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A B S T R A C T

Background: the need for social distancing midst the COVID-19 pandemic has forced ophthalmologists to
innovate with telemedicine. The novel process of triaging emergency ophthalmology patients via videocon-
sultations should reduce hospital attendances. However, the safety profile of such services were unknown.
Methods: in this retrospective cohort study, we reviewed case notes of 404 adults who used our videoconsul-
tation service from 20/04/2020 to 03/05/2020. We compared these to 451 patient who attended eye casualty
in person at the same time who were deemed not to require same day ophthalmic examination.
Findings: patients seen by videoconsultations tended to be younger (Median = 43 years, Inter-quartile
range = 27 vs Median= 49 years, Inter-quartile range = 28)'. More males used the face-to-face triage
(55%) while more females used videoconsultation (54%)%. Fewer patients seen by videoconsultations
required specialist review compared to face-face triage [X2 (1, N = 854) = 128.02, p<0.001)]. 35.5% of
the patients initially seen by videoconsultation had unplanned reattendance within 1 month, compared
to 15.7% in the group initially seen in person. X2 (1, N = 234) = 7.31, p = 0.007). The rate of actual harm
was no different (at 0% for each method), with perfect inter-grader correlation when graded indepen-
dently by two senior ophthalmologists. 97% of patients seen on the video platform surveyed were sat-
isfied with their care.
Interpretation: we demonstrate comparable patient safety of videoconsultations at one-month follow-up to
in person review. The service is acceptable to patients and reduces the risk of COVID-19 transmission. We
propose that videoconsultations are effective and desirable as a tool for triage in ophthalmology.
Funding: the research supported by the National Institute for Health Research (NIHR) Biomedical Research
Centre based at Moorfields Eye Hospital NHS Foundation Trust and UCL Institute of Ophthalmology who
fund PT and DS’s time to conduct research. The views expressed are those of the author(s) and not necessarily
those of the NHS, the NIHR or the Department of Health.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
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1. Introduction
Coronavirus disease 2019 (COVID-19) swept across the globe in
2020. Social distancing, as a non-pharmaceutical intervention in
reducing transmission rates, has been a central strategy in mitigation
of the pandemic. Fundamental changes to the delivery of healthcare
have had to be implemented at speed. Existing services were recon-
figured and digital technologies were adopted in innovative new
ways [1]. With the expectation that community transmission of
COVID-19 will continue, these new models of care are set to become
the new norm.

Ophthalmology has long adopted telemedicine for image-based
screening, most notably with great success for diabetic retinopathy,
but has also trialed it for diagnosis and triage [2,3]. Given the particu-
lar risk to ophthalmologists and patients of this virus, predominantly
transmitted by inhalation of droplets and aerosol, there is an urgent
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Research in context

Evidence before this study

We searched the PubMed database for articles that assess the
safety of remote video-based triage systems in emergency oph-
thalmology before and during the coronavirus pandemic on 1st
August 2020 using the search terms (‘telemedicine AND oph-
thalmology AND safety’ OR ‘emergency AND ophthalmology
AND telemedicine’) with no language or time restrictions. How-
ever, no published works were found about the safety of
remotely triaging emergency ophthalmology patients.

Added value of this study

With the increasing adoption of telemedicine services in health-
care driven simultaneously by increasing digital telecommunica-
tions capabilities and the need for social distancing to mitigate
COVID-19 transmission, there is an urgent need to assess the
safety of these new services. This study assesses the safety of a
new video-based remote tele-ophthalmology service adopted at a
large eye hospital. It investigates if any patients had come to harm
as a result of not having been seen in person within 1 month fol-
lowing the assessment, and compare the outcomes with those
who were triaged in person at the emergency service. This pilot
shows that no patients came to harm 1 month following their
being triaged in either group. This suggests that the safety profile
of this remote triage service is comparable to that of in person tri-
age during the COVID-19 pandemic.

Implications of all the available evidence

This study suggests that remote video-based triage systems are
safe for more widespread adoption particularly when balanced
against the risks of exposure to transmissible diseases during a
pandemic. This study is limited in its size, duration of follow-up,
and those potentially lost to follow-up and thus further work
needs to be done to assess the safety of such services on a larger
scale, and to inform how to improve these new services. Addition-
ally, we provide outcomes from patient satisfaction surveys which
suggest that patients welcome these new services. There is evi-
dence to suggest some difference in the demographics seeking
physical and remote care, and more work is needed in this area to
ensure adequate provision to all patients without exclusion.
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need to reduce in-person ophthalmic examinations which demand
close proximity [4�6]. Tele-ophthalmology services have been rap-
idly upscaled in response to this need [7�11]. Additionally, attendan-
ces can be avoided if non-sight-threatening pathologies can be
managed remotely with advice and medication. A study prior to the
COVID-19 pandemic from our hospital demonstrated around 30% of
attendances to accident and emergency were non-acute [12]. Com-
bining effective triage with telemedicine should enable effective
identification of patients needing to attend in person, thus allowing
those with less acute pathologies to be managed remotely.

The safety of remote triage without supplementary clinical infor-
mation such as imaging compared to face-to-face triage have not yet
been demonstrated to our knowledge. The safety profile of such new
services, especially implemented at speed without the usual rigorous
quality assessments, must be shown before expansion of services.
Importantly, new services should aim to be as equitable as possible
in reaching all patients, particularly those who are vulnerable. In this
study the primary outcome question is if patients came to harm as a
result of being kept away from hospital during the first peak of the
COVID-19 pandemic through the use of videoconsultations for triag-
ing in the emergency department.
2. Methods

In this retrospective cohort study, we reviewed electronic notes of
adult patients who attended either the videoconsultation platform
remotely or face-to-face casualty at Moorfields Eye Hospital NHS
Foundation Trust, from 20/04/2020 to 03/05/2020 during the
national lockdown imposed in England in response to COVID-19.
Within the National Health Service in England, patients seeking
emergency eye care during this time were advised to attend their
local eye hospital. We confined our study to patients who lived
within a 10-mile radius of the hospital.

Patients chose to either attend in person or use the videoconsulta-
tion process. The videoconsultation service was only available during
normal working hours and therefore the same only patients who
attended in person during those hours were included in the study
period. Both services were freely available to patients with no limita-
tions on the access of each. The virtual triage was a weblink with
access to a virtual waiting room, whence the ophthalmologist was
able to connect to the patient by a video call.

Patients triaged via both methods were managed either in hospi-
tal in the emergency service the same day, or managed without
same-day in-person review with advice, prescription, direction to
primary care provider or pharmacists, or direct onward referral to
subspecialty services, referred directly to subspecialty services, or
directed to care outside of the hospital, such as their primary care
physician, advice on over the counter medication, or a prescription
provided without full in person review. Fig. 1 shows virtual triage
process. Patients from both pathways have an early assessment by an
experienced ophthalmologist immediately after registration, to triage
patients to the appropriate clinical services. Patients with presen-
tations requiring further examination or investigation were sent
to either the Emergency Room, Urgent Care Centre or Specialist
clinics. Those that do not require review were either issued treat-
ment or given verbal advice and discharged directly. Amongst
patients who were discharged without further review, we
reviewed our database to record any re-attendances within one
month following discharge.

Data was accessed from hospital systems by the authors (AJ, CK,
AT, JOL, AL). Details were recorded on the numbers of re-attenders,
reasons for review, and potential harm caused by a delay in treat-
ment or misdiagnosis at the point of initial triage. Harm was deter-
mined by case review of all re-attenders by two senior
ophthalmologists (GH and PT). Inter-rater reliability was also
assessed. In order to compare reattendance rates and patient harm
with the standard practice of face-to-face triage, we reviewed elec-
tronic notes of patients who attended triage in person over the same
period, during the same hours as the teleconsultation service, at the
times when the videoconsultation service was open.

We separately collected patient feedback from those who used
the videoconsultation service at a later date (from 19/5/2020 to 30/6/
2020) via an online survey immediately following their assessment.
We created and validated a 10-item patient questionnaire which
qualitatively and quantitatively assessed numerous domains, includ-
ing satisfaction and preference of videoconsultations compared to
attending casualty. The survey was designed to automatically initiate
at the end of each videoconsultations. Data was analyzed by propor-
tion of patients responding with a 5-point (Likert) scoring system,
ranging from “strongly agree” to “strongly disagree”. Key themes
from free text responses were categorized according to common
properties. Subgroup analysis was performed based on whether the
patients had used the videoconsultation service before.

The study protocol was reviewed and approved by the Clinical
Audit Assessment Committee of Moorfields Eye Hospital NHS Foun-
dation Trust (audit number 646), and consent was not required. It
adhered to the principles of the Declaration of Helsinki and the
reporting of this study conforms to the STROBE statement [13].



Fig. 1. The triage process.
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3. Power calculation

There is currently limited data on effect sizes for the detection of
harm via telemedicine platforms. A power calculation was conducted
using G*Power 3.1.9.4. Given the incidence of harm is likely to be low
we used a small effect size of 0�1, a two-sided alpha of 0�05 and a
power of 80%. This produced a total sample size requirement of 785.

4. Statistical analysis

Analyses were conducted using SPSS version 24 (IBM Corp.,
Armonk, New York). Normality of the data was assessed using the
Shapiro-Wilk test. Categorical data was analyzed using the Pearson
Chi-Squared Test or Fisher’s exact Test with adjusted standardized
residuals or <�2 or >+2 considered significant. Inter-rater agree-
ment for categorical data was analyzed using a Cohen’s Kappa. Non-
parametric independent continuous data was analyzed using the
Mann-Whitney U test. Graders GH and PT are senior ophthalmolo-
gists (each more than 10 years experience). Potential harm was
defined as diseases that may have progressed to irreversible loss of
vision or other significant irreversible morbidity or death if the
patient had not sought further medical input. Harm was defined as
irreversible loss of vision or other significant irreversibly morbidity
or death.
5. Role of funders

The funders National Institute for Health Research (NIHR) Bio-
medical Research Centre based at Moorfields Eye Hospital NHS Foun-
dation Trust and UCL Institute of Ophthalmology support the
research undertaken by PT and DAS. The other authors have no fun-
ders to declare.

6. Results

A total number of 451 patients were seen face-to-face while 404
patients were seen via videoconsultation. All were confirmed to be
eligible for this study. One patient from the videoconsultation group
was excluded due to being abroad and was not able to follow re-
attendance advice.

Patients attending face-to-face tended to be older than those
using the videoconsultation platform (Median of 49 years versus 43
years). A Mann-Whitney U test indicated this difference was statisti-
cally significant U(NAE= 451, NAA= 403) = 96,536, z =�3�10, p = 0�002.

There was a statistically significant difference in the use of face-
to-face triage compared to video consultations based on sex. Men
were more likely to use face-to-face triage (55%), while women were
more likely to use teleconsultation (54%) X2 (1,N = 852) = 6�02,
p = 0�014.



Fig. 2. Comparison of the age distribution between those attending face-to-face versus videoteleconsultation.

Fig. 3. Comparison of the presenting complaints between those attending face-to-face versus videoconsultation.
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Fig. 2.
There was a statistically significant difference in the type of pre-

senting complaints seen by face-to-face triage compared to videocon-
sultation p<0.001. 86% of those with photophobia and 52% of those
with ocular pain underwent videoconsultations. 67% of those with
visual disturbance and 86% of those with foreign body presented
face-to-face. This can be seen in Fig. 3.

Fewer patients triaged via videoconsultation were deemed to
require in-person ophthalmic review compared to those seen via
face-to-face triage platform X2 (1, N = 854) = 128�02, p<0�001).
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Patients who initially attended for videoconsultation and dis-
charged without onward in-person examination were more likely to
reattend to the emergency service within 1 month compared to those
who initially attended in-person. X2 (1, N = 234) = 7.31, p = 0�007).

There were statistically significantly differences in the nature of
presenting complaints between those triaged via videoconsultations
and those presenting via face to face triage (p<0�001). This was due
to higher rates of visual disturbance and foreign body presentations
via face-to-face triage, and photophobia presentations via videocon-
sultation.

When we look at potential harm, there was poor inter-rater reli-
ability (k=0�10, p = 0�324) between graders. However, higher rates
of potential harm were found amongst patients seen on the video tri-
age service. This was found to be statistically significant for both
Grader A (p<0�001) and Grader B (p = 0�006). When looking at actual
harm, there was perfect inter-rater reliability (100% rater agreement).
No difference in rates of actual harm were found between both triage
methods. Both graders found a 0% rate of actual harm.

We performed 2022 videoconsultations over the 6 weeks
between 19th May and 30th June 2020. Of these, 603 online survey
responses (30%) were captured. 568 (28%) complete entries were
included for analysis. 97% agreed or strongly agreed that they were
satisfied with their overall care, and 55% preferred using video con-
sultations to coming into eye casualty. 403 patients (71%) had never
used the videoconsultation service before, compared to 165 who had
previously used the service (29%). There was no statistically signifi-
cant difference in the overall satisfaction (p = 0.89) or the proportion
of patients who preferred using videoconsultations to coming into
eye casualty (p = 0.12) between the two subgroups.

Most free text responses expressed appreciation and praise praise
for the service. Negative comments related to suboptimal video qual-
ity. Several patients with disabilities or medical conditions were keen
to point out that the availability of videoconsultations circumvented
the need for cumbersome and risky (considering the pandemic)
travel. Some elderly patients required help to use the videoconsulta-
tions platform. Useful suggestions included introduction of audio
cues so that the visually impaired could know what is happening
while waiting for their consultation.

7. Discussion

In 854 patients over a two-week period, we observed that no
patients came to harm after videoconsultation triage and without an
in-person review during a 1 month follow-up period. However,
when a retrospective review of case notes comparing videoconsulta-
tion and face-to-face triage, there were significantly more cases of
potential harm for videoconsultation triage.

Several reasons may account for this. Firstly, videoconsultation
triage may be inferior to a face-to-face encounter for identifying clini-
cal signs that require further examination; for example assessing
pupil size or facial asymmetry, and may be further degraded by poor
internet connection. The underlying disease and severity in the two
groups will likely differ, with different risk profiles. Finding no actual
harm in either group could be due to the need for a bigger sample
size, but others have also demonstrated only small numbers of
patients experience delay in treatment as a result of misdiagnosis
when triaged remotely [14]. Additionally because the risks of virtual
triage was unknown at the time of the study, we gave comprehensive
patient education encouraging them to return in case of any concern.

This study is limited by its retrospective design, and relied on
patients to re-attend when their symptoms changed or worsened.
However, the collaborative network of eye units across the Greater
London region proactively shares information if and when a patient
attends another eye department in the region, particularly where a
patient has come to harm. Additionally, the exclusion of patients liv-
ing more than 10-miles from the hospital reduced the likelihood of
their attending anther emergency unit during the national lockdown.
Our hospital was the single ophthalmology service within Greater
London offering a 24h a day, 7 days a week emergency care during
the study period, and offered the first remote triage service locally
that was directly accessible to patients without referrals. Most private
providers were not offering outpatient care during this time, and the
private outpatient clinic of our unit, one of the largest in the region,
was closed. Therefore any patients seeking care elsewhere would
have likely attended another emergency unit within the public sys-
tem within our collaborative network. We actively sought other local
units to inform us of any patients who came to harm as a result of an
unsatisfactory face-to-face person or virtual consultation. There were
none that we and they were aware of during the study period. Thus
this bias, and the limited sample size, is likely to have resulted in
only a limited underestimation of patients who have come to harm.

We will use the findings from this early pilot to inform a sec-
ond study to assess patient safety as the service is more estab-
lished, and behaviors and policies adapt to COVID-19. Potential
harm can be more usefully quantified when we move to a larger
group of graders with consensus on each case where there is dis-
agreement between graders. As the digital maturity of our net-
work grows, we will be able to better follow-up patients who
seek care elsewhere via the new regional integrated care system
where we will gain access to patient records across the region
from other providers. Additional analysis into the details of the
presenting complaints in the two groups and their severity will
also aid future risk stratification and service planning.

Further studies to characterize the case-mix of those electing for
virtual review compared to in-person attendance will help to define
the risk of harm for each group. The 1 month follow-up period of this
study limits the longer-term outcomes of patients, and this should be
addressed in future studies.

Interestingly we note women are more likely to use the videocon-
sultation service, which echoes the findings from the United States
Centre for Medicare and Medicaid (CMS) with 30% of female and 25%
of male beneficiaries receiving telemedicine consultations during this
pandemic period [15].

We note significantly higher proportion of patients from video-
consultation triage did not require in-person review compared to
those who attended in person. That is to say, patients who attended
in person were more likely to be referred onwards for same day
emergency review. This is likely to be fairly independent of the clini-
cians, as the same team of ophthalmologists work in both services.
The cause is likely multifactorial. Patients with severe eye disorders
are more likely to attend for a face-to-face review, as shown by more
physical attendances where the chief complaint is blurred vision. We
did not have sufficient data to comment further on this as no detailed
analysis of the clinical presentations were undertaken.

The COVID-19 pandemic has forced the widespread adoption of
telemedicine [16,17]. Being able to demonstrate the safety of a virtual
service compared to its physical counterpart is powerful, particularly
given the obvious public health advantages midst a pandemic. Fur-
ther studies need to be carried out to evaluate its safety outside of a
pandemic setting, though studies such as this will be valuable for the
continued service planning during the COVID-19 pandemic, and
future pandemics. Given though that these services were established
for the first time during the pandemic, and are set to stay with us in
some format for the foreseeable future, we believe our findings offer
a useful contribution generalizable to other providers of emergency
eye services planning in the current and future climate, in spite of its
weaknesses. Furthermore, this pandemic has highlighted the needed
for healthcare providers and governments to be prepared for future
pandemics [5], and a record of health seeking behavior from this
time may still be valuable despite the shortcomings already dis-
cussed.

Tables 1 and 2.



Table 1
Comparison between face-to-face vs videoconsultation triage: referred to in-person evaluation with an ophthalmologist.

Method of Triage Total

Videoconsultation Face-to-face

Patients triaged to in-person evaluation No Total 183 51 234
% within Method 45�4% 11�3% 27�4%
Adjusted Residual 11.2 �11�2

Yes Total 220 400 620
% within Method 54�6% 88�7% 72�6%
Adjusted Residual �11�2 11�2

Total Total 403 451 854
% within Method 100�0% 100�0% 100�0%

Table 2
Comparison between face-to-face vs videoconsultation triage reattendance rate within 1 month.

Method of Triage Total

Videoconsultation Face-to-face

Did the patient re-attend ? No Count 118 43 161
% within Method 64�5% 84�3% 68�8%
Adjusted Residual �2�7 2�7

Yes Count 65 8 73
% within Method 35�5% 15�7% 31�2%
Adjusted Residual 2.7 �2.7

Total Count 183 51 234
% within Method 100�0% 100�0% 100�0%
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We note telemedicine might appear to be a solution to connect
the more vulnerable and less mobile to healthcare providers, patients
may be excluded by the infrastructure of available telecommunica-
tions networks at sufficient speeds, or by lack of digital literacy or
access to equipment. Those who could see the greatest benefit
through this shift towards telehealth offerings, such as the elderly
and disabled, paradoxically could be less likely to be able to access
these services [18].

Our finding that younger patients tended to use the videoconsul-
tation service is also consistent with the CMS reported data [15]. This
may be due to greater digital literacy. However, the findings do not
demonstrate true preference, as not all patients were aware of the
options of care available. Given the major burden of disease in oph-
thalmology affects the elderly, it is important that such fundamental
changes in care access and delivery should consider the impact on all
service users, and existing services should continue in parallel while
new pathways are trialed. Our study did exclude the paediatric popu-
lation therefore cannot be used to apply to those under the age of 18.
Given we did not find any actual harm in this study, we are unable to
conclude if videoconsultations are safer for any particular population.
Larger studies, perhaps with stratification by presenting complaint,
will offer greater insight into which specific groups can more safely
undergo video-based triaged in ophthalmology. There also needs to
be urgent work to ensure equitable access to care, recognizing that
the causes of inequitable access for telemedicine are multi-faceted
and can differ from traditional healthcare access, such as individual
skill, current health status, access to infrastructure, as well as training
and support [19].

Medicolegal implications should be considered as the profession,
legislation and regulatory bodies, respond. There is also evidence
suggesting over-prescribing in telemedicine [20], which could have
significant consequences such as in antimicrobial resistance. Eco-
nomic implications must be studied, and the implications for state
and private providers considered.

We have demonstrated that video-based remote triaging for
patients with urgent ophthalmic conditions is comparable to face-to-
face triage in terms of demonstrable harm to patients. Whilst efforts
to find the right balance between accessibility and quality of care
must continue, we recognize that this balance may shift midst a pan-
demic of significant mortality and morbidity. We propose that virtual
triage using videoconsultation for emergency eye conditions during
the COVID-19 pandemic is a safe adjunct to traditional emergency
care provision, with ongoing safety evaluation.
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