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7H INDOLQ 2, 1- A] [2] BENZAZEPI NE- | O- CARBOXYLI C ACI D
DERI VATI VES FOR THE TREATMENT OF HEPATITIS C

WAEROSSIREFERENCE TO RELATED APPLI CATI ONS [ 0001#CTVOE209/042859

application clains the benefit of U S. provisiona
application serial nunber 61/050,743 filed My 6,
2008. BACKEBPHMRIGTOHEC NERADVLARAENShe

di scl osure generally relates to the novel conpounds of
formula I, including their salts, which have activity
agai nst hepat it 'I@EEAWD’%P@MT@@@LIS&W useful in
treating those infected wth HCV. The di scl osure al so
relates to conpositions and met hods of using these

Thiscappiieatiotslaine posityHe pabi priogisongl snphicgtiag\BeripkNa. Gipso11,
e RS B cob O O SRS S T

i nfected by human i munodeficiency virus type 1. A
substantial fracti AECANICAIEFHEID i nf ect ed i ndi vi dual s
devel op serious progressive liver disease, including
cir SlS and atocel Lul ar ca |nona Laue M., et
Al of B RS ciptisbire glatq Begnly By BlsteistgTes
and, 'rﬁo@ pﬁﬁﬁs'ufa'rl‘jlefosihfr%qf‘ag 1RR dbh’ﬂi{'ﬁin B%ﬁ@ﬂm%r@ toricity.
‘conpari son of the deduced am no aci d sequence and the
extensive simlarity in the 5'-untranslated region,
HCV has been cl assi f BACKGROWNDar at e genus in the
Flaviviridae famly. Al nmenbers of the Flaviviridae
fa [ ni.a p G
ot 1 RERREY RIORS ark SelBARy B ank bR L R3] alfine
catawcotsﬂgé\@ 1ol Iapltaceiﬂ&l Mmrahc@ﬁtaﬁmmlﬂgal @, towvinteesatel faretlle lost

en readi frame 5 nsi der a het er nei t
optic] ROSUAR eI LS ROCH Foldheln s o Ay e,
1nte§:ﬁn B6E Hefi@ WoRQLEbd 13RSt R Q?ante% intP@8 intiiot (ﬁ'%h%'ye

ypes have been characterize nore than 50
to eﬁhﬂntrwje@ thanatutsd éams de sxothberdse mmy@ongmlyimf vdfether
n their distribution worldw de, and the

Orngﬁgﬁpggﬁﬁi?ﬁﬁvppggﬁ%e of the genetic heterogeneity of

HCV renmi ns el usive despite numerous studies of the
posmhditienf IAIGL af sgeficlly pesnaly Hat pogenesiafaads curved.
therapy. [0006] The single strand HCV RNA geno %
Howﬁf,oaﬁphﬁ%ﬂgﬂgswenw 45photife sutface) %g?ﬁe%naorﬂg gpherical
| e
b AR a0 Al B8R Tl oE oSl Bgmatiom
ovenmﬁagéeﬂmopkis this polyproteln S cleaved at
multiple sites by cellular and viral proteases to
produce the structural and nonstructural (NS)
proteins. In the case of HCV, the generation of mature
non-structural proteins (NS2, NS3, NS4A, NS4B, NSGHA,
and NS5B) is effected by two viral proteases. The
first one is believed to be a netall oprotease and
cl eaves at the NS2- NS3 junction; the second one is a
serine protease contained wthin the N-term nal region
of NS3 (also referred to as NS3 protease) and nedi at es
all the subsequent cl eavages downstream of NS3, both
in cis, at the NS3-NS4A cl eavage site, and in trans,
for the remai ni ng NS4A- NS4B, NS4B- NS5A, NS5A- NS5B
sites. The NS4A
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protein appears to serve nultiple functions, acting as
a cofactor for the NS3 protease and possibly assisting

wo poobha74penbr ane | ocal i zati on of NS3 and ot herP&T/D&t009/042859

repli case conponents. The conplex formati on of the NS3
protein wth NS4A seenguMVaISRIY to the processing
events, enhancing the proteolytic efficiency at all of
the sites. The NS3 d%r otei n al so exhi bits nucl eosi de

t ri Bessphbrade sanerdrion sitanesds methods vangdi ephthalmsglqusgss fr
corfe%ﬁﬁ R/?s‘fjoﬁ %n a%’év)f ég&e %udhhm%thog?aﬁi@ @&ﬁgse ?)l’#at E%.be

rasét InVO e replication
emﬂ]byed—iﬁ\éofrﬁ}'éﬁi;am’ fa)t dierlostopded poiveed 4 renfoStd uatiieal &dns. Thus, a

Anal sis of th patitis C Virus RNA Poly in
¥ IWPE%VeFiﬁBgﬁElE*X @o‘i"?ta’@s“wl(’%raé%%\ﬁ é‘IU}gFm%Q% jest dléiances

w1tﬂ0utvéa51@ﬁélﬁ%an}3ﬁ“§?oi?’tﬂ§t2ra g?e002) and Defrancesco et al.
Cinmes in Liver D sease,” 7:211-242 (2003). [0007]

Currently, the nost effective HCV therapy enploys a
conbhentering ri'agtherivgd Hase wtvet endriasphariedl paofilel’ are ua;@ldhqrgm

intqghaf B, 358 o wesEB5, R SRyl gh e UrRa bRy PRt indany
furthes el satleROME bat@lutr&@tth&eth@d 8¢ ahbyed reihfterefer its a

superior to unnodi fied al pha-interferon as nonot herapy
radiay pofdmofa swifacg| that N‘hﬂEFﬁgﬂeW?ﬁOflﬁ/&Pm papheriggeurya Such
dev(a%l%QQ)éan 135 \A&%ten‘i&? é’e,ﬁ Hz}lyt g\%ﬁlge&ifﬂm%nces
gl nens I nvol ving cd |na pegy
betwbeph the ntphefied oprofiled amd kaapmtam\re, slﬂqesmhispmﬁﬂe aﬂlatfsuhstamtmhly

.of patients do not hav sustai ne eductlon invir
coipd, Withihs as draitd el Sl DS (o g apg of he
profiY ShupReithe Qér&ﬂée"shbﬁérﬁﬂﬁytlﬂ&ﬁlcfap fotr %@t"mEanﬁﬁllmntlcal

infection. [0008] The iInvention provides technical

lengwa ntsed) disteirf m¢fele>kcarapl IOL thae ig Gompradnds ther sanowekeriahds an

ol 1RG50 T 835 BRturERe i Srihe af Rl sty idGicat

IO "Has Qweesen%lf Rd#ue gidd. draﬂﬁs e ApeX1Bf e @hirfideiofresponding
mechani sm of acti on, bi ndi n inhibition efficacy,

to the ppfersedismerd 41y pptjcal gwis ppith ur@a«v)eQSythptr@ﬁhpef@rremondmg
e A B
samencéntral figiclteas m[actbenaspiahbal Iailicecptvﬂbble itssl ¢@npaaed] However,
...conposi tions and neth f treatnment usi these =
SuE%ﬁ‘ﬁﬁ’é‘fJﬁ ééfn“[’@d%] hegy ?'ﬁ’élf?ié‘t“f%fﬁw oF infoiinc thaasghericity
exh%'i{EH% Qﬁie Q%h&@‘{amd)ﬁ | where: Rl is CO2R5 or CONRGRY;
ra , pyrrolyl, thienyl, pyrazolyl,
[ soxazol yl, isothiazol yI i mi dazol yl, oxazol yl,
t hi lémbwtnenmaﬂltm @rqﬁbnt distlastoe yprOVldqb Swettemazzmdy methadg of

ct.ed from
prog il SRRt etingar™ oyttt {ERpeR iR S Gt eT o st
subbtahiti AR edRYtha BidrtcoRREyIf pripy hit Metiody lfor iRpEaZhdikion.
pyri di nonyl, benzi m dazolyl, piperidinyl subst Ituted
W|th01alky| substituents andprldl substi t.ut ed
wi t Yatfnus gmbodiments trevidat IOLsnghigh ingl b§9ﬂ‘t dprgity and

aspngt? %gﬁgétg%ﬁ%a‘é %bﬁl%ﬁlefgtlgﬁ\%r. CQBE%D @i(ﬁ%?rzl@onsanﬂle

substitute trtuents
torisity et asghériaty mayobe on two separate surfaces or may be present on a single

pu—y

surface. A single asphericity may be presented for all cylinder meridians or a variable
asphericity may be presented for different meridians. For examples, different degrees

of asphericity may be used for the two primary meridians of the astigmatism.
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am no, al kyl, and hal oal kyl; R3 is hydrogen, halo,

al kyl, al kenyl, hydroxy, benzyl oxy, or al koxy; R4 is
weywbosisyl ; R5 is hydrogen or alkyl; R6 is hyPeDUs2009/042859

al kyl, al kyl SO2, cycl oal kyl SO 2, hal oal kyl SO 2,

EmKo'aﬂhérRiQﬁMd Hekeif Rhay©Be; uddfuli for We@tﬂ%: o midi Ktle offr
i s hydrogen, alkyl, cycloalk cycl oal kyl ) al

abersatioph.caelbangama, éryﬁqﬂ@éﬁtnaﬁqlb an%@mh e. Haghsapidgr @bmy@ﬁg,q may
also%:leli) xygarbonyl, al kyl S@2, cycl oal kyI SO 2, hal oal kyl SO
am nocar bonyl (al kyl am no) car bonyl ,
(di al kyl am no) car bonyl, benzyl, benzyl oxycarbonyl, or
y rnedsasyhat pRvidal toyidity gmh asphelactm}ydnﬂﬁfien sqmt’eyei smcfmas 01' on

5 Comgilﬁérsﬁrzf?‘iﬁl a(Ii E{ﬁeé%: tglhgr}%/y aqdh%gsg%%dl 4 9p, an tlI;e ldelngl quality

and Q@é&ﬁﬁioﬁeéfﬁ@ibﬁw excBQITRRI/HE 'Eﬁ?doﬁﬁhent@ﬁlsagggarﬁ&elﬁ %d{_yﬁé’lko be
nd is substituted with 0-1 alkyl substituents

manmmnmgbmmgb)kying rabdessegal kyl , ami noal kyl
(aI kyI am no) al kyl, (di al kyI arri no) al kyl, or (Rp )alkyl;
erl nyl .
pl per A n?th(ieﬂ[lment 1) pei'rllo#) ié cglrrc O{lﬁ %%?aglh 38 ing ?&/ i an ophthalmic
devidemehResing ki YWphthA i fefe havih® h, anbéridd GNEAEY afdlai pusterior
and |s substituted with 0-3 substltuents sel ected from
10 surfppg and oaqe@morg;hgpt&pgwgypled 0 thexaphthalmic lens Pge of the posterlor

o <t AR AT s Ry g gy gy

lensm Rhg of theqrosteriod & dnsertor [sdrf:&eﬁ)}s ghiap¢d3soXhaX] thé bp}ych:hlrrm lens

. m e attac o the arbon t hr ough on nitroge
is o % fgstf fiﬁ‘?eh%\fr"iaﬁl Sé‘iﬁ%ts‘ﬂf Wit D° Pil%’eg g that

the Mﬁ&ﬂﬁd"len@ﬂ‘éﬁnﬁgﬁﬁéﬁlag ah éhen(:%&fsl £l ky hﬁt@ﬁ&yéurface shaped
am noal kyl, (al kyl am no) al di al kyl am no) al kyl , or
15 so thee theydphttRlsicilenstiy q<pr(f@1ned &l ddptic 1 any.cOn Hiekapkerior surface can be

ycl am noa al kyl.am no) al kyl .
sharteff G R A i 1Rt W%bﬁ%‘? i3 30 YR Al e posterior
surfhceaBhersol tﬁat&H@épIﬂlheﬂlMio lefyik cOhfiglir&ld/hs a totip @k di nyl

pi perazinyl, N-(al kyl)piperazinyl, norpholinyl,
t hi_onor phol i nyl , honopi_peri dinyl, or _ hoponorp hol i.n ;
R160 @ehylabwgwnbrana@ﬁghem Rerici wtaglasglens V‘éllﬂkyﬁPﬂCIng and
r absent; or
ospIEHEI OB Sara ERA ! el B ISR aeRR a8 10001,
Anot her aspect of the invention is a conpound of
20 f or nukeg, |=whie(e0) RL i s CO2R5 or CONR6R7; R2 is
pyrazol yl, isoxazolyl, or imdazolyl, and is
substituted with 1 substituent
sag, = asph(r)

[ﬂxccs!§'+cr;i.n=ﬁ']r= 1
Sy ==
Lbafl ~(1+5, ) 27 cos? 6— (L +&, 1o sin 8 RSOTOR,

[+ =
T gt R

teialy, () =

aiphl) =

25 where, r, @ are the axial distance from lens center and the meridian angle.

The ¢, ¢y and k;, k, are the curvatures and conic constants for two toric
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sel ected fromthe group consisting of cycloal kyl,
tetrahydr opyranyl, phenyl, pyrimdinyl, pyrazinyl,

w@eoedsmenyl , benzi m dazol yl, piperidinyl subspCT/usmdo/ 042859

with 1 al kyl substituent, and pyridinyl substituted
with mlm A1kdriBAHRS tTintthig @hl%odlﬁféﬂt R ah Bk Sd# Coﬁllte'férhﬁlg@qual to
W th stituent selected from CORR5, and
CO?lsz?foand R2 is substituted with 0-1 al kyI
substituents; R is alkoxy; R4 is cycloalkyl; R5is
hydrogen or alkyl; R6 is al kyl SO2, cycl oal kyl SO2, or
(R9) (R1O) NS@2; R7 is hydrogen; R8 is hydrogen, alkyl,
or Ipakehtmakkyhhplekskparite 2uifacea bieyshamd ta |pkm&eaésbyénc1tﬁlafﬂd

l, I phol
toni:ggy.rgégtrgiggl o d?rlrlglﬁg,lq%:q!g%& p’l{}l?:g %g,aqzyl n%/lﬁhageg to [gjro{/l%e these

foatBHRS ot BlAAeh1I thdn @t dele h W
i ﬂ%ﬁ’ hopeue E“Pﬁoxyﬁfﬁiﬁ PR
is cnsﬁgurk(y hs tlwrwphencslens hmhﬁhp tamic h:nph dhateis ¢bxt p«mdericy surface is
pt abl e salt ther. 0012] ot.her aspect o
shaf{ BB S 0 i ap R Bt T B RO o D e efbodiient,
the Q%B%r @ﬁrfe@g\&%ﬁ% shi@Bed So Pk ﬂzeowlthaunwmgq& ¥dnfigdfed as the
i mdazolyl, and is substituted wth 1 substituent
asphesicdenseandithotorieyensopr opyl , cycl obut yI ,
tetrahydr opyranyl, phenyl, pyrimdinyl, pyrazinyl,

pyr

oo QAL pHERALISERCEL et M RLR Bl con
be distribell blytibst i t uent selected from CO R5, CON(R12) 2, and

COR13 ; and R2 is substituted with 0-1 methyl

substi tuent; 4?3 S net hoxy; R4 is cyclohexyl; R5 is

hydr ogé# =dP7igy R6 is isopropyl SC2, isobutyl SO2,

cycl opropyl SC2, or Me NSO ; R7 is hydrogen; R8 is

hydrogen, methyl, ethyl r (gy, Iopr.op | Ymet hyl ; R12

is isoprqpy! ,0p) OBt hoxvetgf\vlCS %JSC y)

di f | uor 0az 81 di ny|1+c\e'—f(h1H‘kr)QF’VFt%§49“—'@I>’Jrk )e?r? sin? o
met hyl pi per azi nyl cl opent ¥l pi perazi nyl’,”

trimet h)LIP_per azl nyl , norpholinyl,

di met hyl rrRrbchoT gnyl, (et hoxynet hyI )mo f holinyl,

N- met hyl honopi peFa2| nyl, or homonof holinyl; X a bond;
or a pharmaceutically acceptable salt thereof. [ 0013]
Anot her aspect of the invention is a conpound of

formula | er
Preferably, ophthalrmc devices disclosed herein have an optical power of 6D-

34D. In a related embodiments, R is in a range of about 12 mm to about 120 mm
(magnitude only, sign could be both positive and negative). In some embodiments, ¢,
can be in a range of about 0.008mm"-1 to about 0.08mm”-1 (magnitude only, sign
could be both positive and negative), ¢, can be in a range of about 0.008mm"-1 to
about 0.08mm”-1 (magnitude only, sign could be both positive and negative), ky can
be in a range of about -3000 to about -12, and ky can be in a range of about -3000 to
about -12. Further, in some embodiments, the aspheric conic constant (k) can be in a
range of about -3000 to about -12.  Additionally ¢ can be in a range of about
0.008mm"-1 to about 0.08mm"-1 (magnitude only, sign could be both positive and

negative).
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Rl is CO2R5 or CONR6R7; R is furanyl, pyrrolyl,
t hi enyl, pyrazolyl, isoxazolyl, isothiazolyl,

w0 pdodazmabyl , oxazol yl, thiazolyl, oxadi azol yl,PCT/US2009/042859

triazolyl, or tetrazolyl; and R2 is substituted with 1

subsdcoiditgnio B1o@ teatbollingomts; Yied optitkalinic lens has a selected edge
tetran%drofuranyl t et r ahydr opyranyl ,. piperidiny

thickness g thg de dlegreeimeyidiana | TR seleetsh sdek dhickness pan tpfyqxr}ymlqswd
thicl?%sc‘ tu ﬁtﬁgfe}‘ﬂbﬁyﬂm a la I5Y 2S5 i 6RY Fre e@gﬁw}l @6 %m at the

Stitut 1" S0 stltuent selecte
45 degrobipRER)idh, Ehujed@é]ﬁfhaknesmm BR2cdnstantiirstind thi dehswirtchn Oard.
substjtyents s cted from oxo, .a al ky
For iexargpley e ef% tﬁﬁﬂ@ﬁa rGgerry wsn‘l%dw%ky}wh a &@ngaqu The
cent@ﬁ’@ﬁ@l&éss Q?Qﬁé’ |1<9f§>’can°£ls@'b‘é°§%l’ectéa4 'B%céiié@ltﬁé‘lehgé ’anBEbeht%r
hydrogen or al kyl; R6 i1s hydrogen, alkyl,

thicknes$ ofthk yénSCan ba adlodds yhﬂﬁiican(m}l@ﬁw@pMMt camrﬁt(lﬁ{and be

1mp§§%efiovgz}k%15t1 dr o 83&6&{%{)%]'&%%;%‘10 géj ﬁwqant%e chySof

'@ﬁw& vt G ) arb atadahkakk %@mh@cﬁmyLabo@étK@é%y&&f&@Wdrth
al k cycl oal kyISCE hal oal kyl SO2, am nocar bonyl

TX-)(alkylamno)carbonyl (di al kyl am no) car bonyl , benzyl,
benzyl oxycar bonyl , or pyridinyl RO is hydrogen or

al WJcPrdﬁilgg '(ﬁlehéﬁ% Q{f t g%ﬂthalﬁlc devid ﬂ{ee%] gﬂérﬁy %u’rface

pyrro ra2|ny
is shalp'eab nothpthe Isamy Iasp}hnquvelﬂh wetidibgs. hﬁhﬁpatpx@iyazlnenyehs cart be

I d b d al
Sha@aﬁgg‘f @@go ' ng/nbfﬁgﬂgs #%‘f %ﬁ'rﬁ%fdiwwﬁgr %%@ ktg?f ens can
be s?%oe@?\gltﬂi}i:ﬁrst%gﬁé’rhﬁt@ 8P ) Cﬁrgf)&lnerl(flﬁlﬁ ﬁﬁ(i()ils@wnﬁoa)sﬁ'ﬂéﬁé ty 8 a

yl; s azetidinyl, pyrrolidinyl,
secopdpmricﬂamyThe ﬁx‘spm(hsqcmyi mendnaphgm hnaylby way of example, but not

. .thio ono eridi nyl, honopi perazinyl, or
i TBF BHGtip el of eAGHAER i ed w th' 0. 3
substituents sel ected from al kyl, alkoxyalkyl am no,
al Kjhkaphthalmididalisy tamingnde Mﬂucs&ﬁhﬂgﬁb&w mlmmlze movement
é%ék Ian1ne;alkyl (dialk Ian1no)a|k
of t %th@]lrmg eyme]ig tge [e4e-3. pt]f:g cgnéje IBP, e fohocompatlble
M
T i R R G R v S
Woﬂhly dF¥geriTheahdpyics cary bt saghghed {ocymbhmdd kgheralck ywith biological
am noal kyl, (al kyl am no)al kyl, (dial kyl am no)al kyl, or
matgflal,y| . R15 is hydrogen, alkyl, cycloal kyl,
(cycloalkyl)alkyl am noal kyl, (al kyl am no) al kyl,
(diTae l‘Ié’ﬂs&ﬁh Feotiadr Kﬂdlude%nebﬁﬁﬁdﬁ: ik NRIA R lo v é"ﬁ@ﬂgeon to locate
together is azetidinyl, pyrrolidinyl, piperidinyl,
the ]{Lﬂn@ &elatzvenip| the mrlpglp]@ymylpth@sf g&thﬁ)ﬁstlgm@}pslgholl“hﬁwar ers can be
r.ho
sma&lmg?ﬁélﬁ%%rﬂéiﬁs oﬁ&ﬂ%ﬁ{/eﬁ@é Hlal¥rped cAANREBFRD Qe but,
preferably, the patient cannot discern after the procedure is complete.

Embodiments can further include ophthalmic methods. One embodiment of
the ophthalmic method can include selecting an ophthalmic device as described herein
and implanting the ophthalmic device in the eye of a patient. The ophthalmic device
can be implanted using surgical procedures known to those of ordinary skill in the art
and preferably using existing surgical tools. The ophthalmic device can be selected

based on a variety of factors, including to minimize residual astigmatism in the eye as
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R17 is hydrogen, alkyl, or cycloalkyl; and X is
nmet hyl ene, a bond, or absent; or a pharnaceutically

waewmepsahl e salt thereof. [0014] Anot her aspecPCDUS100%042859
invention is a conmpound of formula | where Rl is

a v&%%?ntmﬁ@a b&oﬁérgt}’\le%%md&y £i98t I&Y&eﬁ@c@ resRRAO &M afEh at

(RO (RL0)SX?2; and R7 is hydrogen. [0015]

Sd@deﬂh%nhaﬁpect of the invention is a conpound of
formula | where R' is pyrazolyl substituted with 1
substituent selected fromcycl opropyl, cyclobutyl,
N-al kyl pi peri di n-4-yl, 3-al kyl pyridin-4-yl, and
t et rahydropyran-4-yl, 1 substituent selected from
CON(R12) 2 and COR13 , and 0-1 al kyl substituent.
[ 0016] Anot her aspect of the invention is a conpound
of formula | where R3 is hydrogen. [0017] Another
aspect of the invention is a conpound of formula I
where R is nethoxy. [0018] Another aspect of the
invention is a conmpound of fornmula | where R4 is
cycl ohexyl. [0019] Another aspect of the invention is
a compound of forrmula | where R6 is (ROXRL NSO2 Or
(R11 SO2. [0020] Another aspect of the invention is a
conpound of forrmula | where X is nethylene [0021]
Anot her aspect of the invention is a conpound of
formula | where X is a bond[0022] Another aspect of
the invention is a conpound of formula | where X is
absent [0023] Anot her aspect of the invention is a
conpound of formula | according to the foll ow ng
stereochem stry [0024] Anot her aspect of the invention
is a conpound of forrmula | according to the foll ow ng
stereochem stry [0025] Anot her aspect of the invention
is a conpound of fornmula | according to the foll ow ng
st ereochem stry[ 0026] Anot her aspect of the invention
is a conpound of forrmula | according to the foll ow ng
stereochem stry R2 [0027] For a conpound of fornula I,
the scope of any instance of a variable substituent,
including Rl, R2, R3, R4, R5, R6, R7, R8, R9, RI10,
R11, R12, R13, R14 , R15, R16, R17 , and X, can be
used i ndependently with the scope of any other
i nstance of a variable substituent. As such, the
i nvention includes conbinations of the different
aspects. [0028] Unless specified otherw se, these
terns have the foll ow ng neani ngs.
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"Al kyl" nmeans a straight or branched al kyl group

conposed of 1 to 6 carbons. "Al kenyl" neans a strai ght
w@eoobnzmehed al kyl group conposed of 2 to 6 carP®DNS2009/042859

with at | east one double bond. "Al kynyl" neans a

strai ght orBRIEEﬂIEtElmDMOIUDHMMSRESof 2to 6

carbons W th at Ieast one triple bond. "Cycl oal kyl"

o Bongre CommeS e UE e GIoRORGP it B aiunebs thereot
ma@ % ‘a&ﬁ{"l%ti%{ir TeRPHRY & fhe IHNSWAL Ql%&c%gh@n %ﬁé}ﬁhoconj[ﬁﬁ% with

a hydrocarbon noiety (e g koxy) 1 ncl ude
the swcmn}gmylngrrha\bmnmhoquhsldmereﬁerﬁme tunebebsy ghnecdlly iodicate like
f ortig . Parenthetic and nultiparenthetic terns are
Calirt &R @ﬁw?%Pclarlfy bondi ng rel ationships to those
skilled in the art. For exanple, a termsuch as
((PEURR )1 sermtiaflyklkstrates ek dniedimémr §hef aspheric toric
_ substituted with the substituent R {0029] The
intrpepplast et 1i0nacqoading 4P| osh desigie davingalorigity candp aspbpacity on
of the conpounds. Pharnaceutically
“m%%é%pgﬁﬁgg salts are those in which the counter ions
do not contribute significantly to the physiol ogica
actFINIURE o stleematictly dlfustdate ommammd'ﬁmml afSsars wspheric toric
fun tion har macol ogi cal. equi val ents. These salts
iniraois JoRindl AECRIM fiy OT GEUARTRBEGRHIE cod Hiphiedy on o
sepSaRUQMifA@scommer ci al |y avail abl e reagents. Sone
anlonlc salt forms include acetate, acistrate,
bes ate, bromde, chloride, citrate, fumarate,

Rhat echemadealbr dhistrates oy ehidonenteof an aspheric toric
i adi :
mtrgyc%sa? 1881 YSechAEH A8 onl 8EL A FuniIPLERAE und BGHEALE on a single
mmbaftrate tosylate and xi nof oat e. Sone cationic salt
forms include ammoni um al um num benzat hi ne, bi smut h,

|C|a|t IﬁHﬂRE néggilﬁlglgesu ﬁ,]dglr%g%/alé ﬁli%]ﬂlg:gente%o%t g? r‘g}?e!, %Sfle?l%al aberration
meé‘suﬂaﬂ%&é‘ o Qépﬁgﬁe%'m@ rH)E@ 10 B§1H§ haghdfed BRIASSI UM
so ium trometham ne, zi nic. [ 0030] Sone of the
gﬁg}nds of the |nvent|on possess as¥nnetr|c car bon

[RBe depictses agrpphacal t igpreseigsinungl 1e¢ gpljericah eberration
qQrnms, i ncluding
lnﬁéﬁﬁﬁﬁ%%ﬁﬁﬁéﬂﬁﬁﬁg |%s £§§%§é§§5§§ﬂﬁéﬂﬁﬁ S m xtures of
stereoi soners such as racemates. Sonme stereoi soners
c anF It/ R d elepistsraggrapti dud ckprésentation of theéenatdricity measurements
St re0|sogE%§c m xtures %f t he conpounds and rel at ed
for pspherieriogic using ai5epLAphASYEY i nto i ndividual isomers
according to nethods conmmonly known in the art
Sy ntieRIR IS 7 MebidR Qs%rﬁﬂﬁé}al Fepl&enaREPOLHAE SenT BN S & EEreB¥nts
nmet hods known in the art 'including those descri bed
for pewherie tomig IOk usinlz agombitieddesigs; within the skill of the
art. Sone reagents and internedi ates are known in the
art I b
e t]%lg?@sl{@ 8 ({Aﬁ?cgseg lgﬁaéoﬁﬂg f &%EHE@&G aéle ﬁie%%\r)ka? cagre%%h éfBFL)

medsBicdienal for aspherivmkicADLeasifga Geparattbdfﬂ)ﬁig&ﬂ 'R
substituents) used to describe the synthesis of the

TGS iy RO ot bl b The o 18l
meééﬁfe'nﬁe'ﬂls%r ys?ﬁ&‘né Rrithers 'uﬁhgﬁ cBfbled %Eé}%(, SeCt i ons of

the specification. The ft ow ng nethods are for

illustrative purposes and are not intended to limt

the scope of the invention.[0032] Abbreviations used
in the schenes generally foll ow conventions used in
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the art. Chem cal abbreviations used in the
specification and exanples are defined as foll ows:

w0 NabtivBX891 f or sodi um bi s(t ri met hyl si | yl') am de;PCWZ’O09/042859
for N, Ndi met hyl f ormam de; "MeOH' for nethanol; "NBS"

f or PR MOSHY G pRabRicalecomfirisod OF 112 Yonis torldity' off fh separated
trifluoroacetic acid; "LAH' for lithium al um num

desmyldmsaelo agen combystyesigt legsasdorsprreniiqnond adé20 asHzmpipym;

hours; "rt" for roomtenperature or retention timne

( c , : .oon n
et ﬁlgllbqjg%et at e s # %‘%}J&% I r{; rt%% Bﬁgeﬁi;%a],, E%I‘F%ﬁ%?ogrfo{en
separated| desngd lengenHl aid taaceﬂnbmeadesign Tehbe2A0 foocortkcebhyf a 742
et hef "DVAP" for 4- d| met hyl ami nopyri di ne; "DCE" for
spherieal gberrAliSPoet hane: "ACN' for acetonitrile; "DMVE' for
1, 2-di met hoxyet hane; "HOBt" for 1-
hydlﬁl@‘(}’lt’]@rléofs rd Bhi%alhé’cgﬁl\?aﬁﬁen OpltIEeA‘ICHE %nm of ten separated
di i sopropyl et hy am ne for CF3( 03,
designNeses fng ten pombmh@ Hesigthishsss rfmc@rrepmeﬁ] an/&bhgrewtnsat, i ons
as used herein are defined as follows: " 1 x for
onclrglé}e%fgf(“:zlfi is oe{ g}aﬁié%ﬁ' orgpa)ﬁsoé \%gltltég]n!engﬁo%cap of Ie% stegarated
desigd 'leﬁs©§ a@l taﬁb@ﬂhb@lé@ design’ l’é’gses ff@f coffiebtidrOdfaim adtigmatism;
mlligranms, "L" for liter or liters, "nmL" for
mlllélter or mlliliters, for mcroli

[RIg 14 Is & graphigg] %Wﬁﬁ?onmm‘e kst Baws %qca{ Lnah (BRlgpof
ten %ﬂa&dté@hc%lgglrleﬁgek hhdRh %§mb1n'&l Resign feﬁ§esm nute or

m nut es hour or hours, ’for room
tenperature, "RT" for retentlontlrre , "atm' for
at MOSTARE &5 is' @Sﬂaphlﬁdrcopmanw qféhe kguBeek FonghLengtloBEL) of
ent rnat e f or saturat ed " MWV
en pGri R SRR G B ol BhsiflentRs paint - veer for
enanti oneri c excess, "MS" or "Mass Spec" for nass
s peEIGfIﬂ{TEtIBydepldt_ﬁh griphlicaé |c6@1bﬁr®>$)nr(ﬁythe dkEnsZ@héI@cml aB&Bation
spectroscopy, . "HR' for resol t| on, "HRMS" for
(S ey &961[35% dsaigpdenses a&tgefleﬁei) degigndensesppocpiding fg one
emGdHiABML 0gr aphy mass spectronetry, "HPLC' for high
pressure Ilqw d chromat ography, "RP HPLC' for reverse
phase HPLC, "TLC' or "tic" for thin |ayer o
chrEﬁ@dﬂb@erWplct'SNWF&Taﬂmpaln g@meemsomagfn thei bens eteunlamarf ten
sepgt; aﬁe Ll osslgr?g%hﬁgr aa% gqne om%{nedf 8?51%1} Ol:gp%af acdd)rdlp% Io one
embpiambmt , "' for rrultlpl et, "br" for broad "Hz" for
hertz, and "a", "b", "R', "S , "E'", and "Z" are
stereochem cal  designations famliar to one skilled in
t hel IA{{RIASBHERRIES RN §a\FRIRCAILIORRO Y IERES PREFIATESSD separated

des gﬁsglso%% app’olﬁlggta ?%%F%eéreggfgdl{%hggol%%%ﬁ &f{m&?i led
on May 6, 2008, the contents which are incorporated
herEinGUle/ Ve flepietsce . erajiuahl roplesdiaEoD Eivbudi provirsatos steep
resent . di scl e rel ate generally to intraocular
me?@ﬁgg 0 ’aigton‘?flreeenﬁ’ W%’Iaé‘n% to intraocul ar |enses
combi ni ng asphericity and torl city. BACKGROUND
| Nt FIAGRIE 80 defiBS@SerapHita kepéRntatbi btk edbemlickntRthetdtding
patients' eyes during cataract surgery to replace the
to opgembaimanist al | i ne ens or to conpensate for the | ost
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optical power. The ternms "intraocular lens" and its
abbreviation IOL are used interchangeably herein to

waelewenstael | enses that are inplanted i nto the i PCBEUS09/042859

of an eye to either replace the natural lens or to

ot herwi se augnmrendprEyYASLED DESERIPERINOf whet her or not

the natural lens is renoved. Traditional |1COLs are

spherical, meaning the posterior surface is cgnyegi, }

Howewised hersisin thei termsOlcompaives, arFoRpBRBE; ¢ IRglydesc enchuding,
"hasG'o’rhrasﬂ;l%" 6P %ug}g gﬁltets %}ﬁﬁi'oﬁ Zi‘lltlerécg? Efetqflfeﬁﬁled thOLolvEr % (b Sve

a tone°sur o correct or’mtigate cornea
inclas$dn. g@tdxanmpley @rprecesgpepeesf adictep be pspaBUdVARYcdteprises a list

there is a need for epnhanced nethpds and ophthal mc
of clegieabsist Bt RasFYSaEb h@ltef? O inthosh alemsmE i bRg aﬂl%\ﬂeyﬁhef
I e e
crkfly MERERHIP IR AOSER, LIReEatoi SIRBNE e o
apparatusir BirthezisnlesErenpressly stated te liestamtrary, i'onf refees tohag inclusive
ability to.restore,vision across.a [ange of. abject
or o A BR ERITRS G S RRect HOTinD AAFE iRy BY amyene
of tHEBIIbRIEE AasBie(drGRbsehd 9Rd BsVEise ftthot 36qRbBRY,I £ & false (or
profile” are used herein interchangeably, and are well
not pragsnt) and B tsdeie (skmresead), and hotle Azand B arg tugdorentesent)- t hat
any further explanation may be required, these terns
ar : r
LAY E UL O, LEDET b0 R ! ol 1, s
in afy agcr reshtictiond ey dtiions, @asxpbss dbfnitioneof, aey terfroor terms

_exampl e, as smpot hly_varyi di fferences, between th
witSSR: Bt Sreraerd insead s EnGr SR RET S be
regak Wl af WRpARLdAbLY vAf BGHEGStoWbAd phAiRUAS RIHJdEAnt and as

profile at” the small radial distances fromthe apex of
illusttavepoulfyi | Bhosewf tohdingrytshl inethesut' wilbspraediatalthap any term or

identicgal, LO" or "substantially identical,lens," as
terms G4 e fhese PRmRIE an 1o ey S S sF e E e
embdBinRinkA wiach a2 oPNasy Gk BeOgivied iMatethith br | dseddigfealie dhe

Each surface of the "substantially identical |Q." has

speaifieation ad @l rivel empedimgats(are etended do be ingluded evigipa heggcope
h fac rr i RQ.: 1 he. j.nt £:1.0n

of &' & Fufif IERERDR I ARDE oo, AOARGHPEC AR and

illustiatiowsipodes) Gus isr ot dienited tb heonspdneple,C &forl iGktandeli, “e.g.”, “in
addition, the "substantially identical |IO." has the

one gmbadiment’ al t hi ckness as t he aspherical 10L to which
it is conpared. However, "substantially identical Q"
hasy $0e chtdlindtid aceilRsefied & thd FRSURES, liR€ kimbh® being
asphericity exhibited by the aspherical |CL.

usedIveter trelitesandfcotiespopdingentts of the Vedesalrpriogs.de syst ens
and net hods of providing excellent vision across a
ra f_object,d e t Wy : :
2R Et SRshE bR oba8 oy Bl BBl B cliifiting

or nilBEdtgsofrhl Astigi@nim gnd terheud sphépichlaberretidiodi ment s
provide 1 OLs which include both toricity and
asphericity to correct, or mtiga corneal . astigmatism
andFrabsdeprts disgloard barpig oV, aPRtbstis [ﬁyseéﬁhat incidde al 1825

one RRVEEL ¥aWTRY i€ aéf)ﬂetti%’iglc SEPALAYS DWeb@OE MiPhat@BphbEcal

present on a sfngle sur e. A single asphericity nmay
abetvations esetnast dnd ot leadt|one yérisrsugfcaneaving abwiciy salevtad italopmect

or r%(sgi%gtg(agﬂgqnm ! égsnrr?&]%ﬁ%q%rétﬁgﬁgggsg@fég& hgﬂe{nf Srro(\e/{glte o%{ﬂaijrlm%nlsehses
that include at least one lens surface having an asphericity selected to improve image

contrast relative to that provided by a substantially identical lens in which the
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of asphericity may be used for the two primary
nmeri di ans of the astigmati sm Enbodi nents di scl osed

whegoeisr4ary be useful for correcting or mti gaP@TyS2009/042859

ot her aberrations, such as coma, trefoil, tetrafoil,

resprofivd Bfrfddekie. sphbrakr Iartde reniodintcnitd eélswnrm]ye ambedilents are
possi bl e. Lenses that provided toricity and

llluee%wepnmaw B eprecting y@baﬁlﬂ@@%rk&i?ésﬁoshoew dewsYFHele
und%%[cfoactﬁé:t tﬁ@sg t&%ﬁ@ﬁs g]{;ﬁl% te&ﬁdlly t?)%éy\aaplg als Ot oe%r%ﬂl%lﬁlmlc lenses,

I on,
sucketd Ccmtae:mbeyls@xceeded 4/ 6. Errbodi nments di scl osed herein
may al so be nanufactured usi ng existing processes One

f.an as er|c toric lens c cluded :

i mﬁlﬂ%ﬂﬂh PHilt 3 B8 e@wec\a%rqfsqfﬁge %HB gipRericelic

intrB R AN (@L)ef(b Ol S¥nf A6 R1bAMEheAtsP I €10 HayS chf&l@ CarMor
one or nore haptics coupled to the ophthalmc |ens.

surf@gpe 14 fposiesopsistage il @1ondhe abﬁeeﬂel sade andriharkings i22. stsahett todc

101 [ et P afiaS eR spfing phBhhiogR EpPERED b it
placeh@®peeh §Patidhdt ebéle LR Habibe theMs ofSa BRAbMPMIHEE palSnRric

toric |l ens. For exanple, the posterior surface can be
ma@ﬁ@lpe@hsaé soficrylisesibiprneres hyideogeb materiglse dafspmgreabodiments,

r r S
ony ] RERGRRINIP AR RPN DB C L Bl GARRS TEIRIRAS BAG of
refrhhﬁ)naﬁireaip)ﬁhaﬂmf andication hé thhalp@l CSI0 Heheltnpldyed In some
ophthalmc | ens is _configured as asph s and
emltofﬁienﬁastaemﬁfewﬁsmwéﬁféur% Ipda th6 tradeatank ﬁéf@ﬁ%‘i CAGySoL s a
tradeRAfk bﬁA%ﬁfﬂﬂHfa@&ieé%faﬁohOWoﬁﬂ 859 -mdy b & BHh q@'ﬂt 10.

an aspheric toric intraocular fens wth toricity and
Furthephthei Gxdtipnomesberar 2 eas Uref alse sbemfiyrined defs switabked polymeric

a4k S eI hgTapn i rndhhad il raB blhechiee

Fab&i8i o ofafeadchiRr TREdsdhANindR@k Rnowh GabgitatidaVpro®ilsdeXuctkd¥s pin
are the curvatures and conic constants for two

cuttings wefr mddipandrdens easiing. I n this enbodi ment, kx and
ky are preferably equal to zero. In the above

aSph ST i&g?%sagﬁe §Ildf)f)(ﬂﬁ1%flt 8f 91%21 ﬁg t%ﬁ’ Hftl%ghﬂgr lens 10

toricity
accaniding te omu rdbsige hawyg be astedpesiirface b4 end d@oktbﬂ&esurface 16. As

f eat ur exa the posterior surfage .can
de %%peﬁ@fﬁ? ¢ 0 eosmqﬁiapﬁ&& the FReicity apd g chjafﬂ&a obens 10
may BE RERREHA th'f&@l% RPACENE. el O E&al RS asphBAL tdrfc &€ 10, also
posterior surface is shap ed to provide both

refegrsg He ras @i iepalawd desugndmwlO)Ad@cﬂommgandnaﬂrds h@parated design

.anterior _surf t hat
ten IERGK R o B B Rouf sy B 2 EDi et 13BR G Padraen
as BSOIL he spmical hinGtio\ cb@6dionl gﬁbhaasp@z trhiettng! arfUimbRGave a

shaped to provided toricit and aspher|C|ty can be

conifeqi thpaptergr swiage -andothp cqyiindgr grofhecresterigr surfgem In gyme
eml?od&rﬁéﬂtg, (tﬁgéfnténoq)sufface may have an associated radius, such as 19.613 mm,

and a conic, such as -36.211. In some embodiments, the posterior surface may have a
first radius (Rad X) and a second radius (Rad Y). As depicted in FIGURE 2, Rad X
may be -23.808 mm and Rad Y may be -20.447 mm. Lens 10 may have a center of
thickness, such as 0.611 mm.
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\ + 1 - +kx )c]r 2 cosl q - (\ +ky )cy 2r 2 sin 2 q
1 J Preferably, ophthal mc devices discl osed

weneilsrshave an optical power of 6D 34D. In aPCEUS0e2042859

enbodi nents, Ris in a range of about 12 mmto about
120n rotie( Bfﬁbdiﬂltrwdie @nhsphesic goric dutrabdadar blehh widsitdriorty and
and negative). | n sone enbodj nents, can be in a
aspheRRge OB FePabTU oeB RIS Heseigbedkmatytisalysttint
(rmagni tude only, sign could be both p03|t|ve and
negativ e | ge of about 0.008mi-I to
about O%%ghn%”ﬁﬁpgggnl?ﬂﬁgkggly sign could be both
positive and negative), kx can be in a range of about
- 3000 tqgaboutsprl?. andqghpionan be in a range of about
-3000 to about -12 Further In some enbodi nents, the
aspheric conic constant (k) can be in a range of about
-3000 to about -12. (fqggglpaahﬁygﬁ-can be in a range
of tedicuif)G: 668 =-==I-—--—-.:--e-=-—=—=-=---=--———==s-= Ri tude
only, sign toyld(oekoeh p@sﬂ-r&lékabrcfr sin”
negat|ve) Acegsdlng to various enbodi nents,
ophi has a sel ected edge t hi ckness at the
45 éegRee erRgdi an. The sel ected edge thickness can be
any desired thickness, but is preferably in a range of
0.2to 0.3 nn1and preferably 21 mm at the 45 degree
nerld@%z The edde thlckneés can_be coqﬁtant around

t hé™pP j%WT‘EE;E—XF r4§xanplg U308 %edge t hi ckness
can vary ger od y, such’ as sinusoidally. The

center thickness of the | ens can al so be sel ect ed.
BeGRUSRie ! AR ANENL EREE phdVidk AR DD 1 li®SraGAd of

t b
be selected, the ?ens can bg shaped so that 1t can Tit
aboutrp Rria ab@ltﬁmi]) aantl @d avpltetic eunfmel Qfgeredrogqau dle chepactprigadtwith

c SR A SO TSR R R 6 3 BT erktrRg g fom dhat

1162 2 Sk 019, @SsuBf, rEﬁ)giﬁ Wt atboutT X).00032GRMGUPI thAbORE-0.00020
enbodlnent of the(%&ithaln1c devi ce, , t he aspheric

mmsydfraegng foghaheet-Wa00he 35&&8 nEwheld abopt-rQH0053 (-5.3 x
10"} B G WL Goohlihr B2 10 0 RGH olios:
(15&&&mﬁbﬁunfhe | ens can be shaped mnth a first
asphericity for a first neridian and a second
s hericity for a second neridi The first and
edbrif Qﬂdgﬁgn%alﬁn%ég cB i) SRLROVR i Egpee of

aboﬁt' 19 bag| a‘BBut 59®, RAi aﬁlaeb&n@%fﬁé@&sthef1e@85dn%@éﬁa§damzed
he opht hal m ¢ devi ce can i ncl u e haptics configured

with @ramgmgrfrcme abot 360 (3721 HenwpHo hhdutic0dé (i 1¢E. Hrmmisap.

o, R AR 30 RO s S e S PEARAB T

-0.000Z5anmbAb a5 At ingeForR ab&iar-0.0960297, mmX. th .abdtre-0loapd i Asmm,
can be roug heneg ronot ¢ adherence w th bi.ol ogi ca

and ﬁataegmalfronrh@qt 8&90 8mupt e pbauh B1008R0SGAENBT - nor e
markers to allow a surgeon to Iocate the lens rel ative
to I{} fb‘%hé?"én%dg%&t '19'1§%Sraﬁg &it 1 D08k 1§ oot ?20 mm

ers can be snHl |se portions or ot

(mafeiatderoalyt, kizh coulddedtic posithecand mepatyyes ulng®me, enhb.qid;ments, Cx

can be in a range of about 0.008mm~"-1 to about 0.08mm”"-1 (magnitude only, sign

guatlon 3

could be both positive and negative), ¢, can be in a range of about 0.008mm"-1 to
about 0.08mm”-1 (magnitude only, sign could be both positive and negative), ky can
be in a range of about -3000 to about -12, and k, can be in a range of about -3000 to

Page 11



10

15

20

25

30

preferably, the patient cannot discern after the
procedure is conplete. Enbodi nents can further include

wo@piwhaid4mi ¢ nmet hods. One enbodi ment of the ophedEU#1009/042859

nmet hod can include sel ecting an ophthal m c device as

aboq@snr | ReGief) @ﬂ §difle &RBodiARh@Nhb ragphfehs cORBhdht @k)dc%wb@%n a
the eye of a patient. The hal m ¢ devi ce can

rang«vrplfaihouztd -3080 g abavigi Gal ﬁddm@d@lbes dandwnint @ reingss ef @bout
di K th t .and ferably
0.0t &5hh b ot B (BheniRRE oBve niEnrioLtd, b bAY nosifivgand

nqgﬁwgcted based on a variety of factors, including to
mnimze residual astigmatismin the eye asa whol e,

nalntaln a preoperatjve cylinder axis or to reduce
r esiigany gethodimantss (the asphisrie giretilengd; thei apteriqgrugiace can be

oI PR e B The e, PR s CATRS IR0 by  quodulation

trartstee r fanétiomagMBE). achruknewn by thefeehavimg otchnetrh eskilblih oké @ag, a
descriptjo t ak jn conjupction with the .

medSRREd i AT Rl RS HISS SeHSIRR R QM TP asas ared with adersean

proYie %r(ﬁJatha’cl{/‘éjhl%ﬁ’stu?e bf gk @BhMAR %&n&%a%%&t Rns.Th @ehtall a
schemat i cal y illustrates one enbodi nerit of an

congrepfhen moduletive asseciatedcwithran epigcal Gignek or.gli agtwoadipressional

parfi pE R op il Pl AR EF A9 1 (el BSBRLTEE o be

ima26d ofl h4Bikted fwitNtha $BALY dCsulR fah Gbjedt, lca® bl kiafinddeilacddtdance
according to one design having tor|C|ty and

with $iefeHowingyelationy separat ed surfaces; Fl GURE 3
schematically illustrates one embodi nent of an
aspheric toric |ntr§ocular | ens 10 according to one
desi gn havi ng tor|CFﬁ¥—aﬁ§ Bqpkiefiscity on a single
surface; FIGURE 4 dépidtlsna graphical representation
of the spherlcal aberration nmeasurenents for aspheric
tori 10 ysj ng. a.separated design; .FI GURE 5
oV Esrea oyt s b UHRD SRRy b MRS e § cpipimum
intcABIy 53@6&1%d msmé SIBRA SuchQf coA®RfQ%ah be fc@l&hlﬁteﬂgf%eldﬁréw for
a conbi ned design; FIGURE 6 depicts a,g% hi cal
each spatisd efma@ncarpr@ﬁent iethe emélcalosrlgr@i t4n MBS gF @nemagmg @ptical
syst%ishD QS{ e%:s tilg Rm%'?o hi%he co%‘ref arat ﬁlg %E%il ﬁrrlled as aGLgB (l)E o? a
epicts rap representa % on

contmgtiaeédciate"msaﬁlu aehkipesf hoobrepbanedby tiioptibdDsgsteiairélative to
conbi ned . desi FI GURE 8 depicts a gra phi.ca

a condrgpteasenriated wﬁh Hre qbﬂfét b%ﬁ:lﬁ kfl%\’iﬂa:l the #pseqgteg with an optical
systggglé g&?f)ﬁpt&%ﬁ ndent 1aI ﬂéégfeﬁ!:% fihe '1&9ns?tr¥fo€§ﬁﬁlﬁio%dof

ep a gr Ical representation of
the fiight taokndtimgahe ‘sysnayt H)u( BFda)1 aimat&wf&nmdﬂiy dtber fastpisesich as

to a conbi ne n Fl
the 526 st AR RAT RO A (YAl 4 dNeIE st ongh o thSilfminating

lightepar at ed design | enses 10 and ten conblned desi gn
| enses for correction of a Z20 astigmatism FlIGURE 11

I's a graphical conparison of the spherical aberration
of Inejomyeprabedimgntaesichris| the sebodineahdepietgd do ABCHEE 2, the

aspg%gc%t?/;btf !1%1% ?l%sinékl rzn%de GMTE Bf ﬁriee%{ ab%u?&.% at IEﬂ'zeeflz)(':1?[356}{16asuroad

or calculated with monochromatic light having a wavelength of about 550 nm at a
spatial frequency of 50 line pairs per millimeter and an aperture (e.g., pupil size) of
5.0 mm. In some embodiments, the asphericity of the anterior surface is selected so

as to provide a patient in which aspheric toric IOL 10 is implanted with an image
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FIGURE 12 is a graphical conparison of the |ens
toricity of ten separated design | enses and ten

w@ ovbiltsmeh desi gn | enses for correction of an PCT/US2009/042859

astigmatism FIGURE 13 is a graphical conparison of

contfd3e clﬁa@ﬁk&eﬁ&ﬂ'béﬂ i Yn@tuldtion tERpRF duebiod g TN thensesowarddo.o,
ten conbi ned des %E | enses for correction of an

whilg sndigiamingsarderrth @bmREld thay is vithyp apapecptablotepes i $bH MFE can
ack F I

be, e SR oL R P D o Bl 025 SoF o 358REE P gt 50

mm.J13si dirr?at @éé%&flﬂn%@lts cfavifiarin &qnlhﬁgﬂstebe chIFhs c@aplkcatede al many
Lengt BFL) of .ten separat esi gn t

emb@élmﬁn e @@@gegwhaé?%@? prowidediy %%aea%ﬂf@f’ gé‘%ﬁgm‘?ﬁ?%?d

by ¢ Bﬂﬁﬁﬁ%ﬁﬁ’ R ¢ }%Bl%tlkegﬂlslnsa%&!él e e)?rﬁﬁﬁﬁétsélé’&e({ §ﬁ91ea@fand/or

en separated design’lenses and ten corbi ned design

natut# naﬁ;sabarramsrdl omgretpondng te rapdddiniiual pﬁiemmelﬂr the pVQSt ¢f a
a gra rlsnofthel

scledlearup i PaSH DA TeanoBuipicpdsd B onii e bbb ga Rl mnder

natued QHsHalDet ARG ﬁﬂﬁ%bdﬁf&nen@ SR eldindaRi@tionsdof the eye
gr aphi cal conparison of |ens power of ten separated

perfomsiddry éreplewing &newn tapogusnbicelatettieds gn | enses accor di ng
to one enbodl ment; FI GURE 19 depicts a graphical

e ent n_of 3
e S B T
y a}% aphy cbal apbeXifstelt 800t ntifroh eleagge firdti mbmdiss and -0.0037

accor ding to one enpodi nent TAl LED DESCRI PTI
micipes Alpfg @i PECORh NSy anéoﬁp%%été)s may ,@p;ogqrﬁgﬂﬁ 0049

mlchnQCIFUfig?heOﬁeticQF% Wlliaften of oﬁ@émbodlﬁéﬁi BOricAEd 8o PUVINVEX in
vari ati on ereo are intended to cover a
CrystaliWaseclens il  enaly heVeis lens powarofedaidgile (x)anpl 6883 O, (y), with a

oxtfferar ounfL 18 oo, BRRELPH Mo e Sp oA R EnBce

el ements but may include other elenents not expressly

| i stigRY 3 BhRARAEallYO ilfidEhteP rC 8pheri P tOEE SBracdulat déms, 10
or apparatus. Further, unless_expressly stated to the
accqrdimgrtaope embpdimest. eps depictsd in ﬁg{“ﬁgﬁ\ﬁe IhFomag e pRAIMERS othe

[
tori G it ety G0k SABRL SoriPHIPIE bl Be Roffbingd 08 the same
surfb&eeﬁﬁnta)soaﬂ@ﬁerﬁdlts ds al sentfined mphernic EEEnIQL 1. i 4s fdapisted in
r_not present) d Blst resent)., and bot,h
FIGK 4 the Siriony il somieripie ey congined poaaeger Shges T In
somfX GBS, lehb Ut ﬁ1§§/ IHAPS aOha¥8hohRE, eduich Qfsezm DioftesA®), a
regarded in any way as restrictions on, limts to, or
cyhﬁdepr asd adlf. 5(th; acpkerafa) alaﬂmgﬂtlt)@ mlfrmtlonemvb agi 0. hmigrogs and
are ut| i.zed., lnste t hese exa )
may I‘io\é’?ﬂ heo §anigy aiq ghe, &y ﬁ %eér%§°5én8 Sﬁﬁa%feég ri bdy Some

emB¥ditet %ﬁ&%r LRfRBE4APRARY hed Al asEItReel Eis, ok aa$9. 609 mm
illustrative only. Those of ordinary skil 1 inthe a

In spiie| enalisdireentatrosicriar swrape 16r magrbaye arErshiedis WRa¢ K. 2 st
th | r il i gn L i |

ol SHEE T FE b RBATL) Rt 08 Y o

radi@b \(Radtdweg’)emdt bn axeraps evhier€oniv a¥rg). s ArAIGURE ioRadny is

al | ch enbodi ment ded b I .
appwmmgqlély[ H83'§é6:o§lm SCo%Ece )Iingsenaple)roxtirgateley | gg Syﬂeq{ad Y is

approximately -20.451 mm, Conic Y is approximately -42.168, Rad avrg is
approximately -22.005, and Conic avrg is approximately -51.953. Lens 10 may have

a center of thickness, such as 0.612 mm and an edge thickness, such as 0.21 mm.
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of that termor ternms. Language designating such

nonlimting exanples and illustrations includes, but
WO g00m0874bi mted to: "for exanple," "for instank€l/PS2009/042859
"e.g.", "in one enbodinment”. Various enbodi nents are

I | 1 TSdreadrtsbdimernthe sfrigldRieBice WikiecdthbiBédtcwic®iang dpiadlicity
to refer to |like and corresponding parts of the

may/bg desgabeg-analytigaly #nbodi ment s di scl osed herein provi de
systens and nethods for elimnating or mtigating
cor neal 1 ] an - | spherical aberration.
Enbodi nent’s 8?2&¢§ggd hé@gﬁﬂﬁﬁrovide ophthal m c | enses
that include at |east one | ens surface having an
asphericity sel ected th gct. o @ynigate spheri ca
abefri{ R QN8 dyentrastand-at leadt one lens surface
havi ng a tori cilty, se(ladk e rt co @+ @etk, 3 rhiint Gat e
astigmati sm Enbodi ments di scl osed herein provide
ophgthhjg Lehses that include at |east one |ens
surfacdgﬁahidg an asphericity selected to inprove
i mge contrast relative to that provided by a
subst antkqiatign Ydenti cal | ens in which therespective
surface is spherical. In the enbodi nents bel ow, the

enmbodi nents are i.llustrated,primarily in connection
it (PO P S eghssatd b BRI be Fhover | be
under stood that these teachings apply equally to a
variety of other ophthalmc |enses, such as contact
| eneps(RE, AUR bi-ets—a, perspect i vé&Equatem Hf one
enbodi nent of lasphdt+&)d’oti ¢ ifatkraocul ar 1ens (10L)
10. In sone enbodi nents, |lens 10 nmay include anterior
surface 14, posterior surface 16 on_the qbverse side
andn#ARY sbodpmentss fhe aspharigr prefijleopt Postergr puffgdgeto” in a
conbiifddy Q@s.i%@%?"bl:yde%%@d‘ @ 'awo%lié( hd B4R PR Sin O3B Rlbohast
20 for its placenent 1In patient”™s eye. Lens 10 can
chataetefieedrbyl aomodulbii@t st filnetigpo(MIE) o€ atridastr ateiuf 0Suaththe
as soft .acrylic, .si.licone. or [ | .materials., |
foo G mE iR i eHsHEted S PR Bmelia ThE BovfE & iy oF abou
550Sth tat ABdpRfiAlafrequBRly X450 Bhé Paits P&UMIIEER: lahdl QX a@lérture (e.g.,

refraction for a particul ar application of the |ens
pupdaivebelleedyead be] for sxameplerib edinasmi gbow Ot te abeut .93 for an

TR f, I der the trademark AcrySof (tm (AcrySof
apery %ft%ﬁéllgesr'er‘gr ‘of Al con Laboratories of Fort Wbrth,

TX) may be used to formI1OL 10. Further, the fixation

merfetise dbbakmeiteleplcsd ibFIGORFEY] aatsidutil tabdatatiop dbrythe xiadd

materials, such a ol t hyl t hacryl ate ,(PMVA),,
Y 351 Y iﬁyiﬁ@wl@ﬁ@fx ot R@cr@aréﬁ?%ﬁi%ﬁt Berifiag g RO
mictGRSHInGBY sbdoth Uderidinpand abradal IRLy %EO%%&S%F% @.()%)‘89

pin cutting, wafer nolding and | ens "casting.
mictepi cia oHeomtibddivabationbf ane asphdmeant faricated from PMMA,

intraocul ar .l ens 10 [ to j.gn vin n
tens, [} BT AR ofoRvta o B TE" B efa P SeLTT LR ndt of
1.09EP] athe dphdiichil dBelrti o mhy'b & DFORPORiGFBRE S, t he

toricity and asphericity of lens 10 may be present on

di fferent surfaces &%.e., a separated aspheric toric

ttgroo

| oUn1$pme eBGodiatestsy Rlicsamayp her aghdeyed ooy gangidgrgg the

o o Q05 SHRHFROL T, SSPRUEH 1 0 AP0 )

FIGURE 4 dgpictader , grapldibalasepreSitaion af seerdpbeadical aberration
aberration correction sgch, as 0.2 m.crans, _and maﬁ(

meggutgaegts for aspheric toric I0Ls 10 using a separated design.’ In FIGURE 4, the

spherical aberration equivalent (in microns) for fabricated lenses 10a may be
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conic on the anterior surface and the cylinder on the
posterior surface. In sone enbodi nents, the anterior

waebasgrInay have an associ ated radi us, such aBCTOSBAB042859

mm and a conic, such as -36.21 1. In sone

copired apa@ndt She bptRripAISiRIa@én SetitA6R MRMiIEBNS for Hedigt lenses
radlusg?Rad Xfmghd a second ?gdlus(?a Y)Sg &

10yetpagoedpupi doeiRE r@glm@twemomag@ﬁ@ommn and Rad
Y nay be -20 447 mm Lens 10 may have a center of

thi r&t@‘% gragﬂi?: l’égerﬁgﬁo G?Otﬂé éncaﬁglberratlon

asp erlc tor| intr ens Wt oric
measpénaerit< for ysyheris epaﬂﬂ[fs 1$)ulsfngc}e®m’myedkx&s¢ﬁs¢m FH@dRE 35, the
anal tlcaII as = toric( |on 1 sag 2
spHErIGUp prefsatipg; i) (}% %nwrozlS%égglfqbrzcae?}j oBSFo PR (R e
)
compe&é’d bogindt ]thé" sﬁRhe}(lcé(l fbetralén g%&gaﬁ%ltgm:n{éérgﬂ'sgs p% glr’%léﬂi lehses

sinn Equat i on
IOIE@Fu/anpumpuplu (hargdms rangiegiheteeens?.0 mensnd 6.0cam. pr ovi de an
opti cal pomer in a range of about 6 D to about 30 D
and surfac 10.can be . .
cnar RUVRERIERS, CHbA afrressRah L BRI donsumppremepts
for ad3phiri Ot SDIEM G WPing la sdpatadtDdedgd. r IMAOVRE 6, kb Zerintke
about -19, a.sub.i, ranging from about -0. 00032 nm sup.

coeffi¢igntfigh @stignrtisnotin misions) a2 faberwet denseso haameytbe compared
aga)l(r%i 89%;%%%’?1“1(% cog’fffé d&lp gg r?’ lé F%E}@g%& \%118988)81%16 8(B§m§ters

rangﬁlg%emdeﬁm)mmrﬁii@nmbout O 000153 (1.53 x 10 4) mm5
I n sonme enbodi nents, |ens 10 can provide an optica

f t 16 t 25.D, and an
b bl RE 2 Pl oRg Traufientunt sl MetnsTonah Bt Gens
forcas el ©ecf 101 pbasihg & E3R8inéd Hbddn. Lin PIGURE 7aRRU¥ ernike
541 ( 1/18.5) mmsup. 1, k ranging from about -73

coetf’fém@mofm astpgmatigny Gp giagpns) @ﬁrfaébgajcd lase0 boMmayhe Iconmpared
I T L T

ranging betviee QODR Y $hd 30 mni.o about 0. 00000846 nn15 . In
ot her enbodinents, Ris in a range of about 12 nmto
si.gn ¢aoul d pe both

ATt CRUA BRI N IR i)
mehShréndrf88 Rph@Rotc qo@@%@r‘ﬁslﬁg %elﬂa?ﬁgﬁ dgs1gl‘g g | combined

(magni tude only, sign coul positi
desrgagain \F&}UREyS,ct’lm Haek ifpcah le@ﬂg énofmg boagt be. CO@@awtl Hetween

dosfi Ot 2 T ety he o of i s g B P Bt in
FIGERE®, ki BPD@I forltBe deglgn kdhsCBB R bdapbroaRae]1Pho abamt and
- 3000 toabout -12. Further, in sone enbodi nents, the

the P ipethe senacatedivas Artmaxhe epprotimately 20. pumge of about
-3000 to about -12. Additionally c can be in a range

of RRAME 9 depicts a graphical representation of the back focal length (BFL)
measurements for aspheric toric IOLs 10 using a combined design. In FIGURE 9, the
back focal length (in mm) may be compared between design lenses 10a and fabricated
lenses 10b at BFL-X and BFL-Y. As depicted in FIGURE 9, the BFL-X for the
design lens 10a may be approximately 20.7 mm and the BFL-X for the separated lens
10b may be approximately 20.10 mm.
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0.008mL-I to about 0.08mi-I (rmagnitude only, sign
coul d be both positive and negative). In many

wepdodsmrent s, the aspheric profile of the ant ePCDUS2009/042859

surface can be designed to provide the patient with an

| MEGEmMBRA thASbe B&ﬁ:ﬁ@ﬁl ®6r FRRtiMY ot JINAMhEL 20 fostaRS fo8lthe
function (MIF). known to those having ordinary

disclogite]  iAsphérec mrtc I@Lﬁelé)s magdboriakrigated| fowmd mutatiglsasudhnas

Acr)bgog@) c}ﬁlZéngq om Itgbx{lcw-l ?(gziégs% aggbnc%é%%progﬁs[s?saglpy include,
but preondt dBsitddyto] pat cutens . wdfer eRBfighad fnt QAstESt Athr101ty and
nodul ati on associ ated with an optical signal, e. a

aspheyieitylimaynRe eryidedaen eonqraie spifeges spel ansntepior surfacs 14 and
i 0fy, € t
pos 5% AL 0 SRS LAt 861 S 90 20 i
surfmml@ct can be defined in accordance with the
following relation: /max ~/m " Equation 5 max mn

wh i | max. and n i ndi cate, spe tLv ly, a.
LR TE s o Brapllemt KOBRETEY oft BRCsittT fher gy of ten
sepa$Atgd1 éés1%1ﬂéﬁ§ésq0%ﬁﬂtté@é“(ﬁntﬁﬁ'éﬂ fignabisdl b est &hemﬁwaemz
for each spatial frequency present in the optical

sphesicghablerraign MFS.8fmmr rthagg. JPGURA 1@ylspletmthesme¢1tsasf ten
the . .co he..cornea, :can then be def

aspheri Jor¢ rr?‘?ﬂs g‘? Ih%"m% Eﬁer g&“t&sa&% PRy o epate piacks e

antefiBr Qhfa€ 114 had pEterly stitfoedB) hitdlen SysHee BtdTR) IITisVI®) HaQing the
contrast associated with the object. As is known, the

toriqyyFangs apEFEeied conbined a1 oh SIEk SE{SE die @M@ﬁiorowrﬁace 16%).

LeofERONGEEIEA 50 ST O S FRUETRAED: Bl et i

Lengeks M)aWeaI tested @agaihdtec tlﬁd:nbg/l abetretiorf dd2 ar $,0 ﬁthHSapbhere.

Si z an illum.nation, aperture, as wel] as hy the

The gl 8 &%eﬁfpr?ﬂéeqa P PORIRALPEFtoP éﬁtﬁpprloﬁ“%%%q 16 microns,
Wltmgi‘ginm&vec§éﬁ3@f @%r&x%at@@bl‘)% FEGbnCERI Lrh 8 rmiuth &Jr@e’ﬁ%
he asphericity of lens 10 may provide an MIF of at
of apwrasmnaaﬁm d1280.18 this tesheh¢ erpamteredesigndirdar cosiglidar attadelow

e Y TERERETEN Syl P P FASRRAT A 2

miniihurh icORE@IonANA 188 te3f) i ¢incbih@l @esignRefilled $h & @prredtiod Helow
mm_|In sone enbodi nents, the asphericity of the

the noymiaplj oFrestinm, apdning of tieden weresh onabove 1d0gnicHwsa

patlent |n whi ch aspheric toric IOL 10 is inplanted

W r Jrogidlat

tr ans %Sﬁj g{ alb?%%l %mﬁé}%ﬁsﬁg%u%e@?& [ (l)erp%f fen
sepamatéd]kiamgm hepses depnt taf chmbindd tdesignilenses t1Ai for &nrrection of a

accept able ranpge. The F can be, for exanple, in a
SDh AL B STREB T GBS STHBRES, Jo63 P Ghesae dBe o @riget an
aberRom! s&ths W42A§oeﬁ4aﬁ&9t Lﬁﬁaﬁ}'ﬁﬁ?ﬁmfesarpﬁsswﬁed ﬁpél‘cure such

patient's eye can be conplicated, in many enbodi nents

as athé mimralgd. emmm@en’éndepmt@l/ it BECUREaH , asphe ﬂbqrrallcm neaghbe

be eya ed b a an t hear
vetgn @l 2 s R BOLEL BRI, MR R b 8ical pefefion
of abBis.83bMidras. OEmboaini@sPonNdefgatb® dRBigh NEphdridukic I0Ls 10
dmcggtlent s eye or the eyes of a selected group of

¢d befeig mapheoryagt & Zﬁ%tﬁpléﬁlilcﬁ]e@%fétl‘ffbffﬁ@oeé’loub Tt anicens uB to
aboift 9% 1 %cﬁ)‘ﬁgl l?z{se ahy ?me(}llﬁ:ﬂﬁ 191@1!101{) 6f %t 1%#1&:?‘% Of daRPled from a

measur enent s er rati ons o he ey
population of about 100 IOLs 10. Embodiments of combined design aspheric toric

IOLs 10 disclosed herein may correct a Z42 spherical aberration from about .79
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performed by enpl oyi ng known t opographi cal net hods.
For the enbodi nent depicted in FIGJRE 2, a residua

wa@b@ensmpon for the x and y axes may be appr oxPCEUS1099/042859

0.0012 mcrons along a first nmeridian and -0. 0037

midfdiEPS BbONYS PiSOHE s Hédple mlﬁ&lwté@knsm)éa&ﬁled
approxi mately O. 0049 nicrons. For a theoretical

from\agiopakatiom obdboygh 0K edi ment fabricated from PMVA in
Crystal WVave, lens 10 may have a | ens power of 14.787 D

(x) Eﬁggdl‘]l]%ng 8(%3(9 s(e)i) heré%t 1@%)‘;’1 _b%y‘lfjfg@ efgp_é %]Z)rrg’ctgl 601D m1tT éh%ng

spherica erration may m cr
corhdaChifleniditismhemat i cal |y illustrates an aspheric toric
i ntraocul ar lens 10 accordi ng to one enbodi mant. As
N sone enbodl

de%@ﬁgﬁ ;ﬂd%gﬁjﬁsﬁ.s%r@wc f CORPALISHR e e e lgns Aoty g6 ten

sepﬁ@téd%s%ﬂ M&isBeth oY fehRoBBARA A bR LR sds! 10%for c@&e%ﬁon of a Z20
referred to as a combined aspheric toric IOL 10). As

astlgmptlsm edh somd-erGREM@Ntst HE2H os'tlgmattlyman@bf bs gﬂsemtcd withrea§.0

D OIS SPRLRE o A UG O 185 228 astisluB R B e hgtwpen

abokt B3ORIRHE 40d) abodt 6! hRE&Hs, wsthcdﬂn@ﬁm&l 5@1gﬁ)hat1§kn of about 5.9
spheri cal aberration correction, such as 0.2 mcrons,

micsens. NEpbedimsnis o tsararatedhidesigh gsphgec éariq Keley 1 disclosed herein
195y ML b SO GRS 3 ST b

on 4 SanGflO pﬂpnlatlcm (ﬁfaﬁeleﬁﬁﬂsdﬁlsﬁmpteﬂ frqmos@epulmOrsafrdbaﬁtel (0DdOLs
rst radius first omc Coni c

10. ?ﬁ%bggve e %fl comphingd dosign %Syﬁlerac @@&&Q&S dorih %clqseg&lﬁt@lway

corfdtt AYEH Qﬂ%n{aﬁglhl’hsong Bt @%ﬁ)cr(ﬁﬁ %p%‘ aBAR 520G LY Based on a
(Conic avrg). In FIGURE 4, Rad X'is approxi mately

sampPSp@tatiomot GmorlewseX10 sarmpipd ﬁﬂmrmpcmugatwﬁ 5f sholit l@&ﬂ)hs 16
approximately -20.451 mm Conic Y is approxi mately

-42, | '
o TR O o Ty RBRE kAR ity doucn B8P Urten

sepSaftiQlesigh 14mMbLkN@siSten SMBIn38 dBsi Sl Rnkaw 1a)nf6r astreteR of a 720
t hi ckness, such as 0.21 mmIn one enbodi nent, a single

astigmatise ettup thS cBbIAEdaRGIIE t 95 ategicksh e rHIGURE iy &&20
I n
o RN, ML s SR O o) s SRR s o
nomtikxl hetignatisdd obBsabout 4.8 mikipny.cyE@bo@inehtsqof sepdeatadit design
t one urf aces, kx ar?@q%/?gshoul d _not be

asplieéq,cc}grﬁg :[8%5 5;6 glgﬁlﬁﬁ erel:m yoay cogect ginglisng fom,ahout 4.1
mictdds @ lo %b(%lt%.@\&ﬂwrons, based on a sample population of ten lenses 10
sampled from a population of about 100 IOLs 10. Embodiments of combined design
aspheric toric IOLs 10 disclosed herein may correct a Z20 astigmatism from about 4.1

microns up to about 4.8 microns, based on a sample population of ten lenses 10

sampled from a population of about 100 IOLs 10.

FIGURE 14 depicts a graphical comparison of the lens Back Focal Length
(BFL) of ten separated design lenses 10 and ten combined design lenses 10 for a 3.0
mm IOL aperture. A first y-BFL for a 21.0 D aspheric toric IOL 10 may be between
about 19.30 mm and about 19.82 mm, with a nominal y-BFL of about 19.59 microns.

As depicted in FIGURE 14, the y-BFL for several aspheric toric IOLs 10 having a
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In many enbodi nents, the aspheric profile of posterior
surface 16" in a conbi ned design can be designed to

wWEe@9isaot he patient with an i nage contrast PCT/US2009/042859

characterized by a nodul ation transfer function (MIF)

sep@atedtdebipa Thayaeoult illels 20 httifg faf GpficATRRSMF elbs®to 21.0 D. As
cal cul ated with nonochromatic |ight havin

a
depigierbindGURIB L4 b BURFLESD arfth 5D MaX pabstaer AeajtidB8) rom and
hAe..pair. romhliAete R re (e.4.; -

abogfy 10O pliE it P Fopifhat oL AP SSr A6 30 3RS A dbiceed in

FIGURE N9 Uthe Q&-BBL tfer seharul aspA&id wrica0Lapehhuing acfonfbixsdtdesign
5.0 mm_ For the enbodj nent dePicted in FIGQURE 3, a

may gesplfjiblens bR havarg ghontisal raverelogatp 31-akes may be
approximately 0.0039 mcrons along a first neridian
andrrdyI938 dp&EOR HP&A0 ; el PL
(del t(gg ma? dbgg ép pfgcr)%i mat é: ??ﬁg&%gg%@né clg%snga.wk?g(?caa ength

(BRIhedtat sepatatedvdesigatiensas b andh tenevwbbdiadedesigh dénses &6 éa a 3.0

S R R e BRI

aboBP 00 Gt aAPEEJuRY R 20 BYWHE a nOm3HI RBAEL B 8RN $8.20 Ficrons.
some enbodi nents, better optics may be achieved b

As depisedan GRSttt o fon syl opherc fornDLs 10 having a
s ARty Rt Ay 3 pipl 4 oSl Bse 0 210 . s

depic@l RSEIUURE 08, Dk-BHiefos plkr3 Dahapbebétdteb®about 17.60 mm and
measurenents for aspheric toric 1OLs 10 using a i .
abogb 4308 teep. yuth gmomipal p-BEReof4aboph d 8 BHmicrens) ~As depicted in
rat 4 [ j I G figm.{abr, .
FIGRACE 13! 453 A0 UALEOM (gt CRIBL "l R Ak i
mayimsult at leon1@bavinghreoytical powdrctosas) 21.6D. desi gn | enses
10b at various pupil dianeters rangi ng between 2.0 mm

o R T ok o b fy poherical aberration

(SAYRFIbH SEPRAItEd f&NigraRARB1I0CaridOeh Gomblned HesikS 1ét8es210 for a 5.0
conbi ned design. In FIGURE 5, the spherical aberration

mmeli gpereiie. (isilenictddnICPRE 1@y Teratkegphasivsbaberptomty0)
e R A, 5. PRIRES U A0BE AL o o0
micrési ovith pUpdrhindl ab&taion 6RAYLNgnidenseehe rngemofirdrréctidn
ot S TS, B SR i e o Bl
abodB -0 93 BnRERR! at &d fg3i an_coﬂr&:tii%{ﬁ Bded b§yh ROKEND §izing a

coefficient for astigmatism ( i crons) of fabricated
comtenskdesiphanaplje baweanqppredmaghi it ande0.28 nrigroas.

coefficient for design | enses 10b at various pupil

di nging bet n.2.0 mmand 0 FI.QURE .7
dept SOV [ 2R PR rrabsRR of ”Hite e gHEN of ten
sephi@fedCddsipnnRases B fenf UmBIBENEESiE 1e@bdsC10 @rSa 3D Hish MOL
a conbi ned design. In FIGURE 7, the Zernike .
apegiest f A6 demiotadoin” BKTWRFalT, enexlinden{Iippiss) may hewppimiiagm
oy nBHE6ET 30 B, HP% R EREP AR08 05D, WG a kR Bytinger of 1.5
D. dihermredgr o doanegioigproeidedbn IQLL 10mnidinidg 2. s@parated desEiRmag lie
depicts_a g;)aphi cal representation of the back focal,

betyesgl- & PaREPoMelaSuP et finged comestina prevides iy Ole 19 viizing
MBI ER S PO D AR g0 1
conpar ed between
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design | enses 10a and fabricated | enses 10b at BFL-X

and BFL-Y. As depicted in FIGURE 8, the BFL-X for the
waele®ogsr4sbens 10a may be approxi mately 20.7 nmm @M US1969/042859

BFL- X for the separated |l ens 1-b may be approxi mately

20 F6QURI 18- UERIRE Ogriphicalt Sondpagikap bt Cetls Joper @Seat adpatited

of the back focal [ength (BFL) measurenents for

desigys fsmasgsi 10 angy e cprmpined e%lglil #@S%ﬁ bfiank mpa dPgrapertpre. As
|

denELETIGURL, DSt fho 00D LR, 20,50 D may

provhdeE sf 20D DatndBlehs p’omdérdﬂﬁﬁhnef{dlaﬁsbaﬂ\e@nd()aﬁju andR 1@ Bmay

for the design |.ens
provaifp §gx‘?£§% a1 - 26 gk %fneprfq?eormowﬁ%nw tIE)i“ ssHhafiliziag 2
sepahﬁ&is dé's(%h FRY 1REARBHO [p?&&ﬁllabél 90,08 AndM0 BYaATPI1RS HBYple,
Icial for pointing out” advantages and features

lens dO iddngifidd g5 f 1S uray. prévd phkens power afappoxandtely 22502, A range

fabricated. fr er'al . such as.AcrySof (r) utiljzin
of gk BEn el oIt o SuliaE E BPbuk Seh Beddiechf i
apprbﬁ%éﬂéi? 2001an@ne.909. Fortxh@@le Rns PO MetHfiéd 201" WAk Provide

nol di and lens casting. Atoricity and asphericity
lens payehel gppepximalglycld. Keldar at e surfaces such as anterior

surface 14 and posterior surface 16, or may be

Ll o :

cut TAORE, 20 ApRid B BBHby°EresBaibel e AR BoMEE at o steep

meridiva fophey.0 eah apldure ahthm)rl@fbehdn &epﬁpateddndﬁ@L@l’E 21, lens

| enses 10 ten conbj ned n |l enses 1
powelo(Sieep g %}3 between Lk pnd 2@ Séﬁ% %tﬂrﬁﬂd%g D12 10 ypnd
lens Qwe@@?é'e %eﬁrdldﬁ:) et 92 96 M S84 SED A 1B§1d@fStEle21 5D.
spheric toric IOLs 10 having the toricCity and
A ragphdt eatdaction praddar by eloiurf(huebm(lg .aeseparatededésign may lie

bR b8 250, HG 1o by 1B S e SRR 5o

may(}ﬁ@iﬂﬂ@féﬂs powa: cTapploRirsatélya0es(D.. & ran%bQﬁ%@frb@fon%ﬂdS\fla&fby
Lenses 10 were taken from popul ati ons of product

IOLg &9 sltlbma,gmombmétd@mgn 100 licdhbween gpprpsdgately ZHepband 20.90
t ri.cal

D. FERLAR AT AR {:°3 BOTHOAL B £8GePhL BlolMRaccy

20.90@n nal correction of approximately 1.16 mcrons, wth
a -mninmumcorrection of approximately 1.05 m crons and
a maxi mum correction of approximately 1.28. In this
test, the separated design had a correction at or
bel ow t he nom nal thickness, and five of the sanples
had a correction at or mggrgtihe m ni num correction. In
this test, the conbined design resulted in a
correcLLon_beLDMLLhe_nonLnaL_coLLecLLanh4muL4uimLef
the ten were at or abbwphercipglepdiyondspimriciigorictyj s a
gr aphi cal conpari son ofepatatedspiepi cal comungdan ssmeof
ten separated design | ensmsfaddd and ten cowbfaced design
| enses 10ptiedl Podker ec2im3ql.s® spher i cab/E@rmetyipn. I n
sone enbodlnents l ens 10 may be used to correct an
aberrati onANSHEOR as a z42 aberration. Lens 10 may have
an associ at pertu as a 4. | OL aperture.
As depicte ]ﬁFIGURE§?%§H§PZ42 aber?g?p%n may be
bet ween abonmc74 m &o6axid and about .92 mcrons, with
a nom nal Pher cal aberration of about .83 mcrons.
Enbodlneﬁ?§eﬁPré%parated desi gn aspheric toric | O.s 10
di scl osed hgpghn may correct a Z42 spheri cal

aberration from about .74 mcrons up to
Radius X -23.808 mm -23.814 mm
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about .81 mcrons, based on a sanple population of ten
| enses 10 sanpled froma popul ati on of about 100 I OLs

waeosisiaedi ment s of comnbi ned desi gn aspheri c tRPCT/US100/642859

10 di sclosed herein may correct a Z42 spheri cal
aberrati on ¢¢meXabout .79m crons up t@sabout .85

m crons, based on a sarrpl e popul ati on often Ienses
sanpl ed fr &ABSYopul a2f-6#0 B about 1080446l smm

Enbodi ment ¢l osed herein may be ugsf for
correcti ngsco(?h(?ri tigating corneal asti 3’%&t rsm FlI GURE
12 depi cts &eateaphi cdl.6ldanmari son of Q.6 mens toricity
of ten sepiéafqtied design I enses 10 and ten conbi ned
design | ens8¥X4%Sf or correction of a 720 asti gmatism
|n_some ehodhiilss, i4RM asti gmati sy, be

associated with a 5.0 mm I OL aperture. As depicted in
FI GURE 12@495(2%@&)5“ gmati sm may be between about 5.3
m crons
astigmati sm of about 5.9 m crons Enbodi nent s of
separ ated design aspheric toric I0O.s 10 discl osed

herpible Maepley VRS da g@ r8sults m%safmfoﬂﬁmr@éo@paspﬁeﬁc/tom
m crons uElto about 6.5 mcrons, based on a sanple

lenggs Pt aFoto eocfm@ﬁhmelﬁg depietyd siarsibbed 1 £ ﬂ@nm\lcploqut gngnedge
bopt
thw%e e ?f Ct h %1-6%_ agsi%ﬁgg?lgo % 0Ss eggs al%&) n}%l . g%%‘%r e C ?({]CSIgn

emlﬁﬂiiknatﬁﬁlagdmlﬁd éﬁfﬁte‘rlt}ﬁdtrﬁbm\uis rﬁaaﬂlymhd:sraﬁfes up to about 5.9
rri crons, based on a sanple population often |enses 10

led f f I 10. FI.GURE
13 Bepmeegbgdgpénht i wpaf Phegoe,pt lens T 2 oo i lgispgpe
em@dithEfts, P akiakRLs g?ﬁiegéal E%@qéﬁ ﬁpmﬁﬂ? @a%fﬁerﬁﬂmﬂ?eqn some

desi gn I enses 10 for correct| on of astignmatism
embqdiments,5 vanaticdL impibet edgs. tlAsklweqnmamba sitEF@GURE 1B, same

e, R e BT U e e o B «Sfgee

meddilngl Ah QiSantdgEo diaﬂﬁ@t@uﬂfedge Iﬂﬁéléie@sd atdtﬁ§ g Qie%&@ hedridgans
toric I QLs 10 disclosed herein may correct a

may, be ithenahtilityrtpfuse sxigtiegitools tp implan hans U int abexsr BIGURE 20

S L B R L
aspErrtmodjrra:emltmo@ﬂarcmmnllﬁ)ed Adeddpimtedsip RGURR Q0] thel Qriatidh in

i scl os herejn correct,.a Z20 astlcrrat|smfrom
thlcga%ﬁaﬁnazy b StRuspES %p”{”& gimentss asinuseidal vagaueymay result

in tﬁ@rl'@ﬁset}ﬂ&@ﬂéisaﬁélﬂé‘ eghalt &M LeRags. 16 §@lﬁpleﬁﬂ)oﬁfn9éﬂtsa the lens
popul ati on of about 100 | OLs 10. FI GURE 14 depicfs a
thicgnesp ayabe cqmpat iediounfS-dbget ersidBas lendowal bd e ngiximum or

. (BFL),. of t en aated de n l.ense 0 .ang.t

mingg R of B Yol SRS s 3 e R i BV Q0. e
lend thickhesy 183 nak Rhurd (el ApRxABRBE 0,225 @k 3@& ih@ﬂalﬁleﬁaﬁénkaﬁd a

bet ween about 19.30 nm and about 19.82 mm wth a
minggRnAAR., grBrringtely 0d Q6 mm) sod pquet Gres . appeoxaaptelyt @Yl mm) at

¥ BFL for several aspheric toric |CQLs

the E(gl%?%e%% éﬁsée}%ér ated design may result in lens 10

havi ng an optical power close to 21.0 D. As depicted

i n IklaGtdREAré with tie Bﬁ‘bg(flﬁg, nzetiids andapppyatbe fop etoviding toricity

about. 18. 90 nm.and 9. 30 th a nom nal
andfsg}liegcgy og@oqﬁgligenigg a¥e BeRn prggg]%\gmgaamﬁulpqlg ipgproved
10Lk%havt BEen<difibsciQhatSRNRVE bx RB P& idtsnde Al (heArQ‘él 1]fQV1th0ut the

havi ng a conbi ned design may result in lens 8 havi n
neednfospadditadnap oviewal ctarsestivo @Ig.,5 sfectacles).  Thus, the foregomg
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FI GURE 15 depicts a graphical conparison of the |ens
Back Focal Length (BFL) often separated design | enses
wdaoans74ben conbi ned design |l enses 10 for a 3.BCHTS100042859
aperture. Afirst x-BFL for a 21.0 D aspheric toric
embddimdits r%wbﬁlebﬁiﬂﬁﬁﬁ‘ fer g@b&l’l‘iﬁe 13s Q8 wamy c@DRH a;18K§lIQ that
mnm with a nom nal FL of about 18.20 m crons.
prodieles @tceﬂentwlsm@ijEaIfgl,getoﬁebjﬁct@iﬂlarfcgs:. sever al aspherl C
toric 10OLs 10 having a separated design may result in

ld:BJ?%r[]ﬂQ Q%ﬁf&%@@%@@\l C%ﬂ gﬁ{bfogirn?ezl%szép Eglrf Qesanéo(‘is above
canlied wgeantebaslhg khowh smrgncan tbo@éJahd telﬁl@lﬁ)asmncdbtdlﬂg & various

nonlnal x- BFL of about 18.00 microns. As depicted in
mipdaneas, 1 lnsesheany bepised &9 suRRASE Aystig@atie cpreqiion; sirategies for

o008 OFSEYT, 5 ) o
whale pye tnsamtagmr@;lnmpdratmmyhndes arispdr dptieniziap seséqulakadtigalatism
aber tion of ten separated design |enses 10 an
at pyelprab s et )&wﬁ 3 mipcsdlieihe pEean sgsp e iones on the ens
(su@PRhitkBrgs A3 ofl€ ?é £to ggodJal%Bgn R tofc 48IpBLKERe lens with the
spherlcal aberr ion ( have a m ni num
mediens efttheastignation17 ni cr ons and a maxi mum aberration
of -0.23 mcrons, with a nom nal aberration of -0.19
™ K Rah T URRANORs HyvE AT ERCRE A Bl S 504 b

undl&lsﬁfoﬂrth‘dtt the absmptlmolsﬂ@z Why bﬁéb&amp@e oalggad af n@tOtb 'R cdohsifued
rOV|ded by 10O.s 1Q utilizing a conbined design nay

in a| limgitipgsersen Iisbe Bk ﬁwﬁleémderw% ﬂsﬁﬁﬁforeoth@gnvﬁi%rp%@anges in
I

the FbAETE thé oLPOUEIR S oHBRLAR enfOBRAL A B arhifenl, S8 may

be maddhy) @drsdma)tgndinenysskﬂl h(hé ert havibg Gefamndelo this cellesampaon It

o Bl A s Loy e Lo ) TR o

the eMtthos@swof 1.65 D, wth a nom nal cylinder of 1.5 D
The range of correction provided by I1COLs 10 utilizing
a separated design may |lie between 1.25 D to about
1.75 D. A range of correction provided by ICOLs 10
utilizing a conbined design may |ie between
approximately 1.2 D and 1.6 D. FI GURE 18 depicts a
gr aphi cal conparison of |ens power of ten separated
design I enses 10 and ten conbi ned design | enses 10 for
a 3.0 M I OL aperture. As depicted in FIGURE 18, |ens
power (flat neridian) between 20.00 and 20.50 D nay
provide SE of 21.0 D and | ens power (flat neridian)
between 20.6 D and 21.0 D may provide SE of 21.5 D. A
range of correction provided by IO.s 10 utilizing a
separated design may |lie between approxi mately 20.00
and 20.40 D. For exanple, lens 10 identified as '18
may provide | ens power of approximately 20.25 D. A
range of correction provided by IO.s 10 utilizing a
conbi ned design nmay |lie between approxi mately 20. 40
and 20.90 D. For exanple, lens 10 identified as '1'
may provide | ens power of approxinmately 20.90 D
FI GURE 19 depicts a graphical representation of |ens
power at a steep neridian for a 3.0 nmaperture with
toric bench. As depicted in FIGURE 21, |ens power
(steep neridian) between 21.50 and 22.00 D may provide
SE of 21.0 D and
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| ens power (steep neridian) between 22.00 D and 22.50

D may provide SE of 21.5 D. A range of correction
WOR00%/13d¢d by |1 OLs 10 utilizing a separated dedICJrUSRHap/042859

lie between approximately 21.75 and 21.90 D. For

exanple, lens 10 identified as '18 may provide |ens

power of approximtely PLAMP. A range of correction

provided by 1OLs 10 utilizing a conbined design may

lie between approximately 22.00 and 20.90 D. For

Whatkaiph&iisl ens 10 identified as '1' may provide |ens
power of approximtely 20.90 D. TABLE 1
Asphericity/ Toricity Asphericity/ Toricity separated on

two c | ne n sane .surfaces surface Optical Power

1y PRSP SRS BeRs OBBEHE (5 2D oyl ) Antori or Radl ue
%Mtﬂﬂﬁxibﬁex@%vﬁ@%%nteﬁ@r gitfacEasd @g?sﬂirnof Bur€£s; i

Radi us -23.808 nmm -23. 814 mConi c -65.571 Radius Y

zulemmthapms soplethio Gamerhthalmipdensgs Center 0.611 nm

0PGRS REOE TS 0888 T TP U LTS Gl
1énMis eowfthiredeat s @bhaﬁﬂbﬁr el drerdfahd possaior bP antetior tunfaces is
enbodlnents d in Table 1, the optical power and
#R5d spiiat ﬂ}?@gﬁ@fmwﬁ@% ptiepesd g adoimie®ibodi ment s
equaled t he conbi ned desi gn enbodi nents, and' the

center thickness was nearly the sane. In sone
2enBodophtirimic davicetofiiCidimek svhafein the rodgdonfurfacnis sh@pedey that

el e SR SR TR B asb AT Sy TR mont s

variation in the edge thickness nmay be sinusoidal. In
sonme enbodi nents, the thickness of the edge of |ens 10
3rayhe éplélq%lmlc é@mtaofdélgmé hereiai they @nterm sifeemis shepedgo that

PR Rals S SR APLEKRESSpRlid 105 R (IERFEGEr | df ans

0 Use ex |ng 0 i npl ant
Iens 10 into an eye. FIGURE 20 deplcts a graphi ca

tlo of t edge .t hi.ckness f.or )
PRt RECTR, brtherdih (R BiGTIg o B s hapedgo that
t}ﬂjee Bhigth it Teds! 1%Eﬁ§196d ta QanVQS"phéﬁd Qs | AAdtRE GRREDS siBYce is
be sinusoidal. In sone enbodi nents, a sinusoi dal
SMawdaoﬂumﬂwuwhﬂekmbﬂmmnsum@gw@dgsaﬁHGMmgss bei ng equa
at a neridian. I n sone enbodi nents, the | ens

5. The ophthalmic device of Claim 1, wherein the anterior surface is shaped so that
the ophthalmic lens is configured as an aspheric lens and the posterior surface is

shaped so that the ophthalmic lens is configured as a toric lens.

6. The ophthalmic device of Claim 1, wherein the ophthalmic lens has a selected

edge thickness at the 45 degree meridian.

7. The ophthalmic device of Claim 1, wherein the selected edge thickness is between
0.2 and 0.3 mm.
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t hi ckness may be equal at the four 45-degree neridians

and may be a maxi mum or m ni numthickness at the steep
w@eabas74p1 at neri di ans. As depicted in Fl GURE POI/US1989/042859

| ens thickness is a maximum (i.e., approxi mtely 0.225

mm at the flat neridian and a mninmum (i.e.,

&pPhosphtesimiodadict®s Chaiin Gamdieretuthl edge bickness pridosi peeddically.

0.21 nm at the four 45-degree neridians. In

accordance with the foregoi ng, nethods and apparat us

$0Thp bgﬂﬂlﬁilhﬁ@ dbded 6f EMirdNdwasRheht Gighérie Buaciif Shded with a

|l ens 10 have been provided. More particularly,

single esndigricity for pB grlinsleemeddignd. osed t hat achi eve

excel I ent di stance and near vision wthout the need

for additional visual correction (e.g., spectacles).

Thushe éptehdl@iedividees ddda Neitesei tHedplidtie softhed i8khaped with a

crystalline lens to be replaced with an I1OL that

Erfsg%ﬁpa@gm@iew fighpperidiagn 494 aggeqndpsphgrighy 61 agspengimeridian.

di stances. During a surgical procedure, various

enbodi nents of |1 OLs descri bed above can be inpl ant ed

Uki Al dphthatmiuteyice aff Claiml Is whracirt the Hfinst god secohd meridiangare the

t o various. enbodi nents, |enses can be used to support

mnggﬁﬁFpawB%rrection strategies for enhancing vision

such as, but not limted to, mnimzing residua

astigmati smof the whol e eye, nmmintaining preoperative

Bl | %bl@ rophfhiakmicodevagst iofi Glany Fewhdeal thes t%iagﬁimt aemfermed of

Rbﬁﬁﬁﬁﬁple meridi ans. During a procedure the surgeon

can ‘use ‘markings on the I ens (such as markings 22 of

Figure 1) to properly align the toric shape of the

lens with the peridians of the_ astigmatism Although

RbthedmicaAryics @& rlamdle Mibstsin the hapticaiare 1oeghgnad tq promote
Shekh e BenL WSS pat the description is by way of
exanpﬁ% only %%%ﬂﬁgﬁ%%t to be construed in alimting
sense. It is to be further understood, therefore, that

t

ou anges .in .details.of the enbodjnents and
(o SRl Bp it CIRHP T HeTeih s BRI iy cgmpice a
SR g LmBdker PRNESANS aRf alPhfieRPs HhS B*)lllth?_llhﬁc 1dA§ ré¥itlvei86h&8r more
reference to this description. 1t is contenplated that
mpiidianscf aplistigieatisahnd addi ti onal enbodi ments are within
scope of the clains bel owCLAIMS What is clained is: 1.
An opht hal m ¢ device, conprising: an ophthalmc | ens
Mawnghdalmittmethet, cempfigag and a posterior surface;
and one or re haptics _coupl ed to the ophthalmc
| eﬁ%‘?ctm@p@rﬂgthamc Sevies for pyRlaatation ing patighis andy
SUtdaaRngd fhe SPRRAIhiS BevifiAh ahR Epaidkc lens is
conf?%uré% gsBan aépﬁ%r?@'lengegﬁg E%E%%f t he
positherdimtheophthalngc idovicsumimzes i s shaped so that the

ophthalmc lens.is configured as a toric lens.. 2. The
opht hal i GPRIEOYIS egt Deying sh Aerig SPidhck 4nfl@ PooHiesSupfpce; and
SUbh@6Emb HBARSSuPRA tdHe obhRaRRBIRg] M c lens is
configured as the aspheric lens and the toric lens. 3.

The ¢inl oriec ofidhe estgfiorConianferior viefpedsnist sfapedhtser that the

) i. d h h I mg..l [ .
oo BR800 URBRS 30 DR HLRMALE pheRit o i

surfddaeisashpddalorthat thkeapheigalaic 164sdk Bonlfiguvdiedseitorié fegs.
posterior surface is shaped so that
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the ophthalmc lens is configured as an aspheric |ens

and the anterior surface is shaped so that the
wopiwhad4ed c | ens is configured as a toric | ensPCBUSZINY042859

ophthal m c device of aim1l1, wherein the anterior

surface is shaped so that the ophthalmc lens is

tenfTihg whbthalsic attitagTallhien | &nshedid thdystoist anrfaoe is shaped so
surface i s shaped so_that the ophthalmc |lens is

thahthp gnhtb%lna%leas s epRiEYTehas the asphac ahenibatericdes ce

of Aaim1l, wherein the ophthal mc [ens has a sel ected
edge thickness at the 45 degree neridian. 7. The

thhtTie! ophthatiniei methaf oiOChuirm 13, whireinethn abtegosgirface esdshaped so

GBR AP HAHGIFE b CORTITED i 56 SUERE oS FHL DB fens.

t hi ckness varies periodically. 9. The ophthalmc
device of daim1l, wherein the aspheric surface is
thapdd Qphthhlnac maﬂgjde)fe@plm i 5,owlne]elﬁ dhre msten@y burfage is shaped so

BRb e ARl Edsmhar oM et EPHECSR e e hipy putoce i

SRpaEsd bt the bstithAimid 1Bhs RROMAE @Nthodc fms.ond _
asphericity for a second neridian. 11. The ophthal mc

device of Claiml1l, wherein the first and second

ri t
5 PR R d] LEELE WAL o, s b soget s
fh@f ﬂied)phﬂlalﬁﬁRYeﬁi@Fs chiguitidens ap s pieekinilens ciad |th€€p(13fer1@f siirface is

1, wherein the tics are roughened .t ronot e
shaned ¥ étWPthﬁg‘F%@P%ﬁlcoﬂ’ég%?$%ato‘ilﬁ?e"ghe opht hal mi ¢

device of Caim1l, wherein the ophthal mic device
conprises a set of markers placed to aid alignnment of
20 e ThpbpHibdlmicmetand of €laimi Me whereimthe ophthlintc fass has apgected

ht hal hod,
%‘iﬁ?gﬂﬁcgﬁleﬁ%%qﬁ%ﬁi g%grﬁegmgrﬁ&gﬁﬁt thaiamm(: ° dgat cg for

inplantation in a patient; and inplanting the
ht hal m c device in an_eye of the patlent wher e

e Thsnerhthalmic melrd of Jap i18e whergin Hﬁrﬂeﬁ%& cdi gdep éh@kness 1s
Q&g)e&go 3n,8p58hi,0r surface and a posterior surface;
and one or nore haptics coupled to the ophthal mc
| ens; wherein one of the posterlor or anterior

igm agﬁr(@gﬁg hlggreng Saeﬁ)flh ?tlz]u Op thal rH&C elfiggsthwﬁness varies

QRidedall9r Or anterior surfaces |s shaped so that the
ophthalmc lens is configured as a toric lens.16. The
opht hal m c met hod of C aim 15, wherein the posterior

ce | ha he. opht
2 RSB RRod B 00 GpQRIIE ML Sk B ey i
Ibﬁgmmgpﬁbaicnyforrﬁﬂtdyﬁﬂd@frnéadwnm 15, wherein the
anterior surface is shaped so that the ophthalmc |ens

|s configured as the aspheric lens and the toric |ens.

EFKQS lﬁﬂﬁflﬁ@ﬂ%‘&d %?bﬁhgﬂel f wﬂn% nn&n]:g nake E@rﬁ e 'i{%%aped with

er T SUrface I's s SO t at {He opht
h ﬁm asphefioity fogurfed nasidian zmslml'lxemrrd dsphesicap dbrtahi@cond merldlan
anterior surface is shaped so that the ophthal mc |ens
is configured as a toric |ens.

25. The ophthalmic method of Claim 15, wherein the first and second meridians are

the principle meridians.
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19. The ophthal m c nethod of O aim 15, wherein the

anterior surface is shaped so that the ophthalmc |ens
w0 g00008fpgur ed as an aspheric | ens and the posPEr/U82009/042859

surface is shaped so that the ophthalmc lens is

configured as a toric lens. 20. The ophthal m c nethod

2. (Tl& ophthalmibemethod tolfieClajmint 9al wiereih ethe Hapticsa are formed of

.iﬁéﬁﬁﬁﬁf edge thickness at the 45 degree neridian. 21.

hal m ¢ nethod of C aim 15, wherein the

sel ected edge thickness is between 0.2 and 0.3 nm 22.

The ophthal m c nmethod of C aim 19, wherein the edge

hi diheesphthadmicemethod | ddCloan | Iy, WiBreim lee bagitich arerireughened to

net hod of C ai 5, wherejn the aspheric surface is

B G RreRc v ) RGIOE AL BSRE Ly for al | oyl i nder

nmeridi ans. 24. The ophthal m c nethod of Caim 15,

wherein the aspheric surface is shaped with a first .
2% pAbe ophthglnfie methdd eis€lairarliSd whareieplestiag demephthalmic device

ety f Cidi ) 0 o
GIRNEE Sobdingths DoRRERIY oBEe R uipdpe m0BuCRILARIR fn e

ridians are the principle neridians.26. The
opht hal m ¢ nethod of O aim 15, wherein the haptics are
formed of ACRYSOF. 27. The ophthal mc nmethod of C aim

, . r . . .
AR MR iR R E Lt Ly QAR Serkg IO T Fic devies
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devi ce conprises selecting the ophthalmc device to
mnimze residual astigmatismin the eye. 29. The
R hirhalophiBali@t heshf o CCRIM 15D whehea! Sdlerting e bpiiBalinie device
opht hal m ¢ device conprises selecting the ophthal mc
eheniirises sadeatinis ihcapphibalipicediyiaeds irgduce yesidugbastigmiatism 3p selected
%%gmgg thal mc nethod of Caim 15, wherein selecting

e opht hal m ¢ device conprises selecting the
opht hal m ¢ device to reduce residual astigmatism at
sel ected nmeridians. 31, The ophthal mc nethqod of C ajm
ik Egﬁﬁph@fﬂﬁ@? né?“i‘%?éﬁlaﬂfﬁe‘ Soprmising aligning thy qphthglmic lens
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ophthal mc lens. 32. An ophthalmc [ens conprising: an
anterior surface; and a posterior surface one of the

terior,ar .posterior .surface having asphericity and
%ﬁ%f’&ﬂ%ﬂ%&g? FEPP ™ 0st eri or surface having
toricityn ad@Briorlfigfaephbal mc lens of Caim 32, wherein

a single surface is shaped with asphericity and
toricit ypegerigharigght hal mic 1 ens of C aim 33, wherein

é\xﬂe:?fglhg g%t)%ﬁé%él&@%%ﬁg? Ssu?r%fc'ﬁ %g)gipg%ép&ﬁgitﬂfi’d bitd 65 b anterior or

posterior surface having toricity.

33. The ophthalmic lens of Claim 32, wherein a single surface is shaped with

asphericity and toricity.
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toric(Rave ,r, q) = . , wherein 1+ | - (\ +kx )cx 2r 2
cos2 q - | +ky )cy 2r 2 sin 2 g 1 1 35. The ophthalmc
wo eng/159Cl ai m 32, wherei n separated surface hBwBEUS1989/042859
toxicity and asphericity. 36. The ophthalm c | ens of
G aim 35, wherein the first surface and second surface

38! ehel8phtRfchiO¥ns 5BCMKirh 98, wWidreid kheitl]6 aghice isatefibéd dy:,
wherein: (Ccos 2 +c sin2 q)r 2 toric(r,qgq) = 1+ 1 - (1
+ kxx)ecx 2r 2 cos2 g - (1 + ky )c]r 2 sin2 q ' and Cc
1 C=T1 ~A .

sag = toric(r,0), wherein

2 -2 2
(c,cos” B+c, sin” O)r

, Wherein
1+\[l—(l +k,)clr? cos’ 0—(1+k,)cir’ sin® 6

toric(R,,, ,¥,0) =

avg >

c. =

1
x _’C
Rx

_1
Y Ry
35. The ophthalmic lens of Claim 32, wherein separated surface have the toricity and
asphericity. -

36. The ophthalmic lens of Claim 35, wherein the first surface and second surface are

defined by:

sag, = toric(r,8) and sag, = asph(r), wherein:

02 2
(c,co82 +c,sin” O)r

1+ 1=+ kx)c2r? cos? 0 —(1+k,)c2r?sin? @ and

toric(r,0) =

c, =L,cy =—1— and
R, Rly .

cr? 1
c=—.

L+ I-(+ ke R

asph(r) =
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