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Field of the Invention This invention relates to an
intraocular lens which, in use, inhibits  posterior
capsular opacification  5 Background to the  Invention
Posterior capsular opacification (PCO) is a common
long-term  complication of cataract surgery. During
cataract surgery, the central anterior  lens capsule
is removed and the natural lens replaced with an
artificial  intraocular lens. The posterior lens
capsule remains intact. After surgery, viable 10
epithelial cells of the natural lens may remain in the
lens capsule equator.  These cells can migrate across
the inner surface of the posterior capsule,  causing
it to opacify. The effect, i.e. PCO, is similar to a
cataract and for this  reason is sometimes called
"secondary cataract". PCO is age-related, occurring
more in children rather than adults. 15 The standard
treatmentfor PCO is neodymium:
yttrium-aluminium-garnet  (Nd-YAG) laser posterior
capsulotomy. The laser is used to create an opening
in the centre of the posterior capsule, to produce a
clear area for light to reach  the retina. Although
the procedure is non-invasive, complications such as
retinal  detachment and lens damage may arise. 20
EP-A-0962196 describes an intraocular lens wherein the
haptics are  shaped such that, in a first stage of
compression, the proximal part of the haptic  can be
fully compressed; and in a second stage, the distal
part of the haptic can  be compressed, to provide a
lens that is eventually resistant to haptic failure. A
number of lenses for the prevention of PCO have been
proposed, but  25 on the whole, little if any
reduction in PCO has been achieved. There still exists
the need for an intraocular lens which is effective at
reducing PCO. Summary of the Invention An intraocular
lens of the present invention comprises an optic and
one  or more haptics, wherein the or each haptic can
be compressed in the plane of  30 the lens, and which
additionally comprises, around the optic, an annular
rim that, in use, is in contact with the posterior
capsular sac. The annular rim is  



preferably present on both the posterior and anterior
surfaces of the lens; this  facilitates insertion of
the lens since the surgeon may not need to distinguish
between the two surfaces. WO 2004/010895 PCT/
GB2003/003122 2 The thickness (i.e. the depth) of the
annular rim is preferably greatest in  a region
proximal to the or each haptic. This allows easier
folding of the lens  and insertion through a smaller
incision. The change in the thickness of the rim  is
preferably gradual. 5 Preferably, the or each haptic
is curved and shaped such that, in a first  stage of
compression, the proximal part of the haptic can be
fully compressed,  and, in a second stage, the distal
part of the haptic can be compressed. This  two-stage
compression has - been shown to be particularly
effective in  maintaining contact between the rim and
the sac. 10 Lenses of the invention are effective at
inhibiting PCO. Haptic  compression allows contact
between the rim of the optic and the posterior
chamber to be maintained, thus preventing the
migration of epithelia[ cells into  the posterior lens
region. Brief Description of the Drawings 15 Fig. 1 is
a plan view of an intraocular lens embodying the
present  invention. Figs. 2A to 2C are side views of
intraocular lenses which, with the  exception of Fig.
2C, embody the present invention. Figs. 3A and 3B are
respectively plan and cut-away side views of a lens
20 of the invention in which the thickness of the
annular rim is greatest in the region  of the optic
binding the haptic. Figs. 4A to 4D are cut-away side
views of four lenses of the invention.  Each lens
comprises an annular rim on the posterior and anterior
faces; each  lens has a rim of different geometry with
respect to the others. 25 Figs. 5A to 5D are similar
to Figs. 4A to 4D, except that the lenses only
comprise an annular rim on the posterior face. Figs.
6A and 6B are "roll-out" representations of two lenses
of the  



invention, i.e. they are views of the complete optic
edge. A plan view of a lens  of the invention is also
shown, to clarify where a point on a "roll-out"  30
representation corresponds to a position on the optic
circumference. Description of the Preferred
Embodiments The size of the annular rim is preferably
minimised to allow the optic to be  as large as
possible. Intraocular lenses are generally inserted
into the eye using le, J WO 20041010895
PCT/GB20031003122  3 an injector; in this case, a lens
of the invention must be able to withstand the  forces
of injection. A lens of the invention may comprise an
optic of negative and/or positive I lirrip ro  ~-
negative 1.. i ~~i 44-e--4 t ..rr. 11 r% to -1 powers.
i ypical  negative powers, but i IVY li ited tl r 1
eto, ar ' ;%J_ 1 1J11Ji  / e .7. 5 Typical positive
powers but not limited thereto are +1 to +34 Diopters.
Since the shape/size of the annular rim is
proportional to the power of the  optic, it may be
possible to express this relationship mathematically.
This may  allow the size of the rim to be calculated
simply by determining a patient's optical  power. 10
Embodiments of the invention will now be described by
way of example  with reference to the accompanying
drawings. Fig. I shows an intraocular lens having an
optic 1, comprising convex  faces (the posterior face
2b, is shown) and haptics 3a and 3b. Each haptic
comprises an aperture, respectively 4a and 4b. Opposed
points of each  15 aperture, at 5a and 6a, and 5b and
6b, are shown. These features are such that initial
compression of the haptic leads to  abutment of
opposite walls of the aperture; bringing the opposed
points 5a and  6a, and 5b and 6b, into contact,
thereby defining a proximal part that is fully
compressed and a distal part that can undergo further
compression. Such 20 further compression brings the
distal end of each haptic substantially into contact  



with the periphery of the optic, to give an
essentially elliptical shape, in plan.  The lens
comprises an annular rim on each of the anterior and
posterior faces of the optic, respectively; the
posterior rim 7b is shown. The periphery of  the
posterior optic face 8b is also shown. 25 The haptics
hold the capsular sac tight against the posterior
annular rim,  such that epithelial cells are prevented
from migrating to the optic region. This  inhibits the
onset of PCO. Figs. 2A and 2B show lenses of the
invention, each comprising a biconvex  optic 1, having
an anterior face 2a and a posterior face 2b. The
lenses comprise  30 compressible haptics 3a and 3b,
and annular rims 4a and 4b. In each case, the
posterior capsular sac 5 compresses the haptics, such
that the posterior annular  rim 4b is held tight
against the posterior sac. The lens of Fig. 2A is of
higher  power than that of Fig. 2B, and requires a
thicker annular rim since the biconvex  optic is
wider. WO 2004/010895 PCT/GB2003/003122  4 Fig. 2C
shows a conventional planar haptic PCO retarding lens.
Instead  of comprising an annular rim, the edge
surfaces of the optic in contact with the  haptic (6a
and 6b) are effectively tapered. These tapered edges
fail to prevent  cell migration since there still
exists gaps between a  the posterior capsular sac  5
and the lens edge. Cells may migrate through this gap,
resulting in PCO. Figs. 3A and 3B show a lens similar
to that of Fig. I except in that the  thickness of the
annular rims is greatest in the region of the optic
binding the  haptic. Figs 4A to 4D illustrate a range
of rim geometries which may be suitable  10 for use in
the present invention. The lenses are shown in
relation to the  posterior capsular sac. Each lens has
a different rim geometry. Particular  reference is
made to the lens of Fig. 4D, where the rim and haptic
effectively act  as a single unit, pressing fast
against the posterior capsular sac. Figs. 5A to 5D
show similar rim geometries to those in Figs. 4A to
4D,  15 except that each lens only comprises a rim on
the posterior face. Figs. 6A and 6B are "roll-out"
representations of optic edges of two lenses  



of the invention. In general, it is desirable to
reduce the optic width at the points  90 and 270 (as
shown in Figs. 6A and 6B) because a known adverse
effect of  thick optic edges is an increased risk of
glare from internal reflections. 20 Fig. 6A shows a
lens of the invention where the edge of the optic
abruptly  changes from thick to thin. Such an abrupt
change is not ideal since slight  pressure from the
vitreous may be insufficient to force the posterior
capsule into  the "comer" regions such as that
indicated by the angle B. Fig. 6B shows a preferred
embodiment of the invention, in which there is  25 a
gradual change of edge thickness, allowing a full
(i.e. 360) seal between the  barrier and the capsule,
substantially reducing any edge glare effects. Angle A
is preferably less than 15. The following Example
illustrates the invention.  Example 30 Experiments
were performed to compare the extent of PCO resulting
from  the use of a known intraocular lens "A" (570H
CenterflexTM lens, Rayner  Intraocular Lenses Ltd.,),
and a lens of the invention "B" (570C). Essentially,
lens B is the same as lens A except that it comprises
an annular rim. WO 2004/010895 PCT/GB2003/003122  5
All lenses used in this study had an optic body
diameter of 5.75 mm and  a refractive power of +21 D.
Five IOLs of each type were used. The lenses  were
implanted in a randomised manner by the same surgeon.
Dutch Belted pigmented rabbits weighting 2.4-3.0 kg
were used. Each  5 animal was prepared for surgery. by
pupil dilation with 1% cyclopentolate  hydrochloride
and 2.5% phenylephrine drops, applied topically every
5 minutes  for 15 minutes. Anesthesia was obtained
with an intramuscular injection of  ketamine
hydrochloride (50 mg/kg) and xylazine (7 mg/Kg) in a
mixture of 7:1,  respectively. One drop of topical
proparacaine hydrochloride anesthetic was 10 also
placed in each eye prior to beginning surgery. The
area around the eye  was draped in an aseptic manner,
and a lid speculum was placed to retract the lids.
Using aseptic technique and a Zeiss surgical
microscope, a fornixed- 



based conjunctival flap was fashioned. A3.2 -mm
partial thickness timbal incision 15 was then made
using a beaver blade and the anterior chamber was
entered.  One ml of heparin (10,000 units/ml) was
injected into the anterior chamber,  followed by
injection of a viscoelastic material (Amvisc Plus N,
Bausch & Lomb).  A capsulorhexis forceps was used to
create a continuous curvilinear  capsulotomy, with a
diameter of around 4.5 to 5.0 mm. The phaco handpiece
20 (Alcon Coopervision Series 10,000) was inserted
into the posterior chamber for  removal of lens
nucleus and cortical material. 0.5 ml of epinephrine
1:1000 and  .0.5 ml of heparin (10,000 USP units/ml)
were added to each 500 ml of irrigation  solution to
facilitate pupil dilation and control inflammation.
The endocapsular  technique was used with the
phacoemulsification  to take place entirely within the
25 capsular bag. Any residual cortex was then removed
with the same handpiece.  After removal of the lens, a
viscoelastic was used to inflate the capsular bag.
The IOLs  were then inserted into the capsular bag
using the manufacturer's  recommended injector system
(Rayner titanium injector). Wound closure was
achieved with 10.0 monofilament nylon suture after
aspiration of viscoelastic  30 material. Combination
antibiotics/steroid ointment (neomycin and polimixin B
sulfates, and dexamethasone) was applied to the eyes
following surgery. The  same ointment was placed in
the rabbit eyes four times per day for the first
postoperative week. This was then discontinued after
one week. In the second 35 postoperative week each
animal received topical prednisolone acetate drops WO
2004/010895 PCTIGB2003/003122  6 four times per day
with discontinuation of the drops following the second
postoperative week. All eyes were evaluated by slit
lamp examination and scored for ocular  inflammatory
response at one week, two weeks and three weeks post-
5 operatively. A standard scoring method in different
specific categories was used at each examination,
including assessment of corneal edema, as well as the
presence of cell and flare within the anterior
chamber. PCO was evaluated  under retro-illumination
with the pupil fully dilated. 



After the final clinical examination at three weeks,
the animals were  10 anesthetised using a 1.6m]
intramuscular injection of a 7:1 mixture of ketamine
hydrochloride and xylazine, and then humanely
euthanised with a 1 ml  intravenous injection of
pentobarbital sodiumlphenytoin  sodium (Euthasol(r),
Delmarva Laboratories). Their globes were enucleated
and placed in 10%  neutral buffered formalin for
twenty-four hours. The globes were then bisected 15
coronally just anterior to the equator. Gross
examination and photographs from  the posterior aspect
(Miyake-Apple view) were performed to assess the PCO
development. The intensity of central and peripheral
PCO was scored from  grades 0-4; see Hansen et al, J.
Cataract Refract.Surg. 14:605-613 (1988), for  details
of the method of scoring. 20 Table 1 summarises the
results of the PCO scoring done from a posterior
(Miyake Apple) view. In Table 1, OD (oculus dexter)
refers to the right eye, OS  (oculus sinister) to the
left. In each eye, central and peripheral PCO scores
were  lower for lens B, and higher for lens A. The
average central PCO scores for  lenses A and B were
0.90 and 0.39 respectively. The average peripheral
scores 25 for A and B were 1.85 and 0.83 respectively.
This illustrates the desirability of  a lens of the
invention. r WO 2004/010895 7 Table I 5 10 15
PCT/GB2003/003122  Central PCOPeripheral PCO  ABAB
00.53 1121 10.521 1020 



2.5031 0021 1122 10.510.5 1010 0.500.50 WO 2004/010895
PCTIGB2003/003122  8 CLAIMS  1. An intraocular lens
comprising an optic and one or more haptics, wherein
the or each haptic can be compressed in the plane of
the lens, and which  additionally comprises, around
the optic, an annular rim that, in use, is in contact
5 with the posterior capsular sac. 2. A lens according
to claim 1, wherein, in use, the optic touches the
posterior capsular sac. 3. A lens according to claim I
or claim 2, which also comprises an annular  rim on
the anterior surface of the lens: 10 4. A lens
according to any preceding claim, wherein the or each
haptic is  curved, and shaped such that, in a first
stage of compression, the proximal part  of the haptic
can be fully compressed, and, in a second stage, the
distal part of  the haptic can be compressed. 5. A
lens according to claim 4, wherein the or each haptic
includes an  15 aperture of which opposed points are
brought into contact, in the first stage of
compression. 6. A lens according to claim 4 or claim
5, wherein the or each stage of  compression is
essentially continuous, full compression being reached
gradually  from the proximal end towards the distal
end of the haptic. 20 7. A lens according to any
preceding claims, wherein the annular rim is  thicker
in a region proximal to the or each haptic. 8. A lens
according to claim 7, wherein the rim comprises a
gradual change  in the thickness. 


