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FITTING METHOD FOR MULTIFOCAL LENSES
Field of the Invention
The mnvention relates to fitting ophthalmic lenses useful for the correction of
presbyopia. In particular, the invention provides methods for fitting multifocal

contact lenses to correct presbyopia.

Background of the Invention
As an individual ages, the eye 18 less able to accommodate, or bend the
natural lens, to focus on objects that are relatively near to the observer. This
condition 18 known as presbyopia. Similarly, for persons who have had their natural
lens removed and an itraocular lens inserted as a replacement, the ability to

accommodate 1s absent.

Among the methods used to correct for the eye’s failure to accommodate 1s a
method known as mono-vision in which a single vision lens for correction of
distance vision 18 used 1n the lens wearer’s dominant eye and a single vision lens for
correction of near vision 1s used 1n the non-dominant eye. Another known method
for correction of presbyopia 1s to use bifocal or multifocal contact lenses 1n both of
the individual’s eyes. Yet another method of treating presbyopia 1s to place a bifocal

or multifocal lens 1n one eye and a single vision lens 1n the other eye.

Regardless of the correction method used, successtul fitting of the lenses
using conventional methods 1s a function of trial and error. Typically, once the
individual 1s refracted to determine the visual correction required, a set of trial lenses
will be used by the eye care practitioner in a search for the highest level of visual
comfort when viewing a standard visual target. Among the disadvantages 1in using
this method to fit multifocal lenses 1s that the simultaneous 1mages presented to the
lens wearer’s retinas requires that the effect of image blur be minimized. To

minimize blur, the natural depth of focus, pupil size variations on accommodation
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and eye dominance need to be used to provide the best resolved near and distance

images, but no established diagnostic protocol exists to obtain this information from
the individual. Therefore, success in fitting multifocal lenses is highly variable
5 among eye care practitioners and success rates are, on average, less than about 52 %

over an average of 3.2 fitting visits.

Summary of the Invention
In accordance with an aspect, a method is provided for fitting multifocal
10 contact lenses, comprising the steps of:
a.) assessing a potential for a successful multifocal lens fitting for an
individual comprising calculating an index of satisfaction with habitual
correction, S =D + N + O +G, for an individual and fitting for said
lenses if the index of satisfaction, S, is calculated to be less than 19;
15 b.) determining a dominant and a non-dominant eye for the individual;
¢c.) measuring a manifest refraction for each eye of the individual;
d.) determining an add power for the individual;
¢.) fitting a multifocal lens on each of the dominant and non-dominant
eyes of the individual.
20) wherein D is distance vision satisfaction, N is near vision satisfaction, O
is overall vision satisfaction, and G is glare perception, and each value is an
integer from | to 5 with 1 being the lowest level of satisfaction and 5 being

the highest level 15 of satisfaction.
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2a
Detailed Description of the Invention and Preferred Embodiments

The invention provides methods for fitting multifocal contact lenses. The

methods of the invention provide fitting of multifocal lenses that are less time

consuming and result in more successful fittings than conventional methods.

In one embodiment, the invention provides a method for fitting multifocal
contact lenses comprising, consisting essentially of, and consisting of: a.) assessing a
potential for a successful multifocal lens fitting for an individual; b.) determining a
dominant and a non-dominant eye for the individual; ¢.) measuring a manifest
refraction for each eye of the individual; d.) determining an add power for the
individual; e.) fitting a multifocal lens on each of the dominant and non-dominant
eyes of the individual; and, optionally, f.) assessing lifestyle visual needs for the
individual and refining the fit performed in step e.) for the dominant ¢ye, the non-

dominant eye, or both based on the assessment.

For purposes of the invention, by “dominant eye” is meant the eye that is
determined by the eye care practitioner to be the eye the correction for which should
be optimized for distance vision and the non-dominant eye refers to eye the

correction for which should be optimized for near vision.

In the first step of the method of the invention, the potential for successful
multifocal lens fitting for the individual is assessed. The purpose of the assessment

is to identify those individuals who are unable to adapt to a multifocal lens as well as
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those who will not be satisfied with the visual performance of the lens. It 1s one
discovery of the invention that visual satisfaction with a newly prescribed multifocal

5 lens strongly correlates with the individual’s satistaction with his or her habitual
vision correction. Additionally, four parameters were 1dentified as most important
in determining the visual satisfaction with the habitual correction, which factors are
distance vision satisfaction, near vision satisfaction, overall vision satisfaction and
glare perception. An index of satisfaction with habitual correction 1s:

10
S=1(D, N, O, G)

wherein D 1s distance vision satisfaction;
N 18 near vision satisfaction;
15 O 1s overall vision satistaction; and

G 18 glare perception.

Each variable may be rated on a scale such as 1 to 5, with 1 being the lowest
and 5 the highest. In such a scale, 1f the D, N, O, and G are summed, an S of 16 or
20  more 1s high and 19 1s very high. Individuals with high or very high S values are
those unlikely to be successtully fitted because they are sufficiently satisfied with
their habitual correction that 1t 1s unlikely that a benefit from being fitted with
multifocal lenses will be perceived and such individuals are screened out from
multifocal lens fitting. Thus, only individuals with a satisfaction index of less than

25 19 and preferably less than 16 are fitted with multifocal lenses.

Optionally, one or more variables may be added. For example, if the
individual 1s highly motivated to wear multifocal lenses or they have dry eye
symptoms, variables may be added into determining of the satisfaction index. As

30 another alternative, other factors may be included such as disparity or anisometropic

blur, between the eyes and comfort with wearing contact lenses. Additionally, the
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function may be refined based on the lifestyle assessment. For example, D and G
may be weighted more heavily than N and O 1f the individual 1s truck driver. This

may be reflected, for example, 1n the following equation:

S=WpD + WxN + WO + WG

wherein Wp 1s the weight on the distance score;
Wy 1s the weight on the near score;
Wo 1s the weight on the overall vision satisfaction; and

W 1s the weight on the glare perception score.

Still as another alternative, objective visual performance may be included.
For example, individuals with visual acuity equal to or better than 20/25 at distance
and 20/30 at near will be significantly less likely to be successtully fitted with new

multifocal lenses.

An alternative or additional step for assessing the success potential 1s to
assess blur tolerance by having the individual view a target at a distance, preferably
a chart at about 20 feet while adding measured amounts of defocus, or plus power, to
cach eye 1n turn. More preferably, blur tolerance 1s measured at 20 feet and a near
distance of about 40 cm. The measured individuals may be categorized by the blur
response. For example, individuals may be categorized as tolerant to blur
bilaterally, tolerant to blur unilaterally, sensitive to blur bilaterally or sensitive to
blur unilaterally. Those individuals in either of the unilateral categories more likely
will be successtully fitted for multifocal lenses than those 1n either of the two

bilateral categories.

Once 1t 1s determined that the individual 1s to be fitted with multifocal lenses,
subsequently, the dominant eye 1s determined, manifest refraction 1s measured, an

add power 1s determined, and, optionally, lifestyle visual needs are assessed. The
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dominant eye may be determined by any convenient method, but preferably 1s

determined by assessing the binocular blur tolerance as described above.

The manifest refraction, meaning the distance vision at infinity and near
vision correction needed for what 1s comfortable reading vision, 1s measured without
cycloplegia of the eyes. The measurement 1s carried out using any convenient
method and equipment including, without limitation, use of a phoropter or

10 aberrometer. Comfortable vision may be defined subjectively by the individual’s
response or objectively as by determining the distance at which the individual
experiences binocular fusion and the 1image size 1s optimized against convergence

needs.

15 The add power, meaning positive sphere power 1n addition to that required
for distance correction, 1s determined by any convenient method. Preferably, the

add power 1s determined using the binocular cross, or fused cross, cylinder.

Once manifest refraction 1s measured, increasing plus power 1s added to each
20 ecye while measuring the visual performance. Typically, individuals will prefer
power that 1s more plus than the manifest refraction by an amount equal to one-half
of the depth of focus. The depth of focus will vary with the physiology of the eye,
corneal and crystalline lens aberrations and the eye’s optic axis length. The range of
additional plus power will be about 0.5 to about 1.5 diopters and typically will be
25 about 0.5 diopters. It 18 important to achieve minimum 1mage blur for both eyes at
the same distance, unless the individual 1s being fitted for monovision or modified

monovision, to minimize the anisometropic image blur and achieve best stereopsis.

The individual’s dominant and non-dominant eyes are then fit with lenses.

30 The dominant eye 1s fit with a multifocal lens that provides visual acuity correction
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substantially equal to the spherical equivalent, or sphero-cylindrical manifest
refraction. The non-dominant eye 1s fit with a lens 1n accordance with the add
power. Typically, the non-dominant eye will have less than about 0.5 diopters more

plus power than the spherical equivalent for that eye.

After the individual 1s first fitted with the lenses, the lenses preferably are
worn for some period while the individual remains 1n the practitioner’s facilities to
assess 1nitial adaptation. The assessment may include one or more of over-refraction
to ensure the lenses provide the intended correction, tolerance testing, image blur
suppression testing, and subjective image quality testing. Thereafter, preferably the

individual 1s reassessed 1n seven to ten days.

The fit on the dominant and non-dominant eyes may be, and preferably are,
optimized for best subjective distance and near vision to take into account the
lifestyle visual needs. Thus, 1n an optional step an assessment of the individual’s
lifestyle needs may be carried out and the lenses’ fit optimized based on those needs.
The assessment may be carried out by any convenient method including, without
limitation, questioning of the individual directly or through the use of a

questionnaire

The responses may be weighted and then added to provide a weighted score
for determining the balance between distance and near vision needs. Alternatively,
the responses may be grouped 1n two groups; one to modulate lens selection for the
dominant eye and one for the non-dominant eye. Weighted scores may be obtained

for each group and used to determine the first fit.

The fitting method of the mnvention may be used to fit a variety of multifocal

lenses, but may find 1ts greatest utility 1n the fitting of lenses from a set of three
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lenses, cach lens having a power profile different from that of cach of the other

lenses and the lenses satistying the following relationships:

5
D> -0.14x Rx add +0.84
N >-0.08x Rx add +0.64
Ad <02
10 An<0.2

wherein D is a mean value of a binocular weighted distance ratio for pupil
diameters from 2.5 to 6 mm:;
Rx add 1s the additional power 1n diopters added to the distance prescription to

15 provide near vision correction for an individual;

N 1s a mean value of a binocular weighted near ratio for pupil diameters from 2.5

to 6 mm;

Ad is a mean value for a disparity at distance vision between the first and second

lens for pupil diameters of about 2.5 to 6 mm; and

20  Anis a mean value for a disparity at near vision between the first and second lens for

pupil diameters of about 2.5 to about 6 mm.

The binocular weighted distance ratio (D) 1s the maximum of the weighted
distance ratio of the dominant eye (“d;”’) and the weighted distance ratio of the non-
25 dominant eye (“d»”) or D = max (dy, d»). The weighted near ratio (“N”) 18 the
maximum of the weighted near ratio of the dominant eye (“n;”) and the weighted

near ratio of the non-dominant eye (“n,””) or N = max (ny, np).

The monocular weighted distance and near ratios may be calculated for

30 wvarious pupil sizes for each eye and are measures of how well the power at any
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orven lens radius meets the distance and near requirements, respectively, of the lens
wearer. The ratios also measure how well a single lens may be expected to pertorm
relative to 1deal given the wearer’s sphere and add prescriptions. The weighted
distance and near ratios will have a range of values from 0 to 1.0, with 0 meaning
that no benefit 1s provided at the required distance for the lens wearer and 1.0
meaning that the lens fully corrects the wearer at the distance. For rotationally
symmetric power profiles, the monocular weighted distance ratio may be calculated

by integrating over the lens radius to give:

]E [1 — tanh(O.S * ‘ P(r)—Rx SphereD dr
d(R) =~

R
I rdr
0

(1)
wherein R 15 a radius of the pupil;
Rx sphere 18 a sphere prescription power in diopters for the eye that the monocular
weighted ratio 18 being calculated;
tanh 18 the hyperbolic tangent ; and

P(r) 1s the power of the lens plus eye given by the following equation:

P(ry=PFP,(r)+584,,* r°+ F

(1)
wherein SA.. 18 the spherical aberration of the eye and preferably 1s 0.1
diopters/mm®;
F 1s the lens fit, meaning the change from nominal, 1n diopters;

r 1s a radial distance from the center of the contact lens; and
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Pcr(r) 18 the radial power distribution, or power profile, for the contact lens. For a

specific design, the power distribution 1s provided as a series of Pcy (1) 1n increments

of 0.25 diopters.

The radial power distribution, or power profile, (Pcr(r)) of the lens 1s the
axial power of the lens 1n air and may be calculated from the surface shapes,

thickness and index of retraction of the lens.

The monocular weighted near ratio may be calculated by mtegrating over the

lens radius to give:

R

I [1 — tanh(O.S * |P(r) — Rx _sphere — Rx _ add‘)]rdr
n(R) ==

R

I rdr

0
(11I)

wherein R, 1s the radius of the pupil;

Rx sphere 18 a sphere prescription power in diopters for the eye that the monocular

weighted ratio 18 being calculated;

tanh 1s the hyperbolic tangent;

P(r) 1s the power of the contact lens plus eye given by Equation II; and

Rx add 1s an additional power 1n diopters added to a distance prescription to provide

near vision correction for the individual.

For non-rotationally symmetric power profiles, the monocular weighted

distance ratio may be calculated by integrating over the lens radius to give:
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27 R
I j [1 — tanh(O.S * ‘P(r, D)—-Rx _ Spherel)]rdrd(j[)
d(R) =" —

j Trdrd(]i)
0 O

(1V)
wherein R, Rx sphere, tanh and P(r) are as set forth above: and

@ 18 a polar angle.

10 The monocular weighted near ratio for non-rotationally symmetric power

profiles may be calculated by integrating over the lens radius to give:

27 R

I j [1 — tanh(O.S * ‘P(r, D)—- Rx sphere— Rx add|)]rdrd(1)
n(R)=-=--

27 R

| [rdraa

0 0
(V)
15
For symmetrical diffractive lenses, the monocular weighted distance ratio

may be calculated by integrating over the lens radius to give:

1 —tanh| 0.5% Zem *P (r)— Rx| | |rdr
20 d(R) =5 -
rdr

 S—

=i 1

(VD)

wherein m 1s the diffractive order:;
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Pn(1) 1s the power profile into order m;

¢, 18 the diffractive efficiency into order m; and
5 Za‘m 1s 1.

Equations II, IV and V may be similarly modified.

For purposes of the invention, by * a set of three lenses™ 18 not meant literally
only three lenses, but rather three subsets of lenses each of which subsets 1s
10 composed of multiple lenses that provide sphere power and add power over desired

ranges. Preferably, each subset 1s composed of multiple lenses that provide sphere

power over the range of —12.00 to +8.00 diopters 1n 0.25 diopters increments and
add power over the ranges of 0.75 to 2.50 diopters 1n increments of 0.25 diopters.
More preferably, one subset of lenses provides sphere power over the range of —

15 12.00 to +8.00 diopters 1n 0.25 diopters increments and add power over the ranges
of 0.75 to 1.75 diopters 1in increments of 0.25 diopters, a second subset of lenses
provides sphere power over the range of —12.00 to +8.00 diopters 1n 0.25 diopters
increments and add power over the ranges of 0.75 to 2.50 diopters in increments of
0.25 diopters, and a third subset of lenses provides sphere power over the range of —

20 12.00 to +8.00 diopters 1 0.25 diopters increments and add power over the ranges

of 1.25 to 2.50 diopters in increments of 0.25 diopters.

Still more preterably, the method the invention 18 used 1n conjunction with
the fitting of lenses from a set of three lenses, each lens having a power profile

25 different from that of each of the other lenses and the lenses satistying the following

relationships:

30
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D>-0.14x Rx add +0.84

N >-0.08xRx add +0.64

Ad £0.2

An<0.2

wherein the front surface, or object side surtface, of the lens 1s a zone multifocal
surface or a continuous aspheric multifocal surface and the back surface, or eye side

10  surface, of the lens 18 an aspheric surface. By “zone multifocal surface™ 1s meant
that there 1s a discontinuity as one moves from one power zone to another power
zone. The aspheric back surface preferably has a radius of approximately 7.20 to
8.10 mm and more preferably 7.85 mm, from the geometric center to the lens edge
and a conic constant of —0.26.

15

In a still more preferred embodiment, the fitting method of the invention is

used to fit lenses having a front multifocal surface with five, radially symmetric
zones that alternate between near correction and distance correction or near, distance
and intermediate correction and an aspheric back surface with a radius of

20 approximately 7.20 to 8.10 mm and more preferably 7.85 mm, and a conic constant

of —0.26. In Table 2 below provides more preferred values for the set of three

lenses, A, B, and C within this embodiment.

25

30
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Table 2
A B C
Nominal Zone Height 0.6 0.9 1.9
(diopters)
Zone Height Range 0.31t00.8 0.7t0 1.2 1.7 to 2.1
Spherical Aberration 01 0.17 -0.1
(diopters/mm°)
Spherical Aberration -0.08 to 0.12 -0.14 to —0.20 -0.8t0 —0.12
Range
Zone Transitions-1* 0.75 0.7 1
Zone Transitions-1* 0.65 to 0.85 0.6 t0 0.8 0.9to 1.1
Range
Zone Transitions-2d 1.25 1.3 1.95
Zone Transitions-2d 1.15 to 1.35 1.2to 1.4 1.85 t0 2.05
Range
Zone Transitions-3™ 2 1.95 2.5
Zone Transitions-3" 1.9 to 2.1 1.85 t0 2.05 2.4 10 2.6
Range
Zone Transitions-4" 2.5 2.55 3.45
Zone Transitions-4" 2.4102.6 2.45 10 2.65 3.35t0 2.55
Range

10

15

In a yet more preferred embodiment, the fitting method of the invention 1s

used to fit a set of three lenses, each lens having a power profile different from that

of each of the other lenses and the lenses satisfying the following relationships:

D>-0.14xRx add + 0.84

N >-0.08x Rx add +0.64

Ad <0.2

An<0.2

wherein the front surface 1s a zone multitocal surtace in which 1n each zone 1s

incorporated spherical aberration 1n which spherical aberration of the near zones
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may be an additional plus or minus 0.05 to 0.2 diopters/mm” from that of the

distance zones.

Alternatively, whether the multifocal surface 1s a continuous or
discontinuous surface, the spherical aberration for distance and near may be adjusted

according to the following equations:

SArx= SAg + ¢*Rx sphere
0.0044 < ¢ <0.0052
wherein SAg 18 the spherical aberration of the design for an Rx sphere that equals
0.0 diopters;
c 15 a constant of a value between 0.0044 and 0.0052 and preferably 1s 0.0048.
The back surface of the lens 1n these embodiments 1s preferably aspheric with a

radius of approximately 7.20 to 8.10 mm, more preferably 7.85 mm and a conic

constant of —0.26.

In yet another embodiment of the invention, the fitting method 1s used to fit a
set of three lenses, each lens having a power profile different from that of each of the

other lenses and the lenses satistying the following relationships:
D> -0.14x Rx add +0.84

N >-0.08x Rx add +0.64

STD(Pg(r)) <0.15 for 1.25 <r <3.

30 wherein STD 1s the standard deviation; and

Pg(r) 1s the effective lens plus—eye power given by the following equation:
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15

P.(r)= IP(r) * rdr

(V1)

wherein P(r) 1s the power of the contact lens on the eye given by:

P(’”):Pc],(’”)'*'SAeye *ri+ F
(VIII)

wherein SA.y. 1S the spherical aberration of the eye and preferably is 0.1
diopters/mm?;

I 1s the lens fit, meaning the change from nominal, in diopters;

r 1s a radial distance from the center of the contact lens; and

Pcr(r) 1s the radial power distribution, or power profile, for the contact lens. For a
specific design, the power distribution is provided as a series of P¢r(r) in increments

of 0.25 diopters.

In the zone designs used with the fitting method of the invention, the first
zone, or the zone that is centered at the geometric center of the lens may be, and
preferably is, a zone that provides distance vision correction or it may provide near
or intermediate vision correction. In lens pairs, the first zone may be the same or
different. Similarly, in continuous, aspheric multifocal designs, the correction at the
center of each of the lens pairs may be the same or different and may be selected

from distance, intermediate and near correction.

Contact lenses that may be used in the fitting method of the invention
preferably are soft contact lenses. Soft contact lenses, made of any material suitable
for producing such lenses, preferably are used. Illustrative materials for formation
of soft contact lenses include, without limitation silicone elastomers, silicone-

containing macromers including, without limitation, those disclosed in United States

Patent Nos. 5,371,147, 5,314,960, and 5,057,578,
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hydrogels, silicone-containing hydrogels, and the like and combinations thereof.
More preferably, the surface is a siloxane, or contains a siloxane functionality,
iIncluding, without limitation, polydimethyl siloxane

macromers, methacryloxypropyl polyalkyl siloxanes, and mixtures thereof, silicone

hydrogel or a hydrogel, such as etafilcon A.

A preferred lens-forming material 1s a poly 2-hydroxyethyl methacrylate
polymers, meaning, having a peak molecular weight between about 25,000 and
about 80,000 and a polydispersity of less than about 1.5 to less than about 3.5
respectively and covalently bonded thereon, at least one cross-linkable functional
eroup. This material is described in United States Patent No. 6,846,892. Suitable
materials for forming intraocular lenses include, without limitation, polymethyl
methacrylate, hydroxyethyl methacrylate, inert clear plastics, silicone-based

polymers, and the like and combinations thereof.

Curing of the lens forming material may be carried out by any means known
including, without limitation, thermal, irradiation, chemical, electromagnetic
radiation curing and the like and combinations thereof. Preferably, the lens is
molded which is carried out using ultraviolet light or using the full spectrum of
visible light. More specifically, the precise conditions suitable for curing the lens
material will depend on the material selected and the lens to be formed.
Polymerization processes for ophthalmic lenses including, without limitation,

contact lenses are well known. Suitable processes are disclosed in U.S. Patent No.

5,540,410,
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What 1s claimed 1s:

l. A mcthod for fitting multitocal contact lenses, comprising the steps of:

a.) assessing a potential for a successful multifocal lens fitting for an
individual comprising calculating an index of satisfaction with habitual
correction, S = D + N + O +G, for an individual and fitting for said lenses if

the index ol satisfaction, S, is calculated to be less than 19;

b.) determining a dominant and a non-dominant eye for the individual;
¢c.) measuring a manifest refraction for each eye of the individual;

d.) determining an add power for the individual;

e.) fitting a multifocal lens on each of the dominant and non-dominant eyes of

the individual,

wherein D 1s distance vision satistaction, N 1s near vision satisfaction, O 1s overall
vision satistaction, and G 1s glare perception, and each value 1s an integer from 1 to 5
with 1 being the lowest level of satistaction and 5 being the highest level 15 of

satistaction.

2. The method of claim 1, wherein the multifocal lens (itted on the dominant eye
1s optimized for distance vision, and the multifocal lens fitted on the non-dominant eye is

optimized for near vision.

3. The method of claim 1 or 2, further comprising f.) assessing lifestyle visual
needs for the individual and refining the fit performed in step e.) for the dominant eye,

the non-dominant eye, or both based on the assessment.

4, The method of claim 3, wherein the fit 1s refined by refining the index of
satisfaction with habitual corrcction as S= WpD + Wy N + WO + WG, where Wp 1s the
welght on the distance score, Wy 1s the weight on the near score, W 1s the weight on the

overall vision satisfaction, and W 1s the weight on the glare perception score.
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5. The method of any one of claims 1 to 4, wherein step a.) further comprises
assessing blur tolerance for each eye.
0. The method of claim 5, further comprising categorizing the individual as

tolerant to blur bilaterally, tolerant to blur unilaterally, sensitive to blur bilaterally or

sensitive to blur unilaterally.

7. The method of any one of claims 3 to 6, wherein step f.) further comprises

providing a weighted score for determining the balance between a distance vision and a

near vision need for the individual.

8. The method of any one of claims 3 to 7, wherein step f.) further comprises
grouping assessment responses into a first group to modulate lens selection for the
dominant ¢ye and a second group for the non-dominant eye and obtaining weighted

assessment scores for each group.
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