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Purpose: The recent exponential growth in teleophthalmology has been limited in part by the lack of a
validated method to measure visual acuity (VA) remotely. We investigated the validity of a self-administered Early
Treatment Diabetic Retinopathy Study (ETDRS) home VA test. We hypothesized that a home VA test with a
printout ETDRS chart is equivalent to a standard technician-administered VA test in clinic.

Design: Prospective cohort study.
Participants: Two hundred nine eyes from 108 patients who had a scheduled in-person outpatient

ophthalmology clinic visit at an academic medical center.
Methods: Enrolled patients were sent a .pdf document consisting of instructions and a printout ETDRS vision

chart calibrated for 5 feet. Patients completed the VA test at home before the in-person appointment, where their
VA was measured by an ophthalmic technician using a standard ETDRS chart. Survey questions about the ease
of testing and barriers to completion were administered. For the bioequivalence test with a 5% nominal level, the
2 1-sided tests procedure was used, and an equivalent 90% confidence interval (CI) was constructed and
compared with the prespecified 7-letter equivalence margin.

Main Outcome Measures: The primary outcome was the mean adjusted letter score difference between the
home and clinic tests. Secondary outcomes included the unadjusted letter difference, absolute letter difference,
and survey question responses.

Results: The mean adjusted VA letter score difference was 4.1 letters (90% CI, 3.2e4.9 letters), well within
the 7-letter equivalence margin. Average unadjusted VA scores in clinic were 3.9 letters (90% CI, 3.1e4.7 letters)
more than scores at home. The absolute difference was 5.2 letters (90% CI, 4.6e5.9 letters). Ninety-eight percent
of patients agreed that the home test was easy to perform.

Conclusions: An ETDRS VA test self-administered at home following a standardized protocol was equivalent
to a standard technician-administered VA test in clinic in the examined population. Ophthalmology
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With increased patient anxiety about traveling for in-
person clinic visits, the coronavirus disease 2019
(COVID-19) pandemic has forced health care providers
worldwide to adapt to creative models of medicine that
provide effective and timely care while adhering to
pandemic safety protocols. As a result of the need to
protect patients, providers, and affiliate staff, many
ambulatory practices incorporated the use of telemedicine,
which has led to a transformation in the realm of care
delivery. Telemedicine was adopted rapidly among almost
all specialties, and the number of Medicare beneficiaries
receiving telemedicine services per week rose from 13 000
before the COVID-19 pandemic to 1.7 million in just a
couple of months.1 In mid-March 2020, the American
Academy of Ophthalmology recommended that ophthal-
mologists cease providing nonurgent patient care in per-
son.2e4 Over a 4-week period from early March to early
April 2020, daily telemedicine visits at our medical center
increased from the single digits to more than 3000.
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Telemedicine, defined as the “use of electronic infor-
mation and communications technologies to provide and
support health care when distance separates the partici-
pants,” has emerged across medicine as a well-established
method to diagnose disease remotely as well as to
monitor patient data such as glucose levels, blood pres-
sure, electrocardiography results, international normalized
ratios, and even sleep patterns.5,6 In ophthalmology
practices, telemedicine, also known as
teleophthalmology, has been used predominantly through
store-and-forward models to screen for retinopathy of
prematurity, diabetic retinopathy, and age-related macular
degeneration.7,8 Beyond this scope, the role of live video
conferencing for face-to-face clinician visits within
ophthalmology traditionally has been limited.3 However,
recent reports of live teleophthalmology clinic visits
during the COVID-19 pandemic have highlighted its
usefulness in the specialty, citing benefits of promoting
clinical safety and reaching patients in remote locations.3,4
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Figure 1. Early Treatment Diabetic Retinopathy Study home visual acuity
chart.

Figure 2. Early Treatment Diabetic Retinopathy Study home visual acuity
examination instructions.
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Despite the many successes, live video visits still present
challenges for eye care clinicians that have limited the
cadence and scope of teleophthalmology implementation.
Among the greatest barriers has been finding a reliable
way to measure the visual acuity (VA) of patients
remotely.9

Visual acuity is the most basic ocular vital sign and is
essential to the evaluation and management of most
ophthalmic diseases. However, the best way to measure VA
remotely is not clear. Several applications (“apps”) for
measuring VA are available online, but evidence of their
accuracy compared with office measurements is mixed.4,10

The lack of standardization across mobile and computer
devices and the inability for all patients to navigate such
technology are additional barriers to their usefulness.4,11,12

Printable versions of eye charts, such as the American
Academy of Ophthalmology downloadable vision chart,13

have similar limitations. Urgent validation of a universal,
simple home VA test is warranted to meet the needs of
patients and ophthalmologists across the globe.3 This
study aimed to validate a printable home Early Treatment
Diabetic Retinopathy Study (ETDRS) vision chart that can
be incorporated as part of future teleophthalmology
services. We hypothesize that among patients seen within
an all-specialty academic eye institution, a home VA test
with a printout ETDRS chart is equivalent to a VA test
performed by a trained technician in clinic with a standard
ETDRS chart.

Methods

Study Design, Setting, and Data Sources

We performed a cohort study of equivalence design with adult
patients scheduled for in-person visits in various subspecialties at
the Vanderbilt Eye Institute between May 20 and July 10, 2020.
Patient outcomes and covariates were extracted directly from the
electronic medical record. Prospective Vanderbilt University
Institutional Review Board/Ethics Committee approval was ob-
tained. This study adhered to the tenets of the Declaration of
Helsinki and is in accordance with Health Insurance Portability and
Accountability Act regulations. The study registration information
is available online at the National Institutes of Health Clinical-
Trials.gov registry (identifier, NCT04391166).

Study Population

The study population consisted of adult patients with scheduled in-
person outpatient visits for eye examinations during the study
period at the main campus of the Vanderbilt Eye Institute. Patients
who were 18 to 85 years of age were included. Patients were
excluded if they had a non-English primary language, an inactive
online patient portal, or were undergoing an examination after
ocular surgery. Patients with a documented prior best-corrected VA
worse than 20/200 in both eyes were excluded because the home
chart only includes VA assessment up to 20/200.

Patient Enrollment and Study Protocol

Patients with upcoming clinic visits less than 1 week away were
contacted via phone and offered the opportunity to participate in
the study. Written informed consent was obtained from all partic-
ipants through the patient portal with a research technician on the
2

phone. These patients were electronically sent a .pdf document of
the ETDRS vision chart with instructions via the online patient
portal (Figs 1 and 2). The chart was designed by Banner Eye Care
and the University of Arizona Department of Ophthalmology and
Vision Science and was placed in the public domain in April
2020 via an e-mail to the Association of University Professors of
Ophthalmology community from the then-head of the University
of Arizona Department of Ophthalmology, Dr. Joseph M. Miller. It

http://ClinicalTrials.gov
http://ClinicalTrials.gov


Table 1. Characteristics of Patients Who Participated and Who Declined

Contacted (n [ 303) Declined (n [ 195) Participated (n [ 108) P Value

Age (yrs) 0.17*
Mean � SD 54 � 17 55 � 16 52 � 17
Range 18e89 18e89 19e83

Gender 0.46y

Female 188 (62) 118 (61) 70 (65)
Male 115 (38) 77 (39) 38 (35)

Race 0.64y

Asian 9 (3) 6 (3) 3 (3)
Black 42 (14) 29 (15) 13 (12)
Other 2 (1) 1 (1) 1 (1)
Unknown 28 (9) 16 (8) 12 (11)
White 222 (73) 143 (73) 79 (73)

Clinic department 0.17y

Comprehensive 63 (21) 33 (17) 30 (28)
Cornea 48 (16) 31 (16) 17 (16)
Glaucoma 60 (20) 40 (21) 20 (19)
Neuro-ophthalmology 32 (11) 21 (11) 11 (10)
Oculoplastics 26 (9) 15 (8) 11 (10)
Retina 74 (24) 55 (28) 19 (18)

Primary diagnosis category 0.18y

Cataract 17 (6) 12 (6) 5 (5)
Corneal disease 36 (12) 23 (12) 13 (12)
Glaucoma 57 (19) 36 (18) 21 (19)
Macular disease 15 (5) 11 (6) 4 (4)
Neuro-ophthalmology disease 29 (10) 20 (10) 9 (8)
None 11 (4) 11 (6) 0 (0)
Oculoplastics disease 19 (6) 11 (6) 8 (7)
Refractive error 43 (14) 21 (11) 22 (20)
Retinal vascular disease 17 (6) 11 (6) 6 (6)
Uveitis 15 (5) 12 (6) 3 (3)
Visual impairment/screening 44 (15) 27 (14) 17 (16)

Area deprivation index score (n ¼ 300) 0.329 � 0.097 0.336 � 0.096 0.317 � 0.099 0.11*
Intraocular pressure (mmHg)
Right eye (n ¼ 254) 15.3 � 4.0 15.6 � 4.1 14.8 � 3.6 0.16*
Left eye (n ¼ 255) 15.4 � 3.9 15.7 � 3.9 14.9 � 3.7 0.06*

Visual acuity of better-seeing eye (n ¼ 264)
ETDRS letters 80.9 � 8.7 80.0 � 9.6 82.2 � 6.7 0.12*
Snellen equivalent 20/24 20/25 20/23

Visual acuity of worse-seeing eye (n ¼ 264)
ETDRS letters 75.3 � 11.4 74.0 � 12.1 77.4 � 9.9 0.01*,z

Snellen equivalent 20/31 20/33 20/28

ETDRS ¼ Early Treatment Diabetic Retinopathy Study; SD ¼ standard deviation.
Data are presented as mean � SD or no. of patients (%), unless otherwise indicated.
*Wilcoxon test.
yPearson test.
zStatistically significant.
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includes Snellen equivalents with VA assessment up to 20/200.14 It
fits on 1 standard letter page (8.5 � 11 inches) and was calibrated
for 5 feet. Patients followed the instructions to complete the VA
test at home before coming to clinic. Visual acuity then was
measured in clinic by a trained technician using a standard
ETDRS chart calibrated for 4 m. Patients who wear glasses or
contacts were instructed to wear them during both the home and
clinic tests. Questions about the ease of self-testing and barriers
faced during the home test were administered by the technician in
clinic.

Outcomes

The primary outcome was the mean adjusted letter difference be-
tween the home and clinic tests. Secondary outcomes included the
mean unadjusted letter difference, mean absolute letter difference,
distribution of letter differences, and responses to survey questions
regarding ease of testing and barriers to completion.

Covariates

Patient-level variables were selected based on the suspected asso-
ciation with VA performance and to assess generalizability across
populations. Covariates were recorded during the index encounter
and were extracted from the electronic medical record. Data that
were collected included age, gender, race, zip code, baseline
intraocular pressure, baseline VA, primary diagnosis, and clinic
department. Baseline VA was defined as last recorded best-
corrected VA and was converted from Snellen values to ETDRS
letter scores using a published algorithm.15 Zip codes of each
3



Table 2. Visual Acuity Letter Scores at Home and in Clinic

Variable Data

Home
ETDRS letter score 75 � 11
Snellen equivalent 20/32

Clinic
ETDRS letter score 79 � 11
Snellen equivalent 20/26

Unadjusted difference in letter score 3.9 � 5.8
Absolute difference in letter score 5.2 � 4.6
90% Confidence interval
Unadjusted difference in letter score 3.1e4.7
Absolute difference in letter score 4.6e5.9
Adjusted difference in letter score 3.2e4.9

Distribution of eyes by absolute
difference in letter score (letters)

� 5 136 (65)
� 10 185 (89)
� 15 204 (98)
� 20 209 (100)

Distribution of eyes by difference in letter score*
e16 to e20 1 (0)
e11 to e15 0 (0)
e6 to e10 5 (2)
e1 to e5 31 (15)
0 25 (12)
1e5 80 (38)
6e10 44 (21)
11e15 19 (9)
16e20 4 (2)

ETDRS ¼ Early Treatment Diabetic Retinopathy Study.
Data are presented as mean � standard deviation or no. of patients (%),
unless otherwise indicated.
*Difference is presented as clinic score minus home score.
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patient were used to identify the area deprivation index, a
derivative of census tract variables pertaining to material
deprivation.16 Index scores range from 0 to 1, with higher index
indicating greater deprivation and lower socioeconomic status.
The primary diagnosis of each patient was classified into 1 of the
following categories: cataract, corneal disease, glaucoma,
macular disease, neuro-ophthalmology disease, oculoplastics dis-
ease, refractive error, retinal vascular disease, uveitis, and visual
impairment or screening.

Statistical Analysis

Patients who completed the vision tests at home and in clinic were
classified as having participated, whereas those who declined to
participate or did not complete 1 of the tests were classified as
having declined. Differences in demographic and ophthalmic
measurements between these groups were compared using a Wil-
coxon rank-sum test for continuous variables and a Pearson chi-
square test for categorical variables to assess for selection bias.

For the bioequivalence test with a 5% nominal level, the 2
1-sided tests procedure (comparing with a 2-sided test for signifi-
cance) was used, and 90% confidence intervals (CIs) were
constructed for the unadjusted, adjusted, and absolute difference
between letter scores on the home and clinic tests.17,18 Note that to
achieve a 5% nominal level, the commonly used significance test
will compare the boundary of 95% CIs with 0, whereas a
bioequivalence test such as the one used in this study will
evaluate if 90% CIs (but not 95% CIs) fall into the prespecified
4

bioequivalence boundary. We refer to Chow and Zheng18 for
more technical details. The bootstrap method was used to
construct the 90% CIs for both the unadjusted and absolute letter
difference with 5000 samples. We resampled patients to control
for the correlation between left and right eyes from the same
patient. A generalized estimating equation model with patient
cluster and adjustment for demographic variables, intraocular
pressure, and baseline VA was used to derive a 90% CI for the
adjusted letter difference between the home and clinic tests. The
CIs then were compared with the prespecified overall average
equivalence margin of �7 letters. Although no established
equivalence margin was found in the literature, this equivalence
boundary is conservative given that previously reported
testeretest variability values for ETDRS charts used in clinics
range from 0.07 to 0.19 logarithm of the minimum angle of res-
olution (logMAR), or up to approximately 9.5 letters.19e29 If the
90% CIs for score difference fall within e7 to 7, the 2 methods will
be claimed as equivalent. Otherwise, they will be deemed
nonequivalent. We also fit generalized estimating equation models
for score difference and absolute score difference adjusting for the
same set of covariates as well as clinic VA to evaluate the asso-
ciation between clinic-measured VA and score difference. Data
analysis was performed with R software version 3.6.1 (R Foun-
dation for Statistical Computing).

Sample Size Calculation

Assuming an average difference of 5 ETDRS letters at home and in
clinic, a correlation coefficient of 0.2 between left and right eyes of
the same patient, a standard deviation of 8 letters, an equivalence
margin of 7 letters, and a type I error rate of 5%, we needed 148
patients (or 276 eyes) to achieve 90% power and 105 patients (or
210 eyes) to achieve 80% power.17 Sample size calculation was
based on 5000 Markov chain Monte Carlo simulations.

Results

Study Population

Three hundred three patients were contacted and offered the
chance to enroll in the study. Of these, 195 patients declined
or did not complete the study, leaving a study population of
108 patients (209 eyes) who completed the measurements at
home and in clinic. Demographic and ocular characteristics
of patients who were offered participation are summarized
in Table 1. The average age of the study population was 52
years (range, 19e83 years), and 65% of the patients were
women. The clinics attended by the study population
included comprehensive ophthalmology (28%), glaucoma
(19%), retina (18%), cornea (16%), neuro-ophthalmology
(10%), and oculoplastics (10%). The study population was
diverse in primary diagnoses, with the 2 most common
diagnosis categories being refractive error (20%) and glau-
coma (19%). The only covariate found to be associated with
participation in the study was VA because patients who
completed the study were more likely to have better VA in
their worse eye than those who declined or did not complete
the study (P ¼ 0.01).

Visual Acuity at Home versus in Clinic

Visual acuity results at home and in clinic are summarized
in Table 2. The mean�standard deviation ETDRS letter
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scores at home and in clinic were 75 � 11 letters (Snellen
equivalent, 20/32) and 79 � 11 letters (Snellen equivalent,
20/26), respectively. The difference in letter score was 3.9
� 5.8 letters (90% CI, 3.1e4.7 letters). The adjusted letter
difference was calculated using a model to control for
demographic variables, intraocular pressure, and baseline
VA and resulted in an estimated mean letter difference of
4.1 letters (90% CI, 3.2e4.9 letters). These values are
within the study’s prespecified 7-letter equivalence
margin. Therefore, the home test is equivalent to the clinic
test in our cohort.

Figure 3 shows a Bland-Altman plot of the differences in
letter scores at home and in clinic. The mean absolute dif-
ference in letter score (absolute value of clinic letter score
minus home letter score) was 5.2 � 4.6 letters (90% CI,
4.6e5.9 letters). Eighty-nine percent of patients showed an
absolute difference of 10 letters or fewer, and 98% of pa-
tients showed an absolute difference of 15 letters or fewer.
Across the board, scores tended to be higher on the clinic
test compared with the home test. In fact, only 2.9% of
patients showed home scores that exceeded clinic scores by
more than 5 letters. Table 3 shows the unadjusted letter
differences and absolute letter differences broken down by
clinic VA. Although this study was not powered to
evaluate the bioequivalence for individual subgroups, most
of the 90% CIs for letter score difference fell into the
equivalence interval of e7 to 7, except for group with
clinic VA of 61 to 70 letters, in which the 90% CI, 1.8 to
7.1 letters, fell slightly outside the boundary. For absolute
score difference, the 90% CIs for the groups with clinic
VA of 0 to 60 letters and 61 to 70 letters fell outside the
equivalence interval (90% CIs, 3.75e7.62 and 3.67e8.22
Figure 3. Bland-Altman plot showing the differences in letter scores at home
shows average pure difference in letter score.
letters, respectively). Independent of the other covariates,
increased clinic VA was associated significantly with
increasing letter difference (b ¼ 0.206; P ¼ 0.006), but
not with absolute letter difference (b ¼ 0.003; P ¼ 0.95).

Barriers and Ease of Use

Few study participants reported barriers to using the printout
chart at home, as shown in Table 4. Ninety-eight percent of
patients agreed or strongly agreed that the VA test was easy
to set up and perform, and 94% of patients reported that they
would be willing to perform the test at home. Technology
access, confidence in accurately completing the test, clarity
of instructions, and level of vision were barriers in less than
5% of participants.

Discussion

This study is important because it evaluated a simple,
scalable method to measure the VA of patients for tele-
ophthalmology visits. We found that the printout ETDRS
chart used at home accurately predicts the VA that would be
measured in clinic in our cohort with an adjusted letter
difference 90% CI of 3.2 to 4.9 letters.

These findings sufficiently validate the home testing
protocol because they are consistent with previously re-
ported testeretest variability values for ETDRS charts used
in clinic. Our equivalency cutoff of 7 letters is well within
the expected testeretest variability of ETDRS charts, which
range from 0.07 to 0.19 logMAR, or up to approximately 2
lines of vision.19e29 The testeretest variability of Snellen
charts has been reported to be worse, as high as 0.24
and in clinic. Dot size is proportional to the number of patients. Blue line

5



Table 3. Adjusted Difference in Visual Acuity Letter Score by Clinic Letter Score

Clinic Letter Score

Adjusted Difference* in Letter Score Absolute Difference in Letter Score

Mean � Standard Deviation 90% Confidence Interval Mean � Standard Deviation 90% Confidence Interval

0-60 0.3 � 7.5 e2.6 to 3.2 5.5 � 5.0 3.8e7.6
61-70 4.3 � 6.9 1.8e7.1 5.8 � 5.6 3.7e8.2
71-80 3.5 � 5.7 2.2e4.8 5.2 � 4.2 4.3e6.1
81-85 4.2 � 5.9 2.8e5.7 5.0 � 5.2 3.8e6.4
86-90 5.1 � 4.0 4.6e6.2 5.2 � 3.9 4.2e6.3

*Presented as clinic score minus home score.
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logMAR and 0.29 logMAR when measuring by letter and
0.33 logMAR when measuring by line.22,23 That is, the
difference between the home and clinic ETDRS vision
charts on average in our cohort is no greater than the
variability typically seen in subsequent measurements
performed in clinic with Snellen or ETDRS charts.

Our findings also are consistent with a recently published
study from England by Crossland et al30 that is the only
other existing research on a home VA test. In the study of
100 adult patients, patients’ VA measurements using a
home chart similar to the one used in our study were
compared with their last recorded VAs in clinic. The
difference was 0.10 logMAR, the equivalent of 5.0
ETDRS letters.30 The clinic VA score was more than the
home VA score, just as it was in our study.

Limitations of this study include its generalizability. It is
possible the study population had a self-selection bias
because patients with more familiarity with technology may
have been more likely to participate. Additionally, the
exclusion of eyes with a baseline VA worse than 20/200
limits generalizability to patients with very poor vision
because the chart does not include VA assessment beyond
20/200. Furthermore, this study is not generalizable to pa-
tients with a non-English primary language because these
patients were excluded. Future studies could test the validity
of a VA test based in another language such as Spanish.
This study’s generalizability is limited to patients 18 to 85
Table 4. Survey Responses

Question Data

Ease of use
“The home visual acuity test

was easy to set up and perform”

Strongly disagree 0 (0)
Disagree 1 (1)
Neither agree nor disagree 1 (1)
Agree 26 (24)
Strongly agree 80 (74)

Barriers to completion
Barrier experienced Yes No

Lack of access to technology 2 (2) 106 (98)
Lack of confidence to perform
accurately at home

4 (4) 104 (96)

Lack of clear instructions 5 (5) 103 (95)
Reluctance to try at home 6 (6) 102 (94)
Vision is too poor 0 (0) 108 (100)

6

years of age who have a primary language of English, access
to a computer and printer, and VA of 20/200 or better.

Other limitations include the variable time between the
home and clinic measurements, which ranged from a few
hours to 7 days among different patients, and the possibility
of differences in effort and fatigue between measurements at
home and in clinic. It should be noted that the VA assess-
ments were tests of habitual VA, with patients instructed to
wear their current glasses or contact lenses. Because pinhole
vision was unable to be assessed by patients at home, we are
unable to confirm whether the refractive error of patients
was always fully corrected. It is possible that patients who
wear glasses could have forgotten to wear them or could
have worn the wrong pair when performing the home test,
despite the instructions. In addition, the use of different
printers and toner ink by patients could have resulted in
different degrees of contrast on the eye charts. Also, the
amount of lighting at home could have varied among pa-
tients, and not all patients may have measured the 5-foot
reading distance exactly. Still, this study is strengthened by
its prospective nature, large population size, and diversity of
demographic factors and ocular diagnoses.

However, it should be noted that the home test is not for
everyone, particularly patients with VA worse than 20/200.
Patients who have severe eye disease need an in-person
appointment to monitor their progression. However, for
those patients who are undergoing screening for diabetic
retinopathy or glaucoma or who have stable well-managed
eye conditions, this home test can enhance the quality of
teleophthalmology visits. Thus, the home test should not be
used to replace in-person assessments when indicated, but
rather should be used to delay well visits or as a tool that
enhances the value of teleophthalmology visits.

Beyond demonstrating the validity of a home VA
assessment, this study also highlighted the ease of use of the
test among patients willing to embrace the new methodol-
ogy. The provision of simple, clear instructions attached to
the vision chart facilitated favorable responses on the
feedback surveys. The lack of barriers reported by partici-
pants across different ages, diagnoses, and VAs further in-
dicates that the home testing protocol is feasible for a wide
range of patient populations. Although we were unable to
capture adequately the reasons why patients declined to
participate or did not complete the study, the most common
reason was the lack of access to necessary technology such
as a computer or a printer. However, many of these patients
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were still able to participate in telemedicine appointments
through smartphones and tablets. We suggest that home VA
tests include an option to mail out physical copies of the
chart to address this barrier. Additionally, having the eye
care provider educate patients on how to test VA at home
may bolster their confidence and willingness to self-
administer tests in the future.

In conclusion, this study showed that ophthalmologists can
use a home testing protocol as part of their teleophthalmology
routine and anticipate reliable measurements of VA. This
finding will improve the effectiveness and feasibility of tele-
ophthalmology and will enable its expansion across the world,
both during the COVID-19 pandemic and beyond.
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