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Abstract
Purpose Technological advances in recent years have resulted in the development and implementation of various modalities and
techniques enabling medical professionals to remotely diagnose and treat numerous medical conditions in diverse medical fields,
including ophthalmology. Patients who require prolonged isolation until recovery, such as those who suffer from COVID-19,
present multiple therapeutic dilemmas to their caregivers. Therefore, utilizing remote care in the daily workflow would be a
valuable tool for the diagnosis and treatment of acute and chronic ocular conditions in this challenging clinical setting. Our aim is
to review the latest technological and methodical advances in teleophthalmology and highlight their implementation in screening
andmanaging various ocular conditions.We present them aswell as potential diagnostic and treatment applications in view of the
recent SARS-CoV-2 virus outbreak.
Methods A computerized search from January 2017 up toMarch 2020 of the online electronic database PubMed was performed,
using the following search strings: “telemedicine,” “telehealth,” and “ophthalmology.” More generalized complementary con-
temporary research data regarding the COVID-19 pandemic was also obtained from the PubMed database.
Results A total of 312 records, including COVID-19-focused studies, were initially identified. After exclusion of non-
relevant, non-English, and duplicate studies, a total of 138 records were found eligible. Ninety records were included
in the final qualitative analysis.
Conclusion Teleophthalmology is an effective screening and management tool for a range of adult and pediatric acute
and chronic ocular conditions. It is mostly utilized in screening of retinal conditions such as retinopathy of prema-
turity, diabetic retinopathy, and age-related macular degeneration; in diagnosing anterior segment condition; and in
managing glaucoma. With improvements in image processing, and better integration of the patient’s medical record,
teleophthalmology should become a more accepted modality, all the more so in circumstances where social distanc-
ing is inflicted upon us.
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Introduction

In recent years, wide-scale implementation of telemedicine
has become possible owing to significant technological ad-
vances that allow its application in a variety of medical fields,

including ophthalmology. Telemedicine is defined as the use
of digital means and information sharing to provide health
care from a distance. The emergence and availability of pow-
erful hardware, advanced software, and fast communication
technologies now allow ophthalmologists to diagnose and
treat a variety of urgent and chronic eye conditions. Caffery
et al. [1] described 62 discrete teleophthalmology models of
care, ranging from screening for eye diseases, various consul-
tative services, triage, remote supervision, educational pur-
poses, and emergency services. Most teleophthalmology ser-
vices rely on digital images captured by primary care physi-
cians or trained technicians who utilize various in-clinic de-
vices for anterior segment and fundus photography. The im-
ages are digitally transmitted to an ophthalmologist for real-
time or later assessment. In ophthalmology, a high-volume
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specialty, telemedicine has the potential to improve patient
experience, particularly in a primary care setting where access
to specialists is not trivial and may offer a cost-effective alter-
native to face-to-face specialist consultation. Furthermore, a
quick and accessible tele-consultation during patients’ routine
primary care visit can highlight those in need of further face-
to-face subspecialty care. This concept may play an important
role in rural areas and poorly resourced countries and regions
in which specialists required for screening and evaluations are
often not available or accessible. Moreover, the use of tele-
medicine can be useful in other special circumstances when
access to medical care is limited, such as during natural disas-
ters or when social distancing is required, as in an infectious
disease outbreak.

The COVID-19 pandemic started in China at the end
of 2019 and continues to expand without clear expecta-
tions as to when this global crisis will end. A patient
suspected of having been exposed to the virus may be
placed in preventive isolation before symptoms occur,
and those who will eventually be found to have become
infected by the SARS-CoV-2 virus may be kept in com-
plete isolation for over a month until recovery [2–5].
During this period, arranging and performing a consul-
tation for an unrelated eye condition may be a challeng-
ing task. Patients suffering from known chronic ocular
conditions such as diabetic retinopathy (DR), age-related
macular degeneration (AMD), and glaucoma, who

require routine ambulatory screening and monitoring un-
der slit lamp examination, as well as patients undergo-
ing monthly anti-VEGF injections, requiring regular
follow-up appointments and auxiliary tests, be it a visu-
al field or an optical coherence tomography (OCT) scan,
are at significant risk of being lost to follow-up.
Common eye emergencies such as retinal detachments
and acute angle-closure glaucoma, which require rapid
diagnosis and intervention by a specialist, are cumber-
some and difficult to address in this setting. Prolonged
quarantine, curfews, and stay-at-home directives may re-
sult in adverse psychological outcomes, including ago-
raphobia and xenophobia; thus, it may discourage pa-
tients to seek immediate medical attention and may limit
their access to appropriate eye care [6]. Additionally, in
light of the strict isolation guidelines, a shortage of
physicians may arise, as medical personnel could be
sent to isolation after a potential exposure to the virus
[7]. Furthermore, examinations such as indirect ophthal-
moscopy are extremely difficult to perform when
dressed in personal protective equipment (PPE) such as
face shields and eye safety goggles, and utilizing porta-
ble diagnostic equipment, such as a handheld tonometer
or slit lamp, presents a wide range of accuracy, as com-
pared with the gold standard stationary instruments at
the clinic [8–10]. Moreover, there is now a growing
body of evidence suggesting the possible transmission

Key messages

Wide-scale implementation of teleophthalmology has become possible owing to significant technological advances
that allow its utilization in a variety of ocular conditions.

The COVID-19 pandemic poses special challenges that can be dealt with a proper understanding of the potential
and utilization of telemedical services and address issues such as chronic disease management in the context of
social distancing, prolonged isolation and quarantine periods.

Dedicated ophthalmology clinics equipped with remote screening devices that are self-operated, or that could be
operated by minimally trained personnel, may bridge a gap in the availability of medical care in light of the
challenges the current COVID-19 pandemic.

Teleophthalmology has the potential to aid in a range of adult and pediatric, chronic and acute ocular conditions,
and can be utilized for the purposes of DR screening, diagnosis of glaucoma, and monitoring for AMD, to name
a few.
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of the SARS-CoV-2 virus through the ocular surface
[11–13], even though infectivity of ocular secretions is
not yet conclusive [13]. Therefore, extra caution, per-
sonal protection, and proper disinfection are required
when examining clinically or epidemiologically
suspected patients at the eye clinic, even when those
patients are equipped with personal protective means.

Although patients suspected for COVID-19 infection
are apparently less likely to present initially at the eye
clinic, preliminary data suggests that nearly a third of
COVID-19 patients may have non-specific ocular mani-
festations consistent with conjunctivitis, such as
epiphora, conjunctival hyperemia, and chemosis, similar
to findings found as the result of other human
coronaviruses infection [11, 13]. Although these mani-
festations seem to typically occur in patients with more
severe disease, one patient was demonstrated to present
with conjunctivitis as the very first symptom [11].
Likewise, a recent report examining the symptoms of
the first confirmed COVID-19 patient in Italy presented
bilateral conjunctivitis as a presenting symptom and
concluded ocular secretion may be a potential source
of infection as it contained the SARS-CoV-2 virus
[14]. Hence, the fact that ocular manifestations might
be the very first sign of infection should not be
overlooked when treating a patient known to be at risk
of having acquired a COVID-19 infection. For the fore-
going reasons, a holistic view of the potential of remote
care technologies for assessing patients with acute or
chronic ophthalmic diseases, who require social distanc-
ing, quarantine, or isolation, is particularly relevant
now, as the long-term duration and impact of the cur-
rent outbreak are yet to be determined.

Methods

A computerized search from January 2017 up to
March 2020 of the online electronic database PubMed
was performed, using the following search strings: “tele-
medicine,” “telehealth,” and “ophthalmology.” The eligi-
bility of the studies was initially verified by excluding
non-relevant studies, after manually examining the titles
and abstracts. The reference list in each relevant article
was analyzed for additional relevant publications. Articles
in non-English languages were excluded if no adequate
English translation was available. Commentary, letters,
and editorials were excluded. More generalized comple-
mentary contemporary research data regarding the
COVID-19 pandemic was obtained from the PubMed data-
base. A total of 312 records, including COVID-19-focused
studies, were initially identified. After exclusion of non-
relevant, non-English, and duplicate studies, a total of 138

records were found eligible. Ninety records were included
in the final qualitative analysis as depicted in Fig. 1.

Disorders of the retina

Diabetic retinopathy

Telemedicine has been widely applied in DR screening
which is the most common condition for disease-specific
remote care in ophthalmology [1]. As millions of persons
are being quarantined, remote screening is becoming more
relevant than ever, DR is a major cause of morbidity among
diabetic patients, and most of them experience no symp-
toms until macular edema or proliferative retinopathy are
present. Progression rate can be very rapid, to the point that
an effective therapy reversing the condition in its entirety
might not be available. Thus, it is important to screen dia-
betic patients for the development and deterioration of any
retinal disease. Estimates of the potential reach of DR tele-
medicine screening, based on a 3229 survey sample of di-
abetic Americans, showed that 87.7% had regular contact
with primary care physicians and therefore could potential-
ly receive timely screening for DR via a primary care set-
ting [15]. Tele-screening DR through incorporating artifi-
cial intelligence (AI) technologies can provide widespread
and cost-effective screening, particularly among low- and
middle-income populations, as well as tackle the health
burden of DR at a global level [16]. As of this writing,
evidence of COVID-19 infection has been observed in
more than 200 countries around the world. Nevertheless,
reports of successful implementation of teleophthalmology
services can be found in geographically distinct countries.
Facilitating access for diabetic patients to regular fundus
examinations by an ophthalmologist was demonstrated in a
Brazilian prospective comparative study of more than 1330
patients. Fundus photography–based teleophthalmology
screening for DR led to early DR diagnosis and referrals while
managing to reduce costs at near 29USD per patient per refer-
ral [17]. In a retrospective observational study consisting of
1776 patients, a single-field 45° nonmydriatic color fundus
photograph was remotely examined by a specialist and then
compared with an in-person dilated fundus examination. The
study demonstrated a high level of accuracy in detecting and
classifying DR, although DME detection was found to a lesser
degree [18]. A cross-sectional hospital-based study of 978
diabetic patients in Riyadh, Saudi Arabia, demonstrated that
remote non-mydriatic funduscopic screening photography
could be useful for the initial detection of DR among diabetic
patients [19]. Similar results were shown in a large cross-
sectional study in Chile [20]. In the UK, virtual retina clinics
were found to be a cost-effective and clinically safe alternative
to in-person specialist follow-up, including urgent referrals if

2343Graefes Arch Clin Exp Ophthalmol (2020) 258:2341–2352



needed. DR was the most common ocular condition found,
followed by AMD, retinal vein occlusion, choroidal nevus,
and cen t ra l se rous chor io re t inopa thy [21 , 22] .
Teleophthalmology status in other European countries was
described by Labiris et al. in their systematic review [23].

In a cluster-randomized clinical trial of eight diabetes
clinics conducted by Joseph et al. on 801 patients, 3-field
45° retinal images were remotely evaluated by a retina spe-
cialist who referred those in need of further examination ac-
cording to their grading [24]. In the control group, all patients
were referred for further in-person retinal assessment. An
overall lower proportional yield of DR cases was presented
in the control group. A web-based tele-screening program for
DR in Iran was described by Safi et al. in a study conducted on
604 diabetic patients. Interestingly, they found that cataract
was the primary cause of impaired fundus image quality, a
finding that has also been previously reported [25].

The Indian Health Service-Joslin Vision Network (IHS-
JVN) teleophthalmology program established in 2000 is an
example of one of the largest primary care–based telemed-
icine programs in the USA. In a recent article, Fonda et al.
[26] describe the program’s workflow, imaging, reading
technologies, and diagnostic protocols for screening and

managing DR. They pointed out AI utilization as a key
feature for enhancing their ability to triage patients with
no or mild DR so that patients with more severe disease
could be prioritized, and to shorten the reading latency for
these patients’ tests.

Canadian Tele-Screening Guidelines for patients presenting
with different stages of DR were proposed by Boucher et al.
These guidelines were mainly based on severity grading scales
outlined by the International Clinical Diabetic Retinopathy
Disease Severity Scale and the Scottish DR Grading Scheme
2007. They suggested grading be based on two 45° image
fields, a single widefield, or an ultra-widefield image that cap-
tures all seven-standard EDTRS fields, and to use adjunct op-
tical coherence tomography (OCT) imaging if possible [27]. A
novel method of imaging for DR screening was also proposed
by Afshar et al. in a cross-sectional study encompassing 2788
patients. For high-volume clinics, the study introduced a com-
bination of a mobile ultra-widefield camera mounted in a van,
and several fixed-location cameras [28]. The aforementioned
examples illustrate how teleophthalmology can be utilized in
order to reduce clinic crowding, reduce administrative purpose
encounters, and remotely triage and identify those patients re-
quiring an in-person examination.

Fig. 1 Identified records inclusion flowchart
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Given the considerable weight of telemedicine applications
in various aspects of DR, a working group of a large number
of experts in clinical applications for telehealth in ophthalmol-
ogy, known as the Diabetic Retinopathy Telehealth Practice
Guidelines Working Group, recently published an updated
guideline for implementing and operating telehealth services
for DR in a broad range of clinical settings [29].

Chee et al. concluded that retina telemedicine applications,
mainly in DR and retinopathy of prematurity (ROP), are reli-
able and cost-effective and should be integrated into current
clinical systems. Nevertheless, they suggest telemedicine
should be utilized as an adjunct modality to in-person office
encounters, particularly in high-risk patients, and not as a
standalone alternative to it [30]. Likewise, Vasseneix et al.
demonstrated that although teleophthalmology is beneficial
as a complementary decision support and triage tool, it cannot,
yet, offer a standalone diagnostic solution in the case of pa-
tients presenting to the emergency department with acute vi-
sion loss. In over 50% of patients, a complementary in-person
examination by an ophthalmologist was needed due to limited
patient history and disorders not visible on fundus photogra-
phy, particularly those involving the anterior segment, vitre-
ous, and peripheral retina [31].

Understanding patients’ perceptions of telemedicine is
important in improving patient adherence to treatment and
follow-up. Low referral completion after undergoing DR
tele-screening is a drawback that should be noted, one
which is not unique to teleophthalmology and which has
been noted in face-to-face appointments and for other med-
ical disciplines. In a large study conducted by Zhu et al.
they found that the phenomenon of limited engagement is
particularly common in the elderly and low education level
populations and that lack of knowledge and a negative at-
titude toward telemedicine might be more prominent than
logistic barriers in predicting incomplete referral, thus em-
phasizing the importance of proper education and raising
awareness [32]. Similarly, improving patients’ perception
toward and promoting the use of teleophthalmology
through proper education in low-income diabetic US pop-
ulation was also described [33]. Addressing the afore-
said issues is crucial in the current pandemic state, fa-
cilitating treatment adherence and proper follow-up of
chronic conditions.

Retinopathy of prematurity

It is estimated that up to 15% of COVID-19 cases in the USA
were in infants under 1 year old [34]. Telemedicine can also
be used as an effective method for ROP screening as proposed
in numerous studies [35–40]. Management of various pediat-
ric retinal diseases through teleophthalmology, including
ROP, was discussed in a review by Jeng-Miller and
Yonekawa. They concluded that although telemedicine

applications in a pediatric setting exhibit numerous advan-
tages, some unique limitations should be mentioned, such as
the high cost of a pediatric widefield imaging camera, and that
obtaining quality images can be difficult in neonates due to
several anatomical and physiological factors [41].

A retrospective analysis of a 10-year regional telemedicine
ROP screening program reviewed the widefield digital imag-
ing of 1181 infants. This study showed that tele-screening
could be an effective modality in diagnosing and managing
ROP and proposed it as an effective tool that could address the
workforce shortage in ROP screening [42]. A prospective
study conducted on 350 new-born infants demonstrated that
widefield digital photography of the retina and external eye,
remotely analyzed by a specialist, could detect additional ret-
inal abnormalities besides ROP, including retinal hemor-
rhages, congenital cataract, and optic nerve hypoplasia [43].
In a retrospective analysis, tele-screening for ROP in preterm
infants was found to be a useful and efficient approach for
accessible screening, although it could not completely replace
the gold standard binocular indirect ophthalmoscopy due to
technical difficulties in imaging of the peripheral retina [44].
An approach for smartphone-based non-contact widefield
fundus photography for remote screening of plus-disease
was also described by Patel et al. in a feasibility study con-
ducted on 27 premature infants [45].

Age-related macular degeneration

AMD remains the leading cause of adult blindness in indus-
trialized countries, where the type and frequency of follow-up
depend on the severity of the disease and risk of progression
[46, 47]. Middle-aged adults and particularly the elderly are
most commonly affected by COVID-19, with older patients
being more likely to develop severe disease. Brady et al. pres-
ent their findings including current experience with AMD
screening, remote care, and AI applications. They suggested
that telemedicine utilization in managing AMD requires more
complex imaging modalities than what has usually been used
for DR and that extending existing DR tele-screeningmethods
to screen for AMD is not recommended. For accelerating
telehealth services implementation for AMD, such as remote
consultations with specialists, or consumer home monitoring,
it was suggested to facilitate the combination of nonmydriatic
fundus cameras and technologies such as OCT and OCT an-
giography [48]. Notably, a dedicated AI- and cloud-based
approach based on convolutional neural networks introduced
by Hwang et al. achieved equivalent diagnostic accuracy as
that of a retinal specialist examination [49].

A prospective study conducted on 298 elder patients with
cognitive complaints, including dementia, showed that
teleophthalmology can be successfully utilized for various
eye diseases screening. Medical history, best-corrected visual
acuity, intraocular pressure (IOP), an examination of the
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eyelids and conjunctiva, and non-mydriatic retinal photogra-
phy were performed by an orthoptist and later remotely exam-
ined by an ophthalmologist. Most cases of newly diagnosed
ocular disease were AMD-related, followed by glaucoma, cat-
aract, retinal nevi, and DR [50]. A nonrandomized study of
159 patients showed how remote diagnosis via digital fundus
photography and non-dilated OCTmanaged to achieve higher
diagnostic accuracy in identifying referable AMD cases when
compared with an in-person dilated eye examination per-
formed by a retinal specialist. Of interest regarding the future
of telemedicine in ophthalmology, once experienced, 76.7%
of these patients preferred remote care over face-to-face stan-
dard examination [51]. Telemedicine was also found to be
efficient in long-term management (mean follow-up time of
2.4 ± 0.81 years) of patients treated with intravitreal anti-
VEGF injections for exudative AMD [52]. As with DR, tele-
services can be utilized in order to reduce clinic crowding,
reduce administrative purpose encounters, and remotely iden-
tify patients in need of an in-person examination.

Incidental findings

Incidental findings during tele-screening for specific ocu-
lar diseases are not uncommon. Mastropasqua et al. re-
ported incidental retinal abnormalities found among
1930 patients screened for DR in diabetes clinics, includ-
ing AMD in 10.52%, and optic disc abnormalities suspect
for glaucoma in 15.27% [53]. Although not incidental,
Laurent et al. reported their ability to detect spontaneous
venous pulsations, a useful clinical sign for indirectly
assessing intracranial pressure, utilizing a smartphone for
video ophthalmoscopy [54]. A reliable and accurate tool
able to detect optic disc edema was presented by Bursztyn
et al. as they presented their experience with the utiliza-
tion of a portable handheld nonmydriatic fundus camera
[55]. The diagnosis of urgent retinal conditions via
teleophthalmology, such as a retinal detachment, was also
demonstrated successfully [56]. A systematic review and
meta-analysis of teleophthalmology utilization for AMD
and DR screening showed an OR of 1.14 (95% CI: 0.52–
2.53, p = 0.74) for any disease detection, and an OR of
13.15 (95% CI: 8.01–21.61, p < 0.001) for patients’ par-
ticipation in the screening process. Thus, this study sug-
gests that teleophthalmology has similar outcomes to in-
person, clinical care, while significantly increasing patient
involvement in the screening process compared with in-
person examinations [57].

Remote training and educating ophthalmologists in
managing ROP

Digital retinal imaging could be beneficial for remotely train-
ing and educating ophthalmologists in managing ROP [58]. A

study was conducted on 852 patients, 10–23 years old, who
underwent fundus photography by minimally trained techni-
cians in a pediatric endocrinology clinic at Vanderbilt
University in Nashville, Tennessee, which was later remotely
assessed by an ophthalmologist. This telemedicine program
identified a higher percentage of DR via screening non-
mydriatic images than prior studies have found through man-
ual ophthalmic examinations [59].

Glaucoma

Although there is insufficient evidence regarding which pre-
cise populations would benefit the most from screening for
open-angle glaucoma, given the risk of blindness from un-
treated glaucoma, effectiveness of treatment, and that early
open-angle glaucoma patients are often asymptomatic, it was
suggested that best practice informs healthcare providers with
sufficient resources to screen all individuals over age 40 years
[60]. The Philadelphia Telemedicine Glaucoma Detection and
Follow-up Study described a tele-screening model that was
deployed in seven primary care offices and four qualified
health centers, screening more than 900 patients from diverse
ethnic backgrounds. Their diagnostic setup and model, utiliz-
ing telemedicine imaging in addition to demographic and clin-
ical information (IOPmeasurements, visual acuity, and family
history of glaucoma), managed to achieve high detection rates
of suspicious optic nerves and ocular hypertension [61].
Among those patients, 17.1% had unreadable fundus
photographs, which is consistent with previously report-
ed rates (5–19.7%) from telemedicine programs using
nonmydriatic cameras [62].

Gan et al. present a plethora of telemedicine approaches
for the remote management of glaucoma, via collecting in-
formation as IOP measurements, central corneal thickness
pachymetry, anterior segment imaging, fundus photogra-
phy, and retinal nerve fiber layer imaging [63]. This infor-
mation can be collected for each patient and then transmit-
ted to a distant medical provider for interpretation, awaiting
further instructions. They defined three levels of tele-pro-
grams, starting from the most minimalistic, consisting of
glaucoma screening only, through diagnostic consultation,
and up to the most inclusive, long-term comprehensive
treatment monitoring. Regarding the best diagnostic de-
vices and technologies to consider, they describe several
examples which are not currently in common clinical use,
such as various thresholding algorithms for visual field as-
sessment and web- and/or tablet-based approaches highly
suited for remote testing, continuous IOP monitoring sys-
tems, and AI software for image analysis that may play a
fundamental and central role in future teleophthalmology
programs. In a recent study on 200 adult glaucoma patients,
telemedicine was demonstrated to be equally effective at
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identifying glaucomatous disease progression, when com-
pared with in-clinic visits, and was supported as having a
role in long-term care for glaucoma patients when com-
bined with regular in-person examination, even regardless
of special circumstances such as patients residing in distant
rural areas, or the current COVID-19 outbreak [64].

Long-term retention among low-risk glaucoma patients
was addressed and favorably demonstrated in a retrospec-
tive review summarizing research conducted at Kaiser
Permanente [65]. A tele-screening program aimed at glau-
coma in Addis Ababa, Ethiopia, concluded glaucoma and
glaucoma suspect prevalence to be 7.9% and 13.8%, re-
spectively. Aside from remote diagnosis, patients were also
offered remote management and treatment recommenda-
tions [66]. Accuracy and consistency of telemedicine tech-
niques in comparison with the traditional clinical exam
were also confirmed in a prospective study of 107 subjects
who underwent automated tonometry, measurements of
their refractive state, keratometry readings, a non-
mydriatic retinal scan, and an OCT, which provided a
wealth of information, including measurements of central
corneal thickness, angle anatomy, cup/disc ratio, retinal
nerve fiber layer distribution, and posterior pole ganglion
cell complex data [67]. Tan et al. suggested that advances in
AI can lead to improved glaucoma screening at lower cost
and significantly extend the reach of screening encounters,
compared with manual appointments. They noted that
deep-learning algorithms for diagnosing glaucoma based
on optic disc photographs and/or OCT may be more accu-
rate as compared with expert human graders [68]. In a large
survey conducted among 92 lead consultant ophthalmolo-
gists in the UK, efficiency and patient safety were rated to
be at least equivalent to in-person care, and more than 80%
of them perceived glaucoma virtual clinics to be acceptable
for their patients. Of those not currently operating a glau-
coma virtual clinic, 9/21(42.9%) respondents were plan-
ning to establish one [69].

Anterior segment

Teleophthalmology applications in managing anterior seg-
ment diseases were reviewed by Hu and Lorch [70]. They
discussed various aspects including clinical context (screening
and diagnosing), encounter settings (home, mobile health
units, general practitioner (GP) office), feasibility (diagnostic
accuracy, cost-effectiveness), and barriers to implementation
(medico-legal aspects, reimbursement, disparities in care, and
pat ient and provider at t i tudes) . They concluded
teleophthalmology to hold the potential for remotely deliver-
ing both acute and chronic diagnostic and therapeutic medical
care to low-access patients.

A teleophthalmology study conducted at the Veterans
Affairs Healthcare System on 256 patients, who underwent
tele-screening followed by an in-person in-clinic examination
on the same day, showed substantial agreement for cataract
and DR diagnosis, followed by glaucoma and AMD in de-
scending order [71]. A 1-year retrospective audit of a
teleophthalmology consulting program of 709 patients in
western Australia showed that cataract was the most frequent
diagnosis (42.7%) followed by glaucoma (11%), AMD
(4.4%), and DR (3.8%). Among diagnoses made at the con-
clusion of the teleophthalmology consultation, urgent condi-
tions could also be identified, such as external eye trauma,
periorbital cellulitis, narrow-angle glaucoma, retinal/vitreous
detachment, and retinal artery/vein occlusion [72].

Alabi et al. described a novel application of telemedicine
consultation in evaluating recovered donor corneas for
transplant eligibility according to specific corneal findings
in the epithelium, stroma, and endothelium. Digital images
were taken using a slit lamp, OCT, and a specular micro-
scope [73]. A handheld slit lamp with recording capabilities
was reported to assist in tele-diagnosing anterior segment
conditions in a correctional setting in Australia [74].
Inflammatory diseases could also be remotely diagnosed
as described by Schallhorn et al. when a young
American soldier deployed at sea on a US navy aircraft
carrier was admitted to the clinic with complaints of
acute eye redness. The patient underwent a telemedicine
consultation and was promptly diagnosed and treated for
syphilitic uveitis [75]. Providing clinical concepts and
advice in a brief format was also described in a novel
teleophthalmology educational tool utilized by ophthal-
mology residents and specialists, specifically in the con-
text of anterior segment conditions [76].

Telemedicine-assisted informed consent meetings prior
to laser vision correction and refractive lens exchange pro-
cedures were found to be generally preferred among pa-
tients, who reported an equal satisfaction rate as those
who had an in-person meeting with their surgeon [77]. A
validation study of 99 patients demonstrated that telemed-
icine can offer a sensitive and specific monitoring modality
for following the growth of choroidal and iris nevi in an
ophthalmic oncology setting [78]. A similar retrospective
observational pilot study on 71 patients exhibited 100%
sensitivity and negative predictive value in growth detec-
tion when an examination was carried out by trained ultra-
sound technicians and remotely reviewed by an ophthal-
mologist [79]. Notably, Nankivil et al. introduced a robotic
remotely controlled stereo slit lamp system, which allows
3D viewing and recording of the patient examination via a
local network, internet, and satellite [80]. Although only
healthy subjects were tested with this system, it holds the
potential for conducting a “distant face-to-face” slit lamp
examination of the anterior segment of the eye. Limiting
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ambulatory eye care to urgent conditions, particularly in
high-volume procedures, may assist to limit the potential
for virus transmission in the community.

General considerations

As the use of telemedicine continues to rise, cybersecurity and
patient privacy will become more critical concerns for
healthcare providers. Ethical, legal, medico-legal, and regula-
tory aspects regarding telemedicine in ophthalmology are de-
scribed in a review by Gioia and Salducci [81]. Since telemed-
icine cannot be defined as an independent accredited profes-
sional discipline, they suggested certification courses via tele-
education should become a standardized process. Moreover, a
telemedicine task force in ophthalmology, involving the aca-
demic and research world, was suggested to be founded in
order to discuss and establish legislation and guidelines for
telemedicine applications in ophthalmology.

In a special communication published in JAMA
Ophthalmology, a summary of an Ophthalmic Digital Health
workshop regarding safety, privacy, security, and effective-
ness of ophthalmic digital devices and telemedicine platforms
was presented. The panel strongly agreed that telemedicine is
a cost-effective approach to improve timely access to care and
early screening for DR, ROP, and glaucoma [82]. An econom-
ic evaluation of the cost-effectiveness of teleophthalmology
was reviewed by Sharafeldin et al. specifically in the context
of DR, AMD, and glaucoma screening. Teleophthalmology
for glaucoma and DR was found to be more cost-effective
when compared with in-person clinic examinations [83].

AI ut i l izat ion in telemedicine, par t icular ly in
ophthalmology—a field that relies heavily on digital photog-
raphy and imaging—has the potential to facilitate screening,
diagnosis, and monitoring of various eye diseases in primary
care and community settings and reduce unnecessary
crowding in ambulatory health centers [84, 85]. Other image
processing methods, such as binarization and median filtra-
tion, have been utilized to produce highly accurate algorithms
that can identify and pinpoint hard exudates in DR [86]. A
major emerging aspect of teleophthalmology is home moni-
toring. Self-measured clinical parameters can lead patients to
better adhere to follow-up, specifically in light of a stay-at-
home directive. Distortions and disturbances in the visual field
and in visual acuity could be effectively monitored from dis-
tance by the patients themselves. An at-home monitoring de-
vice for the early detection of AMDwas shown to be effective
for remotely managing patients at high-risk for choroidal neo-
vascularization development, as presented in the HOME trial.
A similar application of an at-home handheld mobile device
demonstrated a high compliance rate among elderly patients
with neovascular AMD treated with ranibizumab, when asked
for daily performance of visual hyperacuity tests. A mobile

self-monitored modality presented recently has been shown to
offer detection and characterization of metamorphopsia in
AMD patients and distinguish between dry and wet AMD to
some extent. Future application for accessible at-home remote
monitoring of retinal characteristics may be an OCT test. As
the pandemic accelerates the development and implementa-
tion of home monitoring technology platforms, most of the
technologies presented above can be used for self-
measurement of relevant parameters and have the potential
to positively impact earlier detection and strict follow-up,
and ultimately improve visual acuity outcomes in other oph-
thalmic diseases such as in glaucoma and DR. In addition to
potential clinical benefits of utilizing teleophthalmology, oth-
er important aspects such as patient satisfaction and cost sav-
ings are encouraging. For example, an Australian study dem-
onstrated that patient satisfaction with teleophthalmology,
namely, real-time video consultation for a variety of ocular
conditions, was high with patients reporting that telemedicine
enabled them to save both money and time [87]. Similar re-
sults were also found specifically in the context of DR screen-
ing in rural areas [88]. Utilizing telemedicine for rehabilitation
in patients with low vision exhibited high satisfaction rates
among participants and providers in a pilot study by Bittner
et al. [89]. Nevertheless, a 2020 Cochrane systematic review
failed to demonstrate the benefits of using telemedicine for
remote delivery of rehabilitation services to patients with
low vision [90].

Optometry services can also be remotely applied.
Phanphruk et al. described an app-based teleservice for the
measurement of ocular alignment that was shown to be equal-
ly accurate to an in-clinic examination [91]. Das et al.
described how another dedicated app could assist
teleophthalmology video consultations in rural areas in
India; 16.23% of the 15,001 patients included in the
s t u d y w e r e p r e s c r i b e d g l a s s e s u s i n g t h i s
teleophthalmology platform [92].

Conclusion

Teleophthalmology has repetitively been shown to aid in the
screening and management of a range of adult and pediatric
ocular conditions. It has the potential to increase access to
primary and specialty care and overcome the unique barriers
the COVID-19 pandemic creates. Teleophthalmology has so
far been mostly utilized for screening of DR, whose preva-
lence continues to rise, diagnosis of glaucoma, andmonitoring
for AMD. Assisting primary care physicians to better triage
patients with acute ocular complaints and promptly referring
those most in need to an eye specialist were also described,
thus widening the diagnostic and therapeutic options of
teleophthalmology for ocular emergencies beyond the man-
agement of chronic conditions.
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The establishment of dedicated ophthalmology clinics
equipped with remote screening devices that are self-operated,
or that could be operated by minimally trained personnel, may
bridge a gap in the availability of treatment in periods of
lengthy quarantine and isolation, such as COVID-19 patients
are currently experiencing. For medical personnel, remote
care is a safer alternative to in-person examination, also
allowing more patients to be screened in any given period of
time. Advanced imaging techniques such as ultrawide field
imaging, AI-based algorithms, and automated robot–based
systems have the potential to accelerate teleophthalmology
implementation and increase its utility. Nevertheless, telemed-
icine relies heavily on network and internet capabilities, inte-
gration with current electronic medical records (EMRs) and
clinical workflow, and imaging quality.

Lastly, barriers in the legal, financial, bureaucratic, and
conservatism arenas will need to be addressed on a country
by country basis. The technological barriers described in this
review still withhold and slow wide-scale implementation.
With improvements in image processing, as well as better
integration with EMRs, teleophthalmology will likely become
a far more accepted and utilized modality, all the more so in
circumstances where social distancing is inflicted upon us.
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