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ABSTRACT

Clinical relevance: Contrast thresholds under photopic and mesopic luminance conditions are
compromised in subjects with vitreous degeneration. A plausible explanation is needed for the visual
discomfort expressed by patients suffering from symptomatic vitreous degeneration.

Background: The current study investigates the effect of symptomatic vitreous degeneration on
photopic and mesopic contrast at high spatial frequencies.

Methods: An age-matched sample of 115 subjects, comprising 30 subjects with symptomatic vitr-
eous floaters (cases) and 85 healthy subjects (controls), was included in this study. Visual acuity and
flicker thresholds were measured for all participants. Photopic and mesopic functional contrast
thresholds at 10 cycles per degree were measured for all participants to assess the effect of floaters
on contrast. Further, to determine the effect of posterior vitreous detachment on contrast, the sample
was divided into three groups: cases with posterior vitreous detachment (n = 12); cases without
posterior vitreous detachment (n = 18); and controls (n = 85), and their contrast thresholds were
compared.

Results: Photopic and mesopic contrast thresholds were lower by 37.4% and 27.5%, respectively,
when the cases were compared with the controls (p = 0.028 and p < 0.001 for photopic and mesopic
contrast thresholds, respectively). Photopic contrast was lower by 64.0% in cases with posterior
vitreous detachment compared with controls (p = 0.001). Compared with controls, mesopic contrast
was lower in cases with posterior vitreous detachment and in cases without posterior vitreous
detachment by 30.3% and 25.6%, respectively (p = 0.014 and p = 0.017 for cases with and without
posterior vitreous detachment, respectively).

Conclusion: : Subjects with vitreous degeneration have diminished photopic and mesopic contrast
thresholds compared with controls. This finding highlights the negative impact of vitreous degen-
eration on the quality of vision.
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Introduction
High contrast visual acuity (VA) tests provide an effective

The ultrastructure of the human vitreous gel is composed
mainly of water, collagen and hyaluronan. Ageing and dis-
ease cause this fine structure to destabilise and even
disintegrate. The disintegration of the vitreous gel results
in the formation of aggregated collagen bundles and liquid
pools of vitreous, culminating in an entoptic phenomenon
termed vitreous floaters.” Sufferers of symptomatic floaters
attend eye clinics with characteristic presentations of the
perception of dark grey spots, amorphous clouds, and mov-
ing objects within their central visual field.?

Further degeneration of the vitreous gel results in the
weakening of the vitreoretinal adhesions and the separation
of the posterior vitreous cortex from the inner limiting
membrane of the retina, at the vitreoretinal interface,
a phenomenon referred to as posterior vitreous detachment
(PVD).? PVD has been described as the principal underlying
phenomenon for the sudden onset of primary floaters (that is,
vitreous opacities that arise from structures endogenous to
the vitreous body).2 That notwithstanding, primary floaters
can occur asynchronously from PVD, especially when suf-
ferers are myopic.

way of assessing spatial vision in a clinical setting. The task of
the subject in a conventional VA test is to correctly name
small letters that are close to 100% contrast and have spatial
features that approach the resolving power of the eye.” The
difficulty of the task varies across letters and subjects often
achieve VA values within ‘normal limits’, even when the con-
trast of the retinal image is lowered as a result of aberrations
and scattered light.

Contrast thresholds for either spatially periodic patterns
or single optotypes such as Landolt rings can provide
a sensitive measure of spatial vision that can be used to
detect changes in retinal image contrast even when indivi-
dual observers manage to achieve VA values within the
normal range.®’ The size of the optotype employed is
usually fixed at three times the mean acuity limit of 5 min
arc (6/6) and the reciprocal of the contrast threshold
needed to resolve the gap is usually described as functional
contrast sensitivity (FCS).2 When a contrast test is con-
ducted in conjunction with a conventional VA test, the
combined results provide a more informative assessment
of spatial vision.”
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Ageing and ocular disease can result in a decline in con-
trast sensitivity.'® Factors responsible for contrast sensitivity
degradation are broadly categorised as optical or neural.
Optical aberrations,’’ increased lenticular optical density
(leading to reduced retinal illuminance),'® and increased
intraocular light scatter (resulting from either increased lenti-
cular opacity or increased vitreous opacification)'® constitute
optical factors whereas parafoveal loss of rods'* and ganglion
cell complex thinning, secondary to retinal ganglion cell
loss,"> comprise the neural factors for contrast sensitivity
decline. The influence of neural factors for contrast sensitivity
decline is more pronounced within the low to mid-spatial
frequencies, whereas optical factors are more striking at
high spatial frequencies."®

Both vitreous opacities and PVD have been shown to com-
promise visual function, specifically contrast sensitivity under
mesopic luminance,'” ' and degrade the quality of life of
patients suffering from floaters.*? It follows from the foregoing
that when vitreous opacities occur in tandem with PVD, there
should be a further decline in contrast sensitivity. Also, the
impact of vitreous opacities and PVD on contrast sensitivity
under photopic luminance have not yet been studied and
reported. This is particularly necessary given the fact that the
visual disturbances associated with vitreous degeneration
mostly occur against uniform®? and bright® backgrounds.

In view of the above, it seems plausible that a contrast
sensitivity test designed to assess predominantly high spatial
frequencies (and under photopic luminance) may be more
suitable for assessing the impact of vitreous degeneration on
contrast threshold. In this study, the authors have sought to
ascertain the impact of vitreous opacities and PVD, if any, on
photopic and mesopic contrast thresholds while controlling
for other potential confounding factors to contrast threshold
decline — mainly age, lenticular opacity and retinal dysfunc-
tion. In order to control for contrast threshold loss due to
lenticular opacity, participants included in this study had clear
lenses or were pseudophakes fitted with monofocal intrao-
cular lenses and had no posterior capsular opacification.?***

Retinal function was assessed by employing a 15-Hz flicker-
ing stimulus test, which remains largely uninfluenced by small
changes in the optics of the ageing eye. Age-related loss of
flicker threshold is attributed to changes in, or loss of, retinal
ganglion cells, which in turn cause a degradation of spatial
contrast.”® Thus, a significant difference in flicker threshold
between the groups in the present study would imply an age
interaction with retinal function and indicate the presence of
a neural confounding factor to contrast sensitivity decline.

Methods
Study design and sample

An age-matched sample of 115 subjects, comprising 30 sub-
jects with primary floaters (cases) and 85 subjects devoid of
vitreoretinal disease (controls), was included, in a 1:3 case-
control fashion, into this cross-sectional study. All eligible
volunteers who were aged 35 years and above were included
in this study, as floaters are usually developed at the fourth
decade of life, with myopic vitreopathy occurring 5-10 years
before the fourth decade.’

Cases were recruited from a vitreoretinal sub-speciality
clinic (Institute of Eye Surgery, Waterford) and as such the
diagnosis, while current, was not prospective. For these cases,

the eye in subjects with unilateral floaters was selected as the
study eye. In cases with bilateral floaters, the eye described by
the subject as more bothersome was selected as the study
eye. For the controls, the dominant eye (as determined by the
convergence near-point method)?” or the eye with the better
distance visual acuity was selected as the study eye.

Exclusion criteria included prior treatment for floaters
(laser vitreolysis or pars plana vitrectomy), secondary floaters
(as described by Milston et al.)% lens opacification including
posterior subcapsular cataracts, nuclear and cortical opacifi-
cation; pseudophakes fitted with multifocal intraocular
lenses; neural, developmental and retinal diseases (for exam-
ple, glaucoma, age-related macular degeneration, diabetic
retinopathy, branch retinal vein occlusion, vitreomacular trac-
tion, macular oedema, and amblyopia); and visual acuity
worse than 6/12 (0.3 logMAR).

The study was conducted following ethical approval from
the Research Ethics Committee, Waterford Institute of
Technology, Waterford, Ireland, and from the Research
Ethics Committee, Health Service Executive, South Eastern
Area, Ireland. The study adhered to the tenets of the declara-
tion of Helsinki. Informed consent forms were completed by
all participants prior to enrolment into the study.

Study assessments

Visual acuity and contrast threshold

Visual acuity and functional contrast threshold were assessed
monocularly for the study eye of participants using the
Acuity-Plus test from the Advanced Vision and Optometric
Test (AVOT; https://www.city.ac.uk/avot).'>?® Stimuli were
presented on a high-resolution EIZO Color LCD Monitor
(Coloredge (CS240, 21.5 inches; EIZO Corporation, Japan)
with 1900 x 1200 pixels and 10 bits per primary colour. The
visual display was calibrated spectrally for each primary col-
our for both spectral radiance and luminance using bespoke
software (LUMCAL; City Occupational Ltd., London, UK). The
monitor incorporates digital uniformity equaliser (DUE) tech-
nology (EIZO) to avoid fluctuations in brightness and chro-
maticity in different parts of the screen. The display was
located 3 m from the observer.

The Acuity-Plus test involved a range of positive and
negative polarity Landolt ring optotypes with varying gap
sizes, which were presented randomly during the test.
A staircase procedure with 12 reversals was used to vary the
gap size of the stimulus using a two-down, one-up procedure.
All participants were tested first using the photopic protocol
(background luminance of 34 cd/m?). This was then followed
by similar measurements using the high mesopic protocol
(background luminance of 1 cd/m? which involved short
dark adaptation. Spectrally calibrated ‘neutral density’ filters
were employed for the mesopic testing. Participants wore
their distance spectacle prescription, if any, for VA testing.

The Acuity-Plus test employed diagonal guides, which
pointed towards the centre of the screen. A small outline
square and cross flashed briefly in the centre of the screen
to attract the participant’s point of regard. A short time after-
wards, a Landolt ring was presented to the eye for 160 ms,
and the task of the participant was to register the location of
the gap or to guess its location, if unable to do so. This
stimulus arrangement facilitated fixation at the centre of the
screen and accommodation in the plane of the screen. In
addition, the stimulus employed also eliminated eye
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movements and multiple fixations during the task.® The VA
results generated by the program were displayed as the
minimum angle of resolution (MAR). These were converted
to logMAR values for reporting. In this study, photopic and
mesopic VA as assessed with Landolt ring stimuli of 100%
negative luminance contrast are presented.

Functional contrast threshold was assessed as described
previously.'® To summarise, functional contrast threshold was
measured by randomly displaying either a positive or negative
polarity Landolt ring optotype with a fixed gap size of 3 min arc.
The latter contains a range of spatial frequencies centred
around 10 cycles per degree. The reasons for selecting this
contrast test protocol are because the use of a Landolt ring
optotype with a 3 min arc gap size is rich in high spatial
frequencies, which are most affected by increased scatter, resi-
dual refractive errors and higher order aberrations®?® Any
smaller gap size, say 1 or 2 min arc, may become undetectable
in some subjects, even at maximum contrast. In addition, this
protocol is easy to carry out, and the test has been shown to be
sensitive to changes in the retina as well as reduction in image
contrast caused by increased light scatter in the eye.*®

A staircase procedure with 10 reversals was used to vary
the luminance contrast of the stimulus using a two-down,
one-up procedure, reducing the chance response probability
to 1/16. Participants were tested first under photopic lumi-
nance, followed by testing under mesopic luminance. The
same, spectrally calibrated ‘neutral density’ filters were also
employed for assessing mesopic functional contrast thresh-
old. All tests were conducted, while subjects wore spectacles
that ensured optimum refraction. Functional contrast thresh-
old results represent the percentage contrast thresholds
needed to achieve ~73% correct response. Photopic and
mesopic functional contrast threshold with negative polarity
stimuli results have been reported in the present study. The
relative percentage differences in contrast threshold between
the study groups were calculated as:

CT¢
% difference = 100 x ( cases )

CTcontrols

where CT.,es = mean contrast threshold of cases [that is,
either the entire cases (n = 30), cases with PVD (n = 12) or
cases without PVD (n = 18)]; CTontrols = Mean contrast thresh-
old of controls

Flicker threshold

Rapid flicker thresholds under high mesopic conditions were
measured using the Flicker-Plus test from the AVOT suite. The
test measures flicker thresholds at five discrete locations in the
visual field using an efficient experimental technique based on
a five-alternative forced-choice procedure with five randomly
interleaved staircases.>® Temporal contrast modulation thresh-
olds were measured using a 1-up, 2-down procedure and the
thresholds were estimated by averaging the last six staircase
reversals.>'3? The disc stimuli were modulated sinusoidally at
a frequency of 15-Hz and subtended 45 min arc at the fovea
and 60 min arc, 5° away from fixation in each of the four
quadrants. The stimulus presentation time was 600 ms and
the time-averaged luminance remained equal to that of the
uniform background (that is, 0.5 cd/m?). In addition to the low
luminance, the spectral composition, size and temporal mod-
ulation frequency of the test stimuli were selected appropri-
ately to favour rods.
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Prior to the stimulus presentation, a small outline square
and cross flashed briefly in the centre of the screen to attract
the point of regard of the participant. Participants viewed the
display from 1 m through spectrally calibrated ‘neutral den-
sity’ filters. Participants had to indicate the location of the
stimulus presentation by pressing one of the five buttons
arranged to simulate the stimulus positions on the screen.
A separate button indicated that the subject was totally una-
ware of any stimulus. When this button was pressed, the
program randomly allocated the response of the subject to
one of the five buttons.

The staircase algorithm requires two consecutive correct
responses at a given stimulus location during the random
sequence presentation before a reversal occurs and the sti-
mulus contrast is reduced for the following presentation. The
five randomly interleaved staircases make the test procedure
statistically efficient since in the absence of any signal, the
chance probability of a correct response is only 1/25. Flicker
thresholds under high mesopic adaptation were computed in
central vision and at each of the four parafoveal locations. For
this study, the thresholds for the parafoveal locations were
averaged to produce a single threshold, as a measure of the
parafoveal flicker threshold. The results reported in this study
are expressed as flicker thresholds (%).

Assessment of posterior vitreous detachment
PVD was diagnosed based on the assessment of optical
coherence tomography (OCT) scans, captured with the
Spectralis HRA + OCT Multicolour (Heidelberg Engineering
GmbH, Heidelberg, Germany) and funduscopic examination
findings. In this study, macula and peripapillary disc OCT
scans were obtained for all the cases. The high resolution 19-
line raster scan protocol and a 20° x 20° scan angle of the
macula was employed to obtain IR+OCT horizontal line scans
of the macula area of each participant. The scan was only
initiated when sufficient vitreous was identified on the B-scan
to enable PVD assessment. The horizontal line through the
foveal area was used to assess PVD within the parafoveal area.
The optic disc protocol was used to obtain
a circumferential papillary scan and was assessed for detach-
ment. A single vitreoretinal surgeon (E.N) assessed and
graded all cases into cases with PVD and cases without PVD.
PVD was identified based on the observation of a Weiss ring
upon indirect ophthalmoscopic examination and/or
a complete separation of the posterior vitreous cortex from
the inner limiting membrane along the horizontal macula
area and from the optic disc on the macula and peripapillary
disc scans, respectively.

Outcome measures

Outcome measures for this study were photopic and mesopic
functional contrast thresholds.

Statistical analysis

The statistical package IBM SPSS® Statistics version 25 was
used for all analyses, and the 5% level of significance was
applied. The differences in study outcomes between cases
and controls were assessed using independent samples
t-test for visual acuity, functional contrast thresholds, and
flicker threshold variables, and chi-squared test for sex. All
quantitative variables were expressed as mean * standard
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deviation (Mean + SD). In the sub-analysis to assess the
effect of PVD on functional contrast thresholds, subjects
were split into cases with PVD (n = 12), cases without PVD
(n = 18) and controls (n = 85). One-way analysis of co-
variance (ANCOVA) was used to compare the mean func-
tional contrast thresholds between the three groups. The
Bonferroni’s correction procedure was used for subsequent
pairwise post-hoc comparisons.

Results
Effect of vitreous floaters on contrast thresholds

Table 1 presents the demographic and visual function mea-
surements of cases and controls. VA (photopic and mesopic)
and flicker thresholds (foveal and parafoveal) were not sig-
nificantly different between the two groups (p > 0.05 for all;
Figures 1 and 2). Compared with controls, cases recorded
significantly worse contrast thresholds at photopic and meso-
pic luminance (p = 0.028 and p < 0.001 for photopic and
mesopic contrast thresholds, respectively; Figure 3). Photopic

Table 1. Demographic and visual function variables for study participants.

Controls

Variables Cases (n=30) (n = 85) Sig.
Age (years) 50.87 £7.82 48.02 £ 6.65 0.057
Females, No. (%) 16 (53.3) 49 (57.6) 0.831
BCVA, LogMAR

Photopic 0.06 + 0.13 0.02 + 0.11 0.158

Mesopic 030+£0.12 029 +0.10 0.480
Flicker threshold (%)

Foveal 6.74 + 2.71 6.32 + 2.06 0.389

Parafoveal 436 +1.38 422 +1.26 0.618
Functional contrast threshold (%)

Photopic 1546 £9.66 11.25 + 4.59 0.028*

Mesopic 61.48 +19.65 4820 + 15.10 < 0.001*

Data displayed are mean + SD for numerical data and percentages, n (%) for
categorical data; Sig., the statistical difference between the two groups;
* statistically significant difference between the two groups at the 0.05
level; Best Corrected Visual Acuity (BCVA) recorded as logarithm of minimum
angle of resolution (LogMAR), a score of 0.00 corresponds with 6/6; Flicker
threshold recorded as %; Functional contrast threshold measurements
recorded as contrast threshold (%), lower % value implies better contrast.

0.127

=

(lIogMAR)
o o [ =
S

Mean photopic visual acuity

0.027

0.00 | I
Cases Controls

Grou
A p

Error Bars: 95% CI

Mean mesopic visual acuity

and mesopic contrast thresholds were lower by 37.4% and
27.5%, respectively, when the cases were compared with the
controls.

Effect of PVD on contrast thresholds

To assess the effect of PVD on functional contrast threshold,
participants were split into cases with PVD (n = 12), cases
without PVD (n = 18), and controls (n = 85). Cases with PVD
were then compared with cases without PVD and controls to
determine the influence of PVD on contrast threshold
(Table 2). Foveal and parafoveal flicker thresholds were not
significantly different between the three groups [F
(2,112) = 0.433; p = 0.650 and F (2,112) = 2.024; p = 0.137 for
foveal and parafoveal flicker thresholds, respectively]. In addi-
tion, photopic and mesopic VA were not statistically signifi-
cantly different between the three groups [F (2,112) = 1.088;
p = 0.340 and F (2, 112) = 0.338; p = 0.714 for photopic and
mesopic VA, respectively]. Cases with PVD were significantly
older than cases without PVD and controls [F (2, 112) = 3.974;
p = 0.022; Table 2). Therefore, subsequent analyses to deter-
mine the effect of PVD on contrast threshold were controlled
for age by employing a one-way ANCOVA test.

One-way ANCOVA was conducted to compare mean dif-
ferences in functional contrast thresholds between the three
groups. Photopic functional contrast was shown to be signif-
icantly different for the three groups [F (2, 112) = 5.875;
p = 0.004]. Post hoc pairwise comparisons indicated a signifi-
cantly lower photopic contrast threshold in the cases with
PVD compared with controls (a relative percentage difference
in functional contrast threshold of 64.0%; p = 0.001).
However, photopic contrast threshold in cases without PVD
did not significantly differ from cases with PVD (p = 0.100) or
controls (p = 0.504).

Mesopic functional contrast threshold was significantly
different in the three groups [F (2, 112) = 5.605; p = 0.005].
Post hoc analysis indicated significantly lower mesopic con-
trast thresholds in cases with PVD (a relative percentage
difference of 30.3%; p = 0.014) and in cases without PVD (a
relative percentage difference of 25.6%; p = 0.017) when

0.407
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(IogMAR)
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A
<
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0.00 | I
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Error Bars: 95% CI

Figure 1. Error plots showing the mean photopic A: and mean mesopic B: visual acuity of the cases and controls (cases = subjects with symptomatic floaters;

controls = subjects with healthy eyes).
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Figure 2. Error plots showing the mean foveal A: and average parafoveal B: flicker thresholds of the cases and controls (cases = subjects with symptomatic floaters;

controls = subjects with healthy eyes).
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Figure 3. Error plots showing the photopic A: and mesopic B: functional contrast thresholds of the cases and controls (Cases = subjects with symptomatic floaters;

controls = subjects with healthy eyes).

compared with controls. However, mesopic functional con-
trast threshold in cases without PVD did not significantly
differ from the cases with PVD (p > 0.999).

Discussion

The findings of this study indicate that contrast sensitivity is
compromised in subjects with vitreous degeneration under
both photopic and mesopic luminance. The aim of the study
was to investigate whether the degeneration of the vitreous
and the corresponding increase in scattered light can be
detected as a change in functional contrast threshold by
employing a stimulus rich in high spatial frequencies, which
is known to be significantly influenced by optical factors
(including ocular forward light scatter) while controlling for
cofounders including age, lens opacity and neural factors.
Contrary to earlier reports of the vitreous not contributing
to intraocular light scatter, recent studies have shown
increased intraocular light scattering and hence, increased

straylight, with vitreous degeneration.®*** The crystalline
lens has been proposed to be the most likely cause of and
major contributor to increased forward scatter and as a result,
optical degradation, in the ageing eye, particularly at photo-
pic luminance when the contrast sensitivity of retina is
high.'>3>3¢ Also, a rapid increase in forward scatter, with an
associated reduction in photopic contrast sensitivity, has
been reported for subjects over 45 years, in a study, which
excluded subjects with significant cataract.">?° This suggests
that there is a contribution to forward scatter and consequent
reduction in photopic contrast sensitivity beyond the fourth
decade that may be attributable to other intraocular light
scattering sources, including vitreous degeneration.

With cataract and neural factors controlled for in the pre-
sent study, the difference in contrast thresholds observed in
this case-control comparison to vitreous degeneration is
attributed to the following reasons. First, while residual,
higher-order optical aberrations, such as spherical aberration
and coma have been implicated in the decrease in contrast
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Table 2. Visual function outcomes of the 3 groups.

Cases
Cases with  without PVD Control

Variable PVD (n =12) (n=18) (n = 85) Sig.
Age (years) 5400 +7.25 4878 +7.67 48.02+6.65 0.022*
BCVA, LogMAR

Photopic 0.07 £ 0.12 0.05 £ 0.14 0.02 £0.11 0.340

Mesopic 0.31 £ 0.13 0.30 £ 0.11 0.29 £0.10 0.714
Flicker threshold

(%)

Foveal 6.92 + 2.45 6.62 + 2,93 6.32 £2.06 0.650

Parafoveal 494 £1.72 398+ 1.00 422+126 0.137

Functional contrast
threshold (%)
Photopic
Mesopic

18.45 £ 1245 1348 £6.95 11.25+4.59 0.004*
62.80 £ 16.82 60.54 + 21.89 48.20 = 15.10 0.005*

All data are expressed as mean + SD; Sig., the statistical significance between the
three groups (One-way ANCOVA for functional contrast threshold and ANOVA for
age, flicker threshold, and BCVA); * statistically significant difference between the
three groups; Cases, subjects with vitreous floaters; PVD, posterior vitreous
detachment; Best Corrected Visual Acuity (BCVA) recorded as logarithm of
minimum angle of resolution (LogMAR), a score of 0.00 corresponds with 6/6;
Flicker threshold recorded as %; Functional contrast threshold measurements
recorded as contrast threshold (%), lower % value implies better contrast.

sensitivity in older eyes, the assumption is made that the effect
of these aberrations on contrast, if any, would be similar for our
age-matched sample such that the decrease in contrast herein
observed could be attributed to vitreous degeneration.®’
Second, senile miosis, observed in the ageing eye, has been
shown to improve depth of focus and to limit spherical aberra-
tion and coma. With the exception of reduced retinal illumi-
nance, smaller pupils may contribute to enhanced spatial
vision in our study population.®® In addition, the directional
sensitivity of cones also limits the detrimental effects of sphe-
rical aberration, when large pupils are involved.>®

Impact of vitreous degeneration on photopic contrast
threshold

Photopic functional contrast threshold was lower by 37.4%
when cases were compared with controls, and by 64.0%
when the PVD subgroup was compared with controls. This
study is the first to assess the impact of vitreous degeneration
on the photopic contrast threshold by employing a contrast
test that maximises the contribution of optical factors to the
loss of retinal image contrast. It can be inferred from the
present study that vitreous degeneration can account for at
least 35% of photopic contrast threshold loss when compared
with healthy eyes and worsens further with increasing vitr-
eous degeneration. Intraocular light scattering, arising from
the degenerated vitreous, casts a veil of undesired light upon
the retinal image, resulting in decreased contrast
sensitivity.***' This reduction in image contrast remains
regardless of increases in light level and may even result in
a concurrent increase in glare as the illumination increases,
causing a further reduction in contrast.

While the major contributor to photopic contrast decline
has been attributed to cataractous lens changes, the data
here are novel and support the hypothesis that vitreous
degeneration contributes to the loss of photopic contrast
threshold.®® This significant decrease in photopic contrast
threshold possibly explains the visual discomfort expressed
by patients while performing important activities of daily life
that involve bright backgrounds such as reading a book,
working on a computer, enjoying outdoor sceneries, and
driving during the day.?

Effect of vitreous degeneration on mesopic contrast
threshold

In the present study, mesopic contrast was 27.5% less in
cases compared with controls. Also, cases with PVD demon-
strated a 30.3% lower mesopic contrast when they were
compared with controls. Sebag and colleagues performed
an age-matched analysis of 16 subjects with floaters, who
were considered for minimally invasive vitrectomy, with 16
healthy controls and reported that mesopic contrast sensi-
tivity was worse by 67% in the floaters group.'® The same
group prospectively studied previously normal eyes of sub-
jects who subsequently developed PVD and reported
a decline in mesopic contrast sensitivity of 52.5% following
PVD development.' A retrospective study by the same
group, designed to investigate the effect of the ageing
vitreous on contrast, reported that contrast sensitivity was
worse by 51.2% in eyes with PVD compared with eyes with
no PVD.?° The same group has recently published
a retrospective study describing a 91% reduction in meso-
pic contrast sensitivity when 195 eyes of 145 subjects with
vitreous floaters (of whom 77.9% had PVD) were compared
with controls.”!

The outcome of mesopic visual function assessment is
influenced by the level of retinal illuminance, retinal location
tested and the spectral and spatial contents of the stimuli.
Each of these parameters can affect the interaction between
rod and cone signals in the mesopic range and hence, the
outcome of the test.*? As these parameters differ for the
commercially available mesopic contrast tests, it is not unu-
sual to observe differences in mesopic contrast sensitivity
outcomes when comparing different test devices. The pre-
vious studies employed either three cycles per degree or
a composition of low to medium spatial frequencies to assess
mesopic contrast sensitivity while we employed a stimulus
optotype rich in high spatial frequencies, which is arguably
more relevant when assessing functional spatial vision. High
spatial frequencies contribute less to spatial vision at lower
light levels. This is because high spatial frequencies are
affected more, compared to lower spatial frequencies, at
lower light levels*' and results in loss of retinal sensitivity to
contrast. Subsequently, an increase in scattered light would
be expected, which attenuates preferentially the high fre-
quency end of the stimulus spectrum, should cause the great-
est loss of contrast sensitivity at higher light levels, when the
retinal sensitivity to contrast is high, and less so, at lower light
levels, when high spatial frequencies are no longer resolved
by the retina.>>** The difference between this finding and
results from other studies, which report a greater loss of
contrast sensitivity in the mesopic range, illustrates why the
method of assessing contrast sensitivity is important and can
affect significantly the outcome of the experiment.

A limitation to the present study is that residual, higher-
order optical aberrations were not measured and corrected,
particularly for large pupil sizes in the mesopic range. While
the impact of higher-order aberration on contrast sensitivity is
acknowledged, the age-matched study design assumes that
both groups are affected similarly by the effects of these aber-
rations, and the difference in contrast thresholds observed can
therefore be attributed to vitreous degeneration. Higher order
aberrations are indeed important, but less so with smaller pupil
size (at photopic light levels) and with a Landolt ring stimulus
three times above the mean acuity limit. Pupil size was



undoubtedly larger under mesopic conditions but the lower,
expected, retinal sensitivity to contrast in the mesopic range
makes the increase in higher order aberrations less effective.*

Another limitation is that the sample sizes of the cases with
PVD and cases without PVD were small and a larger study is
needed to confirm the findings when comparing the contrast
thresholds of the three groups. While smaller samples could
have provided results that were not sufficiently powered to
detect a difference between the groups and a higher propensity
for a type Il error to occur, the significant difference in contrast
thresholds observed between the groups underscore the major
impact of the varying degrees of vitreous degeneration on
contrast. The severity of vitreous degeneration was not assessed
with quantitative ultrasonography, which has been shown to
correlate with loss of contrast sensitivity.'” Overall, the findings
of the present study confirm previous reports and add to knowl-
edge of the contribution vitreous degeneration makes to the
loss of contrast threshold, especially under photopic luminance.

Conclusion

Vitreous opacities and PVD diminish spatial contrast under
photopic and mesopic luminances. The findings from the
present study also highlight the importance of the method
employed to assess contrast thresholds at photopic and
mesopic light levels. In addition to eliminating the sympto-
matic effects caused by vitreous degeneration, any treatment
that can safely reduce or eliminate vitreous degeneration will
also improve contrast sensitivity.
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