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Purpose: Early detection and treatment of age-related macular degeneration require a clear
understanding of the early progress of the disease. The purpose of this study was to
investigate whether minimal macular ophthalmoscopic changes corresponded to changes in
visual function.

Methods: Color macular photos from a group of older subjects who were classified as grade
0 on AREDS simplified grading were further evaluated by a retinal specialist using 5x
magnification for possible minimal macular anomalies. Group 0-A (N = 15) were defined as
subjects with no visible macular anomalies while Group 0-B (N = 19) comprised subjects for
whom minimal macular mottling, pigment changes or very small drusen (< 63 um) were
observed in the study eye. All subjects had best VA of 20/25 or better and had no evidence of
other retinal diseases in the study eye. All subjects underwent a series of visual function tests
such as standard ETDRS VA, low luminance ETDRS VA, Pelli-Robson contrast sensitivity,
variable contrast flicker (VCF) sensitivity, and reading speed (words per minute, wpm) using
both MNRead and low luminance reading on a tablet.

Results: There was no significant difference between the mean age between the two groups
(74.8 £ 5.2 years for 0-A vs 74.5 + 4.4 for 0-B, p = 0.82). None of the visual function tests
identified any significant difference between the two groups. Mean ETDRS VA was 0.0 +
0.11 for 0-A subjects and 0.08 + 0.12 for 0-B (p = 0.063). Mean Pelli-Robson log contrast
sensitivity was 1.75 £ 0.29 for 0-A and 1.78 + 0.17 for the 0-B group (p = 0.73). VCF
threshold was 0.47 £ 0.25 for 0-A and 0.43 + 0.22 for 0-B (p = 0.64). Reading speed using
MNRead was 214 + 47.4 wpm for 0-A and 210 + 64.7 for 0-B (p = 0.85). Low luminance
tablet reading speed was 137 = 71.8 wpm for 0-A and 151 £ 39.4 (0-B) (p = 0.49).
Conclusion: A panel of psychophysical tests did not demonstrate significant differences
between subjects with and without minimal macular changes.
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Introduction
Age-related macular degeneration (AMD) is the leading cause of vision loss in
developed countries. It is estimated that more than 11 million individuals in the US
are affected by AMD with global prevalence of about 170 million.! Current clinical
diagnosis of AMD is based on macular appearance of drusen and/or pigmentary
changes in the macula.®* In addition to these clinically visible fundus changes, it is
known that several cellular level structural changes in Bruch’s membrane, chorio-
capillaris, retinal pigment epithelium and photoreceptors occur in AMD.*”

While drusen size and pigment changes have driven diagnosis and disease
severity classification systems in AMD, clinical observations from experienced
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ophthalmologists suggest that minimal mottling and tex-
tural changes of the macula are noticeable in older sub-
jects. Because these changes are often minimal and are not
obvious unless carefully examined under high magnifica-
tion using high-resolution devices, such anomalies are
often classified as normal age-related changes with low
risk for developing an advanced form of AMD. The
impact these minimal anomalies may have on visual psy-
chophysical tests remains unknown and can offer valuable
insight into early pathological process in this age-related
disease.

It has been our belief that form follows function, i.e.
functional deficits precede structural changes. During the
course of our group’s work to develop novel endpoints for
AMD, we noticed that when observed carefully under high
magnification, several older subjects’ fundus that were
classified as grade 0 on the AREDS scale (i.e. normal
aging/very low risk) had minimal mottling and textural
changes in the macula. While these changes were visible
ophthalmoscopically as well, they appeared more robust
when evaluated under a high-magnification setting. The
goal of the current study was to determine if these minimal
macular structural changes in older normal subjects were
associated with deficits in visual function. We thus per-
formed a series of visual function tests to compare these
visual outcomes in older normal subjects with and without
minimal macular changes.

Methods

The study protocol was approved by an independent
Institutional Review Board (Alpha IRB, San Clemente,
CA, USA) and all subjects provided written informed
consent. The study was conducted in accordance with the
ethical principles of the Declaration of Helsinki.

Subjects

All subjects were required to be 60 years or older and
willing and able to perform all study procedures. Subjects
were excluded from the study if they had a history of
seizures or epilepsy, had a diagnosis or evidence of
advanced AMD (GA or wet AMD), significant cataracts,
history of ocular trauma or surgery (except cataract sur-
gery) or other retinal diseases in the study eye. While
subjects with systemic disease such as diabetes mellitus
or systemic hypertension were not excluded, all subjects
during the study visits reported that these systemic condi-
tions were under control using medications and/or lifestyle
modifications as prescribed by their physician. None of the

subjects had any ocular complications as a result of these
systemic conditions. During the initial screening visit all
subjects underwent informed consent, detailed medical
and ocular history, visual acuity testing using ETDRS
chart, potential acuity meter (PAM), optical coherence
tomography (OCT) and dilated fundus photos.

Retinal Imaging and Fundus Grading

During the initial visit, macular scans were obtained in
both eyes using spectral domain OCT (Spectralis,
Heidelberg). Both eyes were then dilated using 1% tropi-
camide and 2.5% phenylephrine. After optimal pupil dila-
tion (> 7 mm diameter) digital color fundus photos were
taken (450 plus camera; Carl Zeiss Meditec). Photos were
evaluated by a retinal specialist and graded using the
AREDS simplified grading.” A grade of 0, 1, 2, 3 or 4
was assigned for each subject. For those with AREDS
grade of 0, an additional evaluation was done at 5x mag-
nification to look for the presence or absence of minimal
foveal textural changes. Here textural changes refer to
visible structural irregularities or disruptions of the foveal
appearance caused by pigmentary changes, very small
drusen or surface mottling. Based on the fundus photos
evaluation, each subject was given a grade, 0-A (i.e.
AREDS 0 and no minimal foveal textural changes seen)
or 0-B (i.e. AREDS 0 and minimal foveal textural changes
seen). While these macular changes are also detectable
under ophthalmoscopic examination, fundus photos eva-
luations provide more robust and standardized setting to

grade these findings.

Grouping

For each subject, based on best visual acuity (best of
ETDRS VA and PAM) and fundus grading, a qualifying
eye was designated as the study eye. If both eyes of
a subject qualified then one eye was selected at random
as the study eye by the examiner. A total of 102 subjects
were originally screened for the study. After excluding
subjects who screen failed or failed to complete all study
procedures, 57 subjects completed all study procedures
over 2 to 3 follow-up visits. For this study only a sub-
group of subjects who had a fundus grade of 0 (either
0-A or 0-B) (see above) were included for analysis;
0-A Group: subjects with best VA 20/25 or better and
fundus grade of 0-A (i.e. no minimal macular changes)
in the study eye, N = 15; and 0-B Group: subjects with
best VA 20/25 or better and fundus grade of 0-B (with

submit your manuscript

2572

Dove

Clinical Ophthalmology 2020:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Narayanan et al

minimal macular changes) in the study eye, N = 19 (see
Table 1).

Visual Function Tests

A series of visual function tests were performed during
follow-up visits. All subjects were tested in a similar man-
ner and enough breaks were given between each test to
avoid fatigue and to allow for recovery from previous
tests. All tests were performed monocularly for the study
eye with appropriate correction. The fellow eye remained
occluded throughout the testing.

Standard ETDRS Visual Acuity and Low-Luminance
(LL) 2.0 ND ETDRS Visual Acuity

ETDRS distance visual acuity as well as LL visual acuity
(using 2.0 ND) was tested at 4 m.

Ora-VCF™ Test

A variable contrast flicker (VCF) stimuli presented on
a computer monitor was used to assess contrast threshold.
The stimuli comprised of a series of flickering lights pre-
sented at three temporal frequencies; low (<10 Hz), mid
(10-20 Hz) and high (>20 Hz) and two background lumi-
nance levels in the upper mesopic range. Each stimulus
varied in contrast with the background and the contrast at
which a subject can no longer perceive the stimulus was
identified as the threshold. Contrast threshold can range
from O (best) to 1 (worst).

Tablet Reading

Reading tests were performed using an electronic tablet at
40cm under high contrast high luminance (HCHL) and
different challenge conditions; mesopic LL (2.0 ND and
<1% transmittance), low contrast, crowding, pepper words
and vanishing optotypes. Time taken to read accurately
was calculated in words per minute (wpm).

MNREAD

The MNREAD test was performed under standard condi-
tion as well as under low luminance (with 2.0 ND) using
an MNREAD paper chart at 40 cm. Reading speed and

Table | Scaling Used to Define Groups with and without
Minimal Macular Changes

Group 0-A (N = 15) Group 0-B (N=19)

Best VA 20/25 or better AND

no macular changes observed

Best VA 20/25 or better AND
minimal macular changes such as
mottling, pigment changes or

small drusen (<63 pm observed)

accuracy for each font size was measured. Maximum read-
ing speed in wpm and reading acuity were calculated.

Statistical Analysis

Comparison of means between the 0-A and 0-B groups
were conducted using two-sided two-sample #-tests.
Sensitivity analyses were conducted using the non-
parametric Wilcoxon rank sum test. Linear regression
was used to compare group means with adjustment for
standard ETDRS VA. All statistical comparisons were
made at the 0.05 significance level without multiplicity
correction.

Results

Figures 1 and 2 show examples of minimal mottling and
pigment changes noticed in subjects with fundus 0-B as
compared to 0-A. Table 2 summarizes the mean and
standard deviation for each test for the two groups.

Current Commonly Used Clinical
Endpoints

No differences between the two groups were found using
some currently used common tests and endpoints. The
mean standard ETDRS VA was 0.0 + 0.11 for 0-A and
0.08 = 0.12 for 0-B (p = 0.063). The low-luminance
ETDRS VA was 0.24 + 0.15 for 0-A and 0.29 + 0.14 for
0-B (p = 0.31). Mean Pelli-Robson contrast sensitivity was
1.75 £ 0.29 for the 0-A group and 1.78 + 0.17 for the
0-B group (p = 0.73). Reading speed using the MNRead
test was 214 + 47.4 wpm for 0-A and 210 + 64.7 wpm for
0-B (p = 0.85). Reading acuity using the MNRead test was
0.15 + 0.18 logMAR for 0-A and 0.07 + 0.09 logMAR for
0-B (p = 0.17). In sensitivity analyses using the non-
parametric Wilcoxon rank sum test, all p-values remained
>0.05 except for standard ETDRS VA (p = 0.045). After
adjusting for standard ETDRS VA, p-values for low-
luminance ETDRS VA, Pelli-Robson contrast sensitivity,
reading speed using MNRead test, and reading acuity
using MNRead test were 0.99, 0.26, 0.31, and 0.059,
respectively.

Novel Tests Developed for the Current Study

Similarly, no difference was found using the VCF test or
tablet reading test. The VCF flicker threshold was 0.47 +
0.25 for 0-A and 0.43 = 0.22 for 0-B (p = 0.64; p = 0.44 after
ETDRS VA adjustment). HCHL tablet reading was 176 +
66.4 wpm for 0-A and 183 + 32.3 wpm for 0-B (p = 0.68;
p = 0.26 after ETDRS VA adjustment). Low-luminance

Clinical Ophthalmology 2020:14

submit your manuscript

2573

Dove


http://www.dovepress.com
http://www.dovepress.com

Narayanan et al

Dove

ID 014: 0-A

ID 042: 0-B

Figure | Examples of fundus photos from two study eyes graded as 0-A (left; no minimal macular changes) and 0-B (right; with minimal macular changes). The black circle

indicates the region in the macula where fundus retinal changes were observed.

ID 014: 0-A

-

ID 042: 0-B

Figure 2 Images from same eyes as shown in Figure | under high magnification (A, B) and under gray scale (C, D) to better visualize the minimal macular changes seen in
subject ID 042. The black circle indicates the region in the macula where fundus retinal changes were observed.

tablet reading was 137 + 71.8 wpm for 0-A and 151 +£39.4
wpm for 0-B (p = 0.49; p = 0.17 after ETDRS VA adjust-
ment). Low-contrast tablet reading was 57 = 42.6 wpm for
0-A and 61 + 41.5 wpm for 0-B (p = 0.81; p = 0.51 after
ETDRS VA adjustment). Crowded tablet reading was 182 +
70.0 wpm for 0-A and 170 £ 46.7 wpm for 0-B (p = 0.56;
p =0.76 after ETDRS VA adjustment). Pepper tablet read-
ing was 93 £ 39.4 wpm for 0-A and 97 + 22.0 wpm for
0-B (p = 0.72; p = 0.24 after ETDRS VA adjustment).
Vanishing optotypes tablet reading was 159 + 70.3 wpm

for 0-A and 174 £ 43.9 wpm for 0-B (p = 0.45; p = 0.085
after ETDRS VA adjustment).

Discussion

In a small group of older normal subjects whose fundus
photos were graded 0 using the AREDS simplified grad-
ing, a sub-group appeared to have minimal changes in the
macula such as mottling, pigment abnormalities and very
small drusen, when carefully examined under high magni-
fication. We used a battery of visual function tests to
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Table 2 Mean = SD of Visual Function Tests for 0-A and
0-B Groups

Tests Group 0-A | Group 0-B
(N =15) (N=19)
ETDRS Distance VA Regular 0.0 £ 0.11 0.08 £ 0.12
(LogMAR)
ETDRS Distance VA 2.0 (LogMAR) 0.24 £ 0.15 0.29 £ 0.14
Pell-Robson CS (log) 1.75 £ 0.29 1.78 £ 0.17
MN Read (wpm) 214 + 474 210 + 64.7
MN Read Reading Acuity (LogMAR) | 0.15 £ 0.18 | 0.07 = 0.09
VCF Threshold 047 £ 0.25 043 £0.22
High-Contrast High-Luminance 176 *+ 66.4 183 + 323
(HCHL) Tablet Reading (wpm)
LowLuminance Tablet Reading (wpm) | 137 £ 71.8 151 394
LowContrast Tablet Reading (wpm) 57 + 426 61 +415
Crowded Tablet Reading (wpm) 182 £ 70.0 170 + 46.7
Pepper Tablet Reading (wpm) 93 +394 97 + 220
Vanishing Optotypes Tablet Reading 159 £ 70.3 174 + 43.9
(wpm)

Notes: Groups 0-A vs 0-B: p > 0.05 for all comparisons, with and without
adjustment for ETDRS VA.

evaluate if subjects with these minimal macular changes
also exhibited deficits in visual function. We found that
none of the visual function tests used in this study found
significant difference between the two groups.

It is known that AMD is a slow progressive disease and
the biggest risk factor for AMD is aging. Thus, it is
reasonable to hypothesize that prior to developing clini-
cally significant changes such as medium- or large-sized
drusen that enables a subject to be classified as early or
intermediate AMD, several slight macular changes could
be ongoing at a subclinical level. These changes could be
so minimal that perhaps they might not be readily detect-
able using standard clinical equipment, or might be visible
but falling short of meeting current clinical threshold for
warranting additional detailed evaluation. It is important to
understand if there are underlying functional deficits asso-
ciated with these structural changes as this can offer more
insight into the disease process.

In the current study, while a sub-group of subjects
showed minimal macular changes, these were not asso-
ciated with visual function deficits in this group. There are
several possible explanations for our observations. We
used macular photos to evaluate these minimal changes.
Because fundus photos do not offer a cross-sectional view
of the anomalies noticed, it is not possible to pinpoint
exactly the specific retinal structure contributing to these

defects. While visual function tests provide a read-out of

the entire retinal function, these visual outcomes are pri-
marily driven by retinal neuronal function, photoreceptors
to be more precise. Thus, a minor anomaly in the more
outer retinal structures such as RPE or Bruch’s membrane
might reflect as minimal structural change but might not
necessarily contribute to robust changes in visual function.
The importance of a highly sensitive visual function test to
capture a slight anomaly cannot be overemphasized. Most
clinical and research-based visual function tests are devel-
oped and validated in well-characterized disease groups.
For example, in a recent study, we found that a variable
contrast flicker test, a computer-based contrast sensitivity
test, was highly sensitive in differentiating non-advanced
AMD from age-matched normal controls compared to
some common tests such as ETDRS VA and the Pelli-
Robson test.® The absence of a psychophysical visual
correlate to ophthalmoscopy evidence of macular changes
to pigment, mottling, and micro drusen presence is
remarkable. Do these changes not affect photoreceptor
function? Is redundancy of this critical function present
or are the tests inappropriate for this early anatomically
evident alteration? While the answer is unclear, our tests
used in this study are not dynamic and more rapid detec-
tion requirements may be needed to detect early macular
dysfunction. Towards this we have undertaken modifying
testing a battery of dynamic and time-sensitive visual
function tests. It is also important to note that the small
sample size is a limitation of this study and much larger
samples would be needed to detect subtle differences in
visual function with statistical significance. With recent
advancements in imaging technologies, implementing
multi-modal imaging has allowed to evaluate various
aspects of structural changes that occur in AMD.”™'® The
implications of the findings reported in the current study
when assessed using multi-modal imaging techniques not
used in this study, needs to be explored further. We will
continue to expand our study population to gather addi-
tional data and longitudinally track these subjects to
observe for retinal structural and functional changes over
time.

Conclusion

This paper is meant to highlight the presence of macular
abnormalities on fundoscopy in the elderly unaccompanied
by any measured loss of a visual function or OCT abnorm-
alities. This suggests that these structural alterations are
related to a yet to be tested or understood visual function
outcome or represent an anatomical redundancy. At this
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simple level, this paper shows that normal VA and OCT
can be seen associated with pathology of macular seen on
ophthalmoscope. This supports a long-held clinical belief
by our authors. A longitudinal study is ongoing to track
functional and structural changes over time in this unique

group.
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