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BIFOCAL INTRAOCULAR LENS

This application is a continuation-in-part of U.S. pa-
tent application Ser. No. 07/681,814, filed Apr. 5, 1991,
now U.S. Pat. No. 5,147,393,

FIELD OF THE INVENTION

The present invention is directed to artificial intraoc-
ular lenses with a bifocal optic.

BACKGROUND OF THE INVENTION

The majority of patients undergoing cataract re-
moval receive an intraocular lens which does not pro-
vide for both near and distance vision. These patients
then usually require some form of refractive correction,
such as spectacles or contact lenses to achieve both near
(reading) and distance (driving) vision. There is thus a
need for intraocular lenses that will enable cataract
surgery patients to perform activities requiring near and
distance vision, especially in extreme lighting condi-
tions, without spectacles.

Concentric bifocal intraocular lenses are known. U.S.
Pat. No. 4,636,211, issued to Nielsen et al., discloses an
intraocular lens with concentrically oriented near vision
and far vision zones, with the near vision portion cen-
trally positioned and the far vision portion coaxial with
and surrounding the near vision portion. U.S. Pat. No.
4,813,955, issued to Achatz et al., discloses a multifocal
intraocular lens whose optic portion is divided into near
and far range zones such that the rays received by the
pupil of the eye pass through near and far range zones of
approximately equal areas.

Although prior, concentric, bifocal lenses have optics
with portions which will provide for near and distance
vision, there can be problems upon implantation due to,
among other things, fluctuations in pupil size and spher-
ical aberration phenomenon resulting in non-coincident
images from different zones in a lens intended for the
same distance correction.

The intraocular lenses of the present invention over-
come the aforementioned problems through the use of a
three zoned refractive optic for the provision of near
and distance vision over the entire human pupil range,
especially in extreme lighting conditions, with the pe-
ripheral distance zone corrected for spherical aberra-
tion such that rays of light passing through the central
and peripheral zones form a coincident image in aque-
ous.

SUMMARY OF THE INVENTION

The lenses of the present invention have an optic
portion with a zone surface and a non-zone surface, the
zone surface having three zones. A central zone is for
distance vision and is approximately 1.5 to 2.0 millime-
ters (mm) in diameter. A second annular zone is for near
vision, and has an inside diameter of about 1.5 to 2.0 mm
and an outside diameter of about 2.8 to 3.5 mm. The
second zone also has an increased power over the
power for distance vision by 2.0-5.0 diopters in aque-
ous. A third, or peripheral zone, for distance vision,
extends from the outer edge of the second zone to the
edge of the optic. Additionally, the radius of curvature
of the surface of the peripheral zone has been selected
with reference to the central zone to correct for spheri-
cal aberration as discussed below.

The lenses of the present invention are used to re-
place the natural lens of the eye when it is necessary to
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remove the natural lens, usually due to the development
of cataracts.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 illustrates the anterior surface of a biconvex,
bifocal lens of the present invention.

FIG. 2 illustrates a side view of a biconvex, bifocal
optic of the present lens invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Intraocular lenses are most frequently implanted in
the elderly. Therefore, the lenses of the present inven-
tion are designed to best meet the needs of an elderly
patient, that is, provide distance vision (greater than 6
meters) throughout the overall pupil range of 1.8-6.5
mm and high resolution near vision (0.35 meters) in a
pupil range of 2.5-4.5 mm. To achieve these goals, an
intraocular lens with three zones for near and distance
vision was created. The intraocular lenses (IOLs) of the
present invention can be made of any optically transpar-
ent material suitable for an IOL, including, but not
limited to, PMMA, soft acrylates (acrylate/methacry-
late copolymers), hydrogels, polycarbonates, and sili-
cones. The refractive index of the optical material can
range from 1.40 to 1.60. The cross sectional shape of the
optic portion of the intraocular lens is not limited, that
is, it can be biconvex, plano convex, convex plano, or of
a meniscus design. In addition, the optic portion can be
of any desired closed shape geometry, including varia-
tions of circular geometry, such as oval, such that the
lens can be inserted by a surgeon through a relatively
small incision in the eye. The dimensions of the optic
can be of any size which is suitable for implantation into
the eye. The lenses of the present invention can include
any suitable shape and number of haptics. Any suitable
material for use as haptics can be used. Such materials
include, but are not limited to, PMMA, polypropylene,
and polyimide. In addition, the lenses can be of a single
or multi-piece design. The three zones for near and
distance vision are placed on either the anterior or pos-
terior face of the optic, the face containing the three
zones will be referred to herein as the “zone surface,”
the anterior face being that surface of a lens nearest the
anterior, or forward, part of the eye and the posterior
face, that surface closest to the back or posterior part of
the eye. For example, in a biconvex lens, the zones can
be placed on either the anterior or posterior surface of
the lens. The other surface, not encompassing the zones,
referred to herein as the “non-zone surface” can then be
manufactured with a single radius of curvature to pro-
vide for the additional power so that the total distance
and near power of the lens is achieved. The total power

. "of the lens can range from 1 to 35 diopters.
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The three zones of the intraocular lenses of the pres-
ent invention have defined sizes to provide for near and
distance vision over the entire pupil range. The size of
these zones is not dependent on the cross sectional
shape of the optic or the materials used in the lens. The
central zone, for distance vision, is approximately 1.5 to
2.0 mm in diameter. The second zone is an annulus
surrounding the central zone, and has an inside diameter
of about 1.5 to 2.0 mm and an outside diameter of about
2.8 to 3.5 mm. The second zone is for the provision of
near vision. The third zone, for the provision of distance
vision, surrounds the second zone and extends from the
outer diameter of the second zone to the edge of the
optic.



