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Scientific summary

Background

Glaucoma is a chronic neurodegenerative eye disease and the second commonest cause of severe visual 
loss in the UK. Diagnosed patients require regular, lifelong monitoring to detect progression and assess 
effectiveness of treatment, with monitoring typically delivered within the hospital eye services (HES). 
Ophthalmology is the busiest NHS outpatient specialty, accounting for 10% of all outpatient visits, and 
glaucoma represents a significant part of this workload. In England alone there are over 1 million clinic 
visits per year for patients with glaucoma. Providing regular surveillance and treatment is already a major 
challenge for the NHS but as the prevalence of glaucoma increases with age, demand for glaucoma care 
is increasing (and will continue to do so) due to the ageing population.

The two main measurements used in the assessment of glaucoma are intraocular pressure (IOP) 
measurement and visual field (VF) testing. Recent advances in technology mean it is now possible for 
patients with glaucoma to measure their IOP and test their VFs in their own home. Home monitoring 
could theoretically replace or supplement standard care, perhaps allowing patients to require fewer 
outpatient visits, while increasing convenience and potentially reducing costs and increasing capacity for 
the NHS. It is also possible that frequent home testing may lead to better outcomes than achieved with 
standard infrequent visits to HES, potentially leading to earlier detection of progression or highlighting 
high IOP undetected through conventional outpatient clinic-based tests.

Currently though, it is not known if home monitoring is acceptable to people with glaucoma, or if home 
monitoring in the general glaucoma population is feasible. The main aim of this study was to assess 
acceptability and feasibility of home monitoring, and to make recommendations about future research to 
test how the NHS could use home monitoring.

Objectives

The aim of In-home Tracking of glaucoma: Reliability, Acceptability, and Cost (I-TRAC) was to determine 
the feasibility and acceptability of digital technologies to monitor glaucoma at home and inform the 
possible need for and design of a definitive evaluative study. The specific research objectives were to:

• identify which patients with glaucoma are most appropriate for home monitoring (e.g. all patients, 
those with stable disease, or those with severe glaucoma?)

• understand the views of key stakeholders (patients, clinicians, researchers) on whether home 
monitoring is feasible and acceptable

• develop a conceptual framework for the economic evaluation of home monitoring for glaucoma
• explore the need for and provide evidence on the design of a future study to evaluate the clinical and 

cost-effectiveness of digital technologies for home monitoring of glaucoma.

Methods

Design
The I-TRAC study was a multiphase mixed-methods feasibility study with key components informed by 
theoretical (i.e. the Theoretical Framework of Acceptability and Theoretical Domains Framework) and 
conceptual [A process for Decision-making after Pilot and feasibility Trials (ADePT)] frameworks, utilising 
various data sources from a survey, interviews, focus groups, an observational intervention study, and 
literature reviews.
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Recruitment
Recruitment to each of the I-TRAC study phases was as follows:

• Expert glaucoma specialists from the UK were recruited through a professional glaucoma society and 
invited to participate in a survey. Those who responded were asked to indicate their willingness to 
participate in a follow-up focus group or interview.

• Patient participants for the intervention study were recruited through three secondary care 
ophthalmology glaucoma clinics.

• All site staff involved in the patient-facing delivery of I-TRAC across the three sites were invited to 
participate in a focus group or interview.

• External researchers, such as Chief Investigators and Trial/Study Managers, who had been involved 
in evaluating digital technologies for home monitoring of eye disease or other diseases (as either 
feasibility, pilot or full-size trials) and who were either known to the I-TRAC team or identified 
through published literature were invited to participate in an interview.

Intervention
Patient participants were asked to use two home monitoring technologies to measure IOP and visual 
function (through a contrast sensitivity assessment) on a weekly basis for a duration of 12 weeks. 
Participants were provided with an iCare HOME 2 handheld tonometer (iCare Oy, Vantaa, Finland) to 
measure IOP, and the OKKO Visual Health App (OKKO Health, Bristol, UK) was used to measure visual 
function on a tablet computer. Site staff and patient participants received training in how to use the 
devices in hospital in advance of the home monitoring period. Participants received a prompt each week 
to remind them to use their home monitoring equipment; they could opt between receiving e-mail or 
text message electronic reminders.

Results

The key findings from I-TRAC are presented below in relation to the study objectives.

Objective 1: Identify which glaucoma patients are most appropriate for home 
monitoring
The online survey, completed by 49 expert glaucoma clinicians, aimed to determine which glaucoma 
patients may be most suitable for home monitoring using digital technology. The survey findings 
demonstrated agreement among expert glaucoma clinicians that there is a place for home monitoring of 
glaucoma patients using digital technology. However, based on the scenarios used in this study, there is 
limited agreement among clinicians about which glaucoma patients are most suitable for home 
monitoring using digital technologies to measure IOP and visual function. Clinicians reported that they 
were generally not supportive of the home monitoring of high-risk patients as a replacement for 
standard care, due to the fear of missing disease progression or unreliable readings. However, they were 
generally supportive of home monitoring having a role within low-risk scenarios. Clinicians anticipated 
that the integration of home monitoring into the current healthcare system could act as an adjunct to 
increase hospital capacity for glaucoma patients who require face-to-face assessment. The survey 
highlighted a range of issues and challenges related to the home monitoring of glaucoma patients using 
digital technologies. A central theme was clinicians’ lack of trust in home monitoring technologies, 
related to concerns about the reliability, accuracy and clinical usefulness of these technologies. 
Clinicians expressed concerns about patient safety (if standard care were to be replaced with home 
tonometry), decreased rather than increased glaucoma progression detection, and concerns about how 
resource efficient (time and financial) this approach could be in comparison to current provision.

Objective 2: Understand the views of key stakeholders on whether home monitoring is 
feasible and acceptable
Several key stakeholder groups were included in various I-TRAC phases in order to achieve this 
objective.
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Firstly, three focus groups (n = 2, n = 4, n = 4) and five individual interviews with expert glaucoma 
clinicians suggested there is cautious optimism about the use of digital technologies to monitor patients’ 
glaucoma at home. Clinicians reported that they are interested and enthused by the potential of glaucoma 
home monitoring, but there are several areas of concern that need to be addressed before they would 
feel reassured to buy-in to this approach. They believe home monitoring could meet an existing clinical 
need, addressing the present difficulties of inadequate capacity to meet increasing demand. They can see 
potential patient and service benefits, but they require reassurances about the technologies and how 
such a service would be implemented into routine care. Contextually, the influence of the coronavirus 
disease discovered in 2019 pandemic was evident; clinicians’ experiences throughout the pandemic have 
both prompted a need to adapt and change the way they monitor patients with glaucoma and highlighted 
that monitoring outside the clinic is possible and, in many ways, can be done safely. The current care 
backlog post pandemic is driving enthusiasm for innovative solutions.

The multiphase mixed-methods study exploring the intervention’s acceptability demonstrated that for 
both patient participants and site staff tasked with delivering I-TRAC there were many positives and the 
intervention was deemed broadly acceptable. Overall, the I-TRAC study recruited well, recruiting 95% of 
its proposed sample size (42 patient participants of 45) in the planned recruitment period (November 
2021–August 2022, 10 months). Retention and completion of follow-up procedures was also successful, 
with 95% (n = 40) completing the 3-month follow-up clinic visits. Adherence to the interventions was 
generally high, especially considering that our predetermined adherence levels were above 80%, and 
satisfaction with the process and the training were also scored highly by patient participants. However, 
48% (n = 20) of patient participants contacted site staff at least once when at home, resulting in 
additional input from site staff regarding study process or intervention delivery.

The qualitative data from the interviews and focus groups with patient participants (n = 10) and site staff 
(n = 9) did corroborate some of these findings (e.g. stating recruitment worked well and study processes 
were easy to follow and low burden). Yet the qualitative data also highlighted important areas not 
identified through the quantitative pilot, such as: the need for a refinement of eligibility criteria and 
associated recognition of limited sample diversity in I-TRAC; issues relating to inadequate training (for 
both site staff and patients); a lack of confidence in the technology (and their ability) in relation to the 
purpose of home monitoring; familiarity with the device and physical dexterity issues; and some 
anxieties in relation to a lack of clinical oversight when monitoring at home. These findings highlight that 
several key factors need to be deliberated when considering the feasibility of future trials evaluating 
digital technology for home monitoring of glaucoma.

Finally for this objective, we interviewed researchers from external teams (n = 8) who had been involved 
in the evaluation of digital technologies for home monitoring patients’ health. Although researchers 
reported multiple challenges encountered while carrying out digital health technology studies/trials, 
they also had many suggestions as to how these could be prevented or overcome. The common barriers 
were low stakeholder acceptability, lack of understanding of digital technologies, poor resource planning, 
insufficient peripheral infrastructure, problematic relationships with commercial partners, and the 
unsolved dilemma of digital exclusion. The findings illustrate that researchers in the UK carrying out 
digital health technology studies encounter a number of challenges impacting on the successful design, 
conduct, and delivery of digital health technology studies/trials and potentially leading to wasted 
research efforts. This broader exploration of feasibility issues surrounding digital health technology 
studies/trials highlights significant agreement about critical trial design and conduct issues that require 
consideration in studies/trials of this type.

Objective 3: Develop a conceptual framework for the economic evaluation of home 
monitoring for glaucoma
Several methods were used to develop a conceptual framework to consider the future economic 
evaluation of home monitoring for glaucoma. Data sources used included evidence from two systematic 
reviews conducted for the I-TRAC project and secondary analysis of the data collected through all 
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previous I-TRAC phases to identify resource use and patient preference components. Overall, the key 
categories of intervention costs of glaucoma home monitoring identified in this study include equipment 
cost, patient training, ongoing patient support during home monitoring, potential spill-over costs (e.g. 
high readings trigger hospital visits) and costs of data integration (to the existing medical records) and 
evaluation by artificial intelligence, while key sources of patient utilities of glaucoma home monitoring 
are categorised as health-related quality of life (HRQoL)-related (e.g. more frequent disease monitoring 
and faster identification of disease progression) and non-HRQoL related (e.g. convenience). Given the 
complexity and scarcity of relevant evidence in the literature, it is recommended that further qualitative/
quantitative research needs to be conducted to better understand the study population, care pathways 
of the compared interventions, cost categories and benefits of home monitoring, before a formal 
economic evaluation can be conducted. A step-by-step approach is then recommended to carefully 
explore what economic evaluation approach can be suitable in the context of glaucoma home 
monitoring.

Objective 4: Explore the need for and provide evidence on the design of a future 
study to evaluate the clinical and cost-effectiveness of digital technologies for home 
monitoring of glaucoma
The data from across all phases of the I-TRAC study were mapped to the ADePT framework in order to 
establish the feasibility of a future evaluative study of the clinical and cost-effectiveness of digital 
technologies for home monitoring of glaucoma. Many of the 14 items in ADePT were successfully 
achieved (e.g. 93% of sample size was recruited in the original recruitment window, and overall 
acceptability of the home monitoring technologies was good). The mixed-methods data collection and 
analysis allowed in-depth investigation of key areas and highlighted uncertainties that need to be 
addressed before moving to an evaluative study. Some of these focused on aspects related to the 
population; that is, clarity is still required on which glaucoma patients would be most suitable for home 
monitoring, and this is linked to whether home monitoring is considered as an additional service (i.e. in 
addition to routine monitoring through HES) or as a replacement service (i.e. patients would not attend 
HES and instead would be monitored at home). While the interventions were broadly deemed as 
acceptable to patients and clinicians, further refinement of the intervention is required (e.g. frequency 
and duration) and consideration of how it ‘fits’ within the healthcare system is required before 
evaluation. As well as the intervention, considerations about an appropriate comparator were not 
explored in I-TRAC but should be. Lastly, determination of appropriate outcomes (and their importance 
for a range of stakeholders) for the evaluation of digital technologies for glaucoma home monitoring also 
requires attention.

Conclusions

The I-TRAC study has demonstrated ‘cautious optimism’ when considering patients’ and healthcare 
professionals’ views on the acceptability of digital technologies for home monitoring patients with 
glaucoma. Much of the caution from clinicians related to concerns around the reliability of the 
technologies and the potential to miss progression of the disease if patients were not monitored in 
clinic. The study evidenced sufficient fidelity, good adherence to the interventions among the patient 
population, and feasibility of delivery of both the interventions and the study processes. However, 
I-TRAC also highlighted several unknowns relating to the research question and design of a future 
evaluative study that require addressing before progression to a randomised controlled trial. The I-TRAC 
study has also considered the wider ecosystem challenges of running digital health technology trials 
through evidencing the views of external research teams experienced in digital home monitoring 
technology delivery. Further research is required to determine the appropriate population (i.e. glaucoma 
patients with low vs. high risk of progression) and further refine intervention components and their 
delivery, to allow future evaluation studies to be planned.
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Study registration

This study is registered as Research Registry #6213.
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