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Purpose: We aimed to evaluate the effectiveness and safety of a virtual eye assessment triage system implemented in response to
COVID-19.
Patients and Methods: We conducted a retrospective cross-sectional study using a consecutive sample of all virtual assessments
conducted from March 24 to June 7, 2020 at a single ophthalmology center in Toronto, ON, Canada. Visual acuity and smartphone
photographs were uploaded to an electronic assessment website. All patients were virtually triaged to an email or phone consult.
Patient outcomes and satisfaction were assessed with a quality assurance survey. Primary outcome measures were the incidence of
unplanned additional in-person visits and changes in treatment.
Results: We performed 1535 virtual assessments. Of the triage pathways, 15% received an email consult only and 85% received
a phone consult. Subsequently, 15% required an in-person assessment, 3% were referred elsewhere, and 0.1% were sent to the
emergency. Presentations were most commonly cornea (52%) and retina (25%). They were non-urgent in 68% of cases and no
pharmacologic treatment was required for 49%. Of 397 patients that responded out of 653 patients surveyed, 4% had an unplanned
additional visit to the emergency, after which two patients underwent urgent retinal surgery and one patient underwent urgent
glaucoma surgery. Two patients (0.5%) had a minor change in treatment.
Conclusion: As routine regular in-person visits were not possible during the COVID-19 lockdown, virtual eye assessments provided
an opportunity to triage patients. Virtual assessments have the potential to reduce in-person visits, but caution must be exercised to not
miss vision-threatening conditions.
Keywords: virtual care, telemedicine, COVID-19, medical education

Introduction
The COVID-19 global pandemic presents a challenge to current models of healthcare delivery with its strict social
distancing policies and lockdown measures.1 At its peak, transmissibility and severity of the virus were uncertain with
some countries in Europe reporting alarmingly high death rates. As a result, most countries put extreme measures in
place out of concern for life, especially in vulnerable populations. Non-essential services were advised to close by
federal and provincial governments in Canada.2 Over a three-month period during a strict COVID-19 lockdown, most
optometry and many ophthalmology clinics were closed, while others only offered some telephone consults and/or
limited hours for urgent assessments. Furthermore, due to concerns of potential COVID-19 contact, surge of sick
patients, and/or reluctance of patients to venture outside, the use of hospital emergency departments (ED) was also
limited.3

As a result, virtual eye assessments emerged to fill the gap in patient care. This rapid rise was facilitated by
recommendations from the Centers for Disease Control and Prevention and the American Academy of Ophthalmology
for virtual care to replace in-person visits, introduction of updated billing codes, and loosened regulations governing
virtual healthcare delivery.4
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Given ophthalmologists’ close proximity to patients during clinical examinations, they are at significant risk for
potential SARS-CoV-2 transmission via mucous membranes.5 To mitigate COVID-19 risk and to respond to the national
lockdown, we rapidly implemented a unique virtual assessment and consult system. We developed an electronic portal
for patients to request urgent consultation through submission of an online history form, visual acuity, and smartphone
external eye photography. This transformed our center from traditional in-person first encounters to almost entirely
virtual visits for initial triage.

Reviews on how to implement virtual visits in ophthalmology have been described, including protocols for patient
screening, clinic flows, triage systems, ophthalmic equipment modifications such as slit lamp breath shields, video visits, and
incorporating video conferencing into intravitreal injection clinics.6–10 However, outcomes of these virtual systems have not
yet been assessed. Furthermore, there is a paucity of reports on implementation of virtual eye care during a pandemic and
lockdown. Given this, we aimed to address the following questions: 1) Are virtual care models achieving their goal of reducing
in-person visits during a pandemic? and 2) Are virtual eye assessments able to catch vision-threatening conditions and provide
safe patient care?

Materials and Methods
Prism Eye Institute is a large academic ophthalmology center in the Greater Toronto Area and consists of 22 eye care
professionals. In response to the COVID-19 lockdown, we quickly developed a virtual eye assessment system as a triage
tool to reduce in-person visits for non-urgent conditions. This portal was available for our existing patients, patients from
other ophthalmology, optometry, and family doctor offices that were closed, and ED patients. At the beginning of the
lockdown, all existing patients, optometry, and family doctor offices received a message that our office was closed and
directed all urgent queries to the website. Educational webinars were provided on how to use the online portal to other
health care providers in the early stages of implementation. For ED patients, the triage nurse offered all patients
presenting with an eye concern with the option to use our online portal in lieu of waiting for an in-person assessment
by the emergency physician.

Figure 1 illustrates the progression of a patient through this system. All patients submitted an online form with the
following information: current eye concern, previous eye conditions and procedures, current eye drops, other general

Figure 1 Patient progression through the virtual eye assessment system.
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medical conditions, current medications, visual acuity using an online resource, and smartphone external eye photo-
graphs. For patients unable to submit the form themselves, a family member was recommended for assistance and our
call center was available on a limited basis.

Three teams were involved in the entire process. First, an administrative intake team processed and uploaded the
submission, requested any missing information from the patient, and liaised with the intake ophthalmologist. Then, the
intake ophthalmologist rapidly reviewed the submission and triaged the patient to an email or phone consult based on
patient symptoms described in the submission form. For example, a subconjunctival hemorrhage or a visible stye with no
vision loss or pain was usually triaged to an email consult. If the intake ophthalmologist felt more details were needed for
diagnosis or management, or the concern was more involved, a consulting ophthalmologist conducted a phone consult.
After speaking with the patient, the consulting ophthalmologist determined the urgency based on symptoms that the
patient described and decided on management over the phone, in-person, immediate assessment in the ED, or
a secondary specialist referral. Depending on urgency, patients were assessed in different time frames. For example, if
a patient was suspected to have potential uncontrolled intraocular pressures (IOP) or retinal detachment (RD) based on
their described symptoms after the phone consult, they were seen in-person. Table S1 was used as a guidance, but the
final decision was always at the consulting ophthalmologist’s discretion. All patients were advised to submit another
e-assessment if their condition worsened or new concerns arose. Standard COVID-19 protocols including personal
protective equipment and N95 mask use were followed for patients examined in person.

This study consisted of two parts: 1) to assess the triage pathways and types of presentations of all patients; and 2) to
administer a quality assurance survey to a subset of patients.

Part I: Assessing Patient Demographics, Triage Pathways, and Types of Presentations
We performed a retrospective cross-sectional study of all virtual assessments from March 24 to June 7, 2020. Patients
whom we were unable to contact after 3 phone call attempts over 48 hours, who did not provide all requested
information, and who received care elsewhere by the time we contacted them were excluded. The proportion of new
and follow-up assessments, patients assessed in each triage pathway, urgency and type of presentation, and recommended
management were documented. Common ophthalmologic presentations were classified as non-urgent, semi-urgent, and
urgent based on a previously proposed system using ICD-9-CM diagnosis codes and based on clinical input from
ophthalmologists (Table S1).11 The type of presentation was categorized into cornea, glaucoma, retina, oculoplastics,
pediatrics, neuro-ophthalmology, and ocular oncology.

Part II: Evaluating the Effectiveness and Safety of the Virtual Eye Clinic
We assessed the number of patients who, despite our virtual eye assessment system, went on to additional unplanned
visits outside of our system and/or developed serious vision-threatening conditions that were missed. A quality assurance
survey was administered to a subset of patients from April 15 to May 15, 2020 after obtaining informed consent. Patients
were called at least 3 times and asked the questions in Table S2. Our primary objectives were the incidence of 1)
unplanned additional in-person visits and 2) changes in treatment.

This study was submitted to the Trillium Health Partners Research Ethics Board and was determined to not be
classified as human subjects research given its quality assurance nature. All guidelines outlined in the Declaration of
Helsinki were followed.

Results
Part I: Patient Presentations to the Online Portal
From March 24 to June 7, 2020, 1535 virtual assessments were performed with a volume of 20–30 patients each day.
Table 1 shows the demographic characteristics and initial triage pathways. The mean age was 55 years (SD 19.2, range
0–98) with the majority of patients between 50 to 70 years-old. Eighty-eight percent were new assessments and 12%
were follow-up assessments from patients who submitted another e-assessment request. Of the triage pathways, 235
patients (15%) received an email consult and 1300 patients (85%) received a phone consult. Subsequent to the phone
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consult, 334 patients (22%) received a follow-up phone call, 233 patients (15%) were seen in-person, 47 patients (3%)
were referred to another specialist (eg neurology, rheumatology) if it was felt their presentation was more in keeping
with a primarily non-ophthalmological diagnosis, and 2 patients (0.1%) were sent to the ED (Table 2). One was for
investigation of possible giant cell arteritis and one preferred to have removal of a corneal foreign body performed
there.

Cornea/anterior segment and retina comprised almost 80% of presentations to the online portal (Table 2). Almost half
did not require pharmacologic treatment, 21% were prescribed new treatment, and 15% were asked to continue present

Table 1 Demographic Characteristics and Triage Pathways

Virtual Assessments (n=1535)

Mean age (SD), years, range 54.9 (19.2), 0–98

Female, n (%) 863 (56)

Type of virtual assessment, n (%)

New 1352 (88)

Follow-up 183 (12)

Initial triage pathway, n (%)

Phone consult 1300 (85)

Email consult 235 (15)

Table 2 Types of Presentations and Management of Patients Following the Phone Consult

Phone Calls (n=1521), n (%)

Type of presentation a

Cornea and anterior segment 797 (52)

Retina 387 (25)

Oculoplastics 178 (12)

Glaucoma 152 (10)

Neuro-ophthalmology 95 (6)

Pediatrics 19 (1)

Management b

No pharmacologic treatment required 755 (50)

Follow-up phone call 334 22)

New treatment prescribed 315 (21)

In-person consult 233 (15)

Continue present management or revise existing dose 227 (15)

Secondary specialist referral 47 (3)

Sent to emergency room 2 (0.1)

Notes: aA presenting complaint was sometimes classified under more than one sub-specialty, leading to a total
percentage greater than 100%. bMore than one management was sometimes recommended, leading to a total percen-
tage greater than 100%.
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management or to revise an existing dose. If appropriate, patients were asked to return to their own eye care provider
once offices reopened. If they did not have one, an in-person appointment after the clinic re-opened was arranged for
follow-up of non-urgent presentations.

Table 3 shows the distribution of cases in terms of urgency. Almost 70% of cases were non-urgent. The top five most
common presentations were ocular surface disease (n=343, 23%), posterior vitreous detachment (PVD) (n=240, 16%),
conjunctivitis (n=74, 5%), blepharitis (n=61, 4%), and cataract (n=60, 4%), which together comprised 75% of non-urgent
assessments. All patients diagnosed with PVD virtually or in-person were educated on the signs and symptoms of an RD,
asked to perform monocular occlusion testing, and to submit another e-assessment if those signs and symptoms
developed. Semi-urgent and urgent presentations accounted for 17% and 15% of virtual assessments, respectively. Of
the semi-urgent cases, more than half were iritis. Among the urgent assessments, neovascular glaucoma or uncontrolled
IOP, suspected RD or retinal tear, suspected corneal ulcer, exudative age-related macular degeneration (AMD), paralytic
strabismus, and retinal vascular occlusion were most common.

Specifically looking at retinal pathology, 27 patients (2%) had a suspected RD or retinal tear and were seen in-person.
After the in-person consult, 10 patients (1%) were referred for urgent retinal detachment surgery. Eight patients (0.5%)
received barrier laser for a retinal tear or hole, and 7 (0.5%) patients had a PVD. Two patients were diagnosed with other

Table 3 Five Most Common Urgent, Semi-Urgent, and Urgent Presentations. VZV, Varicella
Zoster Virus; HSV, Herpes Simplex Virus

Phone Calls (n=1521), n (%)

Non-urgent a 1027 (68)

Ocular surface disease/dry eye disease 343 (23)

Posterior vitreous detachment/flashes and floaters 240 (16)

Conjunctivitis 74 (5)

Blepharitis 61 (4)

Cataract 60 (4)

Semi-urgent a 262 (17)

Iritis 154 (10)

Vitreous hemorrhage 47 (3)

VZV ophthalmicus 29 (2)

Episcleritis 20 (1)

HSV ophthalmicus 17 (1)

Urgent a 232 (15)

Neovascular glaucoma or uncontrolled intraocular pressure 65 (4)

Corneal ulcer 30 (2)

Retinal detachment or retinal tear 27 (2)

Exudative age-related macular degeneration 20 (1)

Paralytic strabismus 15 (1)

Retinal vascular occlusion 15 (1)

Notes: aA presenting complaint was sometimes classified under more than one diagnosis, which may lead to a total percentage
greater than 100%.
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retinal conditions. One had a branch retinal vein occlusion and received an intravitreal injection. The other had vitreous
hemorrhage secondary to proliferative diabetic retinopathy and received pan-retinal photocoagulation laser.

Part II: Effectiveness and Safety of the Virtual Assessment System
From April 15 to May 15, 2020, all 653 patients who received a virtual assessment were called with a quality assurance
questionnaire. Of those, 397 responded for a survey response rate of 61%. After receiving a virtual assessment and being
recommended virtual care only, 17 patients (4%) had an unplanned additional visit to the ED (Table 4). After their visit,
almost half of patients were asked to continue their present management. Three patients (1%) underwent urgent surgery,
two for retinal detachment and one for glaucoma. Both RD patients were high myopes and were initially diagnosed with
PVD on a phone consult only. One patient had known glaucoma and was stable on medications prior to the pandemic. He
presented with eye pain after discontinuing his glaucoma drops and was told to restart them. However, he presented to the
ED with persistent pain and was found to have uncontrolled high IOP, and referred back to us. Subsequently, he received
an Ahmed Glaucoma Valve (AGV; New World Medical, Inc., CA) within 3 days. Two patients (0.5%) had a revised
diagnosis after their in-person assessment. The presumed diagnoses and revised diagnoses were: episcleritis to scleritis,
and unknown to myopia. For the 2 patients (0.5%) in whom treatment was changed, one was recommended to have
intravitreal injections for exudative AMD and one was referred for elective cataract surgery.

In gauging patient satisfaction, 63% of patients were either satisfied or very satisfied with the online portal whereas
19% of patients were dissatisfied or very dissatisfied. Common reasons for dissatisfaction included the lack of a specific
diagnosis over an email or phone consult for non-urgent conditions, inability to receive prompt in-person care, difficulty

Table 4 Patient Outcomes and Satisfaction with the Online Portal

Quality Assurance Survey Responses
(n=397), n (%)

Unplanned additional in-person visit to the emergency room 17 (4)

Outcome of unplanned additional in-person visit

Surgery 3 (1)

Diagnosis changed 2 (0.5)

Treatment changed 2 (0.5)

Advised to continue present management 8 (2)

Other 2 (0.5)

Patient satisfaction level

Very satisfied 151 (38)

Satisfied 99 (25)

Neither satisfied nor dissatisfied 58 (15)

Dissatisfied 32 (8)

Very dissatisfied 45 (11)

Where patients would have sought care if the online portal did not exist

Emergency room 150 (38)

Another physician 162 (41)

Another online portal 15 (4)

I would not have sought care elsewhere 36 (9)
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navigating the online portal, and re-entry of patient information for new assessment requests. The remaining 15% had
a neutral experience. When asked where they would have sought care if the online portal did not exist, 38% indicated
they would have gone to the ED and 41% indicated they would have attempted to find another clinic that was open.
A minority of patients (9%) indicated they would not have sought care elsewhere.

Discussion
Virtual care may be defined as the provision of health care remotely and has the potential to overcome physical barriers
to health care access through the use of electronic communication technologies.12 Since March 2020, there has been an
exponential growth in virtual care across all areas of medicine including ophthalmology.6,7,9,10,13,14 However there is
currently a lack of data on the effectiveness and safety of these systems.

To the best of our knowledge, this study is one of the first to evaluate patient outcomes from a virtual care model
implemented in response to a pandemic – in this case COVID-19. The goal was to virtually triage the initial in-person
contact and was not designed to replace all acute in-person consults. Patients who were felt to need an urgent in-person
visit after the virtual consult were brought into clinic. Those that could be managed electively were asked to make a non-
urgent appointment with their regular eye care provider once offices re-opened. With this system, we found 4% of
patients had an unplanned additional in-person visit to the ED after their virtual assessment. Using patient reports as
a surrogate marker, our virtual care model potentially prevented almost 40% of patients from seeking care in the ED for
their initial presentation. Three patients had a major change in treatment. One required urgent glaucoma surgery, and two
required urgent retinal surgery.

While tele-ophthalmology has been in place for decades prior to COVID-19, its adoption has been slow and most
telemedicine visits were limited to primary care or mental health.15 Current applications of tele-ophthalmology includes
diabetic retinopathy, AMD, and retinopathy of prematurity screening with recent expansions to choroidal and iris nevi
monitoring and idiopathic intracranial hypertension detection.16–23 An economic analysis showed that tele-
ophthalmology screening could save up to $48 per patient.24 Despite these benefits, a survey of 58 ophthalmologists
and ophthalmology trainees found that 71% did not use telemedicine and 59% had low confidence in using remote
screening for making clinical decisions.25 However, the COVID-19 pandemic has provided an impetus for rapid adoption
and implementation of virtual healthcare delivery.

Hong Kong was one of the earliest cities to implement a combined telemedicine and in-person workflow in
January 2020. During a three-month period, they maintained 80% of their outpatient service seeing over 300 patients
each day with no hospital acquired infections.26 The University of Pittsburgh also adopted virtual video visits and triaged
patients into three groups: in-person visit, video visit, and rescheduled for 3–6 months.9 In a tele-consultation practice
implemented in India from March 23 to April 19, 2020, patients were triaged using a three-level protocol and almost
3000 clinical queries were addressed.27 Similar to our findings, cornea and retina presentations were most common, and
16% of patients required further in-person evaluation. A pilot study in Chile evaluated their telemedicine model during
a ten-week period amidst the pandemic, during which 291 consultations were performed.28 They found that inflammatory
conditions of the ocular surface and eyelids comprised almost 80% of their consultations, substantially higher than the
39% of assessments we performed for ocular surface disease and blepharitis. Only 7.5% of their patients required an in-
person visit. Their system also demonstrated a high level of satisfaction, both among patients and providers.

One of the strengths of our virtual assessment system was the presence of a robust internal assessment and
communications protocol. We created 3 teams consisting of administrative intake staff, intake ophthalmologists, and
consulting ophthalmologists to ensure patients were appropriately triaged, managed, and followed up. A daily schedule
was created outlining who was on each team. For a virtual assessment system to handle large volumes of patient
submissions daily, it is imperative to have a robust process as the backbone. With this process in place, we served a broad
population including existing patients, new patients from other ophthalmology, optometry, and family doctor offices that
were closed, patients who were uncomfortable seeking in-person care, and patients presenting to the ED. Furthermore, it
leveraged the universality of digital technologies such as smartphones, cameras, computers, and internet to continue
providing care during a time of crisis.
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Learnings from this virtual eye assessment system can be useful for potential future lockdowns. Many patients
presenting to our practice are elderly and at increased risk of COVID-19 morbidity and mortality. Virtual care also
relieves strain on personal protective equipment and ED personnel and resources, allowing providers in the ED to focus
on more urgent patients. Furthermore, reducing hospital and emergency room traffic helps to limit the spread of COVID-
19. In the future, applications of virtual care may be extended to the provision of eye care services in remote regions with
limited access to eye care providers and may have the potential to complement regular in-person consultations once the
pandemic is over. Particularly as health care systems transition to incorporating virtual care more permanently into daily
workflows, the focus should be on ensuring sensitive systems that minimize the number of false negatives. From our
experience, we recommend most patients receive at least a phone consult for diagnosis and management. Email alone
may be sufficient for simple follow-up inquires or basic clinical conditions. To avoid missing potentially vision-
threatening diagnoses, it is also important to have a standardized protocol for initial and repeat assessment requests.
For example, all patients who were initially triaged to an email consult but subsequently re-submitted an assessment
request to the portal were triaged to a phone consult by default the second time out of caution. In addition, it is important
to set realistic patient expectations for virtual consults. Educational materials explaining the purpose of virtual assess-
ments and demonstrating how to navigate them, and a more sophisticated database that stores patient information to
avoid re-entry upon repeated use may result in higher patient satisfaction.

Limitations of a virtual care system includes accessibility for patients who do not know how to navigate it or do not
have access to the internet and/or technologies required. For example, an online visual acuity was requested as part of the
initial submission. Furthermore, virtual assessments cannot fully replace in-person examinations and missing vision-
threatening diagnoses is a potential risk. From our experience, retinal concerns are the most difficult to triage so we
recommend having a lower threshold for in-person consults for these cases due to the high possibility of their urgent
nature. While we try to mitigate this risk by having a robust and organized triage pathway with multiple levels of
assessment, suggested guidelines on urgency, appropriate follow-up, methods for patients to contact us again, and quality
assurance, there is no doubt that an in-person assessment remains the gold standard. Other adverse effects of delaying
care for non-urgent and elective procedures such as cataract surgery during the COVID-19 lockdown period includes
progression of disease (eg glaucoma), more advanced cataracts that are more technically challenging to remove, and
patients who were lost to follow-up. Unfortunately, these adverse effects plaque all medical specialties and will be
a challenge for health care providers to address in the coming years.

Limitations of this study includes our survey response rate. While 61% is reasonable, patient outcomes of the other
39% are unknown. It is possible that those patients who declined participation or whom we were unable to reach had
a poor experience with their virtual assessment. Furthermore, evaluation of our effectiveness and safety outcomes were
primarily based on patient reports of additional in-person visits and the outcome of their in-person assessment. As
a result, there may be recall bias. Lastly, patient reports of where else they would have sought care is only a surrogate
measure for how effective our virtual care model was at reducing in-person visits. In reality, this number is difficult to
quantify.

Conclusions
A virtual care model has the potential to mitigate COVID-19 exposure risk to healthcare providers, staff members, and
patients by reducing initial in-person visits with good safety and patient satisfaction. However, caution must be exercised
to not miss vision-threatening conditions, particularly those of the retinal nature. As providers become more acquainted
with virtual care during the pandemic, we may observe it assuming a more permanent role in clinic work flows in the
future.
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