
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2003/0193661 A1 

US 2003O193661A1 

Miyata (43) Pub. Date: Oct. 16, 2003 

(54) INTRAOCULAR LENS INSPECTION (57) ABSTRACT 
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INTRAOCULAR LENS INSPECTION METHOD 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the invention 
0002 The present invention relates to a method for 
inspecting an intraocular lens, also called an artificial crys 
talline lens, which is inserted after lensectomy during cata 
ract Surgery and has the function of a convex lens, and 
particularly to an intraocular lens inspection method that 
makes it possible to judge whether or not a lens should be 
accepted for or rejected from use by checking for the 
presence and the extent of glistenings prior to clinical use. 
0003 2. Prior art 
0004. There are conventional methods of inspecting 
intraocular lenses in terms of their properties, optics, Steril 
ity, etc. AS discussed in "Glistenings in Acrylic Lenses in 
the Rinsho Ganka-Japanese Journal of Ophthalmology, 
Vol. 51, No. 4, 1997, the effect on visual performance of the 
intraocular lenses made from a lens body of an acrylic 
copolymer croSS-linked resin, also called acrylic lenses, used 
in Small-incision SutureleSS Surgery, particularly the devel 
opment of glistenings Seen in clinical cases having a diam 
eter of 10 to 20 tim, has recently been energetically inves 
tigated. However, an intraocular lens inspection method has 
not been established with which it is possible to evaluate 
whether or not a lens should be accepted for or rejected from 
use prior to clinical use. 
0005. A method of inspecting intraocular lenses prior to 
clinical use has not been established by conventional 
intraocular lens inspection methods. Therefore, there is a 
problem in that although the risk is known of glistenings 
developing due to internal Structure, Such as voids, etc., 
depending on the materials and production method used, 
direct use clinically without knowing the extent or Status, 
etc., of the glistenings is unavoidable. 
0006 FIG. 5A and FIG. 5B show intraocular lens 1 
made from a lens body of acrylic copolymer croSS-linked 
resin, also called an acrylic lens, used in Small incision 
SutureleSS Surgery. The intraocular lens 1 is comprised of a 
lens body 1a and two loops 1b that hold this lens body at the 
posterior chamber. Lens diameter of this lens body is 5.5 to 
6 mm, and maximum diameter of these two loops is approxi 
mately 13 mm. This lens body is made from an acrylic 
copolymer cross-linked resin having a three-dimensional 
Structure wherein copolymer of phenylethyl acrylate and 
phenylethyl methacrylate is croSS-linked by butanediol dia 
crylate. It has a reflective index of 1.55 and shows ultraviolet 
ray-absorbing capability. It is flexible with a Shore hardness 
(Shore A), which represents Surface hardness, of 45. AS 
shown in FIG. 6, it can be folded in two. With respect to 
thermal properties, its glass transition temperature T is 
15.5-21.5C., with there being a marked increase in volume 
expansion at this transition temperature T or higher when 
compared to Volume expansion at temperatures lower than 
T. 
0007 As shown in the histogram in FIG. 7 of the clinical 
glistening development period when a conventional acrylic 
copolymer cross-linked resin intraocular lens was used, 
development of glistenings during the post-Surgical obser 
Vation period (density of approximately 50 glistenings or 
more, clinical classification grade one or higher) was con 
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firmed in 28 of 49 eyes (57%). Moreover, when the time at 
which the development of these glistenings was first con 
firmed Serves as the glistening development period, there 
were no cases in which glistenings developed one month 
after Surgery; but there were cases in which glistenings 
developed two months after Surgery or later, with the great 
est delay in the development of glistenings being 16 months 
after Surgery. The average glistening development period in 
these 28 eyes was 6.6 months, and when clinical classifi 
cation is grade 0=0 glistenings/mm, grade 1 =50 glistenings/ 
mm, grade 2=100 glistenings/mm, and grade 3=200 glis 
tenings/mm, then the density of these glistenings covers a 
broad range of grade 1, grade 2, and grade 3. Today we are 
in the Stage of energetically investigating the effect of these 
glistenings on visual function with respect to a variety of 
indicators, including visual acuity, glare, contrast, etc. 
0008. There have been no reports of cases of glistenings 
when conventional polymethyl methacrylate (PMMA) resin 
intraocular lenses have been clinically used. However, these 
intraocular lenses are rigid and cannot be folded in half, and 
therefore, there is a disadvantage in that the Surgical incision 
is wide and they are not Suitable for Small-incision SutureleSS 
Surgery. Furthermore, there is a double disadvantage in that 
the refractive index of PMMA resin is 1.49, which is Smaller 
than the refractive index of 1.55 of the above-described 
acrylic copolymer croSS-linked resin; and in order to obtain 
a lens of the same power, a thick lens of thickness d is 
required. Therefore, the frequency with which PMMA resin 
intraocular lenses are used has recently decreased. 

SUMMARY OF THE INVENTION 

0009. In order to solve the above-described problems, the 
intraocular lens inspection method of the present invention 
is characterized in that an intraocular lens to be inspected is 
extracted randomly from an intraocular lens production lot 
prior to clinical use, the intraocular lens that has thus been 
Selected is kept for a specific amount of time in physiologi 
cal Saline at a high-temperature and then promptly trans 
ferred to physiological Saline that has been kept at a low 
temperature, then the lens is examined for glistenings by 
being magnified and observed over time, and when a con 
Sistent number and size of glistenings are Seen, it is judged 
that clinically analogous glistening will develop. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIG. 1 is a flowchart showing the processes of an 
embodiment of the intraocular lens inspection method of the 
present invention; 
0011 FIG. 2A is a side view of part of the inspection 
mechanism for observing glistenings of an embodiment of 
the intraocular lens inspection method of the present inven 
tion that uses a slit-lamp microscope, and FIG. 2B is an 
example of the field in which the intraocular land surface for 
inspection is inspected and observed with a microScope; 
0012 FIG. 3 shows the changes over time in glistening 
diameter using microscopic observation showing a method 
of determining the day of glistening development by an 
embodiment of the intraocular lens inspection method of the 
present invention; 
0013 FIG. 4 is a histogram of the day on which clinically 
analogous glistenings develop as determined using an 
embodiment of the intraocular lens inspection method of the 
present invention; 
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0.014 FIG. 5A is a top view of the intraocular lens used 
in an embodiment of the intraocular lens inspection method 
of the present invention, and FIG. 5B is a sectional side 
view along line 5B-5B in FIG. 5A; 
0.015 FIG. 6 is a side view showing the intraocular lens 
used in an embodiment of the intraocular lens inspection 
method of the present invention folded in the middle; and 
0016 FIG. 7 is a histogram of the clinical glistening 
development period in the case of clinical use for compari 
Son of the same type of intraocular lens as used in the 
intraocular lens inspection methods of an embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.017. The intraocular lens inspecting method of the 
present invention is characterized in that: 

0018 an inspection intraocular lens extracting pro 
cess (S-1) is first executed So as to extract an 
intraocular lens for inspection whereby a plurality of 
intraocular lenses are Selected by random extraction 
from an intraocular lens production lot; 

0019 next in a high-temperature liquid immersion 
process (S-10), the intraocular lens that has been 
extracted is immersed in physiological Saline which 
is a Sterile aqueous Sodium chloride Solution isotonic 
with the same environmental body fluid as when 
clinically used and kept for a specific amount of time 
at high temperature T. Such that deterioration of the 
lens does not occur using a first thermostatic liquid 
cell Such as an incubator, which is a thermostatic 
cultivation device, etc.; 

0020 then promptly moving to a low-temperature 
liquid immersion process (S-20) wherein the 
intraocular lens is removed and transferred to physi 
ological Saline that has been kept at low temperature 
T, which is approximately the same temperature as 
when clinically used, using a Second thermostatic 
liquid cell, and the intraocular lens is observed 
macroscopically, and 

0021 in an inspection process (S-30), if changes are 
difficult to See, the intraocular lens is removed to 
inside a chamber kept at the low-temperature T, the 
Surface is gently washed and magnified and observed 
under a microscope and after observation, the 
intraocular lens is quickly returned to its original 
State, and when these changes are observed over time 
and glistenings that are consistent in terms of the 
number and size are observed with each of these 
observations, it is judged that clinically analogous 
glistenings will develop. 

0022. In the intraocular lens inspection method of the 
present invention, it is also possible to use a liquid cell inside 
a thermostatic chamber kept at low-temperature T as the 
Second thermostatic liquid cell used in the low-temperature 
liquid immersion process (S-20). 
0023 The intraocular lens is removed from the chamber 
kept at low temperature T, and the lens Surface is gently 
washed with distilled water at the same temperature T 
during the inspection process (S-30). This inspection pro 
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cess (S-30) of the intraocular lens inspection method of the 
present invention has the effect of avoiding temperature 
changes and preventing precipitation of Salt crystals from 
the physiological Saline onto this lens Surface. 
0024. In the microscope in inspection process (S-30) of 
the intraocular lens inspection method of the present inven 
tion, a Slit-lamp microScope normally used by ophthalmolo 
gists can be used for magnification and observation. It is 
possible to check for changes over time by holding the 
intraocular lens that is to be inspected on the holder of this 
Slit-lamp microScope, illuminating light from an illumina 
tion lamp onto the lens Surface oblique from the illumination 
optical axis using a mirror, and magnifying and observing 
the lens using a microScope. 
0025. When the intraocular lens inspection method of the 
present invention is used on an intraocular lens made from 
an acrylic copolymer croSS-linked resin also called an 
acrylic lens, then glistenings analogous to those that develop 
in clinical cases can be found in Several days. On the 
average, the development period in clinical cases is as long 
as Six months. However, by using this intraocular lens 
inspection method, it is possible to judge whether or not a 
lens should be accepted for or rejected from use prior to 
clinical use, thus avoiding clinical risks and inspecting a lens 
with the glistening development period being markedly 
curtailed. 

0026. The reason why the glistening development period 
can be markedly curtailed when the intraocular lens inspec 
tion method of the present invention is applied to acrylic 
copolymer croSS-linked resin intraocular lenses is that resins 
made from a three-dimensional Structure Such as acrylic 
copolymer croSS-linked resin comprise continuous hollow 
Structures on the inside also called Voids, and when the lens 
is kept for a specific amount of time at high temperature T 
of the glass transition temperature T of this resin of 15.5 to 
21.5 C. or higher, or approximately 50 C., during the 
high-temperature liquid immersion process (S-10), there is a 
marked increase in Volume expansion with the Solution in 
the Surrounding environment being Suctioned into this con 
tinuous hollow Structure that has inflated; and when kept at 
low-temperature T. during the low-temperature liquid 
immersion process (S-20) that provides the same ambient 
temperature as when clinically used, then Volume contrac 
tion takes place and the liquid that has been Suctioned is 
emitted; and even under Steady-state conditions, Solution 
components in Small granule form are left behind and 
glistening is displayed due to the difference from the Sur 
rounding refractive index. This type of Sudden temperature 
change does not occur in clinical examples, and therefore, 
the glistening development period is delayed considerably. It 
can also be assumed that there will be considerable variation 
from individual to individual over the long run. 
0027. When the intraocular lens inspection method of the 
present invention was used for intraocular lenses the lens 
body of which is made from polymethyl methacrylate, no 
development of even Some glistening was observed. Also, 
there are no reported cases of the development of glisten 
ings, even when this intraocular lens is used clinically. 
Therefore, Such lenses were not in contradiction to this 
intraocular lens inspection method. 
0028 FIG. 1 is a flowchart showing the processes of an 
embodiment of the intraocular lens inspection method of the 
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present invention. FIG. 2A is a side view of part of the 
inspection mechanism for observing glistenings using a 
Slit-lamp microscope of the intraocular lens inspection 
method. FIG. 2B is a diagram of an example of the field of 
vision in which the Surface of the intraocular lens for 
inspection is inspected and observed with a microScope. 
FIG. 3 shows changes over time in the diameter of glisten 
ings showing a method of determining the day on which 
glistenings develop. FIG. 4 is a histogram of the day on 
which clinically analogous glistenings develop as deter 
mined using the intraocular lens inspection method. FIG. 
5A is a top view of an intraocular lens used in the intraocular 
lens inspection method, and FIG. 5B is a sectional side view 
taken along the line 5B-5B. F.G. 6 is a side view showing 
the intraocular lens folded in the center. FIG. 7 is a histo 
gram of the clinical glistening development period in the 
case of clinical use for the purpose of comparison of the 
Same type of intraocular lens as used in the intraocular lens 
inspection method. 
0029 Embodiments of the present invention will now be 
described with reference to the figures. As shown in the 
process flowchart in FIG. 1, the intraocular lens inspection 
method of the present invention is characterized in that: 

0030 after going through the process of intraocular 
lens extraction for inspection (S-1) whereby a lens is 
randomly extracted from a lot of intraocular lenses 1 
that have been produced; 

0031 in the high-temperature liquid immersion pro 
cess (S-10), the intraocular lens is immersed in 
physiological Saline, which provides the same envi 
ronmental body fluid as in the State of clinical use 
and is a Sterile aqueous Sodium chloride Solution 
isotonic with this body fluid and is kept for approxi 
mately two hours at high temperature T of approxi 
mately 50° C. Such that the intraocular lens does not 
deteriorate using a first thermostatic cell Such as an 
incubator, which is a thermostatic cultivation device; 

0032 then, promptly moving to a low-temperature 
liquid immersion process (S-20), the intraocular lens 
is removed and transferred to physiological Saline at 
low-temperature T of approximately 35 C., which 
provides approximately the same temperature as that 
clinically used, using a Second thermostatic liquid 
cell, and this intraocular lens is observed macro 
Scopically; and 

0033 if changes are hardly detected, the lens is 
transferred to an inspection process (S-30) in which 
the intraocular lens is moved to the inside of a room 
kept at low temperature T of approximately 35 C., 
the Surface of the lens is gently washed with distilled 
water at the same temperature T and magnified and 
observed under SSmicroscope, Such as Slit-lamp 
microScope, and after observation, is directly 
returned to its original state (or into the physiological 
Saline at low-temperature T), and when changes in 
the lens are observed over time with each observa 
tion and glistenings that are consistent in terms of the 
number and size are Seen, it is judged that clinically 
analogous glistenings will develop. 

0034. The Intraocular lens 1, also commonly called an 
acrylic lens, used in the intraocular lens inspection method 
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of the embodiment of the present invention is made from 
acrylic copolymer cross-linked resin lens body la and two 
polymethyl methacrylate (PMMA) resin J-shaped loops 1b 
that support this lens body at the posterior chamber. The 
dimensions of this lens body are a lens diameter of 6 mm, 
lens thickness of 0.75 mm, and edge thickness of 0.30 mm, 
and maximum diameter of these two loops is 13 mm. This 
corresponds to a lens power of biconvex +21D. The lens 
body is an acrylic copolymer cross-linked resin having a 
three-dimensional Structure where a copolymer of phenyl 
ethyl acrylate and phenylethyl methacrylate is croSS-linked 
with butanediol diacrylate. It has a refractive index of 1.55 
and shows ultraviolet ray-absorbing capability. It is flexible 
with a Shore hardness (Shore A), which represents surface 
hardness, of 45, and as shown in FIG. 6, it can be folded in 
two. With respect to thermal properties, its glass transition 
temperature T is 15.5 to 21.5°C., with there being a marked 
increase in Volume expansion at this glass transition tem 
perature T or higher when compared to volume expansion 
at temperatures lower than T. 
0035) In the high-temperature liquid immersion process 
(S-10) of the intraocular lens inspection method of the 
embodiment of the present invention, the intraocular lens 1 
is immersed in physiological Saline (0.9 grams Sodium 
chloride contained 100 ml pure water) and kept for approxi 
mately two hours at high temperature T of approximately 
50° C. No changes were seen in this lens when it was 
observed macroscopically. 
0036). In the low-temperature liquid immersion process 
(S-20) of the intraocular lens inspection method of the 
embodiment of the present invention, the intraocular lens 1 
is transferred to physiological Saline kept at low temperature 
T of approximately 35 C. When the intraocular lens was 
observed macroscopically, the lens immediately became 
cloudy and then gradually cleared from the edges of the lens 
after Several tens of minutes. Moreover, Several round 
transparent areas were seen in this lens and large glistenings 
were detected in the center of these round transparent areas. 
Clouding of this lens disappeared and only large glistenings 
remained after Several hours. These glistenings could not be 
detected macroscopically over time as well. 
0037. In the inspection process (S-30) of the intraocular 
lens inspection method of the embodiment of the present 
invention, the intraocular lens 1 is removed to inside a 
chamber kept at low temperature T of approximately 35°C., 
and the Surface is gently washed with distilled water at the 
Same temperature T in order to prevent precipitation of Salt 
crystals from the physiological Saline onto this lens Surface. 
As shown in FIG. 2A, the lens is held in a holder 2c of a 
Slit-lamp microScope 2, and illuminating light from illumi 
nation lamp 2b is irradiated onto the lens Surface oblique 
from illumination optical axis 2fusing a mirror 2e. AS shown 
in FIG. 2B, the surface is magnified and observed for 
changes over time by determining the Size of glistening 1C 
in Viewing field 2g using microscope 2a. AS shown in FIG. 
3, the number of days from the time when the lens is 
transferred to the low-temperature liquid immersion proceSS 
(S-20) until the diameter of the glistenings becomes constant 
is determined as the days of glistening development. The 
histogram of the clinically analogous day of glistening 
development of eight intraocular lens Specimens randomly 
extracted for the inspection shown in FIG. 4 is confirmed. 
Glistening is seen with each of these intraocular lenses, and 
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this glistening diameter is also approximately 10 lim. The 
average days of glistening development is approximately 
three days. Moreover, density at which the glistenings 
developed in the intraocular lenses was approximately 100/ 
mm, corresponding to a clinical classification of grade 2. 
These glistenings were very analogous with the glistenings 
Seen in clinical cases. 

0.038. The clinical glistening development period histo 
gram with clinical use was confirmed as shown in FIG. 7 in 
order to compare the same type of acrylic copolymer croSS 
linked resin intraocular lens used in the intraocular lens 
inspection method of the embodiment of the present inven 
tion. The post-Surgical observation time was a maximum of 
20 months and a minimum of five months (average of 13.1 
months). The development of glistening during this time 
(density of approximately 50 glistenings or more, clinical 
classification of grade 1 or higher) was confirmed in 28 of 
49 eyes (57%). When the time at which development of 
glistenings was first confirmed Serves as the glistening 
development time, there were no cases in which the glis 
tening developed one month after Surgery, but glistenings 
did develop at Some time after two months after Surgery, 
with the greatest delay in glistening development being 16 
months after Surgery. The average glistening development 
period in these 28 eyes was 6.6 months. 
0.039 The development of even some glistening was not 
observed when the intraocular lens inspection method of the 
present invention was used for intraocular lens 1, lens body 
1a of which was made from polymethyl methacrylate; and 
there are no reported cases of the development of glistenings 
even when this intraocular lens is used clinically. Therefore, 
this lens is not in contradiction to this intraocular lens 
inspection method. However, the frequency with which 
these intraocular lenses are used has decreased recently, and 
the reason for this is that these intraocular lenses are rigid 
and cannot be folded in two; and therefore, they have a 
disadvantage in that the Surgical incision is wide. Moreover, 
they have a double disadvantage in that the refractive indeX 
of PMMA resin is 1.49, which is Smaller than the refractive 
index of 1.55 of the above-described acrylic copolymer 
croSS-linked resin and, therefore, a thick lens of thickness d 
is required in order to obtain a lens of the same power. 
0040. The present invention is practiced in the manners 
described above and provides the following results: 
0041. With the intraocular lens inspection method of the 
present invention, it is possible to know the existence, 
extent, Status, etc., of the development of glistenings attrib 
uted to internal Structure, Such as voids, etc., of intraocular 
lenses, depending on the material and production method 
used, using intraocular lenses that have been Selected ran 
domly from an intraocular lens production lot prior to 
clinical use. Therefore, it is possible to judge whether or not 
the lens should be accepted for or rejected from use prior to 

Oct. 16, 2003 

clinical use and to use safely, without any risk, the intraocu 
lar lens production lot clinically. 
0042. With the intraocular lens inspection method of the 
present invention, it is possible to guarantee a result that 
does not contradict to the clinical use, not only in terms of 
the existence of glistenings, but also in terms of their number 
and size. It is also possible to detect glistenings analogous to 
those that will develop in clinical cases in a short amount of 
time and inspect lenses with a markedly curtailed develop 
ment time in comparison to when used clinically. 
0043. With the method of inspecting intraocular lenses of 
the present invention, it is possible to know the existence, 
extent, Status, etc., of development of glistenings attributed 
to the internal Structure, Such as voids, etc., of intraocular 
lenses, depending on materials and production methods. 
Therefore, the method can be used for the development of 
new materials for the lens body. 

1. An intraocular lens inspection method comprising the 
Steps of 

executing an inspection intraocular lens extracting pro 
ceSS for Selecting a plurality of intraocular lens by way 
of a random extraction from an intraocular lens pro 
duction lot; 

performing a high-temperature liquid immersion process 
for immersing Said intraocular lens, which has been 
Selected, in physiological Saline isotonic having same 
environmental body fluid as in a clinical use, and 
keeping said intraocular lens for a specific amount of 
time at high temperature T. Such that deterioration of 
the lens does not occur; 

promptly moving to a low-temperature liquid immersion 
process for removing Said intraocular lens and trans 
ferring Said removed intraocular lens to physiological 
Saline that has been kept at low temperature T, which 
is approximately the same temperature as in a clinical 
use, and then observing Said intraocular lens macro 
Scopically; and 

upon observation of no changes in Said intraocular lens, 
moving to an inspection proceSS for removing Said 
intraocular lens from Said physiological Saline and 
putting Said intraocular lens in a room kept at Said 
low-temperature T, gently washing a Surface of Said 
intraocular lens and then magnifyingly observing Said 
intraocular lens by a microScope; and after observation, 
returning Said intraocular lens quickly to an original 
State thereof, observing changes in Said intraocular lens 
Over time, and, upon a detection of glistenings that are 
consistent in terms of number and size, making a 
judgment that clinically analogous glistenings will 
develop. 


