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Abstract

Introduction: The aim of this work was to analyze, in an in
vitro model, the possible protective effects of ultraviolet-
(UV-) or UV/blue-filtering intraocular lens (IOL) under light-
emitting diode (LED) lighting conditions. Methods: Ten
models of IOLs were evaluated. Light transmission spectrum
was recorded from 300 to 800 nm, in steps of 1 nm. Photo-
damage in vitro model was induced in ARPE-19 cells by blue
LED light (465-475 nm). Changes in cell viability and oxida-
tive stress variables were studied to assess the protective ef-
fect of I0Ls. Results: UV/blue-filtering 10Ls models block
blue light spectrum in different proportion and UV-filtering
I0Ls blocking wavelength below 400 nm. However, in vitro
study under blue LED light exposure does not show protec-
tive effects related with mitochondrial dysfunction and oxi-
dative stress of UV/blue-filtering IOLs. Conclusions: The cur-
rent in vitro study suggests that UV/blue filtering I0Ls are

not useful in terms of photoprotection in artificial light con-
ditions. The results obtained indicate thatitis needed to give
attention to other IOL parameters besides the type of filter,
as it seems they could have influence on the protective role.

© 2021 The Author(s).
Published by S. Karger AG, Basel

Introduction

The influence of artificial light systems, such as devic-
es using light-emitting diodes (LEDs), which have radia-
tion peaks in the blue spectrum, is of current interest to
the scientific community. A number of authors have
shown the harmful effect that this type of lighting could
produce on the retina, inducing mitochondrial dysfunc-
tion and the activation of apoptosis and necrosis in retinal
ganglion cells (RGCs), photoreceptors, and retinal pig-
ment epithelium (RPE) [1-3].

The phototoxic action of light has been linked to reti-
nal diseases such as age-related macular degeneration
(AMD) [4]. There is evidence demonstrating the effects
of light and its involvement in the progression of the dis-
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ease [5-7]. Short-wavelength visible light produces in-
creased production of reactive oxygen species (ROS),
which may result in the activation of a variety of cell death
mechanisms [8-11].

Oxidative stress has also been directly related to glau-
coma, in which it causes damage at three sites: the tra-
becular meshwork, the optic nerve head, and the retina
[12-14]. Visible short-wavelength light can interact with
the cellular components of RGCs, and this may be an add-
ed risk factor in patients with glaucoma, where the stress
level of RGCs has been found to increase due to the effects
of light [1, 15, 16].

The crystalline lens has an important function as a
short-wavelength filter. Aging produces a “yellowing” of
the lens which acts to diffuse and reduce the amount of
light hitting the retina [17-19]. However, this reduction
in the quantity and/or quality of patients’ vision as a con-
sequence of the opacification of the lens means the lens
needs to be removed surgically and replaced with an in-
traocular lens (IOL).

The first IOLs that were produced did not contain
light filters: as such, patients who had their lens removed
and replaced with a filterless IOL were exposed to higher
levels of ultraviolet (UV) and visible light [20], to the det-
riment of the retina. Later, IOLs with a UV filter inte-
grated into them were developed, thus reproducing the
natural filtering capacity of the lens. Indeed, all IOLs on
the market contain UV-radiation filters, and it is increas-
ingly common that IOLs containing a yellow filter in or-
der to reduce/block blue spectrum wavelengths are also
developed. Scientific evidence demonstrating the impact
of short-wavelength visible light on the retina has led to
the development of IOLs which incorporate new filters
for this type of radiation [21, 22]. However, experimental
studies regarding the utility of UV/blue-filtering IOLs
are extremely reduced, and the clinical studies are con-
tradictory. Some authors indicate that using UV/blue-
filtering IOLs causes quality of vision impairment [23] or
have not detected protective effects after implantation
[24]. Conversely, other authors report that the use of
UV/blue-filtering IOLs was useful in retinal protection
[25]. Here, we show the first in vitro study analyzing a
large number of IOL models in a controlled environment
to elucidate the erratic effect of the use of UV/blue-filter-
ing IOLs.

It should be noted that IOLs were developed in order
to protect from solar radiation. However, during the last
decades, population has increased the exposure to artifi-
cial light, which presents different spectrum than natural
light.
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Given the increasing dependency to artificial light, it
becomes especially relevant to evaluate the protective ef-
fect of IOLs under these conditions, especially in the case
of preexisting diseases, such as glaucoma or AMD, in
which the survival of retinal cells is already compromised.
The aim of this work was to analyze the protective behav-
ior of ten commercial IOLs, containing either a UV filter
or a UV/blue filter, in a retinal in vitro model.

Materials and Methods

IOLs

Ten different models of either UV-filtering or UV/blue-filter-
ing IOLs were analyzed (Table 1). The dioptric range employed
was from 20.0 to 20.5 D.

Measurement of Transmittance

Light transmission was measured, every nm, between 300 and
800 nm for the IOLs selected for the study. An experimental setup
was designed for this purpose whose light source consisted of two
lamps: one, a xenon model - L2274 Hamamatsu (source C8849;
Hamamatsu) - for measurements in the range 350-450 nm, and
the other, an incandescent model - LAES 12V, 50 W (source 6286;
HP) - for measurements between 450 and 900 nm. In addition, the
setup incorporated a chamber, into which each IOL was placed.
This was formed of two metal end pieces joined by two pieces of
Teflon with frosted glass in the exit window and in contact with
the monochromator MonoSpec 18; F/3.8 (Thermo Jarrell-Ash fil-
ial de; Thermo Fisher Scientific, Waltham, MA, USA), along with
a diaphragm and housing for the IOL. Once the chamber was
screwed together, it was filled with 0.9% saline solution to simulate
the intraocular environment. As well as the monochromator men-
tioned above, which dispersed the light from the source lamps, the
equipment also incorporated an optical multichannel analyzer
with 509 channels which detected the amount of light that passed
through the IOL, and a computer which recorded the signal.

Cell Cultures

The cell line ARPE-19 (CRL-2302™, ATCC®; Manassas, VA,
USA), which is derived from human RPE was used. For the pur-
pose of the experiment, the ARPE-19 cells were seeded at a con-
centration of 1 x 10 cells/mL in DMEM:F12 medium supplement-
ed with 10% fetal bovine serum (FBS) and 1% penicillin/strepto-
mycin antibiotics in an atmosphere of 5% CO, at 37°C for a period
of 24 h for the culture to stabilize. Prior to light exposure, the me-
dium was changed to one which was almost the same except that
the concentration of FBS was lowered to 1%.

Light Exposure

ARPE-19 monolayers were maintained in dark conditions
(control group) or exposed to blue (465-475 nm, 400 lux, 17 W/
m?, 36 h) LED:s lights (Electro DH, SL, Barcelona, Spain) with or
without IOLs.

Cell Viability
Assessment of cell viability was carried out using WST-1
(Roche Diagnostics, S.L., Barcelona, Spain) that consist in a colo-
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Table 1. Summary of IOLs characteristics employed in the study

Type of filter Model Optics Material
UV filter Tecnis Aspheric IOL PCB800 Johnson & Johnson Monofocal Hydrophobic acrylic
CT Lucia 611P Zeiss Monofocal Hydrophobic acrylic
AT Lisa 809M Zeiss Bifocal Hydrophilic acrylate with hydrophobic surface
AT Lisa Tri 839 MP Zeiss Trifocal Hydrophilic acrylate with hydrophobic surface
Tecnis Symfony ZXR00 Johnson & Johnson EDOF Hydrophobic acrylic
UV/blue filter  Acrysoft IQ SN60WF Alcon Monofocal Hydrophobic acrylic
Acrysoft Restor SV25T0 Alcon Bifocal Hydrophobic acrylic
Acrysoft IQ Restor SN6AD1 Alcon Bifocal Hydrophobic acrylic
Acrysoft IQ Panoptix TFNT0O Alcon Trifocal Hydrophobic acrylic
Physiol Fine Vision PODF Trifocal Acrylic copolymer with hydrophobic surface
rimetric assay that quantifies mitochondrial dehydrogenase activ- Detection of ROS

ity. Briefly, ARPE-19 cells were seeded, grown, and then, incubat-
ed for 36 h in dark or under light conditions, as described above.
After light exposure, cells were allowed to react with 10 pL/well
WST-1 reagent for 4 h. Thereafter, the optical density of formazan
dye formed was recorded at 450 nm using an automated micro-
plate reader (PerkinElmer, Waltham, MA, USA).

Immunocytochemistry

Cells were fixed in 4% paraformaldehyde for 15 min at room
temperature. Following incubation, the samples were twice washed
for 10 min with phosphate-buffered saline (PBS). After washing
and fixing the cells were permeabilized with 0.1% Triton-X100/
PBS for 10 min and then washed once again in PBS and blocked in
10% goat serum for 1 h. At the end of this time, the samples were
incubated overnight at 4°C with one of the following primary an-
tibodies: anti-heme oxygenase-1 (HO-1) (Enzo Life Sciences,
Farmingdale, NY, USA) 1:50, anti-nuclear factor kappa-light-
chain-enhancer of activated B cells (NFkB) (Santa Cruz Biotech-
nology, Dallas, TX, USA) 1:50, or anti-ZO-1 (Thermo Fisher,
Rockford, IL, USA) 1:100. The next day the samples were again
washed with PBS and incubated with a secondary antibody labeled
with fluorophore - either Alexa Fluor 488 or Alexa Fluor 594
(Thermo Fisher Scientific) - at a concentration of 1:300 for 2 h at
room temperature. The final step was to add DAPI (0.2 ug/mL) as
a nuclear stain and store the cells in PBS. Visualization of samples
was carried out using a Leica DMI6000B inverted fluorescence mi-
croscope (Leica Microsystems GmbH, Wetzlar, Germany).

Mitochondrial Membrane Potential

Changes in mitochondrial membrane potential were detected
using the commercial kit JC-1 (Sigma-Aldrich, St. Louis, MO,
USA). JC-1 accumulates in mitochondria appearing as red fluores-
cence in healthy organelles and green fluorescence when the mem-
brane is depolarized. Briefly, JC-1 dye solution (2 pg/mL), freshly
prepared in buffer solution, was added to cultures for 20 min at
37°C and 5% CO,. Next, the excess dye was removed, and the sam-
ple was washed with fresh culture medium after which it was visu-
alized under the microscope Leica DMI6000B. Three randomized
areas of 448.92 x 335.40 microns of each one were photographed
to produce a quantitative analysis of JC-aggregates/monomer ratio
with Image] software (Image] 1.46r; NIH, Bethesda, MD, USA).
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To detect ROS the nonfluorescent compound dihydroethid-
ium (DHE) (Thermo Fisher Scientific) was used. DHE has the abil-
ity to passively enter live cells, where it is oxidized by the anion
superoxide. Following the period of light exposure, the cell medi-
um was changed and DHE was added at a concentration of 40 uM.
After 30 min of incubation at 37°C and 5% CO,, the medium was
removed and the cells washed in fresh medium after which they
were immediately analyzed with fluorescent microscopy using a
Leica DMI6000B inverted fluorescence microscope. Quantitative
analysis of ROS production was determined using Image] soft-
ware. Five randomized areas of 448.92 x 335.40 microns of each
sample were photographed and analyzed.

Statistical Analysis

The results data are shown as the mean + standard error of the
mean and were analyzed with the statistics programme Prism 6
(GraphPad Software, La Jolla, CA, USA), and one-way ANOVA,
with Fisher’s LSD test, was performed. In the case of nonparamet-
ric data, Kruskal-Wallis test was used. The minimal difference was
setat p <0.05.

Results

Light Transmission in IOLs

The transmittance measurements revealed differences
between IOLs in their patterns of filtering UV and blue
spectra wavelengths (Fig. 1). Since the resulting curve for
Alcon Acrysof IQ IOL was in accord with previously pub-
lished data [26, 27], the validity of our findings can be as-
sumed.

In terms of the IOL models with UV filters, Tecnis
PCBO00 and Tecnis ZXR00 blocked wavelengths below
370 nm, while AT Lisa 839 MP and CT Lucia blocked
those below 360 nm and AT Lisa 809 achieved 100%
blocking of wavelengths below 350 nm. All four models
showed a precipitous increase in the transmission of light
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Fig. 2. Viability with the use of IOLs. ARPE-19 cells were exposed
to darkness or LED blue light (470 nm, 400 lux, 17 W/m?, 36 h),
either with or without the use of an IOL. At the end of the exposure
period, the number of viable cells was quantified with WST-1. One-
way ANOVA was performed, Fisher’s LSD test showed significant
differences between the IOLs used under blue light respect to light
group without IOLs, *p < 0.05, **p < 0.01, ***p < 0.0005, ****p <
0.0001. The results are shown as mean + SEM, where N = 9.

up to 390-400 nm where transmission levels were 80%.
Above 400-525 nm, all the UV-filtering IOLs studied
here reached a transmittance of over 90%, which was
maintained up to 800 nm. Of particular interest are the

Protector Role of Intraocular Lenses

data for the wavelength 470 nm (Table 2), which is that
used for the in vitro phototoxicity experiment and also
the maximum emission peak of devices using common
white LEDs. The Tecnis PCB00 and Tecnis ZXR00 had
transmittances of 91.2% and 93.8%, respectively, at 470
nm, while the AT Lisa 839, CT Lucia, and AT Lisa 809 had
values of between 87.1% and 94.5%. In terms of the UV/
blue-filtering IOLs examined in this work, the Fine Vi-
sion POD F blocked wavelengths below 360 nm, and its
transmittance increased by 60% at 400 nm. Transmit-
tance between 400 and 450 nm was quite stable, only
varying by 10%, but above 450 nm there was a sharp in-
crease in transmission with the passage of 90% of light at
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Fig. 3. Interaction between light, IOL, and ROS. ARPE-19 cells exposed to light did not present a reduction in
ROS levels as a result of the use of IOLs. Only the model Tecnis Symfony ZXR00 showed a significant reduction
compared to light. Scale 50 pm. The diagram represents the integrated density of DHE fluorescence. An ANOVA
study confirms the data observed. Kruskal-Wallis test showed ***p < 0.0005 (to ZXR00), ****p < 0.0001 (to Dark)
compared to light. Results are shown as mean + SEM, where N = 4.

492 nm. The models (PanOptix, ReStor SV25T0, and
SN6AD1), and Acrysof SN6OWF blocked all wavelengths
up to 390 nm, after which there was a gradual increase in
transmittance up to 490 nm, where it leveled off and all
these models demonstrated values of over 80%. For the
PanOptix model, there was approximately 5% less trans-
mission between 390 nm and 490 nm than for the other
two models, which are from the same manufacturer. At
470 nm transmittance for the PanOptix, Restor (SV25T0
and SN6AD1) and Acrysof IOLs was, respectively, 66.1%,
67.8%, 72.4%, and 79.4% and for the Fine Vision POD F
it was 79.6%. Between 485 nm and 565 nm, the UV/blue-
filtering IOLs reached transmittances of over 90%, and
this was maintained up to 800 nm.

Effect of IOL Use in the in vitro Model of RPE

Blue light negatively affected RPE cells. The use of
IOLs produced a variety of results (Fig. 2) with the mod-
els Tecnis ZXR00, Tecnis PCB00, CT Lucia, Restor
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SV25T0, and Lisa 839 IOLs all demonstrating significant
effects against damage. Of these, Restor SV25T0 was UV/
blue-filtering.

Exposure to light of 470 nm produced an increase in
ROS in ARPE-19 cells that were not detected in cells kept
in dark. The use of IOLs did not alter the effect of this
light, except in the case of the Tecnis ZXR00 model, where
a reduction in ROS was noted compared to when they
were exposed directly to light of this wavelength (Fig. 3).

The mitochondrial membrane potential was found to
be affected by exposure to phototoxic stimuli. The use of
IOLs during such light exposure resulted in a modest re-
duction in the depolarization of the mitochondrial mem-
brane (Fig. 4a), although this effect varied between the
different IOL models. Although JC-1 is not considered a
mitochondrial marker, red dye of polarized mitochon-
drial membranes is distributed along mitochondrial
structure. Elongated structures were observed in control
cells. However, light exposure reduced to dots through

Fernandez-Vega Cueto et al.
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Fig. 5. Modification of the expression of proteins related to oxida-
tive stress damage. HO-1 (green) immunofluorescence in ARPE-
19 cells in the dark (control) or after 36 h of exposure to light at
470 nm either with or without the use of an IOL. The light resulted
in a variable increase in the expression of HO-1. In certain cases,
the use of an IOL reduced expression, but in no instance did ex-
pression fall to the levels of control cells. Nuclei were stained with
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DAPI. Scale 50 um. Quantitative analysis of HO-1 expression was
determined using Image] software. Graphic represents mean of
intensity per cell. One-way ANOVA was performed. Fisher’s LSD
test showed significant differences to control, ZXR00, PCBO0O,
SV25T,SN6ADI, Lisa 839, TFNT00, and POD F compared to light
(*p <0.05, **p < 0.01, ***p < 0,0005). Results are shown as mean *
SEM, where N = 4.
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Fig. 6. Changes in expression of NFkB. Blue light produced changes in the expression of NFkB (green) with re-
spect to ARPE-1 cells kept in the dark. NFkB was located in the cytoplasm in dark samples. After light exposure,
NFkB was principally observed close to the nucleus (blue, DAPI) (arrow) and or into the nucleus (head arrow).
The use of IOL slightly reduced NFkB expression for all the models studied here, although the strength of the ef-

fect differed between models. Scale 50 pm.

the distribution of polarized membranes. The use of IOLs
reduced the loss of mitochondrial potential but the local-
ization of the dye suggesting a rounding of cells prior de-
tachment and death. Just in the case of Tecnis ZXRO00, the
cells showed levels and localization of dye similar to con-
trol cells. Quantitative data of JC-1 ratio showed a mito-
chondrial alteration in almost all of groups exposed to
light and IOLs (Fig. 4b). Just the ZXR00 model reduced
the impact of the light on the cells.

Interaction with the light produced molecular changes
in ARPE-19 cells. Direct exposure increased expression
of HO-1. None of the IOLs tested in this work reduced its
expression to the levels detected in cells kept in darkness
(Fig. 5), although the proportion of reactive cells was re-
duced in the case of the models Tecnis ZXR00, Tecnis
PCBO00c, and Restor SV25T0.

Changes were also detected in the NFkB (Fig. 6). NFkB
translocates to the nucleus when cell damage occurs. We

282 Ophthalmic Res 2022;65:276-286
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detected, at time of study, that light produces perinuclear
accumulation of NFkB. Blue spectrum of light produced
an alteration in the expression and distribution of NFkB,
which was counteracted slightly by the use of IOLs, al-
though the degree of reduction depended on the model
employed. The use of Tecnis ZXR00 IOL reduced consid-
erably to control levels the expression and localization of
NFkB.

Visible short-wavelength light applied directly to the
RPE cells produced a loss of cells which negatively im-
pacted on tight junctions (Fig. 7). ZO-1 expression into
the nucleus of ARPE-19 cell line has been detected. Light
exposure produced loss of immunoreactivity in the inter-
cellular junctions and increased the nuclear expression.
The use of IOLs reduced the loss of this type of intercel-
lular junction but not the nuclear expression. In the case
of the ZXR00, IOL appears to preserve the tight junctions
with an appropriate distribution.

Fernandez-Vega Cueto et al.
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of ARPE-1 cells. Light exposure (470 nm, 400 lux, 17 W/m?) produced a loss of ZO-1. The degree of integrity of
the tight junctions depended on the IOL used. Scale 50 pm.

Discussion

Light interacts with ocular structures and is respon-
sible for different biological responses depending on its
range and target. Blue light (between 400 and 500 nm)
that impinges the retina is absorbed by various cellular
components [10, 16,28, 29]. Melanopsin, which is found
in photosensitive ganglion cells [30-32], plays a funda-
mental role in the regulation of circadian rhythms and
has a maximum excitation peak at 480 nm [33-35]. Oth-
er targets of blue light include mitochondria, where
there are numerous components that absorb short wave-
length light. Proteins such as porphyrins, which are
found in the internal membrane of mitochondria, and
the enzyme complexes of the mitochondrial electron
transport chain, absorb wavelengths between 400 and
410 nm. Other essential components of mitochondrial
enzyme systems are flavins that, as with cytochrome
P450 and the cytochrome oxidases, absorb wavelengths

Protector Role of Intraocular Lenses

of 420-450 nm. This interaction could result in the for-
mation of ROS and lead to oxidative stress and cellular
damage [16, 36, 37].

The harmful effects of short wavelength light in the
visible spectrum on the retina have been shown in various
in vitro and in vivo models at the level of photoreceptors,
RGCs and the RPE [1, 2, 38-40]. The phototoxic action
of blue light alters both the formation and structure of the
tight junctions of RPE cells, which are essential for retinal
integrity and homeostasis. At the molecular level, its ac-
tion on cell damage mediators is well known, for example,
in the induction of HO-1 expression [1,41], a cytoprotec-
tive protein which is activated under conditions of cell
damage or stress and plays an important role in homeo-
stasis and the response to oxidative stress [42]. Other sig-
nificant markers, involved in various cellular processes,
are also activated in response to phototoxic stimuli. For
example, NFkB is involved in the regulation of the prolif-
eration and expression of genes related to inflammation,
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immunity, oxidative metabolism, senescence, and pro-
grammed cell death [43, 44].

The crystalline lens has an important role as a short
wavelength light filter. However, the interaction between
this kind of light [45], as well as the aging process [23],
produces the opacification of the lens, making necessary
to remove it and to replace it by an IOL.

As IOLs have developed, a number of features which
offer protection against the effects of light radiation on the
retina of patients have been incorporated. The use of UV/
blue-filtering IOLs, while now widespread, has not been
without controversy. The results of various studies of the
use of blue-filtering IOLs suggest that they do not provide
protection to the retina, and in addition, they have certain
disadvantages in terms of their affecting the quality of vi-
sion, especially in mesopic and/or scotopic conditions
[46]. In addition, they have been linked with changes to
circadian rhythms [26, 47] and depression [25]. However,
other authors have demonstrated the protective capacity
of blue-filtering IOLs. Pipis and collaborators [24] ob-
served significant differences using blue-filtering lenses
which slowed the progress of geographic atrophy in AMD
patients following cataract surgery. A clinical study re-
cently published [48] showed no differences, in terms of
neuroprotection, between the use of UV- or UV/blue-fil-
tering IOLs in a cohort of more than 11,000 patients.

Given our results, in which UV/blue filter IOLs do not
provide an expected protective effect to cells against blue
light, being these IOLs those that show the highest per-
centage of blocking 470 nm light, a possible point of dis-
cussion of the study is the role of the light transmitted
distribution in multifocal IOLs. The viability results ob-
tained for the trifocal IOLs are consistent with the energy
of the transmitted light set, with a higher survival observed
in the IOL that has a lower distribution in the main focus,
the Lisa 839. Thus, it could be thought that the protective
effect of the IOL under LED lighting conditions is given
by the percentage of light distributed rather than by the
type of filter present and, if so, the use of UV/blue-filtering
IOL available not only would not provide benefits for pho-
toprotection effects but also could involve alterations in
the quality of vision [46]. However, that does not explain
the results obtained with the monofocal and bifocal IOLs.

The set of in vitro results in the current work suggests
that the filters involved do not play an important role in
the potential protective effect of IOLs, and could instead
depend on other parameters such as the optics and the
materials. The optic may be an important factor since the
study has involved both monofocal and multifocal (bifo-
cal, trifocal, and extended depth of focus) IOLs, and in
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fact, the extended depth of focus lens (Tecnis ZXR00) was
the one which provided the most consistent results. The
posterior optic of the Tecnis ZXR00 IOL has an achro-
matic diffractive surface designed to correct chromatic
aberration.

The material is another important parameter to con-
sider. Although the IOLs tested in this study are all com-
posed of one of the two principal materials used for im-
plants - either hydrophobic acrylic or hydrophilic acrylic
with a hydrophobic surface - there are differences be-
tween models in terms of their hydration level and the
polymer used in their manufacturing process. These dif-
ferences could impact on the light transmission capacities
of the different lenses. The idea that the platform of IOL
could be important is consistent with the results obtained.
PCBOO0 slightly reduces (although not statistically signifi-
cantin all parameters analyzed) the negative effect of light,
not being the case for SN6OWF. Those IOLs differ in the
filter and platform. The Tecnis material has not been as-
sociated with glistening, whereas Acrysof showed this
type of material degradation that now has been solved.

It is also of interest to note that the results of the trans-
mittance measurements indicate that, although all the
IOL models these days incorporate a UV filter, the major-
ity of the IOLs tested here allowed the passage of short-
wave radiation, with values ranging from 20% at 380 nm
to 45% at 390 nm. The exceptions to this were the SN-
60WF, TFNT00, SV25T0, and SN6ADI1 IOLs. Wave-
lengths in the UV range are more reactive, and conse-
quently more harmful than longer wavelengths. For this
reason, although some IOL models which have onlya UV
filter have demonstrated greater protection under artifi-
cial lighting conditions in vitro, this effect may be dimin-
ished in natural light conditions, where solar radiation
has a considerable UV component.

The current in vitro study suggests that UV/blue-fil-
tering IOLs are not useful in terms of photoprotection in
artificial light conditions. Furthermore, clinical evidence
supporting the protective role of UV/blue-filtering IOLs
is limited and highlights the need for more in depth study
of this type of ophthalmic aid. This would help ophthal-
mologists to select a more appropriate IOL for the pa-
tient’s requirements.
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