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ABSTRACT (73) Assignee: NuLens Ltd, HerZliya (IL) 
Accommodating intraocular (AIOL) assemblies (31) for 
enabling post implantation in situ manual selective displace 
ment of anAlOL (33) along a human eye’s visual axis relative 
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to stationary anchor points. Axial displacement may be over a 
continuous range or alternatively at discrete axial stopping 
positions typically from about 100 11m to about 300 um apart. 
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(86) PCT No.: PCT/IL2006/000406 
Novels AlOLs designed to be at least partially folded for 
facilitating insertion into a human eye through a relatively 
small incision. 
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ACCOMMODATING INTRAOCULAR LENS 
(AIOL) AND DISCRETE COMPONENTS 

THEREFOR 

FIELD OF THE INVENTION 

[0001] The invention pertains to accommodating intraocu 
lar lens assemblies. 

BACKGROUND OF THE INVENTION 

[0002] Commonly oWned PCT International Application 
No. PCT/IL02/00693 entitled Accommodating Lens Assem 
bly and published on 27 Feb. 2003 under PCT International 
Publication No. WO 03/015669 illustrates and describes 
accommodating intraocular lens (hereinafter AIOL) assem 
blies, the contents of Which are incorporated herein by refer 
ence. The AIOL assemblies each include a haptics system 
adapted to be securely ?xed in a human eye’s annular ciliary 
sulcus at least tWo spaced apart stationary anchor points so 
that it may act as a reference plane for an AIOL of continu 
ously variable Diopter strength affected by a human eye’s 
capsular diaphragm under control of its sphincter-like ciliary 
body and acting thereagainst from a posterior direction. The 
haptics systems include a rigid planar haptics plate With a 
telescoping haptics member for sliding extension. The hap 
tics plate and the haptics member are preferably self-anchor 
ing as illustrated and described in commonly oWned PCT 
International Application No. PCT/IL02/00128 entitled 
Intraocular Lens and published on 29 Aug. 2002 under PCT 
International Publication No. WO 02/065951, the contents of 
Which are incorporated herein by reference. 
[0003] Commonly oWned PCT International Application 
No. PCT/IL2005/000456 entitled Accommodating Intraocu 
lar Lens Assemblies and Accommodation Measurement 
Implant and published on 10 Nov. 2005 under PCT Intema 
tional Publication No. WO 2005/ 104994 illustrates and 
describes AIOL assemblies enabling post implantation in situ 
manual selective displacement of an AIOL along a human 
eye’s visual axis relative to at least tWo spaced apart stationary 
anchor points to a desired position to ensure that an AIOL 
assumes a non-compressed state in a human eye’s constricted 
ciliary body state. Such in situ manual selective displacement 
can be effected post implantation to correct for capsular con 
traction Which is a natural reaction Which typically develops 
over a feW months folloWing extraction of the contents of a 
human eye’s natural crystalline lens, and also a subject’s 
changing eyesight overtime With minimal clinical interven 
tion. Such in situ manual selective displacement can be 
achieved as folloWs: First, a discrete haptics system for retain 
ing a discrete AIOL Which is manually displaceable relative 
thereto. And second, a haptics system With at least tWo haptics 
having radiation sensitive regions capable of undergoing 
plastic deformation for in situ manual displacement of an 
integrally formed AIOL. 
[0004] Commonly oWned PCT International Application 
No. PCT/IL2005/001069 entitled Accommodating Intraocu 
lar Lens (AIOL), andAIOL Assemblies Including Same illus 
trates and describes anAIOL including a biasing mechanism 
for elastically deforming an elastically deformable shape 
memory disk-like optical element for affording the AIOL a 
natural positive Diopter strength for near vision. The AIOL is 
intended to be implanted in a human eye such that relaxation 
of its ciliary body causes its capsular diaphragm to apply an 

Dec. 4, 2008 

external force for overcoming the biasing mechanism to 
reduce the AIOL’s natural positive Diopter strength for dis 
tance vision. 

[0005] Other AIOLs are illustrated and described in US. 
Pat. No. 4,254,509 to Tennant, US. Pat. No. 4,409,691 to 
Levy, US. Pat. No. 4,888,012 to Horn et al., US. Pat. No. 
4,892,543 to Turley, US. Pat. No. 4,932,966 to Christie et al., 
US. Pat. No. 5,476,514 to Cumming, US. Pat. No. 5,489,302 
to Skottun, US. Pat. No. 5,496,366 to Cumming, US. Pat. 
No. 5,522,891 to Klaas, US. Pat. No. 5,674,282 to Cumming, 
U.S.Pat.No. 6,117,171 to Skottun, US. Pat. No. 6,197,059 to 
Cumming, US. Pat. No. 6,299,641 to Woods, US. Pat. No. 
6,342,073 to Cumming et al., US. Pat. No. 6,387,126 to 
Cumming, US. Pat. No. 6,406,494 to Laguette et al., US. 
Pat. No. 6,423,094 to SarfaraZi, US. Pat. No. 6,443,985 to 
Woods, US. Pat. No. 6,464,725 to Skotton, US. Pat. No. 
6,494,911 to Cumming, US. Pat. No. 6,503,276 to Lang et 
al., US. Pat. No. 6,638,306 to Cumming, US. Pat. No. 6,645, 
245 to Preussner, US Patent Application Publication No. US 
2004/0169816 to Esch, and EP 1 321 112. 

SUMMARY OF THE INVENTION 

[0006] One aspect of the present invention is directed 
toWards accommodating intraocular (AIOL) assemblies each 
including at least one shape memory optical element resil 
iently elastically deformable betWeen a non-compressed 
shape With a ?rst Diopter strength and a compressed shape 
With a second Diopter strength different than its ?rst Diopter 
strength such that an AIOL has a continuously variable 
Diopter strength betWeen a minimum Diopter strength for 
distance vision purposes and a maximum Diopter strength for 
near vision purposes. The AIOL assemblies are intended for 
in situ manual selective displacement of an AIOL along a 
human eye’s visual axis relative to stationary anchor points 
after implantation for enabling accurate AIOL deployment to 
take full advantage of the reciprocal movement of a human 
eye’s capsular diaphragm betWeen its constricted ciliary body 
position and its relaxed ciliary body position. Axial displace 
ment may be over a continuous range in a similar manner to 
aforesaid WO 2005/ 104994 or alternatively at discrete axial 
stopping positions typically from about 100 pm to about 300 
um apart. StepWise axial displacement is preferably enabled 
by a so-called “push and tWist” bayonet arrangement similar 
to a conventional light bulb ?tting having a single stopping 
position. The AIOL assemblies each include a haptics system 
also suitable for self-anchoring implantation of a ?xed 
Diopter strength IOL in a human eye as opposed to an AIOL 
having a variable Diopter strength. 
[0007] Another aspect of the present invention is directed 
toWards AIOLs Which lend themselves to be at least partially 
folded under reasonable forces as can be applied using con 
ventional ophthalmic surgical tools, for example, tWeeZers, 
for facilitating insertion into a human eye through a relatively 
small incision. The AIOLs can be provided as discrete com 
ponents for use With discrete haptics systems for enabling 
aforesaid in situ axial displacement. The discrete AIOLs are 
provided With typically tWo or more manipulation apertures 
accessible from an anterior side for receiving the tip of a 
handheld manipulation tool for enabling in situ manipulation. 
The manipulation apertures may be in the form of peripheral 
disposed manipulation rings, blind manipulation notches, 
and the like. Alternatively, the AIOLs can be integrally 
formed With a haptics system including at least tWo elongated 
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haptics having radiation sensitive regions capable of under 
going plastic deformation for enabling aforesaid in situ axial 
displacement. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] In order to understand the invention and to see hoW 
it can be carried out in practice, preferred embodiments Will 
noW be described, by Way of non-limiting examples only, 
With reference to the accompanying draWings in Which simi 
lar parts are likeWise numbered, and in Which: 
[0009] FIG. 1 is a cross section vieW of an anterior part of a 
human eye in its natural near vision condition in an axial 
plane of the human body; 
[0010] FIG. 2 is a cross section vieW ofan anterior part ofa 
human eye in its natural distance vision condition in an axial 
plane of the human body; 
[0011] FIG. 3 is a pictorial vieW of a disassembled “push 
and tWist” AIOL assembly including a discrete haptics sys 
tem and a discrete AIOL With a ?attened spherical shaped 
housing a shape memory optical element; 
[0012] FIG. 4 is a close-up front vieW of a bifurcated attach 
ment plate of FIG. 3’s haptics system; 
[0013] FIG. 5 is a pictorial vieW ofa stepped track of FIG. 
3’s haptics system; 
[0014] FIG. 6 is a pictorial vieW ofa FIG. 3’s AIOL being 
folded by tWeeZers for insertion into a human eye through a 
small incision; 
[0015] FIG. 7 is a pictorial vieW of a unitary AIOL assem 
bly including a haptics system integrally formed With FIG. 3 ’s 
AIOL; 
[0016] FIG. 8 is a longitudinal cross section vieW of the 
FIG. 3’s AIOL in its non-compressed state along line B-B in 
FIG. 3; 
[0017] FIG. 9 is a longitudinal cross section of FIG. 3’s 
AIOL in its compressed state along line B-B in FIG. 3; 
[0018] FIG. 10 is a side vieW of FIG. 3’s AIOL assembly 
prior to assembly; 
[0019] FIG. 11 is a side vieW ofFIG. 3’s AIOL assembly at 
its most posterior axial stopping position; 
[0020] FIG. 12 is a side vieW ofFIG. 3’s AIOL assembly at 
an intermediate axial stopping position; 
[0021] FIG. 13 is a side vieW ofFIG. 3’s AIOL assembly at 
its most anterior axial stopping position; 
[0022] FIG. 14 is a cross section vieW ofan anterior vieW of 
a human eye in an axial plane of the human body implanted 
With FIG. 3’s AIOL assembly in an initial position along the 
human eye’s visual axis; 
[0023] FIG. 15 is a cross section vieW ofan anterior vieW of 
a human eye in an axial plane of the human body implanted 
With FIG. 3’s AIOL assembly at a subsequent position along 
the human eye’s visual axis to compensate for capsular con 
traction; 
[0024] FIG. 16 is a pictorial vieW ofa disassembled “push 
and tWist” AIOL assembly including a discrete haptics sys 
tem and a discrete dual belloWs-like AIOL; 
[0025] FIG. 17 is a pictorial vieW of a unitary AIOL assem 
bly including a haptics system integrally formed With FIG. 
16’s dual belloWs-like AIOL; 
[0026] FIG. 18 is a longitudinal cross section vieW of FIG. 
16’s dual belloWs-like AIOL in its non-compressed state; 
[0027] FIG. 19 is a longitudinal cross section of FIG. 16’s 
dual belloWs-like AIOL in its compressed state; 
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[0028] FIG. 20 is a cross section vieW ofan anterior vieW of 
a human eye in its contracted ciliary body state in an axial 
plane of the human body implanted With FIG. 16’s AIOL 
assembly; 
[0029] FIG. 21 is a cross section vieW ofan anterior vieW of 
a human eye in its relaxed ciliary body state in an axial plane 
of the human body implanted With FIG. 16’s AIOL assembly; 
[0030] FIG. 22 is an exploded vieW of a still yet another 
discrete AIOL for use in a haptics system adapted to be 
securely ?xed in a human eye’s annular ciliary sulcus; 
[0031] FIG. 23 is a longitudinal cross section vieW ofFIG. 
22’s AIOL in its non-compressed state; 
[0032] FIG. 24 is a longitudinal cross section vieW of FIG. 
22’s AIOL in its compressed state; 
[0033] FIG. 25 is a side vieW of a still yet another discrete 
AIOL in its non-compressed state for use in a haptics system 
adapted to be securely ?xed in a human eye’s annular ciliary 
sulcus; 
[0034] FIG. 26 is a side vieW of FIG. 25’s AIOL in its 
compressed state; 
[0035] FIG. 27 is a cross section vieW ofFIG. 25’s AIOL in 
its non-compressed state; 
[0036] FIG. 28 is a cross section vieW ofFIG. 25’s AIOL in 
its compressed state; 
[0037] FIG. 29 is longitudinal cross section vieW of a still 
yet another discrete AIOL in its non-compressed state for use 
in a haptics system adapted to be securely ?xed in a human 
eye’s annular ciliary sulcus; 
[0038] FIG. 30 is a longitudinal cross section of FIG. 29’s 
AIOL in its compressed state; 
[0039] FIG. 31 is a longitudinal cross section of still yet 
another discrete AIOL in its non-compressed state for use in 
a haptics system adapted to be securely ?xed in a human eye’s 
annular ciliary sulcus; 
[0040] FIG. 32 is a longitudinal cross section of a still yet 
another discrete AIOL in its non-compressed state for use in 
a haptics system adapted to be securely ?xed in a human eye’s 
annular ciliary sulcus; 
[0041] FIG. 33 is a pictorial vieW ofa disassembled “push 
and tWist” AIOL assembly in accordance With another “push 
and tWist” bayonet arrangement; 
[0042] FIG. 34 is a pictorial vieW ofa disassembled “push 
and tWist” AIOL assembly in accordance With yet another 
“push and tWist” bayonet arrangement; and 
[0043] FIG. 35 is a pictorial vieW ofa disassembled AIOL 
assembly With a screW thread arrangement for enabling in situ 
manual selective axial displacement of an AIOL along a 
human eye’s visual axis. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS OF THE PRESENT 

INVENTION 

[0044] FIGS. 1 and 2 are cross section vieWs of an anterior 
part of a human eye 10 having a visual axis VA in its natural 
near and distance vision conditions, respectively, in an axial 
plane of the human body. The human eye 10 has a cornea 11 
peripherally connected to a spherical exterior body made of 
tough connective tissue knoWn as the sclera 12 at an annular 
sclero-corneal juncture 13. An iris 14 inWardly extends into 
the human eye 10 from its root 16 at the sclero-comeal junc 
ture 13 to divide the human eye’s anterior part into an anterior 
chamber 17 and a posterior chamber 18. A sphincter-like 
peripheral structure knoWn as the ciliary body 19 includes 
ciliary processes housing ciliary muscles 21 ?red by para 
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sympathetic nerves. The ciliary muscles 21 are connected to 
Zonular ?bers 22 Which in turn are peripherally connected to 
the equatorial edge of a membrane knoWn as the capsular bag 
23 With an anterior capsule 24 and a posterior capsule 26 
enrobing a natural crystalline lens 27. The iris’s root 16 and 
the ciliary body 19 delimit a portion of the interior surface of 
the sclera 12 at the sclero-corneal juncture 13 knoWn as the 
ciliary sulcus 28. Remnants of the anterior capsule 24 Which 
may remain after extraction of the natural crystalline lens 27 
and the intact posterior capsule 26 are referred to hereinafter 
as the capsular diaphragm 29. Contraction of the ciliary body 
19 alloWs the lens 27 to thicken to its natural thickness T1 
along the visual axis VA for greater positive optical poWer for 
near vision (see FIG. 1). Relaxation of the ciliary body 19 
tensions the Zonular ?bers 22 Which draWs the capsular bag 
23 radially outWard as shoWn by arroWs A for compressing 
the lens 27 to shorten its thickness along the visual axis VA to 
T2<T1 for loWer positive optical poWer for distance vision 
(see FIG. 2). 
[0045] FIG. 3 shoWs a “push and tWist”AlOL assembly 31 
for self-anchoring in a human eye’s ciliary sulcus 28 for 
preferably enabling spectacle free vision over the nominal 
range of human vision. The AIOL assembly 31 includes a 
discrete haptics system 32 for selectively retaining a discrete 
AIOL 33, and a “push and tWist” bayonet arrangement 34 for 
effecting stepWise axial displacement of the AIOL 33 relative 
to the haptics system 32 and therefore along a human eye’s 
visual axis. A handheld manipulation tool 36 With an elon 
gated shaft 37 and an inclined end piece 38 With a tip 38A is 
employed for assembling the AIOL assembly 31 in situ and 
for manipulating the AIOL 33 for stepWise axial displace 
ment relative to the haptics system 32. 

[0046] The haptics system 32 is made from suitable rigid 
bio -compatible transparent polymer material such as PMMA, 
and the like. The haptics system 32 has a longitudinal axis 39 
intended to be co-directional With a human eye’s visual axis. 
The haptics system 32 includes a tubular main body 41 With 
a diameter D1 in the region of 4 mm-5 mm corresponding to 
a human eye’s pupil, and an axial length L1 of l mm:0.5 mm 
along the longitudinal axis 39 (see FIG. 10). The haptics 
system 32 has a pair of diametrically opposite elongated 
C-shaped haptics 42 extending from its main body 41 in 
opposite directions in a plane perpendicular to its longitudinal 
axis 39. The haptics 42 have a thin pro?le in the plane per 
pendicular to the longitudinal axis 39 such that they are suf 
?ciently ?exible under reasonable forces as can be applied 
using conventional ophthalmic surgical tools for encircling 
around the main body 41 shoWn by arroW C for facilitating 
insertion of the haptics system 32 into a human eye through a 
relatively small incision. FIG. 3 shoWs a haptics 42 in dashed 
lines for shoWing its encircling around the main body 41. The 
haptics 42 have a Wide pro?le along the longitudinal axis 39 
such that they are rigid against a compression force thereal 
ong. The haptics’ Wide pro?le preferably tapers from its 
proximal end 42A adjacent the main body 41 to its distal end 
42B remote therefrom and terminating at a bifurcated attach 
ment plate 43. 
[0047] FIG. 4 shoWs an attachment plate 43 has a near 
square shape in a front vieW in the plane perpendicular to the 
longitudinal axis 39 and is formed With a pair of spaced apart 
pointed puncturing members 44 of su?icient strength for 
forced penetration into the tough connective tissue of a 
human eye’s sclera 12. The attachment plate 43 has an isos 
celes shaped cutout 46 pointing toWards its haptics 42 to leave 
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a central narroW juncture 47 for determining the maximal 
penetration of the attachment plate 43 into a human eye’s 
sclera 12 on its abutment thereagainst. The puncturing mem 
bers 44 have tips 44A With a minimum tip separation TS of at 
least 1 mm and preferably betWeen about 2 mm and 3 mm in 
the plane perpendicular to the longitudinal axis 39. The punc 
turing members 44 have a minimum tip height TH of at least 
0.5 mm as measured betWeen the tips 44A and the juncture 47 
such that they can penetrate slightly more than half of a 
sclera’s thickness of about 1 mm. The tip height TH is pref 
erably betWeen about 0.8 mm and 1.3 mm. The attachment 
plates 43 are formed With a manipulation aperture 48 in the 
central portion betWeen the cutout 46 and the haptics 42 for 
selectively receiving the handheld manipulation tool’s tip 
38A for in situ manipulation purposes. The manipulation 
aperture 48 is preferably constituted by an about 0.4 mm 
diameter throughgoing bore. 
[0048] The main body 41 has an internal surface 51 formed 
With tWo or more equidistant stepped tracks 52 only one of 
Which is visible in FIG. 3. FIG. 5 shoWs a stepped track 52 has 
three axial directed channels 53A, 53B and 53C enabling 
axial displacement of the AIOL 33 relative to the haptics 
system 32 and three peripheral grooves 54A, 54B and 54C 
enabling rotational displacement of the AIOL 33 relative to 
the haptics system 32 and precluding inadvertent slipping of 
the AIOL 33 in an axial direction relative to a human eye’s 
visual axis. The axial directed channels have peripheral 
Widths W. The peripheral grooves 54A correspond to a most 
posterior stopping position, the peripheral grooves 54B cor 
respond to an intermediate position, and the peripheral 
grooves 54C correspond to a most anterior position of an 
AIOL along a human eye’s visual axis, respectively. 
[0049] FIGS. 3, 8 and 9 shoW the AIOL 33 has a longitu 
dinal axis 56 intended to be co-directional With a human eye’s 
visual axis, and a holloW ?attened spherical shaped housing 
57, an annular anterior member 58 With a leading surface 
58A, and a posterior member 59 having a trailing surface 
59A. The leading surface 58A has an internal rim 61 de?ning 
an anterior facing aperture 62 having a diameter slightly 
smaller than that of the main body 41. The housing 57 de?nes 
a cavity 63 housing a shape memory optical element 64 With 
a leading surface 66 With a central portion 66A exposed 
through the aperture 62. The posterior member 59 can be 
formed Without any optical poWer or preferably as a plano 
convex optical member With positive Diopter strength as 
shoWn. The housing 57 has a diameter D2 of at least 6 mm for 
an adult siZed AIOL 33, and preferably of about 7 mil mm 
so as to bear against a major portion of a human eye’s capsular 
diaphragm 29 (see FIG. 10). 
[0050] The AIOL 33 includes a rigid tubular casing 67 
having an axial length L2 and a leading end 67A for facing in 
an anterior direction in a human eye, and a trailing end 67B 
for facing in a posterior direction in a human eye (see FIG. 
10). The trailing end 67B is formed With a groove 68 for 
receiving the internal rim 61 Whereupon the casing 67 can 
reciprocate relative thereto for selectively compressing the 
optical element 64. The casing 67 has a peripheral cylindrical 
surface 69 With lugs 71 for traveling along the stepped tracks 
52. The lugs 71 have peripheral lengths L3 Where W:L3+A. 
The housing 57 is formed With manipulation rings 72 on its 
peripheral rim 57A and/or blind manipulation notches 73 on 
its leading surface 58A for selectively receiving the handheld 
















