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OBJECTIVES: To assess the effect of hypotensive drugs on light absorbance, discoloration, opacification and precipitate formation
of IOLs.
METHODS: In this laboratory study, four types of IOLs (two hydrophilic-acrylic—L1 and L2, and two hydrophobic-acrylic—B1 and
B2) were soaked in solutions containing Timolol-maleate 0.5%, Dorzolamide 2%, Brimonidine-tartrate 0.2%, Latanoprost 0.005%,
Brimonidine-tartrate/Timolol-maleate 0.2%/0.5% and Dorzolamide/Timolol-maleate 2%/0.5%. Non-treated IOLs and IOLs soaked in
balanced salt solution (BSS) served as controls. All Treated lenses were sealed in containers and placed in an oven at 82 degrees
Celsius for 120 days. Each IOL was examined using four different techniques: light microscopy imaging, light absorbance
measurements at 550 nanometers through the optic’s center, assessment of by a scanning electron microscope (SEM), and energy
dispersive Xray spectrometry (EDX).
RESULTS: Ninety-eight IOLs were included. All BSS-soaked IOLs appeared clear with no significant discoloration or precipitate-
formation. Light absorbance in these lenses was comparable to that of non-soaked, non-heated IOLs. No calcium or phosphate
were detected in either of these groups. Light absorbance differed significantly between the four treated IOL types. The drops most
affecting light absorbance differed between IOLs. Gross examination revealed brown and yellow discoloration of all IOLs soaked in
Dorzolamide and Brimonidine-tartrate solutions, respectively. SEM demonstrated precipitates that differed in size, morphology and
distribution, between different IOL-solution combinations. EDX’s demonstrated the presence calcium and phosphor in the majority
of precipitates and the presence of sulfur in brown discolored IOLs.
CONCLUSIONS: In vitro, interactions between hypotensive drugs and IOLs induce changes in light absorbance, discoloration and
precipitate formation.
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INTRODUCTION
Cataract and Glaucoma are two of the most common ophthalmic
conditions affecting hundreds of millions of patients worldwide
[1, 2]. The treatment for cataract is surgical replacement of the
natural lens with an implanted clear synthetic intraocular lens
(IOL), which is meant to stay clear for the lifetime of the patient [3].
The mainstay of treatment for glaucoma is hypotensive drops,
which patients take daily for many years, and often for their whole
lifetime [4]. Thus, pseudophakia and chronic use of topical
hypotensive drugs are two conditions which often co-exist [5].
IOLs are designed to remain clear for the patient’s lifetime.

However, when loss of optical clarity does occur, it can reduce the
quality of vision and may even lead to explantation of the implant
[6–11].
Loss of IOL clarity may manifest in different ways, namely

opacification, discoloration, precipitate formation or glistening
[12]. The effects of these on visual quality range from insignificant
to visually debilitating [13, 14].
Multiple risk factors for loss of IOL clarity have been found:

the characteristics of the polymer (water content, molecular
arrangement and photochemical resistance among others), the
production and packaging processes or implantation techniques

and more [15–17]. Opacification, discoloration, degradation and
glistening were reported for polymethyl methacrylate, silicone,
hydrogel, hydrophilic and hydrophobic acrylic lenses [17–19].
Intraocular exposure to drugs and materials such as silicone oil,
gas and air have been shown to cause calcifications and
opacifications of IOLs [20–24].
Correlations have also been found between IOL opacification

and systemic conditions such as diabetes mellitus, or ophthalmic
comorbidities such as diabetic retinopathy, history of retinal
detachment or ocular trauma, and glaucoma [16].
Glaucoma has been shown to have an effect on aqueous humor

composition and on its biochemical characteristics (altered
metabolic state—proteome consistent, lipemic synthesis, inflam-
matory response and anti-oxidative action for instance) [25–28].
Glaucoma was proven to be a risk factor to both IOL opacification
and glistening [16, 29, 30]. Additionally, several studies have
shown a correlation between hypotensive glaucoma drops and
nasolacrimal duct obstruction [31, 32], a fact which reinforces the
suspicion of the tendency of hypotensive drugs to produce
precipitates.
Yet, the effect of hypotensive drops on IOL clarity has not been

reported to the best of our knowledge.
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In this study we aim to assess the effect of hypotensive drugs
on opacification, precipitate formation, discoloration and glisten-
ing of IOLs.

MATERIALS AND METHODS
IOLs
We used four types of acrylic, monofocal, IOLs from three different
manufacturers, two hydrophilic (marked L1 and L2), and two hydrophobic
(marked B1 and B2). All IOLs used in this study are made of a well-known
acrylic polymer which has been in widespread clinical use worldwide for
decades. One type of hydrophobic IOL had a yellow tint (B2). As the lenses
were donated, we could not control their dioptric power. The range of
dioptric power of the IOLs used in this study ranged from −10.0D to
+40.0D, in accordance with the manufacturer’s stock. In some IOLs, the
dioptric power was unknown. All IOLs were donated to us by the
manufacturer or their authorized distributer and were kept in their original
packaging in accordance with the manufacturer’s guidelines. All IOLs used
in this study are routinely used in clinical practice with excellent results and
have been for many years. Details of the manufacturers of the different
lenses are not provided as the IOLs were donated for the purpose of the
study on this condition.

Hypotensive drugs
The IOLs were soaked in 2 milliliters of a solution containing balanced salt
solution (BSS) and a hypotensive drug in its original concentration in a
ratio of 1:1. Six types of hypotensive ophthalmic drugs were used:
Brimonidine-tartrate 0.2%, Timolol-maleate 0.5%, Dorzolamide 2%, Dorzo-
lamide 2%/Timolol-maleate 0.5%, Latanoprost 0.005% and Brimonidine-
tartrate 0.2%/Timolol-maleate 0.5%. The medications we used are
commonly used in clinical practice worldwide, were purchased by the
hospital’s pharmacy and were kept according to manufacturer’s instruc-
tions until use. For every solution used in this study, all ingredients (both
active and non-active) were documented according to official drug leaflet
(Supplementary Table 1).

Preparations and settings
We used silicone sealed glass containers, which were thoroughly rinsed
with distilled water and completely dried prior to use.
Each IOL was soaked in 1ml of study medication and 1ml of BSS (6

containers) or with BSS alone (control). A mark was manually made on the
bottle at the height of the solution to assure no evaporation or spillage
occurred. Three duplicates of each IOL-drop combination were made.
Samples of each IOL type were kept in the original packaging to serve as
an additional control.
The containers were then placed in an opaque metal box and put in an

oven at 82 °C for 4 months. Degradation of IOL material has been shown to
develop over many years. The Arrhenius equation was used to simulate 10
years at a physiologic temperature of 37 °C [33].

IOL analysis
Each IOL underwent the following four examinations.

Light microscopy. After complete drying, each IOL was mounted on a
glass slide and photographed by a retro-illuminating light microscope, at
magnifications of ×10, ×20 and ×400 (Leica Biosystems, San Diego,
CA, USA).

Light absorbance. In order to ensure a reading through the center of the
IOL optic, we printed three dimensional opaque polymeric inserts with an
outer diameter designed to fit into a 24-well plate, and a central
3-millimeter opening (Supplementary Fig. 1). Light absorbance was
measured at 5 central points at 550 nm light frequency of (approximately
the middle of the visible light spectrum). For the measurement of photo-
spectrometric light absorbance we used an ELISA reader (Infinite F200,
Tecan Trading AG, Switzerland). Mean absorbance of the five measure-
ments of each IOL were used for analysis.

Scanning electron microscope imaging and energy dispersive Xray spectro-
metry readings. One representative IOL of each IOL-drug combination
was scanned using a scanning electron microscope (SEM) (Quanta-200,
Field Emission Instruments, the Netherlands). Back-scattered electron

mode was used to demonstrate difference in chemical composition within
the samples, and a secondary electron (SE) mode was used to demonstrate
the topographic characteristics of the samples. Selected areas of interest
were demonstrated with high magnification (×1000). Then, the IOLs were
scanned using the energy dispersive Xray spectrometry (EDX) tool through
areas of interest (i.e., precipitates) to obtain elemental spectrometric
signatures.

Outcome measures and statistical analysis
All phenomena (discoloration, precipitates, opacification and glistening)
detected in light microscopy and SEM were carefully documented.
Absorbance of light was documented as percentage of the light
transmitted by the machine. The presence of all chemical elements
detected in EDX was also documented.
We found that a total sample size of 76 and 98 samples were required to

detect a significant difference in light absorbance with a significance level
of 0.05 and a power of 80% using one-way ANOVA comparing type of
lenses and type of solutions respectively. Calculations were performed
using G*Power software version 3.1.9.6.
Statistical analysis was performed using SPSS software for windows

version 20.0 by IBM. p values < 0.05 on a two-sided test were considered
statistically significant. For the analysis of continuous data, Student’s
independent t test was used for normally distributed variables.
Kruskal–Wallis and post hoc Dunn test for pairwise comparisons with
Bonferroni correction for multiple comparisons were carried out for non-
parametric variables. One-way analysis of variance (ANOVA) was used for
comparison of multiple group averages, Two-way ANOVA was used to
determine interaction between IOL type and type of solution on mean
light absorbance. Results are expressed as median (interquartile range
(IQR)).

RESULTS
A total of 98 acrylic IOLs were included in the study. Forty-nine
hydrophilic lenses and 49 hydrophobic lenses. Eighty-four IOLs
were soaked (72 in solutions containing hypotensive drugs and 12
in BSS) and then heated, and 14 IOLs served as untreated,
unheated controls. Thus, two types of controls were available: an
untreated, unsoaked and unheated group (“non-treated”), and a
BSS-soaked and heated group (“BSS group”), which was intended
to reduce the confounding effects of the heating process.

Light microscopy imaging
Five types of gross changes were identified in the treated IOLs—
opacification, brown discoloration, yellow discoloration, precipi-
tate formation and glistening. Figure 1 shows distribution of
phenomena by drug type and by IOL type, along with controls.
Glistening occurred almost exclusively in one hydrophobic IOL
(B2). The glistening occurred with all solutions, including BSS.
Opacification and discoloration of both yellow and brown color
were seen in all four IOL types.

Opacification. Opacification was noted in all four IOL types
soaked in three types of solutions (containing Latanoprost,
Brimonidine-tartrate and Brimonidine-tartrate/Timolol-maleate)
(Supplementary Fig. 2). Three types of lenses presented a diffuse
opacification pattern (L1, L2 and B2), and the fourth type (B1)
presented a patchy opacification pattern.
Hydrophilic IOLs soaked in either Latanoprost or in Brimonidine-

tartrate/Timolol-maleate, appeared opaque when dried, but
immediately cleared when rehydrated. Higher magnification
imaging demonstrated an alteration to the surface topography
in both the wet and dry states (Supplementary Fig. 3).

Discoloration. IOLs soaked in solutions containing Brimonidine-
tartrate showed different degrees of yellow discoloration.
Discoloration was more prominent in Brimonidine-tartrate/
Timolol-maleate combination drug than in Brimonidine-tartrate
alone and appeared more intense in hydrophilic lenses than
in hydrophobic lenses. IOLs which were soaked in solutions
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containing Dorzolamide and Dorzolamide/Timolol-maleate
showed different degrees of brown discoloration. Three of
the IOLs (duplicate of B1) which were soaked in Dorzolamide
alone showed a minor discoloration which was difficult to
classify. Since the change in color was very mild, it appeared
yellow to the naked eye. All other IOL soaked in solutions
containing Dorzolamide showed a brown discoloration. This
phenomenon was more prominent in hydrophilic lenses and in
Dorzolamide rather than in the combination drug (Fig. 2).

Precipitates. Surface precipitates were seen on IOLs soaked in
Brimonidine-tartrate (L1, L2, B2), Brimonidine-tartrate/Timolol-
maleate (L1, L2, B1, B2), Latanoprost (L1, L2, B1, B2) and Timolol-
maleate (L1, L2, B1). No precipitates were seen on IOLs soaked in
Dorzolamide or Dorzolamide/Timolol-maleate. Precipitates were
observed on both hydrophilic and hydrophobic IOLs. Size, shape
and distribution of the precipitates were specific to IOL-drug
combinations (Fig. 3).

Glistening. Glistening occurred mainly in one type of hydro-
phobic IOL (B2) with all solutions including BSS but excluding
Latanoprost. In the other hydrophobic model used in this study,
glistening occurred infrequently with two types of solutions and
without repetitions in the IOL duplicates (Supplementary Fig. 4).

Light absorbance
A two-way ANOVA was conducted to examine the effect of the
IOLs and the solutions on the mean light absorbance. There was a

statistically significant interaction between the effects of IOL type
and type of solution on mean light absorbance, F (21, 66)= 3.863,
p= 0. Light absorbance depended on the IOL-solution combina-
tion. The drops most affecting light absorbance differed between
IOLs. IOL type and water content (hydrophilic versus hydrophobic)
did not affect mean light absorbance (Fig. 4A).

Light absorbance divided by IOL type. No statistically significance
difference in light absorbance was seen between non-treated IOLs
of different models (p= 0.148). When comparing all the treated
lenses analyzed by the type of lens, the difference in the median
absorbance between lenses B1 and L2 and between B1 and B2
was statistically significant. The difference between B1 and L1 was
not significant. The median absorbance and IQR were 0.21 (0.1) for
L1, 0.21 (0.21) for L2, 0.16 (0.02) for B1 and 0.28 (0.16) for B2.
B1 showed a trend of lower light absorbance with different
solutions, but this trend was not statistically significant. Figure 4B
is a boxplot which depicts the absorbance divided by type of
lenses.

Light absorbance divided by drug type. Light absorbance of IOLs
in the BSS group was comparable to that seen in non-treated
controls (p > 0.05). The difference between the mean light
absorbance of IOLs soaked in hypotensive solutions and non-
treated controls was statistically significant (p= 0.003). Light
absorbance was significantly higher in IOLs soaked in Brimoni-
dine-tartrate/Timolol-maleate, Dorzolamide/Timolol-maleate and
Latanoprost as compared to non-treated controls (p < 0.006), and
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Fig. 1 Different phenomena identified by gross inspection. A Distribution of phenomena by drug type. B Distribution of phenomena by IOL
type. L1 first type of hydrophilic acrylic IOL, L2 second type of hydrophilic acrylic IOL, B1 first type of hydrophobic acrylic IOL, B2 second type
of hydrophobic acrylic IOL.
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in IOLs soaked in Dorzolamide as compared to both types of
controls.
The median absorbance and IQR from low to high were 0.13

(0.01) for non-treated controls; 0.13 (0.05) for BSS-soaked controls;
0.16 (0.04) for Brimonidine-tartrate; 0.18 (0.05) for Timolol-maleate;
0.23 (0.14) for Latanoprost; 0.24 (0.1) for Dorzolamide/Timolol-
maleate; 0.26 (0.15) for Brimonidine-tartrate/Timolol-maleate; and
0.37 (0.27) for Dorzolamide. Light absorbance for all IOLs in the
different solutions is shown in Fig. 4C.

Scanning electron microscopy (SEM)
SEM demonstrated three main phenomena: precipitates, mild and
scattered surface alterations, and homogenous film-like coating.
The precipitates’ distribution, size, and morphology were specific
to IOL-drug combination. The appearance under SEM mirrored
that in light microscopy (Fig. 3). Mild and scattered surface
alterations appeared in all soaked IOLs.
Homogenous film-like coating appeared in several IOL-drug

combinations. This phenomenon mirrored an opacified appear-
ance under light microscopy (Supplementary Fig. 5).
SE scans confirmed that the changes described above occurred

on the surface of the IOLs (as the penetration of electron scanning
is limited to a few microns) [34]. All treated IOLs demonstrated
surface alterations of different nature compared to non-treated
IOL of the same type.
When comparing SEM scans with high-magnification light

microscopy images, a clear correlation arose: IOLs which looked
grossly clear did not demonstrate precipitates or showed mild and
scattered surface alterations. IOLs that presented circumscribed
round precipitates in gross inspection, demonstrated the same
pattern of changes in SEM scans (Fig. 3).
Morphology, size, distribution and density of the precipitates

differed according to IOL-solution combinations. For some

solutions, morphology of the precipitates seemed similar with
different IOL types (Supplementary Fig. 6).

EDX spectrometric signature
Reading through clear portions of nearly all IOLs demonstrated
exclusive presence of carbon (C) and oxygen (O), the main
components of most acrylic polymers. Readings through
precipitates demonstrated signatures of Calcium (Ca) and
Phosphor (P) in all IOLs soaked in Brimonidine-tartrate/
Timolol-maleate, Latanoprost, and Timolol-maleate. Calcium
and Phosphor were not detected in Dorzolamide, Dorzola-
mide/Timolol-maleate, Brimonidine-tartrate, BSS alone or non-
treated IOLs. Lenses that underwent brown discoloration (all
IOLs soaked in Dorzolamide or Dorzolamide/Timolol-maleate)
showed presence of Sulfur (S). This chemical element was not
detected in IOLs which were soaked in other solutions. Silicon
was identified in several samples. Other chemical components
of unknown origin were detected in different drugs, IOLs and
areas of sampling (Aluminum, Brom, Magnesium, Potassium,
Fluorine and more).
Data on chemical elements found with each IOL-drug

combination are shown in Table 1.
A summary of the morphological and optical changes of the

different IOL types in the various hypotensive drugs solutions are
summarized in Supplementary Table 2.

DISCUSSION
In this in vitro study, hypotensive drugs affected IOL clarity.
Significant and repeatable differences in light absorbance,
precipitate formation and discoloration were seen in IOLs treated
with hypotensive drugs compared with those treated with BSS or
left untreated.

Fig. 2 Discoloration of IOLs. IOLs soaked in Brimonidine showing yellow discoloration and IOLs soaked in Dorzolamide showing brown
discoloration as compared to untreated controls and BSS-soaked controls.
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The morphology of the precipitates did not correlate solely
to drug or IOL type, but rather to specific combinations.
Different duplicates of the same IOL-drug combinations
showed similar results. This suggests that both the drug type

and the nature of the polymer influence the precipitate
formation. For some solutions, the shape of the precipitates
was similar on all different IOLs, while their size and
distribution varied.

Fig. 3 Precipitates. I—Precipitates formed on different IOLs with different hypotensive drugs. II—Precipitates on hydrophilic and
hydrophobic IOLs soaked in different solutions. Precipitates differ in distribution, size, and morphology in different IOL-drug combinations.
There is a good correlation between SEM (A) and light microscopy imaging (B) in different IOLs and different solutions.

Fig. 4 Light absorbance. A Light absorbance (percentage of light transmitted) of different IOL models which were soaked in different
solutions. There was a statistically significant interaction between the effects of IOL type and type of solution on mean light absorbance. B a
boxplot that depicts the absorbance divided by type of lenses. C Light absorbance for all IOLs in the different solutions.
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Most precipitates contained Calcium and phosphor. Calcium is
present in the aqueous humor in normal conditions, and has been
shown to form calcium phosphate deposits on explanted IOLs in
previous studies [35–39]. In our in vitro study, BSS, which was
added to all solutions, contains calcium [40] to simulate the
environment in the posterior chamber [41]. While phosphor is
absent in BSS, it does exist in some of the hypotensive drugs we
examined in our study (Timolol-maleate, Brimonidine-tartrate/
Timolol-maleate and Latanoprost). Calcium-phosphate precipi-
tates formed only in IOLs treated with the above drugs.
Supplementary Table 1 elaborates different solutions ingredients,
as specified in solutions’ official leaflet.
We observed two different types of discolorations in our study.

Yellow discoloration was observed in IOLs soaked in Brimonidine-
tartrate and in its combination with Timolol-maleate. This yellow
discoloration was not associated with increased light absorbance.
Dorzolamide, alone and in its combination with Timolol-maleate

caused brown discoloration in all treated IOLs. One type of
hydrophobic IOL (B2) showed a very mild discoloration which was
difficult to classify, and appeared yellow to the naked eye. Since
we detected sulfur on these lenses, as detected in other IOLs
soaked in Dorzolamide we assume that this yellow appearance
might be a milder form a of sulfur accumulation. All these lenses
showed a higher light absorbance and the presence of sulfur. No
precipitates were formed with either of these solutions, and
calcium and phosphor were not detected. These findings suggest
that the brown discoloration may be more disruptive to the
passage of light with a wavelength of 550 nm as compared the
yellow discoloration.
Light microscopy demonstrated an opaque appearance of some

hydrophilic IOLs which were soaked in Brimonidine-tartrate,
Brimonidine-tartrate/Timolol-maleate and Latanoprost. This phe-
nomenon was not visible in the primary gross examination of those
lenses when kept in the containers within the solution. We
recognized subtle surface alterations in high magnification of their
light microscopy images. Interestingly, these IOLs seemed opaque
when dry, and re-cleared when re-hydrated. We hypothesize that
this phenomenonmay be explained by light scattering caused at the
surface of the IOLs, which was shown to have negligible effect on
visual function in in vitro and in vivo studies [42, 43]. Kang et al. have
shown that hydration status and temperature induced changes in
IOLs’ appearance [44]. The hypothesis requires further study.
We observed glistening formation in one of the two models of

hydrophobic IOLs. Unlike previously published data by Schweitzer

et al. [29] who described a correlation between the use of
hypotensive drops in glaucomatous eyes and glistening, glisten-
ing in our study seemed to be related to the IOL type, and not to
the hypotensive drug exposure. Glistening also appeared in the
BSS soaked IOLs. Previous reports demonstrated that glistening
has a negligible effect on visual function in most cases [42, 45].
A clear effect of hypotensive drugs on light absorbance of IOLs

was demonstrated. While BSS soaked IOLs showed low light
absorbance similar to that of non-treated IOLs, all the IOLs soaked
in hypotensive drugs showed different levels of increased light
absorbance as compared to controls.
A clear correlation between light absorbance and specific types

of solutions or IOLs was not found, since no significant difference
could be proven. The effect seemed to be related to IOL-solution
combination.
No clear conclusion can be drawn regarding the effect of the

precipitates on the light absorbance of the IOL, since most of
the precipitates were discrete and surrounded by clear areas, and
the light absorbance readings were made through five central
locations. Correlating the readings to specific precipitate location
was not possible in the setting of our study. Clinically, the
presence of small discrete opacifications on the IOL is not
considered by many physicians (authors included) to be clinically
significant, though the effect is likely related to their size, density,
opacity, location in relation to the visual axis and distribution.
We chose to measure light absorbance at 550 nm to represent

the visible spectrum. Studies of different wavelengths could
provide more insight into the effect of different solutions on light
absorption through IOLs.
This study has several important limitations. The conditions in

this study significantly differ from the conditions in the human
eye. Drug concentration was dramatically higher in our study as
compared to that inside the posterior chamber. The duration and
intensity of IOL-drug exposure was significantly higher in our
study as compared to a real-life scenario. The IOLs were constantly
soaked in the solutions for months, while in real life the patient
applies drops one to three times a day, and there is some washout
from tears. The remaining drug must then travel through the
different layers of the cornea and eventually penetrate into the
anterior and posterior chambers [46]. Latanoprost, is a pro-drug,
which is modulated by the tear film and corneal enzymes. No
enzymes or other non-active ingredients were added to the
containers. The effects of non-active ingredients (including those
of the preservative), were not assessed.

Table 1. Main chemical elements composition in different combinations of IOL type and drug type found via energy dispersive Xray
spectrometry (EDX).

The cells of the table were colored according to the elements’ composition detected in each combination in order to emphasize the correlation between drug
type and composition of elements.
Ca-P calcium-phosphate.

T. Sharon et al.

1701

Eye (2023) 37:1696 – 1703



Despite the fact that heating of IOLs were shown to
approximate aging of IOL polymer material [33], we assume that
heating to high temperature for an extended period of time is not
fully comparable to physiologic aging of the polymer. In addition,
the effect of heating on different drugs is unknown. Especially
susceptible to change may be those drugs which the manufac-
turer recommends keeping refrigerated. As heating drugs may
change their chemical and physical characteristics, we conducted
a photo-spectrometry analysis of the heated solutions. Since the
absorbance readings were low and the difference between the
solutions was insignificant, we found it did not contribute to our
understanding of the findings and was thus not included in the
final manuscript. Further studies including administration of drops
according to their recommended use instructions are warranted.
Laboratory conditions do not simulate an organic, living

environment. Though BSS was added to each container in order
to approximate the chemical composition of the aqueous humor,
a large variety of factors play a role in its maintenance (proteins,
immune mediators, secretion and absorption of materials,
pressure, acidity, etc.).
Visual significance of our findings, both in vitro and in vivo, needs

to be further assessed, but were beyond the scope of this
preliminary study. As previously shown, changes in optical qualities
of an IOL may have an effect on modulation transfer function, light
scattering, contrast sensitivity and more. These investigations are
planned in further studies. Glaucoma has been shown to be a risk
factor for IOL opacification [16]. However, the pathomechanism for
this is unclear. The causes for deterioration in visual function of
glaucoma patients are variable and include changes in ocular
surface secondary to intensive drop use [47], retinal nerve fiber layer
damage [48], loss of contrast sensitivity and more. For these
patients, separating loss of IOL clarity as a significant reason for a
decrease of visual function may prove very difficult. On the other
hand, the multiple insults described highlight the importance of
controlling as many variables as possible.

Significance of our study and future directions
This in vitro study preliminary demonstrated a clear correlation
between IOLs’ loss of clarity and exposure to hypotensive drugs.
To better characterize this correlation and its clinical importance,
further research is needed. Some important questions that must
be addressed include the effect of drug concentrations closer to
the relevant clinical scenario, the effect of hypotensive drugs on
additional IOL types, the effect of other hypotensive drugs on
different IOL types, light absorbance through more wavelengths in
the visual spectrum and the effect of heat on different solutions.
Correlating our findings to clinical practice is impossible at

present. Different methods of in vitro and in vivo studies are
required before this can be properly addressed. It is possible that
in the future, knowledge of hypotensive drugs-IOL interactions
can facilitate better, evidence-based pairings.

CONCLUSIONS
Hypotensive drugs significantly affect hydrophobic and hydro-
philic IOL clarity in vitro. This manifests as changes in light
absorbance, discoloration, and precipitate formation.

SUMMARY

What was known before

● Cataract and Glaucoma are two of the most common
ophthalmic conditions, Glaucoma was shown to be a risk
factor to both IOL opacification and Glistening, yet the effect
of hypotensive drops on IOL clarity has not been studied

What this study adds

● Hypotensive drugs significantly affect hydrophobic and
hydrophilic IOL clarity in vitro. This manifests as changes in
light absorbance, discoloration, and precipitate formation.

DATA AVAILABILITY
The data that support the findings of this study are not openly available due to the
specific condition of the IOL donators. Data are available from the corresponding
author upon reasonable request and may be shown under blindness of the IOL
manufacture and model.

REFERENCES
1. Foster A. Vision 2020: the cataract challenge. Community Eye Health.

2000;13:17–19.
2. Tham YC, Li X, Wong TY, Quigley HA, Aung T, Cheng CY. Global prevalence of

glaucoma and projections of glaucoma burden through 2040: a systematic
review and meta-analysis. Ophthalmology. 2014;121:2081–90.

3. Beiko GHH, Grzybowski A. Intraocular lens implants: do they come with a life time
guaranty? Saudi J Ophthalmol. 2015;29:247–8.

4. Singh K, Shrivastava A. Medical management of glaucoma: principles and prac-
tice. Indian J Ophthalmol. 2011;59:S88.

5. Jiménez-Román J, Prado-Larrea C, Laneri-Pusineri L, Gonzalez-Salinas R. Com-
bined glaucoma and cataract: an overview. In: Difficulties in cataract surgery.
Ch. 4. 79–89. InTech; 2018. https://doi.org/10.5772/intechopen.73584.

6. Choudhry S, Goel N, Mehta A, Mahajan N. Anterior segment optical coherence
tomography of intraocular lens opacification. Indian J Ophthalmol.
2018;66:858–60.

7. Michelson J, Werner L, Ollerton A, Leishman L, Bodnar Z. Light scattering and
light transmittance in intraocular lenses explanted because of optic opacification.
J Cataract Refractive Surg. 2012;38:1476–85.

8. Bompastor-Ramos P, Póvoa J, Lobo C, Rodriguez AE, Alió JL, Werner L, et al. Late
postoperative opacification of a hydrophilic-hydrophobic acrylic intraocular lens.
J Cataract Refract Surg. 2016;42:1324–31.

9. Barra D, Werner L, Pacini Costa JL, Morris C, Ribeiro T, Ventura BV, et al. Light
scattering and light transmittance in a series of calcified single-piece hydrophilic
acrylic intraocular lenses of the same design. J Cataract Refractive Surg.
2014;40:121–8.

10. Neuhann T, Yildirim TM, Son HS, Merz PR, Khoramnia R, Auffarth GU. Reasons for
explantation, demographics, and material analysis of 200 intraocular lens
explants. J Cataract Refract Surg. 2020;46:20–6.

11. Goemaere J, Trigaux C, Denissen L, Dragnea D, Hua MT, Tassignon MJ, et al.
Fifteen years of IOL exchange: indications, outcomes, and complications. J Cat-
aract Refract Surg. 2020;46:1596–603.

12. Stanojcic N, Hull C, O’Brart DP. Clinical and material degradations of intraocular
lenses: a review. Eur J Ophthalmol. 2020;30:823–39.

13. Łabuz G, Yildirim TM, Khoramnia R, Son H-S, Auffarth GU. Optical function of
intraocular lenses in different opacification patterns: metrology analysis of 67
explants. J Cataract Refract Surg. 2021;47:1210–17.

14. Dhaliwal DK, Mamalis N, Olson RJ, Crandall AS, Zimmerman P, Alldredge OC, et al.
Visual significance of glistenings seen in the AcrySof intraocular lens. J Cataract
Refractive Surg. 1996;22:452–7.

15. Werner L. Causes of intraocular lens opacification or discoloration. J Cataract
Refractive Surg. 2007;33:713–26.

16. Gamidov AA, Fedorov AA, Novikov IA, Kas’ianov AA, Siplivyĭ VI. Analyzing causes
for opacification of acrylic IOLs. Vestn Oftalmol. 2015;131:64–70.

17. Stanojcic N, Hull C, O’Brart DPS. Clinical and material degradations of intraocular
lenses: a review. Eur J Ophthalmol. 2020;30:823–39.

18. Tetz M, Jorgensen MR. New hydrophobic IOL materials and understanding the
science of glistenings. Curr Eye Res. 2015;40:969–81.

19. Durr GM, Ahmed IKK. Intraocular lens complications decentration, uveitis-
glaucoma-hyphema syndrome, opacification, and refractive surprises. 2022.
https://doi.org/10.1016/j.ophtha.2020.07.004.

20. Sher JH, Gooi P, Dubinski W, Brownstein S, El-Defrawy S, Nash WA. Comparison of
the incidence of opacification of hydroview hydrogel intraocular lenses with the
ophthalmic viscosurgical device used during surgery. J Cataract Refractive Surg.
2008;34:459–64.

21. Maclean KD, Apel A, Wilson J, Werner L. Calcification of hydrophilic acrylic
intraocular lenses associated with intracameral air injection following DMEK. J
Cataract Refractive Surg. 2015;41:1310–4.

T. Sharon et al.

1702

Eye (2023) 37:1696 – 1703

https://doi.org/10.5772/intechopen.73584
https://doi.org/10.1016/j.ophtha.2020.07.004


22. Łabuz G, Yildirim TM, van den Berg TJTP, Khoramnia R, Auffarth GU. Assessment
of straylight and the modulation transfer function of intraocular lenses with
centrally localized opacification associated with the intraocular injection of gas. J
Cataract Refractive Surg. 2018;44:615–22.

23. Yildirim TM, Auffarth GU, Łabuz G, Bopp S, Son HS, Khoramnia R. Material analysis
and optical quality assessment of opacified hydrophilic acrylic intraocular lenses
after pars plana vitrectomy. Am J Ophthalmol. 2018;193:10–9.

24. Neuhann IM, Kleinmann G, Apple DJ. A new classification of calcification of
intraocular lenses. 2008.

25. Arcieri ES, Santana A, Rocha FN, Guapo GL, Costa VP. Blood-aqueous barrier
changes after the use of prostaglandin analogues in patients with pseudophakia
and aphakia: a 6-month randomized trial. Arch Ophthalmol. 2005;123:186–92.

26. Cabrerizo J, Urcola JA, Vecino E. Changes in the lipidomic profile of aqueous
humor in open-angle glaucoma. J Glaucoma. 2017;26:349–55.

27. Kaeslin MA, Killer HE, Fuhrer CA, Zeleny N, Huber AR, Neutzner A. Changes to the
aqueous humor proteome during glaucoma. PLoS ONE. 2016;11:e0165314.

28. Benoist d’Azy C, Pereira B, Chiambaretta F, Dutheil F. Oxidative and anti-oxidative
stress markers in chronic glaucoma: a systematic review and meta-analysis. PLoS
ONE. 2016;11:e0166915.

29. Schweitzer C, Orignac I, Praud D, Chatoux O, Colin J. Glistening in glaucomatous
eyes: visual performances and risk factors. Acta Ophthalmol. 2014;92:529–34.

30. Colin J, Orignac I, Touboul D. Glistenings in a large series of hydrophobic acrylic
intraocular lenses. J Cataract Refractive Surg. 2009;35:2121–6.

31. Nemet AY, Vinker S. Associated morbidity of nasolacrimal duct obstruction—a
large community based case-control study. Graefe’s Arch Clin Exp Ophthalmol.
2014;252:125–30.

32. Seider N, Miller B, Beiran I. Topical glaucoma therapy as a risk factor for naso-
lacrimal duct obstruction. Am J Ophthalmol. 2008;145:120–3.e1.

33. Kawai K, Hayakawa K, Suzuki T. Simulation of 20-year deterioration of acrylic IOLs
using severe accelerated deterioration tests. 2012.

34. Michler GH, Lebek W. Electron Microscopy of Polymers. In Polymer Morphology,
Guo Q. (ed.). 2016. https://doi.org/10.1002/9781118892756.ch3.

35. Gartaganis SP, Prahs P, Lazari ED, Gartaganis PS, Helbig H, Koutsoukos PG. Cal-
cification of hydrophilic acrylic intraocular lenses with a hydrophobic surface:
laboratory analysis of 6 cases. 2016.

36. Izak AM, Werner L, Pandey SK, Apple DJ. Calcification of modern foldable
hydrogel intraocular lens designs. Eye. 2003;17:393–406.

37. Tandogan T, Khoramnia R, Choi CY, Scheuerle A, Wenzel M, Hugger P, et al.
Optical and material analysis of opacified hydrophilic intraocular lenses after
explantation: a laboratory study. BMC Ophthalmol. 2015;15:170.

38. Pei XT, Bao YZ. Lens implant opacification. Ophthalmology. 2011;118:426–.e1.
39. Werner L, Apple DJ, Escobar-Gomez M, Ohrström A, Crayford BB, Bianchi R, et al.

Postoperative deposition of calcium on the surfaces of a hydrogel intraocular
lens. Ophthalmology. 2000;107:2179–85.

40. BSS® Sterile Irrigating Solution (balanced salt solution) [Internet]. 2021. https://
dailymed.nlm.nih.gov/dailymed/fda/fdaDrugXsl.cfm?setid=4bd4d59c-eb3b-
4a5e-9eb7-ae95b0a92bea&type=display.

41. Goel M. Aqueous humor dynamics: a review. Open Ophthalmol J. 2010;4:52–9.
42. Oshika T, Ando H, Inoue Y, Eguchi S, Sato Y, Sugita T, et al. Influence of surface

light scattering and glistenings of intraocular lenses on visual function 15 to 20
years after surgery. J Cataract Refractive Surg. 2018;44:219–25.

43. van der Mooren M, van den Berg T, Coppens J, Piers P. Combining in vitro test
methods for measuring light scatter in intraocular lenses. Biomed Opt Express.
2011;2:505.

44. Kang JY, Song JH, Lee SJ. Changes in opacification of hydrophobic acrylic
intraocular lenses according to temperature and hydration. Clin Ophthalmol.
2020;14:3343–9.

45. Mamalis N. Intraocular lens glistenings. J Cataract Refract Surg. 2012;38:1119–20.
46. Patel A. Ocular drug delivery systems: an overview. World J Pharmacol. 2013;2:47.
47. Leung EW, Medeiros FA, Weinreb RN. Prevalence of ocular surface disease in

glaucoma patients. J Glaucoma. 2008;17:350–5.
48. Sehi M, Zhang X, Greenfield DS, Chung Y, Wollstein G, Francis BA, et al. Retinal

nerve fiber layer atrophy is associated with visual field loss over time in glaucoma
suspect and glaucomatous eyes. Am J Ophthalmol. 2013;155:73–82.e1.

ACKNOWLEDGEMENTS
The authors would like to acknowledge Professor Graham Trope for his inspiration
and for his support of this project.

AUTHOR CONTRIBUTIONS
TS conceived and directed the project and wrote the manuscript. LNBH collected
data, performed statistical analysis and critically revised the manuscript. NR, DK and
AK collected data, YT, ALE and EIA contributed to the discussion and critically revised
the manuscript. AB conceived the project, wrote the manuscript and directed the
project.

COMPETING INTERESTS
The authors declare no competing interests.

ETHICAL APPROVAL
This study was exempted by the Institutional Review Board (IRB) at Meir Medical
Center, since no use of human data was used.

ADDITIONAL INFORMATION
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41433-022-02225-w.

Correspondence and requests for materials should be addressed to Tal Sharon.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Springer Nature or its licensor holds exclusive rights to this article under a publishing
agreement with the author(s) or other rightsholder(s); author self-archiving of the
accepted manuscript version of this article is solely governed by the terms of such
publishing agreement and applicable law.

T. Sharon et al.

1703

Eye (2023) 37:1696 – 1703

https://doi.org/10.1002/9781118892756.ch3
https://dailymed.nlm.nih.gov/dailymed/fda/fdaDrugXsl.cfm?setid=4bd4d59c-eb3b-4a5e-9eb7-ae95b0a92bea&type=display
https://dailymed.nlm.nih.gov/dailymed/fda/fdaDrugXsl.cfm?setid=4bd4d59c-eb3b-4a5e-9eb7-ae95b0a92bea&type=display
https://dailymed.nlm.nih.gov/dailymed/fda/fdaDrugXsl.cfm?setid=4bd4d59c-eb3b-4a5e-9eb7-ae95b0a92bea&type=display
https://doi.org/10.1038/s41433-022-02225-w
http://www.nature.com/reprints
http://www.nature.com/reprints

	The effect of hypotensive drugs on intraocular lenses clarity
	Introduction
	Materials and methods
	IOLs
	Hypotensive drugs
	Preparations and settings
	IOL analysis
	Light microscopy
	Light absorbance
	Scanning electron microscope imaging and energy dispersive Xray spectrometry readings

	Outcome measures and statistical analysis

	Results
	Light microscopy imaging
	Opacification
	Discoloration
	Precipitates
	Glistening

	Light absorbance
	Light absorbance divided by IOL type
	Light absorbance divided by drug type

	Scanning electron microscopy (SEM)
	EDX spectrometric signature

	Discussion
	Significance of our study and future directions

	Conclusions
	Summary
	References
	Acknowledgements
	Author contributions
	Competing interests
	Ethical approval
	ADDITIONAL INFORMATION




