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Virtual clinics are being utilised to tackle the growing demand for glaucoma healthcare. We conducted a literature search on 28 
February 2023 using MEDLINE (PubMed), EMBASE and Web of Science databases. We searched for studies on virtual glaucoma 
clinics, published in the English language between 2000 and 2023. Studies suggest that virtual glaucoma clinics are a safe and 
effective alternative to traditional face-to-face clinics for patients with stable and early-to-moderate glaucoma. Patient satisfaction 
is high across all clinics surveyed. Satisfaction appears to be linked to good communication, trust and improved waiting times. The 
majority of healthcare professionals are also content with virtual glaucoma clinics. There are no dedicated cost-benefit analyses 
for virtual glaucoma clinics in the UK. However, virtual clinics in other specialties have reported significant cost savings.

Eye; https://doi.org/10.1038/s41433-024-03056-7

INTRODUCTION
The prevalence of glaucoma increases with age [1]. With an aging 
population, the burden of disease on healthcare services will soar 
globally [2]. Projections suggest a 44% increase in glaucoma 
cases; an 18% rise in glaucoma suspects and a 16% increase in 
ocular hypertension cases by 2035 [3]. Our ability to detect 
glaucoma in the primary care setting is also improving due to 
advances in diagnostic modalities [4]. In order to cope with 
growing numbers in an already stretched Hospital Eye Service, 
many ophthalmology departments have utilised virtual glaucoma 
clinics (VGCs) in the United Kingdom [5].

Whilst the first VGC in the UK was set up in Sheffield in 1994, the 
COVID-19 pandemic has accelerated the virtual revolution [6]. Virtual 
clinics allow patients to be managed without the need for face-to- 
face (FTF) consultation [7]. Glaucoma lends itself to the virtual model 
as functional and structural assessments can be captured by allied 
healthcare professionals (such as ophthalmic technicians) [8]. 
Theoretically, the virtual model should improve clinic capacity, 
reduce healthcare workforce and streamline the patient journey.

This review intends to assess the value of the VGCs. We aim to 
summarise studies that have evaluated the following questions: 

(1) Are VGCs as effective as traditional clinics?
(2) Are VGCs as safe as traditional clinics?
(3) Are VGCs cost effective?
(4) What are the opinions of healthcare professionals using 

VGCs?
(5) What are the patients’ views on VGCs?
(6) What type of glaucoma is suitable for VGCs?
(7) What does the future hold?

METHODS
We conducted a literature search on 28 February 2023 using 
MEDLINE (PubMed), EMBASE and Web of Science databases. We 

searched for studies published in the English language between 
2000 and 2023. Key search terms included a combination of the 
following: “virtual”, “telemedicine”, “teleconsultation”, “clinic”, 
“glaucoma”, “ocular hypertension”, “outpatient”, “telecare” and 
“tele-glaucoma”. Abstracts were screened before exporting by 
both authors (RM and PA). Only methodologically sound studies 
were included. All study designs were accepted.

DISCUSSION
The findings are summarised in Table 1.

Are virtual glaucoma clinics effective?
Most studies addressing the effectiveness of VGCs compare the 
diagnosis or grading of glaucoma in VGCs with FTF clinics. 
Cohen’s or Fleiss’ kappa coefficient is frequently used to quantify 
inter- and intra-observer agreement. All studies showed some 
agreement between VGCs and FTF clinics and no studies showed 
disagreement. The level of agreement varied from fair to good 
(kappa 0.21–0.72) [9–15]. A study looking at accuracy of VGCs in 
diagnosing glaucoma showed that there was a sensitivity of 
86.2% and a specificity of 82.1% [16]. These studies ultimately 
demonstrated that VGCs appear to be effective.

Agreement was more likely when both FTF clinics and VGCs 
were conducted by a specialist clinician or a consultant as 
opposed to an optometrist [10, 11, 13]. Agreement was also 
higher if patients with moderate-to-severe or unstable glaucoma 
were excluded [9, 14, 17]. This is likely due to the challenges in 
assessing these patients and the variability in the management of 
more severe cases between health care professionals.

Other issues of agreement were related to disc imaging 
interpretation. There was weaker agreement when it came to 
large and small discs, peripapillary atrophy and abnormalities of 
the shape (e.g. tilting) [11, 13]. One study reported only slight 
agreement between slit lamp examination in FTF clinics 
compared with virtual assessment for the following optic disc 
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features: peripapillary atrophy, notching and disc haemorrhages 
[12]. It concludes therefore, that if disc anomalies or abnormalities 
exist, they should be reviewed as part of a series of assessments, 
rather than in isolation. This allows for detection of change 
over time.

Are virtual glaucoma clinics safe?
Across studies investigating the safety of VGCs, there were no 
misdiagnoses reported and misclassification (i.e. incorrectly 
graded glaucoma) rates were low [11, 14, 17]. Specifically, there 
were no reports of irreversible vision loss caused by a 
misdiagnosis [18]. One study reported that 0.3–3.8% of assess
ments were misclassified [14]. The authors also argue that 
glaucoma is slow to progress in most cases and there are usually 
periodic re-assessments. This means that in the event of a 
misclassification, patients should be identified before irreversible 
damage occurs [13].

One study used big data to compare visual field (VF) 
progression between those attending FTF clinics and VGCs. A 
database of VF tests from 18,926 eyes attending FTF clinics across 
several hospitals was used to create an ‘expected’ range for VF 
progression measured by mean deviation (MD) [19]. Results 
showed that patients attending the VGC were well within this 
expected range [7]. Meaning, the rate of progression is the similar 
across the two groups. This was echoed in a study looking at 
around 2000 patients over 31 months in a VGC. They found no 
clinical deterioration of VGC patients during the period of 
observation [20].

In optometry led VGCs, safety pivots on two things: glaucoma 
training and glaucoma specialist review. In a study of 24,257 
participants, community optometrists graded patients prior to 
ophthalmologist review. Fifteen percent of patients that were 
graded as normal by the optometrists were found to have 
glaucoma and 6.5% of the patients thought to be stable were 
actually found to be unstable [10]. The authors do not disclose 
the level of training of the optometrists. And this is crucial as 
previous studies demonstrate that specialist optometrists, with 
glaucoma training, are at the level of glaucoma specialists and 
work safely within a VGC [21, 22].

A number of virtual referral refinement schemes have been 
used across the United Kingdom. Patients referred from primary 
care services attend VGCs in which information is reviewed by a 

glaucoma specialist. These schemes have proven to reduce the 
number of false positive referrals to the HES [23–27]. The positive 
predictive value across the studies is approximately 80%. The 
highest false negative rate reported in one of these clinics was 
20%. Of those, 4% required treatment and 16% required 
observation [23].

Anterior chamber optical coherence tomography (OCT) can be 
used to grade the iridocorneal angle. Some studies report 
diagnostic inaccuracy (i.e. angle grading not possible with the 
OCT) [23], whilst others report accuracy (i.e. angle grading 
possible with the OCT) [28–30]. Identifying angle structures may 
be more difficult for graders because they can be subtle. In the 
context of a VGC it might be more clinically relevant to label 
angles as open or closed. A FTF gonioscopy assessment may be 
required in unequivocal cases of AS-OCT angle assessment [31]. A 
recent study triaged VGC patients to receive a FTF appointment if 
there was ≥1 quadrants of iridotrabecular contact on AS-OCT. Of 
137 referrals, 66.4% were triaged for a FTF angle assessment. Of 
these, almost one third were discharged [32]. The Zhongshan 
Angle Closure Prevention (ZAP) trial demonstrated that prophy
lactic laser peripheral iridotomies are not required for primary 
angle closure suspects (PACS) without “PACS PLUS” features. This 
should mean that the number of patients with narrow angles who 
need to be evaluated in a hospital setting is much smaller than it 
once was [33, 34].

Automated gonioscopy may help in the assessment of angles 
in VGC setting. It is a machine that takes a photograph of the 
iridocorneal angle. Most studies show agreement using 
Fleiss’ Kappa coefficient between manual and automated 
gonioscopy. However, the level of agreement is varied (low to 
high) [35–37].

The Royal college of Ophthalmologists have published 
standards for VGCs in the National Health Service (NHS). Patients 
suitable for VGCs are those with ocular hypertension, suspected 
open angle glaucoma, early-to moderate primary open angle 
glaucoma in the worse eye, or bilateral pseudophakia and a 
primary diagnosis of early-to moderate primary angle closure 
glaucoma in their worse eye [38]. One pilot study expanded VGC 
inclusion criteria to patients with various stages of stable 
glaucoma. They reported no safety concerns. They also assessed 
all new glaucoma cases with good specificity and sensitivity [20]. 
This may provide additional capacity in glaucoma clinics.

Table 1. A summary of the evidence.

Question Evidence

Are VGCs effective? All studies show that VGCs are effective at diagnosing and monitoring glaucoma. The efficacy 
increases if the clinics are conducted by Glaucoma Consultants and if moderate-severe or unstable 
glaucoma is excluded.

Are VGCs safe? Misdiagnoses and misclassification rates are low across studies. In optometry led VGCs, glaucoma 
training and glaucoma specialist review are required to maintain safety. There are mixed reports on 
the safety of grading iridocorneal angles using AC-OCT. FTF assessments are required for unequivocal 
cases.

Are VGCs cost effective? There are no published analyses for VGCs in the UK. However, American data shows they are cost 
effective there. Additionally, virtual clinics in other specialities in the UK are more cost effective than 
FTF clinics.

What do Healthcare Professionals think of 
VGCs?

Most clinicians report high levels of satisfaction with VGCs. The main challenge to implementing VGCs 
is understaffing.

What do patients think of VGCs? Patient satisfaction was high across studies. Surveys suggest that patients are happy with the 
communication. There are high levels of trust in the VGC. Patient waiting times are significantly less in 
the VGC compared to FTF clinics.

What type of glaucoma is suitable for 
VGCs?

Low-risk glaucoma. These patients include those with OHT, glaucoma suspects, early and/ or stable 
glaucoma and pseudophakic angle closure patients.

What does the future hold? Mobile devices that measure glaucoma parameters may be the future. This allows the patient to send 
information from home. AI can help with reviewing patient data.

VGCs virtual glaucoma clinics, AC-OCT anterior chamber optical coherence tomography, FTF face-to-face, OHT ocular hypertension, AI artificial intelligence.
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Are virtual glaucoma clinics cost effective?
There are no published cost-utility analyses for VGCs in the UK. 
However, in America they have estimated a mean of cost of 
89,803 to 123,164 USD to set up a VGC [39]. VGCs are reliant on 
equipment for data capture and an electronic patient record 
(EPR). However, in most instances the EPR is already in place. A 
survey from the European Glaucoma Society (EGS) revealed that 
only one third of participants had VGCs. Insufficient funding was 
one of the major setbacks [40]. Whilst there is a large capital cost, 
using VGCs for screening saves 27,460 USD for each QALY gained 
and costs 80% less than a FTF clinic equivalent [41].

A VGC in Liverpool estimated that a doctor can review 30–40 
patients in a 4-h session [42] Furthermore, in the Singapore 
National Eye Centre the average time for a doctor to review VGC 
data was 5.8 min compared with 19.5 min in a FTF clinic. The 
number of staff required to run and review the VGC was almost 
half of the conventional clinic [43].

A virtual orthopaedic fracture clinic service was estimated to 
have a cost saving of approximately £130,000 per annum 
compared with FTF clinics. Additionally, there was a statistically 
significant reduction in: new patients seen face-to-face; days to 
first review; and, non-attendees [44].

What is the opinion of healthcare professionals using virtual 
glaucoma clinics?
A 2016 NHS survey revealed that 50% of hospitals used a VGC set 
up and a further 21% were planning to establish one. The main 
reason for limited utilisation of VGCs were insufficient staffing 
(71.4%) and inadequate premises (47.6%) [5]. The EGS survey 
identified similar reasons for preventing VGC set up. These 
included a lack of IT systems in place, inadequate staffing, and, 
insufficient time or funding [40].

The majority of VGCs are used for lower risk patients such as 
glaucoma suspects and those with ocular hypertension [5]. Two- 
thirds of EGS survey participants stated that patients with ocular 
co-morbidities should be followed up in FTF clinics [40]. Most 
centres implemented VGCs to manage follow-up patients (81%) 
but some of the respondents were using the virtual clinic model 
to assess new patients also [5].

All respondents using VGCs were either clinicians or optome
trists with a specialist interest or higher qualifications in 
glaucoma. Ophthalmologists were the main group of reviewers 
[40]. Surveys suggest that most clinicians have high satisfaction 
with VGCs [5, 40, 45]. VGCs allow low-risk cases to be reviewed in 
a timely manner and individuals with progressive disease can be 
identified effectively. FTF clinics can used for more complex cases 
who need further examinations or intervention [42].

A wide range of allied healthcare professionals capture data in 
VGCs such as nurses, ophthalmic technicians and optometrists or 
orthoptists. Two-thirds of centres have a mix of professionals [40]. 
A Moorfields Eye Hospital service evaluation study found that a 
main challenge to implementation of VGCs was understaffing 
[46]. The staff in the VGCs benefit from training, particularly on 
glaucoma and related medications. There is high staff satisfaction 
reported in the VGCs [47].

What are the patients’ views attending VGCs?
Overall, patient satisfaction was high across the literature 
[8, 40, 43, 46–52] The main pillars of patient satisfaction were 
trust, communication and improved waiting times. Average 
satisfaction scores were 4.3/5 in one survey in all domains [48]. 
In Plymouth, 98% of patients felt the VGCs were the same or 
better than traditional FTF clinics [50]. Additionally, a survey 
conducted in Edinburgh showed 22% of patients strongly agreed 
and 44% agreed that the VGC was better than FTF clinics [49]. 
Patients with more advanced disease have a greater appreciation 
of the importance of regular monitoring [49].

Trust. Patients are generally accepting of a virtual service 
delivery whereby the physical presence of a doctor is excluded 
from the consultation. Patients should be adequately reassured 
and informed about the clinic, the status of their condition and 
their risk of progression to severe sight loss [7]. Most patients 
demonstrate high levels of trust in the staff performing tests in 
the VGC [47]. And, patients did not feel the VGCs hinder the 
doctor-patient relationship [40].

Communication. Ninety-seven percent of patients are satisfied 
with communication received before and after a VGC [46]. In fact, 
some feel the amount of information is superior to FTF clinics [50]. 
However, the most recent survey published from Manchester 
Royal and Bristol Eye Hospitals showed that 10.8% of patients 
were not happy to have clinic results provided via post. This may 
be due to visual impairment, disability or language barriers [47]. 
Therefore, it is crucial to consider individual preferences and 
requirements before disseminating information.

Healthcare professional’s empathy, competence and commu
nication during the VGC, improves the patient experience [8]. 
Some patients were concerned about VGC staff abilities to answer 
questions about their condition. Providing better education may 
enable them to respond to patient queries [47]. It is important to 
perform regular audit of the diagnostic, management and 
communication competencies of all clinical staff [48].

Despite reduced FTF interactions for patient education, 
medication adherence remained unaffected. One study found 
that compliance with patients attending a VGC was in fact better 
than the FTF clinics [53].

Waiting times. Patients waiting times are reduced in VGCs 
compared to traditional FTF clinics giving higher patient 
satisfaction [42, 43, 46, 47, 49, 50]. In the Moorfields Eye Hospital’s 
VGC the patient journey average time was 51 min compared with 
92 min in the FTF clinics [46]. At the Singapore National Eye 
centre, the average journey time was halved to 59 min from 
132 min in the VGC as opposed to FTF clinic [43]. The Plymouth 
Royal Eye Infirmary survey found that 95% of patients felt that 
waiting times were the same or better than a traditional clinic 
[50]. In the Edinburgh Princess Alexandra Eye Pavilion survey, 77% 
of patients agreed that the clinic took less time than usual [49]. 
These results were also found in our own York Hospital survey, in 
which 97% of patients were either ‘likely’ or ‘extremely likely’ to 
recommend the VGC service.

What type of glaucoma is suitable for VGCs?
Glaucoma risk can be stratified based on a number of factors. 
There are a several systems we use in clinical practice that 
categorise risk based on these factors. ‘GLAUC-STRAT-FAST’ is 
used by The Royal College of Ophthalmologist’s to categorise 
patients as red (highest risk), amber or green (lowest risk) [54]. 
High risk patients are patients with advanced glaucoma (>8 dB 
MD); moderate risk patients are those with a MD of 4–8 dB or 
<4 dB with angle closure or secondary glaucoma; and, low-risk 
patients are those with a MD of <4 dB in the context of primary 
glaucoma, OHT or glaucoma suspects.

Moorfields Eye Hospital Glaucoma Service Guidance and the UK 
Ophthalmology Alliance Guidance are other examples of risk 
stratification tools. Based on these systems, decisions can be 
made about allocation of patients to the VGCs. In general, only 
patients who are classified as ‘low risk’ are recommended for 
remote monitoring. This is the recommendation of both the 
clinical decision tools and the literature [9, 13, 14, 55]. The 
definition of low-risk patients varies slightly between studies. But, 
as a general rule it includes patients with OHT, glaucoma 
suspects, those with early (stable) glaucoma and pseudophakic 
angle closure patients.
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However, there is an additional cohort of patients included in 
the VGC criteria in the risk stratification tools used in clinical 
practice. And that is that patients with any grade of glaucoma can 
be included in the VGC at the discretion of the Consultant [55]. 
One study included patients with any stage of glaucoma in the 
VGC provided they had been stable for more than 1 year. They 
found that over a 31-month observation period there were no 
safety issues [20].

The future of glaucoma diagnosis and management
Most patients are willing to use mobile devices as part of 
management of their glaucoma [56]. A number of devices have 
been designed to allow patients to monitor glaucoma from the 
comfort of their own home such as implantable devices [57] and 
contact lenses to measure IOP efficaciously [58]. Furthermore, 
visual fields can now be determined using applications on a tablet 
[59–61] or head mounted devices (such augmented reality (AR) 
headsets) [62–64]. The results can be fed back to healthcare 
facilities for real time review by clinicians. There are handheld 
devices (cameras) or add-on lenses for smart phones to capture 
retinal images [65]. The binocular simultaneous handheld whole 
eye OCT scans have the potential to revolutionise remote patient 
care [66]. 

Finally, with artificial intelligence (AI), we will be able to 
establish early diagnosis and predict and detect disease progres
sion sooner. Additionally, this technology can assist the clinicians 
to improve patients care and provide personalised care [67–71].

CONCLUSION
The evidence suggests that VGCs are an efficient, safe and cost- 
effective way to improve glaucoma services without compromis
ing Health Care Professional or patient satisfaction.
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