DEVI CE AND METHOD FOR THE CONTROLLED DELI VERY OF OPHTHALM C SOLUTI ONS
This application clainms priority to U S. Patent Application No. 61/344, 307
filed Jurw02b11/1887@, the contents of which are incorpor@Cedshenmirriby

reference. Field of the Invention [1] The present disclosure is
directed to an ophthal mc solution delivery device and, nore particularly,
to a delivery device configured to deliver ht hal m ¢ solution to the
Stroms. ERENKFEAND METHOP%ORFT@%GBQMROMFEQ LIVERY|QF OPHEHALWG o5 and

met hods for adm nistering opht hal§1 ons to the eye. In particular,
the present invention relates to devices and nethods for adm nistering

ophthal mc solutions to the portion of the cornea called the stroma. The
foll ow ng patents and patent applications disclose subject matter related

to the present invention and the contents thereof are incorporated herein
by reference in thdl§ appficatien glaims priority t U Fateps finpdeatiopNes rel ated to:

61/344,307 filed June 25, 2010, the contents of which are incorporated herein by

reference.

Field of the Invention

[001] The present disclosure is directed to an ophthalmic solution delivery
device and, more particularly, to a delivery device configured to deliver an
ophthalmic solution to the stroma.

Background

[002] The present invention relates to devices and methods for administering
ophthalmic solutions to the eye. [n particular, the present invention relates to
devices and methods for administering ophthalmic solutions to the portion of the
cornea called the stroma. The following patents and patent applications disclose
subject matter related to the present invention and the contents thereof are
incorporated herein by reference in their entirety.

[003] This application is related to:

U.S. Patent Nos. 6,537,545, 6,946,440 and 7,402,562;
U.S. Patent Application Publication No. 2009/0105127;
U.S. Provisional Patent Application Nos. 61/241, 607, filed September

11, 2009, 61/266,705, filed December 4, 2009, and 61/308,589, filed February

26, 2010;

PCT International Publication Nos. WO 2009/114513, WO

2009/120549, WO 2009/120550; and

PCT Application Nos. PCT/US2007/008049, filed April 3, 2007, and

PCT/US2010/25036, filed February 23, 2010.

[004] The cornea is the first and most powerful refracting surface of the
optical system of the eye. The human cornea is a highly specialized tissue
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O S ae S RHRe bl o el o LB by GpRpaLort el o B e
The stroma ngkes] Umeaphnxédrmprides AL ofgahlred noatriearchitetiunkemsposeand i s
about 508f argpcréﬁrrrgterp%o E)Qriaﬁlél'sheets of narrow-diameter collagen fibrils arranged
orthogonal to neighboring fibril sheets. Corneal fibrils are primarily composed of
Type | collagen co-assembled with Type V collagen. Small leucine-rich repeat
proteoglycans (SLRPs), such as decorin, are critical for maintaining corneal
transparency and corneal strength. The stroma is mostly water (78%) and collagen
(16%), although other proteoglycans and glycoproteins are also present.
[006] When the cornea is misshapen or injured, vision impairment can result.
In the case of a misshapen cornea, eyeglasses and contact lenses have traditionally
been used to correct refractive errors, but refractive surgical techniques are now also
routinely used. There are currently several different techniques in use.
[007] One such vision correction technique is radial keratotomy (RK). In
radial keratotomy (RK), several deep incisions are made in a radial pattern around
the cornea, so that the central portion of the cornea flattens. Although this can
correct the patient’s vision, it also weakens the cornea, which may continue to
change shape following the surgery.
[008] Photorefractive keratectomy (PRK) is another vision correction
technigue. It uses an excimer laser to sculpt the surface of the cornea. In this
procedure, the epithelial basement membrane is removed, and Bowman'’s
membrane and the anterior stroma are photoablated. However, some patients with
initially good results may experience, in the months following the procedure, a
change in their refraction caused by distortion of the cornea and/or other anomalies.
Collectively, these changes in refraction may be referred to as “regression.” In
addition, corneal haze can also occur following PRK, and the greater the correction
attempted, the greater the incidence and severity of the haze.
[009] Laser in situ keratomileusis (LASIK) is yet another alternative. In this
technique, an epithelial-stromal flap is cut with a microkeratome (or a laser). The
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approxi mately 200 parall el sheets of narrowdianeter collagen fibrils
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keratectasia, the posterior stroma thins, possibly due to interruption of the crosslinks

of collagen fibers and/or altered proteoglycans composition, reducing the stiffness of
the cornea and permitting it to shift forward. Dupps, W.J., J. Refract. Surg., Vol. 21,
pp. 186-90 (2005). The forward shift in the cornea causes a regression in the
refractive correction obtained by the surgical procedure.

[013] In the past several years there has been increasing concern regarding
the occurrence of keratectasia following LASIK. In LASIK, the cornea is structurally
weakened by the laser ablation of the central stroma and by creation of the flap.
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[ 11] The chance of having regression followng LASIKis related to the
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t he keratoconus cornea, |eading themto suggest that the stresses within
the stroma nay cause slipping between adjacent collagen fibrils. The
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[ 22] Although orthokeratol ogy and surgical techniques such as LASIK seek to
| nprove visual acuity using radically different approaches, the success of
bot h ort wkeratwbiygy and surgi cal techni ques may be i nproTamd2iy/0iries easi ng
structural integrity of the cornea. Despite the fact that surgery di srupts

the cornea anszbgnﬁns‘aﬁamw%leeﬁg oW to %h@é’ﬂfe ﬂﬁe%,égh'qf%b&ﬁe& ibfpen
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Sunmmary resent ure 1s directe i nj ector device
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the devi g JMyin! sBﬁJtrUH?rrﬁarpgﬁa% m]easuﬁﬁggbremem@e%ha(ége tpgrdevi ce may be

configured to contact porti & e may be connected
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COrN€a.  ihat facilitates introduction of such agents directly into the subsurface portions of the
stroma.

[022] Although orthokeratology and surgical techniques such as LASIK seek
to improve visual acuity using radically different approaches, the success of both
orthokeratology and surgical techniques may be improved by increasing structural
integrity of the cornea. Despite the fact that surgery disrupts the cornea and
removes corneal tissue, methods of stabilizing collagen fibrils using proteins that
crosslink the collagen fibrils, such as decorin or the enzyme transglutaminase, have
been shown to improve the outcome following a surgical procedure to improve visual
acuity. Those results also provide a basis for treating diseases of the cornea, such
as keratectasia from other causes, such as keratoconus.

[023] In addition to agents that increase the structural integrity of the cornea,
there may be a desire to deliver other types of ophthalmic solutions, such as
antibiotics and/or other agents, to the cornea.

[024] For a number of different ophthalmic agents, it may be advantageous
to deliver such agents directly to subsurface portions of the stroma. Although certain
agents may be applied topically, in order to achieve penetration to a desired depth
within the cornea, it is sometimes necessary to pretreat the cornea with agents that
enhance penetration, such as agents that dissociate epithelial cell junctures.
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[2] The present disclosure is also directed to an injector device
configured to deliver an ophthalmc solution to a cornea of an eye, wherein
t he devi cworray/iéavkude a base including at | east one | oearars2omoe; a
needl e, and a needl e hol ding nenber. The at |east one |ocator nenber may be

confi gurﬁdnﬁ& RN @k pana%tioh%h%c.ha%geu@ s&rs%dm%ﬁemorb@r deenpected to

t he base and conflgure be insertédinto the cofrnea to deliver the
opht hal nththe,(sieamr% epth que e MmayTed afv@e/mb@aﬁb\nemah@ menber may be

connect ed to b Wh tfabivk
needl e- hol di n nb@% Pr %einttr?g;cﬁgﬁﬁf Iqj&%aédqsnﬂ r@@%ﬂgs stgé!)\l rgonf igured to
t ransl at epmthelnneeduhorrseﬂoahwemea t he base to insert the needle into the

cor nea. [3] The present disclosure is further directed to the nethod
of delivering of an ophthalmc solution to a cornea of an eye. Delivery of
t he sol uBiriehSu__a;mm acconpl i shed by positioning an i nj ect or devi ce so that

a base of th Vi cont ort the e ch S
omaect od 1 o TR B SERL sidbubRsidi@ReRlig o goBs Eaifoudit

tht hal g}:léhv%ﬁbubpbman‘ﬁiy& sokitidelto ue:bméa;mf atnhg/ecwhemw tHerdm@eh raay imetuglei or  of
t he nee IS to e naer st o t he ore In
e ooy “aBiese ape adiedln 153t aTalie VeI M CondouARke cantst 8 PBdBR ar y
and expl afiab@yg, @rm theaieddRy Raf Bk coARédted td the tisetdnd doRfigured @ delRier ef
Descriptio Fig. 1 illustrates an exerrpl ary

5
embodi meHe Qﬂht’m@'%ﬁ%@l%‘s@&h? ﬁ?@@?og Lew ce; [6] Fig. 2 illustrates
anot her exenpoapy ﬁi@kﬂ@ééﬁ'&ﬁsdﬁsu@% é’é@@lké&&ﬂtd aH Rfdciir d9Ie@@nfigured [7]

Fig. 3 illustrates an additional exenplary enbodi nent of the disclosed
i nj ect or tadsliveran ophthalmic solution to a cornea of an eye, wherein the device may
include a base including at least one locator member, a needle, and a needle holding
member. The at least one locator member may be configured to contact a portion of
the eye. The needle may be connected to the base and configured to be inserted
into the cornea to deliver the ophthalmic solution to the cornea. The needie-holding
member may be connected to the base, and the needle may be disposed within the
needle-holding member. The needle-holding member may also be configured to
translate the needle relative to the base to insert the needle into the cornea.

[003] The present disclosure is further directed to the method of delivering of
an ophthalmic solution to a cornea of an eye. Delivery of the solution may be
accomplished by positioning an injector device so that a base of the device contacts
a portion of the eye. A needle, which is connected to the base, may then be inserted
into the cornea, and the ophthalmic solution may be delivered to the cornea through
an interior of the needle.

[004] Itis to be understood that both the foregoing general description and
the following detailed description are exemplary and explanatory only and are not
restrictive of the invention.

Brief Description of the Drawings

[005] Fig. 1 illustrates an exemplary embodiment of the disclosed injector

device;



[8] Fig. 4 illustrates a further exenplary enbodi nent of the disclosed

I njector device with interior conponents shown with dashed |i nes;

[9] Fig. woi2blwumsss7at es the injector device of Fig. 4 w PhTaISSqueeres bul b
el enent inserted therein; [10] Fig. 6 illustrates a cross-sectional

view of the L][Bbg,]ct,;@d ﬂﬁqétfaq?:é);n&f}&?fénmé B dHHER of 45 8idBlb¥ed hat has not

been actuate strates a cross-sectional view of the
i nj ect oringestargeviod; Fig. 4 with a pl unger assenbly that has been actuated;

[12] Fig. 8 i t r | Suuy in Fig.
4., [ ﬂé?ﬁFngd) @ﬁgﬁ%ﬁé %%gd(\é % g(e'tc?P %c%gﬂgfsls?\m rr{gggth%ﬁdlcor nea: "o
hi st or esinject@rdesice| ndi vi dual patient; [14] Fig. 10 shows the effects

o oocen! . R, % FEOPLe APy EYCbURIA R
for mult inidoﬁ)rmtllcervtnm interior components shown with dashed lines;
[009] Fig. 5 illustrates the injector device of Fig. 4 with a squeeze bulb
element inserted therein;
[010] Fig. 6 illustrates a cross-sectional view of the injector device of Fig. 4
with a plunger assembly that has not been actuated,;
[011] Fig. 7 illustrates a cross-sectional view of the injector device of Fig. 4
with a plunger assembly that has been actuated;
[012] Fig. 8 is a top perspective view of the injector device shown in Fig. 4.
[013] Fig. 9 shows the effects of decorin drops on corneal historesis for an
individual patient;
[014] Fig. 10 shows the effects of decorin drops on corneal historesis for
multiple patients; and
[015] Fig. 11 shows the effects of decorin injections on corneal historesis for

multiple patients.

Detailed Description of the Invention

[016] In order that the present invention may be more readily understood,
certain terms are first defined. Other definitions are set forth throughout the
description of the embodiments.

I. Definitions

[017] A “refractive surgical procedure” includes, but is not limited to, Radial
Keratotomy (RK), Photorefractive Keratoplasty (PRK), LASIK (Laser-Assisted In Situ
Keratomileusis), Epi-LASIK, IntraLASIK, Laser Thermal Keratoplasty (LTK), and
Conductive Keratoplasty.

[018] "Stabilizing” includes increasing the rigidity, as measured by the
Corneal Response Analyzer manufactured by Reichert Ophthalmic Institute. This
instrument gives a quantitative measure of corneal rigidity called the Corneal
Resistance Factor (CFR) and also a quantitative measure of corneal historesis (CH).
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Det ai | ed Description of the Invention [16] In order that the present
I nvention may be nore readily understood, certain terns are first defined.
O her defwoi2niloress7are set forth throughout the descri ptipom/uskotitiog1795

enbodi nents. 1. Defi nitions [17] A "refractive surgical procedure”
| ncl udesygihutlizif aléd metaﬁQieEFéasR@C{hé‘bbﬂf@/r&FtdﬁE%l{ d/9bril R Ricveef racti ve
Ker at opl asty ? K (Laser-ASsisted’In Situ eratomleu5|s)

Epi - LASI wlativatte anN‘BBKCOH_a@@é fibmity vidue Rfalnalte@ﬁ%tt@mq_mar iateFRQtiBRBUCt | ve
Kerat opl ast yt£91?]hé059or s inhfds he Fpharib b Mﬁ%ur%@?éﬁ‘oauﬁgﬁgct%ﬁdé i gidity,

as neasured esponse yzer acture Rel chert
Opht hal nbetwerbttwo or moriho&agens‘torllsn@ltecgbvle@ inclydesovalent hmdrfeasatm of

co I

qoant; aprSsShiah b gl Bag 3o BE A4 8RGO Gh e piotibr AL BoRC R
mean decemplagthbhmnaglutammasé faomily of enkyrgesicatalyze the formetien obd ati ve to

anot her | | b t f d t ti )
16) '+ G S Gt pBnd bR arac ¥naics arb O oo P YRG! P RRIERARY t ect bonds
]PEt ween bafvgommlﬂergeombﬁ glgl@mlrﬁ% bTrraInsquanm?age ﬂmoe]gSnmtntsblﬂqbgrtaxﬁm ent bond
ormatio tween an 1 N ' id i
anot her _POBL{ Nareesboaga st hiee rdigypit aniioik erotelis FENG ey nos
cat al yzejntdrmeldei k@&m@%n@r@mqu cblwgdnblbhl&e%réxéﬂhp% agtort igraoup (e. g.,

on a lysine) and anmacar boxam de grou am ne. Transgl utam nase
Chue 1 2 horebishae shogast brasoaNsaNSB IS8 O bRSe H RS TR E T RB e | n wh o

one or RNy PbikAfatS Rfar dfachBd td iRy MBgHIYTNgl dolkgrtindrRRIeRNn gigong t he
collagen fibrils. For exanple, decorin is a horse shoe shaped groteoglycan

t hat bi nflyilopincadipcas fibfilsphelpiggite siabitee fibds med Orrlénm'bfaoaemﬁ%ren edte |1 gand
attachedJEo?lbgﬁé,ﬂ,g{rgr\p@rg?q)agg%Isaggmgﬁg@ hecules in the fibril or in adjacent

fibrils ping to 'stabi i bril's and orient fibrillogenesis. Scott,
JE, Biocheni 5[029] A/sIrotegethabergesiingy 9ellageadigyils” includes proteins that form

direct or indirect crosslinks between two or more collagen fibrils. Examples include
decorin and transglutaminase. In certain embodiments, a protein that crosslinks
collagen fibers is not a hydroxylase, such as lysyl oxidase or prolyl oxidase.

[021] “Transglutaminase" includes any of the individual transferase enzymes
having the enzyme commission (EC) number EC 2.3.2.13. Examples of human
transglutaminase proteins include those identified by the following REFSEQ
numbers: NP_000350; NP_004604; NP_003236; NP_003232; NP_004236;
NP_945345; and NP_443187. Besides human transglutaminase, transglutaminase
prepared from non-human sources is included within the practice of the invention.
Examples of non-human sources include, but are not limited to, primates, cows, pigs,
sheep, guinea pigs, mice, and rats. Thus, in one embodiment, the transglutaminase
is a transglutaminase solution prepared from an animal source (e.g., Sigma
Catalogue No. T-5398, guinea pig liver). In other embodiments, however, the
transglutaminase is from a recombinant source, and can be, for example, a human
transglutaminase (e.g., the transglutaminase available from Axxora, 6181
Cornerstone Court East, Suite 103, San Diego, CA 92121 or from Research
Diagnostics, Inc., a Division of Fitzgerald Industries Intl, 34 Junction Square Drive,
Concord MA 01742-3049 USA).



[20] A "protein that crosslinks collagen fibrils" includes proteins that
formdirect or indirect crosslinks between two or nore collagen fibrils.
Exanpl es wochude3ztecori n and transgl utam nase. | n certaiPoTasbadioment s, a
protein that crosslinks collagen fibers is not a hydroxylase, such as |ysyl
oxi dase or prgh ]Ir F&ﬁ?‘?ncludesa &fzﬂ% proTélﬁé‘ﬁ%\Hﬁ WlhRasified digdandgs any of

t he i ndi vi dual ansterase enz s having the enzyne comm ssion (EC) nunber

EC 2. 3. 2thegnamrasploas asfthﬁdﬁgW|rtiuaﬁ%@1&ﬁSaarbﬁ&§tatq) r@la’f?cmémy\@those

:\Igeggg;g@glgﬁ% %@3(‘2@ béﬁﬁ&%ﬂ%@ﬁ%@@?gb@ﬁ? %5 %&'Q)éggﬁdes human

t r ansgl utrehidea s careatesgiinipeniéinade ppitieplar, ei@COmm)mCmmS h‘ah@ﬁ thosd ces i s

i ncl uded f n

sour ces. PP THEEARA BT Ginf ool AR LD bp EPERIER R oiIRENINERT

gui nea pdgsoringere, deasndbedabys REFl&EQ numbenidVe 6B bR M ntn ger‘raasalt trerfaghan am nase

is a transgluta qutlon ared Lom an an ( Si gma
Cat al oguae N Bfo %Lﬁrﬂ'gg aﬁl |r|1 @Sr?n I 29T %g%%%ﬁn% get fﬁ%r\?vg'(/e t he
transgl UREIIH'SE@ﬁumBeff NPNOE1 g1ec ordrions miutationscand theid effact doethe firteragtiompl e, a

hunan tra ut ani na t he trapsqgl ut am nas ai | abl m AXXor a,
6181 Cor AEG BHMW'?Q%AE%G %%ﬁrt%esmgeg é%e’ﬁ”é@S%y%r@%%f‘?é‘i Fiorh
Resear chpldchAemostd. @71, ﬂ)%s , 3389098/ {2904)) 208 tr%éezmeraatsithbﬂbiuatcbu@genl arel, 34
Junction Square Dri ve, ncord MA 01742-3049 é W£7 Decorl n"

i ncl udes@BRYViHIN NESCEPS PENGIIR HGFONB.” @fdS %quQ N YPERUAROWD aHB8 nane, so

long as the af@eatiant '('éé‘etﬂ)é’ CosAD & alPl Neﬁlﬁr@hevbll 9@%9@%"7@%@0@2?)'[ WO
nelghborlng coIIagen | ecules in a or in adjacent fibrils. Thus,

"decori nDepwm leressetindhe diselogee mﬁ’ffﬁ)%‘r ma&bﬁ fror vaEeUs animal sowerse @nd
proteinsi e i ternatively
spliced t scr OPQ o re;&ﬁg{bﬁ‘udr@ %gggggﬁfhééxlgﬁg%ngg%s};? g\é]%yr%{REE EQ nunber
NM 001920uman|dncqsnéxuadecqrhwefr¢m@mr@ee©e$ nncpiu@nmbutm@t eiteditd, no acids in
si ze, & f P_001911.
Vari ous ﬂu OE'E')S\D% %g;é gﬁ ect he él}[’lotrléltgé(g%l on &Qg‘g&gﬁtﬁ@w h
col | agendisa}meedbarmmﬂtkss n &cinplé of hemarrpileeorluytmhcwybe ksed inathe disginsed].

Bi ochem

col | agenhb?yréc’dzfl'géde r%?ﬁr%ﬁ W%ﬁgﬁ%’ggﬁagég%ﬂi WS?@ %}Wfoﬁ%g%}rﬂe@&g% 'S C%w decorin
vari ant Biutseh @ewtCatalbng. &Iy edsylatedhon anglydos@atelddoos obdextorialcan bidephr on,

Vol . g?ﬂges 72-76 (2002)). Decorin, for use in the disclosed net hods,
may be f various animal sources, and it may be produced reconbinantly or

by purificatip3f rasudddsisarein, tTieussmmteammbm 'Mreatingleand the likeptefeteoorin from

ot her specgies, includ tnotllmt es, ,COWs shee

gui nea B ﬁ Qpéa'nérfifsﬂﬁf@%a%@coé?gé%aﬁ&oﬁ @@&ﬂg'?ﬁ eeh &V%%tm?%hg?’?]o p
exanpl e glimiHistaia gempbsitiot beproaast tha peﬁ@dt dlfeddp&ndivaad Bseslaehigss. i s the
reconbi nant human decorin that is avail able caonmmerci aII from 1glafal a Biotech

(now Cat éﬁ@aﬂtment@ayc%%%@mwt%rra GWBP%B%’W%W@HU@&? RePAYE to%%?ﬁri an be
used. prophy laét’] st&?e?&ﬁ%qnhi%ft%é‘de\ﬁé’@prﬁ@ﬁtr& a digeR@b B Rbndition kfeWn 10, * and

t he Ilke er to efforts to obtain a desired pharnacol ogi c and/ or

physi ol oge@swcﬂaﬁe@ with & préaanydreatoant. 48 hencantext of acyrgiedliPreesdus. product to
a patien Otk Iy so

adm ni stgro%égl@gﬁa/p%é;é}%ﬁkga}%r oé’ﬂeﬁ to IQIS%z;rte? g)n% gg&g}r@beo a?dprophyl actic
st r at egy undergnRisoirgicalpeochslues tqmﬁlmpur@psgogma\s@g the eueeme obthaknown to be
gfzgghﬁi g&g\#raogro@?&)ﬁ :BE%eter\gE g?@émg hﬂdés[}rggi%gétc‘c?ﬁ&arg ff@ct%térgrgbcgﬂed

pati ent withdtuswdicaiopronekdurgo An exangnle;afa prapbgidctietréatmentis ther pose of

i mprovi ng,the.o f & C se reduci ng
undesi ra%?'@'nésér §R§§Fn ﬁ??@@?%wﬁé&é % e?iﬁ & %ﬁg ?eﬂ; s'ﬁ? Oqﬁ procedure. An
exanpl e thnsplgpitatryofant orgah beassuent Treatbat, mtnusadsrwam; ocm/emsﬁ any!
imTunosu ressiv atlent rior to.the transplantation of an
organ or ?tggq%ofea ?8%%{{%%33 %tsse'ﬂsaéBgWQ}aéQ‘?m%VQr'Q aqﬂ't})n?'} &frent of a
condi t i ommcRided ( éﬁﬁm&)ltﬁn@; the ONYItbn opaistasa)lsath ¥s i arestihg itadevelopment; | udes:
(a) inhibiting the condition or disease, such as, arresting its

devel opnent; - 10- -10°



and (b) relieving, alleviating or aneliorating the condition or disease,
such as, for exanple, causing regression of the condition or disease.

[ 24] The wernsl/16837di vi dual ," "subject,” "host," and " paPCens2i110seds

i nterchangeably herein, refer to a mammal, including, but not linmted to,

murines, aﬁdj @)Qg%vﬂw'ﬁﬁé\ﬁatlrfg%ﬁd?ﬁéror&%' tH@%on@ﬁéﬂ PeSisedY s0&F as,A6F Ci nes,
ovi nes, I'nes, manmalian farmani mals, mammalian sport animals, and

marmal i aﬁXip’@Pl@‘ causing riggeassion abdle eendition or digease. The present disclosure is
directed to Zigg?]\éeﬁ% t%rrﬁé’ﬁn&%@u'dgéfler”bg@e@t”' uﬂgg}t hi?n:dmpﬁtl |ansb&)n to a cornea of

an eye. The inclu a need ing menber, and a
needl e, interceangeahly hﬁaselhc@fqr tha mamm@un@udmg, b ot bmied tpsmttrin@ﬁ, of t he

needl e t e t e

i ncl ude g'{ﬂ?%agpga% %h@bs&%ﬁ?lgé{Oé%r]egtb?wnes{wégtéryagpﬁgg ('Z#Hn ocat or
menber 4mamrrballamyfabaaommélsgnammahansporltannrnqts)ramdnamnfaharrnpetsye sur roundi ng
t he cent[! & 351 of the cornea. For exanple, the |ocator member 4a, 4b
may be c 'm"?’&ﬁ LS %ont act the cornea in such a way as to facilitate
insertion of [0B8] Mtedbreséntididotosubeisldineltesl t6 ia. devicef DforldéBlefingatn ent's, the

i mbus is &EEWXI rrafelébetween t he edqﬁ of th fIaP nd th vi sual path of
the eye)OPNAAEHSFAULIN 19 g corpeadfan eyt qt ?dﬁﬁ'ﬁﬁ M3k W?Ewebae 2% Pexi bl e
cylindri gaédiehemmiy mtehmbrfalrﬂ@ﬁeaﬂ@rva@émrtm dedcanusbonfigured Beaegtiateal | ow
penetratjon of the nee cfl e fixedly attached to an upper,

more ri gingepigpiof §re perd %E’s%dé%tht"}‘ig‘ﬂn gérﬁ?ré’g’aas t he needl e- hol di ng menber. In
sone embodi rrem@] ﬁHéeods@%t 2b MBPeldE At MEa%t om@éy@eorﬂaaﬁid |6¥étor [ 27]

The needl e may be a m croneedle, havi ng a gauge and length suitable for

del i ver | ﬁ@mﬁﬁﬁﬁnaﬂbn &he incatar gnembey %ébsm%%conﬂwr%tq gRAtAGH POrtioNs
appr oxi mlexégé(%u%umhg ke Edithal ReyicH 618 cbeBPIFOP EcsMbR thel88argPO pm

hi ck. Ther ef in sonme enbodi neEnts, the need may have a |l ength that
enabl es pemher 4ai 4 msty Q%@fﬁ@éfﬁdéo?}oatﬁﬁﬂb‘ﬁlm%ﬂ !9 Sgghdwyrﬁ%moneters (pm

into the a&ﬂu‘ié’f@?&seh'o%%‘?he haeoﬁ%%m%fmeﬂmgg@ beEASlNE t%‘i’ﬁ‘éf/h:ﬁg ust May be

configured to regulate insertron of t e 3t0 a ep out 250 pm
(roughl ynsrm:wmmptalmbetwahe the edgenof the fllapand ghe viseal path getheeye).t A st ronal

bed i I it:hal i
i cr oker SHORE STl e IfEafty o beritd ey BR Hexdi? cfRRDE ot i
enbodi nmefibxes mmedéterrpmeeltamzbunbm ofdel msa;llov\rmneﬁ@tipmﬁﬁnﬁ neediediwhath e and i s,

therefore nvi s exe Iar au edl e | auge needl e,
al t hough”ﬁ‘é f!é‘sggfaq@‘:ﬁh‘ﬁ %‘88%285 Fc?q e bR aﬁ‘fﬁ erves &S [28] The
i nj ect or thdemsedz-Aoldy mémbetdentsbme@mmmemseﬂﬂeeeca'ior memberdaapgyl i cati ons,

it may be g%m ra IIe to inject ophthalmc solution into nore than one
| ocat i on"GHIERPRIGWSea. In such cases, the injector device 1 may be

configured tqobﬁ] m\%lﬁde@reeﬂmaymmuérbﬁébcm@mam a(gaadeeand/reagthr ansl ation or
rotation of Ehe relatjve to ti}he eﬁ?) iﬂ?e rg‘er to facilitate

i nserti ofMiEP etfﬁédﬁ'é’@ﬂ'f‘@ OEhFMIrWﬁISP uipes faBgsire EEUBAS 2p may rotate
W th, orapilagRRelPBb M thidk)@nb @SR maRAProsimatdly 35450 Iin$ tiigk. embodi nent s,

the injector device may include nultiple needles 3 for |nject|ng in

nul ti pl eTheyetare dﬁ§°merﬁr§mﬁbmsat§e@erﬁﬂe@lep¥ gayijaved Igpgthiiest enables
si mul t ang, %Jax.on 'of‘tk%%eb\é’ﬁ‘a??ro&%é?&l I5Q045 0rhicPathé fePd rh)%t%tthe@émefahe

i nj ector I ce con ured to performinjections at nultiple
dept hs. t!%ugorh@smﬁ@mb@ﬁﬂgntsl pdiectondevize tnayi g eonfigpradstorfaguiate perf or ned

si mul tangauib) oPihePlldutds %o 2Y8RHHEST about 250 um (roughly halfway) into the

stroma. Following laser surgeries, the stromal bed is exposed, either via laser
ablation of the epithelium or microkeratome slicing of the epithelial flap. Therefore,
in some embodiments, needle penetration of less than 50 um may be desirable and
is, therefore, envisaged. One exemplary gauge of needle is a 32 gauge needle,
although needles of a variety of gauges could be used.
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[29] In addition, in sone enbodinents, the injector device 1 may include a
needl e penetration limting el enent 6a, 6b. For exanple, as shown in Fig.
3, the newodl2eivmgs7iuncl ude a penetration limting el emenPCtais2enhioetros s a
stopper, at the base of the needle 3, or along the shaft of the needle 3,

to prevent paaﬁi&r qtr%eqmeei?rHgﬁc@qqgéﬁlnéluﬁé%etd?%&é%Beé!és@a InEBmest opper 6a

may be in an (as shown in Fi 3) or a disc.
| n* ot her applisationee itaay b%éegfahﬁ:tq}ﬂﬁcb@mﬁ‘t‘ﬁ@ﬂc solytiqn ipto BEMHBABIAS may | i i t

needl e p;@@m&@# tﬁﬁ cO r%r T 208l 8 sésnt hﬁje@@)eg{na@"itmaQ')th\.‘V@ohﬁ'bLFétgto de the

anmount b cat or rre a flexes may det'erm ne "and, therefore,
limit nepdsbl’eoqminamcaenm one way (enﬁmynaﬁr&asiaﬂp@@f evtatieny pidhe bagagaall o

i ncl ude 2 r%%ﬁg\ﬁ?éeé)éer) if lome(;lté/ fa%ﬂlwgﬂs%gtotn fttlg@nggcﬂglﬁn:ﬁnul IQiocaﬁbr?sot ubi ng

8. Altho %t voi'r I S Shown res to be'in the m of a
syri nge Thabaés 2acimmatlyeofatowith,he uhxizezpendant @mhevmatwsembee(sm iAbe

reservoi | enbodi nents 0ssi, bl 0 nments, the
r eser voi F *%9”‘88 Q‘%ﬁ%gﬁg‘l%‘%ﬁ? creewc fm%@@k’/f‘%mw ﬁ%aﬁégj? yuret hane

20t tle. Eg%dﬂng%ﬁfumplé l@citlc(fjmy Iheomepases multlpdnfnnjar:::ltlonmmglgrml?)made h, the base
a an conmyni cati o e peedl e sing an

sui tabl es'%&tﬁggo‘és?b In q"lﬁﬂl%gtogn 1§ l‘?@@&rﬁ‘”@%@cﬁé ﬂ‘ 'chboéggv'fgq 2bymay

include ghay |b%'6b$ﬁ|gur\é'ﬂlt§fpeﬁabm e diions at hﬂdlp@dﬁpﬂhs rmfdeQibh'bowmdfntsol ution.

31] | b ts, th dl e hol d f
of an o FACP6S 8 mela f4ashs ey BEspBe SHUARGROY B rERANRRAES Be. <hown

including a n[@Qq Qn%Hmbngm%ﬁtéeéméad.m\%htscmenhjé@to? degicatti ray ieiudeea base 2b
in order to facilitate insertion of the needle 3 into t he cornea O her

conf i gur aceda pepetrationliniting elemenyfa.- ¢y mr@aﬁ%}%%h&m IRIFi% % MA si oned. -
12- nee&lg%l 3/]|HCI§8 nep%’ﬁ@ﬁghélﬁ%ﬁng %l@nérﬂJGQCWﬁfchQ’ﬁﬂ'sF@p%r AYhd P4deide one

or nore ridgl cat or sone enbodi nents, the Inj ector

devi ce 1ofithe ne|ed|euﬁj@ralcrf5@|thﬁ@haf&9f thled'@ﬁdl@r?’ e Rravenkpenaiatinn £ thehown in Fig.
1, wherej h di ments,
the need}hge({%I d‘fa\r% {H%dsrn%@% ﬁa e act uatéﬁ?éﬁjéhféotgﬁglr&se%%d?gen%s t he
i nj ector bdlda(as@oWnanlg ﬁi()Ioudesilspe\ﬂeromerIeomdﬂﬁemtenﬂjersguﬂﬁblre gkotbeown in Fig.
3. The enbho f

e PRI E MR e B P SRR

| ocat or shoWeirsFigh1, the taheound byrnwbichahe tacatmt anb@4a)ﬂm<eefmaméetbunlaeor

menber s 4b e teﬁgds fr e back .side of the base 2b, and thus, is not

shown in ﬁ?gt ergfore, imi neecpggfn?tﬁatgogne enbodi ments, the reservoir 7 may have
a confi gur at i @30} Nere infectwidevieadi myy aBongMdsa@fesea\m'm flyidlyrapenectedor der to

avoi d patient cq rn rel ted (o] edle Furt her,. the neans b i ch

del i very? Qﬁ?‘et’}?@ @o:felﬁg oWaf VWP@% @qt%@%n rFSWPH?dSPH%W%)}'épr\esf'gpFwaered may
be i ncongpiif tHesrm bPh seMadERihat istdeparads Bbimtthe baseay, Ziswarriaus alémativelmb Iever
on the side of the reservoir to tr;{__gq%er |n ection of s Jutlo [ 34]

The i nj efessFvaifembedimentsare possibie éﬁﬁmg €9l SAPe eqOgiRES,, B‘fol ng the base

2a, 2b WPéée?vchO? ﬁliavgaetélsqdé&e%lttleﬁeﬁ%lovﬁma sédle@palynfthdieoditie. sidie handl e
9a, 9b, 9c may havé any suitable Sh%?@eg Al t hough a substanti al |

cyl i ndri eesiervegdl maghe sgparate frpm, hipigaraliwithh thebassnm AP AQd MaY%®, ot her
shapes aﬁgld%mn?urﬁ@ﬁ%n VitrBthe Hehgfe 3 GQﬁ%HS@E@i%bIMaH@@betdb( mes. g c. In

sone enbodi nents e i njector device i ncl ude nore than one handl e
at t achedsome embashentsethethase 128, BhgtayzaclU%a chamber, which may be prefilled

and/or refillable with solution.

[031] In some embodiments, the needle-holding member 5a may be in the
form of an armature or the like. For example, in Fig. 3, an embodiment is shown
including a needle-holding member 5a, which pivots relative to the base 2b in order
to facilitate insertion of the needle 3 into the cornea. Other configurations of

actuatable needle-holding members are also envisioned.
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[ 35] The handle 9a, 9b, 9c may be located in a variety of places. For
exanple, as shown in Fig. 2, the handle 9a, 9b, 9c may be | ocated close to
t ubi ng 8 wbaviicesitects to the reservoir 7. In other enbedrmsntig/o4t7pe handl e
9a, 9b, 9c may be | ocated opposite the tubing 8. (See Fig. 3). In still

ot her embodi nresﬁf rnkbﬁrer@rﬁ%cﬁmaﬁts EHé mj%tétor'aéwe@ﬂrﬁ&@me@detone dPnesiet er ni ned

angle (e.g oximately 1 degrees) fromthe tubing 8, in order to
avoi d coﬁﬂldd‘?ca&fl’ membasa, éb9dn sgme gebegiments, thednisgtos dayies 1A bri dge of

the patigaf g %aa;flﬁiﬁ?ncal locato baseb%rrhasggaw E@HG‘NWT@ 110RerBNALe 9a, 9b, 9c

may be detach romt or exa as shown in Fig. 2,
t he handb\dmgnca‘mcaémrrmwnbareatsmglcrbalsesuz:a emtmirmasfe mgne@glermidruge mul ti p| e

hol es 10Je%ber%g%%’ E'?a@tu%&rb?eaflﬁ%tw&ogﬂeh@ fPrreq@%{:ttg?d r!:é)vlvn(f tom zation

accordi ngto user evi ce may
i ncl ude awcctliderselerat imchiog mezwbere 4beae shewhankipes. Gheemuodment si;rbwpeus agai n,

e i e B SNE8e e BikbefbRent 46, PAFHiBlces, oo o
][hfe handbl@c}z\ﬁringmag.amdhﬁne rphﬁﬁenmee looayorireemberist4beindhée &frmf@‘raetlmpbdr(:notal ght and
i ght or onepfingecsty memhars Y Fents ramNE PORGFHS of PIRTsecHR AP {
speci fi cistnbt@BYwRen Pigt B).r espect to the preference of the user to hold the
St enatt devlf%ﬁﬁ éméé%@;e%l?fgdé"é‘gg% g\rer"rslﬁg ht'fﬁa"aakﬂ?\@ %8?“'&9“6%‘@6‘&?‘ ey be
strengthenin ] fay be

i ni tiat efofreadifiyre@bgrizatié laetaysyﬂﬁgé i .Hermt@beorafptaﬂénttd@ec@mtrb%d fpas been

i nfornmed t hat sur'%@( is needed, "or informed that surgery is an option for

that pat nesdles. Fourinaratirecans hyavhichdelivans phibei selytiondior fheyesereinde t he
strengt hem) g Aﬁty"e%‘ft Pedaﬁ'lagl 'B% ihedRpRUCIM SFET exdfipld AR KeddInRSCT R NY

exani nat 1 on. ternatlv he st rengt hen| ng treat nent my be adm ni st ered
at a ti nbayed weeh thurab tﬁves@nél@nsldg ofiherfeseriol ketriggepisjetion af g@n%l the

strengt heni ”ﬂ[oﬁlé]ﬁartriléﬁﬂfed’c‘h IdEer@lﬁ%ﬁ\} ﬁ’m%d\é"atrli‘éd%llé 85 d@@kﬁo@@ﬁﬁ@;ﬁ% th e h

surgery, althou Sonme cas period may’
bef ore t hasesa @r\yhrla:rmldregammloeatqrrnersbqrd@sAblagamhthetdye Sthehagdieeni ng

treat rren I
Usual |y, gév)\'uie@grr%\fﬁ ?’l' énLg{aﬁenr n gt rAitg ? UB%’/’[?H%% g'r'nmﬁrﬁéfer edé)about
one to t9a Mdkds bedwn & theaccompeaying ﬂgtgesyothé] shepes ahne anvisionad,adgr ni st er ed

before syrge str ni n treat nent _w b ni_ni red gbout 10
days. bet Hrtccu ot aRidARTE Mg Rt R Skt diman, BRaheaRh R Yee Tabout ‘s,
about 7, malamdlude makotiianonedizodle éttacabd)Udr a'ﬂtacbﬁmel,ttoithe baseaPadb.1 days

beforethec al e i.S also ihle ta t he cornea on the
same day as ﬁﬂgg]cJFWﬁm%dg%éﬁxj% may be nAaVe{'A O%é’ﬁﬂ?ﬁar fehts, the

st r engt hegdrigle! dL£sidiin RigKE3he hasde 9d| wg;d ey b@ﬂéﬂaﬁ@d clBE® &LbIrg 8 These
enbodi nents do not exclude treatnments at other ti mes, gch as bef ore and/ or

after thBaGIHCH toﬁP%E%uW%r7V!£‘r‘§ihﬁ'be’f‘ﬁ%d'5‘ﬁﬂtﬁnfhed?a% a9 83 ut i on

used whepe rd&ate%td@ag&élm tugmbraea@éem. tkes sl aper sbbditehfe tiielr gi cal
procedure is within the scope of the d| scl osed enbodi nents. The anmpunt of

sol ut i onhanste ﬁ?s?lbr%’d“%’ pe l%@@h@t ppredetesmined a@eret (e oRPRAYMERIE AP at i on
of the agﬁé‘aﬁgr@eé)%rﬁ%é%% 3'588rdef %o t ) 4 gcéﬁtakﬂﬁ‘ tHQh§M¥ 9af 9b g parti cul ar

agent, and the severit con eing treated. The’ anount
admi ni st theddbinga @ Vath%ﬂ?edélﬁéﬂ@ftm M@nhenoml tiple inj ections will be gi ven,

ei ther over t[bﬁgl lﬁ’Eor% e%tf)Jo%gﬁtts 8 tnbl%’b% @Bbééfnaf‘ifoéé“&&?%ﬂbge fghect i on of

t he anpunt of fon to m hi ste 1 scretion of
t he practhethasaa, ahr Fogexardplei almaihovm ciegLz, etbe hande &banpy acrgw iotodhge of

agents i e, e . | ess
fhan 7pLo8% 2 0% fEie 25Re R RE T RIEROLF o irBeei b e RERER

9b in order to allow customization according to user preference. In addition, the

injector device 1 may include and/or be configured to receive handles of different

shapes, again, according to user preference.
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[ 40] Anot her exenplary enbodinent is illustrated in Figs. 4-8. As shown in
Figs. 4-8, the injector device 1 may include a substantially flat handle
9d, whi chwoaylihe3®mi ent ed substantially vertically as siromuS2anad41my be
configured for gripping with two digits of the hand, (e.g., the finger and

thunb). The h[@@?']' A tﬁ@Maﬁ@é!%héﬁ@aﬁ@/bﬁblb@éméhﬂﬁ§y BE awmrdémas@ppom ng

concave si des, g., contoured to mat a users fingers. [41] As
al so showneﬁnmogsmem$8|n ether em})@@'ﬂtﬁm?déhﬁ l@%ndie FedPs ard/oidRiagaBer nor e

| ocat or r d | surface to be
pi er ced ﬁ%@ﬁ%ﬁgﬁééaﬁg@é&#@ l?a't et léﬂgﬂe&ﬁ}fﬁade aﬁf gra?%bélr?go The device 1
may i ncl administtation of a@leti@iaﬁng?emgfﬁ@saﬂﬁ\@e Mtelrnatyelypbu ifonaligctee Tighbf t he
pl unger I 0, transl ate
b thor esBag R e REN, NaR g isREEE S bl ESTIAE uogh oo FRY

pi er ced. injeutorfdevice ‘p\Irvmhngmnrlpitecegmmamdy [ ncI ude a hollow cavity 14 in which
solution to nj-ect e tai nl ess
steel, can bgﬁﬁr@I (}g‘& m?ﬁhgggﬁggtﬁ WIQ)%ICI t°§9 '1@2? 1563%%% %ﬁéryggﬁgeﬁup%?aﬁt he

dlel | ver ypareetge ray be |rﬂ1¢iﬂe<?j 'abainy éﬂmmrrqt}eotmne goitafter thepafienthade a second
pl unger piece_13 co figured.to tel esco |ly inserted wthi he hol | ow
cavity 15 '“fq{@efjlt %ﬂﬁ&?eiﬂ%&@r ik rr%dﬁﬁ%te%rq%v& PP té?ﬂ @fﬂ'@h fromthe
first plpagsit. Pbesamde, @baﬁ@it@:@ﬁgﬂér@@ LASI¥ mb;dr@aivefthemréh@thbmhgow cavity
14 to withdraw materjal and q§ I nto the hol | ow cayi 14 through the

needl e 3freatment attbe tineplus Ob"%rc'eA X prescrasing Pﬁ%’i“ﬁ@@o%mx‘ftﬁyn@f'yq%t l et port

15 througp é&@n@fheﬁlrlﬁ;' tfiéatmem rl%y betardﬁms@?ed é‘t Pfime dEeV&sh fheom the hol | ow
cavity 14. shown in Fig. 5, e|n|ector device 1 may

i ncl ude arasgﬁe@ow%aaq@meﬁ@ W%Velrémralmerﬁifeng EgatgepbWwillor r enpvi ng
mat eri al th@ ceAthit e @%ﬁ%’rééé’dnﬁ?th\é'ﬁzr%&? élmo%HQT;sbﬁ{e RRES tHStmEN

addi tion, e I nj ector device for the inlet/outlet
port 15, pa@odsmey\nbemorsﬂgan 8.month before #] susgesy, théxafﬁP@cttdﬁrPQféWQ:e 1 may

| nel ude g iesrehbirlbninklfedieh 1ol abétadm.m&eﬁerd@'ee%es%va fgret he second
ey y, h iore

pl unger p| ece pec I'n conj Unc¢tioh wt fl ange ha
on the bwsekszbefofeacussuallaxIeommahe@neogthemeg meat:ga‘rt wiil be @gmirsisternedl wi t h

respect éeoq%geti’ﬁ @%e@geﬁ?ecmfoéﬁab@é%gurggm.ioten éﬁl?%ddo%lﬂleter@@ shown in

Fi gs. vice mni ster an
[ nj ecti obefofé sun'gerfyr tha strengtiteming tresemeht Wwitidedednninistdred Aboutii®magyst he needl e

3 oot BB B 0B | R RS B P BB e 1
the |i neSOébdilt g,hébcm‘t 4t bﬁouﬂi& laboilit. 2, or about 1 days before the corneal surgery. It
is also possible to treat the cornea on the same day as the corneal surgery.

[039] In other embodiments, the strengthening treatment takes place during
the surgical procedure. These embodiments do not exclude treatments at other
times, such as before and/or after the surgical procedure. Varying the amount of
ophthalmic solution used when the strengthening treatment takes place during the
surgical procedure is within the scope of the discilosed embodiments. The amount of
solution administered will depend at least in part upon the concentration of the agent
in the solution used, as well as the potency of the particular agent, and the severity
of the condition being treated. The amount administered may also depend on
whether multiple injections will be given, either over time, or at different locations of
the cornea. The selection of the amount of solution to be administered may be left
to the discretion of the practitioner during individual procedures. One exemplary
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[45] Additionally, the injector device 1 may include indicator markings 18
| ocated on the flange 11c of the second plunger piece 13. These indicator
mar ki ngs WO 2arieeaiivant ageous in that they provide a cl eacgruseeowdiogews on of
the flange 11c of the second plunger piece 13 being a desired position.
VWhile th ; liiBd b3 i d, the
i cat odOSA T agS 47 Dot I U P o oo b RS

dosi ng pthentfiubrs nere thami blils perinjegtien siteegauid bel@gevnigierathe opht hal i c

solution to ti MaleF g i l.h gned
with the inl gtoﬁg]ut@éﬁheg\g;(t‘éﬂ?%ﬁ?ﬁ@ob a%déé@qllq%%?d Wé’bi'g‘%ghé‘\%pﬁh?%@e"’r’ pi ece
13 can bEigad4-8nthednjeotopdeviceld maylinskhige acstibstantiakydfiatinandierfid, avhigneay

i ndi cat oy _mar ki ng., The.indi cator i i 1] | ]2 j se an
't ow PR T e RuonaBi N sl S BhAME S ar BR BT BT dubp 8L ST 35
renmove t v giitgoflthe hand, @ubsthelimget gnd thiumb)r Fhe dandiettsd Miagihgee M .
Thereafter ghle. ser can _advance.t he secong | unger ¢ ie%et 13 tgo Ry ge t he
air,  andPRRLES9SR 9TaTRY Vel PRGRING SHESYRPdes (9t EnpuiEE ggtate Wild O o)
During opssratingers. after the flange 11lc has been fully retracted and the

|l ug 17 has been installed onto the inlet/outlet rt 15 osages can be
BrO\g/i ded. ThdOpthAS ?'?‘%ﬁ'é?w%é{he'ﬂﬁ't‘gpethfeH@e?t%ﬂ%\écg?é”elyomﬁlf‘gﬁr?n & of the
i ndi cat opof@Idehftd mekfbels e dohRgirah & pesitidretheniviceon Weesafars tabeow
i ndi cator marking i s used as t%e indicator for full retracti.on of the

flange, PigECadRy thamneedioet kThRybass2¢ BQY dngludealangr1a r 0¢ ARYPR AtBRY nar ki ng
may Ccorrg3preG tﬁ@-ﬁieé& b@hggﬁ;af%ﬁhfbu .eAﬁ%rtﬁp[)ungée,biee% gg@fﬁthe! mdhgatt or mar ki ng

18 may correspo to a di t dose to be provi during operation of

the inj eassemiblygiaydeciude pingediethaities membeidi ARG May teansiate WiAIresRAEs by
ol ot boid 8 basBRaCiokcR) BRd Rl HanTihel difeE81Obe HRF(Rd) Sihelfistblliigd e

inlet/outlet port 1 ore advanci ng the secon unger piece
del i ver piecen2asmoindiudg aduglew cavity 14 irf which BRlutign sa be duecteemayee and net hods

h b i | . ) Tt
under ot ol et BB, BRAFABY pead MR R<t 304 cah nehulBa i MEMARSE, 1 '
| ower | i oavitydl esformtebarcsitof fite ddliwenyl devitiect. n edditiomdheinjestodsvieeeh t he

upper and lower limt of that r ' ther : i rveni ng
varte T nmeditlose Sabe R mbnt S ERCE AtelRe B B kP A B The Upper
aRd I ovv|eWithihrtﬁé Bokdw biirgwa&asfetré @rst pmmgeSpieeeydw mdﬁr_[dendaeebtqqsueti@mﬁ'bmdeg_ in
the smal | er_ranges, an e also enc sse t hi,n the inventiQn, subject
to any sh@(ﬂr?tié@i'qey'; Pé%?&%8&%‘?%%?'%@”\%@@%%@8‘b}? low ﬁ\éﬁftﬁ% st at ed
r?n?ﬁ inﬁﬁtﬁﬁlﬁwdmgt%lriaraﬁwéhiqud iJntchth_e|Holltb\fj/%gvi_t)aﬂ?&ﬁo@ﬁlﬂhudjeeglee:i.thl@etO_r Iboth
o] ose_included lints are al so ,ncl n inventiqn. lIndustria
Appl i cabfilst p{nger piece 1%2?89]3’ '”8‘”98I%é’gﬁﬁ?ﬁleéef’gﬁsci&ﬂug "ﬁ}éﬁh %’@gsdppl i cabl e
for adm Ra§teRrihingdRedas bl Raheled ffeth tid Beliodwocdvitg 18ye of a patient. In
particular, the injector device may be confi gur ed to deliver oPht hal m c

sol utions to [PA3l fAsifown indig.anile nscjorgievicd By include a remougplerhe
di scl 0869% 8 By eugﬁléhgﬁfg f&%t%u‘éﬁ@%{& reMoQfl rRMBHEIETIF Othe Poliéwons to a

subsurface region of roma. Exénpl ary useS for such injections may
i ncl ude cavtytidedia thefiplel/ouiirt/port 15 duaddition. e inje¢tebdevies 1My iaglade a

condi ti Oﬁﬁlg ﬁtggpggqmwgmeqpohwgeggth@wn ﬁﬁipg@_’ati sm keratectasia, and

ker at oco mnistering agents that Frnprove the structural integrity
of the corned048] dilso, e injenterdsving 1 way inalids langesddh, tteon thgfitshel ude
stabili zj 0 r ' chlv ; o Pl vi ng unai ded
i cual ablfeSy FedPife of (e SEehapurGel fke. sEemcitty, BACYHEY MY 00T
conj unct temundtioh wittf tha dlahge 13$a0gdine baseo2e daciiiste antedtionof tRSpIKNgERK, RK, and

ot her surgical,refractive praocedure iLion, exenplary treatnments may
i ncl ude, Pl Feﬁri% @W' £8P Eot83ﬁ%ﬁ?%‘? E%Shg'gﬁig’g?’@‘sf refractive procedures,
such as ort hdhe4jatieladgyionnat shmwreialFigssdaithe injgatardevice 1 may be

configured to administer an injection offset from a center line of the device 1. As

shown, the needle 3, first plunger piece 12, and second plunger piece 13 may be
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[50] In addition, the disclosed device may be utilized to adm ni ster agents
to the cornea for the purpose of rendering the cornea nore nuall eabl e and/ or
pliabl e (WOogoniv/wedmeal acylation). This procedure may becparstanmedprior to
a stabilization procedure not associated with a surgical treatnent.

[51] Posgishb&PoEBirtes BY otﬂolﬂﬁfe%ﬁ&?dﬁédtH¢ﬁtHrtﬁé cér‘n@b% the Ipfe 6f|31§h‘t70r nea

i ncl ude cohpositions with proteins that crosslink l'agen fibril
Exenpl ar ¢f bemgbientt i ons nay i ncl ude such proteins aI ong with a

pharmaceuti caplyy, g&‘i@%tn%mﬁqhé?rﬁédt@rrde &1 REQTRYGle MBRATor dikAgS hpnks 1 he

collagenflblls each o erent T1bri orm a
bridge t lmeatelde:tm@bemlangmﬂh@f thewasisopd otu@gnr pisce Adndhese ndioatnsanarkinge h

oSS R afORAARRILALOT ke ey (REAY Bl LRI AE 8ha@1 OUPHENT DONC

bet ween d Irna second
col | agensésdndidlungen ietiesk hzamgialdepmen positiv i \Bhilerthe frengettliciofde t o i nj ect

conp03|t|ons I ncl udi corin or. tr tam l.p one
exenpl ar§ r}ggﬁtme%gd@h g&@ﬁtrgta&r%@qﬁglnlaélf%%ﬁir@%grrnga 18?”? ﬁégg}%lgé’r}osed

I nj ector |déﬁtlﬂym§ differehiefiliry avehd sy positidns far a@hmemngadiﬁfenegt dedespfocedur e.
The trea rrent @%' be initiate or_after ghe surgery.

Exenpl ar QRldiange &Hhpa qﬁpgc\g}@ﬁpgger‘?&% 'H@ﬁca L MAPPISAE 10t |imited

to, Radi glig Hé@rvatrpmwerrMe{/ﬂiDet pB’hqtsomffraagéme dKﬁTe’ﬂéémhdfpﬂuhg(ePﬂé):e 1BASI K
(Laser - ASSI sted In Situ Ker at om | eusi s), Iol - LASI K, LASI K, .lLaser

Ther mal @ Be 8pvancey tp Pigyde adasagmagroc 1ga§ Catormafkf@s] The

di scl oseqnb fHdRGEOH maRIHgE Sl 8'E8h ézﬁntﬂfmhw&ﬁpnéb a@bh@ﬂ%%ntgr TAé UBEr can
keratecta5|a conpri si ng admi ni sterin to the stroma a conp05|t|on

conpri si a@rhthsra&om With Figeinlet/aytiatingrts! & semavsetnernlyg 1T .candwybgequently
phar macegjj ?@tk&dt@ﬁﬁg@hlce 'quérrééf?err thel ieridaR AdTBde PRReBEnPpRIARY! acti c,

contenpora eous surglca rocedure pOStO erative, or can |nv0Ive
mul ti pl epiggefldite pregei thagirdand rﬁ*@tablrtbe elugrid ente the W&I@Utleﬁtr@rb‘tﬁ nts. Although

the keratect ;fahé][ BKind lré’th f,gftérotwwangem haﬁbéaﬁnﬁlywﬂr daﬁ@%dure
such as LASIK, It may-al'so develop In an eye t has’not had a surgi cal
pr ocedur plug 17 has beeb4hstaitasl aite dhe tiat/cutiptenarvtS, dosages eayboprayidsidoyed i n

t hod f
ggt | g nts %%tpf]aec"f} e i a?g(r:r@ttﬁge%g%%g Sqr’ﬂ%% §|r1g5}90r?é’8? tﬂla‘?r‘io%ét&gm%&ur‘irg}ehseye of a
cr ossl i nigith thed inked/entléti gort 15 thﬂraarplaaowandauatocmlaﬂyngatsaﬁpﬂaislthe car rier.

RN IR T TR Y SN A s
arrow indicator marking may correspond to a first dose to be administered. Each
indicator marking 18 may correspond to a different dose to be provided during
operation of the injection device. A practitioner may administer additional doses by
rotating the flange 11¢ and aligning indicator markings 18 with the inlet/outlet port 15
before advancing the second plunger piece 13 to deliver a corresponding dose.

[047] The disclosed devices and methods have been described generally.
Where a range of values is provided, it is understood that each intervening value, to
the tenth of the unit of the lower limit unless the context clearly dictates otherwise,
between the upper and lower limit of that range and any other stated or intervening
value in that stated range, is encompassed within the invention. The upper and
lower limits of these smaller ranges may independently be included in the smaller
ranges, and are also encompassed within the invention, subject to any specifically
excluded limit in the stated range. Where the stated range includes one or both of
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[ 56] Testing has shown that needle injection of decorin to subsurface
regions of the stroma produce greater inprovenents than nerely

adm ni st ewDnrg11dreegys cont ai ni ng decorin to the stromal bedT/Ush@1foei7bdW ng
data illustrates the benefit of subsurface injections as conpared to

super | Ol fifPanges excludrlciine? o shi i dsehoarinf ARALERcl By G | he

bi omechani c properties o ost - cornea were measure

human ny 88 Bvemenk patients in a pilot study performed by Gabriel Carpio,
MD at the Hospital Angeles, Mexico. Two drops of decorin solution were
applied to the stromal bed during the LASIK procedure and one drop to the
back of {imustriapApplicdbibity. | n each patient, both eyes were subjected to
LASI K, but only one eye recei ved the decorin treatnent (the treated eye).

he oLner oy eyl 18 g6y Fidols (SRR be SA)IBHE BAARRIEHET,  contr o

ua i ngi ]EPepmamersoluﬂbulcathelm/gpﬁrasmmnt(al In partiquERANe ifjectar devige m:debfoaf]go}clvhe

tnt reat e THEed R RES LT Fhlchaiie FRMOEE T oRort BB RTR Yo o up

Peri od. gl gufodop Hieodisclbse mje‘c&:rtdevmé cdeberuseddo ofject@phthaimieal hi st oresi s
or an in

¥| dual Q i Ft reseg.__%s the data.for di vi dual

ot ont | SRR BaisuiRts o find SRORRS HRnipigy LRoh wrhch thitdints e
tinme per h@Sndhdd\heath\eTﬁ@fwrmm_?_vmento%k&Ontr-]d)f-ta&ery]/él cd?&ﬁtfiiﬂsn@cﬂhnd at
various tine olnts ost ur ry. -aXxl s 0 the results S a

o ont a8 Moo BupeRE e 35 HHEaA o e Ertedda, and KETARcanss. by ANSEINGN: whose
results ag 6nt§fﬂﬁlamnﬁfbv5|t§éléﬁu&uraﬂ [Meediy DEMRE obmetaeéegslwuaéretabmg\nt@eat ed eye

exceeded that of the untreated eye at each tinme point post-LASIK procedure.
[59] Fi gﬂQG'tXOSE%HBe% Wéy&ql&ﬁﬁa@hz'@@g’@r?%”%ﬁ &ﬁgeéﬁm%'&ffﬁé@{e Yt oresis for

nul ti pl eaH@?rh@r’&Wug LE]'aQié"dQ/lsl%l Qétﬂtypqzdr*éﬁal‘ﬁﬁteaef(&hpl%w tréét)ﬁ%n@’rﬂ@y gePatients
in the study. [60] The grouped data in ure shows |ggrovemant

at al |l tPRA@INYLIRAIN cPRjubelianeyith F%f@@@‘v‘ﬁs%lﬂfgeryrpfﬁ %éﬁéhl ag &SIk sPRBmar ed
to the u 50 FRSHt en
better rggj?tﬁg%g-'oeﬁ?ég%oea%g%lt'ggEﬁo\%wetiﬂﬂéan\rﬁ?%gﬁ%t| vgﬁdé}P:tr{\?gry rr%t Xd.
[61] | n Bcpudel Drrﬂmamby aslsocnawlw'tn ody-sutdieal ceftastive: prgeiedtreisnsechsad uti on was

admi ni st gpe eré’ﬂo?o lr%h%blﬂ %K patients during the surgical
procedur e. e co ate Feated eye served as the control. Figure 11

shows t he ef f[@60k lofaddéloo,rtha dlsqasetild@mcecmay:m ntilied o a_dmlrestesagerrts tal tiple
Pal| S0t g EHkd b F PR ol B A SRS BB v L o
nmer el y dfeogs compalsadytiion) THne psagetiacemay bt perfstmedpriatd acstabileationder si de of
the fl aIoz)focedure not associated with a surgical treatment.
[051] Possible agents shown to increase structural rigidity of the cornea
include compositions with proteins that crosslink collagen fibrils. Exemplary
compositions may include such proteins along with a pharmaceutically acceptable
carrier. For example, decorin crosslinks the collagen fibrils by binding to each of two
different fibrils to form a bridge therebetween. Another such protein is
transglutaminase, which crosslinks collagen fibrils by catalyzing the formation of a
covalent bond between an amino acid in one collagen fibril and an amino acid in a
second collagen fibril. The disclosed injector device may be utilized to inject
compositions including decorin or transglutaminase.
[052] In one exemplary embodiment, such agents may be administered by
the disclosed injector device to the cornea subject to a refractive surgical procedure.
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[62] For the patients shown in Fig. 11, decorin injections provided
substanti al strengthening of corneal structure follow ng LASIK surgery and
may reducwonegresyiton and the incidence of ectasia. It ipsTalSs@ioot7esort hy
that, on average, the corneal historesis is actually higher in the treated
eyes twoy H? aﬁn?ﬂt S it Bé}aré 'dhr.Hgsanrayo? e B slrgéry® Exeffplary

"basel i ne” ere mas rovenents in corneal hi Storesis
woul d beref@@tweze@rgwat progedwes maynpelude it a%”@ﬁd‘mﬁ@ﬂé@ Redighiseratadersér ved in
pat i ent f C rneal historesis
pat e li@v‘?’hplo?é’rrf&% Ke?%t%l%@@ (Phk%zﬁo?salkfkﬁégegr_/&%%téé‘ﬁ{?igg] cal histo
i nt egrl ty(bratgmdbusyS)oEprt-lthIt,(oM@a% Laspaikenma) Keeatoplpsty(bTK):, @nd poi nt
hi gher t t I occurring in the patient, there are
possi bi | ?:{%nga&%ﬁgéﬁgh%s’ ecorin injections beyond restoration of degraded
corneal stren@68] Fate dizclogddoinjedtios evite omaydie emploged irayetwds of weating

signific sical |oads uch as durin ort.s. and ot her
activiti &g a{%&%%|ngr'ﬁlngrﬁcﬁwpepeé'ap%ﬁi&%e@%ﬂ epprpositiy CB"‘&8§'>?? but still
][ lequ r ef prdr‘i'élg lthdtevedslinks gouagerh fna@lulahy a ghagmaceultzyilyngcdeptdble naranebt | ispolr ts,

in ter jets, or drivin a ayer,
Sush a5 3h% yeairet ap be SRR TSRS aNEoKHWHR 2 SRR OTINS. st be
able to 6ﬁob&en@@|dr caM @voRRe rhumplb%(ﬂmh@ﬁm dMing el hhdre oﬁlftﬁdsfe the ball.
It may be possible to mgrove a player's vision under these ci rcumstances

by i nj ecf"inﬁg)odg%oNﬂhoqgﬁ’ eﬂf@aﬁectewﬁr@anderwe@pdp{'wnmre AGHUP FULER! in | ess
tenpor ar y gl Rr Eu&ﬂa@f_ASh@ itGRA 8B d%UéIBS waﬁlege ltrfmgs PBPRAd BRGRfCaMI | e
runni ng, junping, and landing. Simlarly, er pilots and race car
drlvers arasedwis} ect ed to hi gh gravitational forces (G forces, or sinply
"Gs"), as 0 gh road
surfaces. m@%é@i@g&%ﬂ%ﬁ@%ﬂﬂr?&vn@gm ra gbg?%ﬁ&gh%ﬁfﬁgagﬁlneal
shape anHgratdnonys qosprigingradfeidistérsigdn thamo 3 patiesV wirernasderatoeqinisia

r|g|d|ty : I\ Qed: 0 i I 3 ty under high
activity- % ?'ﬁi%??&jn”é'gé g(bgbtgmsthgg%fé#ﬁkgg@%g}é}c}zlumlsnaq'gt)grre enbodi nents, the
di scl osedhamnaaeutwalldmce;ﬁab’mpamerused to inject other types of agents, such
as antibiotic nt - i nf | apng 0 " Al ) . )

anti hi stam nel>obr EXAMElE: o ."' " C4rh aﬁ'{ §te :
del i ver eS@a“flsmbBecdraﬁEve Imp:sn& Nbedllaenlettedr@ecorm [66] AI t hough

enbodi nent s a i scussed ,as n d f or

appl i cati onsh[t%hgfon(ﬁshagf‘ ﬂua&neg Fu?l?%tl%‘ % (SJePﬁrén &,%u 8 Bdi ments are
Enw Si Onﬁé]bldr’fs]?dfth@}étr@tﬂawdu&élj@éiﬁf mﬁpébwmeitsmramymaemmtemg)n t he body.
or exa e eatuyres o I scl ose ar at us C S ne e | ertion
depth rg‘émpatqonelmﬁgcor{patpltg%§trq>,rgﬁbq>eéi a@fﬁfg@%‘w&&dﬁ%naﬁ@t?éﬁl pI unger

actuati ngf Q%UHQ@E ﬁhﬁédﬂaﬁs aﬁbﬁmpalf&tho@apér‘ﬂa@I@i*@ § for injectors used
el sewhere in the hody besides the eye. Simlarly, various SH%POH structure

or |ocator melRBék Tmﬁﬁeﬁﬁﬁ%ftq%ﬁgn ﬁﬂ@"oéé‘o” Hblﬂeen%'ﬁf@&hﬁ’@%'rRiP 18%0t he tar get
area of wy Qe ABIK BB IVAIY nitd3uRRNh ik MumanSRyoi@YABNChAtRts i are not

limted to, insulin injections, antibiotic iInjections, anti-inflamuatory
i nj ect i opkotBidygariermad byGabriebRarpis VD at therkigsnita) AegglenMexiey. eEWo on of

anti - vi rG}ogﬁ%?gééonrféd?utud?ﬂﬂéﬂe'a‘(?@%d R%%'s‘?r‘oﬁm 7’68& dllfg tHeGl Aglg surgi cal and
non-surgi c I'n alterations .g., plastic cosnetlc surgery), for

exanpl e, prsktiagand as driopito te baqkexfme)wglcwtaw Ingach patientybdthayest t he
hol | ow ¢ of i i r various
par amet e?wsé}e %/Ubﬂ%ée&gtoslc‘:'lb‘%'gg F&qt%p gé\}:leWed B %%Eb'ﬁﬂ?'%%ﬁ%é’?gggr opriately
for the aeatedaiye}) hEndother bys dlg rtortmae@ thalddcd:rﬁretregtmenbantagewed iasjeect ed.

control (the untreated eye). The biomechanical integrity of the cornea was

measured using the Reichert Ocular Response Analyzer (ORA). Figures 9 and 10
show the difference in corneal hysteresis (CH) between the treated eyes and the
untreated eyes from the time of treatment through a five-month follow-up period.
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[67] Also, the disclosed devices may be utilized to aspirate liquids from
the eye or other parts of the body. Possible uses may include specinen
col | ecti omof2or1/w337Hous uses. For exanpl e, the discl osedPdewise@s/ oneys be
utilized to take tissue sanples, blood sanples for various testing, (e.g.,

gl ucose F@%Fé 99hows it Sfded oﬁ(dléﬂoﬂn%%ﬂl\a' cﬁ%orﬁé@l hlé\ﬂ&%‘ilsqoﬁéﬁﬁﬁin}'@&él be

determ ned according to the desired application. For exanple, enbodi nents

conf i gur patiendr Figure Boresegts thediata o mpliedvigugl nagoat V&hChEé‘éIPB QR eh-6:29 ar ger
i nner di Q%%ﬁbé 8RB, %9&%h5&v§'théﬁﬂe |nSg:}/,a\{\Wncfﬁ i ddurPhéREt i ON.

[68] It nus noted that, as us here| I n the appended cl ains, the
si ngul ar weo taken d'e,, at;mselmmlanotatelanpn&nmeoomtapast S%Q%’Ve he Yuaiess t he

cont ext gﬂgﬁﬁgpih% rg aéseép&t&gﬁfayescﬁbag_@}ﬁ% cor a,ﬂfgﬁ;}gg,?ypref_erence to "a

subj ect epti I'nc such polypepti des and
reference to [068k lagmpétuenmwmelesesuﬁser@dwn o [ogwedt, tlnmc@rnaglent s and

equi val epts t her t hos h

Cao) o BederraR! i e KPRER b8 SRRl e b Pindlea Bl 2PRt s e
herein hpu&-l.tA&le;ﬁmdmanl ng as comonly under st ood by one of or di nary
skill in the t h th| e bel ongs ati.ops

nent i oned her@?’é] WFU th ﬁg& ;9358 finyg BPT’ 85?96%5%'3%565&%% cations
are i NCorRMIphS patiches. emgu&aeym gffoe.pgmeedata fémllﬂveeﬁyop’cpammmtdestudyse and
descri be the nethaods and/or materjals n connecti on E m fﬂg

publ i cati ons [QPEl cﬂeer’O”ped data in ﬂgjurem pows pegrpvgmg%@ LUDERPH S ei n are
provi dedjrs@irgé hfy@t'érésr?inrthé treateddyes a@rdoﬁfpafréd tohee funtrea@ddyee. Whikhe
present application. thing herein is to be construed as an _adm ssion that

the pres8ieseimp@yements %reﬁdﬁmfmm {ven beBeriepwiftid he fegiasd Witadon by

virtue ofidhbfe ddiVERLh8hogFuUr ther, the dates of publication provided may
be different ?‘{eomth'g/t actual publication dates which may need to be

i ndependent | y[06bhfln erpsgliminary cliniqay studyythe decerin ppdBelmi¢ joldliatwased device

and neth e odi nent s
t her eof ngnﬁ% r&?dﬁgéﬂgn el‘ gcf gg%ﬂi)eat[eﬁgs‘:(gﬁsﬂ{?ﬁr%gﬁﬁal ﬁg&gpiec't at various
changes nontrdiaterahtreateddyemeirved amthe qurObé:!glurbsW showsdheveffaeiatof departi ng
fromthe S0 .'

rodi 11 cafPettD ABGHots ALGnEE oidlssls 1By MRHBR paenis (REURSHH Playr Y,
conposi t belowadhowean iacreaqsemmesmeamywaessm EpSIKoeyestrepaiving lmjbetlom\bjoéct ive,

T oBe RIS B P e LGB P SR TR 122 o
of the spgembiabdionthe andemidecdfiteeflad). t he - 21 -

[062] For the patients shown in Fig. 11, decorin injections provided
substantial strengthening of corneal structure following LASIK surgery and may
reduce regression and the incidence of ectasia. It is also noteworthy that, on
average, the corneal historesis is actually higher in the treated eyes two months after
surgery than it was pre-surgery (i.e., at “baseline”). While there was hope that
improvements in corneal historesis would be realized with decorin injection, as
compared to those observed in patients receiving decorin drops, it was unexpected
that corneal historesis would improve to a level that exceeded baseline.

[063] Since the integrity/rigidity of the cornea can apparently be improved to
a point higher than that naturally occurring in the patient, there are possibilities for
using decorin injections beyond restoration of degraded corneal strength. For
example, distortion of vision may occur with significant physical loads on the body,
such as during sports and other activities that place high physical demands on the
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I nventio
exanpl es

n disclosed herein. It is intended that the specification and

be considered as exenplary only. WHAT IS CLAIMED | S:

1. An

i nj ect or wewhtiel6eaf i gured to deliver an ophthal m ¢ sol eCirars2eie/oa17¢dr nea of

an eye,

a needl e
sol ution
t he base
cont act

| east on
confi gur

conprising: a base configured to contact a portion of the eye;

and

b@@ﬂ{[ﬁ%ﬁpretqﬂiré Q%i&?%@e@&%ﬁgpééﬁgg fggr tp?d’a ﬁiﬁﬁ]ﬁméfa;isgehg hal mi ¢

e~ cornea. vice o
fiying tigkter soridsigimgat raceast. one | ocat or menber configured to

m 1, wherein

o T ookba) Adsasealtoad! £ MoetfEr, 5 MseBalpBber, SIRTRE R 1

dtfleliet antisttte dbie teeyae the ball even as his head bounces while running after
the ball. It may be possible to improve a player’s vision under these circumstances
by injecting decorin to improve corneal rigidity, which may result in less temporary
distortion of the corneal shape under loads experienced while running, jumping, and
landing. Similarly, fighter pilots and race car drivers are subjected to high
gravitational forces (G-forces, or simply “G’s”), as well as bouncing/shaking forces
due to turbulence or rough road surfaces. Such forces can result in temporary
distortion of the corneal shape and, therefore, degraded vision. Thus, improvement
of corneal rigidity with decorin injections may increase visual acuity under high
activity-related loading.

[065] In addition, in some embodiments, the disclosed injector device may be
used to inject other types of agents, such as antibiotics, anti-inflammatory agents,
anti-allergy agents, antihistamines, or any other ophthalmic solution that is desired to
be delivered to subsurface regions of the stroma.

[066] Although embodiments herein are shown and discussed as being
configured for applications involving injection of solutions to the eye, embodiments
are envisioned that may be configured for injection anywhere in or on the body. For
example, features of the disclosed apparatus, such as needle insertion depth
regulating means, various handle configurations and features, plunger actuating
configurations, etc., may be adaptable for injectors used elsewhere in the body
besides the eye. Similarly, various support structure or locator member
configurations may be implemented according to the target area of injection.
Exemplary non-ophthalmic uses may include, but are not limited to, insulin injections,
antibiotic injections, anti-inflammatory injections for skin inflammation, anti-allergy
injections, injection of anti-viral agents, etc. Additional possible uses may include
surgical and non-surgical skin alterations (e.g., plastic/cosmetic surgery), for
example, collagen, epithelial injections, Botox, etc. The volume of the hollow cavity,
size of the needle, depth of injection, and other various parameters of the disclosed
injector device may be selected appropriately for the area of the body being treated,

and the type of agent injected.
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4. The injector device of claiml1, further tonprising a handle configured
to be held by a user to maintain the base in contact with the eye.

5. The i nvecbariesedi ce of claim 1, further conprising aPogask@oei7ds ng
menber connected to the base, wherein the needle is disposed in the

need! e« hol di iR TRG, 18RI Pae | 0 SLOSAIE TG miRR" | 9T o

to transl ate ivot'relative to O I nser eedelnothe
cornea. eye orothgr p?arte of thiedmtdyr Rissiblseusss ma\ainmuﬂe shecintesr calleofom fer ng a

penetratl t n t tration
liniting Bflaja fids, 3¢ rueg’;‘u&g’ge i §.§§8§‘é’q 88 ¢od wsﬁ?% B4 BB BBt ' e
needl e wisahiptes, btoodcswan&ﬂes for variousfestirtye (e.9), glticose testinge and otﬂegiﬂmdl Wl;]urt her
conprising a,reserv | .ui dl cted via tu erein
Che’r eseraBibids B8, dpdaie rizes mpy BB R Db SeaiTRd s TR iBRISHNL o
deliver troe eSi@rhpleL embbdinidits coifigared for Gblw&tm@gssﬂﬁeéﬁn@ples may hav8.a An
'nj ector n%ggfe W|th a arggrulrrmeedr lgmgt%lr Ithva%rengbocp ﬁuentsautlrlngd gc?lellyj/tfé)ro P wt © 4
collection.
[068] It must be noted that, as used herein and in the appended claims, the

[P} I ]

singular forms “a”, “an” and “the” include plural referents unless the context clearly
dictates otherwise. Thus, for example, reference to “a subject polypeptide” includes
a plurality of such polypeptides and reference to “the agent’ includes reference to
one or more agents and equivalents thereof known to those skilled in the art, and so
forth.

[069] Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as commonly understood by one of ordinary skill in the art
to which this invention belongs. All publications mentioned herein, including patents,
patent applications, and publications are incorporated herein by reference in their
entireties to disclose and describe the methods and/or materials in connection with
which the publications are cited.

[070] The publications discussed herein are provided solely for their
disclosure prior to the filing date of the present application. Nothing herein is to be
construed as an admission that the present invention is not entitled to antedate such
publication by virtue of prior invention. Further, the dates of publication provided
may be different from the actual publication dates which may need to be
independently confirmed.

[071] While the presently disclosed device and method have been described
with reference to the specific embodiments thereof, it should be understood by those
skilled in the art that various changes may be made and equivalents may be
substituted without departing from the true spirit and scope of the invention. In
addition, many modifications may be made to adapt a particular situation, material,
composition of matter, process, process step, or steps to the objective, spirit, and
scope of the present invention. Other embodiments of the invention will be apparent
to those skilled in the art from consideration of the specification and practice of the
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cornea of an eye, conpri sing: a base including at | east one

| ocator nmenber configured to contact a portion of the eye; a
needl e comoeotied3i’e t he base and configured to be i nser Ped/tiSntie/081785 cor nea
to deliver the ophthalmc solution to the cornea; and - 23 -

a needl| e-; AG f NQG t aer ein ot e is

di sposed 'ﬁ%rﬁhg%ee I g-q?g&ﬁ@'i ﬁgé ﬁ%&t@o‘éﬁtﬁ%ﬁ@é‘%ﬁe&lﬁbﬁﬁ@drﬁgg{b@%ﬁu& di ng
menber i scopsidtrafiaseexanoplaryaotdy.ate the needle relative to the base to insert

the needle into the cornea. 9. The injector device of claimS8,
wherein the at | east one |ocator nenber includes a plurality of |ocator
nmenbers each configured to contact the eye. 10. The injector device

of claim8, wherein the at | east one |ocator nenber includes three |ocator
menbers extending froma bottom portion of the base and configured to
support the base over the cornea, wherein each | ocator nmenber is configured
to contact the eye.
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11. The injector device of claim 10, wherein the needl e-hol ding menber is
connected at a point to the base, the needl e-hol di ng nenber being

conf i gur edot2011picssTt about the point to insert the needl @Ciraiseotiogl7edr nea.
12. The injector device of claim10, further conprising a hollow cavity

f ormed W|‘¥nhl? ,gﬁ Affigh ffrd configured to contain the ophthalmc solution,
wher ei n fluid communication with the hollow cavity to
deli ver the opht hafminjecion daviesncanfiguied to gleliers.an ophthalmicgsolaties tog ect or

devi ce of i raukU Conprising a penetration limting el enent
di sposed cgﬁlet%hdglaﬁeeggl éérﬁ?rﬁ%ﬁ enetration limting el ement configured to

regul ate t he dept ha base nedigurezhtoafontdot anpeetiineofithe byer ande cor nea. 14.
A nmet hod of delivering,an ophthalmc salutio 0 or. an eye, the
met hod conpri si ng:a BS%?I?i°8ﬂ'f’)%°ée§l%t§§é)a§?%3ﬂ qgﬂf'%lgggﬁo 8@&%&@1‘% n contact with

a porti omphfhalrhie seiionitmter édrngp.i nto the cornea a needle that is connected
to the base; and delivering the ophthal mc solution through an interior of
the needle into the cornea.

2. The injector device of claim 1, wherein the base further comprises at

least one locator member configured to contact the eye.

3. The injector device of claim 2, wherein the at least one locator member
includes a plurality of locator members each configured to contact the eye.

4, The injector device of claim 1, further ¢omprising a handle configured
to be held by a user to maintain the base in contact with the eye.

5. The injector device of claim 1, further comprising a needle-holding
member connected to the base, wherein the needle is disposed in the needle-
holding member, and wherein the needle-holding member is configured to translate
or pivot relative to the base to insert the needle into the cornea.

6. The injector device of claim 1, further comprising a penetration limiting
element disposed on the needle, the penetration limiting element configured to
regulate the depth of insertion of the needle within the cornea.

7. The injector device of claim 1, further comprising a reservoir fluidly
connected to the needle via tubing, wherein the reservoir is configured to contain the
ophthalmic solution and to deliver the solution to the cornea through the needle.

8. An injector device configured to deliver an ophthalmic solution to a
cornea of an eye, comprising:
a base including at least one locator member configured to contact a
portion of the eye;
a needle connected to the base and configured to be inserted into the
cornea to deliver the ophthalmic solution to the cornea; and
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WO 2011/ 163574PCT/ US2011/ 041795 15. The nmethod of claim 14, wherein
delivering further conprises delivering antibiotic or anti-inflammuatory
agent s t owOhe11¢ciGBITRA. 16. The method of clai m 14pChiuse@itnides i veri ng
further conprises delivering conpositions including decorin or

transgl utam nase. a needle- rfoﬁ%ngﬂﬁeéﬂi?%rr&ﬂn?&%& c?{h@bc]?% h%}eﬂ?{heg]%%fe IFI ng

contacting a penetration el enent di spose € nee
surf ace diispdsed dothegwedieshdlfimgtmerhberdapd Iwhefenn ﬂmm&edlmhotﬁirtgheemnbedﬂse into

the stro tther
conpr|5|g%nﬂéw%g?°ﬁ¥ﬁgawtregﬁeﬁ§r?%gﬁ%gF%FggM§§%$Fﬁg %%%?"F%g“%eedle
bei ng di spwose=d Wi t hi n a needl e- hol di ng nenber; and I nserting
into the cornea the needl e by pivoting the needle-holding menber about a
pi vot point on the base.

9. The injector device of claim 8, wherein the at least one locator member
includes a plurality of locator members each configured to contact the eye.

10.  The injector device of claim 8, wherein the at least one locator member
includes three locator members extending from a bottom portion of the base and
configured to support the base over the cornea, wherein each locator member is
configured to contact the eye.

11.  The injector device of claim 10, wherein the needle-holding member is
connected at a point to the base, the needle-holding member being configured to
pivot about the point to insert the needle into the cornea.

12. The injector device of claim 10, further comprising a hollow cavity
formed within the base and configured to contain the ophthalmic solution, wherein
the needle is in fluid communication with the hollow cavity to deliver the ophthalmic

solution to the cornea.

13.  The injector device of claim 8, further comprising a penetration limiting
element disposed on the needle, the penetration limiting element configured to
regulate the depth of insertion of the needle within the cornea.

14. A method of delivering an ophthalmic solution to a cornea of an eye,
the method comprising:
positioning a base of an injector device in contact with a portion of the
eye;
inserting into the cornea a needle that is connected to the base; and
delivering the ophthalmic solution through an interior of the needle into
the cornea.
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19. The nethod of claim 14, wherein delivering further conprises delivering
the ophthal mc solution froma reservoir connected to the needle via

t ubi ng, wereimesite opht hal mi ¢ solution flows fromthe Presarseailndt7ns ough
the tubing and into the needle. 20. The nethod of claim 14, wherein

posi tioning fygt hﬁh{ﬂ%d&@ﬁclﬂ@'m %e?elﬂ%@ﬁ\}e‘?mﬁ%ﬂﬁé}tc%% @e& he base so

that a plurality ocat or ers di sposed bott om t he base
cont act s delieermgeantibiotic or anti- lnﬂammatory agents to the cornea

16.  The method of claim 14, wherein delivering further comprises

delivering compositions including decorin or transglutaminase.

17.  The method of claim 14, further comprising contacting a penetration
limiting element disposed on the needle with a surface of the cornea, to limit the
depth of insertion of the needle into the stroma of the eye.

18. The method of claim 14, further comprising:
aligning the needle with the cornea, the needle being disposed within a
needle-holding member; and
inserting into the cornea the needle by pivoting the needle-holding

member about a pivot point on the base.

19.  The method of claim 14, wherein delivering further comprises
delivering the ophthalmic solution from a reservoir connected to the needle via
tubing, wherein the ophthaimic solution flows from the reservoir through the tubing

and into the needle.
20. The method of claim 14, wherein positioning further comprises holding

a handle connected to the base so that a plurality of locator members disposed on a
bottom of the base contacts the eye.
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