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Purpose: To evaluate the agreement of a home vision screening test compared to standard
in-office technician-measured Snellen visual acuity to allow for remote screening and tria-
ging of patients.

Patients and Methods: In this prospective study, English-speaking patients with in-office
ophthalmology appointments from May to August 2020 and visual acuity better than 20/125
were asked to complete a home vision test one week before their scheduled in-office
appointment. The home vision test was a modified ETDRS chart displayed in a PDF
document that could be printed or viewed on a monitor. The primary outcome was the
mean difference between office-based and home visual acuity.

Results: Eighty-two eyes of 45 patients were included in the study with 45 study eyes
analyzed. The mean difference between office-based and home visual acuity was —0.02
logMAR (SD 0.15, P=0.28) among study eyes. Of these eyes, 91% demonstrated agreement
between the two methods within 0.2 logMAR of the mean difference, and 60% had agree-
ment within 0.1 logMAR of the mean difference. There were no significant demographic or
ocular risk factors leading to a greater difference between the tests.

Conclusion: There was good agreement between the home and in-office Snellen tests for
patients with vision better than 20/125. The home vision test can be used to remotely
determine if there is a significant vision change of >0.2 logMAR or approximately 2 lines
of visual acuity.
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Introduction
Home vision screening tests have become an important way to obtain a measure of
an individual’s visual acuity (VA) without an office-based clinic visit, especially in
light of the SARS-CoV-2 pandemic.' Knowing a patient’s VA can help ophthalmol-
ogists remotely triage acute calls, monitor visual recovery after medical or surgical
interventions, and ensure visual stability in follow-up telemedicine visits.
Numerous electronic home vision assessment tools exist, but many of these are
used through applications on mobile or tablet devices.” As such, they may require
access to a specific type of mobile or tablet device, and may be challenging to
navigate for all patients.>* Furthermore, validation of these self-assessment tools is
often lacking, and agreement between the self-assessment tools and office-based
VA is variable, reducing their clinical utility as a screening or triaging method.*¢
Recently, Crossland et al demonstrated that a home-printable vision screening
test, the Home Acuity Test, could be used to measure vision remotely in ophthal-
mology outpatients with a diverse range of eye conditions in the United Kingdom.”
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They demonstrated a mean difference in vision of 1 line on
a vision chart (0.1 logarithm of the Minimal Angle of
Resolution [logMAR], SD 0.17) between the Home
Acuity Test and the last in-office vision assessment
(mean of 1 year) for ophthalmology outpatients in their
strabismus and low vision clinics.” One of the limitations
was a long lag time between the last in-office visit and
home VA assessment of 12 months (range 1-69 months).”

In this study, we assessed a similar home VA assess-
ment that could be self-administered by almost all patients
seen in our ophthalmology department, many of whom are
elderly and may not be as familiar with mobile or tablet
applications, and compared these results to an in-office VA
measured within one week of using the home test. The
home vision assessment test was displayed in a Portable
Document File (PDF), which could be printed or viewed
on a home computer, tablet or mobile device.® The test is
a modified Early Treatment Diabetic Retinopathy Study
(ETDRS) chart developed for use at 5 or 10 feet. Using
this test, we determined how self-measured home vision
testing compared to office-based Snellen VA testing by
a trained technician, the standard method in clinical prac-
tice in the United States (US).” While there are limitations
to the Snellen chart, it still remains the most common
method for VA testing in clinical practice since it is
quick and easy to perform.’

In this study, patients performed the home vision test
one week prior to their in-office visit to reduce the poten-
tial bias of vision change between home and in-office
testing. We hypothesized that the home vision test per-
formed in a real-world setting is comparable to office-
based testing. We determine a priori that clinically signifi-
cant agreement was <0.2 logMAR lines of difference

between the two methods based on prior studies.'!'?

Materials and Methods

This study was a prospective, cross-sectional study.
Patients with scheduled in-office appointments with any
glaucoma provider at the University of California San
Francisco (UCSF) Department of Ophthalmology were
screened for inclusion in the study from May to
August 2020. Exclusion criteria were last in-office VA of
20/125 or worse in both eyes (to allow for a buffer of at
least 2 lines of vision from the upper limit of 20/200 on the
home vision assessment), inability to speak English, or
lack of access to MyChart, the secure patient messaging
portal embedded into the electronic medical record system
at UCSF. All other patients were included and sent

a MyChart message one week prior to their scheduled
clinic appointment with information about the research
study and instructions for completing the home vision
assessment. Patients were asked to respond to the message
with their home VA if they decided to participate, or to
bring their results on the day of their scheduled office visit.
Patients who completed the home visual acuity test and
had a subsequent office-based VA test were then included
in the study. Patients were excluded if they reported acute
deterioration of their vision at their office appointment.

Visual Acuity Testing
Home vision assessment was conducted using the “Letter
Distance Chart” PDF document, a modified ETDRS chart
designed by the University of Arizona for testing at 5 or 10
feet and released for public use in a previous manuscript.®
The charts have a calibration circle the size of a United States
quarter to ensure the test is viewed with correct scaling.®
Patients were asked to use the 5 feet distance for standardiza-
tion, which allows for visual acuity assessment from 20/16 to
20/200. Patients were asked to wear their current corrective
lens for distance, to take the test at home in a place with good
lighting and to test each eye separately (Supplemental File).
Office-based vision testing was performed by a trained
ophthalmic technician in a dimmed room with the Snellen
chart illuminated on a screen. Patients were asked to wear
their current corrective lens for distance and an eye occlu-
der was used to test each eye separately.

Data Collection

Chart review of all patients who completed the home
vision assessment was conducted through the electronic
medical record after their clinic visit. Demographics,
major ocular conditions, office-based Snellen VA, and
home VA were collected and recorded using REDCap
electronic data capture tools hosted at UCSF. The
Institutional Review Board at UCSF approved this study
(IRB 20-32449). A waiver of consent for chart review was
approved since the study presented no more than minimal
risk of harm to subjects and involved no procedures for
which written consent is normally required outside of the
research context. This study followed the tenets of the
Declaration of Helsinki.

Statistical Analysis

A sample size calculation indicated that 33 patients were
needed to detect a logMAR difference of 0.1 between the
office and home vision tests, assuming a paired #-test,
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standard deviation of 0.2, 2-sided alpha of 0.05 and 80%
power. All home and office VA were converted to logMAR
for statistical analysis. Patients only reported their best line
of vision using the home vision test and not the number of
letters per line, so we did not score by letter as is typical
for ETDRS. Given correlation between eyes, data was
analyzed from the right eye unless the right eye VA was
not recorded (ie, in-office VA 20/125 or worse), in which
case the left eye was used; this was referred to as the
“study eye.” If the patient’s fellow eye was included in
the study, it was referred to as the “fellow eye.”

The primary outcome was best-corrected VA in the
study eye using the home vision test compared to office-
based Snellen visual acuity using paired z-test. Bland-
Altman plots were used to compare the agreement between
home and office VA.'® In Bland-Altman plots, the Y axis
shows the difference between 2 paired measurements and
the X axis shows the mean of these measurements. The
limits of agreement are reported for the 95% confidence
interval, computed as + 1.96 standard deviations (SD) of
the mean, and for £ 0.2 logMAR from the mean, which we
determined a priori as the clinically significant definition
for agreement based on the literature.'""'? Paired ¢-test and
univariable regression analysis were performed to deter-
mine if there were predictors for the difference between
home and office VA. Values of P <0.05 were considered
statistically significant. Data cleaning and statistical ana-
lyses were performed using R version 4.0.2 (R Foundation
for Statistical Computing).

Results
From May to August 2020, 45 patients completed the
home vision assessment and were included in the study.
Of these 45 patients, 37 patients had both eyes included
and 8 patients had only one eye included due to VA of 20/
125 or worse in the other eye. In total, there were 45 study
eyes and 42 fellow eyes included. Patient and eye char-
acteristics are listed in Table 1. Patients were on average
66 years old (SD 16 years) and 19 were female (42%). The
most common ocular condition was glaucoma (79%),
since patients were recruited from glaucoma clinics. The
majority of the patients were phakic (67%). Other com-
mon ocular conditions present are listed in Table 1.

The majority of patients had vision 20/40 (0.3
logMAR) or
(Figure 1). The distributions of study and fellow eyes

better with both vision assessments

appeared similar with both vision assessments. The mean
office-based VA was 0.15 logMAR (SD 0.16, range 0 to

Table | Patient and Ocular Characteristics

Patient Characteristics (Total Values
Patients N=45)
Female, N (%) 19 (42%)
Age (years), mean (SD) 66 (16)
Both Eyes Included in Study, N (%) 37 (82%)
Single Eye Included in Study, N (%) 8 (18%)

Right eye 5 (11%)

Left eye 3 (7%)
Ocular Conditions Present Study eyes Fellow Eyes

(N =45) (N =42)

Glaucoma, N (%) 34 (79%) 31 (79%)
Glaucoma suspect, N (%) 9 (21%) 8 (21%)
Lens Status

Phakic, N (%) 30 (67%) 24 (59%)

Pseudophakic, N (%) 15 (33%) 17 (41%)
Myopia, N (%) 8 (18%) 8 (19%)
Uveitis, N (%) 5 (11%) 5 (12%)
Age-Related Macular 1 (2%) 1 (2%)
Degeneration, N (%)

Abbreviations: N, number; SD, standard deviation.

0.6, mean 20/28 Snellen equivalent) and the mean home
VA was 0.17 logMAR (SD 0.15, range 0 to 0.5, mean 20/
30 Snellen equivalent) (Table 2). The office-based VA was
slightly better than the home vision though this was not
statistically significant (mean difference —0.02 logMAR,
SD 0.15, P=0.28). The fellow eyes performed similarly
(Table 2).

The Bland-Altman plot of study eyes (Figure 2A)
showed that 91% of eyes had clinically significant agree-
ment defined as <0.2 logMAR of difference from the
mean difference. 91% of eyes also demonstrated agree-
ment within the 95% limits of agreement (—0.31 to 0.26
logMAR). 60% of eyes had <0.1 logMAR of difference
between the two methods. Examination of the Bland-
Altman plots showed likely increasing variability of dif-
ferences with worse vision, though there were few
patients with VA worse than 20/40. The Bland-Altman
plot of the fellow eyes showed similar findings
(Figure 2B): 83% of eyes demonstrated clinically signifi-
cant agreement (<2 lines of difference from the mean

difference), 89% of eyes demonstrated agreement with
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Figure | Scatterplot of Office versus Home Visual Acuity.

Notes: Visual acuity measured in the office and at home, with the line of equality; Points have been jittered to help with visualization.
Abbreviations: VA, visual acuity; logMAR, logarithm of the Minimal Angle of Resolution.

the 95% limits of agreement (—0.31 to 0.27 logMAR),
and 69% of eyes had <1 line of difference from the mean
difference.

We divided the cohort into those with “good vision”
defined as vision better than or equal to 20/40 (the
requirement for an unrestricted driver’s license in most
states)' and those with vision worse than 20/40 by their
office VA scores. Thirty-eight (84%) of the study eyes
had “good” vision. Interestingly, there was a significant
mean difference between the office and home measure-
ments for the “good” vision group (—0.05 logMAR, SD
0.13, P=0.01), though this was not clinically significant.
For those with vision worse than 20/40, the mean differ-
ence was not significant at 0.13 logMAR (SD 0.17,
P=0.09) (Table 2).

In a univariate regression analysis, age was not corre-
lated with the amount of difference noted between the
home and office vision assessments (P=0.67). There were
also no significant effects on mean difference between the
methods when we examined gender (P=0.28), glaucoma
status (P=0.80), lens status (P=0.37), myopia (P=0.55) or
uveitis (P=0.57).

Discussion

In this prospective, cross-sectional study, we assessed how
patients performed when VA was self-measured at home
using a modified ETDRS chart displayed in a PDF file
compared to office-based Snellen testing. Patients com-
pleted the home test within one week of their office-
based test. Patients enrolled had VA better than 20/125
by Snellen VA. This allowed for a buffer of >2 lines of
vision from the upper limit on the home chart (20/200). In
our study, the majority of patients had “good” vision,
defined as better than or equal to 20/40. There was no
statistically significant difference between the mean office-
based VA compared to home VA. 91% of study eyes had
clinically significant agreement (defined a priori as <0.2
logMAR lines of difference from the mean difference) and
60% of eyes had <0.1 logMAR line of difference from the
mean difference.

In our subgroup analysis, there was a significant mean
difference between the office and home measurements for
those with “good” vision (better than or equal to 20/40),
but not those with vision worse than 20/40. For the
patients with “good” vision, the mean difference was
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Table 2 Comparison of logMAR Visual Acuity Scores

Group N Visual Acuity (logMAR)

Office Home Difference (Office - Home) | P-value
(Mean, SD) | (Mean, SD) (Mean, SD)

Study Eyes 45 0.15 (0.16) 0.17 (0.18) —0.02 (0.15) 0.28
Vision Better than or equal to 20/40 (logMAR < 0.3)* | 38 0.10 (0.11) 0.15 (0.14) —0.05 (0.13) 0.01
Vision Worse than 20/40 (logMAR > 0.3)* 7 0.43 (0.08) 0.30 (0.19) 0.13 (0.17) 0.09

Fellow Eyes 42 0.15 (0.17) 0.17 (0.20) —0.02 (0.15) 0.32
Vision Better than or equal to 20/40 (logMAR < 0.3)* | 38 0.11 (0.11) 0.15 (0.15) —0.04 (0.12) 0.04
Vision Worse than 20/40 (logMAR > 0.3)* 4 0.56 (0.13) 0.43 (0.38) 0.14 (0.30) 0.44

Note: *Grouping based on office visual acuity score.

Abbreviations: N, number; SD, standard deviation; logMAR, logarithm of the Minimal Angle of Resolution.

—0.05 logMAR (SD 0.13, P=0.01), which was not clini-
cally significant and likely within the range of normal
variability for an individual.'"'? Furthermore, our study
was not powered to detect a difference of <0.1 logMAR.
For those with vision worse than 20/40, the mean differ-
ence was more than 1 line of vision (0.13 logMAR, SD
0.17, P=0.09), with eyes performing better with the home
vision test compared to the office test. There were fewer
study eyes in this “intermediate” vision group (N=7) and
additional evaluation is needed with larger sample sizes
powered for subgroup analysis.

In our study, there was no significant difference in test
performance based on age, glaucoma or lens status (phakic
versus pseudophakic). Given that the majority of our
patients had good VA, if they had a cataract, it was likely
not visually significant. Further assessment is needed to
determine how home testing compares to office testing for
those with visually significant cataracts and other ocular
comorbidities that affect VA.

Our
Crossland et al’s paper, which also evaluated office-

study found similar results compared to
based versus home self-assessment using a printable
home vision test.” They evaluated patients from adult
strabismus and low vision clinics. The mean difference
in VA for their patients was —0.10 logMAR (SD 0.17,
range —0.5 to 0.3) with the office test indicating better
vision than home assessment.’” In contrast, our study
found similar results between the tests (mean difference
—0.02 logMAR, SD 0.15). A limitation of their study
was the long duration between office and home assess-
ment (mean of 12 months, range 1-69 months), during
which vision may have deteriorated. This may explain

why their initial office vision was better than the

subsequent home vision assessment. In our study, the
time duration between home to office assessment was
at most 1 week.

A similar study was recently published that evaluated
the same home vision test used in this study for in-office
ETDRS testing.'* They found that the home vision test
was equivalent to in-office technician-administered
ETDRS VA with a mean adjusted VA letter score differ-
ence of approximately 4 letters. One major difference is
that our study compared the home vision test to in-office
Snellen VA. While there are limitations to Snellen charts
including variation in letters per line, spacing around let-
ters, letter size, and progression between lines, it is still the
dominant method for VA testing in clinical practice.” As
such, it is important to know how a home vision test
utilized for screening, triaging and telemedicine compares
to the standard of care for VA testing in the majority of
ophthalmology practices.

One limitation to this study centers on the compar-
ison of Snellen to ETDRS VA tests. ETDRS tests have
theoretical advantages over the Snellen chart, primarily
around standardization of letters and progression. Kaiser
et al demonstrated that Snellen and ETDRS charts actu-
ally have good agreement of less than 1 line in patients
with “good” VA (better than 20/50).° In those with poor
visual acuity (<20/200), there was greater variation in
VA and the difference between the charts was greater at
2 lines. We did not include patients with VA of 20/200 or
worse and the majority of eyes in our study had “good”
VA. Since the agreement between Snellen and ETDRS
charts is 0.1 logMAR for those with “good” VA and our
definition of clinically significant agreement exceeded
that at <0.2 logMAR, our study should theoretically be
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Figure 2 Bland-Altman Plot of Office versus Home Visual Acuity.
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Notes: Bland-Altman plots of the difference between office and home visual acuity (VA) assessments versus the mean of office and home VA assessments for (A) Study eyes
(N=45) and (B) Fellow eyes (N=42). The dashed center line indicates the mean difference and the dashed upper and lower lines indicate the 95% limits of agreement. Shaded
regions represent the clinically acceptable limits of agreement, + 0.2 logMAR from the mean difference. Counts demonstrate number of eyes at each point.

Abbreviations: N, number; logMAR, logarithm of the Minimal Angle of Resolution.

able to detect any differences between the home and in-
office tests that are due to other reasons aside from the
comparison of Snellen to ETDRS charts.

One limitation of all home self-assessment tests is that
they are inherently subject to more variabilities than in-
office vision assessment. In our study, few patients
reported how they used the PDF document: as a printed
version, on the computer or on a mobile/tablet device.
Environmental factors such as the resolution and bright-
ness of the computer screen or mobile device, or the
lighting in the room may affect home vision results.
While we provided detailed instructions, such as testing
one eye at a time, setting the printed vision chart 5 feet
away and wearing distance spectacles, patients may not
have followed these instructions. This is one inherent
limitation of all real-world studies in imperfect conditions
compared to studies in optimized clinical or research con-
ditions. However, the main objective of this study was to
assess if the home vision test could be used as a screening
method with an agreement of <0.2 logMAR from in-office
Snellen testing to detect clinically significant change in
vision that would prompt further in office VA testing.

Other limitations of this study include generalizability.
We limited our enrollment to literate English-speaking
patients with secure messaging access and vision better
than 20/125 from glaucoma clinics. We did not assess

many patients with moderate or more advanced visual
impairment, and there may have been increased variability
between the testing methods for patients with poorer
vision. However, the home vision test does max out at
a visual acuity of 20/200 for a standardized distance of 5
feet, limiting assessment to patients with moderate visual
impairment or better. Furthermore, our study design and
timing during the SARS-CoV-2 pandemic did not allow us
to assess for repeatability. Future directions include enroll-
ment of a larger, more diverse cohort with more patients
with vision worse than 20/40 and standardization of how
patients use the home vision test (ie, printed, on
a computer or on a mobile/tablet device). Lastly, test-
retest reliability should be assessed by having patients
perform both the office and home vision tests more than
once on different days.

In conclusion, our study demonstrated a high level of
agreement between self-measured home vision using
a modified ETDRS chart displayed in a PDF document
and technician-measured office-based Snellen VA. There
was more agreement in those with “good” vision of 20/40
or better compared to those with vision worse than 20/40.
This home vision test is a helpful triaging and screening
tool with potential use in telemedicine in those with VA
better than 20/125 to determine if there is a significant
change in vision of greater than 2 lines.
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