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ABSTRACT

Purpose

Multifocal contact lenses have been growing in popularity as a modality to correct pres-
byopic eyes, although visual side effects such as disability glare have been reported. The
objective of this study was fo investigate the effect of multifocal contact lenses on disability

glare by means of ocular straylight.

Methods

A prospective randomized, comparative study was performed that included 16 subjects
free of ocular pathology. Straylight was measured using a commercial straylight mefer with
the natural and dilated pupil. Participants were fitted with Proclear Multifocal (Distance/
Near), ACUVUE Oasys for Presbyopia, and Air Optix Aqua Multifocal randomized to the
left or right eye. Straylight measurements were repeated with the confact lens in situ after
the pupil dilation. Results obtained with the dilated pupil without contact lens acted as a

control.

Results

Diameter of the natural and dilated pupil was 2.87 + 0.40 mm and 7.45 + 0.86 mm,
respectively (P < .001). After pupil dilation, straylight increased from 0.92 + 0.13 log(s)
to 1.04 + 0.11 logls) (P < .001). Of the four studied lenses, a significant difference was
only found between Air Optix and the control group (P = .006). The latter showed also
slightly increased light scatter.

Conclusions

A difference in measured straylight was found between the studied multifocal lenses. The
observed variability and the straylightpupil size dependency should be taken info account
fo avoid elevated straylight in multifocal contact lens wearers. The reason for the observed
differences in straylight must be the subject of future studies.
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INTRODUCTION

According fo the World Population Ageing 19502050 report, issued by the United
Nations, the ongoing process of population aging is a wellrecognized global phenom-
enon. If the current frend continues, the percentage of older persons in the developed
countries will exceed the proportion of young people by 2050." This demographic shift
has an important effect on the prevalence of agerelated changes in the eye and will
cause increasing demands of patients to maintain good quality of vision. The inability
to change the focus of the eye becomes noticeable to the patient at around 45 years.?
Spectacle lenses are commonly utilized to provide near vision in presbyopia.®* However,
for presbyopic patients who wish to have spectacle independence without undergoing a
surgical procedure, multifocal contact lenses emerged as an alternative and have grown
in popularity when compared to monovision correction.” The optical principle of these
contact lenses is based on the projection of multiple images with different foci. As a result,
a concern arose whether this could be a reason for elevated sensitivity o disability glare,
particularly under low-light conditions because of the resulting increase in pupil size.®

Straylight is a visual handicap caused by inhomogeneities in the eye's optical media
that scatter light in the forward direction.” The Commission Infernationale de |'Eclairage
reported that disability glare is defined as straylight and as the outer part of the functional
Point Spread Function.® Straylight is quantified by means of its equivalent luminance, where
the amount of light scattered over some angular distance foward the refina is compared to
the infensity of a comparison light. This gives a functional straylight parameter presented
logarithmically as logls). In comparison to logMAR, an increase of 0.1 log(s) is comparable
in visual quality fo the loss of 1 line.” Straylight and visual acuity (VA) are quite independent
aspects of quality of vision. Several studies have reported increased straylight in patients
with good VA, but the reverse can also occur.”'? However, the importance to quality of
vision is comparable.” Also quite independent from straylight is contrast sensitivity (CS).”
This lack of correlation indicates that standard ophthalmic fechniques cannot be used fo
assess ocular straylight. The concept of equivalent luminance has been developed and is
now used instead. This has led to extensive studies on straylight and its relation to visual
quality.'?

It has been found that, in absence of ocular pathologies, approximately 10% of light
is scattered in the normal eye.'® The main sources of light scattering in the eye are the
crystalline lens, the cornea, fundus reflectance, and light fransmittance by sclera and iris. '
In youth, the straylight value is on average 0.90 logls), but as the eye ages, this increases
24old, to an average of 1.20 log(s), at 65 years of age.'® Aging of the eye causes
straylight increase in the normal eye, but log(s) elevation can be found in several other
pathologies as well. Clinical conditions, such as cataract, vitreous turbidity, and corneal
dystrophies, may lead fo serious straylightrelated visual difficulties. ' ' Moreover, the litera-
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ture has shown that corneal edema causes a significant increase of straylight, which may
be caused by contact lenselated complications.'” Because contact lenses alter the normall
corneal shape and physiology of established users, ' it is of importance to study how these
changes affect the quality of vision in terms of ocular straylight. Increased straylight, which
causes disability glare, is a real hindrance when performing everyday tasks and may occur
under different light conditions, e.g. while driving. The typical problems are being blinded
by the headlights of approaching cars and excessive irritation while driving towards a
low sun.'?'* However, other patient's symptoms may occur, such as hazy vision (typically
described as looking through a fog), decrease in color discrimination, or elongation of light
adaptation.'*!'* Because contact lens wearers are exposed to different light conditions on
a daily basis, it is of particular importance to study how administration of a confact lens
correction affects their ocular straylight and consequently their quality of vision.

In confrast fo opfical aberrations, such as defocus and astigmatism, straylight from dif-
ferent parts of the eye is additive and cannot be reduced with artificial opfical devices.
Thus, the use of the contact lens for refraction or presbyopia correction may increase
ocular straylight. This has been studied in the past, though with variable results. In 1987,

f'7 compared straylight of hydrogel contact lenses using eyeglasses

Applegate and Wol
as control. A significant difference in favor of the spectacles correction was found when a
lower straylight value was observed in this group. However, this finding could not be veri-
fied."® Elliott et al.'” evaluated hydrophilic and rigid gas permeable (RGP) contact lenses.
In this study, no effect was observed for hydrophilic contact lens wearers. The RGP group
performed worse, which resulted in a higher straylight value. When the lens was removed,
straylight retumned to a normal level. It was concluded that optical properties might be a
factor affecting ocular straylight.'” In contrast, a later study by Lohmann et al.?® suggested
that less straylight was associated with hard contact lenses as compared fo soft ones used
for correction of myopia. Nio et al. made a comparison of various modalities for myopia
as well.?" They found that spectacle correction and laser eye surgery outperform soft and
RGP lenses when ocular sfraylight is concerned. However, differences were also found
between the contact lens groups, as more (0.07 logls|) straylight was observed in the RGP
group than among soft contact lens wearers.?!

One potential explanation for these variations between studies may be the differences
in lens characteristics; another explanation could be the methodology used for straylight
assessment. The Direct Comparison method, which was applied in these studies, has been
considered reliable and discriminative,?* but its accuracy varied when used clinically.'?
The new Compensation Comparison (CC) methodology, applied in a commercially avail-
able straylight meter (C-Quant; Oculus), provided a sfep forward by giving control over
the reliability of the measurements.'??* This was improved by adding quality parameters to
eliminate erroneous results. The appearance of the CC technique has led fo a large number
of clinical studies on straylight with documented reliability. VWith respect to contact lens
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studies, Cervifio et al.** employed the new instrument fo investigate sensitivity fo glare of
subjects after fitting them with tinted and standard contact lenses. These lenses were made
of the same material, and the only difference was the presence of an amber/gray-green tint
in one group. A statisfically significant straylight increase was reported with respect to the
grey-green correction. In a previous study, no difference was found in straylight measured
with /without monovision soft contact lenses.?” Only established contact lens wearers were
enrolled in that study and measured with their habitual correction. In addition, RGP contact
lens users were investigated.” The findings of that study were in line with Fortuin et al.,*
as straylight decreased after RGP lenses removal, albeit without reaching the level of the
age-matched confrol group. It was suggested that corneal integrity could be affected by
subclinical changes caused by longtime use of the RGP lenses because the straylight value
remained elevated even after 24 hours of discontinuation of contact lenses.?® Therefore,
fo avoid a potential confounding effect of the postRGP contact lens use complication, the
RGP contact lens wearers were excluded from the current study.

Several studies have been done fo obtain straylight values of monofocal confact
lenses, ! ?#2° but fo the best of our knowledge, no report has been published o datfe on
the relation between multifocal contact lenses and straylight. Although multifocal contact
lenses have shown to give good VA and CS,?” unwanted visual phenomena such as glare,
which may result in patient dissatisfaction, have been reported.?® The visual handicaps
that subjects may experience raises the important question in how far the use of multifocal
contact lenses may be a tradeoff between a near vision problem and a straylight problem.
Taking this info consideration, discontinuity between different zones of a multifocal contact
lens may scatter light beyond 1°.7 Also, multiple abrupt changes in a power profile may
contribute significantly to light scattering® because each transition might act as an inde-
pendent source of straylight.

In the current study, straylight of four different presentday multifocal contact lenses were
compared. Multifocal contact lens wearers most often complain about their night vision,
and this can be related fo scotopic pupil size. For this reason, the evaluation was performed
after pupil dilation.

METHODS

Participants

Sixteen subjects (11 males and 5 females) were enrolled in this study. Their mean age +
SD (range) was 31 + 8 (21-48) years. The mean spherical equivalent wasj1.53 + 3.71D,
with cylinder power ranging from -0.75 to +3.50D and best-corrected monocular VA of the
studied eyes was 20/20 or better. Participants were mostly recruited among students and
employees of the Optometry School of the University of Murcia. Only subjects without any
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ocular pathology, systematic disease, or history of eye surgery were included. There was
no limitation regarding age, refractive error, or race of the participants. RGP contact lens
wearers were excluded because of the potential confounding effect of subclinical comeal
changes to straylight.”” The habitual soft contact lens users were asked to abstain from
contact lens use for 1 day before participation in the study.

The study was designed according fo the fenets of the Declaration of Helsinki and was
approved by the independent Ethics Committee of the University of Murcia. A written
informed consent was obtained from each participant after thorough explanation of the
purpose and nature of the study.

Contact Lenses

The study included four multifocal contact lenses that are currently available on the market.
The distance (+0.25D) and addition power (2.50D) were equal among all lenses. This
allowed exclusion of pofential confounding factors related to lens geometry. For more
details about technical parameters of each contact lens, please refer to Table 1.

Proclear Multifocal contact lens (Cooper Vision, Fairport, NY] is offered in two different
optical designs, with the center dedicated o near (N or distance (D) vision. The cenfer and
the surrounding area have spherical and aspherical designs, respectively, with a progres-
sive power profile. The ACUVUE Oasys contact lens for Presbyopia (Vistakon, Division of
Johnson & Johnson Vision Care, Jacksonville, FL) consists of five alternating distance and
near rings with an aspheric progressive profile. The center of the lens is set for distance
vision. AirOptix Aqua Mulfifocal (Alcon Laboratories, Fort Worth, USA| is o nearcenter
confact lens with a surrounding infermediate zone and with the distance power situated af
the outer part of the lens. This lens has an aspheric back surface design.

All included lenses were stored under the same conditions. The Ever Clean (Avizor S.A.,
Spain) solution was used fo clean and sferilize the contact lenses.

Table 1. Descriptive characteristic of the included multifocal contact lenses.

ClL Model Material C[;S/ [Eﬁ] [Sﬁ] Rl [nS;] Tint Center R,::;s
Proclear Multifocal omafilcon A~ 62 87 144 1.39 0.16 lightly blue  Near 2
Proclear Multifocal omdfilcon A 62 8.7 14.4 1.39 0.16 lightly blue Distance 2
ACUVUE OASYS for Presbyopia senofilcon A 38 8.4 14.3 1.42 0.07 Llightly blue Distance 5

AR OPTIX Aqua Multifocal  lotrafilcon B 33 8.6 14.2 1.42 0.08 Blue Near 3

CW, content of water; BC, base curvature; DA, total diameter; Rl, refractive index; CT, center thickens (at

-3.00 D)
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Straylight Measurements

The evaluation of ocular straylight was performed using a commercial straylight meter (C-
Quant; Oculus). The measurement principle is based on the psychophysical CC method,
which works as follows. A subject fixates on a central test field, which is surrounded by
a flickering straylight source (alternating on- and offphase, Figure 1). As a small part
of the light entering the eye is scattered and falls onfo the fovea, the subject perceives a
faint flickering at the test field if the test field is dark. The test field is subdivided info two
halves (left and right, Figure 1). One, randomly chosen, half is dark, and in the other
half a counterphase light is given, compensating straylight. The first half shows unmodified
ocular straylight of the subject. While the subject fixates on the central field, shortHasting
flickering stimuli (alternating on- and off-phase, Figure 1) are presented throughout the
fest. At each sfimulus, the subject must decide which half (left or right, Figure 1) flickers
stronger by pressing a button. Based on the subject’s responses and the known value of the
compensation light, a psychometric curve is plotted and used to defermine the individual
straylight parameter.?® To estimate reliability of results, the instrument gives “expected
standard deviation” (ESD). ESD is calculated based on a maximum likelihood fit of the
psychometric function as the average width of the likelihood function.® As ESD closely
corresponds fo the actual accuracy of an individual value, it is used as a criterion of
reliability.*® Only results with ESD of 0.12 log units or less were accepted and included in
the data analysis.* Independent studies have shown good reliability and repeatability of
the C-Quant instrument.'#

On-phase Off-phase

Straylight source —»

Test field "

Figure 1. Test screen of the C-Quant. Please refer to the Methods section for more details.

Study Protocol

All participants underwent a complete ocular examination performed by an experienced
opfometrist. The flowchart of the data collection process is presented in Figure 2. An
initial examination included refraction, bestcorrected monocular visual acuity (VA) on a
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Snellen chart, evaluation of the anterior segment of the eye with a slitlamp biomicroscope,
and straylight measurements (two times for each eye) using the C-Quant device. The eyes
were photographed using a standard CCD camera attached fo the slitlamp unit. After
preliminary evaluation including a first sef of straylight measurements, subjects received two
drops of tropicamide agent (1%; Alcon Cusi, Spain) to both eyes with an interval of 10
minufes. Thirty minutes after administration of the second drop, the straylight measurements
were again performed. If necessary, refractive error was corrected using frial lenses inserted
info the C-Quant ocular. The same correction was applied for the contact lens evaluation,
as all studied contact lenses hold the same distance power of +0.25D and did not differ
between subjects. Because even a single fingerprint on a spectacle lens might cause
straylight increase,®® trial lenses were thoroughly cleaned to exclude this potential effect.
Pupil size was measured before and affer pupil dilation based on analysis of the recorded
photographs. Slitlamp photographs of the studied lenses, with the reverse illumination,
were faken as well. For this purpose, the confact lenses were placed info a wet cell and

immersed in saline solution.

=
=
% Refraction, visual acuity, straylight
Ei measurements, pupil recording
<
Z
< | Installation of tropicamide
\
| Straylight measurements, pupil recording |
P Insertion of contact lenses onto the left and right eye
(2 of 4 lenses tested) with 20 min of adaptation time
v
| Straylight measurements |
< | Removal of contact lenses
& v
oy .
E | Straylight measurements |
<
A Insertion of the remaining contact lenses onto the
< left and right eye (4 of 4 lenses tested) with 20 min
of adaptation time
\4
| Straylight measurements |
< | Removal of contact lenses
v

| No measurements |

Figure 2. Flowchart of dafa collection.
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Subjects were fitted with four different multifocal contact lenses, and each eye was
evaluated with two randomly chosen lenses; therefore, the trial was divided info two pars.
In the first part, two lenses were applied and tested monocularly, i.e. the left and right eye
were always evaluated with different contact lenses present. The quality of a contact lens
fit was assessed with the slilamp biomicroscope affer the 20-minute adaptation time. The
straylight measurements were performed with and without contact lenses. In the second
part, the remaining two confact lenses were examined following the same protocol. Alloca-
fion was randomized by assignment of a random number generated by a computer to an
individual confact lens. Subjects were not aware of the type of contact lens being fesfed.
Both eyes of each subject were included in this comparative study because straylight values
have been found to differ between fellow eyes by not much more than can be expected
on the basis of the repeated measures standard deviation of 0.072 log(s).* The straylight
values during multifocal contact lens wear were compared fo those of a naked eye as
controls. Earlier study has shown that soft contact lens wear {monofocal] does not affect
straylight. >

Data Analysis

Straylight obtained with the natural and dilated pupil was compared. Because of the
potential influence of pupil size on ocular straylight,** values measured after administration
of tropicamide were considered to be a confrol. To exclude differences in preexisting
straylight levels of the enrolled subjects, and [potentially) between the left and right eye,
an analysis of residuals was performed. The residuals are defined as straylight of the eye
with a contact lens minus straylight of the control value. The negative and positive sign of
residuals refers to a decrease and increase of straylight, respectively, after a contact lens
inserfion.

Descriptive sfafistics were determined by calculation of mean, standard deviation (SD),
and repeated measures standard deviation (RMSD) as based on the repetition of each
measurement. Normality was assessed by the ShapiroWilk test and visual inspection of
QQ plofs. The paired doubleside test was applied for statistical comparison of dato.
One-way analysis of variance ANOVA was used fo evaluate significance of differences
between groups, including the multifocal contact lenses and the control group. Tukey’s HSD
multiple comparison was performed as a post hoc test. Differences were deemed statisti-
cally significant if a p value was less than 0.05. Data were analyzed with the sfafistical

packages STATISTICA 10 (StatSoft Inc., 201 1) and Excel 2013 [Microsoft Corp.).
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RESULTS

No significant difference was found between VA of the left and right eye (P = .94). The
mean pupil diameter before and after dilation was 2.87 + 0.40 mm and 7.45 + 0.86
mm, respectively (P < .001). The mean straylight before administration of fropicamide was
0.92 + 0.13 logls). In mydriasis, the straylight value increased to 1.04 + 0.11 log(s), and
this difference was found to be statistically significant (P < .001). There was no significant
difference between straylight of the left and right eye before (0.93 + 0.14 log(s) vs. 0.91
+0.11 logls), P = .58) and after (1.04 + 0.11 log(s) vs. 1.04 + 0.10 log[s), P = .85)
pupil dilation. The mean log(s) results of the left and right eye before and after pupil dilation
are presented in Figure 3.

1.90
¢ Natural Pupil oDilated Pupil
—_ 1.60
0O
81 ]
=, 1.30
: gy S
D R oY o N Q © Q .
= i
> 1.0 o Oy g~
— a4 O 4 _——___—___,___
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o7o [T O
0.40
10 20 30 40 50 60
Age [year]

Figure 3. Individual straylight values before (diamonds) and affer (circles) pupil dilation as a function of
age. The lines with filled diamonds and round markers af their ends indicate the mean straylight level of the
eye with the natural and dilated pupil respectively. The results were averaged over the left and right eye.
Note that each data point for the natural pupil was based on 4 measurements (2 per eye; overall RMSD =
0.05 log); for the dilated pupil it was 8 measurements (4 per eye; overall RMSD = 0.06 log) as straylight
before (2 per eye) and dfter (2 per eye) application of the first contact lenses was included. The black solid
line gives the normal straylight function for phakic eyes with the 95% confidence inferval [dashed lines).

The straylight level measured after removal of the first contact lens fited was 1.06 +
0.11 logls). This difference did not reach the significance level (P = .13) when compared
fo straylight of the eyes before the first application. Therefore, these results (four measure-

ments for each eye) were averaged and used as confrol.
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One-way ANOVA indicated that a significant difference exists between the studied
groups (P = .02). Tukey’s HSD post hoc test showed that only the Air Optix straylight results
differ significantly from the control (P = .0006).

The calculation of residuals after the application of Oasys, Air Optix, Proclear (D), and
Proclear (N) resulted on average in higher straylight by 0.02 + 0.04 log(s), 0.11 + 0.07
logls), 0.05 + 0.08 log(s), and 0.03 + 0.07 log(s], respectively (Figure 4). One-way
ANOVA showed a significant difference between residuals of the included multifocal
lenses (P < .001). The post hoc analysis revealed statistically significant differences for the
comparison of Air Optix with Oasys (P = .001) and Proclear (N) (P = .003). The remaining
comparisons did not reach the significance level. The individual residuals are presented in
Figure 5 showing o larger number of the Air Optix results in the upper part of the groph
(i.e. more straylight).

The slitlamp images obtained with reverse illumination (Figure 6) show an increased
infensity of scatter light from the Air Optix bulk (Figure 6B), dissimilar to that of the other
studied contact lenses (please disregard the bright spots caused by dust particles). None

of the analyzed multifocal designs showed increased scattering from the transition zones.
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Figure 4. Siraylight difference (residuals) following contact lens application. The straylight residuals are
defined as a subtraction of straylight of the eye with a confact lens present and the control (base] value. Note
positive residuals indicate straylight increase following the lens fitting. *, stafistically significant.
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Figure 5. Bland-Aliman plot of straylight residuals as a function of the mean straylight values. The residuals
are defined as a subtraction of straylight of the eye with a contact lens present and the control [base] value.
Note positive residuals indicate straylight increase following the lens fitting.

Figure 6. Slitlamp photographs of the contact lenses used with reverse illumination. A, Oasys; B, Air Op-
tix; C, Proclear (D); D, Proclear (N). AirOptix (B) shows a fine-grainy infensity pattern of the scattered light
that cannot be found in the other studied lenses. Note uniform scattering from the AirOptix bulk irespective
of the different refractive zones.

DISCUSSION

As mentioned in the infroduction, multifocal contact lenses are particularly prone to glare
problems, but straylight has not yet been reported. To address this issue, four different types
of presentday multifocal confact lenses were compared in the current study. The results var
ied significantly across the studied groups (P = .02), but the subsequent post hoc analysis
revealed that, except for Air Optix [P = .006), straylight of the studied contact lenses did
not differ significantly from the control. Oasys showed the lowest level of straylight increase
by 0.02 log(s) whereas Air Optix caused the highest, 0.11 logl(s) elevation. This difference
was also found to be statistically significant (P = .001).
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In this study, the lowest straylight was found in the multifocal with the highest number of
opfical zones. According to the manufacturer, this multiple-zones configuration cuts down
visual side effects that are typically encountered by simultaneous-vision contact lens wear-
ers, but no further explanation is given. Although complete information on optical designs
of contact lenses is not available because of commercial confidentiality, some papers
emerged that studied this issue, particularly in ferms of power profiles. Various multifocal
lenses were analyzed in the past and revealed considerable differences in their power
profiles.*** Interestingly, an analysis of AirOptix high addition showed a very smooth
progression of optical power throughout the lens.**?” The power profile of Oasys with

337 and this could be considered

the same addition resulted in several abrupt changes,
as a potential source of light scattering.?” However, the results of the current study rather
contradict this hypothesis, as the lowest straylight was found in the Oasys group. The
slitlomp images did not reveal increased light scattering af the fransition zones either.
The optical power distributions themselves are unlikely reasons for the differences found
because straylight and refractive errors affect separated aspects of visual performance.”
The very close results of Proclear (N) and Oasys seem to confirm the validity of this as-
sertion. Therefore, differences in optical design of the studied multifocals do not have
an important effect on straylight. Moreover, the results of Oasys indicate that, despite its
multifocal properties, straylight remains close to the level of the naked eye. Although the
center thickness (at -3.00D) of the Proclear [D/N] lenses is twice as high as of Air Optix,
straylight was lower in the Proclear group. This points to material characteristics as the
suspect for increased straylight in Air Optix. Examination of the studied lenses with the
reverse slit illumination (Figure 6) may also support this suggestion, as clearly there is
some rather uniform light scattering taking place from the Air Optix bulk (Figure 6B). Thus,
material properties may have important implications, and one would expect this to hold
not only for multifocal but for soft contact lenses in general. However, Van der Meulen af
al.? found no significant straylight effects for monofocal soft contact lenses. This seeming
discrepancy might be caused by a difference in analyzed materials, as a random selection
of various contact lenses was included in the Van der Meulen study.?

With respect fo material properties, the literature has shown only small differences in
surface roughness between analyzed contact lens materials. A microscopic examination
of omafilcon A, senofilcon A, and lofrafilcon revealed average roughness values (mean +
SD) of 1.90 + 0.39 nm,*® 3.34 + 0.28 nm,*®* and 4.50 + 2.3 nm,*” respectively. These
values are much smaller than wavelength; hence, the potential effect of surface roughness
on functional light scattering can rather be ruled out. It is also of interest to note that
hydrophobicity has been suggested to affect ocular straylight when monofocal intraocular
lenses are used.“® However, the similarity between Oasys and Proclear (D/N)] rather con-
fradicts this for the case of contact lenses. In the current study, all investigated lenses were
bluetinted, and a possible confounder of contact lens fint** thus seems to be a nonfactor
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as well. However, the proposed potential relation of differences in material properties and
straylight remains fo be studied. Besides clinical studies, in vifro measurements with an
optical bench setup might be desirable to address these problems.

Only a small effect of pupil size on straylight has been found in the normal eye.® If
light scattering is more or less uniform over the entire pupil, the proportion between the
wanted and unwanted (scattered) light remains the same, regardless of pupil size. Hence,
the straylight parameter is expected to remain at the same level as well. Franssen et al.*
proposed a defailed model of straylight dependency on pupil size as the authors realized
that not only light scattering in pupil opening contributes to straylight but also eye wall
franslucency. This second effect becomes more important for small pupils, especially below
2 mm. For large pupils, a small linear increase with pupil size was found.* In the present
study, the mean pupil diameter changed from 2.87 to 7.45 mm resulting in 0.12 log(s)
straylight elevation. According fo the linear model, a 0.025 log(s) increase per 1 mm of
pupil diameter may be expected,® hence, the difference of 4.58 mm in pupil diameter
leads to the 0.11 log(s) theoretical siraylight increase, which is very close fo what the linear
model predicts. In clinical practice, this finding can also be used as a reminder that patients
with dilated pupils dfter, e.g., eye examinations should avoid driving as their sensitivity to
glare will be significantly increased.

LIMITATIONS

Inclusion of young subjects in the current study might be considered as a limitation despite
the use of the cycloplegic agent as a presbyopia simulation because a multifocal correction
is predominantly prescribed at an age that is older than the maijority of the subjects enrolled
in this study. The residual analysis, however, accounted for the straylightage difference and
other infersubject variabilifies.

On the one hand, a refractive error correction using an ophthalmic lens instead of a dedi-
cated contact lens correction might be seen as a deviation from the realworld situation.
On the other hand, this approach enabled the researchers to maintain similarity among
geometrical parameters of the studied lenses and, therefore, fo exclude other potential
confounders. One of the geometrical parameters associated with refractive power is lens
thickness. Table 1 presents the center thickness for the -3.00D lens, but one may wonder
how this changes with increasing power.

Mydriasis was used to mimic night vision, so as to maximize potfential effects of the
multifocal designs on ocular straylight. Because it was shown that the bulk scattering {which
is irrespective of pupil size) rather predominates over scattering from the optical [multifo-
cal) design, the presented results could also be considered as a good approximation for
straylight under daylight conditions.
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In conclusion, we studied and compared ocular straylight of four multifocal contact
lenses. Most of the studied multifocal designs showed a rather weak scattering effect. Thus,
the observed increased straylight of Air Optix is more likely to be related to its material than
fo the opfical design. More research is needed fo determine the importance of material
properties to ocular straylight. The results of this study could advise which type of multifocal
contact lens might be more beneficial for a specific group of people, e.g. professional

drivers, when straylight is taken into account.
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