; e3ew r sl uuveOwlwx+, . | MPROVED DEVI CE AND METHOD FOR | NSERTI ON A

Bl OCOVPATI BLE MATERI AL | NTO THE CORNEAL STROMA Field of the Invention This
invention ie a surgical method and device for inserting a bioconpatible
material into as intrastronmal passageway to permanently alter corneal
curvature. The device and nethod allow for the placenent of the material in
the optinal position for maximal) visual correction. Background the

I nvention Anonalies in the overall shape of the eye ca
di sorders. Hyperopia ("farsightednes$=l occurs when th%i mmummmgck
ra

distance in the eyeball is too small. In such a case
originating greater than 20 feet fromthe eye focus behind *qopat ret|na I n
contrast, when the front-to-back distance of the eyeball is too |arge,

nyopi a ("aearaightedneas") occurs and the focus of parallel rays entering
the eye occurs in fromof the retina. Astigmatismis a condition which
occurs when the parallel rays of light do not conme to a single point within
the eye, but rather have a varlable focus due to the fact that the cornea

i s aspherical and refaetbER BRVICE AND METHOMN FOR iT0icwE avgdi fferent

di stances. Sone @e@ETOCOd ‘;Sk-wnige%;} e . i

it nust often be corrected. Hyperopia, nyopia, ano : & e usually
corrected by glasses or contact |enses. surgical nethods -2 for the
correction of such disorders are known. Such nethods include radial

ker at ot ony (Eéglg_gg*;hgjgnggﬁﬁigﬁ No. s. 4,815,463 and 4,688, y0) and

| aser corneal ablatio €. 0., . US. Patent No. 4, 94i 093 . Anot her

met hod f or- rrectlngn¥%€§ei%wgék%ﬁﬂ 8 A (Iuxgian} meshedianh dsvios yreric
rings is the‘g%ﬁ elusesking| a dierempat ke geaterelaliriistioirgn of the cornea.
Previ ous worintyastyomgl (s s dgdweyy aid %ﬁ:ﬁ gptgt#g[é’@tét%ﬁte (PI SA)

rings, allo eaI S and hydr doC d. One of
t he devi cesgé"?ti\i/‘(y) ves a r'm%ig' %eg # '}£ laloapmr rthey Rlrdmmemsert ed

into a chanRf theJmasexia itl‘hetlta r@ﬂlmdhw&kﬁidrh@mrmm ng a
mnimally i vkslak egrrradtotod hr ough which the channel for the inplant is
created and through which the inplant is inserted. U B. Patent No.
4,452,23S to Reynol ds describes a nmethod sad apparatus for corneal
curvature ad}s : g himyentdgn/es inserting one end of a split end

adj usting r|n|nto th@\&gl%qf t Mfa i v ing in a circular
path until tife ter adﬁ#;ftetf F&‘at‘?% to each

The ends are therea
ot her unti l c{%eseégﬂg “agr q réfﬁé" Eansdghhedraant vvhereupon
the ends ar @qqtmjmhm ttdmetrmmmm dﬂnadma e eHe

cor nea. PCTuﬁaolgngﬂl on 1. EM’/aUﬁ ss?‘t éééoﬁf’t \%@Hﬁ% escrl bes a

=CMA

cor neal vac rlqﬁ uEEe a

mtrastromal écal 5%( r}E)"' mé@qug Aeedhel ik t:lhnof three

maj or (t:)orrpori‘gz a \Ltmmmmuter mégwhie,troaqch%ﬁ:{-ﬂaéwﬁ ’Ieﬁt“%%ﬁ‘é dl n the
i nner born ¢ oHae i i n a e ird maj or
conponent, a _cCi Ir%t?ul ar 1d|isds1g:c°tq#r}q‘i‘ m&%?\gltﬁ BE8% 88%d further

descri bed b&CSHEs and the ocua of parallel rays entering the eye

occurs in from of the retina. Astigmatism is a condition
which occurs when the parallel rays of light do not come
to a eingle point within the eye, but rather have a
variable focus due to the fact that the cornea is
aspherical and refracts light in a different meridian at
different distances. Some degree of astigmatism is
normal, but where it is too high, it must often be
corrected,

Hyperopia, myopia, and astigmatism are usually
corrected by glasses or contact lenses. Surgical methods
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The vacuum centering guide has n support base that has a proxinmal end, a

di stal end and a center -3 section. The center section has a wall with a
generally cylindrical bore with a central axis. The central section extends
bet ween the proxi mal and distal ends of the support base. The cylindrical
bore has a ratio of length to dianmeter of between about 0.25s1 and 15:1. An
annul ar vacuum chanber | ocated at the proxi mal end of the support base is
adapted to create an annul ar vachU1apace when pl aced agai nst the eye. The
barrel and di ssector blade assenbly ie used in connection with the vacuum
centering guide in order to produce the circular interlanellar pathway

wi t hin t hfoeotheakorreotdonTbé bachelisordexstare khewnnnesubhre of the
centering ' 43S ' ' | t datg th ar Lp_such a
vy that TAERORR IpEABeNEAMARY, KhBicbiofy fepE‘e d. ) ﬁg%‘cééet‘ﬁfough the
i nt er | aneNPag -afa8ad5i A6Bhand: fofB8pB3RAlicARE LREeHSPFBRALHARARELBR pat hway.

A dgarp?cksgg,p@%gnrthhqgga§ﬁnn;nﬂﬁcg,anlLobna§tronah cgannel hastegn t he
inability to contro e n e r ade
tended to.create a ﬁ&ﬁﬁ?&ﬁéﬁ‘&ﬁgﬁnéPg §8%2§?§%§hogﬁ9%r drééﬁ@?%& a nore
pl anar chamnshriongedoploagandeni of BQ#WEﬂyiFhﬁihﬁﬁeﬁPi heTﬁKebEesent
th?nt hon cBrr?z\é:ad.e%tfr%hﬁaftd .fﬂhl’a? d ;mtet hﬁévaaﬁrdeufcehépbo?ﬁedum ng fi t
esired channel or pa i\n,the interlane page in the corneal stroma
ok ikt s A N
curvat urepo n ‘ a channe
o enl o R A L oy ag 4 coal | i nci oi on
into the GOVHEHS s‘t"’r"c?ﬁé’e('o)" Eaield ?%%‘P&S& gh"é@k\ﬁﬁ'@éw&r acggﬁ'ti r FAPSckwi se
di ssect or til due linsextied intol & mhasinel dissected dg ithecssaonade or
nser t1 ng e to L e ke &%ﬁ?“ﬁ%:g&gg%%@%%%“ﬁ’ﬁ””ﬁl ades
into the iahGoNath WiEh &ha iThpmmel: 5830k J'@G’l%'nt -ccﬁ%&?\%?é‘ o produce
a cl ockwi sthmugtowiissh dlee khnpanhdmndlnset®dpti onal ly (d) inserting a
cl ockwi se probe int g tde ﬂ:ﬁmﬂﬂxﬁ YYE 27 R KRS IS | e ke @1 Obe
annel _to '

into the counterc|l ockw se ¢ see if, the channel s t . Anot her
Var i at ] on BMaGHEd ARSIARRATARAA \ERF (CRERSHy T b AL st
count er - clkwietshad irivalwes clridexriting oo enddfta dplidtelendhi ch do not
neet) e.g. ty t i Y% t . g g ation
al so indlﬁﬁipgéiﬁ r##%?t#ﬁ??ﬁ%ﬁ%ﬁ&%ﬁﬁgpégﬁﬁﬁb(égéLééﬁiyégﬁé?\gﬂtmn
di screte iFiNGilh poFiReulanRath yRtil Aty RECEnt rR o cor neal
rings or Rard ithersafserraditistedi osXapive e ewdlerother mitesk then 360
I ncrenment s_,and at.s I fJ ' o) ' . ariation in which
t he channe‘&41 e f ﬁé %Y%?é%a?if%\hgg%&erﬁjfp% ﬁl’g‘éir edé'(i nto the eye.
Wien the ofhemreuRoRicthotendetare hbixedy Reiaghed it MIRFAIR R, i nvol ves
(s) deteradgigedhéshv@tuidcot! enkvwesoen®d. count ercl ockwi se channels is the
| ower channel by ov Vi ti ?ag ) N probes (f)
renovi ng the probesfﬁ%g»kgﬁ%£$§Fﬁéggﬁ%fogér sesgféﬁ%%%tgiigﬁockgﬁse channel
connect or 7 rprikeldddcdesnrines AcBRTARAY VACWAR: FeRteREng TMte®hannel is
the C'Ocrvif&_&lséeéﬂbﬁrfoﬂ|QﬁgmiﬁeiﬁBSﬁﬁﬁhgaﬂd intﬂabﬁgohALClockmAﬁe_or
count ercl ockwi se, or ,unti g,dis t obse e gh into
t he upper %ﬂﬁﬂﬁ%};rﬁﬂg éhfégehbviﬁggtﬁévéégsgété¥8gy8?opgt?ggEF?QPn t he
opposite dhagori campbhients:bacHRCHROUGRREATENGhguldper acharrel Khat
occurred, phegbi0cATRAEHE! enABkebbeh b2 tRectbfiteklhg Flgdeyand to

which is attached the third major component, a circulay

digsecting ring. The thrae components are further

described below.

The vacuum centering guide has a support basge
that has a proximal end, a digtal end and a center



.~5 1f, however, the channels still do not neet and such is desired. the
nmet hod of the invention further involves li) insrting a clockw se or
counter-cl ockwi se finish channel connector into the | ower channel dependi ng
on whet her the |ower channel i$ the clockWse or counterclockw se channel
and rotating it clockw se or counterclockw se until the channels neet or
until the finish channel connecting instrunment rotates around to the entry
incision; and (j) renoving the fiaRi sh channel connector by rotating it in

t he opposite position. The bioconpatible material is then inserted into the
eye. In another aspect, the invention is a kit useful for inserting an

i ntraet r rfctamealThel mgngexosiest ohobaspat WBld witdr aagenmradlyhe cornal

2:) Lﬁ?‘é‘r ofcc.-I Orlkrﬁmw Seca‘ilh;bdﬁet wilHDlal %@%g.&-ah axikockmsecdh%niﬁgt fgr (%) aa
counter-& %%ﬁﬁﬁ% % GHW%Q%FSF pres Qaglﬁeawagétﬁ nBBABCREnnel
connec;cnﬂhdf@uppoanm@amucldbhwny&ihdwdchlchauaehaeoaneatdb ofg) a

cl cokwi sqa{ﬁbﬁ t&‘fﬁia&r@cﬁ w%%eshosbwueeopﬁgbs afd! g& ;PESCRRPLI on of

t he Draw ngs ure raw show n orizon section of an eye.
i qur e 2 ST AR KAGHHT, (SATHGS: RECRERH, BB kRSBEPRARAS! SPRcofnERRI or
portion cn‘uppozm/éaaﬁ (o 17 adiplt:&da thr ereaper ancahnuldaxi eacamvspgcehe radi al

i nci sion ! to the eye durlng use. Figure 4 is a
! : oﬁé mﬁ]atg%m@ el %%e

aide view s nC|S|on r- Figure Sis a aide view show ng the
gap gauge. Flgure eFhes bany ﬁnﬁeﬂéﬁ669t9€ blagdes paRerylynd sapgedcat i on of
vacuum t dr leonrigatierowiedl thac watuumgentefihgoguddé iLa arte@nto

per spect i cwe U WIRREaAR1 TR0 RIS WIERTRMERE O 00Tl O

bl ade in perspécti vi ew show ng

the i nser"'ﬂ’ﬁ’r? %ra"ﬁ'ckvm 3\9 (!Haé?@@t &t washin: Shﬁhéné‘ei‘nbarespn‘-orra
the centering guide. The dissecting xing is attached to

the barrel in such a way that when an eye surgeon twists
the barrel, the ring moves through the interlamellar
space in the stroma producing the desired channel or
pathway.

A drawback to prior methods to produce an
intrastromal channel has been the inability to contrel
the depth of the pathway since the dissector blade tended
to create a nonplanar channel. A new methoed for
producing a more planar channel is described herein.

Summaxy of_the Invention

The present invention provides for an improved
method and device for producing a desired channel or
pathway in the interlamellar space in the corneal stroma
for inserting a biocompatible matarial to permanently
alter corneal curvature. '

. In one aspect, the invention is a method for
making a channel in corneal tissue to facilitate
inserting a biocompatible material into the corneal
etroma of an eye. The method involves (a) cutting a
small incision into the corneal stroma; (b) inserting a
clockwise or counter-clockwise digsector blade into the



Fi gure 9A shows a top view and Figure 98 shows aside view of the insertion
of cl ockwi se and countercl ockwi se probes. Figure 1o is a front perspective
view Showi ng the insertion of the ICRin the intrastromal channel) Figure
11A is aside view and Figure i18 is a bottom view showi ng the vacuum gui de.
Figure 12A is a side view and Figure |2B is a bottom view show ng the
radial incision marker. Figure 13A and C are side views and Figure 7.38 is
a top view showi ng the counter-clockw se dissector. Figure 7.3D is a side
cross-section view of the counteuwu ockw se dissector. Figure 14A is a aide
view and Figure 7.48 is a top view show ng the cl ockw se dissector. Figure
15A is a aide view and Figure 15B is a bottom view show ng the cl ockw se

probe. Fi dineEiddh idnd woude Mieitanddokinie® dxbouhtarheilicekwigaW showi ng

Lop view SOMTERISE % RARIted e chilieek- BaBckuaa drathel s 2 e Vi ow
and Fi gur e(§lsginsezting the wtheaiafy thee cdeckwdsec oac iopussesirannel
Show ng t e e adect o ladeyiaite Tl 1aaL¥lors s AT i en
and Fi gurgﬁzoééf?{k%f%%ﬁ%rﬁ% rs‘ﬁ:g\ﬂcﬁﬁ' o B0 BRRSNCE Fc IEHOSEWER sh
channel comeouRter-cinakwigs iahansel;handoptiiomallyPri or to expl ai ni ng
the detail gpfidderting a clockwise probe into the clockwise

channel and a counterclockwise probe into the

counterclockwise channel to ses if the channels meet.

Another variation of the invention involves

rotating one or more of the counter-clockwise or

clockwise blades 8o to producea channels which do not

meet; e.g., by rotating the dissectors by less than 180°.

This variation also includas beginning the two or more

semlicircular channels at two discrete incision points.

This permits placement of intrastromal coxneal rings or

partial rings or other biocompatible material in less

than 360° increments and at specifically defined

locations.

In the variation in which the channels meet,

the biocompatible material is insexted into the eye.

When the channels do not maet, the method of the

invention further involves (a) detexmining which of the

clockwise or counterclockwise channela is the lower

channel by overlaying the prcobe tips and cbsarving the

probes; (f) removing the probes; (g) inserting a

clockwise or counter~clockwise channel connector into the

lower channel depending on whather the lower channel is

the clockwise or counter- clockwise channel and rotating

it. clockwise or countexclockwise or until the dissector

is cbserved to break through into the upper channel; and

(h) removing the dissector by zrotating it in the opposite

direction. If the breakthrough into thae upper channel

has occurred, the biocompatible material is inserted into

the eye. '



i nventive- method and devices a short explanation of the physiology of the
eye is needed to appreciate the functional relationship of the device to
the eye. Figure s -show ,a horizontal section of the eye with the gl obe 11
of the eye resenbling a sphere with an anterior bul ged spherical portion
representing the cornea 12. The.%%obe 11 of the eye consists of three
concentric coverings enclosing tTE various transparent nedia through which
the light nust pans before reaching the sensitive retina 18. The outernost

cover ing :MS1 ? fi broz@ m&.wmvetltfwrémmutdlﬂ%aqqr g Q{otf 'me'wt latfdns gf g
|1 C is |l e, an € sclera netinNes rererre
to as the %’i‘t% Z %e’&%lw{ %412‘:1}% i['hee’?étﬂﬂ %t erior

one- si xt hi@‘f°¥1ﬁ¢%* ouf!e)r BERFLIRG theekqakmine ar apmtar-Elockwissddl e
covering £snishntanmsl Uain®dithnuintd ivise IJRrvfeinH(Hhﬁndid pendify | sed of

the chorojgd Jﬁétﬁé{-'é‘ﬂw Paﬁefr 1&%1% o ¥ ya{}ad;fa %é%oqﬁ&e il |y

functi ons to mal nt ai n is Tnvolved in

suspendi ng ?%E"*%ﬁecaﬁn%ﬁﬁ %&Qdﬁﬁ&kﬁ&ﬂiﬂiQﬁC¥QR¥W OThe iris 17 is the
nost ant exowrit@pElockwie tinge Dl dghe Elaumaid g wfed for eyt arranged in

front al t he di aph
of ' o cant hEBE chinid) AothdefLE R ndeC HIGRE Hatld &g C ) Bonr a0m
cal | ed th’éhﬁu%\’*T-rYLQiﬂ%%i%ﬁ*Zea'@# {he ramaving the ﬁﬂdﬁrué'gmlaa@qme anount of
light thatongectes bpersedtingg 18 i wwatsmpdsitd S;méxtioxa.ccmdatl on,

o1 FERebRed R EE I OB 4E Fs Wl grg&ee}tggﬂﬁ g lagboT ol on, The
anterior chanber 221%n§n®651ér$¥P9Qﬁmuﬁhﬂ krprenion iQSﬂr#ﬁ#rmst portion of
covering uSefd® £6fi DiséBling CaNSIiHIdEfomdTe! sk rfd LI EF 16 Vé¥ ch form t he

e’ br ai rOWYE, ﬁﬁééé‘gg#%}% el D750 Ve dad %a#fg’f 12 oot e nerve
24 servi ngRatya. i Bae kitcromprieesing {2k a clockwige dissectaxrain with

thetL Olre PERi & cé@n\.éﬁyel‘.o@icwiﬁéisd?é@b@@éb.@? (é»/lilgcuaiwmeath a pigmented
epi t he |u

t |1
phot or ece} %Fgeghfﬁﬁn??ﬁﬂgfg?%*ﬁﬁy%?%éﬁégﬁéﬁ%ygfiqfﬁﬁg VIéﬁto ﬁgrvz o
i npul ses. canmegter pols) badglackwise {imiahacksnnel| conmeemormstEhich fills
the pOSte&'@éuﬁ@éf éiééiaﬁiaé fbﬁiﬁé\ gﬁa&&ef\tcéﬁﬁe@wfs ( g) sapport s the

cilitary b e retina nt al ce depre55|on
houses t h® %%%gis?hgr?eﬂs ¥ aia f&lh% %?%“#%ragﬁ?é#§£%?éﬁ£ ®tonvex body of
crystalline appearance pIaced between the iris i7 and vitreous body 26. Its
axi al di g - . : godation. Aciliary zonule 27
consisting O T e cil dy i 6 and

ran [ ' t
| ens 2i serves to hgiﬁufﬁellae 'SFF?§ﬁ§£nE %n%%?£ gﬁ%fC|liary

nuscl e tosaction of. aReéyeri ng again to the cornea 12, this outernost

fibrous transparentg EQ@%&”Q igsgngkﬁaiﬁ?mgéggﬁgbagéa gigﬁﬁgaiure IS

somewhat greater than e res;B 8 erical is
nat'ur e. fetaen GFtéhelﬁnFSr FePEEF% B eh Gﬂeeﬁﬂrldlan than anot her
giving rise to astigtgurens Ascanfrehttparepettive vbeweahowinglled the

optical zesig hiabas! 4ABUGAbA hARKRS Ak DEePLASySERL! Ko! BRpCO! a5 Lhe

cornea thickens towar erl ction of the eye
t akes pl a®¥et ANSEHE BM@-cor nea. F@ferrlng to Figure Z, a mere detailed
drawi ng of the anterFigurpostisnaokitibeviewbshowbnysthieingisdon

blade.

Figure 5 is a side view showing the gap gauge.

Figure 6 iy a front perspective view showing
the application of vacuum to the c¢circumcorneal vacuum
ring.
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.9 Iayers of the cornea 12 the outernost |ayer, being the epithelium 31
Epithelial calls on the surface function to maintain transparency of the
cornea 12. These epithelial sells ax's rich in glycogen enzynes and
acetylcholine and their activity regulates the corneal corpusles and
control the transport of water and el ectroly~.es through the |anellse of
the stroma 3Z of the Cornea 12 . ,An anter~.or limting ~.amna 33, referred
to as eowran' e menbrane or layer) is positioned between t he epi thelium 31
and the stroma 32 of tho cornea. The etroma 32 ie,conpriead of-lamelia

havi ng bands of Fi lmi epar dld @l mneagbrebbeuaadv%wsshamh e whol e of

the corn i t fi brou I e _surface,
sone ar e%&ﬁ V\glfe% |aI Q:%gﬁ[telrl Sﬁ'f’ iﬂiﬁ gﬁggﬁggo% %lf'aﬁgipﬁﬁl na 34 is
referredthe® ﬁxwés‘éerﬂét“é“nenbr ane. It is a strang nmembrane sharply defined
fromthe stroma 32 FRigarec® disanl frongapetepevedivepvdeeasabswdngt he cornea.

The endothy) isBeddon ¥ d"ellochitls’ UlpabBEBE BlallicinENEReANd cOnSi St

of a single er of ¢ The e transition zone between
t he conj é’ﬂ SETAMR screra 13 (See Figure 1) on the one hand and the
coznea 12 on the otﬂisgureTm 'shictws~a thp wieennndn FEigurec9E3ehowgow t he

met hod f g gy Qﬁg:uwa MO ARG BB 21bRIndiBk0 and° cOlkREE. Strom, |
this case_th i oco e material I's an intraatromal corneal ring (xCR).
Q her f oS H® 'ble snaterial.e nmay be inserted into the corneal
stroma, including IRitguret 30 st ad fronte parigpecy ive Mie@hia@bwmgul ue of

SL?;%?L%&acr{ﬁ at e%?pﬁ%\ Wﬁbﬁep?'#orl nat eg '??ﬂ“lnene ‘propyl ene

(FEP), pol ycar bonatfigure d1& 38 o @idsnyievw.pod Figuze dBeRi ns such as
pol yet hylbautonpoirw dewﬂm m mmﬂueg&idmd their mxtures and

i nterpol yners. f S a%ﬁ_.%_r] li_ greater

t han aboyt 3.5 k SI eae%e q%ykrr;é!'(r\‘g’t érned Ilfi 2'It§ﬁg'léar to be

appr opr i tom, SEEY P jd‘ﬁ:c?rheaéi“ AT BIRFIRAT snhi ch i s
physi ol ogi caI |y suiRizhive fi@A iand (!Dllutd Glidentvd.euie alndl \FigRireuaafgul in the

inserts f i &H&I [ own to be

sui t abl eq'ast%:ara4 con acdtm:' I\‘g] HgFor | nsdtr;nc%c@ﬁ%e ﬁﬁe% on h| story in
opht hal nol ogi cal uFAEHEHIFD &kdey qroagrisastdon heyse in

t hese i noanirterAdrlidakaviald yi.tstdm},duqcorrpatl ble materi aI may be | ow nodul us

polyners, e.g., th Vi d e oyt 3.5 kpSI
nor e preferabl be%ﬂa&i 1%81% LH;"?%anfie‘%J %ﬁ% it%.u% "i tween 1 psi
and 500 &P m%wwrfm@w@g?qimgﬁ B9% with the eye Mbst
polymeric material sFipare 155 0ds & WlRCtviednwnd Figuid tiBHE aan the

bi oconpat e a$s incl udes
physi ol oglc;cE "Wcigi‘* a%hc@{ig“_; 40 %& -Sgl}%'l 4erosel i nked polymeric gels
as pol yhydroxyet hyl%ﬂm Pat’e,ﬂ EPaideyew andFienae X8R rid idone (pvP),

pol yet hy lbytt ci iviifaw Gdhdwiag aybd G&am:qzdw:ua F¥ebend its derivatives,

their copolyners a Y r o ogi c

pol ymers such as c&g‘gﬁ kf? sf&gcjroes ﬁ%l%ﬁ fé hyal ur oni c
aci d. tn YRmhyvierhrwing tthe tﬁmﬁmqm lergannefioMme hybrid, that is
to say, it is made memmmracﬁiwlmlmdmémvaﬁyawth a soft

par 1o [P dr i el | drfe e R h Sgtdgs ™
F?H Icg: : ytac?lyl ppery Bigu mé&%mw#@%@ﬁmﬂm qure h@%ate &i th which

t he i nserdouym beLéwts tHe CcldekwiEr§ HERN adhdniep! . Suitable

hydr ophi | rgg;)éléc/ rs include poi yhydroxyet hyl net hacryl ate (pH-MA),
N- subst i t9 r%r am des, polgl nyl roI i done (PVP), polyacryl am de,

pol ygl yceryl net hacriigues yﬁigwteaz%%hbﬂ,&polyacrylic
aci d, polm&wy&wc;ﬁ@wm%pmy é%n%ﬂi@ﬁéwiiéﬂ fOon DERDYh&AeRCr Yl am d)
and flhelr ner$ and their conbinations wifih.hydrophiiic and
hydrophonPQ§; %5herg, croesiinks, and ofih~pr nodiiere. ~Thornop7.aetic
hydr ogei s i ncl ude hydropolyacrylonltrile, pol yvi nyl al cohol derivatives,
hydr ophi I'i ¢' pol yur et hanes, styrene-pvP bl ock copolyners and the |ike.
Figure 3 Shows a radial inoiaion marker (52) placed on the front of a
patients eye (54). The surgeon narks the center of the cornea with a bl unt
i nstrunment using an operating tsicroscope for fixation or another

conpar abl e fixation technique. The radial incision marker (52) with
centering reticle (56) ie placed on the cornea about the inpreaeion
previously made. A light inpression is made with the centering reticle to
mark the position where the ~.nc~,eion~will be nmade,




The thickness of the cornea at the position of the proposed incision is
determ ned using an ultrasonic pachyneter or other depth neasuring device.
The thickness is usually between about 0.6S and 0.'15 nm The incision wll
be made to a depth o about two-thirds of the thiclcriese og the cornea or
bet ween about 0.40 and 0.50 mm wusing the incision tool (66) shown in
Figure 4. The incision bl ade (68)7on the incision tool (66) ie set such
that the blade (68) ~.s between about 0.40 and 0.50 nntlong, according to
the measured thickness of the cornea. The incision blade ' (68) is then
positioned at the prevrously mar ked position of the proposed incision and
t he |nC|sr_-~ ] . : ;itends through the epitheliumarid
Bowman' s e g o ay: X1 1] nd bet ween about 0. 40
and 0. 50 nntdeep Tﬁ? °”-L9aQﬁR%‘~P&H9iéhﬁndStFéSPue oft€he cornea. A small
spat ul a whircterfditve mdhhctmandﬂdémiunarmy bhowtecdxpdamakéoanofnkhieal

W Ehi n thE UELIod IR CTdyenLe BEURG Lo %rb%‘iwfté‘%?ie. tate the

i nserti on%é'f“ r‘%@rﬁé‘p ‘H’ 5u§'9 (geyiegeé%wbﬁ 8y. A depth
measuri ng gauge (' m)g\(nmlttnlwvcash)ordzgapagaugc):iba Dﬁs@hﬂedyianto t he

| nci sTon LA EdTgIvNd NS dy deBoRlURL bY sphexdewitidan?l (he
gauge ie eaS|I erted In t.he i Nci si,on, th|nner than t he
gap and if® %‘é‘?ﬁtg’t @ ]th’é’zt’:ti§%€°?§etgﬁpgg' . once

it has bee.‘-r?- det erm ned that the incision extends to the correct depth, as

shown in Figure s thgd gficte |1r1C|°$ (ya '&oﬁ%a)a o(fl ¢84e Nside the
central bore tqﬂig') of the vacuum c ri n&;& (vg&‘)i and the conbi nati on

i e pl aced RIHF 7S RONRT {nes ﬁé}q T BER 3SR e i ng
reticle (%®dien throughliviidnding dightr et pa)sst doeo‘.'@rrteerretalchimuum

cent er i g ¢Hi dard PBIY FAARPNE! THk RN & dW?ngA‘tist s point)

vacuum i s l1ed to e Clrcuncorneal .vacuum ri.n cuum

centering E(§b‘§° SN RPRRAQRm U RaS e rté’ of
vacuum apptidazh iiss beiitee mmmbopaqi® ami Z:‘A]rimd—lg;heﬂwlrm al3,i ramdsr on marker

(52) is ”?d?né @%Jf&?d&‘%dw%&%ﬁé UE PHeHvyie>Whedd My be

observed t CI rcu orneal vacuum ri 60), there fe a alight
bul gi ng ofrat v%/ e ARFeRAOT GRerA r}g‘t&hégfv within the
vacuum chmﬁmrmmr@pﬁmrmpamzm mnrnﬁra dther novenent of the vacuum
gui de (50). Wth th xR CESN B3P hrddd ‘g fd Xxed to the eye,
t he counter-cl d1$ or ba reI 80 ntyroqucedq I nto t e central
bore of t HES ‘gi{ (%R))" %Jgd? Qf‘e?irt%tt 4ely, the

procedure cmiagrhbdrtis tdwed c:I.ubkvtl'a.e dites axlioro{dB )4 sgmveralily=i gure 8.
F t hat
or pur pofﬁﬁz 10d¥ to WALAGRINWMEY ASGUSsien. rci?e’fs‘% eﬂi}?%éjur e tha

begi ns w

e cou ssector WI|
count er - cl¥R a’%c“b‘?P%‘l‘%( %%’c%en 0 and
3s0, pref wﬂb&lyeEIums amdasmmmmmu rﬂmmbbﬁﬂaimhrefshom in

t he dr aw o) ﬁﬁ@lﬁé e.(A2) is
i nt roduced n @iéﬁi‘e{%ﬁeegié% %ﬂaﬁﬁ’é’ ejgom&-h%'nd& coﬁtgg &‘(d aot at ed
count er - c| EERRFAL Plage; s I&s pg g"@d% 8¢ { FREXRPPARAIRE of

appr oxi rratebytﬂﬂwiaﬂmaglmsctcaoearhéﬂﬂﬁ 472)is spetforavedindar! btaw se and

the bl ad k, b t h
formed. NeSTRERE B, £ biecul e *@Qf%rfﬁaﬁt‘e"rff%f‘@tﬁtr%%ﬂé‘egh‘m o the
support ba8tZese& ﬂ‘gul’\épii °G|FQSE%%1" al °(B'B?“’r“rﬂ§r Ed into

t he corneathétongachés thei sevinanléhe Ibreentsadtsoadsedeol ockwise in this

case past gecmholflPh! whibll QUsedNes éargtnaeﬂwaeaae{ag 200, xf the

channel s Cag g & g ere w a an UE easg in resit s nce to
conti nued G+BiBiEhERG FPhFﬁi'-EaéeEHQant fR d|'§§%c ¥18ptAdeivades: at ed
count er - c| théwspacet betwbarethe boriied 1Rtand the ll.ener 2subntef ane

| amel _I sr [ r d o] te | in this ease,
the =CR (1 E;ngPk ngﬁﬁégr?gdagﬁ Bagﬁe hggogﬁ n F§2IS? g and into the
channel . (gee Figure ~0 and also Figure Z,) ~f decreama in resistance to
continued dissection is not felt, a cl ockwi se probo (90) (see Figure 9A) is
inserted into the cl ockwi se channel. =f breakthrough occurred, the probe
tipwill easily rotate past 200 cl ockwi se rotation. Optinmally, the probe
will rotate past a00 and clearly into the channel created by the
counter-cl ockw se di ssector. The probe can then be w thdrawn, the vacuum
eased eo that the vacuum centering guide can be renoved) and the

bi oconpatible material, in this case the ICR inserted. If, however, the
probe does -14



not touch rotate past 200, it wll be possible to determ ne which channel,
the cl ockwi se or the eour~ter clockw se channel is the |Iower channel. The
cl ockwi se and counter-cl ockwi se probes (90 and 9Z respectively) are
inserted into the clockwi se and counter-clockwi se channel s, rospectively
(see Figures 9A and B)) The | ower channel ie determ ned by obseiving the
position of the probes at the point where their tips overlap. Once this
hat: been determ ned, tho probes-&te renoved fromthe channels by rotating
t hem cl ockwi se gor the countercl ockw se probe and counter-cl ockw se for the

ot pia B8 LSRRI L e U S

an ‘ar'o of between about 0
and 360, EPEFEFSEF? of RervRcHlements it R $TRE gures 1~A and B
shown to becebbﬂbeBﬁertecnnSexttibuiIximp:ﬁnaiﬁnu1he cl ockwi se channel and

rotated cl ockw se i rq rﬁywﬁ I is
observed to breakth?ﬁgﬂﬁb?%%g tE:fEL %é?&?‘%é{?éﬁégﬁéuntll it has

rotated 338 CukPrePHED-RLARcFRe tﬁiﬁhtqﬂﬁePEﬁ ¢ bten an

abr upt deaeeaiagiasrasEtbanCErautccmmnenmihghEhnxremtna»@attucf|e t he case)
she cl Ock%éebeuaﬂnaktﬁomecgafelﬁz%ﬁn R B kwi se sad
renoved fromthe vacuu en ease and the vacuum
cent eri ngSgaele ¢ xéygs\ﬁnmﬁ beneath & Pi@‘?'&‘? Tim #n eat i bl e

mat eri al , anherhbs wald bﬂetﬂérketﬂmabﬁarVEeidEnisuai ¢dBlshoxnel s do not
neet) a c h n ggﬁﬁt en about ~360
and 510; ERS eraEFéEEgamgggégbgﬁ?ﬁg réﬁxé&é gurE§E¥EA‘and B
shown t o BBEQLBAFVBOAMRRLEeBe | nserted into the Iomer cl ockwi se channel

acrd rotated cl ockwrae wmtneeus1bedyfzsriawlesr&ﬁupurqmtFigure 8 until the
| over chagaghefBlgChdsy! blii LR L YPRE! Y £r Ubdz-£Eetkh oD channel

conriectv hg g g 2 E mz |nC|s on, nel .connecting
may be deFBenBheBewhdn afitabFEpeides, Es%“P ¥e8i thanchliary RedYued
di ssecti on6i andbehevedtifack8t heAcfvohtal coaunceroshaped| deprneseiohannel s
have bee”h@ﬁBEQCEﬁQ)lhhﬁ finish channol connector is renoved and xhe vacuum
i s eased. e vacuun1center|ng gui de (50? shown in Figure 6 can then bQ
renoved fro~~ the eyBeah8RfhelnPEchhPatYS| &8 ndt &¥aRFPAYCRE(RY- 1f it has
been det econwest bbdy blﬁecryunam.theckppﬁercﬂﬂwnpl?eedthetdweenr thee, ad
counter-c e a n t 0 and 368,
mt 5°anl20Ere6A"BCL0" 4L | N1EH Akea P aPRRESR ROLDS

preferablé tween, a 0 I gures shown to
be about B3FXE Vn?éFpeﬁceeﬂﬁPéﬁtéPBckmﬁsﬁ 1hesyt panvdeang2r cl ockw se
channel asdnedsting ofurtrenspaveiiti fthersapassihgrbéoweennthe shown in

Figure 7 4atihrd! eyoleukaakaDakERLRHOEO! HbRA! PRaCh Rk TEspNaNNE! o

until it as rg annel's aré conne
been an aBPAALigS-AB4senakleasthefidl REY CBWBFARBBOIRSE RN &k I this is

the case, the count Referedly agathapsothaocscasariky thas rotated cl ockw se

and reroves LeAGENS SHICESAngRKNRAE SR0NEL: IHERKIGYIT Lsggocd and fhe

vacuum centerin & ure e renoved fromthe
eye. The BFGGana e Suryasural 1sj gompwbatgreater| thanckheng@ske i nserted.

If the chetnehe @qomt afideils a.dcaunyesphén&msenf natalrechannel connect or

with an ahgﬁg % %ﬁgknpg%pg A r@ngurgég égrgagoggkxﬁgggggggnebout 380 and

inserted into

450 and in u
t he | ower ?“6’(93‘19[ givigg xise Gﬁaﬁﬁéﬂ-gﬁﬁéiﬁﬂt- at Bdcepsredr thlydi®ifse iss the
manner shehe icorien!ia alled thecopedealcanscwiehnacelighitt h the upper

channel , ugl t nti nued
di ssecti otﬁligtrttuﬁitrﬁ%e tﬁﬂi?\f?’l%%ha%ﬁgﬁgggﬂﬁggkgfags ak g?'&t @?‘D‘ﬁ ough to the
entry incitiiigkens toywayids. PO PANTYe aHB'EoGﬁt§ESCFG@KWF§é°@hanneIs
have beenoforthacieyd takag |p1|gij§ e glh chaneekfea.a renoved. Tha vacuumi o
eaasd~on the vacuum UI 073 and, i ved fr e eye.
Next, the bi oconpat &q%%'%?t% I ns"tihlzé cgag'(?&‘tehgﬁ;g'i %OW'%%B

i nt r oduce®f Fhe® ERtagham Parsion ofathe gllﬁbﬂheBBPUGkM‘@eValf-‘ri@éﬁ on or, in
the direction of the~channel connector if one was used. she ends of the

| CR, may be joined using techniques described in the patents di scussed
above. As was noted above, this invention also includes a variation of the
procedure outlined above in which the counter-clockw se di ssector barrel
(80) is rotated, after introduction into the cornea, |ess than 180 but nore
than 10~ or an arc, and the clockw se dissector is rotated Less than 180
but typically nore than soy) The two di ssectors may be introduced into
separate incisions. Mre than two non-intersecting channel s may be produced
in this way. These smaller channels are for the purpose of introducing
snaller arcs of bloconpatlble mat eri al |nto the _cornea for the correctlon
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~17 ~.nserted down into the |lanellar separation. The gap gauge (70) has
upper sad |lower forks (7,25 and |26 respectively), tho diata:~ca fromthe
bott om edge of the upper ork to the tap edge of the | oweZ~ fork (the gap)
bei ng Erom about 0.35 to 0.s25 nm The | ower foxk (125) will be placed into
the lanellar separation to determ ne the separation depth. If the corneal
tissue is easily inserted into the gap between the upper and Lower forks)
the tiasumis thinner than the gapgand a deeper incision may be reguired.

| f. the corneal ti~oaue cannot be easily inserted into the gap, the tiBeue
is thicker than the gap. Figures 11A and 8 show the vacuum gui de (50). The
vacuum cenlayeng gtii the( sorneaclidethasovtpenmest clayemderingltheacuum ring

(5] 5 apseisnion s bpscanca, e s s eyl (10
X i uu i s . vacuu
gui de t58)L§ H%%gﬁfggcgﬁéaéﬁ§r§8§gl$%g$¢§gcégfﬁ§i* at iﬁé%&ds vertically

. ig ) ; .
appr oxi nat éP}thadialseahia arefrbald halglyeogeie, guznmnes adthe vacuum
cer;gring guéﬂyléﬁ@lin&ﬁhhdpbhéiﬁnﬁctﬂ@ﬂ&y?ﬁégﬁmhﬁ%ﬁtéﬁéﬂéé&ﬁfﬁ?“thet' I
solid rin of her i nser | i e centra
bore t10chiﬁpﬁéCfPﬁoa#§§8§%F£§§%efﬁgnfg€¥é§§i# €€§§%8%%¢¥i s and the eye.
The vacuuﬁF'ECBFBgﬁﬁﬁaiﬁ Fereghvibauisaslliee of nehe oegrom32ioHthor neal !

. vacuum rcagné80}2is configured sv that it neet with and seals to the

front of the eye renggri -V [ )sxcel a4 [ [ when
t he support base ie ggg?ﬁgﬁkggriﬁgﬂ?g%%# %ﬁh#ﬁg %%b g%%¥§£%%iggﬁ$e vacuum
i s appl i edPPETRReSVRETRRREBUPE LAY RE! (18)Poahelonrd PeeweBcthdr ne an
annul ar vaepidithebpiom agaandtthbecstromd 32 dfectktyecordheaci rewegcos~neal

\fy ‘¢ . . . d . | . . .t
nsi de. L'yngﬁgg%n??a?abg?@ $a ok The s paviid bEAGYGL' ERILA S |
enough to EEB‘&EE ehPi RED BFheRcandscreseing be whole aBithe .18

Fi gure 13Afozmeas dWhtlesmdabebSwthd@hfibeets dbahds catd Opar&rbeBneaxi s (107)

whi ch subs t} Oi BakEde i axj dj | adg. The
out er vacuEﬁ?ngkkﬁgﬁg zégg a§égé?é%§§°;o%§§8%%%ffﬁt%?ggf%g%ﬁg'vd@uun1
centering BﬁFEﬁrggﬁ) FAEEPPo aP%thé ciBcERfREFERab? 38 DERTETRE €60) nay
be one or wewmbrandgesItl148) awktehngxnembrapensharpdby defimed frathace when
t he suppor agerbmat §ac i dg. j LiLoned within
t he ciPgun%ﬁ?n2§Fb9§c35n?§?ngg?%§§a?% g?eegﬁgo;ggg§?%ﬁ§§?8€%%ééaggun1guide
t 50) durin§®8n§OE¥BPYical operation) The opening (110) to the vacuum source

line (58) is shown i Théi gndetbéRiumi gar éslthasimost poatdeiorehapad Fi gure
12H chows behhO i t L@l alenNgi Si t52) si ghting
portion (S§§ EEE%§Q¥P§§;gédbgggbgﬁt?hgkrgd?%ﬁaigg?éﬁéﬁ égrﬁggﬁ§52) al | ows
for maki-ngtaen&tEPHE RetB8r REANZLCLIRR 2PPR BRLYWARNPFBBosed incisiots
with the i achjunrtiwakds bhddeclléga. 1BuBSker Figurer a)li eh thei ehan nar ker
(52) is us 0 n C e ri ui de one the eye. The radia

i nci sion nggﬁgraﬁgtgﬁFnFE%Fﬁg ggg??aph%oPgﬂ?gAZ) of the vacuum gui de (50).
Oncle the surgeon detgrnjnes t hat the vacuum guide t50) is properly centered

by usi ng t RherMethbd ofi shenInwakedons2), vacuumie applied through the
vacuum source line ( t Re qV [ dy4i i gal opening
(3o ) 3 hudst B 9V AR A Etﬁé@ei) £33 :LhEérH&&'aﬁ ) e

e circu &neal vaguym.ring hg t ees ures
t he vacuu §8F8596g3¥ Fsm&FFF;&g 48tenE rSﬁF“GFltﬁg=EV@: t kB EBdPal
i nci si on maeker the2pbiocompatibdel maverialcdnst an Bateragtidpnadfl the vacuum
gui de (50) caRfahl® raRNI(SCRY!.OC KNS Qb§ﬁgcbgag§?§8 b E&ggé is inserted

into the central QQre &]gZ) of the v cuunkggl see Figures 13A and
9.) The di PaEEFIRlE TaY PE3ipserted inko,the,Corpesls 88ZoBA barrel (I30) by
the di sseciocluding bugpaot dimitef)ro selakdviedyr etifE3dhigh

modulus of elasticity) physiolegically acceptable

polymers such as polymethylmethacrylate (PMMA), TEFLON,

fluorinated ethylene propylene (FEP), polycarbonate,



-19 rotates, it defines a barrel axis. The barrel axis (133) is coincident
to the blade axis (1,34) diacued below) Figure | 3Ais a side view and
Figure 13B i B a bottom view og the counter-clockw se dissector (129). The
bl ade (131), in crosesection, is desirably rectangular (see Figure 13D).
This permits a |arge anount of material to be incorporated in the blade and
yet forma gubetantially rectanguher path is the iaterlanellar spaces of

t he corneal strorra The bl ade (131) is in the shape o a major arc of

bet ween ab 360, ef er abl about 1~0 and 240, and shown to
be about ?‘!s rﬁyéﬂwét "'9%’0\&? in Figure 13B. The
b7. ade~a rmlyetaluxleMJ m@lﬂmpylpmrqsem!hmwhma.hmd hesln 134). The

di ssect or i gcerdd 3dnd | fnd SF B ghatxhq,i &rs whQlugllegdde support arm
(132) is at,n le, a fu to ab £ angl e of the
bl ade sup Hg‘éfﬁg?’iw)f JIRE ;ﬂqa 55‘%"’( %%%%E;} r]'Val ue o~ 0
to 90. xt M%nlpr%fe‘ff S/ pRIYRRYs @%&rwm -‘lﬂ’b thep@attetabibe t he angle is

bet ween 10y rﬁ{ eﬂﬂﬁ& YocHtude &fbrﬁe&) tzaui o Wwze of the

(1 32) “ber ‘é%%ﬁe’r ’3’%@%%%%‘? 3 e fbale Aok drdodidbiod WAL 20T
the inci si d&Wf‘éﬁ@f\h?é rb&ld&# Mﬂrhm@ﬂl%tiﬁv%%‘( 131) into
the cor nemawrmhim&ml msmm r)ﬁiov&b&sﬂ lnéalauicﬁaﬁwds i s

desirabl e | i um duri ng

t he cornea pera‘?l on: :[r%ﬁ'@? ﬁﬁ;}d{e@%n I'e suppoﬁe x{g( 132) is

suf fi ci ent %ﬂa@rrhbnewh%am% Q#l preage (M)cqrgsqmgqrmlq t4® ough t he
top~oi th tecdéoirdo)é cfof UWisd din Hhesd drigdxdds di aneter of the dissector

vacuim g ge @;'g&a%@sﬁg hd e Sl e o (5o

wi thin thel®w 148 ol Boers The. Hverthhgse having re|radwhithiqf of the sizes
3~ thetdl aérmetil.@it?mmabfﬁoﬁﬁabsaqeai,l&ﬂdré PrdEe LY fb@cwéé\eth o th
i ssector o the
are i amet b %ﬁfmg?ﬁﬁ%.fsé&&Qﬁ%fﬁaﬁ%f@%%fﬁ?%%ﬁ é’%“ivée %}‘?@.21 and
1:1) at | 229 B®butwhigh npe| physioles Y Fsompafip B®out 3:1 but
| ees than dpe 1. Watngoolimc:eu(saﬁaeérﬁdiovuwcﬁemfsdwlcmﬁﬁwn by theth t
sur geon. SEELO s tha
ar egbel I ev f%‘g%gbgglé by % t&ogt%%g%ﬁ’é%@“é @%}5%?3@%&@&?%@% %um gui de
(50) in priwvenpnéenan |'ﬁhér¢hﬁ%ﬂ&ﬂcb‘h%he!’h?hi?f@swwlc%@?bhﬁb le/pon
rotati oPhOélibeoudessesﬁersbehrei-oéiBDAkedFpoﬁy:ﬁm&t ogebéaﬁ (1 3t1%1 W}JSE hmove
in a pa r ay, e path o e
di ssecr:)t or #igﬂyﬁgiygéﬁgfﬁ%ékﬂfrgi@f@ H’J{% Hée%? r)altst romatlo | anmel | ar
space des PP ¥V AR IR ¥ TRLidoRa (BYPY, PPhzethy Mﬂﬂdﬂur?ﬁg t he di eector
$ﬁrrg: élaﬁblyatnylanesThpaﬁyabaptec adidhand iuuFagnieaﬁﬂéhus a cgnst?nt
e bl ade sid]r Sa RE i cul ar
to the aX|éﬁ%%%4§g€ﬂ?§ﬂggn kﬂﬂ Hg&?g?fﬁn&f—&t |ssec I'ké gd{égﬁ}SI)
Similarly. agneie ﬁeiangpémegnomcttsm gmeulmte |§°ﬁ5\'~§%r ably 11z (t
30~), Agai eérobblinkednhapatls, dogshpabirbhideaéidl? Co produce a channel
which is. parallel teg taﬂn§ @HS#L ﬁggunghénalggoﬁgégfgiasﬁgggm {he cone

angle a may, of coursSe on sUCh Variabl es ae
the geonet™¥Yobet hyb F€§'|ﬁ§ﬁﬁlﬁéd°°tHGYS|§E 6? nade\wp 9finagpuskeror bl ade
(131) muy &€ pellgmetie layeebytygpicallyi elthi acsoftngrbhidpatablaited to

metal s such, iﬁgé&abﬂ' ges sheg | BBEEQEEH rHkba" %b?i&oﬂgtagga%oﬁﬁ?pa“ bl

t | t
Ir P% '? (raltlat ghﬁoPQHEMlRYdﬁb’aé'F‘eér BEs £1; ﬁjﬂfeﬁ‘lgsﬂ‘& hYdEPB§§iI’-Fnked "

hyal uroni cpolyaéractlatsarexsypigally pllipparyl andr cohsdquentlizFin@ld) FEP
and organi gaRkk9%ARE ¢8' Bhe ease with which the insert may be
introduced into the interlamellar tunnel. Suitable



The di ssector barrel (130) having dissector blade (131) on its |lower end is
I ntroduced into the inner bore of the vacuum guide (SO . The | eadi ng edge
of the dissector blade which blade may be rounded and blunt so as not to
tear corneal tissue ie introduced into the incision nmade by the incision

bl ade and the dissector blade is rotated cl ockwi se ae shown. The dissector
barrel is rotated between about 170 and 240, in this 't case 200 cl ockw se
in order to make a 200 channel. Tégar«4i ssector barrel is then rotated
counter-cl ockwi se and renoved. Figures 14A and 148 show a side view and

(139) 1 & conamRRad o odaTare, dHc1gec PRIV AVAERAVA LRy LPRbBRETYSeRe D but

t hef di sseft(@tﬁm'?’i?e b(-ls%ﬁtli&wcnd?acmgmﬂ.desg apbtwﬁ.hahpurﬁomﬁdlengcl Oc'k\llom 3e
confi gurati ) channel describe
above, the sségzglt r barrg (% ));El%% YEQW a%eoraemgge 140 8n Its | ower
end is int®& Fide.n ROLYNINY 031Fﬁ§°3ac88&¥§ﬁ?¥é (’55;’1 The | eadi ng
edge (142) P@flmmmtcoﬁetildadmc(lﬂdﬂn Nrddmetbhyddaming propydei si on made

by the lnC'rﬁtﬂarglaﬁlsd@ﬂdah&etﬁéﬁfe&ép&lﬁﬁéff'ax(d“'é‘ﬁeizs rotated between
about 170 and n,or a 20D channel .

The. di esect! °r*]’(ﬁt Zf'f‘)%l\ Z‘ %ﬁ@ﬁ?\"gﬁ&w&%s bﬁﬁf&P?‘ePgEkﬁPE‘a“aﬁ‘a TPermoved.
It is of ceowesslicds bland etihwize modd fdegskwi Toerapiaptief bydrogelsg t he

count er ¢l oglneiv@e HyaRIpd 1@&:@1@&1&1&%% o1l Lkt ahesmbeen descri bed
above. Fi gl#’ }v;%ﬁ‘.va%d §W § m vi ews cl o%bgl Ei‘ %%Ebe (90)
and Fi gur.e 9% § 9% 5 198 Sof FHEEESU r PePS&wi se
probe (92) coped ymenseang @l'ueétiglﬂﬁed such that the axes of the handles -22
54) that ate ir er?&fﬁ st 3 Witiele raALaY hetelon AR 152D onel o of
the eye. I?é' e% %ﬁé‘ﬁ(% %3§P§ﬁe& Y8 RI%%A sus‘g‘ﬁr fUFBROM55) t hat
has an anglﬂazamas;lﬁtmuer Rifhte rornes altheacblunt inecruwent respect to
(156) that o *’f Fﬁﬂ hot““""r“a‘"’p‘“"*’@l. gur@@“‘Qgﬁ%{é‘?,‘ﬁ?ﬁéﬁﬁﬁﬁﬁﬁair be
bet ween 0 &7F out' s 8% s shown in
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tha previocusly marked position of the proposed incision

and the incision is made. The inclision extends through

the epithelium and Bowman’s membrane and is approximately

1-2 mm long and between about 0.40 and 0.50 mm deep. The



. ) -24 i. A nothod for producing an intrastromal channel for inserting a
bi oconpati ble material into the corneal atroma of an eye) said nethod
conprising: (a) cutting a snall incision into the corneal stronmm; (b)
inserting a counter-clockw se dissector blade into the incision and
rotating it counter-clockw se to produce a counter-clockw se channel (c)

I nserting a clockw se dissectorJTzqde into . the incision and rotating it
cl ockwi se to produce a cl ockwi se Channel. 2. The nethod of claimi, further
conprising: (d) inserting a counter-clockw se probe into the
counter - cincision tbaoneh zadiascéHckhe seoymeds Ntamdll spookld se channe
to see | fwk'ighcﬁi‘egekﬁcﬁeé{}e. §ncgﬂfoﬁ*r§£¥h°€? QIdp&k ald Maidghein the

cl ockw se ag counter-cloc e S 0 g;es have arc: of between about

se _di ssec
1~0 and 24Bitialrrepazarign, “cFEanQ“%ﬁe*%W i3k aeerRi et dvheot neet,
further cbeptemi rf: the) ideleiannwhghihi the oftxdma | JThdiw sttessing®

count ercl gekphse1ghanng! 4113 Eaeéi tﬂeeecmnﬂﬁyéﬁt@t%&bé@ﬁyﬁng the

e A TR T N N U R
whet her t gaugewd70thdhnethie taeep| acgap spawge )k olmt inwdrrédi fmcehannel and
rotating htt;.eckaewiéﬁ £5 &QEQ%ﬁiﬁLO%V‘tﬁéJ déé%(ﬂé. r £yt iy channel
connectorasydggaggh?g &% LﬂetgiuSBpfétgiﬁfT§ iéggzted inteo the
incision, the tissue is thinner than the gap and if it
cannot be inserted, the tissue is thicker than the gap.
Once it has been determined that the incigion
extends to the correct depth, as shown in Figure 6 the
radial incieion marker (52) is placed inside the central
bore (48) of the vacuum centering guide (50), and the
combination is placed on the front of the patient’'s eye
(54) using the centering reticle (56) on the radial
incision marker (52) to center the vacuum centering guide
(80) on the center mark previously made. At this point,
vacuum is applied to the circumcorneal vacuum zing (60)
on the vacuum centering guide (50) through a vacuum
source line (58). The amount of vacuum applied is
between about 10 and 27 mm Hg. The radial incision
marker (52) is then removed from the vacuum centering
guide (50). It may be observed that within the
circumcorneal vacuum ring (60) there is a slight bulging
of the eye. This bulging of the eye contacts the vanes
within the vacuum chamber which helps prevent rotatien or
other movement of the vacuum guide (50).
. With the vacuum centering guide (50) £firmly
affixed to the eye, the counter-clockwise dissector
barrel (80) is introduced into the central bore of the
vacuum centering guide (50) (see Figure 7).
Alternatively, the procedure may begin with the clockwise
diesector (86) shown in Figure 8. For purposes of the



-25 S. The method of claim4 further conprising (h) inserting a clockw se
or counter-clockw se finish channel connector into the |ower channel
dependi ng on whet her the | ower channel is the clockw se or counterclockw se
‘channel and rotating it clockw se or countercl ockwi se until the channels
meet or until the finish channel connector rotates around to the incision=
and (i) renoving the channel conqﬁctor by rotating it in the opposite
direction. 6. A nethod or inserti"ig a bioconpatible polynmer into the
corneal stroma of an eye, said nethod conprising: (a) cutting a snal
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this case past the 180° point, through an arc of
approximately 200°. The disegector blade (82) is then
rotated clockwise and the blade is backed out of the
inner subsurface lamellar tunnel it has formed.

Next, the clockwiee dissector barrel (84) is
introduced into the support base (see Figure 8). The
disgector blade (86) is introduced into tha cornea
through the incision in the cornea and rotated clockwise
in this case past the 180° point, through an arc of
approximately 200°, If the channels connect, there will
be an abrupt decrease in resistance to continued
disgection. 1If this occurs, the dissactor blade is
ropated counter-clockwise, the blade is backed out of the
inner subsurface lamellar tunnel it has formed and the
biocompatible material in this case, the ICR (100) will
be inserted through the original incision and into the
channel. (See Figure 10 and also Figure 2.)

} ) If decrease in resistance to continued
diesection is not felt, a clockwise probe (90} (see
Figure 9A) is inserted into the clockwige channel. 1If
breakthrough occurred, the probe tip will easily rotate
past 200° clockwise rotatien. Optimally, the probe will
rotate ﬁast 300¢ and cleazly into the channel created by
the counter-clockwise dissector. The probe can then be
withdrawn, the vacuum eased so that the vacuum centering
guide can be removed, and the biocompatible material, in
this case the ICR, inserted. If, however, the probe does



(e) determ ning which of the clockw se or counterclockw se channels is the
| ower channel by visually obnerving the probes; (f) renoving the probes:
(g') inserting a clockw se or counter-clockw se channel connector-into the
| ower channel dependi ng on whether the | ower'channel ie the clvckw-. se or
countercl dckwi se' channel and rotating it clockw se or countercl ockw se; and
(h) renoving the channel connect®®~by rotating it in the opposite
direction. 10. The nethod of claim9 ~curther conprising (i) inserting a
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e i ne e e e b e e e ve. sai d
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conpri si ndhar(riel @ ¥y AILUtEh e c 1R INIAGR0 tDraRHa( @budteeunt er - cl ockwi se
channel(%lgk(%fgs probe and counter-clockwise for the clockwise
probe.

If it has been determined that the clockwise
channel is the lower one, a clockwise channel connector
with an arc of between about 0 and 360°, preferably of
between about 240° and 360° and in Figures 17A and B
shown to be about 330° is inserted clockwise into the
clockwise channel and rotated clockwise in a similar
manner as shown in Figure 8 until it is observed to
breakthrough into the counter-clockwise channel or until
it has rotated 330°, If the channels a. - connected,
there will have been an abrupt decrease in resistance to
continued dissection. If this is the case, the clockwise
channel connector is then rotated counter-clockwise and
removed from the clockwise channel. The vacuum is then
eased and the vacuum centering guide (S50) shown in Figure
6 is removed. The biocompatible material, in this case
the ICR, can be insexrted. ' If the channels do not meet, a
clockwise finish channsl connactor with an arc of between
about 360 and 510°, preferably between about 380 and 450°
and in éigurea 19A and B shown to be about 400° will be
inserted into the lower, clockwise channel and rotated
clockwise in a similar fashion as shown in Figure 8 until
the lower channel connects with the upper channel, or
until the finish channel connector tip rotates through to



15. The kit of claim 14, further conprising: (e) a clockw se finish channel
connector] and (f) a counter-clockw se finish channel connector. |6. The
kit of claim13, further conprising: (c) a el ockw-.ee probe: and (d) a
counter-cl ockwi se probe. 17. The kit of claim 14, further conprising: (e) a
cl ockwi se probes and (f) a counter-clockw se probe. 18. The kit of claim
15, further conprising: (g) a clockw se probef and (h) a counter-cl ockw se
probe. i9. A clockw se or counte¥Stlockw se dissector for use is producing
an intrastronmal corneal channel fvr inserting a bioconpatible material into
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t he cor n&ile staauven st wiang guddep r(isQi) nghopml ianFdgpee Bocknwi th an upper
edge and ¢hen be ramoved from the eve and the biocompatible

material inserted.

If it has been determined that the counter-

clockwise channel is the lower one, a counter-clockwise

channel connector with an arc of between about 0 and

360°, preferably of betwaan about 240 and 360° and in

Figures 18A and B shown to be about 330° is inserted

counter-clockwise into the counter-clockwise channel and

rotated counter-~clockwige in a similar fashion as shown

in Figure 7 until it is observed to breakthrough into the

¢clockwise channel or until it has rotated 330°. If the

channels are connected, thexre will have been an abrupt

decrease in resistance to continued dissection. 1If this

is the case, the counter-clockwise channel connector is

then rotated clockwise and removed from the counter-

clockwise channel. The vacuum is eased and the vacuum

centering guide (%50) shown in Figure € can then be

removed from the eye. The biocompatible material, in

this case the ICR, can now be inserted.

If the channels do not meet, a counter-

clockwise finish channel connector with an arc of between

about 360 and 510°, preferably between about 380 and 450°

and in Figures 19A and B shown to be about 400° will be

inserted into the lower, countex-clockwise channel and

rotated counter-clockwise in the manner shown in Figure 7

until the lower channel connects with the upper channel,

that is there is an abrupt decreass in resistance to

continued dissection or until the finish channel

connector tip rotates through to the entxy incision.



| ower edg; (b) a lower fork with an upper edge and a | ower edge; sad ' (c~
a gap between said upper and | ower forks; wherein the ease of insertion of
corneal tissue at the incision into the gap wilt determ ne what her the
corneal tissue is thicker or thinner than the gap w dth. _Z9_ 23. A
met hod for producing acn intrastromal channel for inserting a bioconpatible
material into the corneal etromaes! an eye, said Method conprising: (a)
cutting at |l east one small incision into the corneal stroma~ (b) inserting
a counter-clocggis dj ssector bl ade i nto_one of ~t hese incisions and

t ELeek

rot ati ngP€ech VRO SBNE CRNRERERCLOTHYER  CRARRRYP sBa¥Pannel ; (¢)
i nserti npeanciconhnecseddi shet finbthdehammel . comsactot hEseremeved ons and
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t he unter-c

bi oconpat.i hl terial 1nt ockw se_and co ockw se channel s.
24. The ﬁ@?hg&ngf EPQFHF%Sgﬁﬂ@rEﬁﬁ e¥e- oI Fext skhe i ecemearikleckw se
channelsmh&ﬂ€iaﬂcsiofthéBMQQAeabbthQE £100 P 40ay . be@5SinThedueedod of claim
Z3 wher eijptbhenehaneehstdemast cﬂsﬁﬁelzﬁt Jﬂ@.@fééﬁdwg &i%gtgénmere' n

step (a) InC|Ud6i cytting.only_one s Ipcision. C Z. net hod of
cl ai m 23%FherB & ﬁtg rE&giPﬁcgﬁdE§°cﬁ FRRYL [SPRAGEERY ohk QR®I YABNCi si on.
uged. The ends of the ICR, may be joined using
techniques described in the patents discussed above.
As was noted above, this invention also
includes a variation of the procedure outlined above in
which the counter-clockwise dissector barrel (80) is
; rotated, after introduction into the cornea, less than
180° but more than 10° or an arc, and the clockwise
dissector is rotated less than 180° but typically more
than 10°. The two dissactors may be introduced into
separate incisions. More than two non-intersecting
channels may be produced in this way. These smaller
channels are for the purposs of introducing smaller arcs
of biccompatible material into the cornea for the
correction of, e.g., astigmatism.

Ihe Devices of the Invention

Figures 4, S and 11-20 show the devices useful
in the method of the inventien.

The incision for insertion of the dissector
blades is made with the incision tool (66) shown in
Figure 4. The incision blade (68) is of a size and
configuration that allows the blade (68) to enter the
cornea at a depth and angle suitable for cutting a
precise depth into the corneal stroma. After the initial
incision is complate, a small spatula may be inserted
into the incision to separate the lamellar layers at both
sides of the bottom of the incision. The lower fork
(126) of the gap gauge (70) shown in Figure 5 ig then
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inserted down into the lamellar saparation. The gap
gauge (70) has upper and lower forks (125 and 126
raspectively), the distancs from the bottom edge of the
upper fork to the top edge of the lower fork (the gap)
being from about 0.378 to 0.525 mm. The lower fork (125)
will be placed into the lamellar separation to determine
the geparation debth. 1£ the corneal tipsue is easily
inserted into the gap batween the upper and lower forks,
the tissue is thinner than the gap and a deeper incision
may be required. If the corneal tissue cannot be easily
inserted into the gap, the tissue is thicker than the
gap.

Figures 11A and B show the vacuum guide (S50).
The vacuum centering guide (50) includes an annular
circumcorneal vacuum ring (60) at the end proximal the
cornea and a cylindrical or central bore (102) extending
from the end of the vacuum guide distal the eye (54).
The vacuum guide (50) typically contains a solid ring
(103) that extends vertically approximately the distance
of one half of the diameter of the vacuum centering guide
(50). Wall portions (104) extend vertically from the
solid ring (103) and support the other devices inserted
into the central bore (102) while allowing for excellent
view of those devices and the eye. The vacuum is brought
in from vacuum source line (58). The circumcorneal
vacuum ring (60) is configured so that it meets with and
seals to the front of the eya rendering the vacuum guide
(50) ‘xelatively immobile when the support base is applied
to the front of the eye and a suitable vacuum is applied
to the vacuum source line (58). The vacuum chamber forms
an annular vacuum space against the front of the eye.
The circumcorneal vacuum ring (€0) is made up of an inner
wall (106) terminating on its inside by the central bhore
(102). The central bore {(102) is at least large enough
to see the entirety of the dissector blade (i.e. 131 in
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Figure 132A) as is discussed below. The central bore
{102) has an axis (107) which substantially coincides
with the axis of the dissactor blads. The outer vacuum
ring wall (108) desirably forms the ocutside of the vacuum
centering guide (50). Interior to the circumcorneal
vacuum ring (60) may be one or mere ridges (109) which
extend down to the corneal suxrface when the support base
ig attached to the gquide. The ridges are positioned
within the circumcorneal vacuum ring (60) to prevent
rotation of the vacuum guide (50) during any surgical
operation. The opening (110) to the vacuum source line
(58) is shown in Figure 1l1B.

Figure 12A shows a side view and Figure 12B
shows a bottom view of the radial incision marker (52).
The sighting portion (56) on the inside bore of the
radial incision marker (52) allows for making a marking
on the cornea at the site of the proposed incision with
the incision marker blade (62). Further, the radial
incision marker (52) is used to center the vacuum
centering guide one the eye. The radial incision marker
fits into the central bore (102) of the vacuum guide
(sb). Once the surgecn determines that the vacuum guide
(S50) is properly centered by using the radial incision
marker (52), vacuum i{s applied through the vacuum source
line (58) on the vacuum guide (50) and its terminal
opening (110) in the circumcorneal vacuum ring (60) (see
Figures 11A and B). '

Once the vacuum guide (50) is affixed to the
front of the eye, the radial incision marker (52) is
removed from the center bore (102) of the vacuum guide
(50) and the counter-clockwise dissector barrel (130) is
inserted into the central bore (102) of the vacuum guide
(50) (see Figures 13A and B.) The dissector blade (131)
is attached to the dissector barrel (130) by the
digsector blade support arm (132). Ae the barrel (130)
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material to be incorpcrate n the blade and
yet form a substantially rectangular path in the
interlamellar spaces of the corneal stroma. The blade

. - (131) is in the shape of & major arc of between about

' 0 and 360°, preferably between about 170° and 240°, and
shown to be about 200° having its center the axis (134)
ag shown in Figure 13B. The blade’s major arc is in a
plane perpendicular to that axis (134).

The dissaector blade (131) is formed so that the
dissector blade support arm (132) is at an angle o of up
to about 50° (mee Figure 13C). The angle of the blade
support arm (132) to the plane of the blade (131) may be
a value of 0° to 90°, It is preferably between 0° and
80°} more preferably the angle is between 10° and §0° and
most preferably about 34° (+ 5°) to the plane of the
dissector blade. This angle results in the dissector
blade support arm (132) being generally perpendicular to

J the cornea when it is ingerted into the incision provided
for introduction of the dissector blade (131) into the
corneal stroma. This angle, although not absolutely
critical, is desirable and has been found to prevent
tearing of the epithelium during the corneal operatiocn.
The length of blade angle gupport arm (132) ie sufficient
that the entire dissector blade (131) is visible through
the top of the diassector barrel during use. The outer
diameter of the diesector barrel (130) is slightly less
than the diameter of the bore (102) of the vacuum guide
(50), thus allowing for rotation of the dissector barrel
(130) within the vacuum guide (50). The overall



Ul cral] ca] ca] caU] caU] cal] cal] cal] ca*#*j *} * ~**¥*** ++]| +J+++++,
1,7, =, ..1111110@{vpke_ ZTNU] cal] ca] cal] cal] ca] cal] ca] cal] cal] cal] cal] cal] c

aU] cal] caU] cal] cal] cal] cal] caU] cal] cal] cal] caU] cal] cal] cal] cal] cal] ca@A000
11111) 2+2M2N2h2j 22v6y6} 6666666677717} wgke_YSe ZTNU] caU] caU] caU] cal] cal] cay

cal] cal] cal] cal] caU] cal] ca] caU] cal] cal] cal] cal] cal] caU] cal] cal] ca] cal] cal] c
aU] cal] cal] cal] cal75797A7B7I TUINI\ 7_T7777777T777777777

888(8+8{uoj e_ZTOU] cal] ca] cal] ca] ca] cal] cal] caU] cal] cal] cal] cal] cal] cal] cal]
cal] cal] cal] cay] cal] cal] cal] cal] cal] cal] cal] cal] caU] ca+8. 878@C3J8MBv8z
8889999K9P9999999999: : , :y: {:: {upj e_ZT] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] ca

U ca] call cgksabhsabhiabl 68 €Al s2kaatheatnathahbert cel cetld cargabk oal call ca

. ===7?B? DRPEDRARRRPIEERRRS SGSEHe TLERERURE r HB\ HPeFCLPE RAFERLalBca] cay] ca
U] ca] cal] cdpedupbidy| chpeat)] salthatctheathtid) of] thé chehgth] talkhe] ca] cal] ca
ﬂ c"al] ca] azVa UL V\E SNEREWLRA " 67 26 1 128RANDS { T ppeeLE feal V] Ul ca] cal] ca
Ul c"aU] caufc‘?&}'g&f‘cgufééufé‘g] &ab] cgfcéﬁf‘ﬁﬁ] 5]3@]‘% I{Blﬂ’&%lﬂ'ﬁﬁﬁ] EETEaU] cal] ca]
cal] ca] calUpbaptabrda] andr BEsieast 3ehent B Fi Kbut ¢ than 15:

| vake' ZTgapyRi Y, cvheak] eateab] a2ibrabask] 62aUhanibcaiesbhCce ea&caU] cal cajc

ay cay ca é g caU] ca] caU] ca] caU] ca] cal] cal] calU] ca 3G

zt oi d* XS] Hﬁig %? ay ca] caU] ca] cal] ca] ca] calU] ca] cal] ca] cal] ca] caU] ca] cal] ca]

cal] ca] caU] cal] ca] caBheadieapctorchlpda] (384t abaortwe*@he¥t nhb] WK U] ] cal] ¢

a] cal] cal] pag‘bgauhcggraa\%eeul eaheableabeaiboadiced) pal e eehﬁeul:sa] ca] cal
c

0] ta] ohUj ¢ 5L BnFEERE ALY BLODREFEAPPDF CRUR  AE CHOF LANLAF KEPLakBal call cal ca] ca

] ca] ca] ca] pggyé. ing an interlamellar channel in the corneal stroma.

a/N(13<BHL&§¥atebe&¥$ahc6¥]thUh&abeeE$eaLasb&§ak£§ ¢akhaa] cal cal] ca] cal

SV[ #%_
b2t b dhvonteRXPEEPE) BIRER (LA o BRRE] RhVR AT) EopRaty kiRl 81 cal) oal) oaf ca
Ul cal] ca] caubssansaefdy] p&a}mr] caThas] éaU}ieaFéHU] thecrathacliZEbe% & () -

F& 109 ( Hie8et@Us b)lndelQ%&lO) 2sSitOffoveb&if) thb348%Bea)- 45678<| ] >z

10908 () - Fy {10%Q% Chia1 10 ahR11085 5108 (kDR A0UECLL, mlBL1Q%E -1 B
vary either up or down during the dissector barrel (130)
rotation. The distance "a" shown in Figure 13C is a
constant. The blade (131) can be considered to be in a
plane which is perpendicular to the axis (134) which is
in the center of the dissector blade (131).

Similarly, the cone angle § shown in Figure 13D
is preferably 112° (& 30°). Again, this pexrmits the
dissector blade (131) to produce a channel which is .
parallel to the lamella found in the corneal stroma. The
cone angle § may, of course, vary a few degrees dependent
on such variables as the geomerry of the ICR installed,
the size of the.aye

The diggector blade (131) may be made of a
variaty of materials including but not limited to metals
such as stainless steel and other similarly setrong and
biocompatible materials, and may be coated with a
lubricous material such as, but not limited to pPolyHEMA
hydrogel, cross-linked collagan, cross-linked hyaluronic
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acid, siloxane gels, polyvinyl pyrrolidone, TEFLON, FEP
and organic-siloxane gels.

The digsector barrel (130) having dissector
blade (131) on its lower end is introduced into the inner
bore of the vacuum guide (50). The leading edge of the
dissector blade which blade may be rounded and blunt so
as not to tear corneal tissue ig introduced into the
incision made by the incision blade and the dissector
blade is rotated clockwise as shown. The dissector
barrel is rotated betwaen about 170° and 240°, in this
case 200° clockwise in order to make a 200° channel. The
dissector barrel is then rotated counter-clockwise and
removed.

Figures 14A and 14B show a side view and bottom
view of the clockwise dissector (139). As is shown, the
digsector (139) is constructed as described above with
regard to Figure 13 A-D but the dissector blade (140) is
in a clockwise rather than a counter-clockwise
configuration. Following making the 200° counter-
clockwise channel described above, the dissector barrel
(141) having dissector blade (140) on its lower end is
introduced into the inner bore of the vacuum guide (50).
The leading edge (142) of the dissector blade (140) is
introduced into the incision made by the incision blade
and the dissector barrel (141) is rotated between about
170° and 240°, in this case 200° clockwise in order to
make a 200° channel. The.dissector barrel (141) is then
rotated counter-clockwise and removed. It is of course
possible to make the clockwise channel befors making the
counter-clockwise channel in a esimilar manner to what has
been described above.

Figures 15A and B show sgide and bottom views of
clockwise probe (90) and Figure 16A and B ghow side and
bottom views of the countar-clockwise probe (92). The
probes are designed such that the axes of the handles
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1055! 0" $10%WE9ke@) (153: and 184) that are ineerted into the cloeckwise
and counterclockwise channels of the eye. The clockwise
probe (90) is designed with a support arm (155) that has
an angle o as shown in Figure 15A or as described above
with respect to the dissector blade. The countezr-
clockwige probe ($2) has a support arm (156) that is
vertical as shown in Figure 16A. The arc of the probes
may be between 0 and 360°, preferably between about 180
and 360°, and is shown in the drawings to be about 200°.

Figures 17A and B show bottom and side views,

) respectively of the clockwise channel connector (160),
and Figures 18A and B ghow bottom and side views,
regspectively, of the counter-clockwise channel connector
(161). The blades (162 and 163) and barrels (164 and
165) of the channel connectors are as described above
with respect to the dissectors, except that the arcs of
the blades are between about 0 and 450°, preferably
batween about 240 and 400°, and in Figures 17aA and B and
18A and B shown to be about 330°,

Figures 19A and B show bottom and side views,
respect;vely of the clockwise finish channel connector
(170), and Figures 20A and B show bottom and side views,
respectively of the counter-clockwise finish channel

, connector (171). The blades (172 and 173) and barrels

7 (174 and 17S) of the finish channel connectors are as

‘ described above with regpect to the dissectors, except
that the arce of the blades are spirals of between about
360 and S10°, preferably between about 380 and 450° and
shown in the drawings to be about 420°.

This invention has been degcribed and
exemplified in gome detail. Those having ordinary skill
in this art would recognize variations and equivalents
which would be well within the ascops of the invention
disclosed herein but perhaps outeide the scope of the
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appended claims. It is applicants’ intention that thege
equivalent variations be included within the scope of
this invention.
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Claimg

1. A method for producing an intrastromal
channel for inserting a biocompatible material into the
corneal stroma of an eye, said method comprising:

(a) cutting a small incision into the corneal
stroma; ;
(b) 4inserting a counter-clockwise dissector
blade into the incision and rotating it counter-clockwise
to produce a counter-clockwige channel;

(¢) inserting a clockwise dissector blade into
the incision and rotating it clockwise to produce a
Clockwise channel.

2. The method of claim 1, further comprising:

(d) inserting a counter-clockwise probe into
the counter-clockwise channel and a clockwise probe into
the clockwise channel to sea if the channels mest,

3, The methed of claim 1 wherein the
clockwige and cognter-clockwiae digesector blades have
arcs of betwaen about 170 and 240°.

4. The method of claim 2 wherein the channels
do not meet, further cowprising:

(e) determining which of the clockwise ox
counterclockwise channels is the lower channel by
visually observing the probes;

. (£) removing the probes;

' (g) inserting a clockwise or counter-clockwise
channel connector into the lower channel depending on
whether the lower channel is the clockwise or counter-
Clockwise channel and rotating it clockwise or
counterclockwige; and

(g) removing the channel connector by rotating
it in the opposite positien. )
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5. The method of claim 4 further comprising

(h) inserting a clockwise or counter-clockwise
finish channel connector intc the lower channel depending
on whether the lowar channel is the clockwise or counter-
clockwise channel and rotating it clockwise or
counterclockwise until the channeles meet or until the
finish channel cotinector rotates around to the incision;
and

(1) removing the channel connector by rotating
it in the opposite dixection.

6. A method for inserting a biocompatible
polymer into the corneal stroma of an eye, said method
comprising:

(a) cutting a small incision into the corneal
styoma;

(k) inserting a counter-clockwise dissector
blade into the incision and rotating it counter-clockwise
to produce a counter-clockwise channel; and

(¢) inserting a clockwise dissector blade into
the incision and rotating it clockwise to produce a
clockwise channel.

7. The method of claim 6 further comprising

(d) 1inserting a clockwise probe inte the.
clockwise channel and a counter-clockwise probe into the
counter-clockwise channel to gee if the channels meet.

) 8. The method of claim 6 wherein the
clockwise and counter-clockwise dissector blades have
axcg of between 170 and 240°,

9. The method of claim 7 wherein the channels
do not meet, further comprising:
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(e) determining which of the clockwise or
counterclockwise channels is the lower channel by
vigually obaerving‘éhe probes;

(f£) removing the probes:;

(g) inserting a clockwise or counter-clockwise
channel connector into the lower channel depending on
whether the lower channel is the clockwise or counter-
cldéckwise channel and rotating it clockwise or counter-
clockwise; and

(h) removing the channel connector by rotating
it in the opposite direction.

10. The method of claim 9 further cowprising

(1) inserting a clockwiee or counter-clockwise
finish channel connector into the lower channel depending
on whether the lower channel is the clockwise or counter-
clockwise channel and rotating it clockwise or
counterclockwise until the channels meet or until the
finish channel connector rotates around to the incision;
and

. (k) rxemoving the £inish channel connector by

rotating it in the opposite direction.

11. The method of claim 1 wherein the
bioccompatible material ia an intrastromal corneal ring.

12. The method of claim 6 wherein the
biocompatible material ia an intrastromal corneal ring.

. 13. A kit for use in producing an intrastromal
channel for ingerting a bioccompatible material into a
corneal strema of an eye, said kit comprising in packaged
combination: '

(a) a clockwise dissector; and
(p) a counter-clockwise dissector.
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(c) a clockwise channel connector; and
(d) a counter-clockwise channel connector.

15. The kit of claim 14, further comprising:

(e) a clockwise finish channel connector; and

(£) a counter-clockwise finish channel
connector.

16. The kit of claim 13, further comprising:
_ (¢) a clockwise probe; and
. (d) a counter-clockwise probe.

17. The kit of claim 14, further comprising:
(e} a clockwise probe; and
(€£) a counter-clockwise probe.

18. The kit of claim 15, furthex comprising:
(g) a clockwise probe; and
(h) a counter-clockwise probe.

19. A clockwise or counter-clockwise diseector
for use in producing an intrastromal corneal channel for
ingsexting a biocompatible material into a corneal stroma
of an eye, said digsector baing coated with a lubricious
pPoOlymer.

20. The dissector of claim 19 wherein the
blocompatible material is an intrastromal corneal ring.

21. The dissector of claim 19 wherein the
lubricious polymer is gelected f£rom the group congisting
of a polyHEMA hydrogel, croass-linked collagen, creoss-
linked hyaluronic acid, siloxane gela, polyvinyl
pyrrolidone and organic-siloxane gels.
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(a) an upper fork with an upper edge and a
lower edge;

(b) a lower fork with an upper edge and a
lower edge; and

(c) a gap between said upper and lower forks;
wherein the ease of insertion of corneal tissue at the
incision into the gap will determine whether the corneal
tissue is thicker or thinner than the gap width.
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23. A methed for producing an intrastromal
channel for inserting a biocompatible material into the
corneal stroma of an eye, said method comprising:

(a) cutting at least one small incision inte
the corneal stroma;

{(b) inserting a counter-clockwise dissector
blade into one of these incisions and rotating it
counter-clockwise to produce a counter-clockwise channel;

(c) inserting a clockwise digsector blade inte
one of these incisions and rotating it clockwise to
' produce a clockwise channel; and

(d) introducing biocompatible material into the
clockwise and counter-clockwise channels.

24. The method of claim 23 wherein the
clockwise and counter-clockwise channels have arcs of
between about 10¢ and 240°.

25. The meathod of claim 23 wherein the
channels do not meet.

26. The method of claim 23 wherein step (a)
includes cutting only one small incision.

27. The method of claim 23 wherein step (a)
includes cutting more than one small incision,



