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Introduction

Measurements of visual function beyond the

Purpose: We compared measurements of central retinal sensitivity on a portable, low-
cost tablet device to the established method of microperimetry in age-related macular
degeneration (AMD).

Methods: A customized test designed to measure central retinal sensitivity (within
the central 1° radius) on a tablet device was developed using an open-source platform
called PsyPad. A total of 30 participants with AMD were included in this study, and all
participants performed a practice test on PsyPad, followed by four tests of one eye
and one test of the other eye. Participants then underwent standardized micro-
perimetry examinations in both eyes.

Results: The average test duration on PsyPad was 53.9 £ 7.5 seconds, and no
significant learning effect was observed over the examinations performed (P = 1.000).
The coefficient of repeatability of central retinal sensitivity between the first two
examinations on PsyPad was *1.76 dB. The mean central retinal sensitivity was not
significantly different between PsyPad (25.7 * 0.4 dB) and microperimetry (26.1 = 0.4
dB, P = 0.094), and the 95% limits of agreement between the two measures were
between —4.12 and 4.92 dB.

Conclusions: The measurements of central retinal sensitivity can be performed
effectively using a tablet device, displaying reasonably good agreement with those
obtained using the established method of microperimetry.

Translational Relevance: These findings highlight the potential of tablet devices as
low-cost and portable tools for developing and performing visual function measures
that can be easily and widely implemented.

environments using specialized equipment that can be
expensive and often not portable.

Advances in technology have led to the develop-
ment of portable tablet devices where the resolution

standard measure of visual acuity (VA) have been
performed widely in ocular diseases to provide further
insights into disease pathogenesis, and also to provide
potential tools for monitoring disease progression and
response to treatment.' ® They have been reported to
have potential prognostic value in diseases, such as
age-related macular degeneration (AMD), especially
before the development of vision-threatening compli-
cations or vision loss.” ' However, such measures are
typically performed in controlled clinical or research

and luminance range of the touch-screens could allow
visual function measures to be performed.'"'* Previ-
ous studies have reported that visual acuity’*'* and
contrast sensitivity'>'® measurements can, indeed, be
performed reliably on such devices. Recently, an
open-source platform that allows visual psychophys-
ics experiments to be performed on an iPad tablet
device (Apple, Inc., Cupertino, CA) called PsyPad
also was introduced by Turpin et al.'” to allow
customized tests to be created, and, thus provide an
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avenue to develop and evaluate visual function
measures with ease.

The development of more effective visual function
measures to characterize the disease severity and
monitor progression is particularly relevant for
AMD, since it is well-established that the standard
measurement of VA does not sufficiently detect
deficits in the early stages.'®'” Visual acuity often is
unaffected until later in the AMD disease process
through the development of atrophic changes (which
often develop outside the fovea first’®) or choroidal
neovascularization (CNV). We recently found that
the measurement of central retinal sensitivity to
luminance increment under mesopic conditions using
microperimetry was a more sensitive measure of
foveal functional deficit than VA measured under
photopic and mesopic conditions."”

The ability to measure central retinal sensitivity
under mesopic conditions using a relatively inexpen-
sive, portable tablet device would be highly desirable.
Therefore, we sought to compare the measurements
of central retinal sensitivity on a tablet device with the
established method of microperimetry.

This study involved a prospective examination of
consecutive AMD participants that were currently
involved in research studies where microperimetry
was performed. It was approved by the Human Ethics
Committee of the Royal Victorian Eye and Ear
Hospital (RVEEH) and was conducted in adherence
with the Declaration of Helsinki. Written informed
consent was obtained from all participants following
an explanation of all test procedures.

Participants

The inclusion criteria for all participants in this
study were being 50 years of age or older and having
at least intermediate AMD in both eyes.”’ The
exclusion criteria for any study eye included the
presence of central geographic atrophy, disciform scar
involving the fovea, glaucoma, significant cataracts,
any corneal pathology that could compromise vision,
diabetes, uncontrolled hypertension, amblyopia, neu-
rological or systemic disease affecting vision, or any
medication known to affect retinal function. Any
participant also was excluded if they had any physical
and/or mental impairment preventing them from
participating in this study or an inability to sign a
consent form.

Procedures

All participants underwent subjective refraction
first using a standardized protocol that was per-
formed monocularly using an Early Treatment
Diabetic Retinopathy Study refraction chart at 4 m.
Pupillary dilation of a minimum of 6 mm then was
performed using 1 drop of tropicamide 1% and 1 drop
of phenylephrine 2.5%, followed by measurements of
central retinal sensitivity using the PsyPad application
(app) and then microperimetry. Pupillary dilation was
performed in this study to provide consistent testing
conditions for the two measures, but is unlikely to be
required when measuring luminance increment sensi-
tivity in the foveal region, since previous studies did
not find a significant influence of pupil size on these
measurements in the foveal region.”””’ Retinal
imaging including color fundus photography and
spectral-domain optical coherence tomography (SD-
OCT) scans then were performed using a Spectralis
HRA+OCT (Heidelberg Engineering, Heidelberg,
Germany) to allow the diagnosis of AMD to be
confirmed, followed by clinical ophthalmic examina-
tion.

Measurements of Retinal Sensitivity Using
the PsyPad App

A test designed to measure central retinal sensitiv-
ity to luminance increment was developed on PsyPad,
a customizable, open-source platform,'” and imple-
mented on an iPad 3 tablet device (Apple, Inc.).
PsyPad enables the display of a library of images
(png, drawn using custom software) at desired timing
and with the implementation of standard thresholding
procedures (in this case a staircase, described below).
The images included a uniform background (having a
luminance of 1.27 cd/m?) and test stimuli that were
circular white targets (Goldmann Size III, or 0.43°
scaled for a viewing distance of 50 cm) of specific
luminance levels at 1 dB increments; the maximum
and minimum luminance of the stimuli were set at
317.50 and 1.52 cd/m? respectively, providing a
dynamic range of 31 dB. All image luminance levels
were checked with a PR-650 Spectra-Scan Colorim-
eter (Photo Research, Inc., Chatsworth, CA). Stimuli
were presented randomly for 200 msec without any
cues at 5 locations within the central 1° radius, inside
a red ring with a radius of 3° as a fixation target (Fig.
1). This fixation target differed from that used for
microperimetry to minimize the influence of the
fixation target on the measurements. The time
between a response to the next stimulus presentation
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Figure 1.

lllustration of the customized test designed on the
PsyPad platform to measure central retinal sensitivity (within the
central 1° radius) and the location of the five test stimuli are
shown. The test stimuli are presented within the fixation target
(red ring, 3° in radius) and participants responded to seeing a
stimulus by pressing the grey response square at the bottom right
hand corner.

was set at a mean * 0 of 1.00 = 0.25 seconds, where ¢
is sampled uniformly at random from [—variation,
variation]. When no response was registered, the time
to the next stimulus presentation following the onset
of the stimulus was 1.50 seconds. No false-positive or
false-negative trials were included, since the limited
number of trials that could be added to this test to
maintain a short duration would provide an inaccu-
rate estimation of test reliability. A 4-2 staircase
strategy was used to obtain the threshold measure-
ments, with the initial stimuli set at 24 dB. The final
threshold estimate was taken as the last-seen presen-
tation after the second reversal had occurred or was
terminated following two negative or positive re-
sponses to the brightest (floor; 0 dB) or dimmest
(ceiling; 31 dB) stimuli, respectively. Central retinal
sensitivity was defined as the average threshold
estimate of five stimuli in decibels. A grey square
(physical size of 36 mm) at the bottom-right corner
was designated as an on-screen button for responses;
these test parameters are illustrated in Figure 1. All
responses were recorded in log files that were sent to a
specified server as outlined previously.'’

PsyPad examinations were performed with partic-
ipants wearing their distance refractive correction
with a +2.00 D near addition included in a trial frame
for the viewing distance of 50 cm, in a darkened room
with a luminance lower than background Iuminance

of screen, without any formal adaptation to the
ambient illumination or background luminance of the
screen. Participants were seated at a table in front of
the tablet device, which was placed on a reading stand
and were adjusted to the correct viewing distance by
the examiner; the examiner ensured that the partici-
pant was at the correct viewing distance throughout
the test and repositioned the participant between
examinations if required. Before formal measurement
of thresholds, the examiner explained the procedure
for performing the examinations (using the illustra-
tion shown in Fig. 1), and all participants then
performed a short practice examination consisting of
10 stimuli with differing luminance levels to familiar-
ize themselves with the testing procedure (providing
approximately 1 to 2 minutes of adaptation to the
ambient illumination and background luminance of
the screen). Participants then underwent four exam-
inations of the left eye on PsyPad (to examine the
test-retest repeatability and if a significant learning
effect was present) and one examination of the right
eye so both eyes can be used to examine the
agreement of the measurements of retinal sensitivity
between PsyPad and microperimetry.

Microperimetric Examination

All participants underwent examinations on the
Macular Integrity Assessment (MAIA; CenterVue,
Padova, Italy) microperimeter using a standardized
method outlined previously.”* In short, the MAIA
microperimeter performs fundus-tracking using a line
scanning laser ophthalmoscope that illuminates the
fundus using a superluminescent diode with a central
wavelength of 850 nm, using the entire fundus as a
reference for fundus tracking at 25 frames per second.
A red circle 1° in diameter was used as a fixation
target, and Goldman III sized stimuli were presented
against a background of 1.27 cd/m” using a 4-2
staircase threshold strategy. The maximum and
minimum luminance of the stimulus was 318 and
1.37 cd/m?, respectively, creating a dynamic range of
36 dB. A custom grid designed to assess the macular
region was used and consisted of 37 points located at
0°, 1° 2.33° 4°, and 6° (in radius) from fixation.
Central retinal sensitivity in this study was defined as
the average of microperimetry results from only the
central 1° radius, comprising 1 point at 0° and 4 points
at 1° radius (as used in a previous study'”), and is
illustrated in Figure 2. Test reliability was determined
by the percentage of false-positive responses (to
suprathreshold stimuli at the optic nerve head, which
was manually located before the start of the threshold

TVST | 2015 | Vol. 4 | No. 3 | Article 13



translational vision science & technology

Wu et al.

Figure 2.

Customized grid on microperimetry with the fixation
target represented by the red ring and central retinal sensitivity
defined as the average of the five points (lighter grey points) within
the central 1° radius.

measurements), and any test with false-positive
responses of >25% was excluded from this study;
this percentage was chosen since there were typically
only four to five false-positive trials in each examina-
tion. Identical instructions were given to all partici-
pants before microperimetric examinations, and each
participant underwent two full examinations of the
right eye followed by one full examination of the left
eye. The first full examination was considered a
practice and the subsequent examinations were used
for analyses.

Statistical Analysis

A one-way analysis of variance (ANOVA) was
used to examine whether there were significant
differences in examination duration and central
retinal sensitivity among the four repeated examina-
tions of the left eye on PsyPad. The coefficients of
repeatability (CoRs) of central retinal sensitivity and
point-wise retinal sensitivity then were calculated for
sequential pairs of these repeated examinations using
the method by Bland and Altman,” and the CoR
represents a value for which 95% of the test-retest
differences for the same participant are expected to
lie.

To examine whether measurements of mean

central retinal sensitivity were significantly different
using the two methods (PsyPad and by microperim-
etry), the values were compared using a linear mixed
effects model to account for the use of measurements
from two eyes per participant, by using eyes nested
within participants as the random effect and the type
of test (PsyPad or microperimetry) as the fixed effect.
The 95% limits of agreement (95% CI) between these
two measurements were then determined using a
method described by Bland and Altman®® that
accounts for the use of multiple measurements per
participant, by taking into account the within-subject
variance. All statistical analyses were performed using
commercially available statistical software (IBM
SPSS Statistics, software version 21; IBM/SPSS,
Inc., Chicago, IL).

A total of 30 consecutive AMD participants was
included in this study, and had an average age of 70.9
+ 8.2 years (range, 51-85 years).

Intrasession Characteristics of Test
Parameters on PsyPad

Each test on PsyPad took on average 53.9 = 7.5
seconds (range, 39-83 seconds), and the average test
duration did not differ significantly between each of
the five tests performed within the same session (F' [4,
145]=0.253, P=0.907). There also was no significant
difference in mean central retinal sensitivity between
any pairs of the four examinations performed on
PsyPad in the first eye (P = 1.000, Fig. 3).

Since there were no significant differences between
examinations, the test-retest repeatability could be
determined; the CoR of mean central retinal sensitiv-
ity and pointwise retinal sensitivity for each sequential
PsyPad examination pair (tests 1 vs. 2, tests 2 vs. 3,
and tests 3 vs. 4) are shown in the Table.

Agreement Between PsyPad and
Microperimetry

Since there was no significant learning effect, the
data of the first PsyPad examination of each eye were
used and compared with microperimetry. The mean
central retinal sensitivity (=SEM) for all eyes was 25.7
* 0.4 and 26.1 = 0.4 dB measured using PsyPad and
microperimetry, respectively, and was not significant-
ly different using these two methods (P = 0.094).
Bland-Altman plots then were used to examine the
agreement between the two methods, and no obvious
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Figure 3. Intrasession changes in mean central retinal sensitivity
using PsyPad for participants with AMD, showing no significant
differences in the mean central retinal sensitivity between any pair
of the four sequential examinations in both groups. Error bars: 95%
Cl of the mean.

relationship between the difference and magnitude
was observed (Fig. 4). The 95% ClIs between the two
measures were between —4.12 and 4.92 dB.

Discussion

In this study, we sought to design and assess the
ability of portable tablet devices to measure central
retinal sensitivity compared to those obtained using
the established method of microperimetry. We did not
find a significant difference between the mean central
retinal sensitivity between these two methods and
their 95% Cls were between —4.12 and 4.92 dB. These
findings highlight the potential for measures of visual
function to be developed and implemented in clinical
and nonclinical settings with ease using tablet devices.

To ensure that an accurate comparison is per-
formed between the measurements of central retinal
sensitivity on PsyPad and microperimetry in this
study, we performed four PsyPad examinations on the
left eye of each participant to examine intrasession
changes in its measurements, since we have observed

Table 1.

previously a significant learning effect between the
first two microperimetric examinations, even after
participants performed a short practice test.”* We had
expected that given the short duration of each test,
participants would have required a greater number of
examinations before becoming familiarized with this
test and, thus, exhibit a learning effect over several
examinations. Instead, we did not find a significant
intrasession learning effect and, therefore, these
measurements could be used to compare to those
obtained by microperimetry.

The agreement between measurements obtained
using the tablet device and microperimetry appears to
be reasonably good in context of its effective dynamic
range. This ability to obtain measurements on a tablet
device that closely represent those obtained under
controlled clinical or research settings also has been
demonstrated for contrast sensitivity,'>'® another
measure requiring low levels of contrast (or small
increments of luminance) to be presented. The ability
for the tablet device to deliver stimuli with a dynamic
range of 31 dB, while limited by the 8-bit range and
gamma function of the tablet device display,'" still
exceeds the dynamic range (of 20 dB) currently
available on commercially-available microperimeters
(other than the MAIA microperimeter used in this
study),”” which is important in avoiding the floor- and
ceiling-effects experienced by such a limited dynamic
range.”®

A key difference between the measurements of
luminance increment sensitivity on the tablet device
and microperimetry in this study was the number of
locations presented during each examination. We
chose to analyze only the central five locations on
microperimetry within the central 1° radius (which
were embedded within a test involving a total of 37
stimuli) in this study, since we have previously found
that these measurements on microperimetry detected
a greater degree of functional deficit than visual
acuity measures.'” Therefore, we sought to design a
test on the PsyPad platform to measure these same
locations on a tablet device so that these measure-
ments could be performed rapidly in a clinical setting.
Although it would have been ideal to use the same

Coefficients of Repeatability for Sequential PsyPad Examination Pairs

Coefficient of Repeatability, Mean dB, (95% CI)

Test 1 vs. Test 2

Test 2 vs. Test 3 Test 3 vs. Test 4

Central retinal sensitivity
Point-wise retinal sensitivity

1.76 (1.35-2.17)
4.31 (3.20-5.42)

2.20 (1.69-2.71)
4.60 (3.76-5.43)

3.02 (2.31-3.73)
4.56 (4.03-5.10)
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Figure 4. Bland-Altman plot of mean central retinal sensitivity measurements obtained using PsyPad and microperimetry, illustrating
the agreement between the two measures (the difference was obtained by subtracting the central retinal sensitivity results of
microperimetry from PsyPad). Horizontal dashed lines represent the upper limits of 95% of the mean (+2 SD), mean, and lower limits of
95% of the mean (—2 SD) from top to bottom respectively, and the solid dashed line represents zero.

stimulus pattern on both tests to allow the test—retest
repeatability of these two measurements to be
compared, this was a proof-of-concept study where
the measurements on a tablet device were performed
on participants who already were involved in research
studies that required our standard microperimetry
testing. Therefore, future studies will benefit from
comparing the two devices using the same stimulus
pattern in eyes with normal and abnormal visual
function to determine the effectiveness of this test.
There are also a few other potential limitations
that are important to consider in this study. Firstly,
no supportive equipment, such as a headrest and/or
chinrest, was used to enforce the viewing distance
and, thus, may have affected the stimulus size or
location throughout the test. However, the examiners
ensured that the participants were in a comfortable
position before commencement of the tests and, thus,
we noted anecdotally that there were little changes in
the viewing distance throughout the test. Secondly, no
false-positive or false-negative trials were included for
the PsyPad examinations due to their short duration
of the examinations. However, all the participants
included in this study were considered to be reliable
observers, since no microperimetry examinations were
excluded in this study due to poor reliability. In
addition, the close agreement between the thresholds
obtained by both devices suggests that the absence of
false-positive or false-negative trials was unlikely to

have a major influence on the findings of this study,
although future iterations of this test could include
these trials.

As the primary aim of this study was to examine
whether measurements of luminance increment sensi-
tivity in the foveal region are similar when obtained
with a portable tablet device compared to micro-
perimetry, we excluded participants with foveal vision
loss to ensure that fixation was foveal in this pilot
study. Therefore, caution must be applied when
generalizing these results to eyes with foveal vision
loss (such as those with central geographic atrophy or
disciform scars involving the fovea), and future
studies are required to examine the effectiveness of
this test on a portable tablet device for such eyes and
whether there are more optimal fixation targets than
the one used in this study. Note also that the close
agreement between measurements obtained using the
two devices in this study does not suggest that fundus
tracking is not beneficial for the measurements of
luminance increment sensitivity in the wider macular
region, since only a small region of the fovea was
compared between the two devices.

The ability to develop and perform sensitive
measures of visual function on a portable and low-
cost tablet device has enormous potential for moni-
toring ocular diseases. For researchers, platforms like
PsyPad allow these visual function measures to be
developed, customized and evaluated in clinical
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settings with greater ease. Clinical studies involving
multiple sites that often do not have access to
specialized equipment for the measurement of visual
function can potentially perform a range of measures
casily using a single device. Eye and health care
practitioners also can potentially have easy access to a
battery of effective clinical visual function tests that
can be easily implemented, which is especially useful
for the provision of eye care services in developing
countries and remote settings. If such tests are robust
enough to overcome the potential issues associated
with self-testing'” (such as maintenance of the correct
viewing distance and recommended ambient illumi-
nation), these tests can enable individuals to be more
engaged in monitoring their own eye health and, thus,
assist in the early detection and prevention of vision
loss. We anticipate that such tests also can be
implemented on other low-cost devices, including
smartphones and computers in the future.

We have now added the library of images used to
deliver the visual stimuli in this study onto the PsyPad
Public Image Gallery, as well as the staircase
configuration used (http://server.psypad.net.au). It is
also available in the Demo mode of the PsyPad 2.0
App from this server. This will allow other researchers
to use and continue to improve this test, although it
should be noted that PsyPad does not provide a
clinically ready application.

In summary, we demonstrated in this study that
measurements of central retinal sensitivity can be
performed effectively using a portable, low-cost tablet
device, showing reasonably good agreement with
those obtained using the established method of
microperimetry. These findings highlight the potential
of tablet devices in developing and performing novel
measurements of visual function that can be easily
and widely implemented.
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