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Teleophthalmology and its evolving role in a COVID-19 pandemic: A scoping
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ABSTRACT
Introduction: Teleophthalmology may assist the healthcare sector in adapting to limitations imposed on
clinical practice by a viral pandemic. A scoping review is performed in this study to assess the current
applications of teleophthalmology for its suitability to diagnose, monitor or manage ophthalmological
conditions with accuracy.
Methods: A search of PubMed was conducted for teleophthalmology-related articles published from
1 January 2018 to 4 May 2020. Only articles that focused on the use of teleophthalmology in terms of
diagnosis and management, as well as its benefits and detriments, were included. The Mixed Methods
Appraisal Tool (MMAT) was used to assess the quality of the included articles.
Results: A total of 38 articles were assessed at the full-text level. There were 2 qualitative studies and
1 quantitative randomised controlled trial, while the majority were either quantitative descriptive studies
(19, 50.0%) or quantitative non-randomised studies (16, 42.1%). Overall, 8 studies described reducing
manpower requirements, 4 described reducing direct patient–doctor contact, 17 described storage of
medical imaging and clinical data, and 9 described real-time teleconferencing. The MMAT analysis
revealed limitations in appropriate sampling strategy in both quantitative non-randomised studies (9 of
16, 56.3%) and quantitative descriptive studies (9 of 19, 47.4%). Cost-effectiveness of teleophthalmology
was not performed in any included study.
Conclusion: This current review of the various aspects of teleophthalmology describes how it may
potentially assist the healthcare sector to cope with the limitations imposed by a viral pandemic through
technology. Further research is required to evaluate the cost-effectiveness of the various strategies.
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INTRODUCTION
The World Health Organization declared coronavirus
disease 2019 (COVID-19) a Public Health Emergency
of International Concern on 30 January 2020.1
The virus has a potentially long incubation period
of beyond 14 days,2 with ease of human-to-human
transmission.3 To control the outbreak, many countries
have implemented nationwide lockdowns and social
distancing measures, which have brought challenges to
accessibility of healthcare services and continuation of
long-term medical care, necessitating consideration of
alternatives such as remote teleconsultations. As more
healthcare workers are shunted to the frontlines to deal
with increasing numbers of COVID-19 patients, reduced

manpower in other specialties such as ophthalmology
may cause limitations to working capacity. Telemedicine
may provide solutions mitigating the disruptive effect
COVID-19 has on the current model of patient care.4
Ophthalmology may be a specialty particularly
vulnerable to COVID-19 transmission. It has been
suggested that ocular signs and symptoms may precede
the appearance of respiratory symptoms.5 Therefore, it
is plausible that the first contact with an undiagnosed
COVID-19 patient may happen within the ophthalmology
clinic. Furthermore, ophthalmologists are traditionally
reliant on physical examination of patients within
close proximity for diagnosis and management. 6
Ophthalmology instruments require their operators to
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be within the radius of droplet spread of up to 6m, and
procedures such as air pressure tonometry and lacrimal
irrigation may result in micro-aerosolisation of ocular
surface microbes.7 Hence examiners are put at risk
should the patients examined be COVID-19-positive.
The risks of micro-aerosolisation of ocular surface
microbes are compounded because of the high-volume
nature of ophthalmology clinics, which may preclude
thorough disinfection between patients.8 Although barrier
techniques may be introduced to mitigate such risks,
they nevertheless impede gold standards of physical
examination using such traditional instruments.9
With advancements in medical technologies and
telecommunications infrastructure, the integration
of telemedicine services shows great potential in
supporting healthcare, particularly when distance
separates key stakeholders—patients and doctors.10,11
Teleophthalmology has been widely studied in terms of
screening by primary care physicians,12 virtual diagnostic
consultations with specialists13 and treatment planning
for disease management.14 Furthermore, there have been
documentations highlighting its successful application
when tailored to multiple conditions including
diabetic retinopathy and glaucoma. 15,16 Ostensibly,
teleophthalmology shows great potential to meet
healthcare limitations brought forth by the pandemic, and
allows essential care provision to continue with minimal
disruption. However, it is currently unclear what
kind of information is available regarding the role
of teleophthalmology in diagnosing, monitoring, or
managing ophthalmological conditions.
This article will perform a scoping review to systemically
map the various methods of teleophthalmology trialled,
and how these can be further explored and adapted
to overcome the practical limitations imposed by a
viral pandemic.

comparing article titles, names of authors, years and
publication journal names.
Studies were included if all of the following were
fulfilled: (1) use of telemedicine in the workflow;
(2) telemedicine used in relation to diagnosing,
monitoring or managing ophthalmological conditions;
(3) the benefits and detriments of existing
teleophthalmology practices were reviewed; and (4) the
article compared accuracy of teleophthalmology tools
used to diagnose or grade severity of ophthalmological
conditions, against the gold standard of in-person
patient review by ophthalmologists.
Studies were excluded if the article did not focus on
the clinical benefits or detriments of teleophthalmology.
The 2 reviewers independently examined the titles and
abstracts of results from the database search, including
articles according to the eligibility criteria. Whenever the
initial review based on the abstracts was inconclusive,
the full text of the articles was read to determine if the
eligibility criteria were met. Any conflict regarding
inclusion was resolved by consensus discussion, or
through discussion with a third reviewer in the team. All
included titles were then independently read in full text.
Given the heterogeneity of articles expected,
quantitative analysis was not performed. Instead, the
Mixed Methods Appraisal Tool (MMAT) was used to
assess the quality of the included articles.18 The MMAT
is developed to appraise the methodological quality of
5 categories of studies: qualitative research, randomised
controlled trials (RCTs), non-randomised studies,
quantitative descriptive studies, and mixed methods
studies. It comprises 2 screening questions, followed by
5 criteria in each of the appropriate category of studies
to appraise. Two researchers in the team independently
scored each article according to the MMAT, and any
disagreement was resolved through discussion.

METHODS
A search of PubMed was conducted on 4 May 2020
for studies and literature reviews relating telemedicine
to its practice in teleophthalmology according to the
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses Extension for Scoping Reviews
(PRISMA-ScR) guidelines. 17 The following search
strategy was used: “telemedicine” (MeSH Terms) OR
“telemedicine” (All Fields) AND “ophthalmology”
(MeSH Terms) OR “ophthalmology” (All Fields). As
telemedicine evolves with rapid advances in technology,
the search criteria were restricted to articles published
from 1 January 2018 to 4 May 2020. Articles unavailable
in English were excluded. Duplicate articles were
manually excluded by 2 reviewers in the team by

RESULTS
Study characteristics of included studies
The initial database search yielded a total of 781 articles
after including 28 primary sources of relevant review
articles, of which 38 studies were eventually included in
our qualitative synthesis (Fig. 1). Of the 38 included
studies, 19 studies (50.0%) were categorised as
quantitative descriptive studies and 16 (42.1%)
quantitative non-randomised studies. One study (2.6%)
was included as an RCT, and 2 other studies (5.3%)
were qualitative studies.
In view of the heterogeneity of studies included, a
summary describing the study design, main
teleophthalmology feature and primary outcome
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Fig. 1. PRISMA 2009 flow diagram.
Moher D, Liberati A, Tetzlaff J, et al. Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement.
PLoS Med 2009;6:e1000097.

measure is shown in Table 1. Of the 38 studies, 28 (73.7%)
described asynchronous teleconsultation. Focus was on
diagnosis in 15 studies (39.5%), on referral after screening
in 14 (36.8%) and on management in the remaining
9 (23.7%). The primary outcome measure was clinical
effectiveness (e.g. accurate diagnosis, appropriate
management) in 26 studies (68.4%), operational
efficiency (e.g. reduced manpower, increased healthcare
provision coverage) in 7 (18.4%) and patient-related
outcomes (satisfaction, compliance) in 5 (13.2%). No
study reported cost-effectiveness or cost savings.
Detailed study characteristics and findings are elaborated
in Table 2.

Critical appraisal of included studies using MMAT
The MMAT appraisal questions specific to study types
were applied and are summarised in Table 3. For the
only RCT included in this study, we found that the
approach to cluster randomisation by clinic, instead of
by individual patients, to be a limitation. The
outcome assessors were also not masked. Of the 16
quantitative non-randomised studies, more than half
included participants who were not representative of
the target population (9, 56.3%), while the other criteria
were met by most studies; all studies, however, reported
good adherence to intervention (16, 100%). Of the 19
quantitative descriptive studies, limitations were noted
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Table 1. Summary of included studies
Author

Study design

Main teleophthalmology feature

Primary outcome

Daruich A et al.19

Qualitative study

Synchronous teleconsultation (diagnosis)

Clinical effectiveness

Liu Y et al.20

Qualitative study

Asynchronous teleconsultation (referral)

Patient satisfaction

Quantitative RCT

Asynchronous teleconsultation (diagnosis)

Clinical effectiveness

Quantitative non-randomised study

Asynchronous teleconsultation (diagnosis)

Clinical effectiveness

Quantitative non-randomised study

Asynchronous teleconsultation (diagnosis)

Clinical effectiveness

Wisse RPL et al.

Quantitative non-randomised study

Synchronous teleconsultation (diagnosis)

Clinical effectiveness

Maa AY et al.

Quantitative non-randomised study

Asynchronous teleconsultation (referral)

Clinical effectiveness

Quantitative non-randomised study

Asynchronous teleconsultation (diagnosis)

Clinical effectiveness

Chandrasekaran S et al.

Quantitative non-randomised study

Asynchronous teleconsultation (diagnosis)

Clinical effectiveness

Phanphruk W et al.

Quantitative non-randomised study

Asynchronous teleconsultation (management)

Clinical effectiveness

Tsapakis S et al.

Quantitative non-randomised study

Asynchronous teleconsultation (management)

Clinical effectiveness

Young K et al.

Quantitative non-randomised study

Synchronous teleconsultation (management)

Operational efficiency

Joseph S et al.

21

Laurent C et al.

22

Date RC et al.

23
24

25

Roelofs K et al.

26
27

28

29

30

Lapere S et al.

Quantitative non-randomised study

Synchronous teleconsultation (management)

Clinical effectiveness

32

Gonzalez F et al.

Quantitative non-randomised study

Synchronous teleconsultation (diagnosis)

Operational efficiency

33

Bursztyn L et al.

Quantitative non-randomised study

Asynchronous teleconsultation (diagnosis)

Clinical effectiveness

Quantitative non-randomised study

Asynchronous teleconsultation (diagnosis)

Clinical effectiveness

Hadziahmetovic M et al.

Quantitative non-randomised study

Asynchronous teleconsultation (referral)

Clinical effectiveness

Schallhorn SC et al.

Quantitative non-randomised study

Synchronous teleconsultation (management)

Clinical effectiveness

Odden JL et al.

Quantitative non-randomised study

Asynchronous teleconsultation (management)

Clinical effectiveness

Bartnik SE et al.

Quantitative descriptive study

Synchronous teleconsultation (diagnosis)

Clinical effectiveness

Amparo F et al.

Quantitative descriptive study

Asynchronous teleconsultation (management)

Operational efficiency

Starr MR et al.

Quantitative descriptive study

Synchronous teleconsultation (management)

Clinical effectiveness

Quantitative descriptive study

Asynchronous teleconsultation (referral)

Clinical effectiveness

Bittner AK et al.

Quantitative descriptive study

Synchronous teleconsultation (management)

Patient satisfaction

Hark LA et al.

Quantitative descriptive study

Asynchronous teleconsultation (referral)

Clinical effectiveness

Quantitative descriptive study

Asynchronous teleconsultation (diagnosis)

Clinical effectiveness

Quantitative descriptive study

Asynchronous teleconsultation (diagnosis)

Clinical effectiveness

Quantitative descriptive study

Asynchronous teleconsultation (referral)

Clinical effectiveness

Modjtahedi BS et al.

Quantitative descriptive study

Asynchronous teleconsultation (referral)

Patient satisfaction

Kortuem K et al.

Quantitative descriptive study

Asynchronous teleconsultation (referral)

Operational efficiency

Host BK et al.46

Quantitative descriptive study

Synchronous teleconsultation (diagnosis)

Patient satisfaction

Mastropasqua L et al.47

Quantitative descriptive study

Asynchronous teleconsultation (diagnosis)

Clinical effectiveness

Strul S et al.48

Quantitative descriptive study

Asynchronous teleconsultation (referral)

Operational efficiency

Martinez JA et al.49

Quantitative descriptive study

Asynchronous teleconsultation (referral)

Patient compliance

Avendaño-Veloso A et al.50

Quantitative descriptive study

Asynchronous teleconsultation (referral)

Operational efficiency

Grau E et al.51

Quantitative descriptive study

Asynchronous teleconsultation (referral)

Clinical effectiveness

Kern C et al.52

Quantitative descriptive study

Asynchronous teleconsultation (referral)

Operational efficiency

Afshar AR et al.53

Quantitative descriptive study

Asynchronous teleconsultation (referral)

Clinical effectiveness

31

Maka E et al.

34
35

36

37
13

38

39

Hark LA et al.

40
41

42

Yaslam M et al.

15

Giorgis AT et al.

16

Safi S et al.

43
44

45

RCT: randomised controlled trial
Superscript numbers: Refer to References
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1767 diabetic patients
screened and referred
by TRI programme
100 healthy volunteers
from 18-40 years old with
refraction error between
-6 and +4 diopters
256 patients with no
known ocular disease
99 patients with choroidal
and iris nevi
107 subjects with
diagnosis of glaucoma
or glaucoma suspect

US

The
Netherlands

US

Switzerland

US

Date RC et al.23

Wisse RPL et al.24

Maa AY et al.25

Roelofs K et al.26

Chandrasekaran S et al.27

In-patient review

In-clinic examination

Tele-glaucoma review of OCT,
anterior segment, fundus colour and
auto-fluorescence images

Face-to-face
examination

Reference test by
optometrist

In-clinic dilated
fundus examination

Subjective slit-lamp
examination

Universal hospital
referral (UR group)

Nil

Nil

Comparator

Tele-oncology images reviewed by
one masked reviewer

Screening through TECS protocol

Web-based test

Diabetic patients identified by
primary care and referred to
the programme

Videos taken using the
oDocs ophthalmoscope with
an iPhone 8

TRI and hospital referral
(TR group)

Fundus images electronically
transmitted to distant eye specialists
for evaluation

Examination via telemedicine with
ophthalmologist

Intervention

Tele-glaucoma had lower return to clinic
time (2.7 vs 3.9 months) and is more likely
to elicit non-glaucomatous diagnosis
(18% vs 5% of subjects).

Sensitivity and specificity of tele-oncology
assessment of choroidal and iris nevi growth
were 100% and 99%, respectively.

Overall sensitivity and specificity for TECS
were 75% and 55%, respectively, for any
diagnosis resulting in referral.

Web-based assessment of refractive error
had excellent correlation with the reference
test (intraclass correlation 0.92).

Moderate agreement between TRI and
clinical examination with K coefficient of
0.35 and weighted K coefficient of 0.45.

Sensitivity of smartphone video
ophthalmoscopy reliably detecting SVP was
84.77% and 76.82% for the two observers.

Proportionally greater number of patients
were diagnosed with DR in the TR group
(36 of 96, 37.5%), compared with UR group
(50 of 400, 12.5%).

Major barriers to teleophthalmology use
included being unfamiliar and misconceptions
about diabetic eye screening.

Moderate conjunctivitis could be the first sign
of COVID-19.

Outcome

****

****

****

****

***

***

***

*****

*

MMAT

Superscript numbers: Refer to References

AMD: age-related macular degeneration; COVID-19: coronavirus disease 2019; DR: diabetic retinopathy; EMR: electronic medical records; F2FC: face-to-face clinic; GP: general practitioner;
IOP: intraocular pressure; MMAT: Mixed Methods Appraisal Tool; OCT: optical coherence tomography; OSDI: ocular surface disease index; PDR: proliferative diabetic retinopathy; ROP: retinopathy
of prematurity; SANDE: Symptom Assessment in Dry Eye; SVP: spontaneous venous pulsations; TECS: technology-based eye care services; TRI: teleretinal imaging; VA: visual acuity; VF: visual field

233 healthy adult patients

New Zealand

Laurent C et al.22

Quantitative non-randomised study

Joseph S et al.21

801 participants diagnosed
with diabetes

20 adult diabetic patients
and 9 primary care
providers

US

Liu Y et al.20

Quantitative randomised controlled trial

27-year-old man
presenting with
conjunctivitis

Population

Argentina

Country

Daruich A et al.19

Qualitative

Authors

Table 2. Detailed characteristics of included studies and their characteristics
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Ann Acad Med Singap Vol 50 No 1 January 2021 | annals.edu.sg

10 glaucoma patients

800 paediatric patients
with follow-ups in
multiple departments
including ophthalmology
71 patients with choroidal
and iris nevi
28 million consultations
collected from the
institutional database
109 patients with or
without optic disc edema
153 preterm infants
screened for ROP

159 patients from North
Carolina community with
prevalence of macular
degeneration
11,938 patients
undergoing refractive
surgery
200 adult glaucoma
patients

New Zealand

US

Canada

Spain

US

Hungary

US

New Zealand

US

Tsapakis S et al.29

Young K et al.30

Lapere S et al.31

Gonzalez F et al.32

Bursztyn L et al.33

Maka E et al.34

Hadziahmetovic M et al.35

Schallhorn SC et al.36

Odden JL et al.37

Optic disc images, OCT and VF tests
graded remotely

Remote consultation
pre-operatively

Remote diagnosis imaging of
undilated pupils

Wide-field digital imaging and
telemedicine-based screening

Nonmydriatic optic disc photographs
taken with handheld ophthalmic
camera

Phone consultation with GP having
access to patients’ EMR

Imaging investigations followed by
relaying of results via telephone

Teleconsultation via
videoconferencing software

Home-based visual field exam using
web camera software

Family members obtain
eye-alignment images and uploaded
to StrabisPIX dashboard

Intervention

In-patient assessment
of patients

In-patient consult and
discussion

In-clinic dilated
eye examination

Examination by
binocular indirect
ophthalmoscopy

Clinical examinations
by neuroophthalmologists

Face-to-face
consultation

In-person relaying
of results by
ophthalmologists

In-person
consultation

Humphrey perimetry

Professional
eye alignment
photographs taken
in clinic

Comparator

Agreement between in-person versus remote
assessment for the determination of glaucoma
progression ranged between 62% and 69%.

Patients who chose telemedicine-assisted
consent were as equally satisfied as those who
had a face-to-face meeting with their surgeon.

Remote diagnosis had high diagnostic
accuracy in identifying referable macular
degeneration.

Sensitivity and specificity for treatmentrequiring ROP were both 100%; that of nontreatment-requiring ROP were 86% and 99%,
respectively.

Sensitivity and specificity for detection were
71.8–92.2% and 81.6–95.2%, respectively.

Conventional voice telephone calls can
efficiently replace about 10% of face-to-face
consultations in primary healthcare.

Teleophthalmology examination had a
sensitivity of 100%, specificity of 92% to
detect growth of a lesion.

9.2/10 score when asked to rate virtual visit
experience via Press Ganey patient surveys.

Home-based exam had reasonable receiver
operating characteristic curve when compared
with Humphrey perimeter.

Clinic photographs had significantly higher
acceptability for horizontal and vertical
versions, and head posture. StrabisPIX had
higher detection of alignment abnormalities.

Outcome

*****

*****

*****

*****

****

****

****

****

****

****

MMAT

Superscript numbers: Refer to References

AMD: age-related macular degeneration; COVID-19: coronavirus disease 2019; DR: diabetic retinopathy; EMR: electronic medical records; F2FC: face-to-face clinic; GP: general practitioner;
IOP: intraocular pressure; MMAT: Mixed Methods Appraisal Tool; OCT: optical coherence tomography; OSDI: ocular surface disease index; PDR: proliferative diabetic retinopathy; ROP: retinopathy
of prematurity; SANDE: Symptom Assessment in Dry Eye; SVP: spontaneous venous pulsations; TECS: technology-based eye care services; TRI: teleretinal imaging; VA: visual acuity; VF: visual field

30 strabismus patients
aged 2 and above

US

Population

Phanphruk W et al.28

Quantitative non-randomised study

Authors

Table 2. Detailed characteristics of included studies and their characteristics (Cont’d)
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906 adults with family
history of glaucoma
and/or diabetes

10 low-vision patients
with a diagnosis of
macular pathology

906 adults with family
history of glaucoma
and/or diabetes

978 patients with diabetes

1002 high-risk patients
referred from outpatient
diabetic and hypertensive
clinics

US

US

US

Saudi Arabia

Ethiopia

Hark LA et al.40

Bittner AK et al.41

Hark LA et al.42

Yaslam M et al.15

Giorgis AT et al.16

Teleglaucoma consultation

OCT to detect macular edema,
non-mydriatic funduscopic
photography by telemedicine

Data and fundus images read by
ophthalmologist who classified
images, with follow-up
examinations for those with
unreadable or abnormal images

Patients given kit of loaner
equipment in advance and providers
implemented telerehabilitation with
standard procedures

Data and fundus images read by
ophthalmologist who classified
images, with follow-up examinations
for those with unreadable or
abnormal images

Local ophthalmologist place an
e-consult to retinal specialist

Remote assessment of
symptoms with OSDI and
SANDE questionnaires

Video conferencing using
freely available software such
as Skype (Microsoft), and
FaceTime (Apple).

Intervention

Nil

Nil

Nil

Ratings of the
telerehabilitation
session by providers
and patients

Nil

Nil

Nil

Nil

Comparator

Prevalence of glaucoma and glaucoma
suspects was 7.9% (79 cases) and 13.8%
(138 cases), respectively.

470 (43.5%) patients had DR, 370 had
non-proliferative DR and 55 had proliferative
DR. Nineteen (1.9%) had macular edema.

267 of 347 (76.9%) participants referred
through a telemedicine screening programme
were diagnosed with cataracts.

Providers reported little to no difficulty with
evaluating participants, while participants
were satisfied and comfortable receiving
telerehabilitation and evaluation via
videoconferencing.

536 of 906 participants were referred due to
ocular findings or unreadable images; there
was a diagnostic confirmation rate of 86.0%
for any ocular finding.

Successful management of 59 patients with
exudative AMD using telemedicine.

103 of 125 patients (85%) reported symptoms
at least once during the 3-months study
duration. There was significant correlation
between the total scores collected with the
two questionnaires.

Diagnoses of cataract (42.7%), glaucoma
(11%), age-related macular degeneration
(4.4%) and (3.8%) were made after
teleophthalmology.

Outcome

****

****

****

***

***

***

**

**

MMAT

Superscript numbers: Refer to References

AMD: age-related macular degeneration; COVID-19: coronavirus disease 2019; DR: diabetic retinopathy; EMR: electronic medical records; F2FC: face-to-face clinic; GP: general practitioner;
IOP: intraocular pressure; MMAT: Mixed Methods Appraisal Tool; OCT: optical coherence tomography; OSDI: ocular surface disease index; PDR: proliferative diabetic retinopathy; ROP: retinopathy
of prematurity; SANDE: Symptom Assessment in Dry Eye; SVP: spontaneous venous pulsations; TECS: technology-based eye care services; TRI: teleretinal imaging; VA: visual acuity; VF: visual field

59 patients with
exudative AMD

US

125 patients with dry
eye disease

US

Amparo F et al.38

Starr MR et al.39

709 patients who attended
teleophthalmology
consultations

Australia

Population

Bartnik SE et al.13

Quantitative descriptive study

Authors

Table 2. Detailed characteristics of included studies and their characteristics (Cont’d)
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Country

225 patients with
diagnosis of glaucoma
suspect

US

Modjtahedi BS et al.44
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1930 diabetic patients
who have not had fundus
screening for a year
852 paediatric patients in
an endocrinology clinic

5764 diabetic patients at
primary care level
7382 diabetic patients in
public health system

Australia

Italy

US

US

Chile

Host BK et al.46

Mastropasqua L et al.47

Strul S et al.48

Martinez JA et al.49

Avendaño-Veloso A et al.50

Digital images of patients’ eyes
uploaded to tele-ophthalmology
platform

Non-mydriatic fundus photography
for DR screening

Non-mydriatic retinal images
obtained to screen for DR

Incidental fundal abnormalities
other than DR during fundus images
grading by an ophthalmologist

Patient satisfaction with video
teleconsultation

Virtual clinic appointment
consisting of clinical exam
(history, VA and imaging)

Annual monitoring and review
at a centralised telemedicine
reading centre

Data and fundus images sent
electronically to a reading centre
to be graded by certified GPs

Intervention

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Comparator

Telemedicine allowed an increased screening
coverage for DR in diabetic patients.

Capture rate of 81.9% suggests telemedicine
is a useful method to triage high-risk
patients for DR.

DR was identified in 6% of screened
participants, reducing separate eye clinic
visits for pediatric patients with diabetes
by over 90%.

AMD was picked up in 10.5% of patients
for DR screening.

93.6% were ‘very satisfied’ or ‘satisfied’,
5.5% ‘neutral’, with none being ‘dissatisfied’
or ‘very dissatisfied’.

30.9% of internal referrals and 17.2% of
external referrals were brought to F2FC.
The main reason for F2FC was image
quality (34.7%).

97.3% and 92.5% attended 1-year and 2-year
follow-ups, respectively. More than 80%
said the programme was extremely helpful
or very helpful.

Classification of DR stages was possible
in 93.5% of subjects with sensitivity and
specificity for detecting any stage of DR
as 82.8% and 86.2%.

Outcome

*****

*****

*****

*****

****

****

****

****

MMAT

Superscript numbers: Refer to References

AMD: age-related macular degeneration; COVID-19: coronavirus disease 2019; DR: diabetic retinopathy; EMR: electronic medical records; F2FC: face-to-face clinic; GP: general practitioner;
IOP: intraocular pressure; MMAT: Mixed Methods Appraisal Tool; OCT: optical coherence tomography; OSDI: ocular surface disease index; PDR: proliferative diabetic retinopathy; ROP: retinopathy
of prematurity; SANDE: Symptom Assessment in Dry Eye; SVP: spontaneous venous pulsations; TECS: technology-based eye care services; TRI: teleretinal imaging; VA: visual acuity; VF: visual field

137 patients who
underwent video
teleconsultations

UK

Kortuem K et al.45

1729 patients referred
to virtual medical retina
clinics

604 diabetic patients

Iran

Population

Safi S et al.43

Quantitative descriptive study

Authors

Table 2. Detailed characteristics of included studies and their characteristics (Cont’d)
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in sampling strategy (4, 21.1%), sample population
(6, 31.6%) and statistical analysis (5, 26.3%), while the
outcome measures were deemed appropriate for most
of the studies (18, 94.7%).
Overall, the studies focused on 4 main applicable
qualities of teleophthalmology: (1) reducing manpower
requirements in outpatient setting; (2) reducing direct
patient–doctor contact requirements; (3) storage of
medical imaging and clinical data for more time-efficient
review; and (4) real-time videoconferencing and realtime transmission of diagnostics.
DISCUSSION

Superscript numbers: Refer to References

*****
736 (27%) were found to have DR. Of
these, 34 (5%) had PDR, and 702 (95%)
had non-proliferative DR.
Ultra-widefield fundus camera photos
in mobile clinic reviewed
in a reading centre
2788 diabetic patients
US
Afshar AR et al.53

AMD: age-related macular degeneration; COVID-19: coronavirus disease 2019; DR: diabetic retinopathy; EMR: electronic medical records; F2FC: face-to-face clinic; GP: general practitioner;
IOP: intraocular pressure; MMAT: Mixed Methods Appraisal Tool; OCT: optical coherence tomography; OSDI: ocular surface disease index; PDR: proliferative diabetic retinopathy; ROP: retinopathy
of prematurity; SANDE: Symptom Assessment in Dry Eye; SVP: spontaneous venous pulsations; TECS: technology-based eye care services; TRI: teleretinal imaging; VA: visual acuity; VF: visual field

*****
54 out of 103 attending patients initially
classified into the referral pathway did not
need a specialist referral.
107 patients reviewed
through optometric
referrals
UK
Kern C et al.52

Presenting complaint, best corrected
visual acuity, OCT scan

Nil

*****
High prevalence of eye diseases in
working-age population; 13.5% had findings
requiring ophthalmologist review.
Nil
Medical history, OCT and IOP
measurement by a technician
931 employees of the
working population
Germany
Grau E et al.51

Quantitative descriptive study

Nil

MMAT
Intervention
Population
Country
Authors

Table 2. Detailed characteristics of included studies and their characteristics (Cont’d)

Comparator

Outcome
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Reducing manpower requirements in the outpatient
setting
In this COVID-19 pandemic, manpower shortages in
the frontline and the overworking of healthcare worker
have been a major talking point.54 Consultants from
different specialties may be transferred to the frontline,
such as to the intensive care unit and infectious disease
wards, to make up for the staffing shortage. In response,
there has been an increasing shift in focus to telemedicine
in order to provide continuous necessary patient care in
other specialisations.4 In ophthalmology, the use of
telemedicine for screening and monitoring of common
eye diseases at the primary care level indicates
possibilities of more selective specialists referrals.21,25,51
Screening for basic ocular conditions by primary
care physicians or technicians 27,53 via the use of
teleophthalmology may help reduce the specialists’
workload.16,27,50,51,53 For instance, a teleophthalmology
screening initiative involving 256 patients yielded
substantial agreement for common ocular conditions
when compared with face-to-face examination.25 Patients
could therefore be redirected to the primary care team
to reduce unnecessary referrals to tertiary hospitals,
saving time for both the physicians and patients.
Teleophthalmology has enabled primary care physicians
to shoulder the specialists’ workload and cut down
referral numbers.
Virtual ophthalmology clinics form another avenue
of maximising clinic efficiency.31,38,39 In Moorfields
Eye Hospital, London, a virtual medical retina clinic
appointment included ocular imaging followed by a
holistic virtual clinical examination, and enabled each
doctor to attend to more patients over a fixed time.45
Reducing direct patient–doctor contact requirements
The development of mobile, web-based and similar tools
could help minimise transmission risks of COVID-19
during ophthalmology consultations by providing
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Table 3. Application of MMAT appraisal questions
Authors

Question 1

Question 2

Question 3

Question 4

Question 5

Daruich A et al.19

0

0

0

1

0

Liu Y et al.

1

1

1

1

1

0

1

1

0

1

Laurent C et al.22

0

0

1

1

1

Date RC et al.23

0

1

0

1

1

Wisse RPL et al.

0

1

1

1

1

Maa AY et al.

0

1

1

1

1

Roelofs K et al.26

1

1

1

0

1

Chandrasekaran S et al.

1

1

1

0

1

Phanphruk W et al.

0

1

1

1

1

Tsapakis S et al.29

0

1

1

1

1

Young K et al.

0

1

1

1

1

Qualitative
20

Quantitative randomised controlled trial
Joseph S et al.21
Quantitative non-randomised study

24

25

27

28

30

Lapere S et al.

1

1

1

0

1

32

Gonzalez F et al.

0

1

1

1

1

Bursztyn L et al.33

0

1

1

1

1

1

1

1

1

1

Hadziahmetovic M et al.

1

1

1

1

1

Schallhorn SC et al.36

1

1

1

1

1

Odden JL et al.

1

1

1

1

1

Bartnik SE et al.13

0

0

0

1

1

Amparo F et al.

0

0

1

0

1

Starr MR et al.

0

1

1

0

1

Hark LA et al.40

1

0

1

1

0

Bittner AK et al.

0

1

1

1

0

Hark LA et al.

1

1

1

0

1

Yaslam M et al.15

1

0

1

1

1

Giorgis AT et al.

1

1

1

1

0

Safi S et al.

1

0

1

1

1

Modjtahedi BS et al.44

1

1

1

1

0

Kortuem K et al.

1

1

1

1

0

Host BK et al.

1

0

1

1

1

Mastropasqua L et al.47

1

1

1

1

1

Strul S et al.

1

1

1

1

1

1

1

1

1

1

Avendaño-Veloso A et al.

1

1

1

1

1

Grau E et al.51

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

31

Maka E et al.

34
35

37

Quantitative descriptive study
38

39

41

42

16

43

45

46

48

Martinez JA et al.

49
50

Kern C et al.

52

Afshar AR et al.

53

Superscript numbers: Refer to References
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more socially distant alternatives to close-proximity
physical examinations. Wisse et al. trialled a web-based
assessment of refractive error that was excellently
correlated with reference tests of uncorrected distance
visual acuity performed by optometrists.24 This Easee
assessment can be taken by a patient autonomously on a
smartphone or computer, reducing or eliminating entirely
clinician–patient proximity during the measurement.
Many studies have highlighted the utility of remote
fundus imaging through modified portable nonmydriatic fundus cameras in identifying posterior pole
pathologies.15,33,55 Bursztyn et al. reported that fundus
images taken by minimally trained non-physicians met
threshold sensitivity and specificity when remotely
graded by fellowship-trained neuro-ophthalmologists.33
Separately, smartphone video ophthalmoscopy could
also identify fundus details including spontaneous
venous pulsation.22 A possibility hence exists for nonophthalmic staff in COVID-19 wards to use portable
equipment to screen for potentially sight-threatening
fundus pathology in the absence of an ophthalmologist.
Teleophthalmology also has the potential to remodel
ophthalmic investigations. The rise of home-based
perimetry provides an alternative for bulky, non-portable
perimetry devices. Tsapakis et al. demonstrated that
home-based visual field testing using smartphone
was comparable to Humphrey perimeter testing, with
good diagnostic accuracy in the measurement of
ocular alignment.29 On the other hand, the StrabisPIX
smartphone application could detect abnormalities in
head posture and versions at a similar rate to clinic
photographs, while having significantly higher detection
rates of alignment abnormalities.28 Thus, smartphone
applications and related home-based tests are feasible
adjuncts to teleophthalmology consults.
Storage of medical imaging and clinical data for more
time-efficient review
In the “store-and-forward” (i.e. asynchronous) method of
data capture, data are obtained from patients—typically
patient histories or photographs—stored in a secure
online platform and forwarded to the specialist for
subsequent review. The majority of store-and-forward
teleophthalmology utilises image data, although some
authors have demonstrated the utility of pre-recorded
video ophthalmoscopy in detecting dynamic fundus
changes.22 Remote specialists may find video recordings
to be more representative of clinical assessment, while
affording some flexibility in time of review. Nonetheless,
some false positives were reported when grading said
smartphone videos, and the use of smartphone video
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ophthalmoscopy may be limited to initial screening
rather than formal consultation. While the remainder
of this section focuses on the benefits of the store-andforward of image data, it should be noted that further
gains are likely to accrue by exploring alternative data
mediums such as video.
Several key advantages of the store-and-forward
method when employed to diagnose glaucoma, diabetic
retinopathy and macular degeneration are discussed
as follows.
Glaucoma
In a longitudinal study on glaucoma suspect monitoring
via telemedicine in which the patients‘ results attained
at local eye clinics were sent to a centralised reading
centre, ease of access to care with telemedicine showed
higher adherence rates to follow-up.44 Therefore, storeand-forward systems reduce loss-to-follow-up rates.44,48
Given that many patients are unable to physically attend
clinics during the COVID-19 crisis, teleophthalmology
could make data more mobile and increase the
geographical reach of specialist care,42 reducing disruption
to existing patient monitoring programmes. Store-andforward systems also passively amass a data bank of
pathologies. In the Philadelphia Telemedicine Glaucoma
Detection and Follow-up Study,42 of the 38 participants
who were later diagnosed with visually significant
cataracts on follow-up visits, 39.5% and 55.3% were
originally classified as having “unreadable” and
“abnormal” fundus images, respectively. Although the
follow-up study targeted glaucoma patients, it was able
to detect high rates of cataracts as a corollary effect.
Diabetic retinopathy
Similar results were noted in applying teleophthalmology
to diagnosis and monitoring of diabetic retinopathy.15
A Chilean study using remote evaluation of digital
images of patients’ eyes noted increased screening
coverage at the primary care level, more timely detection
and decreased waiting times to see limited numbers of
specialists.50 Another study noted that targeted referrals
after using teleophthalmology as a screening tool
increased adherence rates to hospital referrals and yield
of diabetic retinopathy cases,21 thereby encouraging
more efficient resource use. Date et al. reported a high
level of accuracy in detecting and classifying diabetic
retinopathy through remote review of teleretinal images.23
Although such application of teleophthalmology has to
date been used as a screening tool, perhaps there is now
incentive to trial such tools as alternatives to running
physical clinics during the COVID-19 pandemic.
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Macular degeneration
In macular degeneration, optical coherence tomographic
images have even been used for remote diagnostic
evaluation. Results show remote diagnostic imaging to be
equivalent to standard in-person examinations by retinal
specialists for identifying patients requiring referral in a
more timely fashion.35
Cloud-based referral platforms
A hospital in the UK implemented a cloud-based
referral platform that used store-and-forward reviews
by a consultant ophthalmologist to triage patients for
referral appointments. The study noted a substantial
reduction in unnecessary referrals, improved clinician
productivity—9.2 minutes (optometrists) and 3.0
minutes (ophthalmologists) per patient—and that many
conditions could be successfully identified by remote
review, with the most common being age-related
macular degeneration.52 These efficiency gains within
ophthalmology clinics will allow for diversion of
finite hospital resources and manpower to other
specialties facing shortages in this COVID-19 crisis.
Combined with the reduced risk of viral transmission
that teleophthalmology affords both patients and
healthcare workers, there is a compelling case for
exploring teleophthalmology more vigorously.
Real-time teleconferencing and real-time transmission
of diagnostics
Real-time (i.e. synchronous) teleconferencing is another
key component of teleophthalmology. It allows for
real-time communication that serves to bridge the
physical doctor–patient distance, with the goal of
simulating traditional face-to-face consultation. Its
capability for synchronous clinical data transmission
also allows for real-time communication of diagnosis
and management plans. With the enactment of stay-home
measures hindering in-person medical consults in this
COVID-19 climate, online teleconsultations appear to
hold great potential to meet the patients’ clinical
ophthalmological needs while eliminating clinic visits.45
L i o n s O u t b a c k Vi s i o n r u n s a s t a t e - w i d e
teleophthalmological service linking patients in rural
Western Australia to specialists based in the city, and
in 2015, it performed a retrospective audit on the
diagnostic outcomes of their optometry-facilitated
teleophthalmology consult scheme. 13 This scheme
involved patient referrals from community optometrists
for consultations with distant ophthalmologists via
video conferencing software such as Skype. Over the
course of 12 months, 709 patients were referred for

teleconsultations, and 2 key benefits of teleophthalmology
were noted: (1) decreased need for specialist outpatient
appointment prior to surgical booking, and (2)
cancellation of over 10 days of outreach clinic
consultations, which allowed for allocation of clinic time
to patients with more complex pathologies. Therefore,
real-time teleconferencing shows the potential in
handling ophthalmological conditions while greatly
reducing face-to-face visits.26,32 It may come in handy as
we cope with the increased call for social distancing in
this epidemic.
Aside from its diagnostic capabilities, real-time
teleconferencing has the potential to handle another
important aspect of medicine—consent-taking. In a
study comparing the quality of consent-taking for a
refractive surgery between a telemedicine approach
and a face-to-face discussion, majority of the 11,938
patients opted for telemedicine-assisted consent and
were equally satisfied as their counterparts who chose
face-to-face meeting.36 Surgeons can access the patients’
clinical records and ophthalmological images online to
support the consent-taking process, while incorporating
audio-visual delivery of surgical counselling. This
reduces the need for face-to-face interaction, which will
be particularly important in this COVID-19 climate.
Telerehabiliation may also provide an avenue for longterm or postoperative management of ophthalmological
needs.30 A pilot study looked at low-vision telerehabilitation
services conducted for 10 visually impaired adults.
In-clinic providers assessed the patients’ reading
technique with their optical magnifier and administered
the MNREAD test during videoconferencing sessions.41
Synchronous transmission of patients’ video enabled
assessment of reading speed and accuracy. Following
that telerehabilitation session, providers considered the
training provided via telerehabilitation to be similar
in quality to that of in-clinic session. Application of
real-time teleconferencing thus brings about possibilities
in managing ophthalmological conditions, without the
need for direct contact. This may be particularly useful
for patients requiring rehabilitation-based management
but find it inaccessible in this climate of reduced face-toface contact.
Telemedicine in other specialties
Restrictions on face-to-face interactions and social
distancing measures put in place as part of the fight
against the epidemic have forced physicians to search
for alternatives to provide accessible healthcare. With a
need to be met, there has been a growing interest in
telemedicine in the various fields of medicine such as
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otolaryngology,56 endocrinology,57 oncology58 and others.
One popular area of interest would be otolaryngology in
which the use of smartphone applications has become
more widespread in clinical practice.59 For instance,
in a study preliminarily testing a smartphone-enabled
otoscope (Mebird M9pro wireless otoscope), the
physicians who examined patients’ external auditory
canal wirelessly managed to make real-time diagnosis
and received excellent participation feedback.60 In
dermatology, the Ohio State University Division of
Dermatology implemented a WebEx virtual conference
call system, which utilised a store-and-forward method,
to perform inpatient telemedicine rounds. 61 It was
received with overwhelmingly positive response and
increased clinical efficiency.
Overall, telemedicine is being increasingly explored
by multiple specialisations during this pandemic as
the healthcare sector seeks to cope with the limitations
imposed.29
Limitations of teleophthalmology
Efficiency
The efficiency gains of adopting teleophthalmology
discussed in this review may be eroded by
teleophthalmology-specific inefficiencies.
In several studies, poor image34 and video quality require
patients to be recalled for reassessment or a classical
face-to-face examination;82 one study recorded 6.5%
of its videos as having poor quality.22 Images lost to
technical errors require the same response. Administrative
difficulties in recalling patients for reassessment may
result in greater time inefficiencies. Furthermore, in
store-and-forward teleophthalmology, each patient incurs
a time lag between assessment and diagnosis, while their
images are sent for review. Important diagnoses may thus
be delayed.62
Teleophthalmology also places an additional
administrative burden on staff for tasks such as data entry
and upload. Only a handful of studies have accounted
for additional administrative load,47,52 and no study has
directly compared total time taken for teleophthalmology
with that for face-to-face examinations, or proven a
quantifiable reduction in overall manpower required.
Software requirements
Although real-time teleconsultations could potentially
eliminate clinic visits, this is largely dependent on
powerful software transmissions and processing speeds
to simulate clinic consultations. In the study
implementing virtual medical retina clinic, efficiency was
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hindered owing to the requirement of several software
programs running in parallel.45
It has been suggested that artificial intelligence (AI)
tools such as deep learning may help overcome various
inefficiencies that teleophthalmology faces. 57 For
instance, artificial learning algorithms may assist with
clinical image processing more accurately, potentially
translating into enhanced diagnostic efficiency. In another
example, AI-based chatbots can provide patient-initiated
interactions and a triage of the patients’ symptoms,
followed by initial advice of self-care, while necessary
cases could be referred to a clinician for further evaluation
through either virtual or physical means.63 Granted, it
may take time to amass data and train the machine
learning program.64,65 However, once trained to sufficient
accuracy, it may prove an invaluable tool.
Liabilities
Teleophthalmology could potentially increase liabilities
for healthcare workers and hospitals.
Despite yielding results comparable to classical
examination methods, fears that teleophthalmology will
miss or misinterpret crucial diagnoses remain prevalent.
Given that many teleophthalmology technologies have
not yet been trialled for their safety as anything more
than first-pass triaging tools, 49 implementing
teleophthalmology may increase liability exposure.
Confidence of medical practitioners in teleophthalmology
needs to be garnered20,46 and is unlikely to be gained
until a robust legal liability framework is developed.
In one study, patients expressed concerns over data
privacy and hesitated to use teleophthalmology. 41
Liabilities would be incurred in the event of hacking or
data leaks. These concerns are, however, mitigated by data
encryption and compliance to various data security and
health insurance accountability acts.42 Given the evolving
use of digital tools for COVID-19 contact tracing, the focus
on securing patients’ data privacy is greater than ever.66
Lastly, an asynchronous teleconsultation system
creates a digital trace, which may give rise to medicolegal issues. Careful phrasing of information and detailed
consent taking will be needed to ensure informed consent,
given that data in storage could be used for further
diagnostic, management or research purposes that differ
from the original intention of screening.41 However,
Mastropasqua et al. highlight that this could also be
advantageous. Among 3,679 patients with gradable
mydriatic fundus images originally intended for grading
diabetic retinopathy, a wide range of conditions such as
age-related macular degeneration and hypertensive
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retinopathy could be incidentally detected.47 Therefore,
patient data can be revisited at a later date to screen
for other pathologies, without requiring additional
patient consultations.
Limitations of current literature review
This study has several limitations. As only one database,
namely PubMed, was searched, this may potentially
introduce selection bias to the articles we have included
for review. As only studies published in English were
included, relevant articles in other languages would have
been excluded.
Next, although both qualitative and quantitative
studies were reviewed, most of the studies were
qualitative, thereby potentially limiting our results
scope. The MMAT tool was used to appraise the
methodological quality of these mixed methods of
study, but no quantitative analysis could be performed to
unify the screened results.
Furthermore, as outcomes discussed mainly involved
broad overviews of teleophthalmology, there was a lack
of consistent outcome measures in the studies. Thus, no
quantifiable data were measured to prove the reported
advantages of teleophthalmology, such as increased
efficiency. Publication bias may have also favoured
the reporting of virtues of teleophthalmology over its
limitations, especially in quantitative descriptive studies.
Lastly, both th e CO V I D - 1 9 s itu atio n a n d
teleophthalmology as a concept are rapidly evolving.
Therefore, our results are only accurate up to the date of
screening and may not reflect more recent changes.
CONCLUSION
Teleophthalmology has been implemented in multiple
aspects of patient care, ranging from diagnostic
evaluations to therapeutic management. Multiple studies
have reported its potential in reducing doctor–patient
contact requirement and enhancing care provision
efficiency, although none has quantified the costeffectiveness of teleophthalmology over traditional
means of healthcare. Despite limitations in its current
form, teleophthalmology may be a viable option
in tackling the medical limitations imposed by the
COVID-19 pandemic.
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