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[57] ABSTRACT 
A neutral ‘buoyancy intraocular lens device, adapted for 
implantation in a human eye and having an optical lens 
portion and support members attached thereto for hold 
ing the lens in place, is provided with a portion having 
a mean density lower than the density of the aqueous 
humor of the eye and a size large enough to decrease 
the mean density of the entire device to substantially the 
same as the aqueous humor of the eye to produce neu 
tral buoyancy relative thereto, thereby increasing the 
compatibility of the device with the human user's eye 
and reducing trauma to the eye. The low-density por 
tion may be an integral part of the lens and support 
structure, or may be a separate member attached 
thereto, and the lower mean density may be achieved 
by the use of a void or a relatively low density material. 

22 Claims, 6 Drawing Figures 
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[NEUTRAL] BUOYANCY INTRAOCULAR 
LENS DEVICE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to intraocular 
lens devices adapted for implantation in a human eye. 

Intraoccular lens devices (hereinafter also referred to 
as IOLs) are well known and in many forms have been 
successfully implanted in human eyes following cata 
ract surgery after the natural crystalline lens of the eye 
has been removed, as has been described for example in 
J. Jaffe, “Current Status of Intraocular Lenses,” 51 Eye, 
Ear, Nose and Throat Monthly 290—96 (1972). How 
ever, excess weight and size of the IOLs caused failure 
of some of the early implants, and the ultimate success 
of this technique was due in part to the reduction in 
weight of the lens device. 
Even though the weight of IOLs has been reduced in 

more recent devices developed in the art, the applicant 
is of the belief that a signi?cant added advantage could 
be gained if their weight relative to the fluid inside the 
eye could be reduced to zero, that is, if the lens could be 
provided with neutral buoyancy with respect to the 
aqueous humor of the eye. Such a neutral buoyancy 
condition of the intraocular lens (that is, a condition in 
which the mean density of the IOL is equal to the den 
sity of the aqueous humor) would, it is felt, reduce the 
tremor, or shake, due to the fast saccadic movement of 
the eye, which in turn would likely reduce iris irritation 
and hence, possibly, a type of recurrent traumatic iritis. 
Neutral buoyancy also would tend to reduce the likeli 
hood of the lens becoming a semi-missile inside the eye 
in the event of severe ocular trauma such as occurs in a 
car accident or other unexpected event causing a sud 
den impact to the head. 
The natural crystalline lens itself has weight within 

the eye, that is, it does not achieve neutral buoyancy, 
but due to the hundreds of zonule ?brils coming from 
the ciliary body that support its entire periphery, the 
natural crystalline lens moves very little with large or 
sudden movements of the eye. However, some IOLs do 
not share this broad support, but instead are supported 
only by a few points of contact with the iris which carry 
the entire weight of the IOL. For example, the IOL 
may be supported by the pupilary sphincter, or by a 
suture, arm or loop attaching the IOL to the iris. Al 
though the weight of the IOL may be very small, the 
few support points of iris contact experience high-pres 
sure loading which can contribute to pressure necrosis 
and atrophy of the fragile iris. 
Although some IOLs are supported entirely by the 

lens capsule zonular fibrils and therefore do not pro 
duce the aforementioned problems associated with the 
iris, this ?xation technique is uncommonly used since 
the danger of dislocation of an implant supported solely 
by the lens capsule is high. Therefore irido-capsular 
?xation is more commonly utilized, whereby the lens is 
partially supported by the iris as well as the posterior 
capsular of a natural lens. In the latter case it would be 
desirable to utilize a lens of neutral buoyancy to lower 
the pressure imposed on the fragile iris. 
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SUMMARY OF THE INVENTION 

The present invention eliminates the aforementioned 
problems associated with implanting an IOL resulting 
from the weight of the implanted device by the tech 
nique, applicable to an IOL of virtually any design, of 
providing the device with a neutral buoyancy relative 
to the aqueous humor of the eye. By way of example the 
neutral buoyancy of the IOL may be achieved by pro 
viding its structure with portions having a mean density 
less than the density of the aqueous humor of the eye, 
through the medium of employing lens elements made 
of low-density material or having hollow portions 
which are evacuated or ?lled with an inert gas, in a 
sufficient amount that the mean density of the entire 
IOL structure is substantially equal to the density of the 
aqueous humor. 

In one exemplary embodiment the IOL includes ante 
rior or posterior laterally-protruding loops attached to 
an optical lens which are used for supporting the lens, 
and the neutral buoyancy is achieved by utilizing hol 
low loops made from nonexpandable, noncollapsible 
metal. The loops are made of hollow tubes each having 
a length sufficient to provide the necessary support of 
the lens in the eye and having an inside diameter calcu 
lated to provide enough volume within the loops that 
the combined lens and loops will displace an amount of 
?uid within the eye which is as heavy or heavier than 
the IOL. The two ends of each loop are sealed and 
attached to the lens, which typically is made of a high 
ly-refined pure polymer of plastic such as polymethyl 
methacrylate. The mean density of the sealed tubes 
should be less than the density of the aqueous humor in 
order to achieve the objectives of this invention. 
An alternative embodiment utilizes, in addition to 

support members, a small hermetically sealed chamber 
attached to the IOL to serve as a ?oat. The mean den 
sity of the sealed chamber should be less than that of the 
aqueous humor, and preferably the chamber should be 
large enough that the volume of fluid displaced by the 
IOL is equal or greater in weight than the IOL. 
Another alternative embodiment utilizes peripheral 

arms attached to an optical lens, the arms being made of 
an inert material having less density than the aqueous 
humor of the eye, or of an inert material having bubbles 
of an inert gas contained in a matrix of chambers formed 
therein to provide a low density material in sufficient 
quantity for neutral buoyancy of the IOL. 
While materials for producing the optical lens portion 

of an IOL have heretofore been chosen for their rela 
tively light weight, as well as their optical properties 
and tissue inertness, for example polymethyl methacry 
late has been found to be particularly suitable for use in 
IOLs, there are other inert optical materials, such as 
crown glass, that have superior optical qualities but due 
to their heavier weight, have not previously been used. 
The adoption of the principles of the present invention 
may render more feasible the application of these 
heavier, optically superior materials to IOL devices by 
effectively reducing the overall buoyancy weight of the 
device to near zero when suspended in the eye ?uid. 

Therefore, it is a principal objective of the present 
invention to provide an intraocular lens device having a 
lower mean density than heretofore achieved in order 
to increase its compatibility with a human user's eye and 
reduce trauma to the user's eye. 

It is a particular objective of the present invention to 
provide an improved intraocular lens device which 
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incorporates portions having less mean density than the 
aqueous humor of a human eye to balance other por 
tions having higher mean density than the aqueous hu 
mor, thereby resulting in neutral, or near neutral buoy 
ancy of the lens device. 
The foregoing objectives, features and advantages of 

the present invention will be more readily understood 
upon consideration of the following detailed description 
of the invention taken in conjunction with the accompa 
nying drawings. ‘ 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a front view of an embodiment of the intra 
ocular lens device (IOL) according to the present in 
vention utilizing hollow support loops for achieving 
neutral buoyancy. 
FIG. 2 is a perspective view of a portion of a support 

loop of the embodiment taken along the line 2—2 of 
FIG. 1. 
FIG. 3 is a second embodiment of an IOL according 

to the present invention utilizing a float chamber for 
achieving neutral buoyancy. 
FIG. 4 is a sectional view of the second embodiment 

taken along the line 4-4 of FIG. 3. 
FIG. 5 is a front view of a third embodiment of an 

IOL according to the present invention utilizing low 
density lateral arms for achieving neutral buoyancy. 
FIG. 6 is a sectional view of the third embodiment 

taken along line 6—6 of FIG. 5. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to FIGS. 1 and 2, a ?rst embodiment 10 of 
the intraocular lens device incorporating the teachings 
of the present invention comprises an optical lens por 
tion 12 made of a highly-re?ned pure polymer of plastic 
(for example, polymethyl methacrylate), crown glass or 
some other relatively inert transparent material having 
desirable optical qualities, which is shaped with one or 
more curved surfaces to produce the optical effect nec 
essary for replacement of a natural human crystalline 
lens, and one or more support loops 14 attached to the 
optical lens 12 for holding the lens in place inside a 
human eye. The support loops are made of nonexpand 
able, noncollapsible metal tubing which may be pro 
duced by extrusion, as is commonly known to the art. 
The loops 14 are made in lengths appropriate for hold 
ing the lens in the eye and with their ends 15 sealed, 
leaving the interior of the loops evacuated or ?lled with 
a [gass] gas. 
The amount of buoyancy provided by the loops 14 

will depend upon the number of loops attached to the 
apparatus 10, the density of the material used to manu 
facture the loops, and the volume of the hollow space 
16 within the loops, which in turn is a function of the 
length of the loops and their inside diameter 18. There 
fore, given the number of loops and their lengths re 
quired adequately to hold the lens in the eye, and the 
density characteristic of the material with which the 
loops are to be manufactured, the inside diameter 18 
should preferably be calculated to provide sufficient 
volume to produce neutral buoyancy for the entire 
IOL. To achieve neutral buoyancy the inside volume of 
the loops should be made such that the mean density of 
the loops is less than the density of the aqueous humor 
of the eye, thereby reducing the overall mean density of 
the IOL to approximately the density of the aqueous 
humor. It will be recognized by those skilled in the art 
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4 
that many different combinations and orientations of 
loops might be utilized, that a gas may be contained 
inside the loops, and that the calculation of the desired 
mean density for the resultant IOL device must take 
these factors into account. It will also be recognized 
that there is a possibility that different individuals may 
have aqueous humor of different respective densities, in 
which case an IOL may be fabricated with a mean 
density suitable for a speci?c individual, or selected for 
a speci?c individual from among several IOLs having 
different mean densities. 

Turning now to FIGS. 3 and 4, a second embodiment 
20 of the present invention is shown, having an optical 
lens portion 12 similar to the corresponding portion of 
the ?rst embodiment 10 and support members 22 at 
tached to the optical lens for holding it in placelin the 
eye. In addition, the second embodiment 20 of the IOL 
apparatus includes a low mean density member com 
prising a hollow hermetically~sealed chamber 24 manu 
factured of metal or some appropriate inert substance, 
and having an inside volume sufficient to provide the 
IOL apparatus with neutral, or near neutral, buoyancy 
relative to the aqueous humor. 
A third embodiment 26, shown in FIGS. 5 and 6, 

utilizes a similar optical lens 12, having attached thereto 
one or more laterally protruding support arms 28 made 
of a material, or containing pockets 30 of inert gas, 
having less mean density than the aqueous humor of a 
human eye. Similarly to the aforementioned embodi 
ments, the arm material, or the gas in the arms, should 
be provided in a quantity sufficient to give the entire 
IOL a mean density less than or equal to the density of 
the aqueous humor in order to produce the desired 
condition of neutral buoyancy. 

In addition to the afore-described speci?c exemplary 
embodiments incorporating the present invention, other 
arrangements for coupling a low mean density member 
to an optical lens to produce an IOL having an overall 
mean density equal to or less than the density of the 
aqueous humor of a particular individual’s eye might 
also be utilized without departing from the principles of 
this invention. Moreover, other methods of increasing 
the comfort of an IOL to its human user and reducing 
trauma to the user's eye resulting from an implanted 
IOL by providing an IOL with substantially neutral 
buoyancy within the eye might fall within the scope of 
this invention as well. 
The terms and expressions which have been em 

ployed in the foregoing abstract and speci?cation are 
used therein as terms of description and not of limita 
tion, and there is no intention, in the use of such terms 
and expressions, of excluding equivalents of the features 
shown and described or portions thereof, it being recog 
nized that the scope of the invention is de?ned and 
limited only by the claims which follow. 
What is claimed is: 
1. An intraocular lens device for implantation into a 

human eye, said lens device comprising: 
(a) an optical lens suitable for replacing a human 

crystalline lens having a mean density greater than 
that of the aqueous humor of said human eye; and 

(b) buoyancy means external of and attached to said 
optical lens having a mean density less than the 
density of said aqueous humor for providing a 
plurality of irido-capsular support points on the 
posterior surface of the iris of said human eye to 
hold said optical lens in place when implanted into 
said human eye and for reducing the overall mean 
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density of said lens device to substantially that of 
said aqueous humor. 

2. The lens device of claim 1 wherein said buoyancy 
means includes an evacuated sealed chamber formed 
therein, said chamber having a volume sufficient to 
provide said buoyancy means with a mean density less 
than that of said aqueous humor. 

3. The lens device of claim 1 wherein said buoyancy 
means includes a sealed chamber formed therein con 
taining an inert substance having a density less than the 
mean density of said aqueous humor, said chamber con 
taining a sufficient quantity of said inert substance to 
provide said buoyancy means with a mean density less 
than that of said aqueous humor. 

4. The lens device of claim 1 wherein said buoyancy 
means comprises a plurality of projecting members 
external of and attached to said optical lens. 

5. The lens device of claim 4 wherein said optical lens 
is of glass material. 

6. The lens device of claim 5 wherein said optical lens 
includes a supportive surface for engaging the posterior 
capsular of said replaced human lens when implanted in 
said human eye. 

7. An intraocular lens device for implantation into a 
human eye, said lens device comprising: 

(a) an optical lens suitable for replacing a human 
crystalline lens having a mean density greater than 
that of the aqueous humor of said human eye; 

(b) support means attached to said lens for providing 
a plurality of irido-capsular support points on the 
posterior surface of the iris of said human eye to 
hold said optical lens in place when implanted into 
said human eye; and 

(c) buoyancy means separated and apart from said 
support means, said buoyancy means being external 
of and attached to said optical lens having a mean 
density less than that of said aqueous humor for 
reducing the overall means density of said lens 
device to approximately that of said aqueous hu 
mor. 

8. The lens device of claim 7 wherein said buoyancy 
means includes an evacuated sealed chamber formed 
therein, said chamber having a volume sufficient to 
reduce the overall mean density of said device to sub 
stantially that of said aqueous humor. 

9. The lens device of claim 7 wherein said buoyancy 
means includes a sealed chamber formed therein con 
taining an inert substance having a mean density less 
than that of said aqueous humor, said chamber contain 
ing a sufficient quantity of said inert substance to reduce 
the overall mean density of said device to substantially 
that of said aqueous humor. 

10. An intruoculor lens device for implantation into a 
human eye, said lens device comprising: 
an optical lens suitable for replacing a human crystalline 

lens, said optical lens having a mean density greater 
than the density of the aqueous humor of the human 
eye; and 

support means attached to said lens for providing a 
plurality of support points at least within the posterior 
chamber of the human eye to hold said optical lens in 
place when implanted into the human eye, said sup 
port means having a density less than the density of 
the aqueous humor of the eye for providing at least a 
degree of buoyant uplift to said optical lens when said 
introocular lens device is implanted into the human 
eye. 
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6 
II. The lens device of claim 10 wherein said support 

means comprises: 
a plurality of loop members formed from a material 

having a density less than the density of the aqueous 
humor of the human eye. 

12. The lens device of claim 10 wherein said support 
means comprises: _ 

a plurality of closed tubular loop members wherein the 
overall density of said closed tubular members has a 
density less than the density of the aqueous humor of 
the human eye. 

13. The lens device of claim 10 wherein said support 
means comprises: 
a plurality of members having at least one sealed cham 

ber therein wherein the overall density of said support 
means has a density less than the density of the aque 
ous humor of the human eye. 

14. An intraocular lens device for implantation into a 
human eye, said lens device comprising: 
an optical lens suitable for replacing a human crystalline 

lens. said optical lens having a mean density greater 
than the density of the aqueous humor of the human 
eye; and 

support means attached to said lens for providing a 
plurality of support points at least within the posterior 
chamber of the human eye to hold said optical lens in 
place when implanted into the human eye, said sup 
port means having a density less than the density of 
the aqueous humor of the eye for providing a buoyant 
uplift to said optical lens when said introoculor lens 
device is implanted into the human eye, said support 
means has a density relative to the density of the aque 
ous humor of the human eye to reduce the overall 
mean density of the intraocular lens device to near 
neutral buoyancy relative to the aqueous humor of the 
human eye. 

15. An intraocular lens device for implantation into a 
human eye, said lens device comprising: 

an optical lens suitable for replacing a human crystalline 
lens, said optical lens having a mean density greater 
than the density of the aqueous humor of the human 
eye; and 

buoyancy means external of and attached to said optical 
lens, said buoyancy means having a density less than 
the density of the aqueous humor of the human eye 
and said buoyancy means adapted to extend at least 
in part into the posterior chamber of the human eye 
for providing at least a degree of buoyant uplift for the 
optical lens when the intraocular lens device is im 
planted into the human eye. 

16. The lens device of claim 15 wherein said buoyancy 
means comprises: 
a plurality of members formed from a material having a 

density less than the density of the aqueous humor of 
the human eye. 

17. The lens device of claim 15 wherein said support 
means comprises: 

a plurality of closed tubular loop members wherein the 
overall density of said closed tubular members has a 
density less than the density of the aqueous humor of 
the human eye. 

18. The lens device of claim 15 wherein said support 
means comprises: 

a plurality of members having at least one sealed cham 
ber therein wherein the overall density of said support 
means has a density less than the density of the aque 
ous humor of the human eye. 
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19. An intraocular lens device for implantation into a 
human eye, said lens device comprising: 
an optical lens suitable for replacing a human crystalline 

lens, said optical lens having a mean density greater 
than the density of the aqueous humor of the human 
eye; and 

buoyancy means external of and attached to said optical 
lens, said buoyancy means having a density less than 
the density of the aqueous humor of the human eye 
and said buoyancy means adapted to extend at least 
in part into the posterior chamber of the human eye 
for providing a buoyant upliftfor the optical lens when 
the intraocular lens device is implanted into the 
human eye, said support means having a density rela 
tive to the density of the aqueous humor of the human 
eye su?icient to reduce the overall mean density of the 
intraocular lens device to near neutral buoyancy rela 
tive to the aqueous humor of the human eye. 

20. An intraocular lens device for implantation into a 
human eye, said lens device comprising: 
an optical lens suitable for replacing a human crystalline 

lens, said optical lens having a mean density greater 
than the density of the aqueous humor of the human 
eye; and 

buoyancy means external of and attached to said optical 
lens, said buoyancy means having a density less than 
the density of the aqueous humor of the human eye 
and said buoyancy means adapted to extend within at 
least one of the anterior and posterior chambers of the 
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human eye for providing a buoyant uplift for the 
optical lens when the intraocular lens device is im 
planted into the human eye, said support means has a 
density relative to the density of the aqueous humor of 
the human eye to reduce the overall mean density of 
the intraocular lens device to near neutral buoyancy 
relative to the aqueous humor of the human eye. 

2]. An intraocular lens device for implantation into a 
human eye, said lens device comprising: 

an optical lens suitable for replacing a human crystalline 
lens, said optical lens having a mean density greater 
than the density of the aqueous humor of the human 
eye; and 

buoyancy means external of and attached to said optical 
lens, said buoyancy means comprising a plurality of 
members having a density less than the density of the 
aqueous humor of the human eye and said buoyancy 
means adapted to extend within at least one of the 
anterior and posterior chambers of the human eye ?ar 
providing at least a degree of buoyant uplift for the 
optical lens when the intraocular lens device is im 
planted into the human eye. 

22. The lens device of claim 21 wherein said buoyancy 
means comprises? 
a plurality of members formed from a material having a 

density less than the density of the aqueous humor of 
the human eye. 
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