
7H-INDOLO[2,1-A] [2] BENZAZEPINE-IO-CARBOXYLIC ACID
DERIVATIVES FOR THE TREATMENT OF HEPATITIS C
CROSS-REFERENCE TO RELATED APPLICATIONS [0001] This
application claims the benefit of U.S. provisional
application serial number 61/050,743 filed May 6,
2008. BACKGROUND OF THE INVENTION [0002] The
disclosure generally relates to the novel compounds of
formula I, including their salts, which have activity
against hepatitis C virus (HCV) and are useful in
treating those infected with HCV. The disclosure also
relates to compositions and methods of using these
compounds. [0003] Hepatitis C virus (HCV) is a major
human pathogen, infecting an estimated 170 million
persons worldwide - roughly five times the number
infected by human immunodeficiency virus type 1. A
substantial fraction of these HCV infected individuals
develop serious progressive liver disease, including
cirrhosis and hepatocellular carcinoma (Lauer, G.M. et
al., N. Engl. J. Med., 345:41-52 (2001)). [0004] HCV
is a positive-stranded RNA virus. Based on a
comparison of the deduced amino acid sequence and the
extensive similarity in the 5'-untranslated region,
HCV has been classified as a separate genus in the
Flaviviridae family. All members of the Flaviviridae
family have enveloped virions that contain a positive
stranded RNA genome encoding all known virus-specific
proteins via translation of a single, uninterrupted,
open reading frame. [0005] Considerable heterogeneity
is found within the nucleotide and encoded amino acid
sequence throughout the HCV genome. At least six major
genotypes have been characterized, and more than 50
subtypes have been described. The major genotypes of
HCV differ in their distribution worldwide, and the
clinical significance of the genetic heterogeneity of
HCV remains elusive despite numerous studies of the
possible effect of genotypes on pathogenesis and
therapy. [0006] The single strand HCV RNA genome is
approximately 9500 nucleotides in length and has a
single open reading frame (ORF) encoding a single
large polyprotein of about 3000 amino acids. In
infected cells, this polyprotein is 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, NS5A,
and NS5B) is effected by two viral proteases. The
first one is believed to be a metalloprotease and
cleaves at the NS2- NS3 junction; the second one is a
serine protease contained within the N-terminal region
of NS3 (also referred to as NS3 protease) and mediates
all the subsequent cleavages downstream of NS3, both
in cis, at the NS3-NS4A cleavage site, and in trans,
for the remaining NS4A-NS4B, NS4B-NS5A, NS5A-NS5B
sites. The NS4A 



protein appears to serve multiple functions, acting as
a cofactor for the NS3 protease and possibly assisting
in the membrane localization of NS3 and other viral
replicase components. The complex formation of the NS3
protein with NS4A seems necessary to the processing
events, enhancing the proteolytic efficiency at all of
the sites. The NS3 protein also exhibits nucleoside
triphosphatase and RNA helicase activities. NS5B (also
referred to as HCV polymerase) is a RNA-dependent RNA
polymerase that is involved in the replication of HCV.
The HCV NS5B protein is described in "Structural
Analysis of the Hepatitis C Virus RNA Polymerase in
Complex with Ribonucleotides" (Bressanelli, S. et al.,
J. Virology, 3482-3492 (2002); and Defrancesco et al.,
Climes in Liver Disease, 7:211-242 (2003). [0007]
Currently, the most effective HCV therapy employs a
combination of alpha-interferon and ribavirin, leading
to sustained efficacy in 40% of patients (Poynard, T.
et al., Lancet, 352:1426-1432 (1998)). Recent clinical
results demonstrate that pegylated alpha-interferon is
superior to unmodified alpha-interferon as monotherapy
(Zeuzem, S. et al., N. Engl. J. Med., 343:1666-1672
(2000)). However, even with experimental therapeutic
regimens involving combinations of pegylated
alpha-interferon and ribavirin, a substantial fraction
of patients do not have a sustained reduction in viral
load. Thus, there is a clear and important need to
develop effective therapeutics for treatment of HCV
infection. [0008] The invention provides technical
advantages, for example, the compounds are novel and
are effective against hepatitis C. Additionally, the
compounds provide advantages for pharmaceutical uses,
for example, with regard to one or more of their
mechanism of action, binding, inhibition efficacy,
target selectivity, solubility, safety profiles, or
bioavailability.DESCRIPTION OF THE INVENTION [0009]
The invention encompasses compounds of formula I,
including pharmaceutically acceptable salts, and
compositions and methods of treatment using these
compounds. [0010] One aspect of the invention is a
compound of formula I where: R1 is CO2R5 or CONR6R7;
R2 is furanyl, pyrrolyl, thienyl, pyrazolyl,
isoxazolyl, isothiazolyl, imidazolyl, oxazolyl,
thiazolyl, oxadiazolyl, triazolyl, or tetrazolyl; and
R2 is substituted with 1 substituent selected from the
group consisting of cycloalkyl, tetrahydrofuranyl,
tetrahydropyranyl, phenyl, pyrimidinyl, pyrazinyl,
pyridinonyl, benzimidazolyl, piperidinyl substituted
with 0-1 alkyl substituents, and pyridinyl substituted
with 0-1 alkyl substituents; and R2 is substituted
with 1 substituent selected from CO R5, CON(R12)2, and
COR13 ; and R2 is substituted with 0-1 substituents
selected from oxo, 



amino, alkyl, and haloalkyl; R3 is hydrogen, halo,
alkyl, alkenyl, hydroxy, benzyloxy, or alkoxy; R4 is
cycloalkyl; R5 is hydrogen or alkyl; R6 is hydrogen,
alkyl, alkylSO2, cycloalkylSO 2, haloalkylSO 2,
(R9)(R10)NSO2, or (R1 SO2; R7 is hydrogen or alkyl; R8
is hydrogen, alkyl, cycloalkyl, (cycloalkyl)alkyl,
alkylcarbonyl, cycloalkylcarbonyl, haloalkylcarbonyl,
alkoxycarbonyl, alkylSO2, cycloalkylSO 2, haloalkylSO
2, aminocarbonyl, (alkylamino)carbonyl,
(dialkylamino)carbonyl, benzyl, benzyloxycarbonyl, or
pyridinyl; R9 is hydrogen or alkyl;R10 is hydrogen or
alkyl; R1 1 is azetidinyl, pyrrolidinyl, piperidinyl,
piperazinyl, morpholinyl, thiomorpholinyl,
homopiperidinyl, homopiperazinyl, or homomof holinyl,
and is substituted with 0-1 alkyl substituents; R12 is
hydrogen, alkyl, alkoxyalkyl, aminoalkyl,
(alkylamino)alkyl, (dialkylamino)alkyl, or (Rp )alkyl;
R13 is azetidinyl, pyrrolidinyl, piperidinyl,
piperazinyl, morpholinyl, thiomorpholinyl,
homopiperidinyl, homopiperazinyl, or homomof holinyl,
and is substituted with 0-3 substituents selected from
halo, alkyl, cycloalkyl, alkoxyalkyl, amino,
alkylamino, dialkylamino, R1 1, aminoalkyl,
(alkylamino)alkyl, (dialkylamino)alkyl, (Ru )alkyl, or
CO2R5; - Aor R, 13 is a [4.3.0] or [3.3.0] bicyclic
diamine attached to the carbonyl through one nitrogen,
and is substituted with 0-2 R8 substituents; R14 is
hydrogen, alkyl, cycloalkyl, (cycloalkyl)alkyl,
aminoalkyl, (alkylamino)alkyl, (dialkylamino)alkyl, or
benzyl; R15 is hydrogen, alkyl, cycloalkyl,
(cycloalkyl)alkyl, aminoalkyl, (alkylamino)alkyl,
(dialkylamino)alkyl, or benzyl; or NR14R13 taken
together is azetidinyl, pyrrolidinyl, piperidinyl,
piperazinyl, N-(alkyl)piperazinyl, morpholinyl,
thiomorpholinyl, homopiperidinyl, or homomorpholinyl;
R16 is hydrogen or alkyl; R17 is hydrogen, alkyl, or
cycloalkyl; and X is methylene, a bond, or absent; or
a pharmaceutically acceptable salt thereof. [0011]
Another aspect of the invention is a compound of
formula I where: R1 is CO2R5 or CONR6R7;R2 is
pyrazolyl, isoxazolyl, or imidazolyl, and is
substituted with 1 substituent 



selected from the group consisting of cycloalkyl,
tetrahydropyranyl, phenyl, pyrimidinyl, pyrazinyl,
pyridinonyl, benzimidazolyl, piperidinyl substituted
with 1 alkyl substituent, and pyridinyl substituted
with 0-1 alkyl substituents; and R2 is substituted
with 1 substituent selected from CO2R5, CON(R12)2, and
COR13 ; and R2 is substituted with 0-1 alkyl
substituents; R is alkoxy; R4 is cycloalkyl; R5 is
hydrogen or alkyl; R6 is alkylSO2, cycloalkylSO2, or
(R9)(R10)NSO2; R7 is hydrogen; R8 is hydrogen, alkyl,
or (cycloalkyl)alkyl; R12 is alkyl or alkoxyalkyl; R13
is azetidinyl, piperidinyl, piperazinyl, morpholinyl,
homopiperazinyl, or homomorpholinyl, and is
substituted with 0-3 substituents selected from halo,
alkyl, cycloalkyl, or alkoxyalkyl;R16 is hydrogen; R17
is alkyl; and X is a bond; or a pharmaceutically
acceptable salt thereof. [0012] Another aspect of the
invention is a compound of formula I where: R1 is
CO2R5 or CONR6R7; R2 is pyrazolyl, isoxazolyl, or
imidazolyl, and is substituted with 1 substituent
selected from cyclopropyl, cyclobutyl,
tetrahydropyranyl, phenyl, pyrimidinyl, pyrazinyl,
pyridinonyl, benzimidazolyl, N-methylpiperidinyl,
pyridinyl or methylpyridinyl; and R2 is substituted
with 1 substituent selected from CO R5, CON(R12)2, and
COR13 ; and R2 is substituted with 0-1 methyl
substituent; R3 is methoxy; R4 is cyclohexyl; R5 is
hydrogen or alkyl; R6 is isopropylSO2, isobutylSO2,
cyclopropylSO2, or Me NSO ; R7 is hydrogen; R8 is
hydrogen, methyl, ethyl, or (cyclopropyl)methyl; R12
is isopropyl or methoxyethyl; R13 is
difluoroazetidinyl, difluoropiperidinyl,
methylpiperazinyl, cyclopentylpiperazinyl,
trimethylpiperazinyl, morpholinyl,
dimethylmorpholinyl, (methoxymethyl)mo f holinyl,
N-methylhomopiperazinyl, or homomof holinyl;X a bond;
or a pharmaceutically acceptable salt thereof. [0013]
Another aspect of the invention is a compound of
formula I where: 



R1 is CO2R5 or CONR6R7; R is furanyl, pyrrolyl,
thienyl, pyrazolyl, isoxazolyl, isothiazolyl,
imidazolyl, oxazolyl, thiazolyl, oxadiazolyl,
triazolyl, or tetrazolyl; and R2 is substituted with 1
substituent selected from cycloalkyl,
tetrahydrofuranyl, tetrahydropyranyl, piperidinyl
substituted with 0-1 alkyl substituents, and pyridinyl
substituted with 0-1 alkyl substituents; and R is
substituted with 1 substituent selected from CO R
,CON(R12)2, and COR13 ; and R2 is substituted with 0-1
substituents selected from oxo, amino, alkyl, and
haloalkyl; R3 is hydrogen, halo, alkyl, alkenyl,
hydroxy, benzyloxy, or alkoxy; R4 is cycloalkyl; R5 is
hydrogen or alkyl; R6 is hydrogen, alkyl, alkylSO2,
cycloalkylSO2, haloalkylSO 2, (R9)(R10)NSO2, or (R1
SO2; R7 is hydrogen or alkyl; R8 is hydrogen, alkyl,
cycloalkyl, (cycloalkyl)alkyl, alkylcarbonyl,
cycloalkylcarbonyl, haloalkylcarbonyl, alkoxycarbonyl,
alkylSO2, cycloalkylSO2, haloalkylSO2, aminocarbonyl,
(alkylamino)carbonyl, (dialkylamino)carbonyl, benzyl,
benzyloxycarbonyl, or pyridinyl; R9 is hydrogen or
alkyl; R10 is hydrogen or alkyl; R1 1 is azetidinyl,
pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl,
thiomorpholinyl, homopiperidinyl, homopiperazinyl, or
homomorpholinyl, and is substituted with 0-1 alkyl
substituents; R12 is hydrogen, alkyl, alkoxyalkyl,
aminoalkyl, (alkylamino)alkyl, (dialkylamino)alkyl, or
(Rp )alkyl; R13 is azetidinyl, pyrrolidinyl,
piperidinyl, piperazinyl, morpholinyl,
thiomorpholinyl, homopiperidinyl, homopiperazinyl, or
homomorpholinyl, and is substituted with 0-3
substituents selected from alkyl, alkoxyalkyl, amino,
alkylamino, dialkylamino, R11, aminoalkyl,
(alkylamino)alkyl, (dialkylamino)alkyl, (Rp )alkyl, or
CO2R5;or R. 13 is a [4.3.0] or [3.3.0] bicyclic
diamine attached to the carbonyl through one nitrogen,
and is substituted with 0-2 R8 substituents; R14 is
hydrogen, alkyl, cycloalkyl, (cycloalkyl)alkyl,
aminoalkyl, (alkylamino)alkyl, (dialkylamino)alkyl, or
benzyl; R15 is hydrogen, alkyl, cycloalkyl,
(cycloalkyl)alkyl, aminoalkyl, (alkylamino)alkyl,
(dialkylamino)alkyl, or benzyl;or NR14R1 taken
together is azetidinyl, pyrrolidinyl, piperidinyl,
piperazinyl, N-(alkyl)piperazinyl, morpholinyl,
thiomof holinyl, homopiperidinyl, or homomorpholinyl;
R16 is hydrogen or alkyl; 



R17 is hydrogen, alkyl, or cycloalkyl; and X is
methylene, a bond, or absent; or a pharmaceutically
acceptable salt thereof. [0014] Another aspect of the
invention is a compound of formula I where R1 is
CONR6R7; R6 is alkylSO2, cycloalkylSO 2, haloalkylSO
2, (R9)2NSO2, or (R10)SO2; and R7 is hydrogen. [0015]
Another aspect of the invention is a compound of
formula I where R" is pyrazolyl substituted with 1
substituent selected from cyclopropyl, cyclobutyl,
N-alkylpiperidin-4-yl, 3-alkylpyridin-4-yl, and
tetrahydropyran-4-yl, 1 substituent selected from
CON(R12)2 and COR13 , and 0-1 alkyl substituent.
[0016] Another aspect of the invention is a compound
of formula I where R3 is hydrogen. [0017] Another
aspect of the invention is a compound of formula I
where R is methoxy. [0018] Another aspect of the
invention is a compound of formula I where R4 is
cyclohexyl. [0019] Another aspect of the invention is
a compound of formula I where R6 is (R9XR1 NSO2 Or
(R11 SO2. [0020] Another aspect of the invention is a
compound of formula I where X is methylene [0021]
Another aspect of the invention is a compound of
formula I where X is a bond[0022] Another aspect of
the invention is a compound of formula I where X is
absent [0023] Another aspect of the invention is a
compound of formula I according to the following
stereochemistry [0024] Another aspect of the invention
is a compound of formula I according to the following
stereochemistry [0025] Another aspect of the invention
is a compound of formula I according to the following
stereochemistry[0026] Another aspect of the invention
is a compound of formula I according to the following
stereochemistry R2 [0027] For a compound of formula I,
the scope of any instance of a variable substituent,
including R1, R2, R3, R4, R5, R6, R7, R8, R9, R10,
R11, R12, R13, R14 , R15, R16, R17 , and X, can be
used independently with the scope of any other
instance of a variable substituent. As such, the
invention includes combinations of the different
aspects. [0028] Unless specified otherwise, these
terms have the following meanings. 



"Alkyl" means a straight or branched alkyl group
composed of 1 to 6 carbons. "Alkenyl" means a straight
or branched alkyl group composed of 2 to 6 carbons
with at least one double bond. "Alkynyl" means a
straight or branched alkyl group composed of 2 to 6
carbons with at least one triple bond. "Cycloalkyl"
means a monocyclic ring system composed of 3 to 7
carbons. "Haloalkyl" and "haloalkoxy" include all
halogenated isomers from monohalo to perhalo. Terms
with a hydrocarbon moiety (e.g., alkoxy) include
straight and branched isomers for the hydrocarbon
portion. Parenthetic and multiparenthetic terms are
intended to clarify bonding relationships to those
skilled in the art. For example, a term such as
((R)alkyl) means an alkyl substituent further
substituted with the substituent R. [0029] The
invention includes all pharmaceutically acceptable
salt forms of the compounds. Pharmaceutically
acceptable salts are those in which the counter ions
do not contribute significantly to the physiological
activity or toxicity of the compoundsand as such
function as pharmacological equivalents. These salts
can be made according to common organic techniques
employing commercially available reagents. Some
anionic salt forms include acetate, acistrate,
besylate, bromide, chloride, citrate, fumarate,
glucouronate, hydrobromide, hydrochloride,
hydroiodide, iodide, lactate, maleate, mesylate,
nitrate, pamoate, phosphate, succinate, sulfate,
tartrate, tosylate, and xinofoate. Some cationic salt
forms include ammonium, aluminum, benzathine, bismuth,
calcium, choline, diethylamine, diethanolamine,
lithium, magnesium, meglumine,
4-phenylcyclohexylamine, piperazine, potassium,
sodium, tromethamine, and zinc. [0030] Some of the
compounds of the invention possess asymmetric carbon
atoms (see, for example, the compound below). The
invention includes all stereoisomeric forms, including
enantiomers and diastereomers as well as mixtures of
stereoisomers such as racemates. Some stereoisomers
can be made using methods known in the art.
Stereoisomeric mixtures of the compounds and related
intermediates can be separated into individual isomers
according to methods commonly known in the art
Synthetic Methods [0031] The compounds may be made by
methods known in the art including those described
below and including variations within the skill of the
art. Some reagents and intermediates are known in the
art. Other reagents and intermediates can be made by
methods known in the art using readily available
materials. The variables (e.g., numbered "R"
substituents) used to describe the synthesis of the
compounds are intended only to illustrate how to make
the compounds and are not to be confused with
variables used in the claims or in other sections of
the specification. The following methods are for
illustrative purposes and are not intended to limit
the scope of the invention.[0032] Abbreviations used
in the schemes generally follow conventions used in 



the art. Chemical abbreviations used in the
specification and examples are defined as follows:
"NaHMDS" for sodium bis(trimethylsilyl)amide; "DMF"
for N,Ndimethylformamide; "MeOH" for methanol; "NBS"
for N-bromosuccinimide; "Ar" for aryl; "TFA" for
trifluoroacetic acid; "LAH" for lithium aluminum
hydride; "BOC", "DMSO" for dimethylsulfoxide; "h" for
hours; "rt" for room temperature or retention time
(context will dictate); "min" for minutes; "EtOAc" for
ethyl acetate; "THF" for tetrahydrofuran; "EDTA" for
ethylenediaminetetraacetic acid; "Et2O" for diethyl
ether; "DMAP" for 4-dimethylaminopyridine; "DCE" for
1,2-dichloroethane; "ACN" for acetonitrile; "DME" for
1,2-dimethoxyethane; "HOBt" for 1-
hydroxybenzotriazole hydrate; "DIEA" for
diisopropylethylamine, "Nf for CF3(CF2)SSO2-; and
"TMOF" for trimethylorthoformate. [0033] Abbreviations
as used herein, are defined as follows: " 1 x" for
once, "2 x" for twice, "3 x" for thrice, "0C" for
degrees Celsius, "eq" for equivalent or equivalents,
"g" for gram or grams, "mg" for milligram or
milligrams, "L" for liter or liters, "mL" for
milliliter or milliliters, "mL" for microliter or
microliters, "N" for normal, "M" for molar, "mmol" for
millimole or millimoles, "min "' for minute or
minutes, "h" for hour or hours, "rt" for room
temperature, "RT" for retention time , "atm" for
atmosphere, "psi" for pounds per square inch, "cone."
for concentrate, "sat" or "sat'd " for saturated, "MW"
for molecular weight, "mp" for melting point, "ee" for
enantiomeric excess, "MS" or "Mass Spec" for mass
spectrometry, "ESI" for electrospray ionization mass
spectroscopy, "HR" for high resolution, "HRMS" for
high resolution mass spectrometry, "LCMS" for liquid
chromatography mass spectrometry, "HPLC" for high
pressure liquid chromatography, "RP HPLC" for reverse
phase HPLC, "TLC" or "tic" for thin layer
chromatography, "NMR" for nuclear magnetic resonance
spectroscopy, "1H" for proton, "d" for delta, "s" for
singlet, "d" for doublet, "t" for triplet, "q" for
quartet, "m" for multiplet, "br" for broad, "Hz" for
hertz, and "a", "b", "R", "S", "E", and "Z" are
stereochemical designations familiar to one skilled in
the art.ASPHERIC TORIC INTRAOCULAR LENS RELATED
APPLICATIONS This application claims priority to U.S.
provisional application Serial No. 61/050,911, filed
on May 6, 2008, the contents which are incorporated
herein by reference. TECHNICAL FIELD Embodiments of
the present disclosure relate generally to intraocular
lenses and, more particularly, to intraocular lenses
combining asphericity and toricity. BACKGROUND
Intraocular lenses (IOLs) are routinely implanted in
patients' eyes during cataract surgery to replace the
natural crystalline lens or to compensate for the lost



optical power. The terms "intraocular lens" and its
abbreviation IOL are used interchangeably herein to
describe lenses that are implanted into the interior
of an eye to either replace the natural lens or to
otherwise augment vision regardless of whether or not
the natural lens is removed. Traditional IOLs are
spherical, meaning the posterior surface is curved.
However, aspheric IOLs have an aspheric surface to
correct corneal spherical aberration. Toric IOLs have
a tone surface to correct or mitigate corneal
astigmatism over a range of diopters.SUMMARY Hence,
there is a need for enhanced methods and ophthalmic
lenses for correcting vision, and more particularly,
for such methods and lenses that can be employed to
compensate for the lost optical power of a removed
natural lens. Thus, a need exists to improve the
ability to restore vision across a range of object
distances with out sacrificing any part of that range.
The terms "aspherical base curve" and "aspherical
profile" are used herein interchangeably, and are well
known to those skilled in the art. To the extent that
any further explanation may be required, these terms
are employed herein to refer to a radial profile of a
surface that exhibits deviations from a spherical
surface. Such deviations can be characterized, for
example, as smoothly varying differences between the
aspherical profile and a putative spherical profile
that substantially coincides with the aspherical
profile at the small radial distances from the apex of
the profile. Further, the terms "substantially
identical IOL" or "substantially identical lens," as
used herein refer to an IOL that is formed of the same
material as an aspherical IOL to which it is compared.
Each surface of the "substantially identical IOL" has
the same central radius (i.e., radius at the apex of
the surface corresponding to the intersection of an
optical axis with the surface) as that of the
corresponding surface of the aspherical IOL. In
addition, the "substantially identical IOL" has the
same central thickness as the aspherical IOL to which
it is compared. However, "substantially identical IOL"
has spherical surface profiles; i.e., it lacks the
asphericity exhibited by the aspherical IOL.
Embodiments of the present disclosure provide systems
and methods of providing excellent vision across a
range of object distances that eliminate, or at least
substantially reduce, the shortcomings of prior art
methods for improving vision. Various embodiments
provide IOLs which include both toricity and
asphericity to correct or mitigate corneal astigmatism
and spherical aberrations. The toricity and
asphericity may be on two separate surfaces or may be
present on a single 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.Embodiments disclosed
herein may be useful for correcting or mitigating
other aberrations, such as coma, trefoil, tetrafoil,
and the like. Higher order aberrations may also be
possible. Lenses that provided toricity and
asphericity either on separate surfaces or on combined
surfaces had excellent toricity and spherical
aberration, and the lens quality and resolution
efficiency exceeded 4/6. Embodiments disclosed herein
may also be manufactured using existing processes. One
embodiment of an aspheric toric lens can be included
in an ophthalmic device, comprising an ophthalmic lens
having an anterior surface and a posterior surface and
one or more haptics coupled to the ophthalmic lens.
One of the posterior or anterior surfaces is shaped so
that the ophthalmic lens is configured as an aspheric
lens and one of the posterior or anterior surfaces is
shaped so that the ophthalmic lens is configured as a
toric lens. For example, the posterior surface can be
shaped so that the ophthalmic lens is configured as an
aspheric lens and the anterior surface shaped so that
the ophthalmic lens is configured as a toric lens. Or,
the anterior surface can be shaped so that the
ophthalmic lens is configured as an aspheric lens and
the posterior surface shaped so that the ophthalmic
lens is configured as a toric lens. In one embodiment,
an aspheric toric intraocular lens with toricity and
asphericity on separate surfaces maybe described
analytically as: sag =toric(r, q) sag2 = asph(r)
aipriT) = where, r, q are the axial distance from lens
center and the meridian angle. The cx, Cy and kx, ky
are the curvatures and conic constants for two
toricprincipal meridians. In this embodiment, kx and
ky are preferably equal to zero. In the above
examples, separate surfaces are shaped to provide
asphericity and toricity. In other embodiments, a
single surface may be shaped to provide these
features. For example, the posterior surface can be
shaped so that the ophthalmic lens is configured as
the aspheric lens and the toric lens. That is the
posterior surface is shaped to provide both
asphericity and toricity. According to another
embodiment, the anterior surface can be shaped so that
the ophthalmic lens is configured as the aspheric lens
and the toric lens. A lens with a particular surface
shaped to provided toricity and asphericity can be
described by: sag = toric(r,q) (Cx COS2 q +c sin 2 q)r
2 toric(Rav r q) = 



\ + l - +kx )c]r 2 cos1 q - (\ +ky )cy 2r 2 sin 2 q
__1_ _J_ Preferably, ophthalmic 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, Cx can be in a
range of about 0.008mmL-l to about 0.08mmL-l
(magnitude only, sign could be both positive and
negative), cy can be in a range of about 0.008mmL-l to
about 0.08mmL-l (magnitude only, sign could be both
positive and negative), kx 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 c can be in a range
of about 0.008mmL-l to about 0.08mmL-l (magnitude
only, sign could be both positive and
negative).According to various embodiments, the
ophthalmic lens has a selected edge thickness at the
45 degree meridian. The selected edge thickness can be
any desired thickness, but is preferably in a range of
0.2 to 0.3 mm and preferably .21 mm at the 45 degree
meridian. The edge thickness can be constant around
the lens or can vary. For example, the edge thickness
can vary periodically, such as sinusoidally. The
center thickness of the lens can also be selected.
Because the edge and center thickness of the lens can
be selected, the lens can be shaped so that it can fit
in and be implanted with existing surgical equipment,
such as that used to implant the AcrySof
IQ(tm)(AcrySof and AcrySof IQ are trademarks of Alcon
Laboratories of Fort Worth, Tx). According to one
embodiment of the ophthalmic device, the aspheric
surface is shaped with the same asphericity for all
meridians. Alternatively, the lens can be shaped with
different asphericities for different meridians. For
example, the lens can be shaped with a first
asphericity for a first meridian and a second
asphericity for a second meridian. The first and
second meridians can be, by way of example, but not
limitation, the principle meridians of astigmatism.
The ophthalmic device can include haptics configured
to minimize movement of the ophthalmic device in the
eye. The haptics can be made of biocompatible material
such as AcrySof(r) (AcrySof(tm) is a trademark of
Alcon Laboratories of Fort Worth, TX.). The haptics
can be roughened to promote adherence with biological
material. The lens can further include one or more
markers to allow a surgeon to locate the lens relative
to the principle meridians of the astigmatism. The
markers can be small dots, raised portions or other
feature that surgeon can see during surgery, 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 asa whole,
maintain a preoperative cylinder axis or to reduce
residual astigmatism at selected meridians.BRIEF
DESCRIPTION OF THE FIGURES A more complete
understanding of the disclosure and the advantages
thereof may be acquired by referring to the following
description, taken in conjunction with the
accompanying drawings in which like reference numbers
generally indicate like features and wherein: FIGURE 1
schematically illustrates one embodiment of an
aspheric toric intraocular lens 10 according to one
design having toricity and asphericity on separated
surfaces; FIGURE 2 schematically illustrate one
embodiment of an aspheric toric intraocular lens 10
according to one design having toricity and
asphericity on a separated surfaces; FIGURE 3
schematically illustrates one embodiment of an
aspheric toric intraocular lens 10 according to one
design having toricity and asphericity on a single
surface; FIGURE 4 depicts a graphical representation
of the spherical aberration measurements for aspheric
toric IOLs 10 using a separated design; FIGURE 5
depicts a graphical representation of the spherical
aberration measurements for aspheric toric IOLs using
a combined design; FIGURE 6 depicts a graphical
representation of the lens toricity measurements for
aspheric toric IOLs using a separated design; FIGURE 7
depicts a graphical representation of the lens
toricity measurements for aspheric toric IOLs using a
combined design; FIGURE 8 depicts a graphical
representation of the back focal length (BFL)
measurements for aspheric toric IOLs using a separated
design; FIGURE 9 depicts a graphical representation of
the back focal length (BFL) measurements for aspheric
toric IOLs using a combined design;FIGURE 10 is a
graphical comparison of the lens toricity of ten
separated design lenses 10 and ten combined design
lenses for correction of a Z20 astigmatism; FIGURE 11
is a graphical comparison of the spherical aberration
of ten separated design lenses 10 and ten combined
design lenses 10 for correction of a Z42 spherical
aberration; 



FIGURE 12 is a graphical comparison of the lens
toricity of ten separated design lenses and ten
combined design lenses for correction of an
astigmatism; FIGURE 13 is a graphical comparison of
the lens toricity of ten separated design lenses and
ten combined design lenses for correction of an
astigmatism; FIGURE 14 is a graphical comparison of
the lens Back Focal Length (BFL) of ten separated
design lenses and ten combined design lenses; FIGURE
15 is a graphical comparison of the lens Back Focal
Length (BFL) of ten separated design lenses and ten
combined design lenses.; FIGURE 16 depicts a graphical
comparison of the lens spherical aberration (SA) of
ten separated design lenses and ten combined design
lenses according to one embodiment; FIGURE 17 depicts
a graphical comparison of the lens toricity of ten
separated design lenses and ten combined design lenses
according to one embodiment; FIGURE 18 depicts a
graphical comparison of lens power of ten separated
design lenses and ten combined design lenses according
to one embodiment; FIGURE 19 depicts a graphical
representation of lens power at a steep meridian
according to one embodiment; and FIGURE 20 depicts a
graphical representation of the edge thickness
according to one embodiment.DETAILED DESCRIPTION As
used herein, the terms "comprises," "comprising,"
"includes," "including," "has," "having" or any other
variation thereof, are intended to cover a
non-exclusive inclusion. For example, a process,
process, article, or apparatus that comprises a list
of elements is not necessarily limited only those
elements but may include other elements not expressly
listed or inherent to such process, process, article,
or apparatus. Further, unless expressly stated to the
contrary, "or" refers to an inclusive or and not to an
exclusive or. For example, a condition A or B is
satisfied by any one of the following: A is true (or
present) and B is false (or not present), A is false
(or not present) and B is true (or present), and both
A and B are true (or present). Additionally, any
examples or illustrations given herein are not to be
regarded in any way as restrictions on, limits to, or
express definitions of, any term or terms with which
they are utilized. Instead these examples or
illustrations are to be regarded as being described
with respect to one particular embodiment and as
illustrative only. Those of ordinary skill in the art
will appreciate that any term or terms with which
these examples or illustrations are utilized will
encompass other embodiments which may or may not be
given therewith or elsewhere in the specification and
all such embodiments are intended to be included
within the scope 



of that term or terms. Language designating such
nonlimiting examples and illustrations includes, but
is not limited to: "for example," "for instance",
"e.g.", "in one embodiment". Various embodiments are
illustrated in the FIGURES, like numerals being used
to refer to like and corresponding parts of the
various drawings. Embodiments disclosed herein provide
systems and methods for eliminating or mitigating
corneal astigmatism and corneal spherical aberration.
Embodiments disclosed herein provide ophthalmic lenses
that include at least one lens surface having an
asphericity selected to correct or mitigate spherical
aberrations contrast and at least one lens surface
having a toricity selected to correct or mitigate
astigmatism. Embodiments disclosed herein provide
ophthalmic lenses 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 therespective
surface is spherical. In the embodiments below, the
embodiments are illustrated primarily in connection
with intraocular lenses. It should, however, be
understood that these teachings apply equally to a
variety of other ophthalmic lenses, such as contact
lenses. FIGURE 1 depicts a perspective view of one
embodiment of aspheric toric intraocular lens (IOL)
10. In some embodiments, lens 10 may include anterior
surface 14, posterior surface 16 on the obverse side
and markings 22. Aspheric toric IOL 10 may further
include radially extending fixation members or haptics
20 for its placement in a patient's eye. Lens 10 can
be formed of a biocompatible polymeric material, such
as soft acrylic, silicone or hydrogel materials. In
some embodiments, any biocompatible-preferably
soft-material that exhibits a requisite index of
refraction for a particular application of the lens
can be employed. In some embodiments, a material
manufactured under the trademark AcrySof(tm) (AcrySof
is a trademark of Alcon Laboratories of Fort Worth,
TX) may be used to form IOL 10. Further, the fixation
members 20 can be also be formed of suitable polymeric
materials, such as polymethyl methacrylate (PMMA),
polypropylene and the like. Fabrication of intraocular
lenses may include known fabrication processes such as
pin cutting, wafer molding and lens casting. FIGURE 2
depicts one embodiment of an aspheric toric
intraocular lens 10 according to one design having an
anterior surface 14 and a posterior surface 16. As
depicted in FIGURE 2, in some embodiments, the
toricity and asphericity of lens 10 may be present on
different surfaces (i.e., a separated aspheric toric
IOL 10, also referred to as a separated design lens
10). In some embodiments, separated design lens 10 may
have an associated base power, such as 2 1 Diopters
(D), a cylinder, such as 1.50 D., a spherical
aberration correction, such as 0.2 microns, and may
have a 



conic on the anterior surface and the cylinder on the
posterior surface. In some embodiments, the anterior
surface may have an associated radius, such as 19.613
mm, and a conic, such as -36.21 1. 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.In one embodiment, an
aspheric toric intraocular lens with toricity and
asphericity on separate surfaces may be described
analytically as: SCIg1 = toric(r, q) Equation 1 sag 2
= asph(r) Equation 2 (cx o 2 +c sin 2 q)r 2 toric(r,q)
= 1+ l - (1 + k x x)c x 2r 2 cos2 q - (1 + k y L)rc 2
rr 22 sinn 22 Rq ' Equation 3 1 1 C = C = asph{r) =
Equation 4 In some embodiments, lens 10 can provide an
optical power in a range of about 6 D to about 30 D,
and an aspheric surface of lens 10 can be
characterized with c ranging from about 0.0152 mm 1 to
about 0.0659 mm.sup. 1, k ranging from about - 1162 to
about -19, a.sub.i ranging from about -0.00032 mm.sup.
1 to about -0.00020 mm 1, a2 ranging from about
-0.0000003 (- 3 x 10 7) mm 3 to about -0.000053 (-5.3
x 10 5) mm 3 , and a3 ranging from about 0.0000082
(8.2 x.lO 6) mm 5 to about 0.000153 (1.53 x 10 4) mm 5
. In some embodiments, lens 10 can provide an optical
power in a range of about 16 D to about 25 D, and an
aspheric surface of the lens can be characterized with
c ranging from about 0.0369 ( 1/27.1) mm 1 to about
0.0541 ( 1/18.5) mm.sup. 1, k ranging from about -73
to about -27, a ranging from about -0.000209 mm 1 to
about -0.000264 mm 1, a2 ranging from about -0.0000297
mm 3 to about -0.0000131 mm 3 , and a3 ranging from
about 0.00000978 mm 5 to about 0.00000846 mm 5 . In
other 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, Cx can be
in a range of about 0.008mmL-l to about 0.08mmL-l
(magnitude only, sign could be both positive and
negative), cy can be in a range of about 0.008mmL-l to
about 0.08mmL-l (magnitude only, sign could be both
positive and negative), kx can be in a range of about
-3000 to about -12, and ky can be in a range of about
-3000 toabout -12. Further, in some embodiments, the
aspheric conic constant (k) can be in a range of about
-3000 to about -12. Additionally c can be in a range
of about 



0.008mmL-l to about 0.08mmL-l (magnitude only, sign
could be both positive and negative). In many
embodiments, the aspheric profile of the anterior
surface can be designed to provide the patient with an
image contrast characterized by a modulation transfer
function (MTF). As known to those having ordinary
skill in the art, a measured or calculated modulation
transfer function (MTF) associated with a lens can
provide a quantitative measure of image contrast
provided by that lens. In general, a contrast or
modulation associated with an optical signal, e.g., a
two-dimensional pattern of light intensity
distribution emanated from or reflected by an object
to be imaged or associated with the image of such an
object, can be defined in accordance with the
following relation: /max ~/mi " Equation 5 max min
wherein Imax and Imjn indicate, respectively, a
maximum or a minimum intensity associated with the
signal. Such a contrast can be calculated or measured
for each spatial frequency present in the optical
signal. An MTF of an imaging optical system, such as
the combined IOL and the cornea, can then be defined
as a ratio of a contrast associated with an image of
an object formed by the optical system relative to a
contrast associated with the object. As is known, the
MTF associated with an optical system is not only
dependent on the spatial frequencies of the intensity
distribution of the light illuminating the system, but
it can also be affected by other factors, such as the
size of an illumination aperture, as well as by the
wavelength of the illuminating light. In some
embodiments, such as the embodiment depicted in FIGURE
2, the asphericity of lens 10 may provide an MTF of at
least about 0.9 at the focus measured 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 imagecontrast characterized by a modulation
transfer function (MTF) that is around 0.9, while
maintaining a depth of field that is within an
acceptable range. The MTF can be, for example, in a
range of about 0.85 to about 0.93 for an aperture of
about 5.0 mm. As direct measurements of MTF in a
patient's eye can be complicated, in many embodiments
the image enhancement provided by an aspheric 1OL can
be evaluated by calculating an MTF theoretically in a
model eye exhibiting selected corneal and/or natural
lens aberrations corresponding to an individual
patient's eye or the eyes of a selected group of
patients. The information needed to model a patient's
cornea and/or natural lens can be obtained from
measurements of waveform aberrations of the eye 



performed by employing known topographical methods.
For the embodiment depicted in FIGURE 2, a residual
aberration for the x and y axes may be approximately
0.0012 microns along a first meridian and -0.0037
microns along a second meridian, and D (delta) may be
approximately 0.0049 microns. For a theoretical
evaluation of one embodiment fabricated from PMMA in
CrystalWave, lens 10 may have a lens power of 14.787 D
(x) and 15.883 D (y), with a cylinder of 1.096 D. The
spherical aberration may be -0.3223 132 microns.
FIGURE 3 schematically illustrates an aspheric toric
intraocular lens 10 according to one embodiment. As
depicted in FIGURE 3, in some embodiments, the
toricity and asphericity of an aspheric toric IOL 10
may be combined on the same surface (i.e., also
referred to as a combined aspheric toric IOL 10). As
depicted in FIGURE 3, the toricity and asphericity may
be combined on posterior surface 16'. In some
embodiments, lens 10 may have a base power, such as 2
1 Diopters (D), a cylinder, such as 1.50 D, a
spherical aberration correction, such as 0.2 microns,
and may combine the conic and the cylinder on
posterior surface 16'. In some embodiments, anterior
surface 14' may have an associated radius, such as
19.609 mm. In some embodiments, posterior surface 16'
may have a first radius (Rad X), a first conic (Conic
X), a second radius (Rad Y), a second conic (Conic Y),
an average radius (Rad avrg) and an average conic
(Conic avrg). In FIGURE 4, Rad X is approximately
-23.814 mm, Conic X is approximately -65.571, Rad 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.In one embodiment, a single
surface with combined toricity and asphericity may be
described analytically as sag =toric{r,q) Equation 6
(cx cos2 q + cv sin 2 q)r 2 toricM ,r, q) = \ \ - {\
+kx )cx 2r 2 cos1 q - l +ky )cy 2r 2 n1 q = = Equation
7 wherein for tone surfaces, kx and ky should not be
zero. cr 2 1 asph(R , r ) = ,c =-- Equation 8 l + l
-(l + ) 2 2 R avg 



In many embodiments, the aspheric profile of posterior
surface 16' in a combined design can be designed to
provide the patient with an image contrast
characterized by a modulation transfer function (MTF)
of at least about 0.9 at the focus measured 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). The MTF can be, for example, in a range
of about 0.85 to about .93 for an aperture of about
5.0 mm. For the embodiment depicted in FIGURE 3, a
residual aberration for the x and y axes may be
approximately 0.0039 microns along a first meridian
and -0.0050 microns along a second meridian, and D
(delta) may be approximately 0.0089 microns. For a
theoretical evaluation of one embodiment fabricated
from PMMA, lens 10 may have a lens power of 14.787 D
(x) and 15.883 D (y), with a cylinder of 1.096 D. The
spherical aberration may be -0.3099855 microns. In
some embodiments, better optics may be achieved by
considering the amounts of lens toricity and
asphericity as functions of pupil diameters
(apertures). FIGURE 4 depicts a graphical
representation of the spherical aberration
measurements for aspheric toric IOLs 10 using a
separated design. In FIGURE 4, the spherical
aberration equivalent (in microns) for fabricated
lenses 10a may becompared against the spherical
aberration equivalent (in microns) for design lenses
10b at various pupil diameters ranging between 2.0 mm
and 5.0 mm. FIGURE 5 depicts a graphical
representation of the spherical aberration
measurements for aspheric toric IOLs 10 using a
combined design. In FIGURE 5, the spherical aberration
equivalent (in microns) for fabricated lenses 10a may
be compared against the spherical aberration
equivalent (in microns) for design lenses 10b at
various pupil diameters ranging between 2.0 mm and 5.0
mm. FIGURE 6 depicts a graphical representation of the
lens toricity measurements for aspheric toric IOLs 10
using a separated design. In FIGURE 6, the Zernike
coefficient for astigmatism (in microns) of fabricated
lenses 10a may be compared against the Zernike
coefficient for design lenses 10b at various pupil
diameters ranging between 2.0 mm and 5.0 mm. FIGURE 7
depicts a graphical representation of the lens
toricity measurements for aspheric toric IOLs 10 using
a combined design. In FIGURE 7, the Zernike
coefficient for astigmatism (in microns) of fabricated
lenses 10a may be compared against the Zernike
coefficient for design lenses 10b at various pupil
diameters ranging between 2.0 mm and 5.0 mm. FIGURE 8
depicts a graphical representation of the back focal
length (BFL) measurements for aspheric toric IOLs 10
using a separated design and a combined design. In
FIGURE 8, 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 8, the BFL-X for the
design lens 10a may be approximately 20.7 mm and the
BFL-X for the separated lens 1-b may be approximately
20.60 mm. FIGURE 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 1Ob may be approximately 20. 10 mm.Examples may
be beneficial for pointing out advantages and features
of the disclosure. Aspheric toric IOLs 10 may be
fabricated from materials such as AcrySof(r) utilizing
known fabrication processes. Fabrication processes may
include, but are not limited to, pin cutting, wafer
molding and lens casting. A toricity and asphericity
may be provided on separate surfaces such as anterior
surface 14 and posterior surface 16, or may be
combined on a single surface, such as posterior
surface 16'. FIGURE 10 is a graphical comparison of
the spherical aberration of ten separated design
lenses 10 and ten combined design lenses 10 for
correction of a Z42 spherical aberration at a 5.0 mm
IOL aperture. FIGURE 10 depicts the results often
aspheric toric IOLs 10 having the toricity and
asphericity on separate surfaces (i.e., anterior
surface 14 and posterior surface 16) and ten aspheric
toric IOLs 10 having the toricity and asphericity
combined on a single surface (i.e., posterior surface
16'). Lenses 10 were taken from populations of product
sets of approximately 100 lenses. Lenses 10 were
tested against a spherical aberration Z42 at 5.0 mm
IOL aperture. The results of the test provided a
nominal correction of approximately 1.16 microns, with
a minimum correction of approximately 1.05 microns and
a maximum correction of approximately 1.28. In this
test, the separated design had a correction at or
below the nominal thickness, and five of the samples
had a correction at or near the minimum correction. In
this test, the combined design resulted in a
correction below the nominal correction, and nine of
the ten were at or above 1.10 microns. FIGURE 1 1 is a
graphical comparison of the spherical aberration of
ten separated design lenses 10 and ten combined design
lenses 10 for correction of a spherical aberration. In
some embodiments, lens 10 may be used to correct an
aberration, such as a Z42 aberration. Lens 10 may have
an associated aperture, such as a 4.5 mm IOL aperture.
As depicted in FIGURE 11, a Z42 aberration may be
between about .74 microns and about .92 microns, with
a nominal spherical aberration of about .83 microns.
Embodiments of separated design aspheric toric IOLs 10
disclosed herein may correct a Z42 spherical
aberration from about .74 microns up to 



about .81 microns, 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 Z42 spherical
aberration from about .79microns up to about .85
microns, based on a sample population often lenses
sampled from a population of about 100 IOLs.
Embodiments disclosed herein may be useful for
correcting or mitigating corneal astigmatism. FIGURE
12 depicts a graphical comparison of the lens toricity
of ten separated design lenses 10 and ten combined
design lenses 10 for correction of a Z20 astigmatism.
In some embodiments, a Z20 astigmatism may be
associated with a 5.0 mm IOL aperture. As depicted in
FIGURE 12, a Z20 astigmatism may be between about 5.3
microns and about 6.5 microns, with a nominal
astigmatism of about 5.9 microns. Embodiments of
separated design aspheric toric IOLs 10 disclosed
herein may correct a Z20 astigmatism from about 5.1
microns up to about 6.5 microns, based on a sample
population often 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 5.1 microns up to about 5.9
microns, based on a sample population often lenses 10
sampled from a population of about 100 IOLs 10. FIGURE
13 depicts a graphical comparison of the lens toricity
of ten separated design lenses 10 and ten combined
design lenses 10 for correction of a Z20 astigmatism
at a 4.5 mm IOL aperture. As depicted in FIGURE 13, a
Z20 astigmatism may be between about 4.3 microns and
about 5.3 microns, with a nominal astigmatism of about
4.8 microns. Embodiments of separated design aspheric
toric IOLs 10 disclosed herein may correct a Z20
astigmatism from about 4.1 microns up to about 5.4
microns, 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) often 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 aseparated design may result in lens 10
having an optical power close to 21.0 D. As depicted
in FIGURE 14, a y-BFL for a 21.5 D may be between
about 18.90 mm and about 19.30 mm, with a nominal
y-BFL of about 19.10 microns. As depicted in FIGURE
14, the x-BFL for several aspheric toric IOLs 10
having a combined design may result in lens 10 having
an optical power close to 21.5 D. 



FIGURE 15 depicts a graphical comparison of the lens
Back Focal Length (BFL) often separated design lenses
10 and ten combined design lenses 10 for a 3.0 mm IOL
aperture. A first x-BFL for a 21.0 D aspheric toric
IOL 10 may be between about 18.00 mm and about 18.40
mm, with a nominal x-BFL of about 18.20 microns. As
depicted in FIGURE 15, the x-BFL for several aspheric
toric IOLs 10 having a separated design may result in
lens 10 having an optical power close to 21.0 D. As
depicted in FIGURE 15, a x-BFL for a 21.5 D may be
between about 17.60 mm and about 18.00 mm, with a
nominal x-BFL of about 18.00 microns. As depicted in
FIGURE 15, the x-BFL for several aspheric toric IOLs
10 having a combined design may result in lens 10
having an optical power close to 2 1.5 D. FIGURE 16
depicts a graphical comparison of the lens spherical
aberration (SA) of ten separated design lenses 10 and
ten combined design lenses 10 for a 5.0 mm IOL
aperture. As depicted in FIGURE 16, a Zernike
spherical aberration (C40) may have a minimum
aberration of -0.17 microns and a maximum aberration
of -0.23 microns, with a nominal aberration of -0.19
microns. The range of correction provided by IOLs 10
utilizing a separated design may lie between -0.17
microns to about -0.18 microns. A range of correction
provided by IOLs 10 utilizing a combined design may
lie between approximately -0.18 and -0.19 microns.
FIGURE 17 depicts a graphical comparison of the lens
toricity of ten separated design lenses 10 and ten
combined design lenses 10 for a 5.0 mm IOL aperture.
As depicted in FIGURE 17, a cylinder (Diopter) may
have a minimum cylinder of 1.30 D and a maximum
cylinder of 1.65 D, with a nominal cylinder of 1.5 D.
The range of correction provided by IOLs 10 utilizing
a separated design may lie between 1.25 D to about
1.75 D. A range of correction provided by IOLs 10
utilizing a combined design may lie between
approximately 1.2 D and 1.6 D.FIGURE 18 depicts a
graphical comparison of lens power of ten separated
design lenses 10 and ten combined design lenses 10 for
a 3.0 mm IOL aperture. As depicted in FIGURE 18, lens
power (flat meridian) between 20.00 and 20.50 D may
provide SE of 21.0 D and lens power (flat meridian)
between 20.6 D and 21.0 D may provide SE of 21.5 D. A
range of correction provided by IOLs 10 utilizing a
separated design may lie between approximately 20.00
and 20.40 D. For example, lens 10 identified as '18'
may provide lens power of approximately 20.25 D. A
range of correction provided by IOLs 10 utilizing a
combined design may lie between approximately 20.40
and 20.90 D. For example, lens 10 identified as '1'
may provide lens power of approximately 20.90 D.
FIGURE 19 depicts a graphical representation of lens
power at a steep meridian for a 3.0 mm aperture with
toric bench. As depicted in FIGURE 21, lens power
(steep meridian) between 21.50 and 22.00 D may provide
SE of 21.0 D and 



lens power (steep meridian) between 22.00 D and 22.50
D may provide SE of 21.5 D. A range of correction
provided by IOLs 10 utilizing a separated design may
lie between approximately 21.75 and 21.90 D. For
example, lens 10 identified as '18' may provide lens
power of approximately 20.25 D. A range of correction
provided by IOLs 10 utilizing a combined design may
lie between approximately 22.00 and 20.90 D. For
example, lens 10 identified as '1' may provide lens
power of approximately 20.90 D. TABLE 1
Asphericity/Toricity Asphericity/Toricity separated on
two combined on same surfaces surface Optical Power
21D/T3 (1.5D cyl) 21D/T3 (1.5D cyl) Anterior Radius
19.613 mm 19.609 Conic -36.211 Posterior (biconic)
Radius X -23.808 mm -23.814 mmConic X -65.571 Radius Y
-20.446 mm -20.451 mm Conic Y -42.168 Center 0.611 mm
0.612 mm Thickness Edge Thickness 0.21 mm 0.21 mm (@
45 degrees) Table 1 depicts various sample results of
two embodiments of aspheric/toric lenses 10. For the
embodiments depicted in Table 1, the optical power and
edge thickness of the separated design embodiments
equaled the combined design embodiments, and' the
center thickness was nearly the same. In some
embodiments, the thickness of the edge of lens 10 may
vary. In some embodiments, the thickness of the edge
of lens 10 may vary periodically. In some embodiments,
variation in the edge thickness may be sinusoidal. In
some embodiments, the thickness of the edge of lens 10
may be equal at 45 degree meridians. An advantage to
having equal edge thickness at the 45 degree meridians
may be the ability to use existing tools to implant
lens 10 into an eye. FIGURE 20 depicts a graphical
representation of the edge thickness for one
embodiment of aspheric toric intraocular lens 10. As
depicted in FIGURE 20, the variation in thickness may
be sinusoidal. In some embodiments, a sinusoidal
variation may result in the lens thickness being equal
at a meridian. In some embodiments, the lens 



thickness may be equal at the four 45-degree meridians
and may be a maximum or minimum thickness at the steep
and/or flat meridians. As depicted in FIGURE 20, the
lens thickness is a maximum (i.e., approximately 0.225
mm) at the flat meridian and a minimum (i.e.,
approximately 0.195 mm) and equal (i.e., approximately
0.21 mm) at the four 45-degree meridians. In
accordance with the foregoing, methods and apparatus
for providing toricity and asphericity on a single
lens 10 have been provided. More particularly,
improved IOLs have been disclosed that achieve
excellent distance and near vision without the need
for additional visual correction (e.g., spectacles).
Thus, the foregoingembodiments allow the natural
crystalline lens to be replaced with an IOL that
provides excellent vision over a range of object
distances. During a surgical procedure, various
embodiments of IOLs described above can be implanted
using known surgical tools and techniques. According
to various embodiments, lenses can be used to support
Astigmatic correction strategies for enhancing vision
such as, but not limited to, minimizing residual
astigmatism of the whole eye, maintaining preoperative
cylinder axis, or optimizing residual astigmatism at
preferable meridians. During a procedure the surgeon
can use markings on the lens (such as markings 22 of
Figure 1) to properly align the toric shape of the
lens with the meridians of the astigmatism. Although
embodiments have been described in detail herein, it
should be understood that the description is by way of
example only and is not to be construed in a limiting
sense. It is to be further understood, therefore, that
numerous changes in the details of the embodiments and
additional embodiments will be apparent, and may be
made by, persons of ordinary skill in the art having
reference to this description. It is contemplated that
all such changes and additional embodiments are within
scope of the claims belowCLAIMS What is claimed is: 1.
An ophthalmic device, comprising: an ophthalmic lens
having an anterior surface and a posterior surface;
and one or more haptics coupled to the ophthalmic
lens; wherein one of the posterior or anterior
surfaces is shaped so that the ophthalmic lens is
configured as an aspheric lens and one of the
posterior or anterior surfaces is shaped so that the
ophthalmic lens is configured as a toric lens. 2. The
ophthalmic device of Claim 1, wherein the posterior
surface is shaped so that the ophthalmic lens is
configured as the aspheric lens and the toric lens. 3.
The ophthalmic device of Claim 1, wherein the anterior
surface is shaped so that the ophthalmic lens is
configured as the aspheric lens and the toric lens. 4.
The ophthalmic device of Claim 1, wherein the
posterior surface is shaped so that 



the ophthalmic lens is configured as an aspheric lens
and the anterior surface is shaped so that the
ophthalmic lens is configured as a toric lens. 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.8. The
ophthalmic device of Claim 6, wherein the edge
thickness varies periodically. 9. The ophthalmic
device of Claim 1, wherein the aspheric surface is
shaped with a single asphericity for all cylinder
meridians. 10. The ophthalmic device of Claim 1,
wherein the aspheric surface is shaped with a first
asphericity for a fist meridian and a second
asphericity for a second meridian. 11. The ophthalmic
device of Claim 1, wherein the first and second
meridians are the principle meridians. 12. The
ophthalmic device of Claim 1, wherein the haptics are
formed of ACRYSOF. 13. The ophthalmic device of Claim
1, wherein the haptics are roughened to promote
adherence with biological material. 14. The ophthalmic
device of Claim 1, wherein the ophthalmic device
comprises a set of markers placed to aid alignment of
the ophthalmic lens relative to one or more meridians
of an astigmatism. 15. An ophthalmic method,
comprising: selecting an ophthalmic device for
implantation in a patient; and implanting the
ophthalmic device in an eye of the patient; wherein
the ophthalmic device comprises: an ophthalmic lens
having an anterior surface and a posterior surface;
and one or more haptics coupled to the ophthalmic
lens; wherein one of the posterior or anterior
surfaces is shaped so that the ophthalmic lens is
configured as an aspheric lens and one of the
posterior or anterior surfaces is shaped so that the
ophthalmic lens is configured as a toric lens.16. The
ophthalmic method of Claim 15, wherein the posterior
surface is shaped so that the ophthalmic lens is
configured as the aspheric lens and the toric lens 17.
The ophthalmic method of Claim 15, wherein the
anterior surface is shaped so that the ophthalmic lens
is configured as the aspheric lens and the toric lens.
18. The ophthalmic method of Claim 15, wherein the
posterior surface is shaped so that the ophthalmic
lens is configured as an aspheric lens and the
anterior surface is shaped so that the ophthalmic lens
is configured as a toric lens. 



19. The ophthalmic method of Claim 15, 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. 20. The ophthalmic method
of Claim 15, wherein the ophthalmic lens has a
selected edge thickness at the 45 degree meridian. 21.
The ophthalmic method of Claim 15, wherein the
selected edge thickness is between 0.2 and 0.3 mm. 22.
The ophthalmic method of Claim 19, wherein the edge
thickness varies periodically. 23. The ophthalmic
method of Claim 15, wherein the aspheric surface is
shaped with a single asphericity for all cylinder
meridians. 24. The ophthalmic method of Claim 15,
wherein the aspheric surface is shaped with a first
asphericity for a first meridian and a second
asphericity for a second meridian. 25. The ophthalmic
method of Claim 15, wherein the first and second
meridians are the principle meridians.26. The
ophthalmic method of Claim 15, wherein the haptics are
formed of ACRYSOF. 27. The ophthalmic method of Claim
15, wherein the haptics are roughened to promote
adherence with biological material. 28. The ophthalmic
method of Claim 15, wherein selecting the ophthalmic
device comprises selecting the ophthalmic device to
minimize residual astigmatism in the eye. 29. The
ophthalmic method of Claim 15, wherein selecting the
ophthalmic device comprises selecting the ophthalmic
device to maintain a preoperative cylinder axis. 30.
The ophthalmic method of Claim 15, wherein selecting
the ophthalmic device comprises selecting the
ophthalmic device to reduce residual astigmatism at
selected meridians. 31. The ophthalmic method of Claim
15 comprising, aligning the ophthalmic lens with a
meridian of an astigmatism using markers on the
ophthalmic lens. 32. An ophthalmic lens comprising: an
anterior surface; and a posterior surface one of the
anterior or posterior surface having asphericity and
one of the anterior or posterior surface having
toricity. 33. The ophthalmic lens of Claim 32, wherein
a single surface is shaped with asphericity and
toricity.34. The ophthalmic lens of Claim 33, wherein
the single surface is defined by: sag =toric(r,q) ,
wherein cx cos2 q +c sin 2 q)r2 



toric(Rave ,r, q) = . , wherein 1+ l - (\ +kx )cx 2r 2
cos2 q - l +ky )cy 2r 2 sin 2 q 1 1 35. The ophthalmic
lens of Claim 32, wherein separated surface have the
toxicity and asphericity. 36. The ophthalmic lens of
Claim 35, wherein the first surface and second surface
are defined by: sagx toric(r,q) and sag2 = asph(r) ,
wherein: (C cos 2 +c sin2 q)r 2 toric(r,q) = 1+ l - (1
+ kxx)cx 2r 2 cos2 q - (1 + ky )c]r 2 sin2 q ' and Cc
1 C =T1 ~ A 


