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Glistening Formation and Light Scattering in Six
Hydrophobic-Acrylic Intraocular Lenses
GRZEGORZ ŁABUZ, DOMINIK KNEBEL, GERD U. AUFFARTH, HUI FANG, THOMAS JTP. VAN DEN BERG,
TIMUR M. YILDIRIM, HYECK-SOO SON, AND RAMIN KHORAMNIA
� PURPOSE: To study the glistening formation in various
hydrophobic-acrylic intraocular lens (IOL) models, and
to evaluate the effect of glistenings on light scattering in
these IOLs.
� DESIGN: Laboratory investigation.
� METHODS: The susceptibility of the hydrophobic-
acrylic material to develop glistenings was evaluated in
6 IOL models. Accelerated lens aging was induced by
immersing the IOLs in a solution at 45 C for 24 hours
and cooled to 37 C for 2.5 hours. Light microscopy and
image acquisition were performed. Glistening statis-
tics—that is, microvacuoles’ (MV) number and size—
were derived from image analysis. Light scattering was
measured using a clinical device featuring an adaptation
for in vitro IOL assessment.
� RESULTS: The number of glistenings differed among
the studied IOLs and ranged from 0 to 3532 MV/mm2.
In 1 model, glistenings were found only at the periphery,
with diffuse light scattering observed centrally despite the
absence of microvacuoles. The mean size of glistenings
ranged from 5.2 to 10.2 mm. The mean straylight param-
eter of the IOLs increased from 0.6 to 5.0 deg2/sr after
accelerated aging. Straylight elevation demonstrated a
proportional relationship with the glistening number.
� CONCLUSIONS: We showed that hydrophobic-acrylic
lenses differ in their resistance to glistenings, as one group
proved to be glistening-free, but the other models revealed
varying grades of glistenings. Moreover, we demonstrated
that the presence of glistenings results in increased stray-
light, and that straylight proportionally depends on the
glistenings number irrespective of the IOL model. How-
ever, more research is needed to confirm that the relation-
ship we found holds for all hydrophobic-acrylic
IOLs. (Am J Ophthalmol 2018;196:112–120. �
2018 Elsevier Inc. All rights reserved.)
r publication Aug 24, 2018.
e David J. Apple International Laboratory for Ocular
epartment of Ophthalmology, University of Heidelberg,

Germany (G.L., D.K., G.U.A., H.F., T.M.Y., H.-S.S., R.K.);
rlands Institute for Neuroscience, Royal Netherlands
Arts and Sciences, Amsterdam, Netherlands (T.J.v.B.).
to Gerd U. Auffarth, Universitäts-Augenklinik Heidelberg,
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LISTENINGS ARE FLUID-FILLED MICROVACUOLES

that were first discovered in polymethyl methac-
rylate intraocular lenses (IOLs) in 1984.1

Recently, however, glistenings have predominantly been
reported in association with AcrySof material.2–11

Clinical studies have shown that this postoperative
complication affects from 11% to 100% of implanted
IOLs, depending on the type of IOL material and the
elapsed postoperative time.2–12 Glistening effects on the
quality of vision of affected patients have proved
inconclusive, however. In 3 cases, the presence of
glistenings resulted in IOL explantation.13–15 Although
visual acuity5 (VA) and contrast sensitivity11,16 (CS)
have been reduced in 3 other studies, a number of
researchers did not find decreased visual function in eyes
with glistenings.2,3,6–11,16–19 Recent laboratory studies
have, however, shown that glistenings are more likely to
degrade vision by inducing glare symptoms (straylight)
than lowering VA or CS, opening a new line of
research.20,21

Optical effects of glistenings result from the refractive
index difference between that of microvacuoles and IOL
polymer.4 These differences in refractive indices cause redi-
rection of light and light scattering.22 This phenomenon
makes glistenings visible in a slit-lamp examination, as a
small portion of light is scattered backward to the
observer.23 However, for visual function, backward scat-
tering is relatively unimportant; the important scattering
is forward scattering, the light scattered toward the
retina.23,24 Then scattered and unscattered light is
projected onto the retina to form the image with
decreased contrast.23,24 Although forward light scattering
may lower CS,25 it is typically related to glare symptoms,
which can be quantified using a clinical device and
expressed as straylight.24

Light scattering from glistenings has been assessed
in vivo using Scheimpflug photography (backward) or a
C-Quant straylight meter (Oculus Optikgeräte GmbH,
Wetzlar, Germany) (forward).10,11,26,27 The former
approach has proved controversial.28 Two studies have re-
ported straylight in patients with glistenings that was
assessed using the C-Quant device.10,11 Those studies,
however, showed inconclusive results. Glistenings that
had developed naturally in the eye, but were measured in
a laboratory setting, have shown strong scattering
effects.13,29 In a recent study straylight from in vitro–
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induced glistenings was assessed with a modified straylight
meter.21 That study demonstrated a straylight increase that
was directly proportional to the number of glistenings. It
focused on 1 IOL material (AcrySof), however, and one
may question whether this proportionality rule and scat-
tering effects will differ between various IOLs.

Therefore, the purpose of this research was to study glis-
tening development in 30 lenses (6 IOL models) from 5
manufacturers that were subjected to an accelerated aging
protocol, and to evaluate glistening effects on straylight in
different IOLs.
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METHODS

� INTRAOCULAR LENSES: In this experimental study, we
evaluated 5 samples of 6 different IOL models: CT Lucia
601P (Carl Zeiss Meditec, Jena, Germany), PY60AD
(Hoya Surgical Optics, Singapore, Singapore), SN60WF
(Alcon, Inc, Fort Worth, USA), MA60AC (Alcon, Inc,
Fort Worth, USA), Aktis SP NS-60YG (Nidek, Aichi,
Japan), and Avansee (Kowa, Nagoya, Japan). Main charac-
teristics of the studied IOLs are listed in Table 1. Although
these IOLs fall generally into 1 group that can be called
hydrophobic-acrylic lenses, the material used to manufac-
ture each IOL is different, using a unique composition of
polymers (Table 1). This results in differences in the prop-
erties of the IOLs and their susceptibility to develop glis-
tenings.30 The IOL manufacturers often describe the
biomaterial as ‘‘proprietary’’ and the precise composition
of hydrophobic-acrylic polymers is typically not disclosed
by the IOL manufacturer. All lenses were of recent manu-
facture with at least 3 years expiry, and most were identifi-
ably manufactured in 2017. The lenses were removed from
their packaging and submerged in a balanced saline solu-
tion (BSS) in glass bottles. The IOLs were kept in a wet
state during the entire course of this experiment. It was
found that sometimes a superficial layer of BSS compound
precipitates formed on the upward lens surface, but it was
not associated with any specific IOL model. As this process
appeared to be an artifact of the laboratory condition, those
deposits were removed by rinsing and gently wiping the
lenses with a damp absorbent swab to avoid a potential
confounding effect.

� ACCELERATED IN VITRO GLISTENING INDUCTION:

The IOLs were incubated for 24 hours in a laboratory
oven at a temperature of 45 C. Afterward, they were placed
for 2.5 hours in a water bath at 37 C. This method has been
proposed by IOLmanufacturers to simulate the aging of the
IOL material.31 The temperature of 37 C was maintained
during microscopic and straylight analysis by the use of
either a heated stage or keeping them immersed in a
preheated solution.
VOL. 196 113LIGHT SCATTERING FROM IOLS WITH GLISTENINGS



� IMAGE RECORDING AND ANALYSIS: Overview photo-
graphs were obtained using dark-field microscopy (Meiji
Techno, Saitama, Japan). Those images were not used for
the assessment and quantification of glistenings. A BX50
microscope (Olympus, Tokyo, Japan) with a 103 objective
lens was used for gross examination and recording of images
for digital processing. Photographs (a minimum of 5) were
taken from the central and/or peripheral part of the lens,
depending on glistenings distribution in the IOL.

Images were analyzed using a custom-made software (Im-
age Processing Toolbox, Matlab; MathWorks, Inc, Natick,
USA), which was described in detail in a recent article,21

to obtain the number of microvacuoles (MV) per mm2

and their mean size.

� STRAYLIGHT MEASUREMENTS: Straylight levels of the
IOL were measured using a modified clinical straylight me-
ter, the C-Quant .32 This device assesses straylight at an
effective angle of 7 degrees. In a clinic, the C-Quant is
used to assess in vivo light scattering of the eye; however,
the modification allows one to measure in vitro straylight
originating from the IOL, independent of the examiner’s
eye.32 The principle of this modification and its application
have been described in previous papers and the protocol is
well established.21,29,32 In the current study, we followed
that same protocol with the exception that a temperature
of 37 C (as opposed to room temperature) was
maintained during straylight assessment. The output of
the C-Quant device is the logarithm of the straylight
parameters, log(s), which is expressed in terms of degrees
squared per steradian (deg2/sr). As some low straylight
level may result from the optical setup, the straylight of
the setup without the test IOL was measured separately
and later subtracted from straylight measured with the
IOL in place. Two straylight measurements were
performed for each condition.

Light scattering of the IOLs was measured before (1 lens
per model) and after (all IOLs) the accelerated aging pro-
cedure. Straylight results that had been obtained prior
incubation served as a reference. Additionally, straylight
from the studied IOLs was compared with that of a 20-,
70-, and 80-year-old crystalline lens. These normative
data were derived from the International Commission on
Illumination standard.33

� STATISTICAL ANALYSIS: Numerical outcomes of the
straylight assessment and the glistening analysis were aver-
aged based on the assessed condition and the lens model
and expressed as the mean 6 standard deviation (SD).
Linear regression was performed on the effect of the total
glistenings number on straylight. For this analysis, results
of a recent study on light scattering from glistenings21

were also included to increase sample size and accuracy of
the linear model. The descriptive statistics and the regres-
sion analysis were performed with Excel software (Micro-
soft Corp, Redmond, Washington, USA).
114 AMERICAN JOURNAL OF
RESULTS

� GLISTENINGS FORMATION: Glistenings were found in
all but 1 of the studied IOL models. Figure 1 shows repre-
sentative microscopic photographs of each IOL recorded
following the accelerated aging process. The mean number
of glistenings and their size are presented in Table 2. The
highest density of glistenings was found in the PY-60D
IOLs, ranging from 3058 to 4061 MV/mm2, though the
developed microvacuoles were of the smallest size. The
MA60AC IOLs demonstrated on average the second-
highest number of glistenings, but the glistenings’ severity
was not fully consistent across the studied MA60AC sam-
ples, showing a wide range of 136–1312 MV/mm2. This
model also demonstrated the largest size of glistenings
found in our study. In the Avansee lenses, there were virtu-
ally no glistenings present. The number of glistenings found
in each IOL sample is presented in Figure 2.
The glistenings distribution pattern differed between the

IOL models. In MA60AC, SN60WF, PY60AD, and CT
Lucia lenses, the density of microvacuoles decreased from
the center to the periphery. The reverse was the case in
the Aktis lenses, which showed glistenings only in the pe-
riphery, but none in the center. However, increased diffuse
light scattering was observed in the Aktis lenses, which
resulted in a whitish appearance of the IOL (Figure 3).

� STRAYLIGHT MEASUREMENTS: The mean straylight
parameter (6SD) of the IOLs prior incubation ranged
from 0.1 to 1.3 deg2/sr (Figure 4, blue bars). In most of
the lenses, the measured straylight levels increased
following the accelerated aging procedure (Figure 4, gray
bars). Straylight of the CT Lucia was 1.09 6 0.99 deg2/sr;
for the PY-60AD it was 19.30 6 2.07 deg2/sr; for the
SN60WF and MA60AC IOLs it was 1.15 6 0.15 deg2/sr
and 5.95 6 3.67 deg2/sr, respectively; for the Aktis it was
1.71 6 0.84 deg2/sr; and for the Avansee it was 0.95 6
0.24 deg2/sr.
Given the absence of glistenings in the Avansee and an

unorthodox distribution of glistenings in the Aktis, these
IOLs were excluded from a comparison between the stray-
light parameters and the total number of glistenings. This
analysis confirmed a strong and proportional relationship
(R2 ¼ 0.95) between these 2 parameters (Figure 5). The
corresponding regression function was best fitted as follows:
straylight parameter s ¼ 0.0048 3 number of glistenings per
mm2 [deg2/sr].
DISCUSSION

HYDROPHOBIC-ACRYLIC IOLS ARE NOTALLMADE FROMTHE

same polymers. We found in 5 of the 6 IOL models a vary-
ing tendency to form glistenings, and we demonstrated that
glistenings may cause an increase of straylight to a level
DECEMBER 2018OPHTHALMOLOGY



FIGURE 1. Microscopic images of the intraocular lenses after glistenings induction. (Top left) MA60AC (Alcon, Inc), (Top middle)
SN60WF (Alcon Inc); (Top right) PY60AD (Hoya Surgical Optics), (Bottom left) CT Lucia 601P (Carl Zeiss Meditec), (Bottom
middle) Aktis SP NS-60YG (Nidek), (Bottom right) Avansee (Kowa).

TABLE 2. Glistening Characteristics in the Studied Intraocular Lens Models

IOL Model (Manufacturer) Pattern of Glistenings Formation Glistening Number (MV/mm2) Mean Glistening Size (mm)

CT Lucia 601P (Zeiss) Central 85 6 86 8.4 6 0.4

PY60AD (Hoya) Central 3532 6 340 5.2 6 0.4

SN60WF (Alcon) Central 61 6 33 8.0 6 0.6

MA60AC (Alcon) Central 542 6 480 10.2 6 1.4

Aktis SP NS-60YG (Nidek) Peripheral 352 6 164 5.4 6 0.6

Avansee (Kowa) No glistenings <1 -

IOL ¼ intraocular lens; MV ¼ microvacuoles.

Values are mean 6 standard deviation.
that is considered functionally important. This increase is
proportional to the number of glistenings and occurs irre-
spective of the IOL model.

In an overview of the historical development of straylight
measurement, Van den Berg24 described how disability
glare was defined in the early 20th century as ‘‘the negative
effect on visual function of a bright light located at some
distance in the visual field.’’ At angles larger than 1 degree
the functional effect corresponded precisely to the effect of
a light with a luminosity equal to that of the light that is
perceived spreading around such a bright source. This
perceived spreading of light was called straylight and by in-
ternational standard disability glare became defined as
identical to straylight that today is recognized by ophthal-
mologists as an important aspect of the quality of vision.24
VOL. 196 LIGHT SCATTERING FROM IO
In a normal eye, straylight increases with age as the crys-
talline lens ages.24,33,34 A young lens shows a low scattering
level, which has little effect on visual performance. In 60%
of the IOLs in the present study, straylight values were
below values for the young lens (Figure 3). In IOLs, such
a low scattering level corresponds to a low glistening num-
ber, or an absence of glistenings. A large number of glisten-
ings, however, may increase straylight to the level
associated with a 70- and 80-year-old crystalline lens, and
we found this elevated number in 20% of the IOLs: an
average straylight parameter of 18.1 deg2/sr. Michael and
associates35 examined the relationship between lens opac-
ity and intraocular straylight, VA, and CS in European
drivers aged between 20 and 89 years and reported that
15.8 deg2/sr was associated with ‘‘extreme difficulties’’ while
115LS WITH GLISTENINGS



FIGURE 2. Mean glistening numbers in each studied intraocular lens. Error bars [ standard deviation. *Derived from the lens
periphery.

FIGURE 3. Photographs of an Aktis SP NS-60YG (Nidek) before (Left) and after (Right) the aging procedure. Note a white discol-
oration of the intraocular lens following aging.
driving and values higher than 20 deg2/sr would be associ-
ated with ‘‘self-limiting driving’’ behavior,35 which can be
related to increased sensitivity to high-intensity glare sour-
ces, such as oncoming car headlights or a low sun.24,36,37 In
a different study, van der Mooren and associates25 demon-
strated that an increase of straylight by 19.0 deg2/sr (0.40
log[s]) is associated with a 76% increase in halo size and
a serious loss in luminance detection threshold (by
2130%). This straylight elevation was also associated
with decreased CS function with and without the presence
of a glare source in the visual scene. The authors concluded
that increased straylight can significantly impair these
patients’ visual function, particularly having an impact
on their driving performance.25 Thus, the presence of glis-
tenings in IOLs may adversely affect the patient’s quality of
vision and affect everyday visual tasks, like driving, by
inducing photopic phenomena.

The relation between straylight and glistenings found in
pseudophakic patients has been described in 2 papers.10,11

Colin and Orignac10 measured straylight in patients with
IOLs that were graded based on the glistening severity as
116 AMERICAN JOURNAL OF
grade 0 (absence), grade 1 (moderate), and grade 2 (dense).
Although straylight was not significantly associated with
the glistening grades, the mean log(s) value of grade 2
was increased as compared to a normal pseudophakic
eye.38 In the grade-2 group straylight was on average 1.3
log(s) in subjects at 65 years of age. The normative data
for the straylight increase in normal pseudophakic eyes38

shows a value of 1.2 log(s) at the age of 65 years, which
was also found in groups with lower grades. Hence, the re-
ported increased straylight in the grade-2 group, although
not statistically significant, could have resulted from the
presence of dense glistenings in Colin and Orignac’s10 pa-
tients. In contrast, Henriksen and associates11 did find a
statistically significant correlation between straylight and
the quantification of glistening severity. The density of glis-
tenings and their scattering effects reported by Henriksen
and associates11 was later found to be in agreement with
the results of Łabuz and associates from an in vitro model.21

Straylight elevation has also been confirmed in IOLs with
glistenings that had formed in vivo in the eye and were
evaluated in vitro after explantation. Increased straylight
DECEMBER 2018OPHTHALMOLOGY



FIGURE 4. Mean straylight parameter across the studied intraocular lens (IOL) groups. The blue bars indicate straylight before IOL
aging (control IOLs). The gray bars show straylight values of lenses after the aging procedure. The green line refers to a straylight level
of a 20-year-old crystalline lens. The brown and red lines indicate straylight of the crystalline lens of age 70 and 80 years, respectively.
Error bars [ standard deviation.

FIGURE 5. A proportional relationship between the straylight parameter and the glistening number in different lens models.
levels were found by van der Mooren and associates13 in 2
patients where the presence of glistenings was given as the
primary reason for IOL explantation. In another analysis,
Łabuz and associates29 took a random sample of IOLs
that were extracted from autopsy donor eyes and identified
alterations to the IOL material. One of the reported IOL
complications was the presence of glistenings.29 A mean
straylight value of 1.7 deg2/sr in 1-piece yellow-tinted
IOLs and 5.4 deg2/sr in 3-piece IOLs was measured.29 These
are very close to the results we present here: 1.15 deg2/sr in
VOL. 196 LIGHT SCATTERING FROM IO
the SN60WF and 5.95 deg2/sr in the MA60AC. The high-
est value found by Łabuz and associates29 was measured
from a 3-piece IOL at 13.8 deg2/sr.14 Again, this is close
to the 12.2 deg2/sr measured in 1 of the MA60AC group,
indicating that scattering effects of in vitro–induced glis-
tenings can be compared to glistenings that form in vivo
in the eye.
This study indicates that the same proportional rela-

tionship between the number of microvacuoles and stray-
light holds for different IOLs, although there are
117LS WITH GLISTENINGS



differences in glistening size and IOL material. In a previ-
ous report,21 2 IOL models made of AcrySof material were
found to have a slope of 0.0046 for the glistening number
vs straylight relationship, showing a good agreement with
clinical and experimental data found in the literature.21

In the current study, we also included those earlier results,
which yielded a small adjustment of the slope by 0.0002.
Although 5 different IOL models were used, R2 remained
at a high level (0.95), demonstrating a strong correlation
despite existing differences between the IOLs. This
finding indicates that our formula can be used to predict
the scattering effect of glistenings independently of the
IOL model.

Glistening formation has been most often studied in
lenses of AcrySof material.6,7,10,13,21,31 We, however,
compared the response to the accelerated aging
procedure in 6 different hydrophobic-acrylic models.
Five of the 6 IOLs developed glistenings, but their total
number differed between the IOL groups. Intriguingly, sig-
nificant differences were also reported between IOLs of
the same group. The highest intragroup variability was
found in the MA60AC, with a range of 136–1312 MV/
mm2. Why there should be such variability remains to
be elucidated and the question should best be addressed
to the manufacturer. We also demonstrated that glisten-
ings may vary in size depending on the material. The
PY-60AD and Aktis lenses showed microvacuoles with a
diameter of 5.2 mm and 5.4 mm, respectively, but in the
other IOLs it was 8.0 mm for the SN60WF, 8.4 mm for
the CT Lucia, and 10.2 mm for the MA60AC. The re-
ported size range of glistenings appears to be in agreement
with that found in the literature. A 3-piece and a 1-piece
AcrySof IOL were studied by Gregori and associates39

They reported mean values of 13.4 mm and 6.3 mm,
with a larger diameter found in the 3-piece IOL.39 This
is in accordance with what we also found—smaller glis-
tenings in the SN60WF than in the MA60AC. In another
laboratory study, van der Mooren and associates20 found a
mean size of 5.2 mm and 6.2 mm in the iSymm (Hoya) and
AcrySof (Alcon), respectively. These values are also close
to the size of glistenings found in our PY-60AD and
SN60WF groups. The measurement of glistening size
in vivo is quite challenging in that it requires high-
quality image recording equipment and specialized knowl-
edge about image processing.4,11 In the 2 studies that have
been published, the size ranged from 1 mm to 20 mm
reported by Werner4 and from 6 mm to 36 mm by Henrik-
sen and associates,11 so the mean sizes we found in vitro do
lie within the clinical range.
118 AMERICAN JOURNAL OF
Four IOL models showed a typical pattern of peak den-
sity of microvacuole distribution in the IOL optic center.
However, the reverse pattern was found in the Aktis, where
glistenings were not observed in the central area but accu-
mulated in the lens periphery. The whitish appearance of
these lenses (Figure 3) may suggest the presence of subsur-
face nano-glistenings,40,41 given that the gross examination
did not reveal visible microvacuoles in the lens center.
Nano-glistenings are submicron water vacuoles of 33–
190 nm size that accumulate just underneath the lens sur-
face.41 Although very small, nano-glistenings can scatter
light, producing a white discoloration of the IOL.40 Despite
the presence of increased diffuse light scattering, the stray-
light of the Aktis IOLs remained low, but this could have
been expected, as there are reports that nano-glistenings
do not have a significant straylight effect.40,42

Since IOL manufacturers acknowledged the problem of
glistening formation, some materials have been improved;
this is especially well described for the AlconAcrysof.4,31,43

Thomes and Callaghan31 reported that when the SN60WF
IOL was subjected to an accelerated-aging protocol (iden-
tical to the one we describe here) they found a significantly
lower glistening number in IOLs that were manufactured in
2012 compared to those manufactured in 2003.32 The
mean glistening number (6SD) of the improved
SN60WF IOLs was 40 6 35 MV/mm2, and this is in line
with the 61 6 33 MV/mm2 that we found. However,
although a clear improvement can be seen for the
SN60WF, the MA60AC IOLs showed that glistenings
may still exist in other AcrySof lenses, as well as those man-
ufactured after 2012 (De Soyza J, et al. RANZCO 2017,
Abstract number: S1902).15,44 This problem may be
resolved by the new Clareon material introduced by
Alcon, which was shown to be glistenings-free in preclini-
cal in vitro studies (Auffarth GU, ESCRS 2017). Hoya has
also just recently introduced a new glistening-free material
called Vivinex (Auffarth GU, ESCRS 2017).
In conclusion, we found glistenings in the majority of the

IOLs (5 of the 6 IOL models) we studied, but only in 20%
did the induced light scattering reach levels that have the
potential to hinder visual performance. We showed that
glistenings’ morphology differs depending on the IOL
models, but the proportional straylight increase with the
glistening number holds regardless of those differences.
Although less severe, the glistening problem persists and
needs to be addressed by the IOL manufacturer through
either introduction of new materials or continuous
improvement of the manufacturing process used to make
lenses in a current material.
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