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Purpose: To explore and report on how glaucoma care was impacted by the SARS-CoV-2 pandemic (COVID-19) in New York City 
(NYC) with a specific emphasis on the role of telemedicine.
Patients and Methods: This was a qualitative, cross-sectional study that engaged glaucoma clinicians in semi-structured interviews 
to elicit perspectives on telemedicine and patient care experiences during the pandemic. Interview responses were coded and analyzed 
thematically.
Results: Twenty clinicians participated. Mean participant age was 48.8 ± 12.3 years, and the mean number of years in practice post- 
glaucoma fellowship was 17.5 ± 12.4 years. Four main themes pertinent to the role of telemedicine triggered by the COVID-19 
pandemic were identified: (1) The Need to Ensure Patient and Staff Safety Drove Telemedicine Uptake; (2) Telemedicine Allowed 
Providers to Address Subjective Complaints; (3) Telemedicine was Discontinued Due To Concerns of Compromised Patient Safety 
and Measurement Inaccuracy; (4) Technological Advances are Needed for Continued Telemedicine Usage and Uptake in Glaucoma 
Care. The interviews suggested that telemedicine usage dropped markedly within just a few months during the pandemic, and for most 
physicians interviewed, telemedicine is no longer part of their clinical practice. Several clinicians reported optimism towards future 
implementation of telemedicine as the technology develops.
Conclusion: This study identified 4 themes outlining the uptake, application, discontinuation and overall perspectives on telemedicine 
by glaucoma clinicians. The role of telemedicine, as triggered by the COVID-19 pandemic, may have lasting implications for patient 
safety, continuity of care, and glaucoma care delivery beyond this public health crisis.
Keywords: telemedicine, interview, COVID-19, pandemic, healthcare delivery, physician experiences

Introduction
Glaucoma refers to a group of diseases that damage the optic nerve, resulting in vision loss. As the leading cause of 
irreversible blindness worldwide, it is estimated to affect more than 60 million people worldwide and more than 3 million 
Americans.1,2 As such, it is not surprising that the estimated annual cost for glaucoma management in the United States 
exceeds $2.9 billion.3 Since glaucoma is a chronic disease, it is of importance that patients are monitored at clinic visits 
at least once a year.

However, unprecedented spread of the SARS-CoV-2 pandemic (COVID-19) markedly transformed health care 
delivery across specialties.4 Hospitals and clinics closed most of their outpatient practices, and medical practices and 
patients turned to telemedicine.4,5 Similarly, only emergent patients were given in-person ophthalmology appointments.5 

Most ophthalmology societies recommended avoiding elective care.5 Guidelines by the American Academy of 
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Ophthalmology (AAO) included instructions for social distancing and infection prevention protocols in order to safely 
resume elective procedures.6 The pandemic presented challenges for the delivery of glaucoma care, which typically 
requires close-contact in-person evaluation with high patient volume and a need for many ancillary tests. Furthermore, 
providers in New York City (NYC) have endured a substantial burden given space limitations, a dense population, and 
the city’s heavy regional burden of COVID-19 infections in the United States, particularly in the early phase of the 
pandemic.7 As NYC was the United States’ first epicenter during the COVID-19 pandemic, it is of particular interest to 
analyze how clinicians in this region adapted to the pandemic.

The pandemic left glaucoma clinicians searching for answers with critical decisions to make, including: close contact 
glaucoma examination vs virtual telemedicine, disinfection vs cost of disposable supplies, aerosolization concerns vs cost 
and accuracy of disposable tonometer tips,8 patient volume vs space, and continued utilization of visual fields.9 As the 
pandemic continued, telemedicine became increasingly implemented. Studies conducted on teleophthalmology have 
consistently demonstrated its effectiveness in providing consultative services, remote supervision, and triaging for eye 
conditions.10,11 Multiple studies investigate the efficacy of telemedicine for glaucoma screening and showed teleglau-
coma screening reduced false positive referrals.10–12 A meta-analysis of 45 studies showed teleglaucoma had a sensitivity 
of 83% and specificity of 79% as a test for glaucoma screening.13 Telemedicine has also been studied as a tool for 
monitoring glaucoma patients. Teleglaucoma reduced the time physicians spent reviewing each case and the access time 
for patients. In one such study by Thomas et al, it was found that telemedicine significantly reduced patient travel times 
by an average of 61 hours and decreased physician wait times by 30% as compared to traditional in-person 
examinations.11 Unfortunately, however, virtual telemedicine also comes with many challenges for several components 
of glaucoma care — visual acuity testing, visual field testing, intraocular pressure (IOP) and pachymetry measurements, 
biomicroscopy examination including gonioscopy, optic nerve assessment, and the imaging and photographic modalities 
that are standard of care for glaucoma management.13 Other methods of reduced contact care delivery were implemented 
across the United States, such as drive-through IOP measurements. However, in areas with denser populations and 
limited open public space, such as New York City, these types of mitigation measures were unfeasible, resulting in 
unique challenges for clinicians practicing in urban areas. Because of the usual reliance on physical measurements and 
testing in glaucoma care, we were especially interested in how the shift to telemedicine affected glaucoma care.

In this study, interviews with glaucoma clinicians in NYC during the pandemic were conducted and analyzed in 
a qualitative manner. The goal was to understand how glaucoma clinicians responded to the pandemic, including why and 
how telemedicine was implemented and how physicians viewed the future of telemedicine in glaucoma care.

Materials and Methods
Design
This is a qualitative, cross-sectional study. Semi-structured interviews were conducted (by H.L. or S.Y.) with NYC 
glaucoma clinicians between July and December 2021, approximately 15–18 months after the start of the pandemic in 
New York. The study used a phenomenological approach to its design. Such an approach allows for the study of 
participants’ shared experiences dealing with a specific phenomenon: how glaucoma clinicians responded to the COVID 
pandemic.14 Such studies focus primarily on interviews to understand the participants’ experiences. Institutional Review 
Board (IRB)/Ethics Committee approval was obtained (No.20–01609, Mount Sinai Hospital, New York, New York).

Participant Recruitment
All clinicians recruited are ophthalmologists. Specifically, clinicians that had completed glaucoma fellowship training 
and were practicing ophthalmology in New York City during the COVID-19 pandemic were recruited to participate. 
Participants were identified first by convenience sampling using a list of all actively practicing NYC glaucoma clinicians. 
Contact information for these 45 clinicians were found on the New York Glaucoma Society mailing list, and additional 
glaucoma clinicians were suggested by the senior authors. Snowball sampling was used to suggest and identify glaucoma 
colleagues by study participants. Participants were recruited through email.
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Data Collection
A research information sheet was shared with participants prior to the interview. Verbal consent with a nonparticipating 
witness was obtained at the start of the interviews from all participants, and participants were notified about the purpose and 
research question of the study. Informed consent included publication of anonymized responses. Participating glaucoma 
clinicians completed one 20-minute to 40-minute audio-recorded interview with one of the authors (H.L. or S.Y.) via a remote 
video conferencing tool (Zoom). All interviews were conducted individually. An interview guide (Supplement 1) was 
developed and refined by all the authors to standardize the interview process. The interview guide included 15 preliminary 
open-ended questions to elicit glaucoma clinicians’ perspectives and experiences pertaining to clinical care during the 
pandemic. Quantitative questions about telemedicine use and the participants’ demographics and practice experience were 
asked. This semi-structured interview guide was tested within the research group through 2 pilot interviews by S.Y. or H. 
L. with the senior authors (T.Y.T.T. and J.B.S.). The flexibility of semi-structured interviews helps define areas to be explored 
while also allowing the interviewer to probe ideas in more detail. Interviews were audio recorded and transcribed verbatim. 
Transcripts were manually reviewed to confirm accuracy by H.L. and S.Y. To protect confidentiality, all identifying 
information was removed from the transcripts. Transcripts were not returned to participants for comment and/or 
correction. No field notes were made during and/or after the interviews, and no repeated interviews were conducted.

Data Analysis
Thematic analysis and theme generation were performed using NVivo software (QSR International Pty Ltd. (2020)). 
Three of the authors (S.Y., H.L. and C.T.) developed codes using both deductive and inductive methods. S.Y. and H. 
L. developed an a priori list of codes to identify common barriers and also allowed for in vivo codes from the 
interviewees’ own discussions. S.Y., H.L., and C.T. each independently reviewed and coded 4 transcripts, comparing 
results and clarifying any disagreement until a final code set was agreed upon. S.Y. and H.L. coded all remaining 
transcripts and re-coded prior transcripts using these agreed-upon codes. All authors collectively reviewed codes and 
developed overarching themes that were derived from the data. H.L. and S.Y. selected representative quotes to illustrate 
these themes. Findings from the study were not reviewed by participants.

Results
45 glaucoma clinicians were contacted, 20 of whom agreed to participate (44%) and 25 (56%) did not respond. The mean 
and standard deviation age of participants was 48.8 ± 12.3 years (Table 1). Most participants were female (12 [60%]) and 
practicing in large academic hospitals (17 [85%]). Clinicians were all attending glaucoma clinicians; the mean and 

Table 1 Patient Characteristics

Characteristic Participants (N = 20)

N %

Age, mean (SD) 48.8 (12.3)

Sex
Female 12 60

Male 8 40

Years in Glaucoma Practice
<1-10 7 35

11–20 4 20

21–30 5 25
31–40 4 20

Years in Glaucoma Practice, mean (SD) 18.5 (12.4)

Practice Type
Academic (6)* 17 90

Private Practice (3)* 3 10

Notes: *Number of institutions represented.
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standard deviation number of years in practice post-fellowship was 17.5 ± 12.4 years. Clinicians ranged from <1 to 38 
years of practicing. Clinicians ranged from having 50%-100% of their practice consist of glaucoma patients, with the 
mean proportion and standard deviation being 77.4% ± 17.8%. All participants practiced in New York City during the 
COVID-19 pandemic. 17 clinicians were recruited from 6 different academic practices, while 3 clinicians were recruited 
from 3 different private practices to participate in the study.

Providers were asked about their specific usage of telemedicine prior, during, and after the first peak of the pandemic. Prior to 
the pandemic, all physicians (20/20, 100%) interviewed did not utilize telemedicine into their practice. Practitioners reported 
telemedicine was used for 29.1% ± 30.0% (mean ± standard deviation) of their patient practice during the peak of COVID 
(Figure 1). After the first few months of the pandemic, telemedicine use dropped markedly (3.1% ± 5.1%) (p value < 0.001).

Four themes emerged regarding the implementation of telemedicine in response to the COVID-19 pandemic and the 
concerns of COVID-19 transmission: (1) The Need to Ensure Patient and Staff Safety Drove Telemedicine Uptake; (2) 
Telemedicine Allowed Providers to Address Subjective Complaints; (3) Telemedicine was Discontinued Due To 
Concerns of Compromised Patient Safety and Measurement Inaccuracy; (4) Technological Advances are Needed for 
Continued Telemedicine Usage and Uptake in Glaucoma Care.

Theme 1: The Need to Ensure Patient and Staff Safety Drove Telemedicine Uptake
The COVID-19 pandemic presented threats of disease transmission, especially during settings of close contact and 
interaction, such as patient visits with glaucoma clinicians. Interviewees reported sentiments of fear among patients, 
clinicians, and clinic staff, particularly at the start of the pandemic (Table 2).

Everybody was scared. There were a lot of people dying, and nobody wanted to be one of them…. We didn’t have any patients 
who we saw who didn’t wear a mask. So if somebody refused to wear a mask, we didn’t see them. And you know, we tried to 
have a frank discussion and convince them to wear a mask. It was a very small number of people. But we made sure that the 
number one thing was that everybody was safe. And that means for the patients and also for the employees and faculty trainees 
and the department. (Interview 9) 

The threat to safe glaucoma care delivery drove all clinicians interviewed to implement practice changes to ensure the 
health and safety of clinicians, patients and other stakeholders. One of the major changes implemented to practice social 

Figure 1 Telemedicine Usage During the COVID-19 Pandemic For Glaucoma Practitioners Surveyed.
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distancing and minimize disease spread between clinicians and patients was telemedicine. Prior to the pandemic, none of 
the clinicians interviewed had utilized telemedicine in their practices, but they all started to implement at least some form 
of telemedicine into their practices with the onset of the COVID-19 pandemic (eg, telephone calls, video visits). This had 
potential benefits for both patients and staff. Interviewed clinicians reported that on average, they used telemedicine for 
around 30% of their patient practice during the pandemic’s peak.

At the start of COVID pandemic, everybody was scared to come into the clinic. Even if you tried to convince them and say, 
look, this could be a major problem, they might not even want to. And so that made patient care a lot more difficult in the 
beginning… The pros are that it helped kickstart telemedicine because that’s when the administration decided that we really 
have to develop this program. (Interview 5) 

One clinician commented that although she was unsure whether telemedicine was developed enough to be used, safety 
concerns caused by the pandemic necessitated the adoption of telemedicine much sooner than anticipated.

Not just us, but a lot of places you know, sort of implemented telehealth much sooner than they would have, and to a much 
greater degree, because we were forced to do things differently. (Interview 7) 

Maximizing physical distance between patient and provider through telemedicine was one of very few options available 
to clinicians other than an in-person visit in an urban landscape like New York City.

There were some people who were reluctant to come into the hospital for their eyecare, and for those people, we offered tele- 
ophthalmology, if we could. Or else those patients either sought other care another way. We didn’t, and we don’t have the ability 
to do what some practices and institutions were able to do where they saw the patient in the parking lot, or the patient would 
park on the street and have their exam. That’s hard to do in Manhattan. (Interview 9) 

Table 2 Quotes for Theme 1: The Need for Safe Glaucoma Care Delivery During the COVID-19 Pandemic Drove Telemedicine 
Uptake

Quote Interview No.

Everybody was scared. There were a lot of people dying, and nobody wanted to be one of them…. We did not have any 

patients who we saw who did not wear a mask. So if somebody refused to wear a mask, we did not see them. And you know, 

we tried to have a frank discussion and convince them to wear a mask. It was a very small number of people. But we made sure 
that the number one thing was that everybody was safe. And that means for the patients and also for the employees and faculty 

trainees and the department.

9

At the start of COVID pandemic, everybody was scared to come into the clinic. Even if you tried to convince them and say, 

look, this could be a major problem, they might not even want to. And so that made patient care a lot more difficult in the 

beginning… The pros are that it helped kickstart telemedicine because that’s when the administration decided that we really 
have to develop this program.

5

During televisits, people were very openly saying I am too scared. I do not want to get sick. I am elderly. I have “XYZ” 

underlying conditions. I am not going to put myself at risk. I refuse to come in. So they would be very open about that. And 

rightly so were their concerns and we respected their worries.

8

There were some people who were reluctant to come into the hospital for their eyecare, and for those people, we offered 

tele-ophthalmology, if we could. Or else those patients either sought other care another way. We did not, and we do not have 
the ability to do what some practices and institutions were able to do where they saw the patient in the parking lot or the 

patient would park on the street and have their exam. That’s hard to do in Manhattan.

9

I had a cadre of patients that were very afraid to come in that I did some televisits for. 14

With COVID, of course I did a lot more telemedicine. During the height of COVID, when we were shut down, I probably had 
a few video visits a day and a few scheduled phone calls a day. Once we got back into the clinic, I did a few video visits for 

people who were still really reluctant to come in.

14
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As the COVID-19 pandemic progressed into later waves and phases, clinics began to reopen and see patients in-person. 
At this point, some clinicians reported that they would still conduct telemedicine visits, but their patients’ fear dictated 
the level of telemedicine that was done. If a select group of patients continued to fear disease transmission, providers 
would use telemedicine to a lesser degree even as the majority of their patients returned to in-person visits.

With COVID, of course I did a lot more telemedicine. During the height of COVID, when we were shut down, I probably had 
a few video visits a day and a few scheduled phone calls a day. Once we got back into the clinic, I did a few video visits for 
people who were still really reluctant to come in. (Interview 14) 

Theme 2: Telemedicine Allowed Providers to Address Subjective Complaints
Telemedicine was implemented quickly during the pandemic, due to the unique concerns and fears of unsafe in-person 
care, and glaucoma clinicians found that telemedicine gave them the tools to deliver high-level health care (Table 3). 
Almost half (8) of the glaucoma clinicians interviewed specifically mentioned the use of telemedicine to deliver 
reassurance to patients, especially for those with anxiety.

Table 3 Quotes for Theme 2: Telemedicine Allowed Providers to Address Subjective Complaints

Quote Interview No.

A lot of patients with glaucoma are very anxious about their vision. They like coming in pretty frequently just to make sure that 

their pressures are okay. So I used [telemedicine] a lot, I think more to just ease the anxiety of the patients who were not able 
to come in to see us as opposed to really managing their care… For the patients, it’s helpful. Because I think they feel reassured 

that someone’s thinking about them – that they are still being cared for.

6

I definitely did some [remote calls] initially and honestly, most of those phone calls were kind of trying to reassure patients. 17

I would say I did things like red eye exams and some post-op care pretty successfully… Telemedicine is good just to kind of 
keep tabs on the patient and emphasize the importance of drops and so forth.

3

I think it’s good for the patients who may just need an annual like follow up. You can just reassure them, refill their medications, 
you know, and that kind of stuff… or if for a postop patient, like a straight up postop patient, you just wanna make sure they 

are doing okay. They are using their drop instructions correctly. Yeah, I think for that, that was fine.

21

So when you are talking about the time where you are really having no office visits and try to substitute something for that, 

telehealth was a good, a good way to fill in the gap in the hospital clinic. We used it for triage and that’s something that’s carried 

over. So what we would do is in patients who had emergencies, instead of coming to the hospital, they would call.

7

We did a great job of getting people in, getting them tested, getting them surgery if they needed it. Video visits were really 

helpful for that.

6

I will tell you the one place where we really stood up and we have actually published on this, is around triage. We stood up 

a triage system very early on. So we realized during the first phase, if we were going to cancel, you know, thousands of patients, 
we are still getting, you know, the same number of emergency calls per day eye infections, eye injury, post-operative problems, 

et cetera. So we stood up a telemedicine platform with triage that involved a number of caregivers.

14

If you count the patients getting their histories via phone, it was like a hundred percent [telemedicine use]. [Telemedicine was] 

more efficient for our history taking process for patients.

3

I think some of my colleagues had to learn how to utilize telemedicine in post-op patients, where they actually had the patient 

kind of palpating their eye to get a sense of what their eye pressure was post-operatively.

2

We had a tele-ophthalmology consult and I was teaching him how to check his own eye pressures with his two fingers… 

I walked him through it a few times. I see he was doing it wrong. And then when he finally got it right, I said, how does it feel? 

Does it feel like a grape or does it feel more like an apple? And he will say, grape. I was like, all right, that’s good. And he ended 
up doing well… this improvisation to get someone to check their own eye pressures, which is just a critical thing to catch, 

seemed to be helpful.

10
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For the patients, it’s helpful. Because I think they feel reassured that someone’s thinking about them – that they’re still being 
cared for. (Interview 6) 

New concerns such as being unable to come into the office, as well as other general fears about the pandemic, were 
addressed through telemedicine, which also allowed glaucoma clinicians to have successful maintenance and follow-up 
care as well.

I would say I did things like red eye exams and some post-op care pretty successfully… Telemedicine is good just to kind of 
keep tabs on the patient and emphasize the importance of drops and so forth. (Interview 3) 

The role of telemedicine quickly and unexpectedly became triage. About a third of the glaucoma clinicians (7) spoke 
about how helpful telemedicine and video visits were for triaging patients and how they are still being implemented for 
this role today. In fact, one glaucoma clinician reported that triage was “the one place where [telemedicine] really stood 
up” (Interview 14). One provider mentioned using telemedicine 100% of the time for their practice during the pandemic; 
another provider reported 90% usage and yet another reported 80%. These glaucoma clinicians specifically mentioned 
triage and reassurance as telemedicine strengths.

We did a great job of getting people in, getting them tested, getting them surgery if they needed it. Video visits were really 
helpful for that. (Interview 6) 

There were additional strengths of telemedicine reported by a few interviewees. Two glaucoma clinicians discussed the 
utility of telemedicine for history-taking. One reported that “if you count the patients getting their histories via phone, it 
was like a hundred percent [telemedicine use]” (Interview 3). Several mentioned that telemedicine was able to assist in 
certain areas of ophthalmology, namely for subconjunctival hemorrhages and other subspecialities such as neuro- 
ophthalmology and oculoplastics. Further, attempts have been made to collect relative subjective measurements. Four 
interviewees reported instances of relatively measuring intraocular pressure given its unique importance in glaucoma 
care.

I think some of my colleagues had to learn how to utilize telemedicine in post-op patients, where they actually had the patient 
kind of palpating their eye to get a sense of what their eye pressure was post-operatively. (Interview 2) 

We had a tele-ophthalmology consult and I was teaching him how to check his own eye pressures with his two fingers… 
I walked him through it a few times. I see he was doing it wrong. And then when he finally got it right, I said, how does it feel? 
Does it feel like a grape or does it feel more like an apple? And he’ll say, grape. I was like, all right, that’s good. And he ended 
up doing well… this improvisation to get someone to check their own eye pressures, which is just a critical thing to catch, 
seemed to be helpful. (Interview 10) 

Theme 3: Telemedicine Was Discontinued Due to Concerns of Compromised Patient 
Safety and Measurement Inaccuracy
Despite some success in the utilization of telemedicine as highlighted in Theme 2, many clinicians brought up the 
limitations of telemedicine in glaucoma care (Table 4). All clinicians interviewed reported that telemedicine in its current 
state is inadequate for glaucoma practitioners. The predominant reason they expressed was the inability to collect critical 
measurements for the glaucoma examination such as IOP, visual field testing, and examination of the optic nerve and 
retina. The inability to collect these data accurately subsequently compromised patient safety.

[Telemedicine] was mostly more hand holding than anything else and sort of checking in with people, things like that. But as far 
as actual care, I found the utility of it not so special. (Interviewee 14) 

There’s so much data collection needed whether it be a slit lamp examination, intraocular pressure assessment structure or 
function analysis of the optic nerve, whether it be visual fields or CCT. [Telemedicine]’s somewhat limited because you can’t do 
most of the things. You can check vision. You can check eye movements. You can check other things that aren’t as relevant to 
glaucoma care. But most of it is not possible. (Interviewee 13) 
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Table 4 Quotes for Theme 3: Telemedicine Was Discontinued for Concerns of Compromised Patient Safety and Measurement 
Inaccuracy

Quote Interview No.

[Telemedicine] was mostly more hand holding than anything else and sort of checking in with people, things like that. But as far 

as actual care, I found the utility of it not so special.

14

There’s so much data collection needed whether it be a slit lamp examination, intraocular pressure assessment structure or 

function analysis of the optic nerve, whether it be visual fields or OCT. [Telemedicine]’s somewhat limited because you cannot 

do most of the things. You can check vision. You can check eye movements. You can check other things that are not as relevant 
than to glaucoma care. But most of it is not possible.

13

“It was challenging doing telemedicine when you are also seeing patients at the same time… when you are doing telemedicine, 

it’s a specific time you gotta be on, on the zoom or on the call at a certain time. It’s very stressful. And I think some of my 

colleagues around the country are finding that they do their telemedicine at separate times than when they are seeing patients, 
that is, they will do their telemedicine at the front of their practice time or the end of their practice time. So it does not 

conflict with their seeing patients during the regular day”.

11

Especially in glaucoma, I think we feel that we need to check the eye pressure, and we have to look at the nerve… we could 

not envision telemedicine.

2

Well, think that, you know, you had to think twice about patients who needed a trabeculectomy because trabeculectomy 

requires a lot of follow-up visits. Literally patients need to be seen every other day in the first week, and when you really need 

to get a low target pressure, it’s just not going to work. And that was really difficult during the pandemic and it’s still somewhat 
difficult now. So I think that that’s a big change… there was one patient whose surgery was delayed for almost a year. Luckily it 

was not a trabeculectomy but a transscleral cyclophotocoagulation in an eye that was not seeing well to begin with. But you 

know, you hate to have those kinds of delays, but that’s kind of what happened.

10

I have to tell you, I underbilled because it was so complicated how much time it took to document that. I looked at photos, 

I spoke with them and did very little billing, because that was not what was important. What was important is that I was 
providing care and that I was continuing the practice and that the practice would survive this.

12

Some people did, in my practice, use tele-video, but they did it when they came into work. There was somebody to help them 
to set up. I think technical difficulties, number one, prevented those kinds of visits. And secondly, coming to the office and doing 

that kind of work defeats the purpose. If you do not have technical support at home, you have to go to work to do telehealth. 

It was not that practical, but you really wanted to do it.

16

Pre-COVID I had no telemedicine. Zero. I would have phone calls to patients every once in a while, but they were definitely non- 

scheduled phone calls and very casual… With COVID of course I did a lot more telemedicine… But even during the height of 
COVID, like when we were shut down, I probably had a few video visits a day and a few scheduled phone calls a day… Once we got 

back into the clinic, I did a few video visits for people who were really reluctant to still come in. I do very little video visits now… very, 

very little, I mean, it’s been a while since I did a video visit. Of course I am still now back to just returning phone calls and things like 
that, like normal, but again, like for glaucoma, you cannot check somebody’s eye pressure remotely.

15

Sanitation protocols honestly still seem to be kind of the same. I do not think those have really gone back to anything different. 16

We have cut down the number of our seats available in the waiting room. And we did not want to have people congregate 

together… I had a lot of patients who were happy that there were fewer patients in the waiting room, and they had to wait less 
time. So I have had positive feedback and that they actually are coming to the office now more than in the past.

3

For equipment, we moved to using a lot of disposable items: tonometer tips, gonioscopy lenses, lenses for laser procedures. 
Those are all disposable and we have continued that practice. Part of that was that those are the, I guess, safest in terms of 

infection prevention.

6

But when you are talking about patient safety, there’s no, there’s no debating. You know, what if a patient who goes on to be 

diagnosed with some type of viral keratitis or severe ocular infection, secondary to a non-disposable Goldmann applanation? 

It’s not worth it.

18

(Continued)
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The transition to telemedicine and avoidance of in-person visits also caused delayed care. One clinician specifically 
mentioned that they were hesitant to perform certain procedures like trabeculectomies, given the number of in-person 
postoperative follow-up appointments required. For example, they recalled a patient whose transscleral cyclophotocoa-
gulation was delayed for almost a year.

Well, think that, you know, you had to think twice about patients who needed a trabeculectomy because trabeculectomy requires 
a lot of follow-up visits. Literally patients need to be seen every other day in the first week, and when you really need to get 
a low target pressure, it’s just not going to work. And that was really difficult during the pandemic and it’s still somewhat 
difficult now. So I think that that’s a big change… there was one patient whose surgery was delayed for almost a year. Luckily it 
wasn’t a trabeculectomy but a transscleral cyclophotocoagulation in an eye that was not seeing well to begin with. But you 
know, you hate to have those kinds of delays, but that’s kind of what happened. (Interview 10) 

A minority of those interviewed also emphasized unique challenges related to telemedicine, including unclear and new 
guidelines for billing, and technical difficulties such as difficulty setting up video conferencing and internet connectivity 
issues. One provider also reported a difficulty in balancing telemedicine and in person practice. 

I have to tell you, I underbilled because it was so complicated how much time it took to document that. I looked at photos, 
I spoke with them and did very little billing, because that wasn’t what was important. What was important is that I was 
providing care and that I was continuing the practice and that the practice would survive this. (Interview 12) 

Some people did, in my practice, use tele-video, but they did it when they came into work. There was somebody to help them to 
set up. I think technical difficulties, number one, prevented those kinds of visits. And secondly, coming to the office and doing 
that kind of work defeats the purpose. If you don’t have technical support at home, you have to go to work to do telehealth. It 
wasn’t that practical, but you really wanted to do it. (Interview 16) 

Altogether, these difficulties led to a cessation of the use of telemedicine among those interviewed. Half of the clinicians 
interviewed had completely discontinued their telemedicine usage at the time of their interview.

Pre-COVID I had no telemedicine. Zero. I would have phone calls to patients every once in a while, but they were definitely 
non-scheduled phone calls and very casual… With COVID of course I did a lot more telemedicine… But even during the height 
of COVID, like when we were shut down, I probably had a few video visits a day and a few scheduled phone calls a day… 
Once we got back into the clinic, I did a few video visits for people who were really reluctant to still come in. I do very little 
video visits now… very, very little, I mean, it’s been a while since I did a video visit. Of course I’m still now back to just 

Table 4 (Continued). 

Quote Interview No.

I think probably all of the other subspecialties within ophthalmology are really still using the iCare or the tonopen to measure 

eye pressure. But in glaucoma, we have gone back to Goldmann applanation because it’s just more accurate.

5

They tried, we had these disposable tonometer tips for a while, but they were terrible for glaucoma and they just were… Like 

I actually, I could not use them and we ended up soaking them in alcohol… We did use the disposable ones for a while, but they 
were so bad. It was not worth it.

14

I definitely extended my time of follow-up with patients. So initially, obviously when I first started practicing, I was seeing 
patients like every three months, whether or not they needed it and then I extended it into four months. Now, I would say 

since COVID my stable patients are six months now. And then I see my patients who were somewhat stable or mostly stable at 

four months. And even the not so stable people are maybe two to three months and not every month. So I would say my 
length of asking people to come back, like that interval has definitely no question extended.

14

My level of comfort of having a patient come back many months later than I usually would got better. So in other words, if 
I usually saw a patient three times a year, and it became twice or once a year because of the pandemic, I did not notice a major 

problem with a lot of those pretty stable patients. So I am having patients come back less too for those that I feel are stable, 

and I am more comfortable with that decision.

10
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returning phone calls and things like that, like normal, but again, like for glaucoma, you can’t check somebody’s eye pressure 
remotely. (Interview 15) 

Among those who continued to utilize telemedicine, only one provider reported that telemedicine comprised more than 
10% of their practice. This provider, a partner at a private practice, uniquely spoke on the assistance given by the 
government to businesses as a positive outcome of the pandemic. In addition, this practitioner reported the utility of 
telemedicine and their own personal heightened fear of the pandemic.

With the cessation of telemedicine and return to in-person appointments, glaucoma clinicians needed to provide safe 
clinical environments to treat patients, a conundrum that was previously helped by telemedicine. For instance, all 
interviewed clinicians therefore implemented modified safety provisions. All of the interviewees implemented modifica-
tions to improve existing infection protocols such as disinfection of surfaces, rooms and equipment, social distancing, 
and mask donning. All now used disposable tools; most had to switch from reusable tools while several had already been 
using disposable ones. They had also switched from reusable tools (eg Goldmann applanation tonometers) that were 
disinfected between patients to disposable tools (eg rebound tonometer tips, gonioscopy lenses). Around half of the 
interviewees discontinued disposable tool usage while the other half continued to use disposable tools at the time of 
interview, of which a minority had already been using disposable tools prior to the pandemic due to institutional policies. 
Around half of the clinicians interviewed also reported extension of follow-up windows for patients. Follow-up intervals 
were sometimes increased for example, from 3 months to 6 months for stable patients. Interviewees also reported 
switching from seeing a patient 3 times a year to twice or even once annually. Many of these safety provisions continued 
to be implemented in clinicians’ practices at the time of interview.

We’ve cut down the number of our seats available in the waiting room. And we didn’t want to have people congregate 
together… I had a lot of patients who were happy that there were fewer patients in the waiting room, and they had to wait less 
time. So I’ve had positive feedback and that they actually are coming to the office now more than in the past. (Interviewee 3) 

But when you’re talking about patient safety, there’s no, there’s no debating. You know, what if a patient who goes on to be 
diagnosed with some type of viral keratitis or severe ocular infection, secondary to a non-disposable Goldmann applanation? It’s 
not worth it. (Interviewee 18) 

I think probably all of the other subspecialties within ophthalmology are really still using the iCare or the tonopen to measure 
eye pressure. But in glaucoma, we’ve gone back to Goldmann applanation because it’s just more accurate. (Interviewee 5) 

I definitely extended my time of follow-up with patients. So initially, obviously when I first started practicing, I was seeing 
patients like every three months, whether or not they needed it and then I extended it into four months. Now, I would say since 
COVID my stable patients are six months now. And then I see my patients who were somewhat stable or mostly stable at four 
months. And even the not so stable people are maybe two to three months and not every month. So I would say my length of 
asking people to come back, like that interval has definitely no question extended. (Interviewee 14) 

Theme 4: Technological Advances are Needed for Continued Telemedicine Usage and 
Uptake in Glaucoma Care
Despite the discontinuation of telemedicine in glaucoma care, several glaucoma clinicians reported optimism for 
telemedicine if significant technological development is made (Table 5).

I think we’re going to need new digital technologies that patients have at home to be able to look at the optic nerve, to get 
a higher level of magnification of their anterior segment, to be able to maybe have them check their high pressures, self 
tonometry, either through an app on one of the smartphones. (Interview 2) 

I think there are a few things that telemedicine can be used for, for glaucoma, especially if there’s a way to do the imaging and 
then interpret the imaging separately. That could be really helpful. (Interview 18) 
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One interviewee discussed the importance of technological advancements in preparation for future pandemics or 
situations in which we must utilize and implement telemedicine. They expressed the view that in order to deliver high 
quality healthcare, we need to continuously improve telemedicine practices even in times where in-person care is safe.

For glaucoma, especially, it’s very, very challenging for telehealth. [The pandemic] showed us that it’s something that needs to 
be developed because now it’s COVID-19 but it may be a different thing, a natural disaster or whatever. So, yeah. So I think the 

Table 5 Quotes for Theme 4: Technological Advances are Needed for Continued Telemedicine Usage and Uptake in Glaucoma Care

Quote Interview No.

I think we are going to need new digital technologies that patients have at home to be able to look at the optic nerve, to get 
a higher level of magnification of their anterior segment, to be able to maybe have them check their high pressures, self 

tonometry, either through an app on one of the smartphones. I think we are a bit off that, several years off, at least. I mean, 

people are using visual fields testing on the computer and there have been for at least a decade visual field programs that 
people can access on their laptop, but it’s not there yet.

2

We looked into a number of home visual field devices and trialed some of those. I do not know if it was not a long enough 
period, but we did not implement them at least not to any great degree. We do have some of those devices that we are still 

working with. And so that provides the opportunity to assess eye pressure and visual fields. There are some home kits but they 

are not really made for glaucoma assessment. They do not have the resolution or the density of evaluation of the retina.

9

If we were able to have the OCT at home for the patients, theoretically [they] would never have to come in because they can 
get their visual field, OCT and IOP. One of our faculty did develop a visual acuity app which… ties into their electronic health 

record in Epic. And so patients can test their vision at home and the result ends up in their chart… that was another 

innovation. So, you know, I think that there are innovations that were developed during the pandemic that allowed us to 
provide patient care without the patient having to come in in person. But they are not nearly as mature as the techniques that 

we use when patients do come into the office. That said, I think they will continue to be developed and we will see more at- 

home care for our patients, as opposed to them having to come into the offices frequently. In terms of the frequency of visits, 
changing that has not really impacted at least on my patient population.

9

If we had mobile screening units or mobile assessment units or centralized, you know, technically driven assessments, it could 
be done but for the most part, it ends up just being handled.

14

[Telehealth use] not right now, not until we have some sort, I want to use some inexpensive way for patients to take their own 
pressure at home. Some inexpensive way or some technology where you can maybe have the patient look into and we can get 

some type of answer in terms of what’s going on in their posterior pole… For instance… [if there was an app], download the 

app, take a look into the app and the app would snap a photo of the nerves, and also like the new, more nimble tonometers to 
take the pressure. Until that is current, there’s not much we can do from a glaucoma perspective differently.

19

I know it’s very limited. Because I mean, we cannot really check the patient’s pressure unless they have like a home iCare, which 
is economic factor that not everybody can get. I know some devices or apps are trying to do visual fields through that, through 

your phone, which also has its limitations socioeconomically. So, you know, so I think like there’s a lot of good things that come 

about it, but I think that it’s also going to be very difficult for the people who actually really need it. But, you know, for 
glaucoma, when we know that African-Americans and Hispanics are five times more likely to go blind from, from glaucoma, like 

trying to institute some of these different devices, that equipment, that they are more than likely not… is going to be very 

limiting.

20

I think we are more likely to be receptive to telemedicine. 2

I think there are a few things that telemedicine can be used for, for glaucoma, especially if there’s a way to do the imaging and 

then interpret the imaging separately. That could be really helpful.

18

For glaucoma, especially, it’s very, very challenging for telehealth. [The pandemic] showed us that it’s something that needs to 

be developed because now it’s COVID-19 but it may be a different thing, a natural disaster or whatever. So, yeah. So I think the 

effort in trying to find ways to come around it are very important. And I think for glaucoma specifically if there’s any way to rely 
less on functional tests and more on structural tests, that would be good.

18
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effort in trying to find ways to come around it are very important. And I think for glaucoma specifically if there’s any way to 
rely less on functional tests and more on structural tests, that would be good. (Interview 18) 

I think that there are innovations that were developed during the pandemic that allowed us to provide patient care without the 
patient having to come in in person. But they’re not nearly as mature as the techniques that we use when patients do come into 
the office. That said, I think they’ll continue to be developed and we’ll see more at-home care for our patients. (Interview 9) 

Furthermore, two glaucoma clinicians mentioned the prohibitive cost of technological development for lower socio-
economic communities. Even smartphone applications have socioeconomic implications. And so, glaucoma clinicians 
must also keep in mind that some of these technological advancements may not be available to all of their patients.

I know [telemedicine]’s very limited… We can’t really check the patient’s pressure unless they have a home iCare, which is an 
economic factor that not everybody can get. Yeah. I know some devices or apps are trying to do visual fields through that, 
through your phone, which also has its limitations socioeconomically. So, you know, so I think like there’s a lot of good things 
that come about it, but I think that it’s also going to be very difficult for the people who actually really need it… for glaucoma, 
when we know that African-Americans and Hispanics are five times more likely to go blind from glaucoma, trying to institute 
some of these different devices, that equipment, that they’re more than likely not… is going to be very limiting. (Interview 20) 

Glaucoma clinicians discussed what they learned from the pandemic – telemedicine is essential but its present state was 
inadequate to deliver quality glaucoma care. For example, telemedicine could address subjective concerns, but its role in 
assisting with objective data needs further work in order to be successful as a modality to deliver glaucoma care.

Discussion
This phenomenologic study identifies the impact of telemedicine on glaucoma care in response to the COVID-19 
pandemic. Interviews provided first-hand insight into how glaucoma providers adapted to evolving COVID-19 devel-
opments. Four major themes regarding telemedicine’s impact on glaucoma practice care changes were identified: (1) The 
Need for Safe Glaucoma Care Delivery During the COVID-19 Pandemic Drove Telemedicine Uptake, (2) Telemedicine 
Allowed Providers to Address Subjective Complaints, (3) Telemedicine was Discontinued Due to Concerns of 
Compromised Patient Safety and Measurement Inaccuracy, and (4) Technological Advances are Needed for Continued 
Telemedicine Usage and Uptake in Glaucoma Care.

At the start of the pandemic, COVID-19 transmission routes and best practices within ophthalmology to respond to 
such issues were not yet fully understood. To reduce contact exposures to ensure safety of staff and patients, telemedicine 
was swiftly adopted for glaucoma care. At the start of the pandemic, the Centers for Disease Control and Prevention 
(CDC) also recommended telemedicine in lieu of in-person visits.15 Data reported by telemedicine companies further 
indicate that patients themselves sought out digital healthcare rather than in-person visits.16–18

Our study suggested that while clinicians were unable to hold in-person examinations for their patients at the peak of 
the pandemic, the providers were able to use telemedicine to triage patients efficiently and effectively, reassure long-term 
glaucoma patients, and ensure proper follow-up care all in a timely and safe manner. Thus, our study demonstrated that 
the use of telemedicine for glaucoma patients was a useful tool for healthcare delivery during the pandemic. Likewise, 
other studies showed similar uses of telemedicine for triage and consistent disease monitoring care.19,20

For visits that required in-person care, institutions began to update their infection prevention protocols.6,21 The evidence 
around COVID-19 related eye transmission and resultant protective measures have mixed evidence. Some studies pointed 
to the possibility of infection through the eye. Xia et al detected COVID-19 in tears and conjunctival secretions,22 and Zhou 
et al found that ocular surface cells are susceptible to COVID-19 infection.23 Other studies suggested that the risk of 
COVID-19 infection through ocular secretions is low.24 Furthermore, formalized methods of COVID-19 disinfection of 
particular instruments essential to glaucoma care such as Visual Field Analyzers were not definitively established until later 
in the pandemic.25 Nonetheless, given the close proximity of ophthalmologists to patients during ophthalmic exams, all 
interviewees reported implementation of CDC26 and AAO6 guidelines for infection prevention via respiratory droplets and 
contaminated surfaces. While some practices have since been discontinued, at the time of interview, many changes still 
remained in place and included the donning of surgical N95 respirators and surgical masks, gloves, eye protection and 
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rigorous disinfection of waiting rooms, office furniture, restrooms and exam rooms. With increasing knowledge regarding 
transmission, sharing of information across institutions,27 and release of protocols by device manufacturers,25 clinicians 
quickly adapted and continued to exercise caution through rigorous, revised infection prevention protocols. Of note, these 
interviews took place after vaccine roll-out and the uptick in patient volumes, and prior to the outbreak of the Omicron 
variant. Given that during this time, COVID-19 transmission potential was still prevalent, this may partially explain the 
unanimous implementation of infection prevention protocols among respondents.

Telemedicine usage, while implemented heavily initially in response to the threats of COVID-19 transmission during 
the pandemic, did not persist, with all but one clinician mostly discontinuing telemedicine in their practices. All 
clinicians suggested the present state of telemedicine is currently insufficient for comprehensive glaucoma care delivery. 
This is in line with other studies that found telemedicine trends in ophthalmology differ from other specialties.28 In 
general across specialties, the number of telemedicine visits increased in 2020 up to 154% compared to 2019.29 However, 
a study by Patel et al,28 using data from 16.7 million commercially insured and Medicare Advantage enrollees between 
January to June 2020, revealed that ophthalmologists had among the lowest in terms of telemedicine engagement. In fact, 
only 9.3% of ophthalmologists used telemedicine at least once, contrasted by significantly higher engagement in other 
specialties (eg, 67.7% for endocrinologists and 50.2% for psychiatrists). Furthermore, only 2.6% of glaucoma visits were 
delivered via telemedicine during this time, and total visits fell by 52.2%. Substantial barriers to telemedicine in 
glaucoma care have been reported, which we likewise found in our interview discussions. These barriers include the 
dependence on physical examination findings, ancillary testing such as pachymetry, tonometry, gonioscopy, optic disc 
photography, optical coherence tomography, standard automated perimetry, and specialized equipment for accurate 
diagnosis and follow-up of glaucoma.28,30 Given its inability to collect and analyze key information, telemedicine 
could not be used to achieve optimal patient care. Thus, telemedicine was widely discontinued for patient safety, and 
the delivery of more complete glaucoma care.

However, while the current state of telemedicine is inadequate for glaucoma care, our study showed that many 
glaucoma clinicians are still hopeful for future implementation. As technology advances in remote glaucoma care and 
testing, such as home monitoring of visual fields,31,32 telemedicine remains highly promising for wider uptake, with 
potential as a forefront modality in glaucoma care delivery. Public policy developments further facilitate this transition. 
In particular, in 2019 the Centers for Medicare and Medicaid Services (CMS) instituted billing reimbursement codes for 
“remote physiologic monitoring”, which may encompass at-home tonometer measurements.33 Patient reception seems 
positive as well. A study by Zwingelberg et al34 found 74% of 100 glaucoma patients surveyed would accept 
telemedicine and virtual clinics, an important finding for the reception of new medical interventions.

In-person modalities still remain the gold standard for patient care, and increased patient education on the limitations of 
telemedicine for ocular examination and glaucoma management may be warranted to ensure continuity of effective patient care.

Finally, another interesting point from this study was that all interviewees were New York City-based glaucoma 
clinicians, who presented unique perspectives on patient care in an urban setting. While health centers in less dense 
regions could roll out novel interventions such as drive-through IOP checks,35 clinicians interviewed reported that NYC’s 
dense population and sparse open public space limited implementation of similar interventions. Instead, for safe data 
collection such as IOP measurements, they identified other alternatives, making the in-person visit safer through 
disposable tools, social distancing, less crowded waiting rooms, or even partially switching to telemedicine visits.6 

Institutional mandates and a personal risk-benefit analysis accounting for patient safety, accuracy, waste accumulation, 
and personal preference ultimately guided clinician decision making.

Study Limitations
Our study has several limitations. First, participants only included glaucoma clinicians in the metropolitan New York 
City area. While this interview sample may provide perspectives of clinicians in one particularly urban area, their 
perspectives may not generalize to those of clinicians practicing in other settings. We also only interviewed clinicians, 
whose experiences may differ from those of other healthcare stakeholders such as patients, administrators, and nurses. 
We acknowledge that the composition of our study population consisting of glaucoma specialists may introduce 
a potential bias in the interview responses. To address this concern, we have implemented strategies to mitigate bias 
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and enhance the comprehensiveness of our findings. One approach we employed to minimize bias was to ensure thematic 
saturation, a methodology commonly utilized in qualitative studies. This technique ensures that we have captured a wide 
range of diverse ideas and themes by conducting interviews until no new significant information or perspectives emerge. 
By reaching thematic saturation, we aimed to encompass a broad spectrum of viewpoints within the specialist population, 
thus reducing the potential bias associated with a limited range of responses. Another measure we took to mitigate bias 
was to include clinicians at different stages of their career, ranging from recently graduated fellows to senior adminis-
trative faculty. We diversified our sample population by including clinicians practicing in various settings, such as 
different practice compositions (those with exclusive glaucoma cases or a mix of glaucoma and comprehensive eye care) 
in both academia and private practice settings. This allowed us to capture a comprehensive range of perspectives and 
insights from different types of practitioners. We aimed to capture a more comprehensive understanding of the topic and 
minimize bias stemming from a specific practice environment. While our study primarily focused on the opinions of 
physicians, we acknowledge that responses from other stakeholders, such as optometrists, ophthalmic technicians, and 
patients, would likely yield different perspectives. As a result, we acknowledge that the scope of our study is limited to 
physicians and recognize the potential for variations in opinions from these other parties. A large majority of inter-
viewees practiced at academic institutions and therefore, findings reported may not reflect all the challenges and 
adaptations implemented by private offices. We also did not specifically inquire as to each clinicians’ baseline comfort 
with using telemedicine and related technologies. Recognizing that a clinician’s comfort with telemedicine technologies 
could strongly affect their opinions and usage patterns, this is noted as a limitation in our study. Additionally, given the 
open-ended nature of the interviews, certain topics were not covered by all clinicians interviewed. For instance, 17 of 20 
interviewees commented on disposable tool usage, and 3 interviewees did not comment on this topic, either due to time 
constraints during the interview or the nature of questions posed. Lastly, with the diverse and constantly evolving nature 
of the COVID-19 pandemic, our findings may not reflect all implemented or forthcoming changes within NYC 
institutions or glaucoma practices nationwide. Nevertheless, saturation of themes was achieved with our study cohort.

Conclusion
In conclusion, this interview study identified changes in glaucoma care delivery, specifically the role of telemedicine, 
following the onset of the COVID-19 pandemic. As glaucoma care continues to evolve, these changes have lasting 
implications for continuity of care, patient safety and care delivery. The findings of this study suggest that telemedicine, 
in its current state, can be effectively utilized for triage, determining the appropriate timing of follow-up visits for 
established glaucoma patients, and providing reassurance. However, this study also highlights the strong need to focus on 
improving technologies and exploring alternative methods for delivering essential information such as intraocular 
pressure (IOP) measurements and ancillary testing in a manner that aligns with strict infection prevention protocols, 
should another public health crisis arise. By addressing these challenges and enhancing our preparedness, we can ensure 
the effective delivery of glaucoma care regardless of future pandemics or public health emergencies.
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