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ABSTRACT

Refraction is an important part of a comprehensive eye examination, and when performed remotely
through information and communication technology or when its results are transmitted for remote
analysis, this procedure is called tele-refraction. Uncorrected refractive errors are the main reason for
consultation in primary eye care, and an increasing number of eye care providers offer tele-refraction
services in response to the global demand. Even so, very little literature exists on how the correction
of refractive errors can be managed through tele-eye care. The objectives of this review are to
examine the integration of tele-refraction in different eye care models and to report the existing
findings regarding patient satisfaction towards tele-refraction and the efficacy of tele-refraction.
Searches were undertaken on Medline, Embase, EBM Reviews, CINAHL and Web of Science to identify
relevant articles. All original studies describing a clinical tele-refraction service and its outcomes were
included. Out of 1322 articles, 15 were retained for analysis and have shown that tele-refraction has
been provided for general eye care (n = 10; 67%), refractive-only examinations (n = 3; 20%) or disease-
specific screening (n = 2; 13%). Ten (67%) had a hybrid telemedicine modality. Given the small
number of included studies and the lack of outcomes comparing refractive errors between face-to-
face and remote refraction, it is concluded that the current scientific literature does not reflect the
increasing availability of tele-refraction in clinical practice. More studies on remote refraction should
be conducted to better understand its efficacy, cost-effectiveness and impacts on patient satisfaction
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and management.

Introduction

Telemedicine is defined as the use of information and com-
munication technologies (ICT) to provide remote health care
to patients.” It can be classified within the following cate-
gories: store-and-forward, real-time and hybrid telemedicine.
Store-and-forward is the asynchronous component of tele-
medicine and refers to the in-person collection of data fol-
lowed by a remote analysis by a specialist, while real-time
telemedicine implies that data are collected and reviewed in
a face-to-face videoconference with the care provider.” The
hybrid modality, often used in specialities relying on medical
imaging like in tele-eye care, allows for a remote review of the
collected clinical data before or after live teleconsultations.?
Tele-eye care is a branch of telemedicine that includes both
tele-ophthalmology and tele-optometry. In this review, tele-
ophthalmology is considered the use of telemedicine to perform
medical and surgical interventions in a secondary or tertiary level
of care, while tele-optometry refers to the provision of remote
primary eye care through telemedicine such as comprehensive
eye exams, disease-specific screening and treatment of certain
eye conditions.*> Up to now, tele-optometry in diabetic retino-
pathy screening has been well studied,® but it may also target
other eye conditions, such as uncorrected refractive errors.
When refractive measurements are analysed remotely, this
procedure is called tele-refraction.” It can either be self-
performed online by patients with app-based refractive tests
on their cellphone® or be a clinical service, with on-site staff
assisting the patient while the eye care provider is working
remotely. However, the American Optometric Association con-
siders that self-administered eye care ‘does not constitute

telemedicine in optometry unless used under the direction of
a doctor of optometry’.? Since eye care management depends
highly on clinical judgement and because asymptomatic eye
diseases are often diagnosed through opportunistic
findings,'®"" this review focuses on the clinical type of tele-
refraction in which an eye care professional is involved remotely.
According to the World Report on Vision,'? uncorrected
refractive errors constitute the leading cause of visual impair-
ment globally. Due to the high prevalence of uncorrected
refractive errors, Fricke et al.'®> estimated in 2012 that
‘approximately 47,000 additional full-time functional clinical
refractionists and 18,000 additional ophthalmic dispensers
would be needed to deal with all cases of vision impairment
due to uncorrected refractive errors’. In order to respond to
the increasing demand for optometric care, many tele-
optometric services and devices, such as the platforms of
DigitalOptometrics® and 20/20NOW™, have recently
emerged on the market, allowing eye care providers to offer
remote services to many thousands of people over the past
years.®' Precise figures regarding the magnitude of use of
tele-optometric examinations performed each year in coun-
tries like the United States are not available, since providers
are not in the obligation to share that kind of data publicly.
The Covid-19 pandemic has been a turning point in wide-
spread acceptance towards technology in health care and
a considerable trigger of this recent tendency towards remote
eye care."”"” As a result, some general guidelines on tele-
optometry have been adopted by various professional associa-
tions and regulatory bodies.>*'® Even though there are
numerous health care professionals and stakeholders involved
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in eye care, there appears to be no clear consensus on how
clinical remote refraction can be used remotely and how it
compares to in-person clinical standards of care.

While there is an increasing uptake of tele-refraction by
eye care providers worldwide, there is also a scarcity of litera-
ture on how to judiciously integrate it within models of
comprehensive primary eye care. This scoping review was
conducted to examine the integration of tele-refraction in
different eye care models and to report the existing findings
regarding patient satisfaction towards tele-refraction and the
efficacy of tele-refraction.

Methods

The protocol of this review was not published a priori and
was conducted using the Preferred Reporting Items for
Systematic reviews and Meta-Analyzes extension for
Scoping Reviews (PRISMA-ScR).'® In order to identify rele-
vant studies, the search strategy detailed in Appendix
A was developed with a reference librarian at the Health
Library of the Universite de Montreal. Searches were under-
taken on Medline, Embase, EBM Reviews, CINAHL and Web
of Science on August 3™, 2021 and were not time con-
strained. Gray literature including clinical guidelines from
different countries (see Appendix B) was also manually
searched with the main research terms (telemedicine, tele-
ophthalmology, tele-optometry and tele-refraction). All
search results were imported in Covidence systematic
review software (Veritas Health Innovation, Melbourne,
Australia. www.covidence.org), in which duplicate articles
were removed.

The identification, screening and selection process are
detailed in a PRISMA Flowchart®® shown in Figure 1. An
optometry student (NB) performed the first screening of all
records for title, abstract and, as needed, full text. The same
investigator as well as an eye care professional (JMH)
screened all remaining full text records for eligibility.
A manual search of reference lists of included articles did
not provide new publications, but additional records were
identified through searching on Google Scholar and also
through hand-searching relevant reviews and key journals
like the Investigative Ophthalmology & Visual Science (IOVS)
ARVO journal. These additional records were either added to
the included dataset or excluded after full text screening.
Conflicts for full text eligibility were resolved by mutual
agreement between the two reviewers.

To be included, each article must have reported on objec-
tive and/or subjective refraction with the transmission and
remote analysis of refractive measurements. It had to provide
outcomes specific to refractive results. In alignment with the
objectives of this review to examine the integration of tele-
refraction in different primary eye care models, it was decided
that an eye care professional must have been involved in the
remote analysis of transferred refractive data in every
included article. It also must have been written in French,
English or Spanish and the full text of the article had to be
available unless it was a conference proceeding. All study
designs were included, except reviews and published
protocols.

For each study that met inclusion criteria, a single investi-
gator (NB) extracted year of publication, country of service,
sample size, primary eye care type and context, in-person and
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Figure 1. PRISMA flowchart for a scoping review on tele-refraction.
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remote tele-refraction provider, tele-refraction modality
(asynchronous, synchronous or hybrid), type of refraction
performed (for example, autorefraction or manifest refrac-
tion), provision of spectacle prescriptions and spectacles,
service description, patient satisfaction and refractive out-
comes (Supplementary Table 1), including the resolution
capacity?' for refractive errors of each study when possible,
which is the ability of each tele-refraction service to fully
address the refractive needs of patients.

The primary eye care type of each article was categorised
in ‘general eye care’ for studies regarding comprehensive eye
care models, ‘disease specific screening’ for studies describ-
ing an investigation method for certain eye conditions or
pathologies and ‘refractive exam only’ for publications focus-
ing mostly on refractive measurements. Primary eye care
context was classified as ‘health care access’, ‘academic
research’ or ‘commercial product’. An Excel spreadsheet was
then exported from Covidence and extraction was reviewed
by the other investigator (JMH). Conflicts were again resolved
by mutual agreement upon discussion between the
reviewers.

Results

The search strategy performed on 3 August 2021 identified
2165 records (517 from Medline; 394 from Embase; 89 from
EBM Reviews; 251 from CINAHL; 907 from Web of Science;
three from NICE Evidence; four from TRIP Database) (Figure 1).
After duplicates removal, 1317 publications underwent title
and abstract screening, out of which 1280 did not meet
inclusion criteria. Many of these excluded records described
diabetic retinopathy or glaucoma remote screening in which
refraction was not performed. Five supplementary articles
were then added to the remaining 37 studies: one from
Google Scholar, one from hand-searching a relevant
review?? and four came from the IOVS ARVO journal.

All 42 records went through full-text screening that
removed 27 articles including eight for wrong design (five
reviews and three published protocols), 11 in which no tele-
refraction was performed and eight due to the absence of
refractive outcomes. A total of 15 publications (11 articles,
four conference proceedings) were retained for analysis and
charting.

Evidence characteristics

The included studies were published between 2011 and 2021
with an increasing number of articles in recent years (47%
published in 2020 or 2021). The tele-eye care services
described in these publications are from five different coun-
tries, the majority taking place in the United States (33%) and
India (33%). These services provided general eye care (n = 10;
67%), refractive-only examinations (n = 3; 20%) including one
for low-vision patients,?®> and disease-specific screening
(n = 2; 13%). All studies took place in tele-optometric settings
due to the primary level of care they displayed.

Most studies were conducted in contexts looking to
improve access to health care (n = 12; 80%). Many took
place in remote or rural areas**® and one was an epidemio-
logical study structured as a community-based screening
program.?® Some also described different eye care programs
ongoing in Brazil*' and in France®® within their public health
system. An American program implemented in the Veteran
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Affairs Healthcare System was also described.'? There were
a few studies (n = 2; 13%) that came from academic
settings’>> and only one (7%) that analysed the efficacy of
a commercial product for remote refraction.>*

Refraction providers

Various care providers were involved in refraction and its
remote analysis. Most studies (n = 12; 80%) had a technician
as an on-site refraction provider.'*#3726:282931-35 glightly dif-
ferent titles were used to designate technicians from one
study to another but based on their role within each protocol,
the following assistants were all considered as technicians:
ophthalmic technologists,®® ocular technicians,?® vision
technicians,®**> ophthalmology technician,®' ophthalmic
technician®*? and mid-level ophthalmic personnel.?® Apart
from technicians, the other on-site refraction providers were
nurses, who shared on-site assistance with technicians in
a study by Lutz de Araujo et al.,*' one paramedical ophthal-
mic officer,?® one orthoptist*° and one optometrist.?’

Ophthalmologists were involved as remote refraction pro-
viders in 13 (87%) studies.'*?'#37323435 One study by Kapoor
and et al.*® had an optometrist or an ophthalmologist as
remote eye care providers and another by Randhawa et al.>
described a tele-refraction service involving a remote refrac-
tionist, whose refraction was then taken over by a remote
optometrist to confirm measurements. One more study by
Blais et al.” report on how two optometry students alterna-
tively played a technician and a refractionist to compare in-
person and remote refractive measurements and patient
satisfaction.

Tele-refraction modalities

In two articles,***” only patients with ocular abnormalities

making them eligible for teleconsultation had their refractive
measurements sent for remote analysis. In the remaining 13
studies, refractive results were systematically transmitted.

Five (33%) studies had a store-and-forward design since
the remote eye care practitioner would review refractive
measurements along with other clinical data when available.
The remote provider would either make diagnoses and treat-
ment plans or give management recommendations to the
on-site provider regarding ametropias and pathologies.
Among these, data transmission was made via an electronic
medical record in two studies,**?' via a secure network in
another one?® and one by Li et al.>* used a telemedicine
platform. The mean used for transferring data was not speci-
fied in one asynchronous study.*?

Ten (67%) articles described a hybrid telemedicine modal-
ity, meaning that there was a teleconsultation between
patients and eye care practitioners during the eye exams.
Some teleconsultations took place during the exams to per-
form remote objective refraction”® or even manifest
refraction”?'*333 or were at the end of the eye exam to review
clinical findings and treatment plans with patients and on-site
providers. Three of these studies used an EMR,****?’ three
more used a telemedicine platform,”?'>* one used a secure
server’> and another used the TeamViewer software to con-
nect to the on-site laptop.”® Two articles did not specify how
data were transmitted for remote analysis.?>?® One study by
Lutz de Araujo et al.2' described how their hybrid model of
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tele-eye care services allowed the ophthalmologist to remo-
tely control various function of on-site robotic cameras like
rotation and zoom to better evaluate patients.

Refractive techniques

Most studies (n = 4; 27%) used only an autorefractor?’?%32 or

wavefront-sensing technology®* to measure refractive errors.
An autorefractor was used in four (27%) studies where in-
person subjective refraction was performed.2*>>>%3 |t was
also used in four (27%) studies where refraction was performed
remotely with digital phoropters enabling remote providers to
control manifest refractions through videoconferencing with
patients.”??*33 Among these four studies, an article by Curtis
et al.”* described how an ophthalmologist remotely controlled
an automated binocular photorefractor combined with an
adaptor scope accessory. A remote manifest refraction using
a head-mounted digital phoropter was then performed based
on the objective results of the photorefractor.

One study used trial frames instead of a manual or digital
phoropter®' and in three others, no refractive technique was
specified,’®?3> but one mentioned that retinoscopy was
performed when required.?® Only six compared remote
refraction with an in-person modality control group. One
compared spectacles remake rates®’ and five compared
refractive measurements (spherical and cylindrical compo-
nents or only spherical equivalents values).”?*3273% The
refractive outcomes of each of these studies are presented
in the following sections.

Refractive outcomes

Six (40%) studies compared two types of refraction. Maa et al.>?
compared a transmitted autorefraction and face-to-face sub-
jective refraction. The difference between the spectacle pre-
scriptions of both techniques was within American National
Standards Institute for lens manufacturing guidelines.®®
Another article by Maa et al.>' compared the spectacles
remake rate between a cohort of patients with spectacles
prescriptions based on the measurements of the autorefractor
and another cohort whose subjective refraction was used to
prescribe spectacles. They concluded that there was no statis-
tically significant difference between spectacles remake rate
for change in distance prescription between both cohorts.

Using a smartphone with an on-site technician assisting,
Li et al.>* compared wavefront-based autorefraction results
to the prescriptions of a remote eye care practitioner.
Remote prescriptions by the ophthalmologist were based
on the same autorefractor measurements, on the comments
of the technician and on the lensometry of the actual spec-
tacles of the patient, when available. Prescriptions differed
by an average of 0.40 D. Randhawa et al.>* focused on
comparing remotely controlled manifest refraction to in-
person manifest refraction. They found that 90% of prescrip-
tions from tele-refraction were within a clinical range of
+0.50D of spherical equivalent and were therefore equiva-
lent between the two same refractive techniques, but 10%
were given extra spherical minus. Similarly, Blais et al.”
found that 88% of prescriptions were equivalent to a gold
standard prescription based on subjective refraction, within
a clinical range of £0.25 D of spherical equivalent, while 3%
were given extra spherical minus and 9% were given extra
spherical plus.

Curtis et al.®> compared standard refractive equipment

with remote devices between low-vision patients and nor-
mally sighted patients. They concluded that the differences in
spherical equivalent between in-person and remote autore-
fraction (0.701 D) and between in-person and remote man-
ifest refraction (—0.116 D) were clinically acceptable for both
groups of patients.

Apart from these six studies comparing types of refraction,
an additional study by Bon et al.>* provided refractive out-
comes regarding a tele-refraction service. They obtained
a statistically significant improvement of distance and near
visual acuity for patients in a nursing home. The proportion of
low-vision eyes even decreased from 54% to 39% after the
completion of tele-refraction.

Resolution capacity

Another relevant refractive outcome to point out is the reso-
lution capacity of the included services of tele-refraction. This
is defined by Lutz de Araujo et al.?' as ‘the ability to fully
address the eye complaints of patients in primary care with
remote assistance from ophthalmologists’. Among the
included studies, six (40%) stated the prevalence of refractive
errors in their research sample®'?*25-2832 and four (27%)
mentioned the total number of participants in need of new
prescribed spectacles.”>?#?%3> Among these articles, the pre-
valence of refractive errors detected with tele-refraction ran-
ged from 16% in a study by Das et al.,?> without specification
as to whether or not presbyopia was included in this preva-
lence, to 70% for refractive errors and 56% for presbyopia in
a study by Lutz de Araujo et al.?'

Lutz de Araujo et al.?' also found that spasm of accommo-
dation had the highest resolution capacity (90%), followed by
lid disorders (78%), presbyopia (75%) and refractive errors
(77%). Similarly, Misra et al.>* were able to treat 83% of
patients at primary care level, including those who were diag-
nosed with refractive errors. However, in this study, refractive
measurements were only transmitted to a remote ophthalmol-
ogist if an obvious ocular pathology was found, otherwise
refractive errors were entirely handled by the on-site techni-
cian, while Lutz de Araujo et al.’’ had all their patients
undergo a manifest refraction performed remotely by ophthal-
mologists. Muraine et al.>° obtained a resolution capacity of
96% with a store-and-forward manifest refraction, the remain-
ing 4% being mostly children in need of a cycloplegic eye
exam. Their protocol was the first to allow French ophthalmol-
ogists to delegate subjective refraction to orthoptists while no
ophthalmologist was on-site to supervise the delegation.

Refractive error management

Although refractive data were transmitted to the remote eye
care providers in all tele-refraction services, the management
of refractive errors varied between studies. The remote pro-
viders were in charge of making the spectacles prescriptions
for patients in nine (60%) studies,’'26283031:33735 \yhijch
includes two academic studies in which no real prescriptions

were given,”* while the on-site providers were in charge of
making spectacles prescriptions in four (27%) other
articles>*>27:32

No prescription was issued in one (7%) ‘disease-specific
screening’ study by Kapoor et al.?® that described the use of
a kiosk composed of ophthalmic and systemic instruments for



screening purposes. This systemic and ocular screening
examination generated a report that included results like
the measurements of the autorefractor and it was sent to
patients after revision by a remote eye care practitioner.
Among all included studies, spectacles appear to have been
dispensed in only five (33%).2"2**>273! One (7%) study did
not specify whether or not patients received a prescription or
spectacles.”®

Patient satisfaction

Patient satisfaction regarding tele-eye care was assessed in
only four (27%) studies. According to three of them, between
95% and 99% of attendants were satisfiled with tele-eye
care.?*3%31 One study by Blais et al.” focused more precisely
on patient satisfaction towards remote refraction and found
that their patients, a cohort of people who had easy access to
in-person primary eye care on a daily basis, preferred the in-
person modality. However, most patients trusted the results
obtained remotely just as much and did not notice
a qualitative difference for visual comfort between both spec-
tacles prescriptions in a double-blind set-up.

Discussion

This scoping review aimed to summarise the existing litera-
ture on the integration of tele-refraction in tele-eye care
services and to report the existing findings on patient satis-
faction towards tele-refraction and its efficacy. Although
uncorrected refractive errors are the leading cause of vision
impairment in the world'? and represent the main reason for
consultation in primary eye care, only 15 studies were
included in this review, mostly because refraction is not
often the main subject of interest when studying tele-eye
care. Specific screening for eye diseases like diabetic retino-
pathy and glaucoma are far more present in literature than
refractive error remote management or comprehensive eye
care.

Only a few articles discussed patient satisfaction or com-
pared a type of remote refraction with a gold standard in-
person refraction, which limits our capacity to report on the
efficacy or cost-effectiveness of tele-refraction. This highlights
a clear knowledge gap in those aspects of tele-refraction.
However, there appears to be an increasing interest for tele-
refraction in research, especially for remote manifest refrac-
tion, which may be the most appropriate type of remote
refraction considering its uptake in most recent research.

Three of the included studies reported very high
resolution capacity rates regarding refractive errors when
managed remotely through tele-optometry.?'?*3° The
included studies have also described various tele-eye care
models that had a focus on primary eye care, ocular disease
screening or refractive examination throughout the world,
from low-resource to high-resource settings. The absence of
studies on tele-ophthalmology including refraction may be
explained by the fact that refractive measurements are
usually performed at a primary level of care.

Five (33%) studies”?33'"33 discussed the efficacy of tele-
refraction by comparing the refractive outcomes of tele-
refraction with in-person refraction. Another compared
a remote autorefraction with the spectacle prescription of
a remote eye care practitioners based on the objective
measurements.>* These studies tend to show that different
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types of tele-refraction may be equivalent to in-person in
refractive errors measurements, which is quite promising for
the evolution of tele-refraction. However, the prevalence of
refractive errors and the number of patients in need of new
prescribed spectacles are not outcomes that are compared
between both modalities of refraction. Instead of focusing on
whether two modalities of refraction can detect the same
prevalence of refractive errors, there is more relevance in
knowing whether the refractive measurements resulting
from such modalities are equivalent in terms of clinical and
statistical differences and also in terms of patient satisfaction.

Interestingly, only three (20%) ‘refractive exam only’ stu-
dies were identified in this review. One described a tele-
refraction service and excluded ocular health assessment,**
while another reported on tele-refraction within
a comprehensive model of eye care, by comparing remote
and in-person refraction.” Curtis et al.>®* also conducted
a study on a refraction-only examination for low-vision
patients. The majority (n = 10; 67%) of all publications were
‘general eye care’ studies and described clinical settings in
which patients received a comprehensive eye exam. This
model of tele-optometry may offer better outcomes to
patients compared to specific screening or tele-refraction
services, since patients are not just screened for specific con-
ditions, but rather examined thoroughly and treated for all
presenting ocular conditions.

Among all models of refraction described in the included
articles, those which include both objective refraction and
remotely performed subjective refraction through videocon-
ference are the closest type of refractive management to gold
standard in-person manifest refraction. Indeed, subjective
refraction is more accurate than autorefraction, particularly
in children,®” and leads to better patient satisfaction,*® while
hybrid telemedicine allows for a patient—provider interaction
that is closer to in-person care compared to store-and-
forward telemedicine. Only four (27%) of the included pub-
lications reported the use of remote manifest refraction, but
these represent 57% of all the included articles that were
published since the beginning of 2020.”2"?*33 One of them
by Lutz de Araujo et al.?" stated, at the time of publication in
2020, that their study was ‘the first teleophthalmology
program in the world that performs real-time subjective
refraction’. The three other studies concluded that remote
manifest refraction was equivalent or within an acceptable
clinical difference to in-person refraction in terms of specta-
cles prescriptions.”*33

According to Maa et a autorefraction alone provided
refractive measurements within American National Standards
Institute for lens manufacturing guidelines compared to in-
person manifest refraction. Interestingly, autorefraction was
performed without subjective refraction in 27% of the
included studies (n = 4). Of course, subjective refraction is
not a standard of care in every country, nor in all clinical
encounters like comprehensive examination versus eye dis-
ease screening. For instance, the American Optometric
Association states that ‘autorefraction may be used as
a starting point, but not necessarily as a substitute, for sub-
jective refraction’,*® meaning that a subjective refraction is
necessary for a comprehensive adult eye and vision
examination.

Interestingly, the American Academy of Ophthalmology
states that refraction ‘may be performed objectively by reti-
noscopy, an autorefractor, or a wavefront analyser or it may

I.,32
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be done subjectively’.*® In ophthalmology, subjective refrac-
tion is the preferred standard of care for cooperating patients,
while other means of refraction measurement may be accep-
table in some cases. The World Health Organisation (WHO)
Regional Office for Africa states that optometrists should be
able to ‘determine the refractive status of the eye (subjec-
tively and objectively)’.*® Similarly, the International Agency
for the Prevention of Blindness (IAPB) Refractive Error
Program Committee affirm in their Technology Guidelines
that ‘technology should be used to support the expansion
and improved quality of refractive care, but only in the con-
text of comprehensive eye care - technology should not be
used as a replacement for skilled people performing, or linked
into, comprehensive eye care’.*'

The IAPB Standard school eye health guidelines for low
and middle-income countries also states that ‘objective
refraction can be done by retinoscopy. An autorefractor vali-
dated for use in children can also be used, but this MUST be
followed by subjective refraction’.*? Depending on guide-
lines, autorefractors can be used without subjective refraction
since they are less time-consuming than phoropters and
require less training to use, but subjective refraction remains
the overall clinical standard.

On-site technical assistance is crucial to most services
described in the literature, even though the role of the on-
site providers regarding refraction measurement varied
greatly between studies. In addition to providing physical
human interactions to patients, some of the included studies
emphasised how valuable having a skilled technician on-site
was to perform tele-optometric exams, especially if this tech-
nician played a role in diagnosing ocular conditions.?*>2
Interestingly, a study by Paudel et al.** assessed the clinical
competency of 1-year trained vision technicians in detecting
and managing refractive errors compared to standard opto-
metrists and found that technicians competently detected
83% of refractive errors and made spectacles prescriptions
that were accurate 76% of the time for mean spherical
equivalent and 65% for astigmatism, meaning that the inclu-
sion of properly trained technicians to tele-eye care could
increase the efficacy of future tele-refraction services.
A review by Caffery et al.*2 confirms that ‘appropriate training
on diagnostic instruments and imaging has been identified as
a success factor in tele-ophthalmology’.

Around 80% of studies (n = 12) were conducted to
increase access to eye care and took place in areas lacking
eye care providers, resulting in less travel cost and time for
patients. This echoes literature stating that tele-eye care may
be effective in increasing access to general and specialised
eye care.*" In addition, patient satisfaction was studied in only
four (27%) articles among all the included studies and three
of them reported a high level of satisfaction among patients
benefiting from tele-optometric services. Satisfaction is
a complex metric to measure and to compare between stu-
dies, due to the use of different types of questionnaires and
because patients underwent very different types of tele-
refraction services from one study to another. However, very
similar outcomes of high patient satisfaction are found in
other tele-optometric studies.**™>°

Investigators performing patient satisfaction assessments
after the beginning of the COVID-19 pandemic should con-
sider that acceptance towards remote health care is influ-
enced by the new lifestyle that includes telemedicine more
naturally due to social distancing.>’ Similarly, the lack of

access to in-person care is likely to increase satisfaction
towards remote care,** therefore the level of accessibility to
in-person cares should also be taken into account when
assessing the patient satisfaction of a certain population.

Studies describing online refraction and other self-
administered types of refraction were not included in this
review since they are non-assisted and therefore not compa-
tible with clinical tele-optometry. In fact, in agreement with the
results of Jeganathan et al.,>* Tousignant et al.>®> compared the
accuracy of a smartphone-based refractive device, assisted and
unassisted by an on-site refractionist, with in-person manifest
refraction. They found that such self-performed refraction may
induce a significant myopic overcorrection, especially when
performed without professional assistance, and lowered levels
of visual acuity, subjective preference and visual comfort.
However, a study by Wisse et al.>* compared a web-based
refractive tool with in-person manifest refraction and obtained
results indicating that online eye testing is ‘a valid and safe
method for measuring visual acuity and refractive error in
healthy eyes, particularly for mild myopia’.

Unfortunately, an issue with online refraction is that
patients using it may be led away from the need for
a comprehensive eye exam, which includes ocular health
assessment. Michaud and Forcier,'® as well as Robinson,'
have stated that a significant percentage of patients with
eye disease are asymptomatic, which means that online
refraction services and other self-administered refractive
tests are likely to miss more opportunistic findings than clin-
ical tele-optometry.

Limitations

The findings of this review should be considered in light of
certain limitations. First, having only one reviewer involved in
the initial screening for title and abstract introduces a bias for
the primary selection of articles that could have been avoided
by performing screening with two reviewers form the start.
Second, a significant number of additional articles were iden-
tified through hand-searching relevant reviews and journals,
which suggests that the search strategy, including the initial
choice of databases, might have needed to be reconsidered
to include other search resources that include conference
proceedings, such as ARVO'’s IOVS Journal. Also, the fact
that eight articles describing a tele-eye care model that
included tele-refraction were excluded in the screening pro-
cess, due to the absence of refractive outcomes, limited the
extend of this review. Finally, this review was unlikely to
capture all existing models of tele-eye care services, which
are in growing numbers globally, since many exist without
being described in scientific literature and academic
research.'”

Conclusion

This scoping review examined the integration of tele-
refraction in tele-optometric services, including comprehen-
sive models of tele-eye care, eye disease screenings and
refractive errors remote management. It also reported the
existing findings regarding patient satisfaction and the effi-
cacy of tele-refraction. Given the small number of included
studies and the lack of outcomes comparing refractive mea-
surements between face-to-face and remote refraction,



insufficient evidence is found to pronounce conclusions
regarding its efficacy, cost-effectiveness and its impacts on
patient satisfaction and management.

Considering the rapid growth of refractive devices and
services on the tele-eye care market and the fact that these
new technologies are now used on thousands of patients
every year," more studies on remote refraction should be
conducted to better report on these aspects. However, this
paper did demonstrate that different types of tele-refraction
can be equivalent to in-person refraction and that the accu-
racy of manifest refraction is preferred to the convenience of
autorefraction. The reported resolution capacity of tele-
refraction will most probably facilitate its integration into
many more comprehensive models of tele-eye care.
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Appendix A. Medline search strategy

Database(s): Ovid MEDLINE(R) ALL 1946 to August 02, 2021 (search performed on August 03, 2021)

((mobile or tele or remote*) adj20 (eye refraction? or ocular refraction? or refractive error? or refractive disorder?
or Ametropia? or subjective refraction? or manifest refraction? or objective refraction? or retinoscopy or

1 autorefraction? or auto-refraction? or autorefractor? or auto-refractor?)).tw. 33
((teleop* or tele-optom* or tele-ophtalm* or teleeye or tele-eye or telemedecine or tele-medecine* or
teleglaucoma or tele-glaucoma) and (eye refraction? or ocular refraction? or refractive error? or refractive
disorder? or Ametropia? or subjective refraction? or manifest refraction? or objective refraction? or retinoscopy
2 or autorefraction? or auto-refraction? or autorefractor? or auto-refractor?)).tw. 7
A (Telerefraction) 3 lor2 39
4 telemedicine/ or exp remote consultation/ or Videoconferencing/ or Telenursing/ 34709
(telehealth or telemedic* or emedical* or emedici* or ehealth or mhealth or e-health or m-health or teleconsult*
5 or telediagnos* or teleconferenc* or videoconferenc* or medical telecommunication? or telenursing).tw. 31768
((mobile or tele or remote) adj (health or consult* or conferenc* or video-conferenc* or diagnos* or screening?
6 or referral? or care or healthcare or nursing)).tw. 7130
7 (virtual adj (care or healthcare)).tw. 452
B (Telepractice) 8 4or5or6or7 51596
vision tests/ or refraction, ocular/ or vision screening/ or visual acuity/ or emmetropia/ or exp contact lenses/ or
9 eyeglasses/ 109295
((vision or visual or oculovisual or oculo-visual or ocular or eye* or glasses or eyeglasses) adjl (screen* or acuit*®
10 or resolution? or test* or exam* or prescri*)).tw. 86151
(eyesight? or eye sight? or eyecare or eye care or eye refraction? or ocular refraction? or refractor or autorefract*
or auto-refract® or phoropt* or optotype? or optometer? or optometre? or photoscreener? or emmetropi* or
11 contact lens* or eyeglasses or glasses or spectacles).tw. 40891
C (Refractive exam) 12 9orl0orll 170025
refractive errors/ or anisometropia/ or astigmatism/ or hyperopia/ or myopia/ or myopia, degenerative/ or
13 presbyopia/ 33644
(anisometropi* or hyperopi* or hypermetropi* or nearsight* or presbyopi* or myopi* or farsight* or astigmati*
14 or refractive error? or refractive disorder? or Ametropia?).tw. 40737
D (Refractive error) 15 13 or 14 49662
(B AND C) NOT 1st set 16 (8 and 12) not 3 479
(B AND D) NOT (Ist set
OR 2nd set) 17 (8 and 15) not (3 or 16) 12
A OR (B AND (C OR D)) 18 3orl6orl7 530
A OR (B AND (C OR D))
Limited (for exportation) 19 limit 18 to (english or french or spanish) 517

Appendix B. Sources searched for grey literature

National Institute for Health and Care Excellence (NICE), UK

TRIP Medical Database, UK

BMIJ Best Practice (British Medical Journal)
Canadian Ophthalmological Society (COS)
The Canadian Association of Optometrists (CAO)

Canadian Medical Association (CMA)

American Academy of Ophthalmology (AAO)
American Optometric Association (AOA)

The College of Optometrists, UK

International Council of Ophthalmology (ICO)
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