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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. 

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  

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 benefi ts  and detr iments of  exist ing  
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.

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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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  

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. 
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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

Joseph S et al.21 Quantitative RCT Asynchronous teleconsultation (diagnosis) Clinical effectiveness

Laurent C et al.22 Quantitative non-randomised study Asynchronous teleconsultation (diagnosis) Clinical effectiveness

Date RC et al.23 Quantitative non-randomised study Asynchronous teleconsultation (diagnosis) Clinical effectiveness

Wisse RPL et al.24 Quantitative non-randomised study Synchronous teleconsultation (diagnosis) Clinical effectiveness

Maa AY et al.25 Quantitative non-randomised study Asynchronous teleconsultation (referral) Clinical effectiveness

Roelofs K et al.26 Quantitative non-randomised study Asynchronous teleconsultation (diagnosis) Clinical effectiveness

Chandrasekaran S et al.27 Quantitative non-randomised study Asynchronous teleconsultation (diagnosis) Clinical effectiveness

Phanphruk W et al.28 Quantitative non-randomised study Asynchronous teleconsultation (management) Clinical effectiveness

Tsapakis S et al.29 Quantitative non-randomised study Asynchronous teleconsultation (management) Clinical effectiveness

Young K et al.30 Quantitative non-randomised study Synchronous teleconsultation (management) Operational efficiency

Lapere S et al.31 Quantitative non-randomised study Synchronous teleconsultation (management) Clinical effectiveness

Gonzalez F et al.32 Quantitative non-randomised study Synchronous teleconsultation (diagnosis) Operational efficiency

Bursztyn L et al.33 Quantitative non-randomised study Asynchronous teleconsultation (diagnosis) Clinical effectiveness

Maka E et al.34 Quantitative non-randomised study Asynchronous teleconsultation (diagnosis) Clinical effectiveness

Hadziahmetovic M et al.35 Quantitative non-randomised study Asynchronous teleconsultation (referral) Clinical effectiveness

Schallhorn SC et al.36 Quantitative non-randomised study Synchronous teleconsultation (management) Clinical effectiveness

Odden JL et al.37 Quantitative non-randomised study Asynchronous teleconsultation (management) Clinical effectiveness

Bartnik SE et al.13 Quantitative descriptive study Synchronous teleconsultation (diagnosis) Clinical effectiveness

Amparo F et al.38 Quantitative descriptive study Asynchronous teleconsultation (management) Operational efficiency

Starr MR et al.39 Quantitative descriptive study Synchronous teleconsultation (management) Clinical effectiveness

Hark LA et al.40 Quantitative descriptive study Asynchronous teleconsultation (referral) Clinical effectiveness

Bittner AK et al.41 Quantitative descriptive study Synchronous teleconsultation (management) Patient satisfaction

Hark LA et al.42 Quantitative descriptive study Asynchronous teleconsultation (referral) Clinical effectiveness

Yaslam M et al.15 Quantitative descriptive study Asynchronous teleconsultation (diagnosis) Clinical effectiveness

Giorgis AT et al.16 Quantitative descriptive study Asynchronous teleconsultation (diagnosis) Clinical effectiveness

Safi S et al.43 Quantitative descriptive study Asynchronous teleconsultation (referral) Clinical effectiveness

Modjtahedi BS et al.44 Quantitative descriptive study Asynchronous teleconsultation (referral) Patient satisfaction

Kortuem K et al.45 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

RCT: randomised controlled trial
Superscript numbers: Refer to References



Ann Acad Med Singap Vol 50 No 1 January 2021 | annals.edu.sg

Teleophthalmology in COVID-19 pandemic—Jiamin C Chong et al. 65
Ta

bl
e 

2.
 D

et
ai

le
d 

ch
ar

ac
te

ris
tic

s o
f i

nc
lu

de
d 

st
ud

ie
s a

nd
 th

ei
r c

ha
ra

ct
er

is
tic

s 

A
ut

ho
rs

C
ou

nt
ry

Po
pu

la
tio

n 
In

te
rv

en
tio

n
C

om
pa

ra
to

r
O

ut
co

m
e 

M
M

AT

Q
ua

lit
at

iv
e

D
ar

ui
ch

 A
 e

t a
l.19

A
rg

en
tin

a
27

-y
ea

r-o
ld

 m
an

 
pr

es
en

tin
g 

w
ith

 
co

nj
un

ct
iv

iti
s

Ex
am

in
at

io
n 

vi
a 

te
le

m
ed

ic
in

e 
w

ith
 

op
ht

ha
lm

ol
og

is
t

N
il

M
od

er
at

e 
co

nj
un

ct
iv

iti
s c

ou
ld

 b
e 

th
e 

fir
st

 si
gn

 
of

 C
O

V
ID

-1
9.

*

Li
u 

Y
 e

t a
l.20

U
S

20
 a

du
lt 

di
ab

et
ic

 p
at

ie
nt

s 
an

d 
9 

pr
im

ar
y 

ca
re

 
pr

ov
id

er
s 

Fu
nd

us
 im

ag
es

 e
le

ct
ro

ni
ca

lly
 

tra
ns

m
itt

ed
 to

 d
is

ta
nt

 e
ye

 sp
ec

ia
lis

ts
 

fo
r e

va
lu

at
io

n 

N
il

M
aj

or
 b

ar
rie

rs
 to

 te
le

op
ht

ha
lm

ol
og

y 
us

e 
in

cl
ud

ed
 b

ei
ng

 u
nf

am
ili

ar
 a

nd
 m

is
co

nc
ep

tio
ns

 
ab

ou
t d

ia
be

tic
 e

ye
 sc

re
en

in
g.

**
**

*

Q
ua

nt
ita

tiv
e 

ra
nd

om
is

ed
 c

on
tr

ol
le

d 
tr

ia
l

Jo
se

ph
 S

 e
t a

l.21
In

di
a

80
1 

pa
rti

ci
pa

nt
s d

ia
gn

os
ed

 
w

ith
 d

ia
be

te
s

TR
I a

nd
 h

os
pi

ta
l r

ef
er

ra
l  

(T
R

 g
ro

up
)

U
ni

ve
rs

al
 h

os
pi

ta
l 

re
fe

rr
al

 (U
R

 g
ro

up
)

Pr
op

or
tio

na
lly

 g
re

at
er

 n
um

be
r o

f p
at

ie
nt

s 
w

er
e 

di
ag

no
se

d 
w

ith
 D

R
 in

 th
e 

TR
 g

ro
up

  
(3

6 
of

 9
6,

 3
7.

5%
), 

co
m

pa
re

d 
w

ith
 U

R
 g

ro
up

 
(5

0 
of

 4
00

, 1
2.

5%
).

**
*

Q
ua

nt
ita

tiv
e 

no
n-

ra
nd

om
is

ed
 st

ud
y

La
ur

en
t C

 e
t a

l.22
N

ew
 Z

ea
la

nd
23

3 
he

al
th

y 
ad

ul
t p

at
ie

nt
s 

V
id

eo
s t

ak
en

 u
si

ng
 th

e 
 

oD
oc

s o
ph

th
al

m
os

co
pe

 w
ith

  
an

 iP
ho

ne
 8

Su
bj

ec
tiv

e 
sl

it-
la

m
p 

ex
am

in
at

io
n 

Se
ns

iti
vi

ty
 o

f s
m

ar
tp

ho
ne

 v
id

eo
 

op
ht

ha
lm

os
co

py
 re

lia
bl

y 
de

te
ct

in
g 

SV
P 

w
as

 
84

.7
7%

 a
nd

 7
6.

82
%

 fo
r t

he
 tw

o 
ob

se
rv

er
s.

**
*

D
at

e 
R

C
 e

t a
l.23

U
S

17
67

 d
ia

be
tic

 p
at

ie
nt

s 
sc

re
en

ed
 a

nd
 re

fe
rr

ed
  

by
 T

R
I p

ro
gr

am
m

e 

D
ia

be
tic

 p
at

ie
nt

s i
de

nt
ifi

ed
 b

y 
pr

im
ar

y 
ca

re
 a

nd
 re

fe
rr

ed
 to

  
th

e 
pr

og
ra

m
m

e

In
-c

lin
ic

 d
ila

te
d 

fu
nd

us
 e

xa
m

in
at

io
n 

M
od

er
at

e 
ag

re
em

en
t b

et
w

ee
n 

TR
I a

nd
 

cl
in

ic
al

 e
xa

m
in

at
io

n 
w

ith
 K

 c
oe

ffi
ci

en
t o

f 
0.

35
 a

nd
 w

ei
gh

te
d 

K
 c

oe
ffi

ci
en

t o
f 0

.4
5.

**
*

W
is

se
 R

PL
 e

t a
l.24

Th
e 

N
et

he
rla

nd
s

10
0 

he
al

th
y 

vo
lu

nt
ee

rs
 

fr
om

 1
8-

40
 y

ea
rs

 o
ld

 w
ith

 
re

fr
ac

tio
n 

er
ro

r b
et

w
ee

n 
 

-6
 a

nd
 +

4 
di

op
te

rs

W
eb

-b
as

ed
 te

st
R

ef
er

en
ce

 te
st

 b
y 

op
to

m
et

ris
t 

W
eb

-b
as

ed
 a

ss
es

sm
en

t o
f r

ef
ra

ct
iv

e 
er

ro
r  

ha
d 

ex
ce

lle
nt

 c
or

re
la

tio
n 

w
ith

 th
e 

re
fe

re
nc

e 
te

st
 (i

nt
ra

cl
as

s c
or

re
la

tio
n 

 0
.9

2)
.

**
**

M
aa

 A
Y

 e
t a

l.25
U

S
25

6 
pa

tie
nt

s w
ith

 n
o 

kn
ow

n 
oc

ul
ar

 d
is

ea
se

Sc
re

en
in

g 
th

ro
ug

h 
TE

C
S 

pr
ot

oc
ol

Fa
ce

-to
-f

ac
e 

ex
am

in
at

io
n 

O
ve

ra
ll 

se
ns

iti
vi

ty
 a

nd
 sp

ec
ifi

ci
ty

 fo
r T

EC
S 

w
er

e 
75

%
 a

nd
 5

5%
, r

es
pe

ct
iv

el
y,

 fo
r a

ny
 

di
ag

no
si

s r
es

ul
tin

g 
in

 re
fe

rr
al

. 

**
**

R
oe

lo
fs

 K
 e

t a
l.26

Sw
itz

er
la

nd
99

 p
at

ie
nt

s w
ith

 c
ho

ro
id

al
 

an
d 

iri
s n

ev
i 

Te
le

-o
nc

ol
og

y 
im

ag
es

 re
vi

ew
ed

 b
y 

on
e 

m
as

ke
d 

re
vi

ew
er

In
-p

at
ie

nt
 re

vi
ew

 
Se

ns
iti

vi
ty

 a
nd

 sp
ec

ifi
ci

ty
 o

f t
el

e-
on

co
lo

gy
 

as
se

ss
m

en
t o

f c
ho

ro
id

al
 a

nd
 ir

is
 n

ev
i g

ro
w

th
 

w
er

e 
10

0%
 a

nd
 9

9%
, r

es
pe

ct
iv

el
y.

**
**

C
ha

nd
ra

se
ka

ra
n 

S 
et

 a
l.27

U
S

10
7 

su
bj

ec
ts

 w
ith

 
di

ag
no

si
s o

f g
la

uc
om

a 
 

or
 g

la
uc

om
a 

su
sp

ec
t

Te
le

-g
la

uc
om

a 
re

vi
ew

 o
f O

C
T,

 
an

te
rio

r s
eg

m
en

t, 
fu

nd
us

 c
ol

ou
r a

nd
 

au
to

-fl
uo

re
sc

en
ce

 im
ag

es

In
-c

lin
ic

 e
xa

m
in

at
io

n
Te

le
-g

la
uc

om
a 

ha
d 

lo
w

er
 re

tu
rn

 to
 c

lin
ic

  
tim

e 
(2

.7
 v

s 3
.9

 m
on

th
s)

 a
nd

 is
 m

or
e 

lik
el

y 
 

to
 e

lic
it 

no
n-

gl
au

co
m

at
ou

s d
ia

gn
os

is
  

(1
8%

 v
s 5

%
 o

f s
ub

je
ct

s)
.

**
**

A
M

D
: a

ge
-r

el
at

ed
 m

ac
ul

ar
 d

eg
en

er
at

io
n;

 C
O

V
ID

-1
9:

 c
or

on
av

iru
s d

is
ea

se
 2

01
9;

 D
R

: d
ia

be
tic

 re
tin

op
at

hy
; E

M
R

: e
le

ct
ro

ni
c 

m
ed

ic
al

 re
co

rd
s;

 F
2F

C
: f

ac
e-

to
-f

ac
e 

cl
in

ic
; G

P:
 g

en
er

al
 p

ra
ct

iti
on

er
;  

IO
P:

 in
tra

oc
ul

ar
 p

re
ss

ur
e;

 M
M

AT
: M

ix
ed

 M
et

ho
ds

 A
pp

ra
is

al
 T

oo
l; 

O
C

T:
 o

pt
ic

al
 c

oh
er

en
ce

 to
m

og
ra

ph
y;

 O
SD

I: 
oc

ul
ar

 su
rf

ac
e 

di
se

as
e 

in
de

x;
 P

D
R

: p
ro

lif
er

at
iv

e 
di

ab
et

ic
 re

tin
op

at
hy

; R
O

P:
 re

tin
op

at
hy

  
of

 p
re

m
at

ur
ity

; S
A

N
D

E:
 S

ym
pt

om
 A

ss
es

sm
en

t i
n 

D
ry

 E
ye

; S
V

P:
 sp

on
ta

ne
ou

s v
en

ou
s p

ul
sa

tio
ns

; T
EC

S:
 te

ch
no

lo
gy

-b
as

ed
 e

ye
 c

ar
e 

se
rv

ic
es

; T
R

I: 
te

le
re

tin
al

 im
ag

in
g;

 V
A

: v
is

ua
l a

cu
ity

; V
F:

 v
is

ua
l fi

el
d 

Su
pe

rs
cr

ip
t n

um
be

rs
: R

ef
er

 to
 R

ef
er

en
ce

s



Teleophthalmology in COVID-19 pandemic—Jiamin C Chong et al.

Ann Acad Med Singap Vol 50 No 1 January 2021 | annals.edu.sg

66
Ta

bl
e 

2.
 D

et
ai

le
d 

ch
ar

ac
te

ris
tic

s o
f i

nc
lu

de
d 

st
ud

ie
s a

nd
 th

ei
r c

ha
ra

ct
er

is
tic

s (
C

on
t’d

)

A
ut

ho
rs

C
ou

nt
ry

Po
pu

la
tio

n 
In

te
rv

en
tio

n
C

om
pa

ra
to

r
O

ut
co

m
e 

M
M

AT

Q
ua

nt
ita

tiv
e 

no
n-

ra
nd

om
is

ed
 st

ud
y

Ph
an

ph
ru

k 
W

 e
t a

l.28
U

S
30

 st
ra

bi
sm

us
 p

at
ie

nt
s 

ag
ed

 2
 a

nd
 a

bo
ve

Fa
m

ily
 m

em
be

rs
 o

bt
ai

n 
 

ey
e-

al
ig

nm
en

t i
m

ag
es

 a
nd

 u
pl

oa
de

d 
to

 S
tra

bi
sP

IX
 d

as
hb

oa
rd

 

Pr
of

es
si

on
al

 
ey

e 
al

ig
nm

en
t 

ph
ot

og
ra

ph
s t

ak
en

  
in

 c
lin

ic

C
lin

ic
 p

ho
to

gr
ap

hs
 h

ad
 si

gn
ifi

ca
nt

ly
 h

ig
he

r 
ac

ce
pt

ab
ili

ty
 fo

r h
or

iz
on

ta
l a

nd
 v

er
tic

al
 

ve
rs

io
ns

, a
nd

 h
ea

d 
po

st
ur

e.
 S

tra
bi

sP
IX

 h
ad

 
hi

gh
er

 d
et

ec
tio

n 
of

 a
lig

nm
en

t a
bn

or
m

al
iti

es
.

**
**

Ts
ap

ak
is

 S
 e

t a
l.29

N
ew

 Z
ea

la
nd

10
 g

la
uc

om
a 

pa
tie

nt
s 

H
om

e-
ba

se
d 

vi
su

al
 fi

el
d 

ex
am

 u
si

ng
 

w
eb

 c
am

er
a 

so
ftw

ar
e 

H
um

ph
re

y 
pe

rim
et

ry
H

om
e-

ba
se

d 
ex

am
 h

ad
 re

as
on

ab
le

 re
ce

iv
er

 
op

er
at

in
g 

ch
ar

ac
te

ris
tic

 c
ur

ve
 w

he
n 

co
m

pa
re

d 
w

ith
 H

um
ph

re
y 

pe
rim

et
er

. 

**
**

Yo
un

g 
K

 e
t a

l.30
U

S
80

0 
pa

ed
ia

tri
c 

pa
tie

nt
s 

w
ith

 fo
llo

w
-u

ps
 in

 
m

ul
tip

le
 d

ep
ar

tm
en

ts
 

in
cl

ud
in

g 
op

ht
ha

lm
ol

og
y

Te
le

co
ns

ul
ta

tio
n 

vi
a 

vi
de

oc
on

fe
re

nc
in

g 
so

ftw
ar

e
In

-p
er

so
n 

co
ns

ul
ta

tio
n

9.
2/

10
 sc

or
e 

w
he

n 
as

ke
d 

to
 ra

te
 v

irt
ua

l v
is

it 
ex

pe
rie

nc
e 

vi
a 

Pr
es

s G
an

ey
 p

at
ie

nt
 su

rv
ey

s.
**

**

La
pe

re
 S

 e
t a

l.31
C

an
ad

a
71

 p
at

ie
nt

s w
ith

 c
ho

ro
id

al
 

an
d 

iri
s n

ev
i

Im
ag

in
g 

in
ve

st
ig

at
io

ns
 fo

llo
w

ed
 b

y 
re

la
yi

ng
 o

f r
es

ul
ts

 v
ia

 te
le

ph
on

e 
In

-p
er

so
n 

re
la

yi
ng

 
of

 re
su

lts
 b

y 
op

ht
ha

lm
ol

og
is

ts

Te
le

op
ht

ha
lm

ol
og

y 
ex

am
in

at
io

n 
ha

d 
a 

se
ns

iti
vi

ty
 o

f 1
00

%
, s

pe
ci

fic
ity

 o
f 9

2%
 to

 
de

te
ct

 g
ro

w
th

 o
f a

 le
si

on
.

**
**

G
on

za
le

z 
F 

et
 a

l.32
Sp

ai
n

28
 m

ill
io

n 
co

ns
ul

ta
tio

ns
 

co
lle

ct
ed

 fr
om

 th
e 

in
st

itu
tio

na
l d

at
ab

as
e 

Ph
on

e 
co

ns
ul

ta
tio

n 
w

ith
 G

P 
ha

vi
ng

 
ac

ce
ss

 to
 p

at
ie

nt
s’ 

EM
R

 
Fa

ce
-to

-f
ac

e 
co

ns
ul

ta
tio

n
C

on
ve

nt
io

na
l v

oi
ce

 te
le

ph
on

e 
ca

lls
 c

an
 

ef
fic

ie
nt

ly
 re

pl
ac

e 
ab

ou
t 1

0%
 o

f f
ac

e-
to

-f
ac

e 
co

ns
ul

ta
tio

ns
 in

 p
rim

ar
y 

he
al

th
ca

re
.

**
**

B
ur

sz
ty

n 
L 

et
 a

l.33
U

S
10

9 
pa

tie
nt

s w
ith

 o
r 

w
ith

ou
t o

pt
ic

 d
is

c 
ed

em
a

N
on

m
yd

ria
tic

 o
pt

ic
 d

is
c 

ph
ot

og
ra

ph
s 

ta
ke

n 
w

ith
 h

an
dh

el
d 

op
ht

ha
lm

ic
 

ca
m

er
a 

C
lin

ic
al

 e
xa

m
in

at
io

ns
 

by
 n

eu
ro

-
op

ht
ha

lm
ol

og
is

ts
 

Se
ns

iti
vi

ty
 a

nd
 sp

ec
ifi

ci
ty

 fo
r d

et
ec

tio
n 

w
er

e 
71

.8
–9

2.
2%

 a
nd

 8
1.

6–
95

.2
%

, r
es

pe
ct

iv
el

y.
**

**

M
ak

a 
E 

et
 a

l.34
H

un
ga

ry
 

15
3 

pr
et

er
m

 in
fa

nt
s 

sc
re

en
ed

 fo
r R

O
P

W
id

e-
fie

ld
 d

ig
ita

l i
m

ag
in

g 
an

d 
te

le
m

ed
ic

in
e-

ba
se

d 
sc

re
en

in
g 

Ex
am

in
at

io
n 

by
 

bi
no

cu
la

r i
nd

ire
ct

 
op

ht
ha

lm
os

co
py

Se
ns

iti
vi

ty
 a

nd
 sp

ec
ifi

ci
ty

 fo
r t

re
at

m
en

t-
re

qu
iri

ng
 R

O
P 

w
er

e 
bo

th
 1

00
%

; t
ha

t o
f n

on
-

tre
at

m
en

t-r
eq

ui
rin

g 
R

O
P 

w
er

e 
86

%
 a

nd
 9

9%
, 

re
sp

ec
tiv

el
y.

 

**
**

*

H
ad

zi
ah

m
et

ov
ic

 M
 e

t a
l.35

U
S

15
9 

pa
tie

nt
s f

ro
m

 N
or

th
 

C
ar

ol
in

a 
co

m
m

un
ity

 w
ith

 
pr

ev
al

en
ce

 o
f m

ac
ul

ar
 

de
ge

ne
ra

tio
n

R
em

ot
e 

di
ag

no
si

s i
m

ag
in

g 
of

 
un

di
la

te
d 

pu
pi

ls
In

-c
lin

ic
 d

ila
te

d 
 

ey
e 

ex
am

in
at

io
n 

R
em

ot
e 

di
ag

no
si

s h
ad

 h
ig

h 
di

ag
no

st
ic

 
ac

cu
ra

cy
 in

 id
en

tif
yi

ng
 re

fe
ra

bl
e 

m
ac

ul
ar

 
de

ge
ne

ra
tio

n.

**
**

*

Sc
ha

llh
or

n 
SC

 e
t a

l.36
N

ew
 Z

ea
la

nd
11

,9
38

 p
at

ie
nt

s 
un

de
rg

oi
ng

 re
fr

ac
tiv

e 
su

rg
er

y

R
em

ot
e 

co
ns

ul
ta

tio
n 

 
pr

e-
op

er
at

iv
el

y
In

-p
at

ie
nt

 c
on

su
lt 

an
d 

di
sc

us
si

on
Pa

tie
nt

s w
ho

 c
ho

se
 te

le
m

ed
ic

in
e-

as
si

st
ed

 
co

ns
en

t w
er

e 
as

 e
qu

al
ly

 sa
tis

fie
d 

as
 th

os
e 

w
ho

 
ha

d 
a 

fa
ce

-to
-f

ac
e 

m
ee

tin
g 

w
ith

 th
ei

r s
ur

ge
on

.

**
**

*

O
dd

en
 JL

 e
t a

l.37
U

S 
20

0 
ad

ul
t g

la
uc

om
a 

pa
tie

nt
s 

O
pt

ic
 d

is
c 

im
ag

es
, O

C
T 

an
d 

V
F 

te
st

s 
gr

ad
ed

 re
m

ot
el

y
In

-p
at

ie
nt

 a
ss

es
sm

en
t 

of
 p

at
ie

nt
s

A
gr

ee
m

en
t b

et
w

ee
n 

in
-p

er
so

n 
ve

rs
us

 re
m

ot
e 

as
se

ss
m

en
t f

or
 th

e 
de

te
rm

in
at

io
n 

of
 g

la
uc

om
a 

pr
og

re
ss

io
n 

ra
ng

ed
 b

et
w

ee
n 

62
%

 a
nd

 6
9%

.

**
**

*

A
M

D
: a

ge
-r

el
at

ed
 m

ac
ul

ar
 d

eg
en

er
at

io
n;

 C
O

V
ID

-1
9:

 c
or

on
av

iru
s d

is
ea

se
 2

01
9;

 D
R

: d
ia

be
tic

 re
tin

op
at

hy
; E

M
R

: e
le

ct
ro

ni
c 

m
ed

ic
al

 re
co

rd
s;

 F
2F

C
: f

ac
e-

to
-f

ac
e 

cl
in

ic
; G

P:
 g

en
er

al
 p

ra
ct

iti
on

er
;  

IO
P:

 in
tra

oc
ul

ar
 p

re
ss

ur
e;

 M
M

AT
: M

ix
ed

 M
et

ho
ds

 A
pp

ra
is

al
 T

oo
l; 

O
C

T:
 o

pt
ic

al
 c

oh
er

en
ce

 to
m

og
ra

ph
y;

 O
SD

I: 
oc

ul
ar

 su
rf

ac
e 

di
se

as
e 

in
de

x;
 P

D
R

: p
ro

lif
er

at
iv

e 
di

ab
et

ic
 re

tin
op

at
hy

; R
O

P:
 re

tin
op

at
hy

  
of

 p
re

m
at

ur
ity

; S
A

N
D

E:
 S

ym
pt

om
 A

ss
es

sm
en

t i
n 

D
ry

 E
ye

; S
V

P:
 sp

on
ta

ne
ou

s v
en

ou
s p

ul
sa

tio
ns

; T
EC

S:
 te

ch
no

lo
gy

-b
as

ed
 e

ye
 c

ar
e 

se
rv

ic
es

; T
R

I: 
te

le
re

tin
al

 im
ag

in
g;

 V
A

: v
is

ua
l a

cu
ity

; V
F:

 v
is

ua
l fi

el
d 

Su
pe

rs
cr

ip
t n

um
be

rs
: R

ef
er

 to
 R

ef
er

en
ce

s



Ann Acad Med Singap Vol 50 No 1 January 2021 | annals.edu.sg

Teleophthalmology in COVID-19 pandemic—Jiamin C Chong et al. 67
Ta

bl
e 

2.
 D

et
ai

le
d 

ch
ar

ac
te

ris
tic

s o
f i

nc
lu

de
d 

st
ud

ie
s a

nd
 th

ei
r c

ha
ra

ct
er

is
tic

s (
C

on
t’d

)

A
ut

ho
rs

C
ou

nt
ry

Po
pu

la
tio

n 
In

te
rv

en
tio

n
C

om
pa

ra
to

r
O

ut
co

m
e 

M
M

AT

Q
ua

nt
ita

tiv
e 

de
sc

ri
pt

iv
e 

st
ud

y

B
ar

tn
ik

 S
E 

et
 a

l.13
A

us
tra

lia
70

9 
pa

tie
nt

s w
ho

 a
tte

nd
ed

 
te

le
op

ht
ha

lm
ol

og
y 

co
ns

ul
ta

tio
ns

V
id

eo
 c

on
fe

re
nc

in
g 

us
in

g 
 

fr
ee

ly
 a

va
ila

bl
e 

so
ftw

ar
e 

su
ch

  
as

 S
ky

pe
 (M

ic
ro

so
ft)

, a
nd

  
Fa

ce
Ti

m
e 

(A
pp

le
).

N
il

D
ia

gn
os

es
 o

f c
at

ar
ac

t (
42

.7
%

), 
gl

au
co

m
a 

(1
1%

), 
ag

e-
re

la
te

d 
m

ac
ul

ar
 d

eg
en

er
at

io
n 

(4
.4

%
) a

nd
 (3

.8
%

) w
er

e 
m

ad
e 

af
te

r 
te

le
op

ht
ha

lm
ol

og
y.

**

A
m

pa
ro

 F
 e

t a
l.38

U
S

12
5 

pa
tie

nt
s w

ith
 d

ry
  

ey
e 

di
se

as
e

R
em

ot
e 

as
se

ss
m

en
t o

f  
sy

m
pt

om
s w

ith
 O

SD
I a

nd
  

SA
N

D
E 

qu
es

tio
nn

ai
re

s

N
il

10
3 

of
 1

25
 p

at
ie

nt
s (

85
%

) r
ep

or
te

d 
sy

m
pt

om
s 

at
 le

as
t o

nc
e 

du
rin

g 
th

e 
3-

m
on

th
s s

tu
dy

 
du

ra
tio

n.
 T

he
re

 w
as

 si
gn

ifi
ca

nt
 c

or
re

la
tio

n 
be

tw
ee

n 
th

e 
to

ta
l s

co
re

s c
ol

le
ct

ed
 w

ith
 th

e 
tw

o 
qu

es
tio

nn
ai

re
s.

**

St
ar

r M
R

 e
t a

l.39
U

S
59

 p
at

ie
nt

s w
ith

  
ex

ud
at

iv
e A

M
D

Lo
ca

l o
ph

th
al

m
ol

og
is

t p
la

ce
 a

n 
e-

co
ns

ul
t t

o 
re

tin
al

 sp
ec

ia
lis

t
N

il 
Su

cc
es

sf
ul

 m
an

ag
em

en
t o

f 5
9 

pa
tie

nt
s w

ith
 

ex
ud

at
iv

e A
M

D
 u

si
ng

 te
le

m
ed

ic
in

e.
**

*

H
ar

k 
LA

 e
t a

l.40
U

S 
90

6 
ad

ul
ts

 w
ith

 fa
m

ily
 

hi
st

or
y 

of
 g

la
uc

om
a 

 
an

d/
or

 d
ia

be
te

s

D
at

a 
an

d 
fu

nd
us

 im
ag

es
 re

ad
 b

y 
op

ht
ha

lm
ol

og
is

t w
ho

 c
la

ss
ifi

ed
 

im
ag

es
, w

ith
 fo

llo
w

-u
p 

ex
am

in
at

io
ns

 
fo

r t
ho

se
 w

ith
 u

nr
ea

da
bl

e 
or

 
ab

no
rm

al
 im

ag
es

N
il

53
6 

of
 9

06
 p

ar
tic

ip
an

ts
 w

er
e 

re
fe

rr
ed

 d
ue

 to
 

oc
ul

ar
 fi

nd
in

gs
 o

r u
nr

ea
da

bl
e 

im
ag

es
; t

he
re

 
w

as
 a

 d
ia

gn
os

tic
 c

on
fir

m
at

io
n 

ra
te

 o
f 8

6.
0%

 
fo

r a
ny

 o
cu

la
r fi

nd
in

g.
 

**
*

B
itt

ne
r A

K
 e

t a
l.41

U
S

10
 lo

w
-v

is
io

n 
pa

tie
nt

s 
w

ith
 a

 d
ia

gn
os

is
 o

f 
m

ac
ul

ar
 p

at
ho

lo
gy

Pa
tie

nt
s g

iv
en

 k
it 

of
 lo

an
er

 
eq

ui
pm

en
t i

n 
ad

va
nc

e 
an

d 
pr

ov
id

er
s 

im
pl

em
en

te
d 

te
le

re
ha

bi
lit

at
io

n 
w

ith
 

st
an

da
rd

 p
ro

ce
du

re
s 

R
at

in
gs

 o
f t

he
 

te
le

re
ha

bi
lit

at
io

n 
se

ss
io

n 
by

 p
ro

vi
de

rs
 

an
d 

pa
tie

nt
s 

Pr
ov

id
er

s r
ep

or
te

d 
lit

tle
 to

 n
o 

di
ffi

cu
lty

 w
ith

 
ev

al
ua

tin
g 

pa
rti

ci
pa

nt
s, 

w
hi

le
 p

ar
tic

ip
an

ts
 

w
er

e 
sa

tis
fie

d 
an

d 
co

m
fo

rta
bl

e 
re

ce
iv

in
g 

te
le

re
ha

bi
lit

at
io

n 
an

d 
ev

al
ua

tio
n 

vi
a 

vi
de

oc
on

fe
re

nc
in

g.
 

**
*

H
ar

k 
LA

 e
t a

l.42
U

S
90

6 
ad

ul
ts

 w
ith

 fa
m

ily
 

hi
st

or
y 

of
 g

la
uc

om
a 

 
an

d/
or

 d
ia

be
te

s 

D
at

a 
an

d 
fu

nd
us

 im
ag

es
 re

ad
 b

y 
op

ht
ha

lm
ol

og
is

t w
ho

 c
la

ss
ifi

ed
 

im
ag

es
, w

ith
 fo

llo
w

-u
p 

 
ex

am
in

at
io

ns
 fo

r t
ho

se
 w

ith
 

un
re

ad
ab

le
 o

r a
bn

or
m

al
 im

ag
es

 

N
il 

26
7 

of
 3

47
 (7

6.
9%

) p
ar

tic
ip

an
ts

 re
fe

rr
ed

 
th

ro
ug

h 
a 

te
le

m
ed

ic
in

e 
sc

re
en

in
g 

pr
og

ra
m

m
e 

w
er

e 
di

ag
no

se
d 

w
ith

 c
at

ar
ac

ts
. 

**
**

Ya
sl

am
 M

 e
t a

l.15
Sa

ud
i A

ra
bi

a
97

8 
pa

tie
nt

s w
ith

 d
ia

be
te

s 
O

C
T 

to
 d

et
ec

t m
ac

ul
ar

 e
de

m
a,

  
no

n-
m

yd
ria

tic
 fu

nd
us

co
pi

c 
ph

ot
og

ra
ph

y 
by

 te
le

m
ed

ic
in

e 

N
il

47
0 

(4
3.

5%
) p

at
ie

nt
s h

ad
 D

R
, 3

70
 h

ad
  

no
n-

pr
ol

ife
ra

tiv
e 

D
R

 a
nd

 5
5 

ha
d 

pr
ol

ife
ra

tiv
e 

D
R

. N
in

et
ee

n 
(1

.9
%

) h
ad

 m
ac

ul
ar

 e
de

m
a.

 

**
**

G
io

rg
is

 A
T 

et
 a

l.16
Et

hi
op

ia
10

02
 h

ig
h-

ris
k 

pa
tie

nt
s 

re
fe

rr
ed

 fr
om

 o
ut

pa
tie

nt
 

di
ab

et
ic

 a
nd

 h
yp

er
te

ns
iv

e 
cl

in
ic

s

Te
le

gl
au

co
m

a 
co

ns
ul

ta
tio

n 
N

il 
Pr

ev
al

en
ce

 o
f g

la
uc

om
a 

an
d 

gl
au

co
m

a 
su

sp
ec

ts
 w

as
 7

.9
%

 (7
9 

ca
se

s)
 a

nd
 1

3.
8%

  
(1

38
 c

as
es

), 
re

sp
ec

tiv
el

y.

**
**

A
M

D
: a

ge
-r

el
at

ed
 m

ac
ul

ar
 d

eg
en

er
at

io
n;

 C
O

V
ID

-1
9:

 c
or

on
av

iru
s d

is
ea

se
 2

01
9;

 D
R

: d
ia

be
tic

 re
tin

op
at

hy
; E

M
R

: e
le

ct
ro

ni
c 

m
ed

ic
al

 re
co

rd
s;

 F
2F

C
: f

ac
e-

to
-f

ac
e 

cl
in

ic
; G

P:
 g

en
er

al
 p

ra
ct

iti
on

er
;  

IO
P:

 in
tra

oc
ul

ar
 p

re
ss

ur
e;

 M
M

AT
: M

ix
ed

 M
et

ho
ds

 A
pp

ra
is

al
 T

oo
l; 

O
C

T:
 o

pt
ic

al
 c

oh
er

en
ce

 to
m

og
ra

ph
y;

 O
SD

I: 
oc

ul
ar

 su
rf

ac
e 

di
se

as
e 

in
de

x;
 P

D
R

: p
ro

lif
er

at
iv

e 
di

ab
et

ic
 re

tin
op

at
hy

; R
O

P:
 re

tin
op

at
hy

  
of

 p
re

m
at

ur
ity

; S
A

N
D

E:
 S

ym
pt

om
 A

ss
es

sm
en

t i
n 

D
ry

 E
ye

; S
V

P:
 sp

on
ta

ne
ou

s v
en

ou
s p

ul
sa

tio
ns

; T
EC

S:
 te

ch
no

lo
gy

-b
as

ed
 e

ye
 c

ar
e 

se
rv

ic
es

; T
R

I: 
te

le
re

tin
al

 im
ag

in
g;

 V
A

: v
is

ua
l a

cu
ity

; V
F:

 v
is

ua
l fi

el
d 

Su
pe

rs
cr

ip
t n

um
be

rs
: R

ef
er

 to
 R

ef
er

en
ce

s



Teleophthalmology in COVID-19 pandemic—Jiamin C Chong et al.

Ann Acad Med Singap Vol 50 No 1 January 2021 | annals.edu.sg

68
Ta

bl
e 

2.
 D

et
ai

le
d 

ch
ar

ac
te

ris
tic

s o
f i

nc
lu

de
d 

st
ud

ie
s a

nd
 th

ei
r c

ha
ra

ct
er

is
tic

s (
C

on
t’d

)

A
ut

ho
rs

C
ou

nt
ry

Po
pu

la
tio

n 
In

te
rv

en
tio

n
C

om
pa

ra
to

r
O

ut
co

m
e 

M
M

AT

Q
ua

nt
ita

tiv
e 

de
sc

ri
pt

iv
e 

st
ud

y

Sa
fi 

S 
et

 a
l.43

Ir
an

60
4 

di
ab

et
ic

 p
at

ie
nt

s
D

at
a 

an
d 

fu
nd

us
 im

ag
es

 se
nt

 
el

ec
tro

ni
ca

lly
 to

 a
 re

ad
in

g 
ce

nt
re

  
to

 b
e 

gr
ad

ed
 b

y 
ce

rti
fie

d 
G

Ps
 

N
il

C
la

ss
ifi

ca
tio

n 
of

 D
R

 st
ag

es
 w

as
 p

os
si

bl
e 

in
 9

3.
5%

 o
f s

ub
je

ct
s w

ith
 se

ns
iti

vi
ty

 a
nd

 
sp

ec
ifi

ci
ty

 fo
r d

et
ec

tin
g 

an
y 

st
ag

e 
of

 D
R

  
as

 8
2.

8%
 a

nd
 8

6.
2%

.

**
**

M
od

jta
he

di
 B

S 
et

 a
l.44

U
S

22
5 

pa
tie

nt
s w

ith
 

di
ag

no
si

s o
f g

la
uc

om
a 

su
sp

ec
t 

A
nn

ua
l m

on
ito

rin
g 

an
d 

re
vi

ew
  

at
 a

 c
en

tra
lis

ed
 te

le
m

ed
ic

in
e 

 
re

ad
in

g 
ce

nt
re

N
il

97
.3

%
 a

nd
 9

2.
5%

 a
tte

nd
ed

 1
-y

ea
r a

nd
 2

-y
ea

r 
fo

llo
w

-u
ps

, r
es

pe
ct

iv
el

y.
 M

or
e 

th
an

 8
0%

  
sa

id
 th

e 
pr

og
ra

m
m

e 
w

as
 e

xt
re

m
el

y 
he

lp
fu

l  
or

 v
er

y 
he

lp
fu

l.

**
**

K
or

tu
em

 K
 e

t a
l.45

U
K

17
29

 p
at

ie
nt

s r
ef

er
re

d 
to

 v
irt

ua
l m

ed
ic

al
 re

tin
a 

cl
in

ic
s 

V
irt

ua
l c

lin
ic

 a
pp

oi
nt

m
en

t  
co

ns
is

tin
g 

of
 c

lin
ic

al
 e

xa
m

  
(h

is
to

ry
, V

A
 a

nd
 im

ag
in

g)

N
il

30
.9

%
 o

f i
nt

er
na

l r
ef

er
ra

ls
 a

nd
 1

7.
2%

 o
f 

ex
te

rn
al

 re
fe

rr
al

s w
er

e 
br

ou
gh

t t
o 

F2
FC

.  
Th

e 
m

ai
n 

re
as

on
 fo

r F
2F

C
 w

as
 im

ag
e 

 
qu

al
ity

 (3
4.

7%
).

**
**

H
os

t B
K

 e
t a

l.46
A

us
tra

lia
13

7 
pa

tie
nt

s w
ho

 
un

de
rw

en
t v

id
eo

 
te

le
co

ns
ul

ta
tio

ns

Pa
tie

nt
 sa

tis
fa

ct
io

n 
w

ith
 v

id
eo

 
te

le
co

ns
ul

ta
tio

n
N

il
93

.6
%

 w
er

e 
‘v

er
y 

sa
tis

fie
d’

 o
r ‘

sa
tis

fie
d’

, 
5.

5%
 ‘n

eu
tra

l’,
 w

ith
 n

on
e 

be
in

g 
‘d

is
sa

tis
fie

d’
 

or
 ‘v

er
y 

di
ss

at
is

fie
d’

.

**
**

M
as

tro
pa

sq
ua

 L
 e

t a
l.47

Ita
ly

19
30

 d
ia

be
tic

 p
at

ie
nt

s 
w

ho
 h

av
e 

no
t h

ad
 fu

nd
us

 
sc

re
en

in
g 

fo
r a

 y
ea

r

In
ci

de
nt

al
 fu

nd
al

 a
bn

or
m

al
iti

es
 

ot
he

r t
ha

n 
D

R
 d

ur
in

g 
fu

nd
us

 im
ag

es
 

gr
ad

in
g 

by
 a

n 
op

ht
ha

lm
ol

og
is

t

N
il

A
M

D
 w

as
 p

ic
ke

d 
up

 in
 1

0.
5%

 o
f p

at
ie

nt
s  

fo
r D

R
 sc

re
en

in
g.

**
**

*

St
ru

l S
 e

t a
l.48

U
S 

85
2 

pa
ed

ia
tri

c 
pa

tie
nt

s i
n 

an
 e

nd
oc

rin
ol

og
y 

cl
in

ic
 

N
on

-m
yd

ria
tic

 re
tin

al
 im

ag
es

 
ob

ta
in

ed
 to

 sc
re

en
 fo

r D
R

N
il

D
R

 w
as

 id
en

tifi
ed

 in
 6

%
 o

f s
cr

ee
ne

d 
pa

rti
ci

pa
nt

s, 
re

du
ci

ng
 se

pa
ra

te
 e

ye
 c

lin
ic

 
vi

si
ts

 fo
r p

ed
ia

tri
c 

pa
tie

nt
s w

ith
 d

ia
be

te
s  

by
 o

ve
r 9

0%
.

**
**

*

M
ar

tin
ez

 JA
 e

t a
l.49

U
S 

57
64

 d
ia

be
tic

 p
at

ie
nt

s a
t 

pr
im

ar
y 

ca
re

 le
ve

l 
N

on
-m

yd
ria

tic
 fu

nd
us

 p
ho

to
gr

ap
hy

 
fo

r D
R

 sc
re

en
in

g
N

il 
C

ap
tu

re
 ra

te
 o

f 8
1.

9%
 su

gg
es

ts
 te

le
m

ed
ic

in
e 

is
 a

 u
se

fu
l m

et
ho

d 
to

 tr
ia

ge
 h

ig
h-

ris
k 

 
pa

tie
nt

s f
or

 D
R

.

**
**

*

Av
en

da
ño

-V
el

os
o 

A
 e

t a
l.50

C
hi

le
 

73
82

 d
ia

be
tic

 p
at

ie
nt

s i
n 

pu
bl

ic
 h

ea
lth

 sy
st

em
 

D
ig

ita
l i

m
ag

es
 o

f p
at

ie
nt

s’ 
ey

es
 

up
lo

ad
ed

 to
 te

le
-o

ph
th

al
m

ol
og

y 
pl

at
fo

rm
 

N
il

Te
le

m
ed

ic
in

e 
al

lo
w

ed
 a

n 
in

cr
ea

se
d 

sc
re

en
in

g 
co

ve
ra

ge
 fo

r D
R

 in
 d

ia
be

tic
 p

at
ie

nt
s. 

**
**

*

A
M

D
: a

ge
-r

el
at

ed
 m

ac
ul

ar
 d

eg
en

er
at

io
n;

 C
O

V
ID

-1
9:

 c
or

on
av

iru
s d

is
ea

se
 2

01
9;

 D
R

: d
ia

be
tic

 re
tin

op
at

hy
; E

M
R

: e
le

ct
ro

ni
c 

m
ed

ic
al

 re
co

rd
s;

 F
2F

C
: f

ac
e-

to
-f

ac
e 

cl
in

ic
; G

P:
 g

en
er

al
 p

ra
ct

iti
on

er
;  

IO
P:

 in
tra

oc
ul

ar
 p

re
ss

ur
e;

 M
M

AT
: M

ix
ed

 M
et

ho
ds

 A
pp

ra
is

al
 T

oo
l; 

O
C

T:
 o

pt
ic

al
 c

oh
er

en
ce

 to
m

og
ra

ph
y;

 O
SD

I: 
oc

ul
ar

 su
rf

ac
e 

di
se

as
e 

in
de

x;
 P

D
R

: p
ro

lif
er

at
iv

e 
di

ab
et

ic
 re

tin
op

at
hy

; R
O

P:
 re

tin
op

at
hy

  
of

 p
re

m
at

ur
ity

; S
A

N
D

E:
 S

ym
pt

om
 A

ss
es

sm
en

t i
n 

D
ry

 E
ye

; S
V

P:
 sp

on
ta

ne
ou

s v
en

ou
s p

ul
sa

tio
ns

; T
EC

S:
 te

ch
no

lo
gy

-b
as

ed
 e

ye
 c

ar
e 

se
rv

ic
es

; T
R

I: 
te

le
re

tin
al

 im
ag

in
g;

 V
A

: v
is

ua
l a

cu
ity

; V
F:

 v
is

ua
l fi

el
d 

Su
pe

rs
cr

ip
t n

um
be

rs
: R

ef
er

 to
 R

ef
er

en
ce

s



Ann Acad Med Singap Vol 50 No 1 January 2021 | annals.edu.sg

Teleophthalmology in COVID-19 pandemic—Jiamin C Chong et al. 69

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 real- 
time transmission of diagnostics.

DISCUSSION

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 technicians27,53 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 Ta

bl
e 

2.
 D

et
ai

le
d 

ch
ar

ac
te

ris
tic

s o
f i

nc
lu

de
d 

st
ud

ie
s a

nd
 th

ei
r c

ha
ra

ct
er

is
tic

s (
C

on
t’d

)

A
ut

ho
rs

C
ou

nt
ry

Po
pu

la
tio

n 
In

te
rv

en
tio

n
C

om
pa

ra
to

r
O

ut
co

m
e 

M
M

AT

Q
ua

nt
ita

tiv
e 

de
sc

ri
pt

iv
e 

st
ud

y

G
ra

u 
E 

et
 a

l.51
G

er
m

an
y 

93
1 

em
pl

oy
ee

s o
f t

he
 

w
or

ki
ng

 p
op

ul
at

io
n 

M
ed

ic
al

 h
is

to
ry

, O
C

T 
an

d 
IO

P 
m

ea
su

re
m

en
t b

y 
a 

te
ch

ni
ci

an
N

il 
H

ig
h 

pr
ev

al
en

ce
 o

f e
ye

 d
is

ea
se

s i
n 

 
w

or
ki

ng
-a

ge
 p

op
ul

at
io

n;
 1

3.
5%

 h
ad

 fi
nd

in
gs

 
re

qu
iri

ng
 o

ph
th

al
m

ol
og

is
t r

ev
ie

w.
 

**
**

*

K
er

n 
C

 e
t a

l.52
U

K
 

10
7 

pa
tie

nt
s r

ev
ie

w
ed

 
th

ro
ug

h 
op

to
m

et
ric

 
re

fe
rr

al
s  

Pr
es

en
tin

g 
co

m
pl

ai
nt

, b
es

t c
or

re
ct

ed
 

vi
su

al
 a

cu
ity

, O
C

T 
sc

an
 

N
il 

54
 o

ut
 o

f 1
03

 a
tte

nd
in

g 
pa

tie
nt

s i
ni

tia
lly

 
cl

as
si

fie
d 

in
to

 th
e 

re
fe

rr
al

 p
at

hw
ay

 d
id

 n
ot

 
ne

ed
 a

 sp
ec

ia
lis

t r
ef

er
ra

l.

**
**

*

A
fs

ha
r A

R
 e

t a
l.53

U
S 

27
88

 d
ia

be
tic

 p
at

ie
nt

s 
U

ltr
a-

w
id

efi
el

d 
fu

nd
us

 c
am

er
a 

ph
ot

os
 

in
 m

ob
ile

 c
lin

ic
 re

vi
ew

ed
  

in
 a

 re
ad

in
g 

ce
nt

re

N
il

73
6 

(2
7%

) w
er

e 
fo

un
d 

to
 h

av
e 

D
R

. O
f  

th
es

e,
 3

4 
(5

%
) h

ad
 P

D
R

, a
nd

 7
02

 (9
5%

)  
ha

d 
no

n-
pr

ol
ife

ra
tiv

e 
D

R
.

**
**

*

A
M

D
: a

ge
-r

el
at

ed
 m

ac
ul

ar
 d

eg
en

er
at

io
n;

 C
O

V
ID

-1
9:

 c
or

on
av

iru
s d

is
ea

se
 2

01
9;

 D
R

: d
ia

be
tic

 re
tin

op
at

hy
; E

M
R

: e
le

ct
ro

ni
c 

m
ed

ic
al

 re
co

rd
s;

 F
2F

C
: f

ac
e-

to
-f

ac
e 

cl
in

ic
; G

P:
 g

en
er

al
 p

ra
ct

iti
on

er
;  

IO
P:

 in
tra

oc
ul

ar
 p

re
ss

ur
e;

 M
M

AT
: M

ix
ed

 M
et

ho
ds

 A
pp

ra
is

al
 T

oo
l; 

O
C

T:
 o

pt
ic

al
 c

oh
er

en
ce

 to
m

og
ra

ph
y;

 O
SD

I: 
oc

ul
ar

 su
rf

ac
e 

di
se

as
e 

in
de

x;
 P

D
R

: p
ro

lif
er

at
iv

e 
di

ab
et

ic
 re

tin
op

at
hy

; R
O

P:
 re

tin
op

at
hy

  
of

 p
re

m
at

ur
ity

; S
A

N
D

E:
 S

ym
pt

om
 A

ss
es

sm
en

t i
n 

D
ry

 E
ye

; S
V

P:
 sp

on
ta

ne
ou

s v
en

ou
s p

ul
sa

tio
ns

; T
EC

S:
 te

ch
no

lo
gy

-b
as

ed
 e

ye
 c

ar
e 

se
rv

ic
es

; T
R

I: 
te

le
re

tin
al

 im
ag

in
g;

 V
A

: v
is

ua
l a

cu
ity

; V
F:

 v
is

ua
l fi

el
d 

Su
pe

rs
cr

ip
t n

um
be

rs
: R

ef
er

 to
 R

ef
er

en
ce

s



Teleophthalmology in COVID-19 pandemic—Jiamin C Chong et al.

Ann Acad Med Singap Vol 50 No 1 January 2021 | annals.edu.sg

70

Table 3. Application of MMAT appraisal questions

Authors Question 1 Question 2 Question 3 Question 4 Question 5

Qualitative

Daruich A et al.19 0 0 0 1 0

Liu Y et al.20 1 1 1 1 1

Quantitative randomised controlled trial

Joseph S et al.21 0 1 1 0 1

Quantitative non-randomised study 

Laurent C et al.22 0 0 1 1 1

Date RC et al.23 0 1 0 1 1

Wisse RPL et al.24 0 1 1 1 1

Maa AY et al.25 0 1 1 1 1

Roelofs K et al.26 1 1 1 0 1

Chandrasekaran S et al.27 1 1 1 0 1

Phanphruk W et al.28 0 1 1 1 1

Tsapakis S et al.29 0 1 1 1 1

Young K et al.30 0 1 1 1 1

Lapere S et al.31 1 1 1 0 1

Gonzalez F et al.32 0 1 1 1 1

Bursztyn L et al.33 0 1 1 1 1

Maka E et al.34 1 1 1 1 1

Hadziahmetovic M et al.35 1 1 1 1 1

Schallhorn SC et al.36 1 1 1 1 1

Odden JL et al.37 1 1 1 1 1

Quantitative descriptive study 

Bartnik SE et al.13 0 0 0 1 1

Amparo F et al.38 0 0 1 0 1

Starr MR et al.39 0 1 1 0 1

Hark LA et al.40 1 0 1 1 0

Bittner AK et al.41 0 1 1 1 0

Hark LA et al.42 1 1 1 0 1

Yaslam M et al.15 1 0 1 1 1

Giorgis AT et al.16 1 1 1 1 0

Safi S et al.43 1 0 1 1 1

Modjtahedi BS et al.44 1 1 1 1 0

Kortuem K et al.45 1 1 1 1 0

Host BK et al.46 1 0 1 1 1

Mastropasqua L et al.47 1 1 1 1 1

Strul S et al.48 1 1 1 1 1

Martinez JA et al.49 1 1 1 1 1

Avendaño-Veloso A et al.50 1 1 1 1 1

Grau E et al.51 1 1 1 1 1

Kern C et al.52 1 1 1 1 1

Afshar AR et al.53 1 1 1 1 1

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 non-
mydriatic 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 non-
ophthalmic 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 

ophthalmoscopy may be limited to initial screening  
rather than formal consultation. While the remainder  
of this section focuses on the benefits of the store-and-
forward 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, store-
and-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-and-
forward 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 ions  Outback  Vis ion  runs  a  s ta te -wide 
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 long-
term 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-to-
face 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 

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 tr iaging 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 medico-
legal 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. 

Last ly,  both the COVID-19 s i tuat ion and  
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 cost-
effectiveness 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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