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INTRAOCULAR LENS WITH HIGH
MAGNIFICATION

BRIEF DESCRIPTION

This invention relates to an intraocular lens system
for implantation in the eye for relief of conditions such
as macular degeneration and diabetic retinopathy.

Heretofore, people suffering from macular degenera-
tion or diabetic retinopathy have been unable to read
except through strong magnifying glasses which require
the reading matter to be held very closely to the eye and
provide a very severely restricted field of view.

The invention contemplates an optical system for
implantation in the eye that will permit reading at nor-
mal distances, say about thirty centimeters, between the
eye and the printed page, and provide a much larger
field of view than heretofore possible with simple mag-
nifiers. )

The system of the invention makes use of gas filled
bubbles in solid bodies of transparent plastic to achieve
the refraction needed for focussing in the relatively
short space available inside the eye. The system is, in
optical engineering terms, a Galilean telescope. Its posi-
tive element consists of a body of methyl methacrylate
having a bubble in it bounded by optically curved front
and back surfaces, and may be described as either a
biconcave air lens within a solid medium (positive
power) or two biconvex plastic lenses in tandem. Be-
cause the refractive index of the aqueous humour is
relatively close to the index of the acrylic material, and
the front and rear surfaces, therefore, provide relatively
little refraction, it is believed that the term air lens is
more apt.

The negative element of the system is composed of a
second cylinder of methyl methacrylate having one or
more air lenses to provide the negative power required.
The positive and negative elements are mechanically
secured to each other, and the positive element is surgi-
cally secured in place near the pupil. The exit end of the
negative element lies a few milllimeters in front of the
retina.

The air lenses not only enable the achievement of
adequate focussing in the short distance available, but
also enable matching the specific gravity of the system
to the specific gravity of the aqueous humour so that the
system will have neutral buoyancy in the aqueous hu-
mour, or the salt solution that may be used to replace it
and most of the vitreous humour, and not tend to pivot
in response to gravity about its point of attachment near
the pupil.

DETAILED DESCRIPTION

Representative embodiments of the invention will
now be described in detail in conjunction with the ac-
companying drawing, wherein:

FIG. 1 is a longitudinal sectional view of an optical
system according to the invention having smoothly
curved optical surfaces; and

FIG. 2 is a longitudinal sectional view of an optical
system according to a modified form of the invention
having optical surfaces of the micro-Fresnel type.

Referring now to FIG. 1, a lens system according to
a first embodiment of the invention comprises a first
element 14 having an optical power of about 126 diop-
ters, more or less, depending on the dimensions of the
eye for which it is intended. Also, if the patient’s cornea
has been damaged or is opacified, it is contemplated that
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the positive element will be extended through the cor-
nea, and its power increased by about 38 to 48 diopters
so that it will include the power normally provided by
the cornea.

The front and rear surfaces 14a and 145, respectively,
of the element 14 are convex, and the element encloses
a bubble 15 having front and rear surfaces 15z and 155,
respectively, that are also convex as seen from each
other. The bubble 15, regarded in section, may be desig-
nated a biconcave air lens, and it is this air lens that
provides most of the positive refractive power of the
element because the outer convex surfaces 14a and 14b
contact the aqueous humour when the lens is in place,
and the refractive indices of the aqueous humour and
methyl methacrylate are not very different from each
other.

The element 14 is arranged to be secured to an ele-
ment of the eye such as the iris by any desired means
such as clips or simple sutures (not shown). Several
different arrangements for securing intraocular lenses
near the pupil are known, and the particular method of
attachment is not a part of the present invention nor
limiting to it.

The negative element 18 is mechanically fastened to
the positive element 14 by any desired means that do not
obstruct the path of light between the two elements. As
shown, the attachment is by three angularly spaced
methyl methacrylate pins 17, which may be cemented in
receptor holes (not designated) in the respective ele-
ments 14 and 18. The two elements 14 and 18, taken
together with the connecting means, constitute a body
of a size and shape for implantation in the human eye.

A total power of about —2000 diopters is needed in

~ the negative element 18, and to achieve this in the em-

bodiment of FIG. 1, two air lenses 20 and 22, respec-
tively, are arranged in tandem. Again, as with the posi-
tive element, the principal refractive surfaces are those
facing the air in the bubbles 20 and 22, although in all
cases the curvatures of the methacrylate-aqueous hu-
mour interfaces should be taken into account.

It will be recognized that with the relatively large
number of refractive surfaces in the system, there can be
found many different combinations of curvatures for
the various surfaces and the spacings between them that
will provide the desired overall power. Accordingly,
the specific curvatures and spacings given in the follow-
ing Table are illustrative only. They characterize an
optical design based on an entrance pupil of 2 mm.
diameter, and optimized in respect of geometrical image
quality, taking into account also the curvature of the
retina.

TABLE
LENS DESIGN

Distance to next

Radius of rearward surface,
Surface Curvature, mm. mm.

Object (not shown) plano 300.
Front 12a of cornea +7.9800 1.1500
Rear 12b of cornea +6.2200 1.9954
Front 14a of pos. element  +8.9978 1.0000
Front 15a of pos. bubble —9.0023 0.5004
Rear 15b of pos. bubble +9.0015 1.0000
Rear 14b of pos. element —95.0023 3.3946
Front 18a of neg. element  -2.2012 1.0004
Front 20a of 1st bubble +2.1981 2.0000
Rear 20b of 1st bubble —2.1915 0.9980
Front 22a of 2nd bubble +2.2055 2.0000
Rear 22b of 2nd bubble —2.0488 0.1284
Rear 18b of neg. element +9.3925 8.8317
Retina 24 —12.0000




