figures SA and SB show, in cross-section,
respectively, an unhydrated and a hydrated ring inm which

10 the hydratable, low modulus polymer is placed on only two
surfaces. :
Figure 6 shows in cross-smection an unhydrated
hybrid ICR in which the hydratable, low modulus polymer
completely coats the ring.
15 Figura 7 shows a multiply coated ICR.
Figure 8 shows, in cross-gectiocn, an ICR
comprising a swellable, low modulus polymer.
' . Figures SA and 98 show, in cross-section, an
ICR comprising a fillable ghell which is nonhydrated in
20 Figure SA and hydrated and swollen in Figure 9B. The
Piguré 98 ICR contains a fluid.
Pigures 10A and 108 show a baffled soft ICR.
Pigure 11 shows an end-to-end ICR connector
‘which permits introduction of drugs or a settable
25 'palyme:.
Rescription of the Invencion
Prior to explaining the details of the
inventive devices, a short explanation of the physioclogy
30 of the eye is needed to appreciate the functionsl
relationship of the ICR to the eye. -
' Figure 1 shows a horxizontal cross-section of
the eye with tha globe (10} of the eye regembling a

sphere with an anterior bulged spherical portion
as repragenting the cornea. (11).



si [ oxane gels such as cross-linked nmethyl vinyl siloxane gels. The
.injected polynmer sets after injection. Flgures 10A and 10B
show a variation of the i nventive ICR (80) in wi-ch—a-pety i ng

containing a 10 nunber of chanbers (82) separated 5&%@@{%ﬁﬁ?ﬁ%@h§ 34)
whi ch may have an optional hole (86) in the baffle MBEA (847~ ﬁn,e t he
ICRis introduced into the eye, it nmay be filled m‘ kaig O

biologic material via injection with a suitable| syringe the ICR
wall or into the 15 end (88) of the tube. A settab]e eitype
di scussed above may be introduced into theschanbersjin simlar fashion
If aring of variable bulk is required. It is akso—appropriatet
include a snmaller fill tube (90) which extends through the end (88) of
the tube (80) 20 throudhe igdoRg d30) 36§ the teye mucn/abtscm In this
way drugs, bi ol OgicemINY voveiriagt ahbEoOhy "Bié VERARE ¢ éd/r.ered ina

from the | or | HeddH Ui Wik @ﬂﬁfgmﬂ% mecpa%?g'z?e%“ﬁ% ed 25
bet ween t he endghgﬁlggpqxggqugﬁve TREINER(12) a |The outermost covering’
5 ia a fibrouas protective portion the postericr five-sixths
of which is white and cpaque and called the sclera (13},
and socmetimes referred to as the white of the eye where
vigible to the front. The anterior one-sixth of this
cutexr layar is the transparent cornea (11).

10 A middle covnring is mainly vascular and
nutritive in function and is made up of thae choroid,
ciliary body (15), and iris (20). The choroid generally
functions to maintain the retima (12). The ciliary body
(15) is invelved in suspending the lans (17) and

15 accommodation of the lens. The iris (16) is the most
anterior portion of the middle covering of the eye and is
arranged in a frontal plane. It is a thin circular disc
gimilar in function to the diaphragm of a camera, and is
perforate near its ceater by a circular aperture called

20 the pupil (20). The size of the pupil varies to regulate
‘the amount of light which reaches the retina (12). It
contracts also to accomﬁodation. which serves to sharpen
tha focus by diminishing spherical abarration. The iris
divides the spacs betwean the cornea (1l) and the lens

25 (17) into an anterior chamber (21) and posterior chamber.
The imnezmost portion of covering is the retina (12),
consisting of nerve elements which form the true
r.ceptivu pcrtinn for visual impressions.

The ratina (12) is a pltt of tha brain arising

30 as an outgrowth from the forae-brain, with the optic nerve
(23) serving as a fiber tract connecting the retina part
of the brain with the fore-brain. A layar of rods and
coneg, lying just beneath a pigmented epithaelium on che
antarior ‘wall of the rétina serve as visual cells or

hr oug




modul us pol yner having a holl ow center. The connector has a receiver

_port (94) suitable for introducing drugs, bi ol ogi cs, or settable

"polyners into the interior of the | CR. The connector has a passagemay

connecting the 30 receiver port (94) into the ICR ﬁ Q”; ST A o

In the variation of the invention specified JU{EL E&‘ ﬁh shawn{in

Fi gures 10A, 10B, and 11, the wal | or outer coverjing of the | may be

a hydratable | ow modul us pol ymer or an el astonof.j | f| GFEREASt ofeki
. |

photoreceptors which transform physical energy -(light)
into nerve impulses.

The vitreous body (24) is a transparent

‘ gelatinoua mass which f£illg the posterior four-fifths of

5 the globe (10). At its sides it supports the ciliary
body (15) and the retinma (12). A frontal gaucer-shaped
depraession houdes the lens.

The lens (17) of the eye ig a ::ansparenﬁ bi-
convax body of crys:aliine appearance placed between the

10 irdis (16) and vitreous bedy (24). Its axial diametaer
varies markedly with accommodation. A ciliary zonule
(25), consisting of transparent fibers paseing between
the ciliary body (15) and lens (17) serves to hold the
lens (17) in pogition and enablas the ciliary muscle to

15 act on it. '

Rcfarring again to the cornea (1i1), this
cutermost £ibrous transparent cocating resembles a watch
glass. 1Its curvature is scmewhat greater than the rest
of the globe and is ideally spherical in nature.

20 However, often it is more curved in cne meridian than
another giving rise to antigmn:iam. A ceuatral third of
the cornea is called the optical zome with a slight
flattening taking place ou:uixdly thareof as the cornea

i thickeng towsrds its periphery. Most of the refraction

25 of the eye takea place through the cornea.

Pigure 2 is a more detailed drawing of the
anterior portion of the globe showing the various layers
of the coraea (11) making up the epithelium (31).
Epithelial cells on tha gurface thereof fumction to

30 maintain transparency at the cornea (11). These
epithelial cells are rich in glycogen, enzymes and _
acetylcholine and their acrivity regulates the corneal
corpuscles and coatrols the transport of water and

electrolytes through the lamellae of thae stroma (32) of
s the cornea (il).



-14 - polymer is selected, the ICR may be injected wth a

.settable polyner as specified. The | ow nodul us pol yners used
in this invention are often absorbent, particularly if they are

hydr atabl e, 5 and may be infused with a drug or biologic agent which
may be slowy rel eased fromthe device after inplantatj@h; {@ggﬁﬁtgagp R.
For instance, the | ow nodul us pol yner may be | oade w&é&ﬁiﬁdthgﬁ§uéh as
dexamnet hasone to reduce acute i nfl ammat ory responsg to iqplan;ingit e
device. This 10 drug hel ps to prevent undesirable scalrjnd OrER&EIul ar |
ingrowth toward the ICR Simlarly, heparin, cort}cpsteroids, | ‘
antimtotics, antiinflammtories, and -p~anti angi ogepests tactors (suéh

as nicotine adenine di nucl eotide (NAD[err])) may be included to.reduce
or prevent

L

An anterior limiting lamella (33), referred to
as Bowman'’s membrane or layer, is pasitioned batwaan the
apithalium (31) and the stroma (32) of the cornea. The
stroma (32) is madé up of lamellae having bands of

S - fibrils parallel to aach other and crossing the whole of
‘the cornea. While most of the fibrous bands ara parallel
to the surface, some are oblique, especially anteriorly.
A posterior 1in1tinq-1aninn'(34) is refarred to as
Descenxet’s membrane. It is a strong membrane sharply

10 defined from the aﬁionn.(sz) and resistant to
pathological processes of the cornea.

The endothelium (35) is the most posterior
layer of tha cornea and consista of a single layer of
cells. The limbus (37) is the transition zona betweesn

15 thae conjunctiva and sclera on the one hand and the cornea
(11) on ths other.

. Figure 3 shows the cempletion of the step of
'1nl¢rt1nq the hybrid ICR into the corneal stroms.
Techniques such as that ghown in cur copending '

20 application serial no. 07/867,745, are suitable for
preparing the eye and inserting the ICR into the
appropriately prepared intarlamellar stromal channal.
Generally the ICR is installed in tha following manner:

_ A small radial incision is made at the corneal radius in

25 which the ICR is ultimately to be instailed about the
cornea. A dissector in the form of a split ring having a
point suitable for producing tha intarlamellar channel in
the corneal stroma is introduced into the stromal space
through the small incision. It {s then rotated in such a

30 fashion that a genarally circular channel is formed
completely encircling the cornea. The dissector is then
rotated in the opposits direction to withdraw it from the
tunnel or channel thus formed. An ICR is then introduced
into the circular channel and Joined at its ends. Hybrid



15" angi ogenesi s and infl anmati on. Clearly, there are a

variety of other drugs suitable for inclusion in the ICR The choice
“will depend upon the use to which the drugs are_put.

The terns and expressions which have been used 20 %ﬁﬁﬂfﬁﬁék'*?“'
above are used only as terns of description an g%gé; _ﬂiﬂwggﬂﬁg&.
There in no intention of excludi ng equival ents Joff the features]shown
or described. It is recognized that one having [ofdi h&fg3 1507 skill in
this art would perceive equivalence to the 2S inv ngions cl ai med pel ow,
whi ch equi val ence woul d be W t hin tnﬁ_spirit of the InvemntTo a%
expressed above.

B T S

ICRa -having partially hydrated polymers on their ocucer
periphery are typically slippery and consequeatly may be
incroduced into the interlamallar tunnel with great ease.
It igs usually desirable to (at least partially) hydrate
S the hybrid ICR in that, otherwise, the ICR during its

traverse through the tunnel may desiccate ths path and
begin to stick to the interior wall of the tunnel. The
ICR may be lubricatad with suitable ocular lubricants
such as hyaluronic acid, methylethyl cellulose, daxtran

10 soclutions, glycerine solutions, polysaccharides, or
oligogsaccharidas upon its introducticn to help with the
insertion particularly if one wighes to ingert the hybrid
ICR without any hydration.

Figure 4 shows, in cross-section, the anterior

15 portion of the eye with the hybrid ICR (S0) inserced.
Subsegquent to the inmertion, the ICR (50) will aswell to
its final size or thicknaess (53) within the eye. This
swelling parmits the inclusion of largar ICRs than would
normally bs accommodated within normal sized intrastromal

20 channels.

Figure 5A shows in cross-section the hybrid ICR
having inner and outer faces (54) cooprising polymers
having low modull of elaaticity. Low modulus polymers
are those having a modulus of elasticity below about 3,S

25. kpsi, more preferably between 1l psi and 1 kpai, and most
preferably between 1 psi and 500 psi. They must be
physiologically compatible with the eye. Most polymeric
materials used in soft contact lenses are guitable for
the outer layer contamplated in thig invention. 1In

30 addition, the class includea physiologically compatible
elagtomeras such a polyicrylates, ailicones, iscprene, and
the like. Additionally, low modulus polymers include
bioclogic polymars guch as crosslinked dextran,
crosslinked heparin ox hyaluronic acid.



-15- | CLAIM AS MY | NVENTI ON: 1. Asplit polyneric

ring suitable for I ntroduction into the stroma, conprising at | east one
"5 outer layer of a |ow nodulus, physiologically conpatiile——-—pol

2. The ring of claim1 where the | ow nodul us phy BRI GG EET | 5

conpati ble polynmer is selected from 10 hydratabl e poFymers-which-

upon hydrati on, hydratabl e pol ymer system which o nipkpgweld Updn
hydrati on, and el astomners. P

.10-

Tha inner portion or core (56) as shown in
Figure 5A ig a physiologically compatible polymer having
a high modulus of elasticity: A high modulus of
elasticity is considered to be greater in value than
5 about 3.5 kpsi, preferably 5-12 kpsi, and most preferably
8-10 kpsi. Thege polymers are typically mtiffer and may
be matarials such as polymethyl methacrylate (PMMA),
TEFLON, longer chain gilicone polymera such as are used
in hard contact lenses. Additionally, suitable polymars
10 include polycarbonates; polyolafing such as polyethylene,
polypropylene, and polybutylene, thair mixtures and
polyolefin interpolymers, block copolymers and the like.
|  The extent to which the outer layers swell upon
‘hydration is dependent upon the type of polymer chosen
1§ and, vhen che polymar iz ‘hydratable, upon the amount of
cross- linking found in the outer layers (54), and on the
thickness of the layar. Generally speaking, the more
‘highly linked the hydratable polymer, the smaller the
amount of volume change upon hydration. Conversely, a
20 polymsr havizng only gufficient cro-a-linking for strength
 in che gervice in which this davice is placed, will have
a scmewhat lower lavel of cross-linking. Alternatively,
a substantially nonswellable polymer systam may ba formed
of a hydrogel physically interpenatrated by anather
25 . polymer which does not hydrate, e. g.. POlyHEMA. Sese,
polyacylnitrite. '

The thicknesa of the outer layer depends in
large function upon the intended use of the ICR. FPox
inscance if the cuter layer ie to be used as a container

30 for am ianer volume of a setrable polymer or drug, the
cuter layer may be refacively thicker. If the cuter
layer is used tc provide a swellable ocuter laysr which
does not add gignificantly to the @ize of tha ICR or is
used functionally as a lubricant layer, the other layer



3. The ring of claim2 where the |ow nodulus, 15 physiologically

.cconpati bl e polynmer conprises an el ast oner.

4. The ring

of claim2 where the | ow nodul us, physi ol ogi cal |y conpatibl e outer

| ayer conprises a 20 hydratable polyner systemthat

gumulfinghentdygrioss-

linked or reinforced such that it does not swell when|&<4i¥edhtiAbB8d+1iit h

wat er . 5. The ring of claim2 where the |ow nmodulus, 25}
physi ol ogi cal |y conpati bl e outer |ayer conprises a pdl {neB 0 cH v}n |1
swel | upon contact wth water. 6. The|rfng of claim]
additional ly conprising an inner porgtaen of at | east one 30 !
physi ol ogi cally conpati bl e pol yner. 7.1The. ring of claim®6

where the

10

s

20

25

30

may be quite thin even to the point of a layer of minimunm
coverage, perhaps as thin as a molecule thick.

) Figure 5B shows tha hybrid ICR of Figure SA
agter it has been completaly hydrated and the polymer
faces (54) have swollen to their largest extent.

The inventive device shown in Figures 5A and Sb
may also be used in the instance where a low modulus
covering is not placed over the entira outside surface of
the ICR. For instancs, to alleviate astigmatism, an ICR
having a thick portion and a thin portion may be desired.
An ICR having an inner core of a high modulus polymer and
an outer covering of a swallable polymer might ba chosen.

- The surgecn would remove & portion of the ICR’s exterior

coating or face prior to introducing the ICR into the
eye. Such'an ICR and its use are described more fully in
Serial No. 07/919,492. -

Figura 6 shows a hybrid ICR in which the core
(56) is of high modulus polymeric material such as
pmentioned above. In this variation the coute? gurtace is
coupletaly coated with a swallable polymer or polymeric
gel such as those digcussad above. Again, the
compogiticn of cuter covering (58) may be of a hydratable
polymer systen which is sufficiently cross~linked that
the polymer does not swell appreciably upon hydration.
Altarnatively, the covering (56) may be cross-linked only
a0 much as to allow substantial lvllliﬁq of the outer
covering eithar hefore or attar {nsertion into the eys.

Figure 7 shows another variation of the
inventive hybrid ICR. In this variant of the inventive
hybrid ICR, the inner high modulus core (56) is
surrounded by more than one layer, spacifically, an
intarmediate layar (&50) and an outar layer (62). This
hybrid ICR may be appropriate when the outer layer (62)
ig difficult to bond to the core (56). An intermediate



physi ol ogical ly conpatible inner portion conprises a pol ymer having a
hi gh nodul us of elasticity. '

" 16- 8. The ring of claim?7 in which=
physi ol ogically conpatible inner portion polymer

.12'

layer (60) which bonds both to the core. (56) and to the
outer layer (62) may be used. Intermediate layer (60)
typitally would not be a polymer which swells appreciably
upon hydracion lest it split outer layer (62). Outer
5 layer {(62) may either swall upcn hydration, ags is shown
in Figure 7, or may remain at approximately the game siza
upon hydratiocn if a suitably low modulus polymer system
is chosen. . '
Figure 8 ghows an ICR made of a low modulus,

10 hydratable polymer such as those digscussed above. Since

these polymers often lose subscantial mechanical strength
' upon hydration, these ICRS would be inserted intc tha
intrastremal space prior to Being hydratld or with the
. assigcance of a tool eithar before or after hydration.

18 Figure S5A shows an ICR made of a low modulus
polymer gystam hydratable outer coating (66) and an imner
cavity (68). This ICR may be insarted into the
intrastromal gpace created by the dissector (as described
above)_ as a covering on a tcol similar to the dissector

20 which created the incracorneal chanmel. Once in pogition

. the ingertion tocl is rotated out of che ICR leaving the
shell within the stroma.
Alternatively, the ICR may ba intrdduced into
the intrastromal channel as the digsector is fully

2S5 rotatad in place, attached to the leading edye of the
dimsector, and pulled into the incrastromal channel as
the digeector is rotated out of the eye.

Figure SB ghows the ICR of Pigure SA upon
coupletion of the hydration in that the outar covering

30 (66) 18 swollen to its largest extent. Furthermore, the
inner cavity (€8) (Pigure SA) may ba filled with a
biologic, dru§ or other liquid, or biologically active
eye treatment material. These devices miy be tied or

otherwise connected at thair point of insertion by known
s tachniques. :



conprises a p
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ol ymer selected from PMVA, TEFLON, silicone,

~pol ycarbonate, a polyolefin selected from5 polyethylene, pol ypropyl ene,
"pol ybutyl ene, m xtures, or i nt er pol yners. Q... The. ring
of claim8 where the inner portion polymer is PMMREFIACEMENT SHERT

10. The ring of claim6 in which the physi ol ogi c *tonpathie-lnner
portion pol yner conprises a | ow nodul us pol ymer. £En 1007 | | 1.
The ring of claim 10 in which the |ow modul us, ph SI3| doit Aty
conpati bl e i nner portion polyner S cross-linked rpunfnrcpd f
sufficiently that it does not subst.adtially swel{l upon introductién
into the stroma. 20 12. The ring ' -t ch
the | ow nodul us, physiol o |caIIy conpati bl e i nner portion polyner

The shell may be 1ujacced with a gettable goft
polymer core and allowad to expand to a dnsired
thicknesa. Suitable injectable polymers ars well known
but include polyHEMA hydrogel, cross-linked collagen,
cross-linked hyalurenic acid, siloxans gels, and organic-
siloxane gels such as cross-linked mathyl vinyl siloxane
gels. The injacted polymer gsets after injectiom.

Figures 10A and 108 show s variation of the
inventive ICR (80) in which a polymeric ring containing a
number of chambers (82) separated by baffle walls (84)
which may have an opticnal hole (86) in the baffle wall
(84). Once tha ICR is introducad into the eyas, it may be
filled with a drug or biclogic material via injection
with a guitable syringe through the ICR wall or into the
end (88) of the tube. A settable polymer of tha type
discussed above may be intrcduced intc the chambers in
gimilar fashion if a ring of variable bulk is required.
It is almo appropriate to include a smaller £1ill tube
{90) which extends through the end (88) of the tuba (80)
through the holes (86) in the baffle walls (84). In this
way drugs, biclogic agents, or sattahle polymers may be
dslivered in a specific fashion throughouc tha ring as
the £1il]l tube is wichdrawn from the ICR.

Figure 11 shows a connector (92) situated
between the ends of an ICR (90). The ICR is a low
acdulus pelymer having a hollow center. The connactor
has a receiver port (94) muitablé for introducing drugs,
biclogics, or settable polymars into the interior of the
ICR. The connector has a passagsway cennecting the
receiver port (94) into the ICR intarior.

In the varidtion of the inventicn spacified
juet above and shown in Pigures 10A, 10B, and 11, the
wall or outer covering of the ICR may be a hydratable low
modulus polymar or an elastomer. If an elastomerxic



wil'l swell upon contact with water. 25 13. The ring of claim®6

‘where the inner portion conprises two or nore physiologically
conpatible pol ymers. 14. The ring of claim 13 where
the inner 30 portion conprises |ayers and a center ﬁmﬁyﬂﬁhngepqp entll y
conprise polyners selected from hi gh nodul us polynersw.tm: tsmeﬁhaELé
hydr at abl e pol yners, and non-swel |l ing hydr at abl ¢ pol ymer systems

11FED 1997 %
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polymer is selected, the ICR may be injected with a
sa::able polymer as specifiad.

The low modulus polymers used in this invention
are often abgorbent, particularly if they are hydratable,

$§ and may be infused with a drug or biolegic agent which
may be slowly released from the device after implantation
of the ICR. For ingtance, the low modulus polymer may be
loaded with a drug such as dexamethasone to reduce acute
intlamma:cry rasponse to implantzng the device. This

10 drug helps to prevent undesirable scarring or vascular
ingrowth toward the ICR. Similarly, heparin,
corticosteroids, antimitovics, antiinflammatories, and
antiangiocgenesis factors (such as nicotine adenine

. dinuclectide (NAD*)) may be included to reduce or prevent

15 angiogenesis and inflammation.

Clearly, there are a variety of other drugs
suitable for inclusion in the ICR. The choica will
depend upon the use to which the drugs are put.

, The terms and aexpressions which have beeun used
20 in the description above are used only as terms of
' description and not of limitation. There is no inteation
of excluding equivalents of the features shown or
described., It is recognized that cone having ozdiuiry
skill in this art would perceive equivalcnca to the
25 inventions claimed below, which oquivalnnco would be
"within the spirit of the invention as expressed abova.



-17- 15. The ring of claim 14 where the center is a

hi gh nodul us pol yner. 16. The ring of claim15 where the
" center is 5° PMVA 17. The ring of claim1l additionally

conpri sing a holl ow i nner portion. 10 18. The ring of

claim 17 where the holl ow inner portion is fillable wit L Qe

-a
. T
\'; ¥

1. A gplit polymeric ring suitable for
igtroduction into the gtroma comprising at least one

§ outer layer of a low medulus, physiologically compatible
polymer.

2. The ring of claim 1 where the low modulus
phyaiologically compatible polymer is selacted from
10 hydratable polymers which awell upon hydration,
hydratable polymer syatems which do not shell upon
hydration, and elastomers.

3, The ring of c¢laim 2 where the low modulus,
1S physioclogically compatible polymer comprimes an
elastomer.

4. The riang of claim 2 where the low modulus,
physiclogically compatible outar layer comprises a
20 hydracable polymer system that is sufficiently croas-
linked or reinforced such that it dces not swell when
contacted with watar.

§. Tha ring of claim 2 whexe the low modulgs,
25 physiologically compiatible ocuter layer comprises a
polymer which will swall upon contact with water.

6. The ring of claim 1 addi{tionally
comprising an inner portion of At least ome
30 physiclogically compatible polymer.

7. The ring of claim 6 where the
physioclogically coapatible inner portion conprises a
polymer having a high modulus of elamticicy.

L

L3

\



19. The ring of claim 17 where the hol |l ow I nner portion is at |east

10

15

20

25

- 30
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8. The ring of claim 7 in which the

physiclogically compatihle inner portion polymer

comprises a polymar selected f£roin PMMA, TEFLON,
silicone, polycarbonate, a polyoclefin selectad from

polyethylene, polypropylene, polybutylepne, mixtureg, or
interpolymers.

9. The ring_ot ¢laim 8 where the innmer
portion polymar is BPMMA,

10. The ring of claim 6 in which the
phyeiclogically compatilile inner portion polymar
comprises a low modulus polymer.

11. The ring of claim 10 in which tha low
mcdulua, physiologically coupatible inner partion polymer
i3 cross-linked or reinforced sufficiently that it does

not substantially swell upon i{ntroduction into the
stroma.

12. The ring of claim 10 in which the low

modulus, phyaiologically compatible inner portion pclymer
will sw-ll upon contact wi:h wa:cr.

13. The':ing of claim 6 where the inner
portion comprises two or more physiologically ccmpa:ible
polymers.

14. The ring of claim 13 whera the izner
portion comprises layers and a center which independently
comprige polymers salected from high modulus polymars,
swellable hydratable polymers, and non-swelling
hydracable polymer aystems.

e

partially filled with a gel or 15 a settable polyner 20.
" The ring of claim19 where the holl ow i nner porti RFPT §f‘mf¥j*§'d\r\2\g 4”ﬁ a

gel or settable polyner. 20 21. The ring 19~

the settable polynmer is selected from pol yHEVA hydrogﬁ ,anps$ Ign%ed

col I agen, cross-Ilinked hyaluronic acid, siloxane gels, P TpePy Vi nyl

pyrrol i done, and organic-siloxane gels. 25 _The. ring 4f
‘claim 21 where the settable pol ynmer is pol yvinyl pyrrolidone.

L



23 The ring of claim1l additionally conprising a drug or biologic

agent. 30 24. The ring of claim23 additionally
"conpr|5|ng an_anti-a{ | ammatory or antithronbogenic. 25.
The m—rgnwm

19{9&%2@ where the drug is 35 selected from dexamethasone,

hep ﬁLﬁ‘ -trcostar ¢i ds.

| 11ze0 w07

‘L‘ : | 7.

15. The ring of claim 16 vhere the. cen:er is a
high moedulus polymer

16. The ring of claim 15 where the center is

17. The ring of claim 1 where the inner
portion is f£illable.

10 18. The ring of claim 17 whare the hollow .
inner portion is fillable with a liquid.

19. The ring of claim 17 where the hollow
inner portion is at least partially €filled with a gel or
15 a gattable polymer.

20. The ring of claim 19 whera tha hollow
innear portion is filled with a gel or gettabla polymer.

20 21. The ring of claim 19 where the gattable
polymar is selected from polyHEMA hydrogel, cross-linked
collagen, cross-linked hyaluronic acid, siloxane gals,
polyvinyl pyrrolidone, and crganic-siloxane gsls.

25 22, The ring of claim 21 whare the sattable
polymer is polyvinyl pyrrolidone.

23. The ring of claim 1 additionally
comprising a drug or biclogic agent.
30 : '
24. 'The ring of claim 23 additionally
compriging an mﬁiinﬂam:ory or antithrombogenic.

25. . The ring of claim 23 where the drug is
35 gelected from dexamethascne, heparin, corticosgtercids,

This Sheet Has Been Rep
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antimtotics,

antit hrombogeni ¢, and anti angi ogenesi s —-£factors.
26. The ring of claim 13 additionally 5 conpr|S|ng[&t Pl

AR PiC

Piof
i i»‘(??iiﬁ;

“agent. - 27. The ring of claim 26 add qrona¥1y' *-
conprising an antiinflammatory or antithronbogenic. | 10 ,, .. {
The ring of claim26 where the drug is sel ecte ﬂron1dexanetha£ohe,
heparin, corticosteroids, antimtotics, antlthronbogenlc andf !

ant i angi ogenesi s factors. 15 29. The rlng of "&Tai

additional ly

10

is

20

conprising a drug or biQkggic agent—- e

an:;mito:ics, antithrombogenic, and antiangiocgenesis
faccors.

26. The ring of claim 13 additionally
comprising a drug or biclegic ageant.

27. The ring of claim 26 additionally
compriging an antiinflammatory or antithrombogenic.

28. The ring of claim 26 where the drug is
selacted from dexamethagone, heparin, corticosteroids,
antimitotics, antithrombogenic, and antiangiogencais
factors. ' '

29. The ring of claim 17 additicpally
comprising a drug or biolegic agent.

30. The ring of claim 29 additionally
comprising an antiinflammatory or antithrombogenic.

31. The ring of claim 25 whers the drug is
saelacted from dexamethasone, heparin, corticesterocids,
antimicocics, an:i:hrambognnic, and antiangiogenesis

facrors.

HIIIIIl llllll IIIH lIIII Il lIII
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30. The ring of claim?29 additionally conprising an antiinflanmtory
or antithronbogenic. 20 31. The ring of claim?29 where the
“drug is sel ected from dexanet hasone, heparin, ge+ticosteroids,
antimtotics, antithrombogenic, and anti angi ogenesi®FFi Al

-19-

32. A split polymeric ring suitable for
introducticn into the stroma comprising at least one

ocuter layer of an elastomeric, phyaiologically compatible

polymer.
5

33. The ring of claim 32 additicnally
comprising an inner portion of at leagt one low modulus,
physiologically compatible polymer.

10 34. The ring of claim 33 in which tie low
modulus, physiologically compatible polymer systam innar
portion is sufficiently cross-linked or reinforced aguch
that it does not substantially awell upon contact with
water.

15 ' -

35. The ring of claim 33 in which the low
modulus, physiologically compatible polymar inner portien
will swell on contact with water.

20 36. The ring of claim 32 ian which the inner
portion ig fillable.

37. The ring of claim 36 where the hollow
inner portion ig fillable wicth a liquid.

25 .

38. The ring of claim 316 where the hollow
{nner portion is at least partially filled with a
settable polymer. .

30 39. The ring of claim 36 in which the hollow

inner portion is filled with a settazble polymer.

40. The ring of claim 38 where the gettable
polymer is selected from polyHEMA hydrogel, cross-linked



-19- 32. Asplit polymeric ring suitable for

I ntroduction into the stroma conprising at | east one-wwmmeukepnl an
"el astoneric, physiologically conpatible pol ymer . 5 { SHEET83.
The ring of claim32 additionally conprising an |nner portion u?:a

| east one | ow nodul us, physi ol ogi cal | y conpati bl & oly o

34. The ring of claim33 in which the | ow nodul s 5%r6166 caj | ]
conpati bl e pol ynmer system i nner portion is suffigié f'v £r.0ss:ihk

rei nforced such that it does not sub§agptially S\ II upon contact |
water. 15 " :

collagen, cross-linkaed hyaluronic acid, giloxane gels,
polyvinyl pyrrolidone, and organic-siloxane gels.

41. The ring of claim 40 where the settable
5  polymer is polyvinyl pyrrolidona.

42. fThe ring of claim 32 additionally
comprising a drug or biolegic agent.’ '

10 43. The ring of claim 42 additiocnally
comprising an an;itntlamma:cry or antithrombogenic.

44. The ving of claim 42 where the drug is
selectad from dexamethasone, heparina, corticostericds,

1S antimicotics, an:iinflammatozy. and antiangiogeneais
factors.

45. The riag of claim 32 additionmally
comprising a high modulus polymer core whera the high
20 modulus, physiolegically compatidle polymar is selectad
from PMMA, TEFION, silicone, polycarbenate, a polyolatin

selected from polyethylens, polyp:opylcne. polybutylene,
mixtures, .or interpolyners.

25 46. The ring of claim 45 where the high

mndulus, physioclogically compatible cuter pe:ciou polymer
comprises FPMMA.

| Illllll Illlll Illll lllll Il llll



35. The ring of claim33 in which the | ow nmodul us, physiol ogically

hydrogel , cross-I|inked

10

p B

20

25

30

47. A 8plit polymeric ring suitable for
introduction into the stroma comprising at least cone
hydratable, physioclogically compatible polymer.

48. The ring of claim 47 whare the polymer is
sufficiently cross-linked or reianforced guch that it does

not swell when contacted with wvater.

49. The ring of claim 47 whare the polymer
will swell when cantacted with water.

50. The ring of claim 47 where the polymer is
selected from polyhydroxyethyl methylacrylate and
polyvinylpyrrolidone.

S1. The ring of claim 47 additicnally
comprising an ocular lubricant.

52. The ring of claim S1 whera the ocular
lubricant is selected from hyalurcnic acid,
methylethylcellulose, dextran solutions, glycarine
solutions, polysaccharides, or cligosaccharidas.

3. The riag of claim 47 additionally
comprising a drug or biclogic agent..

54. The ring of claim 53 where the drug is an
antiinflammatory or antithrombogenic agent.

55. The ring of claim 53 where tha drug is
selected from dexamethasone, heparin, corticostexoids,
antimicoticg, antiinflammatory, and antiangiogsnesis
tactors.

* ww

conpati bl e polyner inner portion will swell on contact with water. 20
» 36. The ring of claim32 in which the inner 1 Qp Lnﬂf i Ldra fF

37. The ring of claim 36 where the hol | ow i n&LCpBREl o i Sk | abl e

with aliquid. 25 38. The ring of ol & m 36 wher e the‘hollow

inner portion is at least partially filled with a j 15t 2mbIE p@lyner

30 39. The ring of claim36 in which t hol | ow iinper

portion is filled with a settable pol yner. L~“ X0 The W|ng of

claim 38 where the settable pol yner+2%- sel ect ¢d from pol yHEMA. *



- 20- col | agen, cross-Ilinked hyal uronic acid, siloxane gels,

pol yvi nyl pyrrolidone, and organic-siloxans gels. 41. The
ring of claimd40 where the settable 5 pol ymer is polyvinyl pyrrolidone.
42. The ring of claim32 additionally

-22-

HYBRID INSTRATROMAL CORNEAL RING

ABSTRACT

This invention is a hybrid intrastromal corneal ring (50) ("ICR")
comprising at least one outer layer of a physiologically
compatible polymer having a low modulus of elasticity, which
polymer may be hydratable and may be hydrophilic. The inner
portion of the ICR may be hollow or may contain one or more
physiologically compatible polymers.

Figure 3




conprising a drug or biologic agent. 10 43. The ring of claim
42 additionally conprising an antiinflammtory or antithronbogenic.
44. The ring of claim42 where the drug is sel ected from

dexanet hasone, heparin, corticosteriods, 15 antimtotics,
antiinflamuatory, and antiangi ogenesis factors. 45
The ring of claim32 additionally conprising a high nnduLus~n61y
core where the high 20 nodul us, physiologically conpatfi bpr §1yhé{§isj
sel ected from PMVA, TEFLON, silicone, polycarbon ﬁé;iawpoiyoleflm &
sel ected from pol yet hyl ene, polypropylene, pol ybut yl ene xtuthles {o
I nterpolyners. 25 Hdﬁ ring of claim45 eﬂe i e hi gh
nodul us, physiologically conpatlble th er portion poly Aprises
PMVA.




-21- 47. A split polymeric ring suitable for
introduction into the stroma conprising at |east one hydr at abl e,
physi ol ogi cal |y conpati bl e pol yner.

emer s, N Y e i
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5 48. The ring of claim47 where the polyner is

sufficiently cross-linked or reinforced such that it does not swel |
when contacted with water. 49. The ring of claim47 where
the polynmer 10 wll swell when contacted with water. 50.
The ring of claim47 where the polyner is sel ected from
pol yhydr oxyet hyl net hyl acryl ate and pol yvi nyl pyrrolidone. 15
51. The ring of claim47 additionally conprising an ocul ar | ubricant.
52. The ring of claim51 where the ocular 20 |ubricant..i d—f rom
hyal uroni ¢ aci d, REW T SHERT
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netﬁylethylcellulose; dextran sol utions, glycerine sol uti ons,

pol ysacchari des, or oligosacchari des. ) 53. The ring of
claim47 additionally 25 conprising a drug or biologic agent.

54. The ring of claimb53 where the drug is an antiinflamuatory or
antit hronbogeni c agent. 30 55. The ring of claim53 where the
drug is sel ected from dexanet hasone, heparin, corticosteroids,
antimtotics, antiinflammatory, and antiangi ogsnesi s .csef-aet-ets—

J O
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15. The ring of claim ;4 where the.center is 2
high modulus polymer.

16. The ring of c¢laim 15 where the Center 4is
PMMA.,

17. The ring of claim 1 additionally comprising
a hollow inner portion.

18. The ring of claim 17 where the hollow
inner portion ig fillable with a liquid.

19. The ring of claim 17 where the hollow
inner portion ig at least partially filled with a gel or
a gattable polymer.

20. The ring of claim 19 whera tha hollow
inner portion is filled with a gel or gaettabla polymer.

21. The ring of claim 19 where the gattable
polymar is salacted from polyHEMA hydrogel, crosa-linked
collagen, cross-linked hyaluronic acid, siloxane gals,
polyvin¥l pyrrolidone, and Grganic-miloxane gala.

22, The ring of claim 21 where the gattable
polymar is polyvinyl pyrrolidona.

23. The ring of claim 1 additionally
comprizing a drug or bioclogic agent.

24. ‘fhe ring of claim 23 additionally
compriging an antiinflammacory or antithrombogenic.

25. . The ring of claim 23 where the drug is
selacted from dexamethasone, heparin, corticostaroids,

gy e
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