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Purpose: The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic 
forced ophthalmologists to adjust their working conditions to ensure patient and staff safety, 
while still providing effective and timely treatment. This international survey among ophthal-
mologists was initiated to capture what actions ophthalmologists were taking and what their 
opinions were on the risks of infection in their workplace, the delay in treatment, the use of 
telemedicine and telephone for appointments, and the regional specifications and measures 
implemented by the respective authorities.
Methods: An open-source web tool was used to develop an online survey, to which 
ophthalmologists worldwide were invited via e-mail using international mailing lists 
(Media Mice, Singapore; Texere Publishing Inc, USA; CGO Gerling) and incentivized 
using a lottery. The physicians provided their level of agreement relating to the offered 
statements and gave free answers to the questions regarding the actions taken (conducted 
November 5th 2020 to December 20th 2020).
Results: After 91,000 invitations, responses were collected from 1122 ophthalmologists. 
Despite the use of large international mailing lists, mainly doctors from Europe participated. 
Half of the participants expressed great concern about possible SARS-CoV-2 infection in 
their patients. A significant number of younger ophthalmologists (≤50 years: 76.9%, n = 313; 
>50 years: 69.6%, n = 181) feared the delays that COVID-19 could cause to treatment. 
Reductions in patient numbers were broadly observed, with more ophthalmologists of 
younger age reporting greater declines. Nearly all ophthalmologists indicated that they 
provided disinfectant and the majority also used masks and questionnaires for screening. 
For 60.3% (n = 412) of ophthalmologists, telephone calls reduced the risk of ‘no-shows’; 
71.6% (n = 497) disagreed that telemedical evaluation is possible without slit lamp findings 
and fundus photos; and 57.0% of participants felt content with the governmental measures 
during the COVID-19 pandemic.
Conclusion: The COVID-19 pandemic has significantly influenced the work of ophthal-
mologists. Based on the limited response rate, certain statements were only possible to 
evaluate for the European Union: with a noticeable reduction in patient numbers, delay in 
treatment was a major worry. Measures to protect and reassure patients should be undertaken, 
especially regarding those with vision-threatening diseases requiring treatment.
Keywords: COVID-19, survey, infection control, occupational safety

Introduction
Due to the nature of many ophthalmological examinations, close patient contact is 
often required, putting ophthalmologists and patients at increased risk of acquiring 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) during the current 
pandemic.1,2 The ophthalmologist Li Wenliang from Wuhan was one of the first to 
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warn of COVID-19 and himself died at the age of 33 due 
to his infection with the virus.3 Patients fear infection, 
which has been measured by the development of different 
scales to measure COVID-19-related anxiety.4,5 They also 
fear health status deterioration due to the lack of treat-
ment. In a study conducted in Canada, 16% of the patients 
surveyed feared vision loss because of delays in treatment 
for their neovascular age-related macular degeneration 
(nAMD).6 Women and patients with less education wor-
ried significantly more and had a greater tendency to 
postpone treatment. Wearing a nose-mouth mask (NMM) 
is essential and effective in preventing infections.7–9 

Meanwhile, public healthcare became more open to mod-
ern technologies, as telemedicine became widely reimbur-
sable in both Europe and the United States.

We report on the results of an internationally conducted 
survey among ophthalmologists to assess the changes they 
have made to patient care and how they judge the risks of 
infection, delay of treatment, and the use of phone calls 
and telemedicine in providing care. Observed changes in 
patient numbers during the pandemic and the perceived 
effectiveness of governmental measurements in providing 
aid during the pandemic are also presented.

Materials and Methods
Some data of the survey, on examination lenses fogging, 
were recently pre-reported.10 The online survey was 
designed using an open-source web tool (LimeSurvey 
Version 3.24.3, Germany). Most questions consisted of 
a five-point Likert scale and were evaluated in a pilot 
phase with 20 colleagues.

The data collection took place between 5th of 
November and 20th of December 2020, and the survey 
was advertised using various international platforms 
(Media Mice, Singapore; Texere Publishing Inc, USA; 
CGO Gerling) via email. Of the 91,000 invitations sent 
out, the open rate of the individual commercial address 
distributors varied between 7.3 and 20.0% and the 
response rate between 0.8 and 1.4% (Figure 1).

Demographics such as age, gender and years of experi-
ence in ophthalmology were collected. On request, parti-
cipants provided their level of agreement relating to 
statements on 1. infection; risk; 2. delayed treatment; 3. 
utility of phone calls; 4. utility of telemedicine; and 5. 
measures taken by their government. The observed reduc-
tion in patients during the pandemic was recorded using 
a stepless slider. The participants had the option to 
describe their own measures for transmission prevention 

at their office or clinic and could indicate if and by how 
much they had observed a reduction in patient numbers.

The authors analyzed the data using SPSS (IBM SPSS 
Statistics Version 27.0.0.0, IBM Corporation, USA) for 
descriptive statistics. In addition, we used the chi-square 
test with the Yate’s correction for continuity for the ordinal 
data and the Mann–Whitney U-test for the continuously 
distributed data. The Pearson correlation coefficient was 
used to test for correlation.

Results
Participation and Demographics
While 1122 participants fully or partially completed the 
survey, 685 ophthalmologists provided answers about 
adaptations to patient care, depending on the question 
(Supplementary Table 1). There was an even distribution 
of participants’ ages across the decades of working life. 
There was no significant gender discrepancy among the 
responders. The majority of participating ophthalmologists 
had extensive professional experience (10 to 20 years: 
24.7%, 20 to 40 years: 39.7%). Despite the large number 
of invitations across all continents (178 out of 195 coun-
tries), participation varied significantly by geographical 
location; the majority of participating physicians (85.2%, 
n = 583) practiced in Europe.

Risk of Infection and Reduction in Patient 
Number per Week
Nearly half of the ophthalmologists were concerned about 
virus transmission among patients during their treatment 
(Table 1). Ophthalmologists under 40 years of age and 
with under 10 years of experience were the most worried 
(≤40 years: 57.0%, n = 139; >40 years 43.0%, n = 189; p = 
0.005 and ≤10 years: 60.1%, n = 134; >10 years 42.1%, 
n = 194; p = 0.001). African ophthalmologists (100%, 
n = 5) were more worried than those in Asia (63.6%, 
n = 7), Europe (44.9%, n = 262) or North America 
(63.5%. n = 47), with Europeans being the least worried. 
Due to the limited number of participants from Asia and 
Africa, the results of the continent-based analysis may be 
biased.

The majority of participating ophthalmologists (73.9%, 
n = 505) feared the consequences of delayed treatment due 
to the pandemic. There was no significant difference 
between ophthalmologists with different levels of experi-
ence or age. Again, European ophthalmologists were the 
least worried (71.5%, n = 417), and those from Africa 
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Figure 1 Example view of the responsive email template that invited participation in the survey.
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(100%, n = 5) the most. Fear of transmission correlated 
significantly with the fear of delayed treatment (Pearson’s 
r = 0.29, p < 0.001).

The majority of participating ophthalmologists saw 
either 50–100 (29.6%) or 101–150 (24.2%) patients per 
week before the pandemic. Approximately 18% saw 151– 
200 and another 18% over 200 patients per week. Younger 
and less experienced ophthalmologists generally saw 
fewer patients (Table 2). The largest group, the European 
ophthalmologists, reported the highest number of patients 
per week (approximately 25%: 50–100 or 100–150 
patients per week, and approximately 20%: 151–200 or 
over 200 patients per week; Table 2). In comparison, in 
the second largest group, ophthalmologists from North 
America, 52.7% reported examining 50–100 patients per 
week. There was no significant difference between genders 
(Table 2). Eleven percent of participating ophthalmologists 
(n = 75) reported no change in patient numbers. The mean 
reduction in patient numbers during the pandemic was 

22.0% (CI 20.6–23.4%, n = 683). Ophthalmologists older 
than 40 years old (p = 0.025; ≤40 years: 20.0% n = 244; 
>40 years: 23.1%, n = 440) and colleagues who saw under 
100 patients per week (p = 0.005; ≤100 patients: 24.8%, 
n = 276; >100 patients: 20.5%, n = 407) before the pan-
demic observed a significantly greater reduction in 
numbers.

Protective Measures and Specifications by 
the Authorities
In total, 655 participants (94.2%) indicated that they had 
dispensers with disinfectant at the entrance to their places 
of practice; 517 (74.4%) provided masks; 274 (39.4%) 
measured the patient’s temperature upon arrival; 393 
(56.5%) used questionnaires to screen for potentially 
infected patients; and 93 (13.4%) indicated that they take 
additional measures (see Supplementary Table 2).

The spectacles wearers among the ophthalmologists 
were slightly older (33.6%: up till 40 years; 42.5% above 

Table 2 Patients Seen Before the Pandemic (Categories: 1: <50; 2: 50–100; 3: 101–150; 4: 151–200; 5: >200) and Perceived Mean 
Reduction Due to the COVID-19 Pandemic Depending on Continent, Gender, Age and Experience

Mean Patients per Week Mean Reduction in Patients ±SD

Continent

Europe 3.2 ± 1.3 (n = 583) 20.1 ± 17.6 (n = 583)
North America 2.1 ± 0.9 (n = 74) 32.6 ± 20.4 (n = 74)

South America 2.4 ± 0.7 (n = 9) 32.2 ± 15.4 (n = 9)

Asia 3.0 ± 1.7 (n = 11) 33.9 ± 18.7 (n = 11)
Africa 2.2 ± 0.8 (n = 5) 43.0 ± 17.9 (n = 5)

Oceania 2.0 ± 0 (n = 2) 17.5 ± 17.7 (n = 2)

Gender

Female 3.0 ± 1.2 (n = 351) 21.2 ± 18 (n = 351)

Male 3.1 ± 1.3 (n = 331) 22.9 ± 18.8 (n = 332)

Age

Age not indicated 2.7 ± 1.4 (n = 17) 25.2 ± 15.8 (n = 17)
Age 21–30 2.5 ± 1.0 (n = 66) 18.0 ± 14.4 (n = 66)

Age 31–40 2.9 ± 1.2 (n = 178) 20.7 ± 18.1 (n = 178)

Age 41–50 3.0 ± 1.3 (n = 162) 23.9 ± 20.8 (n = 163)
Age 51–60 3.4 ± 1.3 (n = 174) 21.7 ± 18.0 (n = 174)

Age >60 3.1 ± 1.3 (n = 86) 24.2 ± 18.3 (n = 84)

Experience

Less than 5 years 2.5 ± 1.1 (n = 113) 20.3 ± 17.2 (n = 113)
5–10 years 2.9 ± 1.2 (n = 109) 21.0 ± 17.8 (n = 110)

10–20 years 3.1 ± 1.3 (n = 169) 21.9 ± 18.8 (n = 169)

20–40 years 3.3 ± 1.3 (n = 271) 23.11 ± 19.1 (n = 271)
Over 40 years 2.7 ± 1.3 (n = 21) 22.3 ± 18.6 (n = 21)
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40 years, Supplementary Table 3). There was no difference 
in the assessment of the risk of infection between those 
who did and did not wear spectacles.

One third of the participants (n = 239) generally agreed 
that phone contact with patients effectively reduced the 
number of unnecessary examinations, but 23.3% (n = 159) 
disagreed or were indifferent on the topic. Here, ophthal-
mologists under 40 years of age (≤40 years: 53.3% n = 
130; >40 years: 43.1%, n = 189) and with under 10 years’ 
experience (≤10 years: 52.9%, n = 118; >10 years 43.7%, 
n = 201) were significantly more likely to agree (p = 0.01). 
Nearly two thirds (65.0%, n = 440) claimed that consulta-
tion by phone could reduce the fear of infection at the 
doctor’s office. There was no significant difference 
between younger and older or less and more experienced 
ophthalmologists. Also, for the majority (59.3%, n = 412), 
it was an effective way of reducing the rate of non- 
emergent patients, especially for ophthalmologists under 
40 years of age and those who were less experienced (both 
p < 0.001), while 24.2% (n = 165) were indifferent.

Of the participants, 71.6% (n = 497) did not agree that 
telemedical evaluation is possible without slit lamp findings 
and fundus photos, and 14.8% (n = 101) were indifferent, 
perhaps because they had not tried it. Regarding remote con-
sultation without image information available, the assessment 
(agreement vs disagreement) was the same between younger 
and older or less and more experienced ophthalmologists. The 
agreement that telephone calls can reduce non-emergent 
patients correlated inversely with the reduction in patient 
numbers (Pearson’s r = −0.10, p = 0.008) and correlated 
with the agreement that telemedicine is effective even without 
slit lamp and fundus findings (Pearson’s r = 0.24, p < 0.001).

Over half (57.0%, n = 396) of participants felt that their 
country or region’s authorities had reacted sufficiently and 
sensibly to the pandemic, and 15.6% were indifferent (n = 

106). There was no significant difference between younger 
and older ophthalmologists. Knowing that the number of 
responses was very low for most of the regions, only 
countries with more than 10 participating ophthalmologists 
were considered (Table 3). In Germany, ophthalmologists 
were most pleased with their region’s response (mean 2.4 
± 1.0), and in Mexico they were the least pleased (mean 
4.3 ± 1.1). For Germany, Austria, Switzerland, the UK and 
Italy, the satisfaction with the authorities correlated inver-
sely with deaths per million capita due to COVID-19. 
Surprisingly, fear of patients getting infected at the office 
did not correlate with the satisfaction with the authorities’ 
response (Pearson’s r = −0.008, p = 0.84).

Discussion
Patients and doctors were both required to follow the 
governmental guidelines of social distancing due to the 
emerging COVID-19 pandemic in the second quarter of 
2020. In-office patient numbers subsequently reduced sig-
nificantly and telemedicine thrived.12–14

Ophthalmologists have had to adapt their working 
environments to prevent virus transmission while provid-
ing predominantly face-to-face care. In the meantime, 
numerous survey results from different continents are 
available to provide further information.15,16 Although 
the email distribution list for this survey used very large 
distribution lists covering a number of continents, the 
response rate was mostly very low. For future studies, it 
may be more successful to use different channels, such as 
short messaging services and local representatives.

The levels of concern were higher in younger ophthal-
mologists, but almost all ophthalmologists worldwide who 
participated in our survey have undertaken measures to 
prevent the spread of infection. It is known that virus 
transmission via the ocular surface is possible and 

Table 3 Results of Scale of Satisfaction with the Respective Governments of Different Countries (Only Countries with at Least 10 
Answers are Shown) and Their Deaths per Million Capita Due to SARS-CoV-2 Infection Cited on the 15th of July 2021 (Source 
Statista11); Strongly Agree: 1; Generally Agree: 2 Indifferent: 3; Generally Disagree: 4; Strongly Disagree: 5

Country Mean ± SD Satisfaction with Government Deaths per 1 Million Capita

Austria (n = 22) 2.6 ± 0.9 1201.1

Germany (n = 456) 2.4 ± 1.0 1081.9
Italy (n = 10) 3.5 ± 1.6 2106.8

Mexico (n = 49) 4.3 ± 1.1 1804.3

Switzerland (n = 17) 2.9 ± 1.1 1266.6
UK (n = 15) 2.8 ± 1.2 1909.8

USA (n = 23) 3.5 ± 1.5 1819.5
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therefore any close work with the eye warrants extra 
caution.17 In addition, in low-income countries, patients 
were provided with disinfectants.18,19 Recommendations 
for the ophthalmological sector included intensive clean-
ing of instruments (slit lamps and lenses) after each 
patient20 and avoidance of on-contact tonometry21 because 
of the possibility of aerosolisation of virus particles. In 
order to classify the results correctly, the timing of the 
studies and the large regional differences in infection 
numbers must be taken into account, in addition to the 
low response rates, which mean that the results can not be 
considered representative for most countries.

Ophthalmologists older than 40 years old and those who 
saw under 100 patients per week before the pandemic 
observed a significantly greater reduction in patient numbers. 
However, preventative measures are crucial regardless of 
patient numbers. Since a major reduction in patient visits 
per week could also delay necessary treatment, adaptation to 
the pandemic was critical. 22–24 Those whose patient num-
bers declined more dramatically were more worried than 
their colleagues about the effects that delayed treatment 
might have on their patients. It cannot be verified with 
certainty whether these are true differences, or whether doc-
tors who were more concerned perceived and assessed both 
patient numbers and predicted effects differently. However, 
the influence on decreasing treatment numbers and frigh-
tened patients has been reported and analysed,25 fluctuated 
during the different phases of the pandemic and changed 
further after the vaccinations began.

Depending on the number of patients per ophthalmologist 
per week, there was no disparity regarding the level of con-
cern about virus spread. Other surveys showed that a large 
proportion of ophthalmologists had no exposure to COVID- 
19 patients.16 Many patients might have made the decision 
themselves not to seek treatment. In addition, the numbers 
varied greatly, both in different phases of the pandemic and 
regionally. Within our study, the doctors who saw more 
patients per week were more confident in the efficacy of 
their prevention measures. When the fear of delaying treat-
ment precludes a reduction in patient visits, sensible solu-
tions to allow patients to maintain distance, such as the use of 
pagers, spaced seating, and changes in workflow are essential 
in limiting the risk of transmission.26 Another effective solu-
tion could be to offer longer office hours with staff working 
in staggered shifts.

Participants reported that telephone calls were more 
effective in easing the patients’ worries and avoiding no- 
shows than in assessing the patients’ symptoms for the 

diagnosis of a disease, the activity of a chronic disease, 
necessary treatment, or the need for the patients to have 
an in-person appointment.27–30 A telemedical evaluation 
with fundus photos or slit lamp findings is not yet broadly 
available to the public, but in some countries efforts are 
more advanced. For example, investigation units in the 
community (IUCs),31 which are examination facilities 
staffed by ophthalmic technicians, can relieve the burden 
for clinics frequently visited by chronically ill patients who 
require follow-up exams. Other studies have shown that 
telemedicine in ophthalmology is mainly used for external 
eye diseases or for diagnoses that can often be made from 
symptoms alone, such as allergic conjunctivitis.32

Contacting patients before their visit to ensure that they 
do not worry about infection, are well-informed, and 
attend their appointment is a difficult service to provide 
in a practical working environment. General information 
and education about safe behavior through the media may 
be more cost effective. On the other hand, it may be 
challenging for patients to filter out widespread misinfor-
mation, so a trusting relationship between doctor and 
patient is important. One solution might be to filter the 
appointment list for critical patients and keep appoint-
ments free for emergency cases. Reports from other coun-
tries also suggest that such changes will have a lasting 
impact on future treatment pathways.16,33–36

This survey found that ophthalmologists under 40 years 
old seemed to be the most willing to adapt their workplace 
practices to meet the challenges of COVID-19, took the 
threat of viral spread among their patients the most seriously, 
and suffered the greatest reduction in patient numbers during 
the pandemic in order to protect their patients. We must 
ensure that these young ophthalmologists stay satisfied 
with their work. 37 At the same time, physicians are con-
cerned about their own health and risk of infection, causing 
additional stress.38,39 Because of the close distance required, 
ophthalmologists feel that they are at greater risk than other 
specialists and are mostly open to vaccination.40,41

The population has suffered greatly during the 
COVID-19 pandemic and will continue to feel the effects 
with regards to the economy, education, employment and 
social well-being for a long time. Differing levels of con-
cern between the different continents are most likely due 
to the different experiences during past pandemics. Due to 
the SARS-CoV-1 epidemic of 2002/2003, which mainly 
affected Asia, Asian people seem to be less worried about 
the current pandemic.42 Additionally, in poorer countries 
where resources for (self-)protection are limited, and 
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vaccination and the reduction of the spread of infection are 
less manageable, the level of fear may be higher.43,44

A limitation of this study that should be considered is the 
heterogeneous participation of ophthalmologists from differ-
ent countries, with possibly non-representative responses. 
Despite sending out worldwide invitations to participate in 
the survey, the response rate was 1) very low overall, and 2) 
significantly different for the European countries compared 
to other countries.16 Furthermore, these responses are 
a snapshot between different regional waves of the pan-
demic, before the availability of vaccines. All measures, 
introduced in their practice or by the government, are likely 
to vary widely over time and between regions. Unlike other 
studies, this study looked unilaterally at ophthalmologists’ 
perspectives.22,45,46 However, some aspects, including those 
related to screening,47 were not recorded.

Conclusion
The COVID-19 pandemic has significantly affected ophthal-
mologists worldwide. They have taken the pandemic ser-
iously, taken responsibility, and provided effective and safe 
measures to provide healthcare while not delaying treatment. 
Still, due to the close conditions in a doctor’s office, we 
cannot exclude that there is a small risk of infection, and 
ophthalmologists must be careful to provide all safety mea-
sures possible. Selective communication with critically ill 
patients via telephone may decrease fear before a visit at 
the office and at the same time avoid unnecessary examina-
tions. The indications of possible differences between age 
groups and individual countries need to be considered 
further. It may be useful to coordinate the design of future 
approaches across different countries and shape these mea-
sures proactively after appropriate discussion. Times of 
change can be an opportunity to incorporate better treatment 
patterns and practices.
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