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Abstract

Purpose To assess the reliability and the diagnostic performance of a novel CE (European Conformity)-marked and FDA
(Food and Drug Administration)-cleared dot patient self-monitoring test (Alleye, Oculocare medical Inc.) for the detection
and characterization of metamorphopsia in age-related macular degeneration (AMD).

Methods Three consecutive tests were performed in 63 wet AMD, 26 dry AMD, and 19 age-matched healthy eyes. In
addition, the test was performed in 34 young healthy eyes. The mean Alleye score and standard deviations (SDs) were
calculated for each eye and group. We compared and tested healthy with dry and wet AMD eyes and assessed the extent to
which the test discriminated between healthy subjects and patients with dry and wet AMD using the area under the receiver
operating characteristic curve (AUC).

Results The mean (SD) Alleye score was 49.5 (16.1) in wet AMD eyes, 62.1 (22.5) in dry AMD eyes, 69.8 (10.2) in age-
matched healthy eyes, and 85.3 (10.0) in young healthy subjects. Compared to age-matched healthy subjects, the AUC (95%
confidence interval) to detect wet AMD was 0.845 (0.759-0.932), and 0.660 (0.520-0.799) to discriminate between dry and
wet AMD. Compared to young healthy subjects, the AUC to detect dry AMD was 0.799 (0.675-0.923), and 0.969
(0.940-0.997) to detect wet AMD.

Conclusions This is the first assessment of Alleye in clinical practice. The test is highly accurate to detect wet AMD and
reasonably accurate to classify dry vs. wet AMD. Data from longitudinal monitoring and its role in the therapeutic
management of AMD is warranted.

Background degeneration (AMD) treated according to established anti-

vascular endothelial growth factor (VEGF) regimens [1, 2].
For accurate prognosis of visual outcome, self-monitoring The Amsler grid test, which was described more than 70
of macular function has been shown to be indispensable in  years ago [3], is the most frequently recommended self-
patients  suffering from wet age-related macular  monitoring tests for the qualitative assessment of macular
function [2]. Macular function as measured by the Amsler
grid test assesses hyperacuity, the ability of the human
eye to detect even faint alterations in the shape of straight
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systematic review assessing the diagnostic accuracy of the
Amsler grid and other hyperacuity tests revealed only lim-
ited diagnostic performance [6]. Various reasons for the
limited performance of the Amsler grid test exist, but one
possible explanation may be that the assessment of meta-
morphopsia by hyperacuity is a psychophysical measure-
ment involving extra-foveolar retinal regions, asking
patients to evaluate visual phenomena without fixating
them. Using an Amsler grid patients often move their gaze
from the central fixation dot to the area where they see
metamorphopsia. This decreases the reproducibility and the
ability to quantify this symptom or detect changes in
metamorphopsia in eyes with pre-existing pathologies [7, 8]

Modern anti-VEGF treatment protocols for macular
diseases such as a treat-and-extend regimen would ideally
be supplemented by a self-monitoring tool as intuitive as the
Amsler grid test, but with the ability to quantify even subtle
changes of hyperacuity in corresponding retinal regions. In
recent years, the preferential hyperacuity perimetry (PHP,
Notal Vision Inc.) has gained popularity in patient self-
testing for AMD. A clinical study showed a smaller decline
in visual acuity compared to standard care when using the
PHP test [9]. The test runs on a stand-alone device that
connects via a wireless service to the company’s data
monitoring center. Besides the need for additional hard-
ware, a possible disadvantage to PHP is its high price [10].
In this paper, we describe a novel, intuitive, and freely
available mobile app for self-monitoring (dot alignment test,
Alleye) of metamorphopsia that can be performed every-
where and anytime by patients using their own smartphones
or tablets. Alleye is a CE (European Conformity)-marked
Class I medical device that received FDA (Food and Drug
Administration) 510(k) clearance for monitoring eyesight in
AMD in 2018.

Methods

The research presented in this paper adhered to the tenets of
the Declaration of Helsinki and informed consent was
obtained from the subjects after explanation of the nature
and possible consequences of the study. The protocol was
approved by the institutional review board of the Cantonal
Hospital Lucerne, Switzerland.

The Alleye app

The Alleye is a mobile medical software application indi-
cated for the detection and characterization of metamor-
phopsia, a visual distortion, in patients with AMD and as an
aid in the monitoring of the progression of this condition
with respect to metamorphopsia. It is intended to be used by
patients who have the capability to regularly perform a

simple self-test at home. Alleye consists of two different
items: a mobile app for patients and a web interface for eye
care professionals. Alleye implements an alignment
hyperacuity task that helps patients with AMD to assess
their visual function at home. This allows the timely
detection of significant changes in vision function, enabling
the regular monitoring of the disease progression and/or
monitoring of visual function during ongoing treatments.
The Alleye algorithm was developed using the performance
found in healthy subjects completing the task. Using these
values we defined the normal range. Subjects performing
the Alleye task are compared against those norm values.

The self-monitoring task

Alleye’s monocular task is to align a mobile central dot
along the two fixed flanking dots to an imaginary straight
line. This task is repeated three times in differing positions
with different distances between central and flanking dots in
horizontal, vertical, and oblique axes (see: www.alleye.io).
Essentially, this self-monitoring task applies a similar
principle of hyperacuity testing as the well-known Amsler
grid test. Different from the Amsler grid, this test assures
that patients fixate on the mobile central dot while keeping
the outer dots in their paracentral visual field by asking to
move the central dot along an imaginary straight line
between two flanking dots. By directing and hence fixating
the mobile central dot, the task avoids saccades to the outer,
flanking dots while moving the central dot (see Fig. I).
While in each of the 12 tasks the patient’s attention and his
fovea or his best fixating extrafoveal spot remains on the
mobile dot, the test examines the two areas of the macula
where the flanking dots are seen. In Fig. 2 we show the
representation of the tested dots on the central and para-
central macula in relation to the Amsler grid [3]. In an
emmetropic eye, this test covers 12.7° field of view, while
the Amsler grid covers 20°, assuming a test distance of
about 30cm. Technical specifications are available from
the company’s website (https://alleye.io/#/product-alleye).
The test is performed monocularly after covering the non-
tested eye.

Patients with AMD

Patients attending the AMD ward were informed by means
of posters in the waiting room, and by the treating physician
who checked the inclusion criteria. In positive cases,
patients were provided with detailed oral and written
information about the study and were asked whether they
were willing to participate. Participating patients provided
written informed consent. Patients with dry AMD and
patients with active choroidal neovascularization (CNV)
secondary to AMD, either newly diagnosed (treatment-
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Fig. 1 A representative screen shot of the Alleye dot alignment test.
The patient’s task is to align the movable target dot in between the two
fixed outer dots to finally form a straight line. The deviation between

the final position of the target dot and the ideal straight line is used to
calculate the test score

Fig. 2 Different examples of individual tasks testing central and
paracentral areas of the macula. The full test consists out of 12 indi-
vidual tasks with the fixation dot set to test all four major axes with
three repeats per axis using different offset from the center dots for the
target dot to test central and paracentral areas of the macula
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naive) or under current treatment with anti-VEGF agents,
were included in the study and underwent a complete
ophthalmologic examination. If both eyes were affected by
AMD, both were included in the study. Patients with a
neurological or physical illness that impeded them from
using a mobile device to adequately perform the Alleye test
were excluded.

Healthy eyes

We sampled two groups of subjects providing data on
healthy eyes: an age-matched group of patients attending
the AMD clinic who had a monocular condition and an
unaffected eye and a group of young healthy subjects.
These young healthy subjects were recruited from the
hospital staff, researchers, and their family members. Par-
ticipating healthy subjects received a detailed oral infor-
mation about the study and provided written informed
consent. The tested eye was randomly selected using a
computer-generated randomization list.

Examination setting

Relevant clinical characteristics of all participants were
recorded. Following ophthalmological examination, an
initial Alleye task to test for the ability to use the app on a
mobile device was conducted. After receiving brief
instruction on self-administration of the test, participants
performed subsequent self-measurements on their own.
Each participant received an instruction manual, and the
research fellows provided technical assistance during the
examination if needed. Participants performed the test with
their glasses, and were instructed how to cover one eye as
this is a monocular test. The test had to be performed
according to the label. In total, all participants performed
four measurements: one training test followed by three valid
consecutive measurements. If something unexpected hap-
pened during the test, the result was discarded and the test
was repeated. We recorded the time spent to perform
the test.

Test-re-test data and test accuracy

Three consecutive tests were performed in 63 wet AMD, 26
dry AMD, and 19 age-matched healthy eyes. In addition,
the test was performed in 34 young healthy eyes.

The average Alleye score was calculated for each eye
and group. We compared and tested healthy with dry and
wet AMD eyes and assessed the extent to which the test
discriminated between healthy subjects and patients with
dry and wet AMD using the area under the receiver oper-
ating characteristic curve (AUC). In total, we fitted
six logistic regression models for the following contrasts:
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Table 1 The AUC for the

different group comparisons Wet AMD Dry AMD Age-matched Young healthy #eyes AUC 95% CI
(indicated with X) (63 eyes) (26 eyes) healthy (19 eyes) (34 eyes)
Comparisons
X X 82 0.845 0.759-0.932
X X 97 0.969 0.940-0.997
X X 89 0.660 0.520-0.799
X X 53 0.872 0.779-0.964
X X 45 0.584 0.411-0.757
X X 60 0.799 0.675-0.923

AUC area under the receiver operating characteristic curve, AMD age-related macular degeneration, CI

confidence interval

age-matched healthy eyes vs. dry AMD and vs. wet AMD,
dry AMD vs. wet AMD, and young healthy eyes vs.
age-matched healthy eyes, vs. dry AMD and vs. wet AMD.
Analyses were performed using the Stata 14.2 statistics
software package (StataCorp. 2015. Stata Statistical
Software: Release 14. College Station, TX, USA:
StataCorp LP.)

Results
Description of patients with wet and dry AMD

The mean age of patients with wet AMD was 74 years
(standard deviation (SD) 10.3; range: 63-88 years), mean
total number of intravitreal injections (IVIs) prior to inclu-
sion was 15.7 (SD 11.6; range: 0-49 IVIs), and the mean
best-corrected visual acuity (BCVA) at study entry was 71.9
letters (SD 13.8, range 31-93 letters) on the Early Treat-
ment Diabetic Retinopathy Study (ETDRS) chart.

The mean age of patient with dry AMD was 81 years
(SD 6.2; range 70-93 years) and the mean BCVA at study
entry was 77.2 letters (SD 13.1; range 32-93 letters).

Description of healthy groups

The mean age of age-matched subjects without a retinal
condition was 67 years (SD 10.1; range 49-86) and the
BCVA was 86.2 letters (SD 7.1; range 73-98). The mean
age of 34 healthy eyes was 38 years (SD 15.0; range 17-56
years). Ten subjects (38.5%) performed the test with spec-
tacles. One 31-year-old female had undergone refractive
surgery 2 years prior to testing. The median BCVA was 102
letters on the ETDRS acuity chart (range 100-110 letters).

Alleye scores within groups
The mean Alleye score (SD) in wet AMD eyes was 49.5

(16.1). In dry AMD the scores were higher 62.1 (22.5); p =
0.004. The mean score found in age-matched healthy eyes

T T T T T

1.- Specificity

Fig. 3 The receiver operating characteristic (ROC) curves for the five
clinical contrasts

was 69.8 (10.2). The highest mean Alleye scores were
found among young healthy subjects (85.3 (10.0); p <0.001
compared to age-matched healthy group). The difference in
scores between the two healthy groups may be explained by
the large age difference and the slightly higher BCVA
found in the young healthy group.

Diagnostic performance

Table 1 summarizes the AUCs found for six different
contrasts. Not surprisingly, the highest AUC (95% con-
fidence interval) was found for the comparison of young
healthy subjects and wet AMD (0.969 (0.940-0.997)) as
this comparison reflected the most extreme sampling. More
clinically relevant is the comparison between age-matched
healthy and wet AMD. The corresponding AUC was 0.845
(0.759-0.932). This indicates that the test works in a
screening context. The discrimination between dry and wet
AMD was moderate (AUC 0.660 (0.520-0.799)). Again, in
more extreme sampling, when discriminating between
young healthy subjects and dry AMD, the corresponding
AUC was 0.799 (0.675-0.923). Figure 3 summarizes the
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receiver operating characteristic curves of the different
contrasts.

Discussion

Similar to the Amsler grid test, this mobile self-monitoring
test of macular function is an intuitive task that needs very
little explanation for first time users [11]. As it is a test for
hyperacuity, it is hardly affected by visual acuity, but
strongly by even subtle structural irregularities of the
macula [4, 12]. In contrast to the Amsler grid test, it pro-
vides quantitative results and allows patients to self-test the
function of their central and paracentral macular areas up to
6.4° from the fovea. In these test-retest experiments, the
Alleye scores were reliable making it suitable for self-test-
ing, especially for patients with AMD that experience subtle
changes in metamorphopsia caused by fluctuations in
macular function.

Recently, the advantages and disadvantages of several
technologies used in the detection of AMD have been
assessed [6, 13]. Besides optical coherence tomography,
Schwartz and Loewenstein assessed the Amsler grid test,
near vision acuity, PHP, shape-discrimination hyperacuity
with the myVisiontrack®, macular mapping test, and the
Noisefield perimeter [10]. They concluded that despite the
availability of several promising technologies for the
detection of CNV, the tools require further development
before they allow the retina specialist to improve wet AMD
management.

In our study, the scores obtained in healthy subjects
could drop to surprisingly low values. The reason for this
remains incompletely understood. We speculate that these
participants were slightly less motivated to complete the
task or became tired from repeated measurements.

In a previous analysis, decrease of 13 score points
indicated a worsening, and a drop of 25 score points
indicated a significant worsening of metamorphopsia [14].
The clinical interpretation of this finding is not completely
straightforward. As all psychophysical tests, results do not
translate directly to anatomical features. We assume that
the drop in test performance is due to photoreceptor mis-
alignment and therefore a linear dimension rather than a
proportional dimension as expected from Weber’s law,
since hyperacuity is based on higher visual functions that
are not affected by retinal disorders. While the misalign-
ment of photoreceptors does affect the perceived position
of an object, it does not necessarily affect the precision of
hyperacuity. The visual system detects the position of an
object still with high precision, but due to misalignment of
the photoreceptors in a wrong position. Thus, misalignment
of photoreceptors does not affect acuity and hyperacuity in
the same way.

SPRINGER NATURE

To our knowledge, myVisiontrack” and Alleye are the
only two FDA approved medical software applications
running on mobile devices. myVisiontrack" uses a shape
discrimination task [15-17]. Respondents need to identify
changes in the shapes of circles. They showed that the app
was capable to detect advanced stages of AMD accurately.
The test is currently available on prescription in the USA.
This new self-monitoring dot alignment test (Alleye” Ocu-
locare medical Inc.) has several characteristics in common;
however, compared to myVisiontrack®, which is intended
for the detection and characterization of the central three
degrees of metamorphopsia, this task covers 12.7°, allowing
to screen almost the complete macular area [14]. In our
understanding this is an important asset of Alleye, as
macular disease often extends within the vascular arcades.
Therefore, testing of these areas is required to assess
macular function. The test pattern oversamples the central
retina by its star like configuration. As normal acuity,
hyperacuity decreases with eccentricity. This is compen-
sated as the test compares the deviation in relation to the
performance of normal subjects at a given location. In a
recent systematic review, the pooled sensitivity of studies
assessing the Amsler grid was 0.78 (95% confidence
intervals: 0.64-0.87), and the pooled specificity was 0.97
(95% confidence intervals: 0.91-0.99). The pooled sensi-
tivity of studies assessing the PHP was 0.85 (95% con-
fidence intervals: 0.80-0.89), and specificity was 0.87 (95%
confidence intervals: 0.82-0.91). Our results for the detec-
tion of wet AMD were well in line with those found in the
systematic review [6]. For monitoring, longitudinal data
need to be collected over a longer period of time. The cross-
sectional contrast between Alleye scores obtained from
patients with dry vs. wet AMD was only moderate. To
further understand the relationship between changes of the
Alleye score and the transition of dry to wet AMD, further
studies are needed. Possibly the Alleye algorithm needs
adaptations to attain a higher performance.

Implications for further research

Further evaluations by people with no affiliation to Alleye
should be performed. In view of the encouraging results
obtained here, further studies should be designed to quantify
the clinical efficacy when using Alleye in the management
of patients with AMD with and without CNV. In addition,
the value of the test in a (mass-) screening setting and as a
monitoring tool needs to be investigated, particularly the
optimization of treatment outcomes in a treat-and-extend
treatment regimen. Benefits in terms of patient-relevant
outcomes when comparing standard of care with manage-
ment using Alleye monitoring need to be assessed in a
randomized clinical trial or in health service research
settings.
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In conclusion, the new dot alignment test is a reliable,
intuitive, and freely available self-monitoring tool allowing
patients to screen and monitor their macular function reg-
ularly at home using their own smart phone or tablets.
Further studies are currently in progress to determine which
patient groups (i.e., age, diagnosis, vision) will profit most
from this improved hyperacuity test.

Summary
What was known before

e For accurate prognosis of visual outcome, self-
monitoring of macular function has been shown to be
indispensable in patients suffering from wet AMD
treated according to established anti-VEGF regimens.
A novel CE-marked and FDA-cleared dot patient self-
monitoring test for the detection and characterization of
metamorphopsia in AMD has been developed.

What this study adds

e The test is highly accurate to detect wet AMD and
reasonably accurate to classify dry vs. wet AMD.
Similar to the Amsler grid test, this mobile self-
monitoring test of macular function is an intuitive task
that needs very little explanation for first time users.
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