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(57) ABSTRACT 

An arti?cial lens including a lens system having eccentric 
aXes for in an eye having a macula and an enlarged natural 

pupil is shoWn. The arti?cial lens comprises a ?rst optical 
lens system and a second optical lens system. The principal 
axis of each optical lens system is eccentric to each other and 
the distance betWeen each principal axis is selected to enable 
the ?rst optical lens system and the second optical lens 
system to be operable Within the enlarged pupil. The lens 
system of the arti?cial lens system directs light rays from 
each image of each lens of the ?rst optical lens system and 
second optical lens system onto a fovea centralis of the 
macula of an eye. In the preferred embodiment, a prism 
having a preselected diopter poWer is positioned on a 
selected surface of one of the ?rst optical lens system and 
second optical lens system for directing light rays from an 
object onto a fovea centralis of the macula of an eye. A 
contact lens having an eccentric optical system is also 
shoWn. 
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ARTIFICIAL LENS INCLUDING A LENS SYSTEM 
HAVING ECCENTRIC AXES FOR USE IN AN EYE 
HAVING AN ENLARGED PUPIL AND METHOD 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] This Application is a Division of US. patent appli 
cation Ser. No. 09/123,588 ?led Jul. 28, 1998, noW pending, 
Which is a Continuation-in-Part of US. patent application 
Ser. No. 08/854,162 ?led May 9, 1997 Which is a Division 
of Ser. No. 08/352,381 ?led Dec. 8, 1994, noW abandoned. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates to the ?eld of ophthalmic 
optics and arti?cial lens adapted to be af?Xed to an eye and 
more speci?cally relates to an arti?cial lens adapted to be 
located in an eye having a macula and an enlarged pupil 
Wherein the arti?cial lens comprises an optical lens system 
Wherein each principal aXis is eccentric to each other for 
directing light rays from each image of each lens onto the 
fovea centralis of the macula of an eye. In the preferred 
embodiment a ?rst lens system having a prism directs 
paracentral light rays from a near object onto the fovea 
centralis of the macula and a second lens system having a 
prism positioned in a cooperating relationship to the ?rst 
lens system directs central light rays from a distant object 
onto the fovea centralis of the macula of an eye. 

[0004] This invention also relates to method for producing 
multiple images of an object for an eye having an enlarged 
pupil using an optical lens system Wherein the principal aXis 
of each lens system is eccentric to each other. 

[0005] 2. Description of the Prior Art 

[0006] It is knoWn in the art that When the optical poWer 
of the natural eye is emmetropic, the eye is naturally focused 
for distance With the ciliary body at rest. The natural eye has 
the ability to change (increase or decrease) the converging 
poWer of the natural (crystalline) lens for near vision and for 
intermediate vision, that is vision in the range of about 10“ 
to about 18“ or 20“. 

[0007] With aging, the eye’s natural (crystalline) lens 
loses its ability to adequately increase its converging poWer. 
In order to provide for a sharp focus near vision, it is knoWn 
in the art to make use of arti?cial lens systems. It is also 
knoWn in the art to utiliZe a plurality of arti?cial lens 
systems such as spectacles (sometimes referred to as 
glasses), contact lens, intraocular lens, corneal lens and 
intracorneal lens, all of Which are utiliZed to produce a 
focused near vision. Such lens systems are designed to use 
concentric lens systems for distant and near images and the 
images are passed through the natural round pupil as the 
only entrance of light to the retina. 

[0008] Spectacles (sometimes referred to as glasses) are 
Well knoWn in the art and are selected to have a diopter 
poWer to produce the correction required to focus near 
vision. Also, it is knoWn in the art that such glasses or 
spectacles comprise bifocal lens for near and distant vision 
correction or trifocal glasses for near, intermediate and 
distant correction vision, all of Which use the central rays 
through the lens system chosen by the patient for use. 
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[0009] Contact lens likeWise are Well knoWn in the art. 
Typical of the knoWn prior art Which describes contact lens 
are US. Pat. No. 3,034,403 relating to a contact lens of 
apparent variable light absorption characteristics; US. Pat. 
No. 3,270,099 Which relates to a method for making multi 
focal length, concentric contact lens and US. Pat. No. 
4,402,579 Which discloses and teaches various concentric 
aXes contact lens structures. 

[0010] Typically, contact lens are positioned over the 
anterior surface of the pupil. The natural crystalline lens and 
iris remain in place and perform their natural functions and 
cooperate With the contact lens to focus the appropriate 
images on the fovea centralis of the macula. 

[0011] It is also knoWn in the art to utiliZe prisms in 
glasses and spectacles both located along the same aXis to 
improve the image focused on the natural crystalline lens. 

[0012] US. Pat. No. 4,648,878 discloses a single lens in 
FIG. 6 thereof having a prism and Wherein the lens is 
located in the posterior chamber. 

[0013] It is also knoWn in the art to utiliZe intraocular lens 
to replace the natural crystalline lens in a cataracts operation. 
Intraocular lens are implanted into either the anterior cham 
ber or posterior chamber of the eye and are utiliZed in place 
of the natural crystalline lens. Typical of such intraocular 
lens are US. Pat. No. 4,010,496 Which discloses a bifocal 
lens Which is positioned Within the anterior chamber; US. 
Pat. No. 4,244,060 Which discloses an intraocular lens 
having a lens body and a plurality of lens-centering ?la 
ments extending outWardly in a common plane from spaced 
rim portions of the lens body; US. Pat. No. 4,485,499 Which 
discloses intraocular posterior chamber lens and US. Pat. 
No. 4,976,732 Which discloses an optical lens Wherein the 
lens body has integral thereWith a predetermined area Which 
is adapted to selectively intercept and pass light through the 
lens body in a manner to obtain an optical effect for 
substitution of the loss of accommodation of a phakic, 
aphakic and pseudophakic eye. 

[0014] US. Pat. No. 4,994,080 discloses an optical lens 
having stenopaeic openings located in the central area 
thereof Which produces parallel light transmitting paths for 
passing light rays along a path de?ning the visual aXis of the 
eye and forWarded onto the fovea centralis in a manner to 
obtain an optical effect by increasing the depth of focus of 
the eye in order to substitute for the loss of at least one of 
the focusing poWers and the accommodation of the eye. 

[0015] Arti?cial lens are also knoWn in the art Which are 
capable of being implanted onto the cornea anterior to the 
stromal surface of an eye. The arti?cial lens becomes 
encapsulated by groWth of the corneal epithelium of the 
cornea of the eye over the anterior surface of the implanted 
lens implanting the same. One such arti?cial lens fabricated 
from a collagen-hydrogel material is disclosed in US. Pat. 
No. 5,112,350. 

[0016] The natural (crystalline) lens degrades as the age of 
an individual approaches the 40-to-50-year-age range such 
that the natural lens can no longer adequately change shape 
due to an increase in rigidity and loss of elasticity of the lens 
of the eye causing defective accommodation and inability to 
focus sharply for near vision. This condition is referred to as 
a presbyopia. 
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[0017] When this occurs, an individual requires additional 
converging power (plus) for near vision. This is commonly 
supplied by the loWer lens in a bifocal arti?cial lens, such as 
glasses. As the individual approaches the age range of 
65-to-70-years, substantially all of the natural converging 
poWers of the lens is lost and additional convergence for 
near requirement must be made stronger. In such instances, 
the bifocal lens of the glasses, contact lens or arti?cial lens 
must supply all the convergence of light for near vision. 

[0018] FolloWing cataract extraction and intraocular lens 
implantation, there remains the need for additional conver 
gence of light for near vision. With monofocal intraocular 
lens (“IOL”) focused for distance, the near vision conver 
gence must be completely supplied by the bifocal glasses or 
a single vision reading glasses. 

[0019] Multiple lens IOLs are knoWn in the art and 
typically create multiple light rays or images Which are 
directed on the macula. The arti?cial lens disclosed in US. 
Pat. Nos. 3,034,403 and 4,976,732 described above produce 
multiple light rays for the eye. Typically, the multiple lens 
IOLs do not have provisions for restricting the light from 
near and far and spontaneously ?ood the macula With excess 
light. Also, light passing through multiple lens IOLs enters 
the eye through each of the optical systems resulting in both 
a sharp image and a blurred image of the same image 
impinging upon the fovea centralis of the macula. This 
results in: (a) loss of color purity; (b) loss of contrast; and (c) 
inability of the retina to adapt since the brain perceives the 
?ooding and receipt of extraneous light as too much light. 

[0020] US. Pat. No. 4,906,245 discloses an implantable 
lens or contact lens adapted for use in an eye having a natural 
pupil as a replacement for a defective natural lens in the eye 
in Which various portions of the lens have different poWers 
and focal lengths to produce in-focus images on the retina of 
objects Which are located at various distances from the eye, 
thereby substituting for the natural focusing action of the 
eye. 

[0021] An intraocular lens that functions as a regular 
intraocular lens and, in tandem With or concentric With a 
high plus spectacle lens, as a Galilean telescope, Was 
described in an article entitled “The Telescopic Intraocular 
Lens” by Jeffrey KoZiol, M. D., Which appeared at pages 43 
and 44 of a compilation of papers presented at the Eleventh 
National Science Writers Seminar in Ophthalmology, Sep. 
16-Sep. 19, 1990, at Universal City, Calif. (the “KoZiol 
Reference”). The KoZiol Reference describes the telescopic 
intraocular lens as a teledioptic lens having a peripheral 
convex and central concave (minus) portion Which have 
concentric axes. A full range of visual ?eld and normal 
image siZe is achieved With the teledioptic lens. A magni?ed 
image is obtained When an image in a visual ?eld is vieWed 
through the minus portion of the lens and a high-plus 
spectacle. 

SUMMARY OF THE INVENTION 

[0022] None of the prior art discloses, teaches or suggests 
an arti?cial lens system adapted to be af?xed to an eye 
having an enlarged natural pupil involving the separation of 
retinal images and directing light rays from both near and far 
images such that simultaneously different light rays of the 
same object strike the fovea centralis of the macula. In the 
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preferred embodiment portions of the light rays are directed 
to locations superior and inferior to the fovea centralis of the 
macula. 

[0023] The knoWn glasses or spectacles having a prism do 
not place the prism on a selected surface of a lens to produce 
and direct disparate images to the fovea centralis of the 
macula. 

[0024] The lens system disclosed in US. Pat. No. 4,648, 
878 does not disclose, suggest or teach an optical system 
having a ?rst lens system and a second lens system for an 
eye having an enlarged natural pupil. The use of a prism in 
a single lens system does not result in the production of 
disparate images 

[0025] The intraocular lens of the prior art utiliZed in the 
eye function to pass light rays of both near and far vision 
images onto the fovea centralis of the macula. Under certain 
light conditions, the macula is ?ooded With excess light 
thereby making it more dif?cult for the brain to interpret the 
image due to the presence of excess and not completely 
focused light. 

[0026] In multiple lens IOLs, numerous light rays are 
presented to the macula through the multiple optical systems 
resulting in both a dull, less intense sharp image and a 
dulled, less intense blurred image of the same object. As a 
result, the retina is unable to adapt to the multiple images 
since the brain perceives the ?ooding of extraneous light and 
the blurred image as additional light making dark adaptation 
thereof dif?cult. The result is inadequate stimulation to drive 
the neurons. This is made Worse When loW illumination is 
present, such as at evening or at night. 

[0027] The lens implant or contact lens system of US. Pat. 
No. 4,906,245 does not disclose, suggest or teach an optical 
system having a ?rst lens system and a second lens system 
for implantation in an eye having an enlarged natural pupil. 

[0028] The telescopic intraocular lens of the KoZiol Ref 
erence requires use With a high plus, concentric spectacle to 
develop a magni?ed image. 

[0029] The present invention relates to a novel, neW and 
unique lens Which is in the form of an arti?cial lens 
including a multifocal optical lens system having eccentric 
axes Which is af?xed to an eye. The lens of the present 
invention overcomes each of the above problems associated 
With the prior art While concurrently producing a system for 
developing speci?c light rays from near and distant images 
of objects Which are focused on the fovea centralis of the 
macula. 

[0030] The arti?cial lens of the present invention is 
adapted for use in an eye and comprises means adapted to be 
af?xed to an eye having multifocal optical lens system 
Wherein the principal axis of each lens is eccentric to each 
other for directing light rays from each image of each of the 
multifocal lens onto a fovea centralis of the macula of an 
eye. In the preferred embodiment, the arti?cial lens includes 
an image producing means comprising a ?rst lens having a 
predetermined diopter poWer for receiving a near image and 
a prism having a preselected diopter poWer. The prism is 
positioned on a selected surface of the ?rst lens and directs 
paracentral light rays from a near object onto the fovea 
centralis of the macula of the eye and central light rays of the 
near object superior of the fovea centralis of the macula. The 
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arti?cial lens includes a second lens having a predetermined 
diopter power positioned eccentrically inferior of the ?rst 
lens for receiving light rays from a distant object. The 
second lens may include a second prism having a prese 
lected diopter poWer. The second prism is positioned on a 
selected surface of the second lens and directs paracentral 
light rays from the distant object onto a fovea centralis of the 
macula of the eye and central light rays from the distant 
object inferior of the fovea centralis of the macula. Also, a 
method is disclosed herein for producing multiple images 
for an eye comprising the step of af?Xing to an eye an 
arti?cial lens having a multifocal optical lens system 
Wherein the principal aXis of each lens is eccentric to each 
other for directing light rays from each image of each lens 
of the multifocal optical lens onto a fovea centralis of the 
macula of an eye. 

[0031] There is no provision to selectively minimize or 
eliminate the light rays from one system While utiliZing the 
other lens system. With the novel design of the present 
invention, the vertical eccentric arrangement of the lens 
systems makes it possible to selectively minimiZe the light 
rays from one of the lens systems by utiliZing variations of 
eye lid positions in relation to the lens systems. For example, 
When concentrating on an object of regard, that is the 
speci?c objected desired to be vieWed, from a distance 
through the distance lens system, the near lens system can be 
partially or completely occluded by the user intentionally 
loWering the upper lid. This results in “puri?cation” 
(decrease in unfocused light) of the distance image. With the 
user adapts to use of the lens, the user’s positioning of the 
eyelid occurs Without conscious attention. As the unused 
lens system is minimiZed by the lid, the brain perceives the 
change as “better” and it becomes natural to “purify” the 
image of the object of regard. 

[0032] Although it is knoWn in the prior art to utiliZe 
prisms in glasses, the prior art does not disclose, teach, 
suggest utiliZing an arti?cial lens Within the eye having a 
multifocal optical lens system Wherein the principal aXis of 
each lens system is eccentric to each other for directing light 
rays from each image of each lens of the multifocal optical 
lens system onto a fovea centralis of the macula of an eye. 
The arti?cial lens of the present invention maintains a 
separation of light rays from images of the tWo lens systems 
such that the fovea centralis of the macula Will not be 
simultaneously presented With a fuZZy image and a clear 
image of the same object. 

[0033] Thus, one advantage of the present invention is that 
the arti?cial lens system in the preferred embodiment is 
arranged such that the ?rst lens system located superiorly in 
the eye having an enlarged natural pupil, When in use, 
permits light to pass therethrough onto the fovea centralis of 
the macula thereby directing paracentral light rays of a near 
object onto the fovea centralis of the fovea centralis of the 
macula and central light rays of the same object superior of 
the fovea centralis of the macula. 

[0034] Another advantage of the present invention is that 
the multifocal optical system provides for near and distant 
correction of refractive error that does not use glasses or 
other similar eXternal eye devices. 

[0035] Another advantage of the present invention is that 
the tWo lens system in the lens optical system are eccentric 
and direct light rays from the same image onto the fovea 
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centralis of the macula of an eye having an enlarged pupil 
Wherein the principal aXis of each optical lens system is 
eccentric to each other and the distance betWeen each 
principal aXis is selected to enable the ?rst optical lens 
system and the second optical lens system to be operable 
Within the enlarged pupil for directing light rays from a 
different object or the same object vieWed through each of 
the ?rst optical lens system and second optical lens system 
onto a fovea centralis of the macula of an eye. 

[0036] The amount of separation of light rays of an image 
by a prism can be varied. If complete separation or disparity 
of the near and distance image is desired, a greater amount 
of prism can be placed in one or both of the ?rst optical lens 
systems and second optical lens system to create this com 
plete separation. If only slight disparity is desired, a very 
small amount of prism can be included in either or both of 
the distance and near lens systems. This very slight disparity 
has the effect of increasing depth perception or sterioposis. 
With the vertical eccentric arrangement, the image devel 
oped on the retina can be further puri?ed by changing the 
relative lid positions in relation to the lens systems thereby 
eliminating certain rays Which puri?es the image of the 
object of regard. This is especially valuable in scotopic 
conditions such as With night driving. By eliminating the 
unfocused light, the retina and brain are able to dark adapt. 

[0037] Another advantage of the present invention is that 
a prism may be used in one or both of the ?rst optical lens 
systems and second optical lens system to control the 
amount of de?ection of the paracentral light rays e.g., light 
rays Which did not enter the eye through the center of the 
cornea. For eXample, When a single object is simultaneously 
observed by the user through the tWo optical lens systems, 
a small amount of prism may be used to either cause or 
maintain complete separation of the tWo images (complete 
disparity) or to cause the tWo images to be closely super 
imposed or substantially superimposed (leaving only slight 
disparity for the increase in depth perception or increase in 
sterioposis). Accordingly, in the preferred embodiment, a 
prism may be used to completely separate the image 
observed through the tWo optical lens systems or to control 
the amount of separation of the images to bring about 
superimposition or almost superimposition (slight disparity) 
to improve the quality of depth perception of the object of 
regard. 

[0038] Another advantage of the present system is that the 
imaging producing means can be so arranged that When one 
lens system is in use, the light alloWed to go through the 
other or unused lens system is minimiZed or completely 
eliminated. By placing the “near optical vision system” 
superiorly on the arti?cial lens, the upper eyelid position can 
be varied and thereby be utiliZed to cover up the nearest 
system While primarily using the “distant optical vision 
system” to pass selected paracentral light rays from an 
image onto the fovea centralis of the macula. 

[0039] Another advantage of the present invention is that 
the natural pupil siZe can be altered or recon?gured by 
making the pupil larger and preferably an elongated verti 
cally shaped elliptical natural pupil. By altering the pupil 
siZe or con?guration, the quantity of available light is 
increased to 150% to 175% of the light that Would have 
traversed the untreated or unaltered pupil. This is a marked 
improvement over the prior art lens system Where the 
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transmitted light is divided between the tWo lens system. 
Therefore, approximately 65% to 75% light (compared to 
the quantity of the light passing through the unaltered pupil 
before treatment) Would be available for the lens system of 
the present invention to use to focus light rays from the 
images on the fovea centralis of the macula. If the pupil is 
not altered, only approximately 40% to approximately 45% 
of the light is available to be focused through each optical 
system. This is typical of the numerous lens design of the 
prior art described above. 

[0040] Another advantage of the present invention is that 
the arti?cial lens of the present invention can have one or 
both of the imaging lens system con?gured With an extended 
objective lens anterior to the iris plane to function as a light 
gathering means. 

[0041] Another advantage of the present invention is that 
eccentric location of the near system in a superior position 
can be utiliZed in an altered natural pupil, such as for 
example, in natural pupil Which is enlarged by forming the 
opening thereof into an oval shape resulting a large geo 
metrical dimension relative to the edge of and, if desired, 
superior to the original edge of the pupil. 

[0042] Another advantage of the present invention is that 
further eccentricity of the near lens system is achievable by 
altering the natural pupil by vertical elongation of the natural 
pupil or by use of an accessory pupil. A prism may be used 
to optically cause greater image separation or a reduction in 
image separation by the eccentrically arranged lens system. 
This reduction can be complete, if desired, to increase the 
perception of depth, or almost complete, e.g. slight disparity. 
Thus, the accommodation of a single eye may be used to 
enhance depth perception Which is different from and may 
be in addition to controlling or adjusting the depth percep 
tion or varying the amount of depth perception by varying 
the de?ection angle, by use of a prism, betWeen tWo eyes 
and/or the optical lens system used in both eyes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0043] These and other advantages of this invention Will 
be readily apparent When considered in light of the detailed 
description hereinafter of the preferred embodiment and 
When considered in light of the draWings set forth herein 
Which include the folloWing ?gures: 

[0044] FIGS. 1a, 1b and 1c are pictorial representations of 
the eye illustrating rotation positions of the eye about its 
rotational axis shoWing the positional relationship betWeen 
the natural crystalline lens and the macula; 

[0045] FIG. 2 is a front vieW of an eye having an arti?cial 
lens in the form of an intraocular lens having an eccentric 
lens system for producing near and distant macular images; 

[0046] FIG. 3 is a pictorial representation of an image 
producing means comprising a ?rst lens having a predeter 
mined diopter poWer and a second lens having a preselected 
diopter poWer eccentric to the ?rst lens for focusing similar 
images onto the fovea centralis of the macula in an eye; 

[0047] FIG. 4a is a pictorial representation of an image 
producing means having a ?rst lens having a prism and a 
second lens having a prism for directing light rays from near 
and far objects onto the eye, With the near image N1 directed 
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superior to the fovea centralis of the macula and the distant 
image D1 inferior of the fovea centralis of the macula; 

[0048] FIG. 4b is a pictorial representation of the ?rst 
optical lens system and the second optical lens system 
illustrated in FIG. 4a Which are eccentric, Without a prism, 
illustrating that the images received from an object of regard 
may be separated at the fovae centralis of the macula; 

[0049] FIG. 4c is a pictorial representation of the ?rst 
optical lens system and the second optical lens system 
illustrated in FIG. 4a Which are eccentric, With a prism, 
illustrating that the images received from an object of regard 
may be substantially imposed or closely imposed on the 
fovae centralis of the macula; 

[0050] FIG. 5 is a pictorial representation of an arti?cial 
lens of the present invention formed as an intraocular lens 
located in the anterior chamber of an eye; 

[0051] FIG. 6 is a pictorial representation of an arti?cial 
lens of the present invention formed as an intraocular lens 
located in the posterior chamber of an eye; 

[0052] FIG. 7 is a pictorial representation of an arti?cial 
lens of the present invention af?xed to the cornea of an eye 
subepithelially; 
[0053] FIG. 8 is a pictorial representation of an arti?cial 
lens of the present invention Which is implanted as an 
intracorneal lens intrastromal; 

[0054] FIG. 9 is a pictorial representation of an arti?cial 
lens of the present invention having a near lens system 
superior and a distant lens system inferiorly, in an eccentric 
arrangement, With the position of both lens system being 
beloW the upper eyelid; 

[0055] FIG. 10 is a pictorial representation of the position 
of the image producing means of FIG. 9 observing images 
beloW the eyelid; 

[0056] FIG. 11 is a pictorial representation of an eye 
having an arti?cial lens of the present invention Wherein the 
image producing means includes a ?rst lens system and a 
second lens system Wherein the near lens system is covered 
by the upper eyelid resulting in only the second lens system 
passing light rays from a distant object to the fovea centralis 
of the macula of the eye; 

[0057] FIG. 12 is a pictorial representation of an eye 
having image producing means Wherein the near lens system 
is occluded by the upper eyelid resulting in only the light 
rays from the distant object being passed by an arti?cial lens 
of this invention to the fovea centralis of the macula of an 
eye; 

[0058] FIG. 13 is a pictorial representation of a pupil 
having an accessory pupil formed therein Wherein a ?rst lens 
system is located posteriorly to the accessory pupil and the 
second lens system is located posteriorly to the natural pupil; 

[0059] FIG. 14 is a pictorial representation of an eye 
shoWing the front vieW of the eye having an accessory pupil 
formed therein for cooperating With the ?rst lens system and 
Wherein the natural pupil cooperates With the second lens 
system; 

[0060] FIG. 15 is a pictorial representation of an eye 
having an altered pupil to form the same into a vertical 
ellipitically shaped pupil for cooperating With an image 
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producing means having a ?rst lens system and a second lens 
system eccentrically arranged; 

[0061] FIG. 16 is a pictorial representation of an image 
producing means having a ?rst lens system having a ?rst 
lens and a prism and a second lens system having a second 
lens located in the accessory pupil and natural pupil, respec 
tively; 
[0062] FIG. 17a is a pictorial representation of a bi 
conveX lens; 

[0063] FIG. 17b is a pictorial representation of a double 
conveX lens having a prism operatively connected there 
betWeen adapted for use as a lens system; 

[0064] FIG. 17c is a pictorial representation of a ?rst lens 
system having a prism and a second lens system having a 
prism; 
[0065] FIG. 18 is a pictorial representation of an image 
producing means having a pair of eXtended objective lens 
having a lens system including a prism located at the distal 
end thereof for producing disparate macular images; 

[0066] FIG. 19 is a pictorial representation of the distal 
section of the lens system illustrated in FIG. 18 shoWing 
another embodiment of an image producing means; 

[0067] FIG. 20 is a pictorial representation of an arti?cial 
lens of the present invention having an eXtended objective 
lens and a prism in the superior location in an altered 
elongated natural pupil and a plano-conveX lens and a prism 
in the normal natural pupil; 

[0068] 
FIG. 20; 

[0069] FIGS. 22a, 22b and 22c are pictorial representa 
tions of: an arti?cial lens system having an eXtended 
objective lens in accessory pupil; (ii) an arti?cial lens having 
an eXtended objective lens in both the accessory pupil and 
natural pupil With a third eXtended objective lens alternative; 
and (iii) an arti?cial lens having an eXtended objective lens 
in the natural pupil; 

[0070] FIG. 23 is a front plan vieW of an arti?cial lens in 
the form of an intraocular lens having an eXtended objective 
lens and a prism in the superior location on the lens and an 
eXtended objective lens located inferior on the lens; 

[0071] FIG. 24 is an elevational end vieW of the intraocu 
lar lens of FIG. 23; 

[0072] FIG. 25 is a pictorial representation of the eye 
shoWing the natural pupil and an accessory pupil having the 
intraocular lens of FIG. 23 implanted in the eye; 

[0073] FIG. 26 is a pictorial representation of the eye 
shoWing the natural pupil being formed into a vertically 
extending elliptical shape forming an enlarged pupil Which 
is in lieu of an accessory pupil and having the intraocular 
lens of FIG. 23 implanted in the eye; 

[0074] FIG. 27 is another embodiment of an arti?cial lens 
in the form of an intraocular lens having a lens With an 
eXtended objective lens and a prism located superiorly on 
the lens and a plano-conveX lens in the natural pupil; 

FIG. 21 is a front plan vieW of the arti?cial lens of 

[0075] FIG. 28 is a pictorial representation of an eye 
having a natural pupil Which is formed into an enlarged pupil 
With the intraocular lens of FIG. 27 implanted therein and 
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shoWing the various positions of the upper eyelid to control 
passing of light rays from a near image through the eXtended 
objective lens; 

[0076] FIG. 29a shoWs a pictorial representation of the 
eye having a natural lens and an intrastromal lens having a 
plano-conveX lens and a “base up” prism located superiorly 
Within the cornea of an eye to form an image through the 
natural pupil; 

[0077] FIGS. 29b and 29c are pictorial representations of 
a near lens system having a “base up” and “base doWn” 
prism, respectively; 

[0078] FIG. 30 is a pictorial representation of an eye 
having a partial (no superior cut) radial keratotomy and a 
vertically elongated natural pupil for receiving light rays 
from an intracorneal lens located superiorly in the stroma in 
front of the pupil for passing a separate image through the 
enlarged natural pupil; 

[0079] FIG. 31 is a pictorial representation of a natural 
pupil Which is enlarged causing at least a portion thereof 
superior to the eye to be enlarged; 

[0080] FIG. 32 is a pictorial representation of a natural 
pupil Which is enlarged by altering the natural pupil to the 
eye to be superior to the eye to be enlarged; 

[0081] FIG. 33 is a pictorial representation of a natural 
pupil Which is enlarged by forming in the natural pupil an 
accessory opening to the eye to be superior to the eye to be 
enlarged; 

[0082] FIG. 34 is a pictorial representation of a lens of the 
prior art located With the natural pupil of an aye to focus an 
image of an object on the fovea centralis of the macula of an 
eye Wherein the diameter of the natural pupil and the lens are 
substantially equal; 

[0083] FIG. 35 is a pictorial representation of an enlarged 
natural pupil having one embodiment of an arti?cial lens 
located Within the eye in the posterior chamber and having 
a ?rst lens system and a second lens system Wherein the 
principal aXis of each optical lens system is eccentric to each 
other and the distance betWeen each principal aXis is 
selected to enable the ?rst optical lens system and the second 
optical lens system to be operable Within the enlarged pupil 
for directing light rays from each image of each lens of the 
?rst optical lens system and second optical lens system onto 
a fovea centralis of the macula of an eye; 

[0084] FIG. 36 is a pictorial representation of an enlarged 
natural pupil having yet another embodiment of an arti?cial 
lens located Within the eye in the posterior chamber and 
having a ?rst lens system having a prism and a second lens 
system Wherein the principal aXis of each optical lens system 
is eccentric to each other and the distance betWeen each 
principal aXis is selected to enable the ?rst optical lens 
system and the second optical lens system to be operable 
Within the enlarged pupil for directing light rays from each 
image of each lens of the ?rst optical lens system and second 
optical lens system onto a fovea centralis of the macula of 
an eye; 

[0085] FIG. 37 is a pictorial representation of still yet 
another embodiment of an arti?cial lens having a ?rst lens 
system having light gathering lens and a second lens system 
Wherein the principal aXis of each optical lens system is 
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eccentric to each other and the distance betWeen each 
principal axis is selected to enable the ?rst optical lens 
system and the second optical lens system to be operable 
Within the enlarged pupil for directing light rays from each 
image of each lens of the ?rst optical lens system and second 
optical lens system onto a fovea centralis of the macula of 
an eye; 

[0086] FIG. 38 is a pictorial representation of still yet 
another embodiment of an arti?cial lens having a ?rst lens 
system having extended objective lens and a second lens 
system Wherein the principal axis of each optical lens system 
is eccentric to each other and the distance betWeen each 
principal axis is selected to enable the ?rst optical lens 
system and the second optical lens system to be operable 
Within the enlarged pupil for directing light rays from each 
image of each lens of the ?rst optical lens system and second 
optical lens system onto a fovea centralis of the macula of 
an eye; 

[0087] FIG. 39a is a pictorial representation of an eye 
having an enlarged natural pupil and the arti?cial lens 
having the optical system having the eccentric lens is in the 
form of a corneal lens located on the cornea of an eye or an 

intracorneal lens, shoWn by a dashed line, located With the 
cornea of an eye; 

[0088] FIG. 39b is a pictorial representation of an eye 
having an enlarged natural pupil and the arti?cial lens 
having the optical system having the eccentric lens is in the 
form of a contact lens located on the cornea of an eye; 

[0089] FIG. 40 is a pictorial representation of a contact 
lens having a ?rst optical lens and a second optical lens 
formed on a slightly raised, generally triangular shaped 
anterior surface of the lens Wherein the bottom surface 
thereof has been shaped to provide a guiding surface for the 
loWer eyelid to enable the eye having the lens to be rotated 
doWnWard placing the ?rst lens system under the bottom 
eyelid; and 

[0090] FIG. 41 is a pictorial representation of a contact 
lens having a ?rst optical lens and a second optical lens 
formed on a slightly raised, generally triangular shaped 
anterior surface of the lens having a pair of spaced enlarged 
bottom sections to Weight the bottom of the lens and Wherein 
the bottom thereof has chopped to provide a guiding surface 
for the loWer eyelid to enable the eye having the lens to be 
rotated doWnWard placing the ?rst lens system under the 
bottom eyelid. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0091] Before beginning With the description of the pre 
ferred embodiment, the folloWing background information 
is provided for a better understanding of the present inven 
tion. 

[0092] The anatomical center of the human eye is not 
necessarily the optical center of the human eye. The ana 
tomical center of the human eye is calculated or derived 
from measurement of the diameter of the cornea, and this 
dimension can be obtained by using techniques Well knoWn 
in the art. HoWever, the optical center of the human eye is 
generally slightly nasal and doWnWard relative to the ana 
tomical center. 
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[0093] The angular difference betWeen the optical center 
and the anatomical center is generally knoWn in the art as the 
angle kappa For example, the optical center may be 3° 
and 1.5° inferior to the anatomical center. It is knoWn in the 
art that the above angular differences could be as much as 
about 6° to about 7° or more. 

[0094] In addition, the term “fovea centralis” refers to the 
small, rodless depression of the retina in line With the visual 
axis Which affords acute vision. The term “fovea vision” 
refers to vision being accomplished by looking directly at 
objects in daylight so that the image falls on or near the 
fovea centralis. This is also knoWn as photopic vision. The 
term “macula” refers to the anatomical structure of the eye 
having the form of a spot as differentiated from surrounding 
tissue. 

[0095] The fovea centralis is located in the macula of the 
eye, Which, in turn, is a component of the retina of the eye. 
Sometimes the fovea centralis is the area referred to as the 
macula upon Which the image is actually focused. A location 
referred to herein as “superior” describes a location position 
situated generally above the fovea centralis of the macula, 
While a location referred to herein as “inferior” describes a 
location position situated generally beloW the fovea centralis 
of the macula. Generally, all useful photopic vision origi 
nates With the macula. 

[0096] The term “accommodation” describes the folloW 
ing characteristics of the eye. When the brain perceives that 
attention of the person is required for near, enervation is 
initiated to the ciliary body, Which is a circular, sphincter 
type, muscle located just behind the iris for 360 degrees; by 
means of the occulomoter nerve. The muscle contracts and 
in so doing brings about relative relaxation of the Zonules. 
Slackened Zonules result in decreased lateral traction on the 
capsule of the crystalline lens. As a result, the elastic quality 
of the capsule causes the lens to seek the shape of greatest 
volume Which is that Which is most spherical. This in turn 
results in an increase in the anterior-posterior diameter of the 
lens. This results in an increase in plus dioptic poWer of the 
lens. As a consequence, the focal point of the optical system 
of the eye moves anteriorly, that is closer to the front of the 
eyes. Divergent rays from an object at near Which Would 
have come into focus behind the retina are thereby brought 
to focus on the fovea centralis of the macula of the retina. 

[0097] The term “eccentric” means situated to one side 
With reference to a center as contrasted to the Word concen 
tric Which pertains to the relationship betWeen tWo different 
siZed circular, cylindrical or spherical shapes When the 
smaller one is exactly (or substantially) centered With the 
larger one. 

[0098] In the present invention, an arti?cial lens system 
using the teachings of the present invention has a ?rst optical 
lens system and a second optical lens system Wherein the 
principal axes thereof are spaced apart thereby making the 
same eccentric. Such an arti?cial lens system may be used, 
preferably With one of the tWo lens system having a prism, 
in a natural pupil. HoWever, it is also a teaching of the 
present invention that the natural pupil can be altered, e.g., 
have an auxiliary pupil surgically formed superior to the 
natural pupil. As such, an arti?cial lens system having tWo 
optical lens system, Which are likeWise eccentric, may be 
used in such a surgically altered natural pupil. 

[0099] In such a use, the distance betWeen the principal 
axis of the tWo optical lens system Would be at least equal 
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to the geometrical dimension of the natural pupil, for 
example, the diameter of the natural pupil. 

[0100] If desired, the user can select use of one of the tWo 
optical lens system by positioning the eyelid over the 
unselected optical lens system or by rotating the eye to cause 
the unselected lens system to be occluded by an eyelid. 

[0101] Referring noW to FIGS. 1a, 1b and 1c, the human 
eye is shoWn generally as 30 With the retina being shoWn 
generally as 32. The macula including the fovea centralis is 
shoWn generally as 34. The pupil 40 is spaced a predeter 
mined distance from the macula 34. As illustrated in FIG. 
1a, the eyeball has a central rotational axis 36 about Which 
the eyeball rotates. 

[0102] FIG. 1a shoWs the eye of the human Wherein the 
eyeball is positioned such that the pupil looks straight ahead 
to an object. The image of an object observed by the eye 
passes through the pupil 40 onto the macula 34. 

[0103] FIG. 1b illustrates hoW the eyeball rotates When a 
person looks upWard in the direction as shoWn by arroW 44. 
The pupil 40 moves upWard in the same direction as the 
arroW 44 While the macula 34 moves in an opposite direc 
tion. Thus, the image of an object is passed through the pupil 
40 and is directed onto the fovea centralis of the macula 34. 

[0104] In a similar manner, FIG. 1c shoWs the rotation of 
the eye When a person looks doWnWard as illustrated by 
arroW 46. The image perceived by the user from an object 
passes through the pupil 40 and onto the fovea centralis of 
the macula 34. 

[0105] FIG. 2 illustrates pictorially an eye 50 having a 
posterior capsule shoWn by dashed line 52. An arti?cial lens 
of the present invention, shoWn generally as 54, is in the 
form of an intraocular lens having a near lens system 58 
located superiorly of a distant lens system 60 supported in 
the eye by three haptics 56. The arti?cial lens 54 is adapted 
for use in the human eye. The arti?cial lens 54 is a multifocal 
optical lens system Wherein the principal axis of each lens is 
eccentric to each other for directing light rays from each 
image lens of the multifocal optical lens system onto the 
fovea centralis of the macula of an eye. In the preferred 
embodiment as illustrated FIG. 2, the arti?cial lens 54 
includes a near lens vision system 58 and a distant lens 
vision system. In this embodiment, the multifocal optical 
lens system includes a ?rst lens system Which is adapted for 
receiving light rays from a near object and a second lens 
system Which is adapted for receiving light rays from a 
distant object. The principal axis of each lens is eccentric to 
each other. 

[0106] FIG. 3 shoWs one embodiment of the present 
invention Wherein the arti?cial lens 62 is adapted for pro 
ducing similar images from the same object from lens in an 
eccentric arrangement Wherein light rays from each object 
are directed upon the fovea centralis or the macula 34. In 
FIG. 3, the ?rst lens system includes a ?rst lens 64 having 
a predetermined diopter poWer for receiving light rays from 
a near object shoWn as N1 and the light rays illustrated by 
line 94 are directed onto the fovea centralis of the macula. 
The ?rst lens 64 has a selected surface 66 located on the 
posterior surface thereof. 

[0107] In the embodiment illustrated in FIG. 3, a second 
lens system includes a second lens 74 having a second 
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selected surface 76. The second lens 74 is in a form of a 
plano-convex lens adapted to pass light rays from a distant 
object shoWn as D1 and for directing the light rays 92 from 
a distant object onto the fovea centralis of the macula 34 of 
the eye. The tWo lens systems have an eccentric relationship. 

[0108] Thus, light rays N1 from a near object passes along 
a path shoWn by line 94 through the ?rst lens 64 and is 
directed to the fovea centralis of the macula 34 shoWn as N1. 

[0109] In the second lens system, light rays from the 
distant object shoWn as D1 are passed along a path shoWn by 
line 92 through the selected surface 76 of the lens 74 and 
then is directed along a path shoWn by line 92 to the fovea 
centralis of the fovea centralis of the macula of the eye 34 
as shoWn by D1. 

[0110] FIG. 4a is an alternative embodiment of the arti 
?cial lens 62 adapted for use in the present invention. In 
FIG. 4a, the ?rst lens 64 includes a prism 68 having a 
preselected diopter poWer Which is positioned With its base 
70 in a “base up” position such that the Wedge-shaped edge 
66 is positioned adjacent the edge of the second lens 74. As 
illustrated in FIG. 4(a), the prism 68 is positioned against 
the selected surface 66 of the ?rst lens 64 of the ?rst lens 
system. 

[0111] Referring to FIG. 4a, the ?rst lens 64 has a prism 
68 mounted on a surface of the ?rst lens 64. The ?rst prism 
68 is Wedge-shaped and has a Wedge-shaped edge 69 Which 
is situated adjacent the proximal edge 71 of the ?rst lens 64. 
The second lens 74 has a second prism 102 mounted on a 
surface of the second lens 74. The second prism 102 is also 
Wedge-shaped and has a Wedge-shape edge 73 Which is 
situated adjacent the proximal edge 75 of the second lens 74. 
As shoWn in FIG. 4, the Wedge-shaped edges 69, 73 of the 
?rst and second prisms 68, 102 are located adjacent each 
other and in proximity to the proximal edges 71, 75 of the 
?rst and second lenses 64, 74. 

[0112] In the second lens system, the second lens 74 
includes a second prism 102 having a preselected diopter 
poWer Which is positioned With the base 104 in a “base 
doWn” position such that Wedge-shaped edge 106 is posi 
tioned adjacent the edge 72 of the prism 68 af?xed to the 
selected surface 66 of the ?rst lens 64. 

[0113] The light rays from the near objects are passed by 
the ?rst lens 64 and prism 68 and light rays N1 and N2 from 
the near objects transverse the paths shoWn by dashed line 
80 for N1 and solid line 86 for N2. The light rays shoWn by 
dashed line 80 pass through the ?rst lens 64 and are directed 
by prism 68, by de?ection toWards the base 70, to a location 
superior of the fovea centralis of the macula shoWn by 
dashed line 82. 

[0114] HoWever, the path traversed by the light rays from 
the distant objects are different. As illustrated in FIG. 4(a), 
the light rays from the distant objects shoWn as D1 pass 
along a path shoWn by dashed line 90 through the second 
lens 74 and through the prism 102 Wherein the prism 102 
directs the light rays from the distant object along a path 
shoWn by dashed line 92 to a location inferior of the fovea 
centralis of the macula 34 as shoWn by D1. The light rays D2 
from the distant object are passed along a path shoWn by 
solid line 108, through the second lens 74 and, through the 
prism 102 Where the image is de?ected toWards the base 
104. The prism 102 directs the light rays from the distant 
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image along the path shown by solid line 110 to the fovea 
centralis of the macula as shown by D2. 

[0115] FIG. 4a shoWs that by utilizing the tWo prisms 68 
and 102, the prisms function to separate the light rays from 
different objects into separate light ray paths Wherein the 
light rays of some of the objects, the paracentral light rays, 
are directed onto the fovea centralis of the macula and the 
remainder of the light rays, the central light rays, of some of 
the objects are directed to a location at least one of superior 
to the fovea centralis of the macula for near and inferior to 
the fovea centralis of the macula for distant objects. Thus, 
paracentral rays are directed to the fovea centralis of the 
macula from distant and near objects. 

[0116] FIG. 4b is a pictorial representation of the ?rst 
optical lens system having a ?rst lens 64 and the second 
optical lens system having a second lens 74 illustrated in 
FIG. 4a Which are eccentric and Without a prism. FIG. 4b 
illustrates that the images received from an object of regard 
as shoWn by lines N‘2 and D‘2 may be separated at the fovae 
centralis of the macula; 

[0117] FIG. 4c is a pictorial representation of the ?rst 
optical lens system having a ?rst lens 64 and the second 
optical lens system having a second lens 74 illustrated in 
FIG. 4a Which are eccentric and one of Which has a prism 
similar to prism 20 illustrated in FIG. 4a. FIG. 4b illustrates 
that the images received from an object of regard, as shoWn 
by lines N2‘ and N2“, may be substantially imposed or 
closely imposed on the fovae centralis of the macula by use 
of a prism similar to prism 20 illustrated in FIG. 4a. 

[0118] FIG. 5 illustrates the implantation of an arti?cial 
lens in the form of an intraocular lens shoWn generally as 
132 into an eye shoWn generally as 116. The intraocular lens 
132 is located in the anterior chamber of eye 116 and is 
spaced from the cornea 118. The iris 120 and ciliary pro 
cesses 124 de?ne the irdiocapsular cleft 122 Which is located 
in the posterior chamber of the eye 116. The hyaloid 
membrane 126 has an end 130 Which is attached to the 
ciliary processes 124. The hyaloid membrane 126 maintains 
the vitreous humor 128 Within the eye. 

[0119] As illustrated in FIG. 5, an arti?cial lens of the 
present invention in the form of intraocular lens 132 has a 
near lens system 136 and distant lens system 138. Resilient 
support members shoWn generally as 140, Which may be 
four equally spaced haptic members, and its associated 
annular-shaped guide and support elements are located 
forWard of the pupil 120. The resilient support members 140 
and their associated annular-shaped guide and support ele 
ments support the intraocular lens 132 having the ?rst lens 
system and the second lens system formed therein in the 
anterior chamber of the eye 116. 

[0120] FIG. 6 illustrates an alternate location of the 
intraocular lens in the eye 116. In FIG. 6, an arti?cial lens 
132 utiliZing the teachings of this invention is implanted in 
the posterior chamber of the eye 116. Typically, the resil 
ience support means 140 and their associated annular 
shaped guides and support elements Which formed part of 
the intraocular lens 132 are located Within the capsular bag 
shoWn by dashed lines 150 of the original natural crystalline 
lens. 

[0121] The intraocular lens utiliZing the arti?cial lens of 
the present invention could be located With the resilient 
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support means 140 of the lens 132 being positioned in the 
ciliary sulcus Which is located betWeen the iris 120 and the 
ciliary processes 124 or in the capsular bag 150 of the 
natural crystalline lens after the natural crystalline lens is 
removed by using knoWn surgical procedures. The resilient 
support means 140 of lens 132 can comprise tWo to four 
haptic members Which are equally spaced around the outer 
peripheral surface and the plane substantially coplaner, or 
With 5° to 10° angulation Which is deemed to be substan 
tially coplanar, With the lens body. In the alternative, the 
resilient support beams could comprise three haptic mem 
bers (similar to FIG. 2) or more, such as four haptic 
members (FIG. 5) equally spaced thereon the outer periph 
eral surface of the lens body and in a plane substantially 
coplaner, or With 5° to 10° angulation Which is deemed to be 
substantially coplanar, With the lens body. The reference to 
a resilient support means 140 as illustrated FIGS. 5 and 6 
includes a tWo haptic member, three haptic member or four 
haptic member resilient support. 
[0122] FIG. 7 illustrates another embodiment of an arti 
?cial lens Which utiliZes the teachings of the present inven 
tion in the form of a corneal overlay lens Which is adapted 
to be affixed to the surface of the cornea 118 of eye 116 
subepithelially. The arti?cial lens shoWn generally as 142 
includes a near lens system 144 and a distant lens system 
148. The arti?cial lens 142 is positioned centrally Within a 
lens body 152. 

[0123] It is envisioned that the corneal lens body 152 
forming the arti?cial lens 142 can be implanted using knoWn 
surgical techniques for af?xing an arti?cial lens to the cornea 
of an eye With a patient’s epithelium covering the anterior 
surface of the lens. 

[0124] FIG. 8 is another embodiment of an arti?cial lens 
of the present invention in the form of an intracorneal lens 
shoWn as arti?cial lens 142. Arti?cial lens 142 has a near 
lens system 144 and the far lens system 148 With an 
eccentric relationship. The arti?cial lens 142 is implanted 
Within the stroma, or intrastromally, of the cornea 118 using 
knoWn surgical implantation techniques. The structure of the 
arti?cial lens 142 is the same as that illustrated on FIG. 7. 
In the case of myopia, a concave (negative) lens could be 
used for distance in place of lens system 148 and if neces 
sary for near in place of lens system 144. 

[0125] A similar arrangement for eccentrically arranged 
lens Without prism, similar to FIG. 3, can be used in a 
similar lens. 

[0126] FIGS. 9, 10, 11 and 12 illustrates the lens of FIG. 
2 positioned Within an eye 156 having an upper eyelid 158 
Wherein the eyelid has the edge thereof de?ned by dashed 
line 160. The arti?cial lens 50 is positioned on the eye as 
described herein before and When the user directs the eye to 
look generally doWnWard in a direction as shoWn in FIG. 10, 
the near vision system 58 and the distant vision system 60 
are both positioned beloW the edge 160 of eyelid 158. 
HoWever, the distant vision system is blocked by the loWer 
eyelid 162 by edge 164 shoWn by dashed line being inter 
rupted by the loWer eyelid 162, and the near system is the 
only system positioned to receive light. 
[0127] FIG. 10 shoWs the relationship betWeen the eye 
156, the eyelid 158 including edge 160 thereof and the 
arti?cial lens 54 thereof supporting the near vision system 
58 and the far vision system 60 in a position beloW the eyelid 
edge 160. 
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[0128] FIGS. 11 and 12 depict the same relationship 
except that the eyeball has been adjusted into a position 
similar to that depicted by FIG. 1b hereinabove or the upper 
eyelid has been loWered. In that position, the near image 
system 58 is moved past the eyelid edge 160 and under the 
eyelid 158. Thus, the distant vision system 60 is the only 
portion of the image producing means Which is adapted to 
receive light. 

[0129] FIG. 12 illustrates the relationship betWeen the 
arti?cial lens 50 and edge 160 of the eyelid 150. The near 
vision is blocked. This illustrated by the dashed line being 
interrupted by the upper eyelid 158. 

[0130] This selective coverage of the near lens system is 
possible because of the eccentric arrangement of the lens 
system. 

[0131] In FIG. 10, the user receives light rays from both 
a near image and a distant object, and selected paracentral 
light rays are directed onto the fovea centralis of the macula 
as described hereinbefore. In FIG. 12, only light rays from 
the distant vision system are received by the fovea centralis 
of the macula through the distant vision system 60. 

[0132] FIG. 13 discloses another embodiment of the 
present invention Wherein the arti?cial lens is posterior to 
and is adapted to cooperate With a pupil 170 of eye 156 
Which has been altered and recon?gured. In FIG. 13, the iris 
has been altered to form an auXiliary pupil 178 located 
superiorly. 

[0133] There are tWo Ways for accomplishing the alter 
ation and recon?guration of the iris. FIG. 14 illustrates one 
method Wherein an accessory pupil 178 is formed in a 
location superior to the natural pupil 170. Thus, the iris 
Would have tWo distinct pupils, a natural pupil 170 and an 
accessory pupil 178. This has the advantage of cooperating 
With the separation or eccentricity betWeen the principal 
aXes of the near lens system and distant lens system, 
implanted or affixed to the eye even greater. Also, there is no 
diffraction of the light of the interface betWeen the tWo lens 
systems. 

[0134] FIG. 15 shoWs another method for altering and 
recon?guring the pupil 170 to make the same larger. As 
illustrated FIG. 15, the equivalent to an accessory pupil, 
area 182, is formed by enlarging the natural pupil 170 to 
make the same into an elongated vertically elliptical shape 
pupil. 

[0135] Referring again to FIG. 13, the arti?cial lens 172 
Would then be positioned With the near imaging system 174 
located in the accessory pupil 178 and the distant imaging 
portion 176 Would be located in the natural pupil 170. 

[0136] By altering the siZe of pupil 170 and recon?guring 
the same or by making an accessory pupil, the quantity of 
available light is increased to about 150% to about 175% of 
the light that Would have been passed by the untreated or 
unaltered pupil 170. The altered pupil is adapted to coop 
erate With a ?rst lens system and a second lens system 
eccentrically arranged. This represents a signi?cant 
improvement With respect to the transmitted light being 
divided equally betWeen the near image system 174 and the 
distant image system 176. The path of the light rays are 
shoWn generally by dashed lines 186 for the near vision and 

Aug. 1, 2002 

dashed line 188 for the distant vision. Again, the disparate 
images are directed onto macula 190 of eye 156. 

[0137] Typically, the diameter of a lens to be located in the 
accessory pupil or the enlarged portion of an elongated 
vertically elliptically shaped pupil Would be in the order of 
2.0 mm to 4 mm. 

[0138] FIG. 16 depicts that the arti?cial lens system 54 of 
FIG. 3 could likeWise be used in the eye having the altered 
and recon?gured principal as illustrated in FIG. 16. In FIG. 
16, the macula 190 Would receive light ray N2 from near 
objects and light ray D1 from far objects. Since the near lens 
58 has a prism 68, prism 68 directs light rays from a near 
object onto a location superior to the fovea centralis of the 
macula 190 as illustrated by N1 in FIG. 16. Light rays N2 
from a different near object Would be transmitted to the 
macula. 

[0139] FIG. 17a, FIG. 17b and FIG. 17c depict different 
embodiments of lens systems adapted for use in either the 
near or distant lens system in an arti?cial lens for practicing 
this invention. FIG. 17a depicts a lens structure for either 
one of the near vision system or distant vision system. The 
image producing means is depicted by lens system 200 
having a bi-conveX lens formed by a pair of plano-conveX 
lens 202 and 204. Similarly a plano-conveX lens could be 
used. In FIG. 17a, the bi-conveX lens formed by lens 202 
and 204 are joined or fused together forming a homogenous 
lens. In this embodiment, light rays D1 from a distant object 
Would pass through the lens system and be directed onto the 
fovea centralis of the macula. Thus, light rays from similar 
macular images of the same object Would be developed by 
tWo eccentric, independent bi-conveX lens system or plano 
convex lens system. 

[0140] FIG. 17b shoWs another embodiment of an arti? 
cial lens image system of the present invention shoWing that 
one of the imaging lens could be in the form of a bi-conveX 
lens 210 having a ?rst plano-conveX lens 212, a second 
plano-conveX lens 214 and a prism 216 positioned therebe 
tWeen. In practice, these lenses Would fused to make a 
homogenous lens. By controlling the ratio of the length of 
the base to the angle of the edge of the prism, the angle of 
incidence of the light ratio shoWn by D1, can be controlled 
to direct the light rays from a near object onto the macula or 
to a position superior to the fovea centralis of the macula. A 
second lens system in the form of that of FIG. 17b could be 
reversed placing the base of the prism 216 in a position 
opposite to that illustrated in FIG. 17b to cause one of the 
images to be formed at a location inferior to the fovea 
centralis of the macula Whether involving the near vision 
system or the distant vision system. 

[0141] FIG. 17c shoWs another embodiment of the lens 
system illustrated in FIG. 4 and the lens body has been 
modi?ed using prisms having a larger base. The arti?cial 
lens system 220 includes a ?rst plano-conveX lens 222 and 
a second plano-conveX lens 224. Plano-convex lens 222 has 
a prism lens 226 incorporated in the back or posterior 
surface thereof Wherein the length of the base 228 is selected 
to control the angle of incidence such that the light rays from 
a near object is directed at suf?ciently superior of the fovea 
centralis of the macula to avoid placing similar blurred 
images on the fovea centralis of the macula. Light rays N2 
from a different object Would be projected on the fovea 
centralis of the macula resulting in disparate macula images. 


















