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Purpose: This study was performed to characterize changes in contrast sensitivity (CS) that occur in patients with age-related macular
degeneration (AMD) using a novel test, the motion diamond stimulus (MDS).
Methods: This was a cross-sectional study in which 20 subjects with unilateral exudative AMD (eAMD) and contralateral dry AMD
received 3 assessments: the Pelli-Robson (PR) CS Chart, the MDS test, and a visual function questionnaire-25 (VFQ-25). CS results
from the PR, and MDS tests were compared across 3 groups: eyes with eAMD vs dry AMD, eAMD vs control, dry AMD vs control.
Healthy, undilated eyes from another study served as the control group. Significance was determined using ANOVA analysis for the
MDS output parameters (α: overall contrast threshold, β: adaptability of the visual system) and PR logCS. Patients were also
administered the VFQ-25 to assess vision-related quality of life.
Results: The ANOVA of the MDS data demonstrated a significant difference in visual function according to the β parameter of the 3
groups, but no significant difference in the α parameter. PR CS results for the 3 groups were significantly different, further supporting
the MDS results. Post-hoc analysis showed a significant difference in β and PR log CS between the eAMD and control eyes.
Conclusion: The MDS test is valuable in discerning CS impairments in patients with AMD. It can provide further insight into the
visual changes experienced by patients with AMD and has potential to quantify visual function changes that are not found on visual
acuity testing alone.
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Introduction
Age-related macular degeneration (AMD) is the leading cause of irreversible vision loss above the age of 60.1 Active
neovascularization differentiates exudative (wet) AMD from non-exudative (dry) AMD, and both types can impact visual
function and vision-related quality of life.2 The number of people with AMD globally is expected to be nearly
300 million by 2040.1 Exudative AMD (eAMD) accounts for 10–15% of the overall prevalence of AMD, but is
responsible for 80% of cases of severe vision loss from AMD.3 The introduction of anti-vascular endothelial growth
factor (anti-VEGF) therapies to control neovascularization has resulted in visual acuity gains or stabilization in eAMD.4,5

Physicians clinically monitor the progression of AMD via three modalities: funduscopic examination, optical
coherence tomography (OCT), and Snellen chart visual acuity. Visual acuity is the standard for visual function, yet, it
focuses solely on resolution of letters displayed at high contrasts. Additionally, best-corrected visual acuity (BCVA) is
maintained in early AMD; therefore, this does not offer valuable insight on disease progression until late stages.6 Visual
acuity is only one aspect of an individual’s overall visual function. Clinicians and scientists widely agree that such tests
do not precisely predict visual function required for activities of daily living.7 Alternative methods of assessing visual
function, including quality of life questionnaires, were designed for populations with significant vision loss and poorly
discriminate between individuals until late-stage AMD.8 Therefore, additional tools are required to accurately assess
visual function across all stages of AMD, especially the early stages.
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Contrast sensitivity (CS) is widely accepted as a critical aspect of visual function and has been shown to correlate
with ability to perform instrumental activities of daily living, including reading a newspaper and finding objects in
a room.9 CS is not routinely monitored in clinical practice.10 In patients with AMD, an array of CS scores is found at
a given level of visual acuity.11 Additionally, variable levels of visual acuity have no impact on detecting products, faces,
or colors when controlling for contrast sensitivity.12 CS was reported to be the best predictor of computer task
performance over visual acuity, visual field, and color vision testing.13 Recent studies also report that binocular CS
has a stronger correlation with vision-related quality of life than high contrast visual acuity.14 Together, these studies
demonstrate the utility of CS measures in patients with visual impairment due to AMD. However, there are little data on
whether differences in CS exist between exudative and non-exudative AMD.

The gold-standard Pelli-Robson CS chart is the most widely used CS assessment in research since it was established
in 1988.15 However, its use in clinical practice has been limited. Its reliability has been called into question due to
misreporting rates and standard deviation in results.16 The motion diamond stimulus (MDS) is a novel digital tool
developed at American University for assessing CS.17 It utilizes a stationary diamond that creates an illusion of
unidirectional movement.18 Given that the motion of the diamond is generated solely by changes in contrast, the dynamic
nature of the test, and opportunity to make changes to the testing program to better identify small changes to CS, the
MDS test has the potential to be a valuable tool for measures of spatial contrast, temporal contrast, and contrast gain.

This study assessed CS in patients with AMD using the Pelli-Robson CS Chart and the MDS assessment. Patients
with good visual acuity in both eyes treated with anti-VEGF for eAMD in one eye and dry AMD in the other were
studied. We hypothesized that the MDS would detect visual impairment in the eAMD eye that could not be characterized
by visual acuity alone.

Methods
This cross-sectional study examined 20 patients with unilateral eAMD receiving intravitreal injections and treatment at
Northwestern Memorial Hospital. The protocol was approved by the institutional review board at Northwestern
University and adhered to the Declaration of Helsinki. All patients provided informed consent before participation in
the study.

Patients were recruited between December 2018 and July 2019 from the retina clinic at Northwestern. Participants
over 18 years, with BCVA of 20/40 or better in both eyes and symmetric cataract grading no greater than 2+ nuclear
sclerosis in both eyes, were considered for the study. Patients with good visual acuity were recruited to reduce the chance
of acuity causing difficulty in taking the MDS test. In addition, patients that had a diagnosis, previously determined by
their ophthalmologist, of eAMD in one eye and dry AMD in the other eye were invited to participate in this study so the
differences in contrast between the two disease states could be studied. Exclusion criteria included BCVAworse than 20/
40 in either eye, asymmetric cataracts, and other retinal conditions including diabetic retinopathy, retinal vein or artery
occlusions, macular hole, retinal detachment or tear, and epiretinal membrane. Patients who met these criteria were
invited to participate in the study, and informed consent was obtained by a team member.

Patients underwent three assessments during their study visit: the Pelli-Robson, the MDS assessment, and the
National Eye Institute’s visual function questionnaire-25 (VFQ-25). Patients were undilated for the duration of the
assessments.

The Pelli-Robson CS chart assessment was conducted first, one eye at a time, using a standard eye occluder.
A patient’s right eye was tested first, followed by the left eye in a well-lit room. The chart was placed 1 meter away
from the patient, and the patient was asked to read the lowest line they could see with their right eye and then asked to
read the lowest line they could see with their left eye backwards. Patients used their corrective lenses for this test. The log
CS score for each eye was gathered as one of the study endpoints.

The MDS assessment followed the Pelli-Robson chart test. The MDS test was displayed on a monitor set at 100%
brightness, and the laptop used to administer the test was kept at 30% brightness to minimize any ambient light. The test
was performed in a dark room with the display at a distance of 50cm from the patient’s eyes. All patients were adapted to
indoor lighting conditions for at least 30 minutes prior to starting the MDS assessment. A portable photometer was used
to measure the ambient luminance in the testing room as perceived by the patient in these testing conditions. The
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luminance of the display monitor was also measured. The ambient luminance of the testing environment ranged from 1 to
4 Lux and the luminance of the display screen ranged from 24 to 39 Lux for all 20 study visits. The test was administered
to the eye with dry AMD followed by the eye with eAMD eye for the first 10 patients. The order of testing was reversed
for the following 10 patients only for the MDS test. This was done to account for any learning bias that might occur with
the MDS test. Each eye was tested individually, with the other eye being patched. Patients were given the option to use or
not use their corrective lenses for the MDS test. This option was provided to help with patient comfort and best view of
the screen given the test was designed to be administered at an intermediate distance, on a computer screen, and in a dark
room. While taking the assessment, patients were not given any indication on whether they were reading the directions of
the diamonds accurately or not. On completion of the MDS test, the output obtained was 8 contrast threshold values. One
value for each of the 4 contrast modulation ratios at edge-widths of 3 and 6. These served as the endpoints for the MDS
assessment.

Lastly, patients completed the VFQ-25 questionnaire which served as the endpoint for patient-reported overall visual
health. Following these assessments, no additional study-related follow-up was done or required by the patients. Patients
had visual acuity, IOP, and OCT as part of their clinical visit and this data was obtained through the electronic health
record for the study.

A similar MDS study was conducted on 20 healthy eyes (Squires et al, in submission), ie, eyes with vision 20/30 or
better, minimal cataracts, and without any macular pathology. The MDS test was conducted on eyes pre-dilation and
post-dilation. The undilated eyes are referred to as controls from hereon and are used in this study to compare to the eyes
with dry AMD and eAMD.

Statistical Analysis
Microsoft Excel and R (version 2.2.1) were used for all the statistical analyses. Table 1 displays this study population’s
characteristics as means with the sample standard deviation.

Baseline differences were established among 3 sets of eyes: eAMD, dry AMD, and controls (n = 20 for each set) in
Table 2. ANOVA or a 2-sample t-test was utilized to establish differences among the 3 sets for quantitative descriptive

Table 1 Patient Demographics and Baseline Characteristics

AMD Group (n=20) Control Group (n=10) P-value

Age (years)
Mean (SD) 74.35 (9.03 yrs.) 65.3 yrs. (4.1 yrs.) 0.0056*
Median (IQR) 75.5 (13.5 yrs.) 64.5 yrs. (1.75 yrs.)

Gender, n (%) 0.1444

Male 7 (35%) 1(10%)
Female 13 (65%) 9 (90%)

Race, n (%) 0.007*

White 19 (95%) 4 (40%)
Black/African American 0 3 (30%)

Hispanic 0 1 (10%)

Other 1 (5%) 2 (2%)
BMI 0.0722

Mean (SD) 26.40 (3.52) 29.097 (4.13)

Smoking Status, n (%) 0.1957
Former or current smoker 11 (55%) 3 (30%)

Diabetes (n, %) 4 (20%) 2 (20%) 1.0000

Hypertension (n, %) 11 (55%) 6 (60%) 0.7945
Hyperlipidemia (n, %) 11 (55%) 3 (30%) 0.1957

VFQ-25 mean score (SD) 92.69 (5.59) 87.7 (9.5) 0.0797

Notes: All data are presented as the number of patients (n) out of the cohort for both AMD and control groups. *Indicates
a p-value <0.05 in comparing the AMD group to controls.
Abbreviations: IQR, interquartile range; BMI, body-mass index.
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characteristics (LogMAR BCVA, intraocular pressure (IOP), and central foveal thickness (CFT) established via OCT
imaging). Table 2 also displays characteristics of the eyes with eAMD and dry AMD at two different time points—the
patient’s initial eAMD diagnosis date at Northwestern’s ophthalmology clinic and the visit most recent to the MDS
assessment. It delineates how the AMD eyes have changed throughout the patients’ treatments. The differences between
the initial and most recent visits for these sets of eyes were established using paired t-testing.

MDS data endpoints for each patient were plotted as two separate graphs in Figure 1, one for each edge-width, with
contrast modulation ratio as the x-axis and contrast threshold as the y-axis. Next, an exponential best-fit curve was
calculated for each graph using Excel’s GROWTH function, y = αeβx, where α corresponds to the threshold level of the
curve and β corresponds to the slope of the curve as a function of contrast ratio. Once the α and β values were determined
for each patient, the eAMD eye data were compared to the dry AMD and control eyes using ANOVA analysis for
variables α, β, as well as the Pelli-Robson log CS output values. Table 3 displays the aforementioned ANOVA analysis.

The NEI VFQ-25 scores were calculated according to published guidelines.19

Results
Twenty patients were included in the analysis to make up a total of 20 eyes with eAMD receiving anti-VEGF treatment and 20
eyes with dry AMD receiving no anti-VEGF treatment. The AMD patient cohort was 65% female, 95% Caucasian, and was
74.4 years old on average at the time of enrollment. Table 1 outlines the demographic data in detail.

Demographic data for a control cohort (n = 20 eyes) obtained from a previous study conducted by Squires et al are
also included in Table 1. Patients were 90% female, 40% Caucasian, and 65.3 years old on average at the time of
enrollment.

Table 2 Ocular Comparison of eAMD and Dry AMD Eyes Between Initial Presentation and MDS Study Visit

eAMD Eyes (n = 20) Dry AMD Eyes (n = 20) Control eyes (n = 20)

Months since 1st visit
Mean (SD) 40 mo. (36) 40 mo. (36) N/a

First visit MDS date P-value First visit MDS date P-value MDS date

Mean logMAR BCVA (SD) 0.258(0.22) 0.115(0.11) 0.013* 0.114(0.15) 0.063(0.097) 0.210 0.028 (0.060)
Imaging Data
CFT (µm), mean (SD) 347 (85) 282 (34) 0.003* 291 (41) 291 (37) 1.000 N/a
Intraretinal fluid (n, %) 1 (5%) 0 0 0 N/a

Subretinal fluid (n, %) 19 (95%) 6 (30%) 0 0 N/a

PED (n, %) 17 (85%) 14 (70%) 5 (25%) 5 (255) N/a
Drusen (n, %) 20 (100%) 20 (100%) 20 (100%) 20 (100%) N/a

Atrophy (n, %) 1 (5%) 1 (5%) 0 1 (5%) N/a

Pigment (n, %) 0 4 (20%) 1 (5%) 2 (10%) N/a
SHRM (n, %) 10 (50%) 0 0 0 N/a

Cataract (n, %)** 0.162 0.526

Clear lens 9 (47.4) 13 (65) 8 (42.1) 11 (55) 11 (55)
Trace nuclear sclerosis 2 (10.5) 4 (20) 3 (15.8) 4 (20) 5 (25)

1–2+ 8 (42.1) 3 (15) 8 (42.1) 5 (25) 4 (20)

Pseudophakic (n, %)** 7 (36.8) 13 (65) 0.079 6 (31.5) 11 (55) 0.140 1 (5)
IOP (mmHg), mean (SD) 14.95 (2.0) 15.9 (2.9) 0.235 15.1 (2.5) 16.55 (2.7) 0.086 16.1 (3.09)

Notes: Data are presented as the number of eyes (n) out of the cohort of 20 for each group, followed by a percent unless otherwise indicated. The first visit indicates the
time of treatment (first anti-VEGF injection) of the eAMD eye only; the contralateral eye was imaged at this time but received no treatment. *Indicates a p-value of <0.05
when comparing the mean difference between the first injection date and MDS date for the marked parameters; **cataract status data was missing from the EHR for one
study patient during his or her initial visit.
Abbreviations: BCVA, best corrected visual acuity; CFT, central foveal thickness; PED, pigment epithelial detachment; SHRM, subretinal hyperreflective material; IOP,
intraocular pressure.
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A significant difference was found between the average age of the AMD group compared to the control group
(p-value = 0.0056), whereas no significant difference was found in body mass index between the two groups (p-value =
0.0722).

Chi-square analysis demonstrated a significant difference in race distribution between the AMD and control groups
(p-value = 0.007). No other significant differences were observed in demographic characteristics between the two groups.

Characteristics of the Eyes with eAMD, Dry AMD, and Controls
The mean logMAR BCVA and IOP for the 3 groups of eyes at the MDS assessment were compared using ANOVA
analysis. ANOVA analysis demonstrated a significant difference between the mean logMAR BCVAs of the 3 groups of
eyes (p-value = 0.0143). However, no significant differences were observed when comparing the mean IOP values among
the 3 groups. Additionally, no significant difference was observed in CFT between the eAMD and dry AMD eyes.

Baseline comparisons were performed to compare the ocular characteristics of the eyes with AMD from their first
visit (for eAMD, this is the time of first anti-VEGF injection) to the time when they took the MDS assessment (shown in
Table 2). The average time between the first visit and the MDS visit in the eyes with exudative and dry AMD was 40
months (± 36 SD). There was a significant difference (p-value = 0.013) in the mean logMAR BCVA from the first visit
(mean = 0.258 ± 0.22) to the MDS visit (mean = 0.115 ± 0.11) in the eyes with eAMD. There was also a significant
difference (p-value = 0.003) in CFT at the first injection visit (mean = 347 ± 85) compared to the MDS date (mean = 282
± 34) in the eyes with eAMD. 95% of the eyes with eAMD had subretinal fluid at their first visit, and only 30% of these

Figure 1 Comparison of average contrast sensitivity thresholds (y-axis) as a function of contrast modulation ratio (x-axis) for all three groups of eyes: exudative age-related
macular degeneration (eAMD), dry AMD, and controls. Threshold values are plotted in a logarithmic fashion and inversely on the y-axis. ie, performance decreases at
increased contrast modulation ratios. The dots represent four contrast modulation ratios. The best-fit lines represented are exponentially fitted regressions using Excel’s
GROWTH function.

Table 3 ANOVA Analysis of MDS & Pelli-Robson Outputs Comparing eAMD, Dry AMD, and Controls

df SS MS F p

α-value at edge-width 3 Between groups 2 0.0013 0.0006 0.23787 0.78908

Within groups 57 0.1556 0.0027

α-value at edge-width 6 Between groups 2 0.0048 0.0024 1.00966 0.370765
Within groups 57 0.135 0.0024

β-value at edge-width 3 Between groups 2 0.0163 0.0081 2.1442 0.126518

Within groups 57 0.2165 0.0038
β-value at edge-width 6 Between groups 2 0.0319 0.016 3.73171 0.02999*

Within groups 57 0.2439 0.0043

Pelli-Robson threshold Between groups 2 0.2048 0.1024 6.8702 0.00212*
Within groups 57 0.8494 0.0149

Notes: One-way ANOVA analysis of MDS and Pelli-Robson outputs comparing the 3 eye groups: eAMD, dry AMD, and controls. *Represents a p-value <0.05.
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eyes had evidence of subretinal fluid at the MDS visit. No significant difference in IOP was observed in the eAMD eyes
from the initial visit to the MDS date. No significant differences were found in the eyes with dry AMD from the first visit
to the MDS visit with respect to average logMAR BCVA, IOP, or CFT. Both the eAMD and dry AMD eyes showed no
significant difference in cataract distribution (eAMD p-value = 0.162, dry AMD p-value = 0.526) or proportion of
pseudophakic eyes (eAMD p-value = 0.079, dry AMD p-value = 0.130) eyes. Other ocular imaging data are outlined in
Table 2.

Contrast Sensitivity Among the Eyes with eAMD, Dry AMD, and Controls
Figure 1 shows the MDS data for the 3 eye groups plotted with mean threshold values (y-axis) against contrast
modulation ratios (x-axis) at the 2 different edge widths. A best-fit exponential regression is shown for the 6 datasets
(3 groups of eyes, each at edge-width of 3 and 6). The above mentioned best-fit exponential regression was utilized to
determine the α and β MDS output parameters.

CS parameters (α and β) were calculated for the 3 groups of eyes using the MDS and Pelli-Robson assessments
(Table 4). The results of a one-way ANOVA analysis are displayed, comparing differences in mean CS parameters
among the 3 groups (Table 3). At an edge-width of 3, no significant difference was observed in overall threshold levels
(α for eAMD = 0.0337, α for dry AMD = 0.0247, α for controls = 0.0231, p-value = 0.789). Similarly, at an edge-width
of 6, no significant difference was observed in overall threshold levels (α for eAMD = 0.0163, α for dry AMD =
0.0264, α for controls = 0.0046, p-value = 0.371). At an edge-width 3, no significant difference was observed in the
slope of contrast thresholds as a function of contrast modulation ratios (β for eAMD = 0.0687, β for dry AMD =
0.0849, β for controls = 0.1088, p-value = 0.1265). However, at an edge-width of 6, there was a significant difference in
the slope of contrast thresholds as a function of contrast modulation ratios (β for eAMD = 0.0722, β for dry AMD =
0.0937, β for controls = 0.128, p-value = 0.030). There was a statistically significant difference in the Pelli-Robson log
CS scores among the 3 groups (log CS for eAMD = 1.4325, for dry AMD = 1.515, for controls = 1.575, p-value =
0.0021).

A Tukey HSD posthoc analysis was performed to delineate differences in the CS parameters among the 3 eye groups
(Table 5). The analysis showed no differences in the α values between the 3 eye groups. A significant difference was
noted between the eAMD and controls at edge-width 6 (p-value = 0.0238) with respect to the β parameter. In addition,
the Pelli-Robson log CS scores between the eAMD and controls were significantly different (p-value = 0.0014). Of note,
neither the PR nor the MDS showed any differences between dry and exudative AMD eyes. Similarly, neither the PR nor
the MDS showed any differences between dry AMD and control eyes.

Table 4 Contrast Sensitivity Parameters for MDS and Pelli-Robson for eAMD, Dry AMD, and
Control Cohorts

eAMD Dry AMD Control

MDS edge-width 3
α (mean, sd) 0.0337 (0.0578) 0.0247 (0.0298) 0.02312 (0.063)

β (mean, sd) 0.0687 (0.0434) 0.0849 (0.0601) 0.1088 (0.076)
MDS edge-width 6
α (mean, sd) 0.0163 (0.0140) 0.0264 (0.0809) 0.00459 (0.066)

β (mean, sd) 0.0722 (0.0645) 0.0937 (0.0660) 0.12818 (0.066)
Pelli-Robson, log CS
Mean (SD) 1.4325 (0.1139) 1.515 (0.1077) 1.575 (0.142)

Notes: Quantitative data from the MDS and Pelli-Robson tests. α represents the threshold level, and β represents the
slope of the threshold.
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NEI VFQ-25 Among Patients with AMD vs Controls
Patients with AMD had a mean overall composite score of 92.69 ± 5.59 on the NEI VFQ-25, and that of the patients who
served as controls was 87.7 ± 9.5. The difference was not statistically significant (p-value = 0.0797).

Discussion
Vision is a highly complex neural function comprising many variables. One of them is CS, which relates spatial
frequency to the contrast required to differentiate patterns at that specific spatial frequency and is better correlated
with visual quality of life.10 Reading material, such as a Snellen chart, measures visual function at 100% contrast (most
commonly black letters on a white background), while objects in the real world consist of varying contrasts and require
adaptability. Measuring CS can provide valuable insight into retinal conditions and patients’ perceived vision that may
not be revealed by visual acuity testing alone.9 The utility and accuracy of the gold standard Pelli-Robson CS test has
been challenged,16 and limitations of the PR include static field testing, influence of lighting, reflection, and fading on the
physical chart, learning effect on repeat testing, and the necessity for patients to recognize letters.18 Alternate CS tests
such as the MDS have been developed to account for the above-mentioned limitations. The MDS tests CS in a dynamic
field, is a digital rather than physical tool, has randomized directions on repeat testing, and does not require letter
recognition. Analysis of the MDS, a novel CS testing method in development, is discussed in detail in prior studies.18

This is the first study to test the MDS assessment in patients with AMD. CS can be helpful in early detection, monitoring,
and assessing treatment response in several ocular conditions.9

Significant improvement in logMAR BCVA, CFT, and subretinal fluid was noted in the eAMD group on the MDS
recruitment visit compared to their baseline on their initial visit. This corroborates prior studies that have shown a strong
correlation between BCVA and CFT in macular edema and anti-VEGF-associated improvement in BCVA with a decline
in CFT and subretinal fluid.20,21 A significant difference was noted in the Pelli-Robson scores between the 3 groups of
eyes. There was no significant difference in the Pelli-Robson scores between the eyes with eAMD and dry AMD when
further analyzing this. The preservation and minimal deterioration of CS in eAMD could be due to regular and effective
treatments with anti-VEGF injections, although further study evaluating MDS performance in eAMD eyes prior to
treatment should be conducted. The significant difference in Pelli-Robson scores between the control eyes and those with
eAMD highlights that CS is affected by this disease and cannot be monitored using visual acuity testing alone. The
dynamic nature of the MDS test versus the static nature of the Pelli-Robson test could explain these differences in the
results.

Table 5 Tukey HSD Post-Hoc Analysis Among eAMD, Dry AMD, and Controls

(I) Cohort (J) Cohort (I-J) Q-Statistic P-value

α-value at edge-width 3 eAMD Dry AMD 0.7673 0.8345
eAMD Control 0.9052 0.7791

Dry AMD Control 0.1380 0.8999

α-value at edge-width 6 eAMD Dry AMD 0.9293 0.7694
eAMD Control 1.0784 0.7096

Dry AMD Control 2.0078 0.3382

β-value at edge-width 3 eAMD Dry AMD 1.1713 0.6723
eAMD Control 2.9102 0.10799

Dry AMD Control 1.7389 0.4427
β-value at edge-width 6 eAMD Dry AMD 1.4699 0.55248

eAMD Control 3.8293 0.0238*
Dry AMD Control 2.3593 0.22640

Pelli-Robson threshold eAMD Dry AMD 3.0224 0.0913

eAMD Control 5.2206 0.00143*
Dry AMD Control 2.1981 0.2741

Notes: Tukey HSD Post-hoc analysis comparing each of the 3 eye groups: eAMD, dry AMD, and controls, separately. *Represents
a p-value <0.05.
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The MDS results demonstrated no significant differences in the overall contrast threshold value (α) between the 3
groups at either edge-widths. This could again be due to the effective anti-VEGF treatments that patients were receiving.
While there was no significant difference in the adaptability of the visual system (β) at an edge-width of 3, there was
a difference at an edge-width of 6 between the 3 groups. The larger edge-width of 6 likely eliminated the possibility of
BCVA being a confounding variable present at an edge-width of 3; therefore, a significant difference was seen. The
significant difference in β between the eAMD and control eyes is an important finding. Prior studies have used visual
evoked potentials and pattern electroretinograms to study contrast adaptability.22–24 Visual adaptability increases when
light input signals are weak and decreases when signals are strong, a function of the retinal ganglion cells.21 Both the PR
and MDS results show significant CS impairments specifically when comparing eAMD to control eyes; thus, no
conclusions can be made regarding which test performs better. However, while contrast threshold can be acquired
through the Pelli-Robson test, other aspects of visual contrast, such as adaptability may be unanswered through just the
Pelli-Robson. Further, the size of the letters on the Pelli-Robson chart could allow patients to interpret the shape of the
letter and provide a guess, and needing only 2 correct letters per triplet, and patients could potentially achieve a higher
score on the test. Although there is no study that correlates contrast adaptability obtained using visual evoked potentials
or pattern electroretinograms to those from the MDS test yet, the MDS test provides more information regarding visual
contrast and detects more minor differences in contrast. The data thus far demonstrate the potential of the MDS program
and underscore the importance of early and treatment of eAMD with anti-VEGF.

The relationship between CS and quality of life suggests that the benefits of ophthalmic treatments may be under-
estimated if CS is not considered.25 This point is emphasized by the high average composite VFQ-25 score noted in
patients with AMD who received anti-VEGF treatments. Thus, improvement in visual acuity, among other aspects such
as CS and subretinal fluid that contribute to overall vision, likely resulted in a better quality of life for this study’s AMD
patients.

This study had some limitations. The first is a limited sample size due to the strict exclusion criteria. This prevented
us from drawing definitive conclusions on the CS changes and the utility of the MDS assessment in patients with AMD.
The MDS test has a few inherent limitations as discussed in prior studies, such as time burden of the test and the unique β
parameter.18 The small sample size also led to a non-diverse cohort, which was dissimilar with respect to gender and age.
One of the inclusion criteria was good visual acuity, which is not representative of the entire AMD population.
Administering the MDS test before initiating anti-VEGF treatments in patients with AMD and comparing them to the
test results post-treatment would provide further meaningful insight into the changes in CS at various stages of AMD. An
additional future direction includes testing the MDS program on other retinal conditions to validate the MDS outputs and
understand the effect on CS in other diseases. This study is among the first steps into getting a deeper understanding of
CS and its effect on AMD. Building on this study and modifying the MDS test with aspects learned from this study will
be valuable for early interventions, considering contrast changes, and improving quality of life.

The MDS is a contrast-generated illusory motion that can be useful in assessing the CS of patients with AMD. In
addition, a shortened version of the test would be beneficial for testing patients in ophthalmology clinics that usually tend
to be busy. Lastly, the MDS assessment can provide insight into patients’ perceived visual deficits not currently measured
by traditional visual acuity.
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