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Introduction: Proper access to primary eye care is essential in addressing vision impairment, and tele-eye care examinations are a
promising solution that could facilitate this access in many rural or remote areas. Even though remote eye exams are becoming
increasingly frequent, comprehensive tele-eye care exams are still limited by the lack of published data. The aim of this study is to
compare a comprehensive tele-eye care exam with a gold standard in-person primary eye care exam with an emphasis on refractive
measurements, ocular health assessment, confidence level of the eye care providers and patient satisfaction.

Methods: Sixty-six participants underwent two comprehensive eye exams performed by two eye care providers. One was a gold
standard in-person exam, while the other was a remote exam performed by an eye care provider through videoconference. An overall
patient satisfaction survey and a questionnaire for visual comfort with a trial frame from each modality were completed and the eye
care providers scored their confidence level for each test. Exam results and diagnoses were compared between both modalities.
Results: Tele-refraction has a good to excellent agreement with in-person subjective refraction in terms of sphero-cylindrical power
and best corrected visual acuity. There was no statistically significant difference for visual comfort between both modalities. The
agreement between in-person and remote exams for ocular health assessment ranged from fair to almost perfect, but there was a low
prevalence of ocular pathologies within the study sample. The confidence level of the eye care providers and patient satisfaction were
statistically higher in-person.

Conclusion: Tele-eye care appears to be statistically and clinically non-inferior to in-person eye exams, especially for refraction, but
the low prevalence of ocular pathologies somewhat limits the comparison of its efficacy for ocular health assessment. More studies on
comprehensive tele-eye care exams are needed.

Keywords: primary eye care, tele-eye care, tele-ophthalmology, tele-optometry, tele-refraction

Introduction

Primary eye care is described by the American Academy of Ophthalmology as “the provision of appropriate, accessible, and
affordable care that meets patients’ eye care needs in a comprehensive and competent manner”.' Proper access to primary eye
care is essential in addressing vision impairment, which represents a significant global financial burden estimated at $411
billion annually due to productivity losses.”” Fortunately, 90% of vision loss is preventable or treatable, with uncorrected
refractive errors and cataracts being the leading causes of vision impairment and blindness, respectively.” Unfortunately, even
in high-income countries like Canada, access to primary eye care is suboptimal, or even non-existent, in many rural, remote or
northern areas.” Telemedicine is defined as the use of information and communication technologies to provide remote health
care to patients and is a promising solution to improve access to primary eye care, especially in underserved regions of the

world.® For years now, it has been used as a complement or an alternative to in-person encounters between patients and eye
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care providers (ECPs) to screen for specific ocular diseases like diabetic retinopathy, glaucoma and age-related macular
degeneration.””? However, traditional tele-eye care screening programs often exclude refraction and vision function assess-
ment. Self-performed online vision tests are another type of service that cannot be considered comprehensive primary eye
care, since they are unassisted and almost exclusively tested for visual acuity and sometimes subjective online self-refraction
to deliver a spectacle prescription that will allow patients to buy glasses or contact lenses online afterward.'® The American
Optometric Association states that

Direct-to-patient eye and vision-related applications may provide data related to elements of a comprehensive eye exam but do
not constitute patient care and fragmentation of a comprehensive eye exam into components delivered independently is
deleterious and deceptive to patients.'”

The components of an eyecare evaluation have a complex interaction that may trigger different prioritizations of the
components of this evaluation. Hence, it is vital to break each component down in order to discuss the core tenets of each
portion of an eye exam.

Comprehensive eye exams are traditionally performed by ECPs in-person, but technological advances in tele-eye care
in the last few years have enabled remote ones. This modality of eye exams implies that patients must go to a clinic
where an in-clinic technician will assist the remote ECP to perform a hybrid comprehensive exam, which includes both
asynchronous and synchronous telemedicine components.'' Although tele-eye care has rapidly gained popularity during
the COVID-19 pandemic, the scientific literature on remote comprehensive eye exams does not reflect the extent of their
new availability.'>'* Just like in practice, most published studies in tele-eye care focus on remote disease-specific
screening, which means that only a few articles describe protocols that include all three elements of a comprehensive eye
exam: refraction, visual function, and ocular health assessment.'>'® To date, articles on subjective tele-refraction have
reported a statistically significant agreement between in-person and remote measurements, showing that remote manifest
refraction appears to be equivalent to the in-person one.'”'° Lutz de Araujo et al did not compare both exam modalities,
but they studied a tele-eye care strategy implemented in the public health system of southern Brazil and concluded that
refractive errors were the conditions for which subjective tele-refraction had the best ability to fully managed remotely.>’
There are even fewer studies on the remote assessment of visual function, but one study by Randhawa et al described in
2023 how tele-eye care had “fair agreement on near heterophoria but poor agreement on the break and recovery values of
negative and positive fusional vergences” by Risley prism.?!' They also concluded that the fused cross-cylinder for
accommodative testing was not equivalent between the two exam modalities. In terms of remote ocular health assess-
ment, studies often focus on the ability of tele-eye care to diagnose a specific eye disease rather than on its ability to
identify ocular abnormalities during a comprehensive eye exam.?* 24

Consequently, even though there are remote eye exams performed every day throughout the world, practice guidelines
on comprehensive tele-eye care exams are limited by the lack of published data. Most of these guidelines mainly state
that the ECP should respect the same standards of practice regardless of the eye care modality they are using to deliver
care, which often ends up being subject to interpretation for the ECP using telemedicine.'*?°

In order to contribute to practice guidelines for tele-eye care, the aim of this study is to compare a comprehensive
tele-eye care exam with a gold standard in-person primary eye care exam with an emphasis on refractive measurements
(refractive error, best corrected visual acuity (BCVA), visual comfort), ocular health assessment (agreement between test
results and diagnoses), confidence level of the ECP and patient satisfaction.

Methods

The present study uses repeated-measure design to compare tele-eye care and in-person eye exams. Eye care-naive
participants were recruited through social media for students of the University of Montreal, and they provided informed
consent. Exclusion criteria were previous knowledge of primary eye care, acute ocular conditions or diseases and visual
deficiency as defined by the Health Insurance Act (chapter A-29) of Quebec.?” Chronic diseases like diabetic retinopathy
and glaucoma were not exclusion criteria. This study complies with the Declaration of Helsinki, and approval was
obtained from the ethics committee of the Université de Montréal for health research (certificate CERC-21-030-D).
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Each participant underwent two successive comprehensive eye exams, in a random order. One was an in-person gold
standard eye exam performed by an EPC at the optometry clinic of the School of Optometry of the Université de
Montréal. The other was a tele-eye care exam performed by a remote ECP (located in a different room at the same clinic)
with the assistance of an in-clinic technician who was a final-year optometry student. Two investigator optometrists
performed these exams and were randomly assigned to an exam modality for each participant to minimize the effect of
inter-examiner variability.

Both exams were performed according to the clinical guidelines of the Ordre des Optometrists du Québec and the
American Optometric Association and according to Clinical Procedures for Ocular Examination.'®*®?° The participants
first underwent pre-testing with automated instruments performed by an optometric assistant: lensometry, auto-refraction,
keratometry, non-contact tonometry, pachymetry, perimetry, fundus photography and optical coherence tomography of
macula and optic nerve. The pre-testing results were sent to the electronic medical record used by both ECPs and were
therefore a common starting point for both exams. The ECP performed every test of the in-person exam, while the remote
ECP relied on the help of the in-clinic technician to execute testing, except for tests involving the digital phoropter. Some
tests like case history, visual acuity and color vision were delegated completely to the technician since little clinical
knowledge is needed to properly execute them, compared to cover test, extraocular motility (EOM) and pupillary reflexes
that require clinical judgment and interpretation from the ECP. Thereby, the technician recorded videos of these tests and
uploaded them on the tele-eye care platform of DigitalOptometrics™. All test results were added to the electronic
medical record for the remote ECP to review along with the recorded videos before joining the exam using videoconfer-
encing. The remote ECP then performed subjective refraction using a digital phoropter (see Figure 1) and observed the
slit lamp live video of the anterior segments recorded by the in-clinic technician (see Figure 2), which allowed the ECP to
instruct the technician during real-time video transmission when necessary. People in Figures 1 and 2 provided written
informed consent for the images to be published. Tests for both comprehensive eye exams are listed in Table 1, with non-
dilated fundoscopy being the only test that was only performed in-person.

Upon completion of both exams, the participants completed a 5-Point Likert scale questionnaire including four
questions on patient satisfaction between both exam modalities (see Supplementary Figure 1). Participants were also

Figure | Remote ECP Set-Up During Tele-Refraction.
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Figure 2 Desktop View of the Remote ECP During Slit Lamp Live Video Transmission.

asked to choose their favorite eye care modality. Finally, the in-person ECP puts the subjective refraction BCVA results
into trial frames. Using a randomized and double-blind design, meaning that neither the patient nor the in-clinic
technician assisting the patient during the trials knew which trial frame contained the BCVA results from which exam,
monocular distance LogMAR visual acuity was measured with both trial frames. Participants were then asked to walk
and look at a distance of 6 m and visual comfort was then compared between both spectacle prescriptions using another
5-Point Likert scale questionnaire adapted from previous studies measuring patient satisfaction from spectacle correction
(see Supplementary Figure 2).>° Participants were also asked to subjectively rank their overall subjective appreciation

of both trial frame prescriptions. When needed, a spectacle prescription was issued to participants who completed both
eye exams. Comparisons of binocular vision assessments (objective and subjective ocular alignment, sensory fusion,
stereoscopic acuity, and accommodative testing) will be reported in a subsequent publication.

Data Analysis and Statistical Approach
Statistical analyses were performed using SPSS version 28.0.1.0.* For refractive measurements (sphere, cylinder and axis), only
right eyes were considered (n = 66 eyes).>**> Sphere, cylinder and axis values were converted to power vectors spherical

Table 1 Comprehensive Eye Exam Workflows

In-Person Comprehensive Eye Exam Tele-Eye Care Comprehensive Eye Exam

In-Person ECP:
® Case history
® Visual acuity
® Cover test
Accommodative amplitude (<40 y.o.)
Sensorial fusion
Stereoscopic acuity
Color vision
Near point of convergence
EOM?
Pupillary reflexes
Subjective refraction at distance
Subjective refraction at near (240 y.o.)
Heterophoria
Fusional amplitudes
Slit lamp
Non-dilated fundoscopy (90D lens)

Delegated to Technician:
® (Case history

® Visual acuity

Accommodative amplitude (<40 y.o.)
Sensorial fusion
Stereoscopic acuity
Color vision
Near point of convergence
Filmed by technician (asynchronous):
® Cover test
e EOM*
® Pupillary reflexes
Remote ECP:
® Review of the case history
® Subjective refraction at distance
® Subjective refraction at near (240 y.o.)
® Heterophoria
® Fusional amplitudes
Filmed by technician (synchronous):

® Slit lamp

Abbreviation: *EOM, extraocular motility.
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equivalent (Seq), JO and J45 for statistical analyzes, as described by Miller.>® A Bland-Altman Plot was used to analyze the
spherical equivalent between both modalities. Agreement for refraction and BCVA were compared using Intraclass Correlation
Coefficients (ICC) since statistically equivalent results were expected between exam modalities.***” Wilcoxon signed-rank test
was used to compare visual comfort questionnaires. For ocular health assessment, the results of the following tests were analyzed:
entering distance visual acuity, color vision, EOM, pupillary reflexes, anterior segment, and posterior segment. Since the
outcomes of these tests are qualitative and quantitative and have different units of measure, every normal test result, according
to clinical norms, was categorized as “within normal limits” and was given a value of “0”, while abnormal results were
categorized as “outside normal limits” and was given a value of “1””.*° Having every test result represented by a binomial variable
of “0” or “1” to represent respect of clinical norms allowed the use of Krippendorff’s Alpha Coefficient.*® This analysis was used
to compare, between both exam modalities, the ability to identify abnormal test results (“red flags™) using the same tests on the
same participants, except for non-dilated fundoscopy. To compare the agreement for ocular health diagnoses, the authors
developed an index of morbidity adapted to primary eye care, since no published study offered a way to grade the severity of
a diagnosed or misdiagnosed ocular condition. The index of morbidity was used to classify diagnoses according to the follow-up
or referral timeline planned by the ECP who made the diagnosis (see Table 2). The confidence levels of the ECP and patient
satisfaction were analyzed using the Wilcoxon signed-rank test since statistically different results were expected between exam
modalities.

Results

Refractive Measurements

Sixty-six participants (aged 18—61 years, mean (SD) = 29.7 (10.6) y.o.) were included in the study. The dioptric range of
spherical equivalent measured in-person was —8.75 to +2.63 D. Tele-refraction resulted in a median hyperopic overcorrection
of +0.07 D. Figure 3 is a Bland—Altman plot showing the variability of spherical equivalent results differences between tele-
refraction and in-person subjective refraction. The 95% limits of agreement are reported, as calculated using £1.96 SD (0.26
D) from the mean difference of +0.07 D. 98.49% of all spherical equivalent differences are within the limits of agreement and
a clinical tolerance interval £0.50 D centered on the ideal mean difference of zero between methods is shown.'® The ICC
indicates an excellent (>0.90) agreement between both exam modalities for right eye BCVA, spherical equivalent and for the
power associated with a vertically oriented Jackson Cross-Cylinder (JO) and a good agreement (0.75-0.90) for the power
associated with an obliquely held Jackson Cross-Cylinder (J45) (see Table 3). The visual comfort questionnaire included
statements on quality of vision, presence of distortion, dizziness when walking and acceptability to wear prescription daily.
The Wilcoxon signed-rank test showed no statistically significant difference between both trial frames for all four items (see
Table 4). 8% of all participants strongly preferred the prescription obtained in-person against another 8% who strongly
preferred the one obtained remotely. 30% slightly preferred the one obtained in-person, while 32% slightly preferred the one
obtained remotely. 23% were neutral about which trial frame they preferred.

Table 2 Index of Morbidity of Ocular Health Diagnoses

Morbidity Index Follow-up or Referral Timeline Examples of Diagnoses

| None Color vision deficiency

Physiological anisocoria

2 Follow-up PRN Mild dry eye

Mild allergic conjunctivitis

3 Follow-up < 2 years Glaucoma suspect
Choroidal nevus

4 Referral not STAT (mild to moderate Asymptomatic papilledema suspect
emergency) Significant cataract
5 Referral STAT (severe emergency) Retinal detachment

Wet age-related macular degeneration
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Figure 3 Bland-Altman Plot for the Agreement of Spherical Equivalent Measurements Between Tele-Refraction and In-Person Refraction.

Ocular Health Assessment

According to the Krippendorff’s Alpha Coefficient, the agreement between “within normal limits” and “outside normal limits”
was almost perfect for distance visual acuity (a = 0.857) and color vision (a = 1.000), substantial for anterior (a = 0.660) and

Table 3 Power Vectors of Refractive Errors and BCVA Between in-Person and Tele-Eye Care Modalities

Eye Exam Mean Standard Intraclass Lower Limit Upper Limit
Modality Deviation Correlation (95% Confidence (95% Confidence
(SD) Coefficient (ICC) Interval) Interval)
Seq (diopter) In-Person —1.48 243 0.997 0.995 0.998
Tele-Eye Care —1.41 2.48
)0 (diopter) In-Person 0.04 0.42 0.978 0.963 0.986
Tele-Eye Care 0.05 0.40
J45 (diopter) In-Person —0.04 0.18 0.867 0.785 0.919
Tele-Eye Care —0.02 0.16
OD BCVA (LogMar) In-Person —0.08 0.11 0.939 0.901 0.963
Tele-Eye Care —0.08 0.10

Table 4 Visual Comfort with Trial Frame Between in-Person and Tele-Eye Care Modalities

Eye Exam Mean Standard Wilcoxon Signed-Rank
Modality Deviation (SD) Test
Quality of vision In-Person 4.03 0.78 p =049
Tele-Eye Care 4.06 0.84
Presence of distortion In-Person 4.42 0.92 p=0.I5
Tele-Eye Care 4.27 1.03
Dizziness when walking In-Person 4.45 0.96 p=0.39
Tele-Eye Care 4.26 1.09
Acceptability to wear In-Person 3.73 1.03 p=0.75
prescription daily Tele-Eye Care 3.65 1.07
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Figure 4 Percentage of Ocular Health Tests Results Outside of Clinical Norms.
Abbreviations: VA, visual acuity; EOM, extraocular motility.

posterior (a = 0.624) segments, and fair for EOM (a = 0.267).>° No statistical analysis of pupillary reflexes results was
conducted since there were no “outside normal limits” result noted for this test throughout all examinations, regardless of the
eye care modality (see Figure 4). Among all 30 ocular conditions diagnosed by the in-person ECP, two were classified as
morbidity index 1, 20 as index 2, six as index 3 and two as index 4 (see Table 5) None of the participants presented with a
condition that necessitated an immediate referral (morbidity index 5) to secondary or tertiary eye care. Since index 1 and 2
regroup conditions with very little risk of harming patients even if gone unnoticed by the ECP, the agreement for these
conditions was compared to higher morbidity index conditions. An agreement of 86.4% was found for index 1 and 2
conditions and an agreement of 87.5% for indexes 3 and 4. Overall, only four out of 30 conditions were not diagnosed by the
remote ECP, including three index 2 conditions (mostly mild dry eye disease) and one index 3 condition (inactive corneal
pannus). However, the remote ECP also identified four conditions that were not diagnosed in-person, including mild dry eye,
mild blepharitis, and suspicion of papilledema. Upon completion of both examinations, four patients would have been referred
by the remote ECP for further investigation in secondary eye care for one case of narrow iridocorneal angles and three cases of
papilledema suspects, for a total of four patients who could not be entirely managed through remote primary eye care. The in-
person ECP ruled out one of these cases of suspicious papilledema when performing non-dilated fundoscopy and therefore
referred the same three other patients for the same reasons, along with the case of inactive corneal pannus that was sent to the

university dry eye clinic, for a total of four patients that could not be managed by in-person primary eye care alone.

Table 5 Index of Morbidity of Ocular Health Diagnoses Agreement for Tele-Eye Care Compared to
in-Person Eye Care

Morbidity Index Follow-Up or Referral Timeline Agreement Compared to in-Person
Eye Care
| None 100.0% (2/2) 86.4%
2 Follow-up PRN 85.0% (17/20)
3 Follow-up < 2 years 83.3% (5/6) 87.5%
4 Referral not STAT (mild to moderate emergency) 100.0% (2/2)
5 Referral STAT (severe emergency) NA
Clinical Optometry 2024:16 https: 23
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Confidence Levels of the ECP and Patient Satisfaction

The in-person ECP had a mean (SD) confidence level of 5.00 (0.01) compared to 4.30 (0.05) for the remote ECP
(see Table 6). The mean (SD) patient satisfaction for all four items, which included a level of trust in the
accuracy of exam results, ease to communicate, ease to establish a trust relationship with the ECP and
general satisfaction, was 4.95 (0.03) compared to 4.52 (0.08) for tele-eye care (see Table 7). The Wilcoxon
signed-rank test revealed a statistically significant difference between the confidence levels of the in-person
ECP and those of the remote ECP for each eye test (p < 0.001). It also showed that patient satisfaction was
significant statistically different between both eye exams with a p-value lower than 0.001 for every satisfaction
criterion. Both the confidence levels of the ECP and patient satisfaction were higher for the in-person eye care

modality.
Table 6 Confidence Levels of ECPs for Ocular Health Tests Results
Eye Exam Mean Standard Deviation Wilcoxon Signed-Rank
Modality (Ssb) Test
Distance VA? In-Person 5.00 0.00 p < 0.001
Tele-Eye Care 4.70 0.56
Ishihara In-Person 5.00 0.00 p < 0.001
Tele-Eye Care 4.70 0.52
EOMP In-Person 5.00 0.00 p < 0.001
Tele-Eye Care 4.30 0.75
Pupillary reflexes In-Person 5.00 0.12 p < 0.001
Tele-Eye Care 3.50 0.83
Anterior segment In-Person 5.00 0.00 p < 0.001
Tele-Eye Care 4.00 0.64
Posterior segment In-Person 5.00 0.17 p < 0.001
Tele-Eye Care 4.30 0.68
BCVA® In-Person 4.70 0.58 p < 0.001
Tele-Eye Care 4.30 0.59
Abbreviations: *VA, visual acuity; "EOM, extraocular motility; SBCVA, best corrected visual acuity.
Table 7 Patient Satisfaction Levels
Eye Exam Mean Standard Wilcoxon Signed-Rank
Modality Deviation (SD) Test
Trust in the accuracy In-Person 4.95 0.21 p < 0.001
Tele-Eye Care 4.64 0.48
Ease to communicate In-Person 4.95 0.21 p < 0.001
Tele-Eye Care 4.6l 0.63
Ease to establish a trust In-Person 4.94 0.24 p < 0.001
relationship Tele-Eye Care 4.30 0.84
General satisfaction In-Person 4.95 0.21 p < 0.001
Tele-Eye Care 4.52 0.68
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Discussion

This study used a repeated-measure design to compare a remote eye exam with an in-person one. For refractive
measurements, the results obtained with tele-refraction were statistically equivalent to in-person refraction. Tele-refrac-
tion induces a slight hyperopic overcorrection of +0.07 D in terms of spherical equivalence. Blais et al also found a slight
hyperopic overcorrection of +0.08 D using a similar protocol, which is a good indicator of effective accommodation
control during subjective refraction.'” Interestingly, a previous study by Randhawa et al that also used the
DigitalOptometrics™ platform obtained a slight myopic overcorrection for tele-refraction, but in their study, tele-
refraction was performed by a remote refractionist technician instead of a remote eye doctor, which could explain the
myopic overcorrection.'® Overall, both refractive techniques were quite similar once the participant was placed behind
the digital phoropter since they were both performed by an ECP using the same standardized procedure. Apart from the
fact that the voice of the ECP was coming either from the room or from the videoconferencing system, there was very
little difference between the technique of gold standard in-person subjective refraction and tele-refraction. The excellent
agreement for BCVA correlates with the agreement of refractive measurements between both exam modalities, given that
similar spectacle prescriptions should result in similar BCVA.

The only spherical equivalent difference laying outside the 95% limits of agreement can be explained by the fact that
the participant had right-eye esotropia and amblyopia, which may have caused bi-ocular balance to fluctuate from one
refraction to the other. It is also possible that patients with binocular vision disorders have wider fluctuations in their
subjective refraction over small periods of time due to the stability of their accommodation. The chosen clinical tolerance
interval is stricter in other studies comparing two types of subjective refraction, like one by Tousignant et al, but the
“repeatability of refractive error measurements in clinical settings has a certain degree of variability”.>**® Three studies
investigating the inter-examiner reproducibility of non-cycloplegic subjective refractions showed 95% reproducibility
limits for stigmatic data of £0.74D in a study that included 99 cataractous, pseudophakic or healthy eyes, +0.78D in a
study with 40 optometrists who performed refraction on an asymptomatic low myope, and up to £1.71D in a case of
severe ametropia measured by 50 different optometrists.*”** These findings on reproducibility of refractive measure-
ments justify the choice of the £0.50 D limits of non-inferiority for the Bland-Altman analysis.

Considering that a digital phoropter can be controlled as easily by an in-person ECP as by a remote one, tele-refraction
really is not that different from in-person subjective refraction. Compared to cover test, EOM, pupillary reflexes and even slit
lamp that have to be executed by a technician, tele-refraction allows the remote ECP to perform this test without assistance,
using the same instrument and technique. Now that technology in primary eye care allows ECPs to provide subjective tele-
refraction, it might be simply considered as another tool that facilitates the delivery of the same gold standard subjective
refraction. Another promising alternative to in-person subjective refraction is a Conformité Européenne (CE) marked Web-
based test that measures visual acuity and both spherical and cylindrical refractive errors. In their study, Wisse et al found that
it was “valid and safe method for measuring the visual acuity and refractive error in healthy eyes, particularly for mild
myopia”.** Notwithstanding the fact that self-performed online refraction tests are unassisted and isolated from the rest of the
comprehensive primary eye care eye exam, there might be more than one appropriate way to manage refractive errors
remotely if such tools get properly incorporated into a comprehensive primary eye care model.

To the knowledge of the authors, there have previously been no study on the efficiency of delegating the technical part of
collecting ocular health assessment results to technicians under the supervision of an ECP compared to an ECP performing the
assessment alone. However, a study by Marmamula et al compared the efficacy of trained community eye-health workers and
teachers with reference to vision technicians for visual acuity screening and reported no significant difference in their
agreement and diagnostic accuracy compared to those of the vision technician.** The outcomes of their study indicate that,
depending on the level of training of the technician, some exam results like visual acuity can remain accurate even when
delegated to less experienced personnel. Another study by Paudel et al assessed the “clinical competency of 1-year trained
vision technicians in detecting and referring causes of visual impairment in India” compared to an optometrist and found that
these technicians competently detect and manage refractive errors and cataracts, but their referral decisions were incorrect in
21.6% of cases.* Therefore, delegating interpretation of clinical results may lead to improper patient management, which is

why an ECP must always supervise clinical encounters and make clinical decisions.
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Entering distance visual acuity (a = 0.857) and color vision (a = 1.000) had an almost perfect agreement, which can be
explained by the fact that these tests require little clinical judgment and are performed in the same way in-person and remotely,
with the only difference being that they are delegated to the in-clinic technician in tele-eye care. The fact that the agreement
was almost perfect between how many “outside normal limits” results were found in-person versus remotely indicates that
these two tests may be safe enough for delegation when the in-clinic technician is trained properly.

For pupillary reflexes, the sample of participants did not include any pupil abnormality and therefore no statistical
analysis was made. Even though tele-eye care did not identify any false-positive for pupillary reflexes, a larger sample
including more pupil abnormalities would be necessary to better evaluate the efficacy of recorded videos for pupillary
reflexes remote assessment. With the agreement for statistical equivalence between “within normal limits” and “outside
normal limits” results being fair for EOM (a = 0.267), a McNemar analysis testing for statistical difference was
performed and showed that there was no statistically significant difference for EOM (p = 0.063), even though statistical
equivalence was not perfect. EOM was the test with the weakest agreement between exam modalities. Just like pupillary
reflexes, the evaluation of EOM is subjective and subtle abnormalities can easily go unnoticed. Both these tests were
filmed by in-clinic technician, but some technical issues made the asynchronous review by the ECP more challenging,
which probably affected their confidence levels for these tests. Indeed, the angulation of the webcam was unstable from
one participant to another since it was set up on a telescopic arm on the slit-lamp table to facilitate its placement in front
of the participant sitting in the exam chair. The automatic focus feature of the webcam made it hard to maintain proper
focus on the eye of the participants when the transilluminator or the ruler entered the field of view of the camera. Dark-
pigmented irises were also easily saturated by the transilluminator during pupillary reflexes, which lowered the contrast
between the iris and the pupil. Due to these filming issues, live videorecording might be more appropriate to try and
address technical issues as they arise. The ECP could tell the technician when the point of view of the webcam is
suboptimal for him to correct right away when possible. Even though an infrared webcam could address the image
saturation issue for pupillary reflexes, a more objective way to evaluate EOM and pupils would probably be more reliable
than recorded videos. In fact, since these two tests can be tricky to perform even by an in-person ECP, the automatization
of these tests using objective measurements with instruments would be even more useful in tele-eye care where the data
acquisition is complex and technician-dependent. It would simplify delegation and technician training as well as data
review by possibly allowing automated comparison with a normative database. An eye-tracker system capable of
detecting subtle motility restriction could possibly increase the efficacy of tele-eye care examinations, although none
has been commercialized for this exact purpose so far. Binocular pupillometry would also be an objective and reliable
addition to remote comprehensive eye exams. A study by Cohen et al found that a binocular pupillometer “detected
clinically significant RAPDs with high sensitivity and specificity”.*®

The anterior (a = 0.660) and posterior (a = 0.624) segments results had substantial agreement between exam modalities.
Statistical equivalence represents the ability of slit-lamp evaluation and fundus photo analysis to identify “red flags” in terms
of ocular health, which is crucial in order to identify as many ocular conditions as possible and to diagnose them properly.
Even though the agreement is not perfect for these two tests, most conditions were properly diagnosed by the remote ECP. Just
like for EOM, the McNemar analysis showed no statistically significant difference for both anterior (p > 0.999) and posterior
(p > 0.999) segments. The agreement between both exam modalities is similar for lower and higher morbidity index
conditions, but lower index conditions were much more prevalent in the study sample, especially for morbidity index 2
conditions. In terms of conditions that could not be managed remotely, just as many got referred for further investigation,
either for an in-person follow-up or for referrals to secondary eye care. However, in addition to misdiagnosing three cases of
mild ocular surface issues like mild dry eye, tele-eye care did not report an inactive corneal pannus that was reported by the in-
person ECP and could not rule out a papilledema based only on the slightly blurred fundus photo. Once again, slit-lamp videos
were reviewed asynchronously, but live videoconferencing might be more appropriate to optimize the ocular health assess-
ment by allowing the remote ECP to guide the in-clinic technician through the slit-lamp routine when abnormalities are
identified. The main limiting factor of this study in determining the efficacy of tele-eye care in ocular health assessment is the
small prevalence of eye disease in our sample, especially for higher morbidity index diagnoses.

Regarding the perception of tele-eye care among ECPs and participants, it is interesting that both patients and doctors
preferred the in-person examination even though exam outcomes were very similar, especially in terms of refractive
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measurements. A possible reason for the confidence level of the ECP to be higher in-person is the fact that both
investigators were new to remote eye exams. Their level of confidence may have been influenced by their limited
experience with tele-eye care. Also, patient satisfaction results should be interpreted considering that every participant
lived in areas an urban area with easy access to primary eye care. It is unclear what level of appreciation patients from
underserved areas would have towards tele-eye care. Some of these communities could show a high degree of interest in
tele-eye care, but it could also be perceived as culturally inappropriate by some others like indigenous ones for instance.

Due to the exclusion criteria, this study offers no data on the efficacy of tele-eye care for pediatric patients, children, and
low vision patients. The study sample size was also too small to include pupillary abnormalities. Another limitation is the fact
that there are various tele-eye care platforms available and therefore many other ways to execute remote eye exams. The
generalization of the results of this study is therefore limited to remote eye exams performed using a similar hybrid workflow
to the one described, especially for video transmission that can be either synchronous or asynchronous. The training of the in-
clinic technician also limited this study since it was probably not representative of the level of training of an in-clinic
technician in a regular tele-optometry clinic in Canada. The final-year optometry student in this study may have been
overqualified since opticians or optometric assistants without specific training in tele-optometry can work as in-clinic
technicians in Canada. This might have increased the efficacy of the tele-eye care eye exam compared to a remote eye
exam workflow that would involve an in-clinic technician with less training and knowledge on tele-optometry.

Although comprehensive tele-eye care exams have the potential to improve access to eye care, there are also
limitations to this type of remote service. Its structure relies greatly on proper internet connection, making these
exams technology-dependent since the stability and speed of the connection can alter the efficiency of the exam. In
some remote areas with unstable connections, this may present as a barrier. This exam modality also requires the remote
ECP to delegate many techniques to an on-site technician, even though technical knowledge and clinical judgment are
necessary to perform some of the tests. Therefore, the level of training and experience of the technician might influence
the quality of the data collection. Tests that require clinical judgement should be observed synchronously by the remote
ECP to assure he or she can intervene during the tests to instruct the technician when necessary. This would allow the
remote ECP to have more control over the quality of the data provided by the on-site technician. Another issue with tele-
eye care is that some tests like dilated fundus examination or retinoscopy cannot be delegated or even recorded with
videos as easily as other tests like cover test or slit lamp, which means that in-person encounters are inevitable in many
cases, especially for young children.

Conclusion

This study aims to compare a comprehensive tele-eye care exam with a gold standard in-person primary eye care exam in
terms of refractive measurements, visual comfort, ocular health assessment, confidence level of the ECP and patient
satisfaction. It confirmed that tele-refraction is statistically and clinically non-inferior to in-person refraction and allows
to remotely screen and manage vision impairment secondary to uncorrected refractive error, even though the study
sample was limited due to the number of participants and the low prevalence of ocular pathologies. It also showed that
tele-eye care allows remote ECPs to properly identify most of the clinical ocular health abnormalities encountered in the
study as accurately as in-person eye exams, which led to similar diagnoses between both eye care modalities. However,
ECPs were less confident when assessing patients remotely, just as patient satisfaction levels were higher for in-person
exams. Even though tele-eye care is very technician-dependent, remote eye care providers should have the ability to
guide the in-clinic technician when necessary and observe tests in real time, especially for the assessments that require
more advanced training to perform properly or more clinical judgement to analyze. This study brought forward new data
for stakeholders to consider regarding access to primary eye care. Additional studies on tele-eye care would increase the
knowledge base on the potential of remote primary eye care exams, especially for binocular vision assessment, pediatrics
and low vision patients and cost-effectiveness analysis. Future studies should aim towards recruiting larger samples of
participants and do so within populations that are more likely to present ocular pathologies like in actual remote settings

lacking access to primary eye care.
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