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Abstract

Feasibility of in-home monitoring for people with glaucoma: 
the I-TRAC mixed-methods study

Carrie Stewart ,1 Hangjian Wu ,2 Uma Alagappan ,1  
Augusto Azuara-Blanco ,3 Anthony J King ,4 Andrew J Tatham ,5  
Rodolfo Hernández ,2 Bruce Lowe,6 Darian Shotton,6 Nana Appiah ,1  
Taylor Coffey ,1 Thenmalar Vadiveloo ,1,7 Graeme MacLennan 1,7 and  
Katie Gillies 1*

1Health Services Research Unit, University of Aberdeen, Aberdeen, UK
2Health Economics Research Unit, University of Aberdeen, Aberdeen, UK
3Centre for Public Health, Queen’s University Belfast, Belfast, UK
4Ophthalmology, Nottingham University Hospitals NHS Trust, Nottingham, UK
5Princess Alexandra Eye Pavilion, NHS Lothian, Edinburgh, UK
6Patient Partner
7The Centre for Health Randomised Trials (CHaRT), University of Aberdeen, Aberdeen, UK

*Corresponding author k.gillies@abdn.ac.uk

Background: Glaucoma is a chronic disease of the optic nerve and a leading cause of severe visual loss 
in the UK. Once patients have been diagnosed, they need regular monitoring at hospital eye services. 
Recent advances in technology mean patients with glaucoma can now monitor their disease at home. 
This could be more convenient for patients and potentially reduce costs and increase capacity for the 
NHS. However, it is uncertain whether self-monitoring would be acceptable or possible for patients 
with glaucoma.

Objectives: The objectives were to: identify which patients are most appropriate for home monitoring; 
understand views of key stakeholders (patients, clinicians, researchers) on whether home glaucoma 
monitoring is feasible and acceptable; develop a conceptual framework for the economic evaluation 
of home glaucoma monitoring; and 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.

Design: In-home Tracking of glaucoma: Reliability, Acceptability, and Cost (I-TRAC) was a 
multiphase mixed-methods feasibility study with key components informed by theoretical and 
conceptual frameworks.

Setting: Expert glaucoma specialists in the UK recruited through professional glaucoma societies; study 
site staff and patient participants recruited through three UK hospital eye services (England, Scotland, 
Northern Ireland); and UK research teams recruited though existing networks.

Intervention: Home tonometer that measures intraocular pressure and a tablet computer with a visual 
function application. Patients were asked to use the technology weekly for 12 weeks.

Results: Forty-two patients were recruited. Retention and completion of follow-up procedures 
was successful, with 95% (n = 40) completing the 3-month follow-up clinic visits. Adherence to the 
interventions was generally high [adherence to both devices (i.e. ≥ 80% adherence) was 55%]. Overall, 
patients and healthcare professionals were cautiously optimistic about the acceptability of digital 
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technologies for home monitoring of patients with glaucoma. While most clinicians were supportive 
of the potential advantages glaucoma home monitoring could offer, concerns about the technologies 
(e.g. reliability and potential to miss disease progression) and how they would fit into routine care need 
to be addressed. Additionally, clarity is required on defining the ideal population for this intervention. 
Plans for how to evaluate value for money in a future study were also identified. However, the study 
also highlighted several unknowns relating to core components of a future evaluative study that require 
addressing before progression to a definitive effectiveness trial.

Limitations: The main limitation relates to our sample and its generalisability, for example, the over-
representation of educated persons of white ethnicity who were generally experienced with technology 
and research motivated.

Conclusions: The In-home Tracking of glaucoma: Reliability, Acceptability, and Cost study has 
demonstrated ‘cautious optimism’ when considering patients’ and healthcare professionals’ views on the 
acceptability of digital technologies for home monitoring of patients with glaucoma. However, the study 
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.

Future work: Further research is required to determine the appropriate population (i.e. low vs. high 
risk of progression) and further refine the intervention components and delivery for planning of future 
evaluation studies.

Study registration: This study is registered as Research Registry #6213.

Funding: This award was funded by the National Institute for Health and Care Research (NIHR) 
Health Technology Assessment programme (NIHR award ref: NIHR129248) and is published in full in 
Health Technology Assessment; Vol. 28, No. 44. See the NIHR Funding and Awards website for further 
award information.



DOI: 10.3310/GTWD6802 Health Technology Assessment 2024 Vol. 28 No. 44

Copyright © 2024 Stewart et al. This work was produced by Stewart et al. under the terms of a commissioning contract issued by the Secretary of State for Health and  
Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, 
reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the 
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

vii

Contents

List of tables xi

List of figures xiii

List of supplementary material xv

List of abbreviations xvii

Plain language summary xix

Scientific summary xxi

Chapter 1 Introduction and background 1
Response to commissioned call 1
Glaucoma: a brief background 1
Diagnosis and monitoring of glaucoma 1
Digital technology for home monitoring chronic conditions 2
Current technologies for monitoring glaucoma 2

Home tonometry technologies 3
Home perimetry technologies 3

Study rationale 4
Aims and objectives 4
Study design and overview 5

Chapter 2 Identification of which glaucoma patients are most appropriate for home 
monitoring 7
Methods 7

Study design 7
Sampling and recruitment 7
Data collection 7
Data analysis 8

Results 9
Sample demographics 9

Chapter summary 17

Chapter 3 Expert glaucoma clinicians’ acceptability of glaucoma home monitoring 19
Methods 19

Study design 19
Sampling and recruitment 19
Data collection 19
Data analysis 19

Results 20
Sample demographics 20
Findings 20
Affective attitude 20
Ethicality 22
Intervention coherence 24
Anticipated costs 27
Burden 28



viii

NIHR Journals Library www.journalslibrary.nihr.ac.uk

CONTENTS

Perceived effectiveness 29
Self-efficacy 30
Impact of COVID-19 pandemic 31

Chapter summary 31

Chapter 4 Patient participant and site staff perspectives on acceptability and feasibility 
of digital technology for home monitoring glaucoma 33
Methods 33

Study design 33
Setting 33
Intervention 33
Site staff and patient participant training in intervention use 34
Sample size 34
Sampling and recruitment 35
Consent 35
Procedures for patient home monitoring 35
Data collection 36
Data analysis 36

Results 37
Home monitoring 37

Patient participant interviews 43
Patient participant demographics 43
Findings from patient participant interviews 44

Site staff interviews 54
Site staff demographics 54
Findings from site staff interviews 54

Chapter summary 63

Chapter 5 Researchers’ experiences of conducting evaluations of digital technologies 
for home monitoring health conditions 67
Methods 67

Study design 67
Sampling and recruitment 67
Data collection 67
Data analysis 68

Results 68
Sample characteristics 68
Findings 69
Stakeholder acceptance of technologies 69
Understanding the devices and predicting potential problems with the technologies 72
Resource planning 73
Peripheral infrastructure: institution, regulation and funding 75
Effective relationships with commercial partners 77
Digital exclusion 78

Chapter summary 79

Chapter 6 Developing a conceptual framework for the economic evaluation of home 
monitoring glaucoma 81
Resource use implications of introducing home monitoring for glaucoma 81
Methods 81

Data collection 81
Data analysis 81



DOI: 10.3310/GTWD6802 Health Technology Assessment 2024 Vol. 28 No. 44

Copyright © 2024 Stewart et al. This work was produced by Stewart et al. under the terms of a commissioning contract issued by the Secretary of State for Health and  
Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, 
reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the 
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

ix

Findings 82
Resource use findings from site staff and glaucoma expert clinicians 82
Resource use findings of patient participants’ contacts to hospital eye service 83
Resource use findings linked to triggers for clinical action in response to home  
monitoring measurement 83

The drivers of patient preferences as sources of patient utilities 84
Methods 84
Findings related to patient preferences 84

Feasibility of modelling approaches: the structured literature review 84
Application of economic evaluations in glaucoma monitoring studies 84

Methods 84
Search strategy 85
Article screening 85
Data extraction and analysis 85

Results 85
General characteristics of included studies 86
The role of clinical outcomes in economic evaluation of glaucoma monitoring 86
Economic evaluations applied in glaucoma monitoring studies 88

Economic evidence for home and (or) remote monitoring beyond glaucoma 89
Methods 89
Search strategy 90
Article screening 90
Data extraction and analysis 90
Results 90
Resource use and cost categories 93
Economic evaluations applied in hypertension home monitoring studies 93

Synthesis of findings 93
Choice of comparators 96
Product and user involvement 97
Intervention cost 97
Benefit assessment 97

Economic analysis: concluding considerations for economic evaluation approaches 98
What clinical outcomes can be used in economic evaluation of home monitoring  
for glaucoma? 98
Types of economic evaluation approach for home monitoring glaucoma 98

Chapter 7 Discussion and conclusions 101
Feasibility of a future evaluative study of clinical and cost-effectiveness of digital 
technologies for home monitoring of glaucoma 101

Eligibility 101
Recruitment 101
Consent 103
Adherence to intervention 103
Acceptability of intervention 103
Cost and duration of intervention 104
Outcome assessment 104
Retention 105
Logistics of a multicentre trial 105
All components of the protocol work together 106

Research findings in context: relevant evidence published since I-TRAC was 
commissioned 107
Strengths and limitations 112

Equality, diversity and inclusion 112



x

NIHR Journals Library www.journalslibrary.nihr.ac.uk

CONTENTS

Recommendations for future research 113
Patient and public involvement 114
Conclusion 115

Additional information 117

References 121

Appendix 1 I-TRAC study design overview highlighting mixed-methods contributions 
within and across research objectives 129

Appendix 2 Coding guide for interviews with expert glaucoma clinicians (see Chapter 3) 131

Appendix 3 Alternative app-based visual field or visual function measures 137

Appendix 4 Coding guide for interviews with patient participants (see Chapter 4) 139

Appendix 5 Coding guide for interviews and focus groups with site staff (see Chapter 4) 145

Appendix 6 Changes to protocol 149

Appendix 7 Coding guide for interviews regarding researchers’ experiences of 
conducting evaluations of digital technologies for home monitoring health conditions 
(see Chapter 5) 151

Appendix 8 Search strategies for the literature review in Chapter 6 157

Appendix 9 Lists of excluded studies and reasons for exclusion for the literature review 
in Chapter 6 159

Appendix 10 The role of clinical outcomes in the economic evaluation 163



DOI: 10.3310/GTWD6802 Health Technology Assessment 2024 Vol. 28 No. 44

Copyright © 2024 Stewart et al. This work was produced by Stewart et al. under the terms of a commissioning contract issued by the Secretary of State for Health and  
Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, 
reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the 
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

xi

TABLE 1 Summary description of clinical scenarios presented 8

TABLE 2 Expert glaucoma clinicians demographics (n = 49) 9

TABLE 3 Expert glaucoma clinician agreement on patient suitability for glaucoma 
home monitoring (N = 49) 11

TABLE 4 Reasons for patients being deemed ‘unsuitable’ for glaucoma home 
monitoring 12

TABLE 5 Anticipated advantages and disadvantages of glaucoma home monitoring 14

TABLE 6 Demographics of interview and focus group expert glaucoma clinicians 
(n = 15) 20

TABLE 7 Summary of interview findings against associated TFA constructs 21

TABLE 8 Baseline demographics of patient participants conducting home monitoring 39

TABLE 9 Baseline eye measurements, glaucoma treatment, past history and 
comorbidity 40

TABLE 10 Three-month follow-up measurements and change in treatment 42

TABLE 11 Participant adherence with glaucoma home monitoring technologies 43

TABLE 12 Unscheduled patient participant contacts during the home monitoring 
period 43

TABLE 13 Main reasons for patient participant contact during the home monitoring 
period (n = 20) 44

TABLE 14 Satisfaction with monitoring and training and future monitoring preference 44

TABLE 15 Baseline demographics of patient participants interviewed 45

TABLE 16 Beliefs or behaviours reported by participants more or less likely to engage 
with home monitoring 45

TABLE 17 Summary of belief statements and sample quotes, assigned to relevant 
domains, for each overarching theme 46

TABLE 18 Demographics of site staff interviewed 54

TABLE 19 Site staff perceptions of strengths and weaknesses in conducting the I-TRAC 
feasibility study 64

TABLE 20 Site staff suggestions for future evaluation of digital technology for home 
monitoring glaucoma 64

List of tables



xii

NIHR Journals Library www.journalslibrary.nihr.ac.uk

LIST OF TABLES

TABLE 21 Researcher demographics (n = 8) 68

TABLE 22 In-home Tracking of glaucoma: Reliability, Acceptability, and Cost patient 
participants who contacted or thought about contacted the HES 83

TABLE 23 Study characteristics 87

TABLE 24 Economic analysis from included studies 88

TABLE 25 Study characteristics 92

TABLE 26 Resource use and cost categories 94

TABLE 27 Economic analysis of included studies 95

TABLE 28 Summary of findings against the AdePT 14 methodological issues for 
feasibility studies 102

TABLE 29 Findings from recent glaucoma DHT studies compared against  
AdePT issues 107

TABLE 30 The role of clinical outcomes in the economic evaluation 163



DOI: 10.3310/GTWD6802 Health Technology Assessment 2024 Vol. 28 No. 44

Copyright © 2024 Stewart et al. This work was produced by Stewart et al. under the terms of a commissioning contract issued by the Secretary of State for Health and  
Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, 
reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the 
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

xiii

FIGURE 1 Clinician agreement on home monitoring using digital technology within 
patient scenarios 10

FIGURE 2 In-home Tracking of glaucoma: Reliability, Acceptability, and Cost  
participant flow chart 38

FIGURE 3 Challenges and solutions for DHT trials 70

FIGURE 4 Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
diagram for the search of economic evaluation studies on glaucoma and OHT 86

FIGURE 5 Cost–utility analyses mapped on the cost-effectiveness plane (n = 3) 89

FIGURE 6 Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
diagram for the search of systematic reviews of economic evaluation studies on 
home monitoring 91

FIGURE 7 Cost–utility analyses mapped on the cost-effectiveness plane (n = 5) 96

List of figures





DOI: 10.3310/GTWD6802 Health Technology Assessment 2024 Vol. 28 No. 44

Copyright © 2024 Stewart et al. This work was produced by Stewart et al. under the terms of a commissioning contract issued by the Secretary of State for Health and  
Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, 
reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the 
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

xv

List of supplementary material

Report Supplementary Material 1 TIDieR checklist

Supplementary material can be found on the NIHR Journals Library report page (https://doi.
org/10.3310/GTWD6802).

Supplementary material has been provided by the authors to support the report and any files 
provided at submission will have been seen by peer reviewers, but not extensively reviewed. 
Any supplementary material provided at a later stage in the process may not have been 
peer reviewed.

https://www.journalslibrary.nihr.ac.uk/publications/GTWD6802/NIHR129248-supp1.pdf
https://doi.org/10.3310/GTWD6802
https://doi.org/10.3310/GTWD6802




DOI: 10.3310/GTWD6802 Health Technology Assessment 2024 Vol. 28 No. 44

Copyright © 2024 Stewart et al. This work was produced by Stewart et al. under the terms of a commissioning contract issued by the Secretary of State for Health and  
Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, 
reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the 
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

xvii

List of abbreviations

ADePT A process for Decision-making 
after Pilot and feasibility Trials

AI artificial intelligence

BP blood pressure

CBA cost–benefit analysis

CCA cost–consequence analysis

CEA cost-effectiveness analysis

CMA cost-minimisation analysis

COVID-19 coronavirus disease discovered 
in 2019

COAG chronic open-angle glaucoma

CUA cost–utility analysis

DCE discrete choice experiment

DHI digital health intervention

DHT digital home monitoring 
technologies

GAT Goldmann applanation 
tonometer

HES hospital eye services

HRQoL health-related quality of life

HTA Health Technology Assessment

ICER incremental cost-effectiveness 
ratio

IOP intraocular pressure

IQR interquartile range

IT information technology

I-TRAC In-home Tracking of glaucoma: 
Reliability, Acceptability, and 
Cost

MD mean deviation

MHRA Medicines and Healthcare 
Products Regulatory Agency

MMDT Moorfields motion 
displacement test

MRF Melbourne Rapid Field

NICE National Institute for Health 
and Care Excellence

NIHR National Institute for Health 
and Care Research

NTG normal tension glaucoma

OAG open-angle glaucoma

OHT ocular hypertension

PI principal investigator

PICO population, intervention, 
comparator, outcome

POAG primary open-angle glaucoma

PRISMA Preferred Reporting Items for 
Systematic Reviews and Meta-
Analyses

QALY quality-adjusted life-year

QoL quality of life

R&D research and development

RCT randomised controlled trial

RPM remote patient monitoring

SD standard deviation

SSC Study Steering Committee

TDF Theoretical Domains 
Framework

TFA Theoretical Framework of 
Acceptability

UKCA UK Conformity Assessed

UKEGS UK and Eire Glaucoma Society

VF visual field

WTP willingness-to-pay 





DOI: 10.3310/GTWD6802 Health Technology Assessment 2024 Vol. 28 No. 44

Copyright © 2024 Stewart et al. This work was produced by Stewart et al. under the terms of a commissioning contract issued by the Secretary of State for Health and  
Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, 
reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the 
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

xix

Plain language summary

What is this research about?

The In-home Tracking of glaucoma: Reliability, Acceptability, and Cost study explored whether glaucoma 
patients who would normally be monitored in hospital could do some monitoring themselves at home, 
and whether self-monitoring at home would be acceptable or possible for them.

How was the research done?

We delivered In-home Tracking of glaucoma: Reliability, Acceptability, and Cost in four phases by:

1. Surveying expert glaucoma specialists to understand which patients would benefit most from home 
monitoring.

2. Providing glaucoma patients with an iPad tablet and a device which measures eye pressure to use 
once a week for 3 months. The patients who participated and the clinical staff delivering the study 
were interviewed about their experiences.

3. Interviewing researchers with experience of running large studies testing digital technologies to 
monitor patients’ health at home to understand challenges.

4. Reviewing other researchers’ work and comparing it with ours to help us understand whether home 
monitoring of glaucoma could be good value for money.

What did the research find out?

Overall, patients and healthcare professionals were cautiously optimistic about the digital technologies 
for home monitoring of glaucoma. Most patient participants were able to use the technologies, and 
half told us they preferred home monitoring. Most clinicians recognised the potential advantages of 
glaucoma home monitoring but had concerns about the technologies (specifically reliability and the 
risk of missing disease progression) and how they would fit into routine care. Plans for how to evaluate 
value for money in a future study were identified. The study did not aim to identify whether the digital 
technology was better than what happens currently; a different study design with many more patients 
would be required to answer that question. The study did identify several important questions to answer 
before designing a future larger study; for example, how to ensure diverse patient participation. These 
questions should be the focus of future research in this area.
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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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Chapter 1 Introduction and background

Response to commissioned call

This report presents the findings from a National Institute for Health and Care Research (NIHR)-funded 
study that was conducted between January 2021 and December 2022. The study was developed in 
response to a cross-programme call on ‘Digital Technologies to Improve Health and Care’ in November 
2018 and funded through the Health Technology Assessment (HTA) programme. The team was 
commissioned to explore the acceptability and feasibility of home monitoring for glaucoma and make 
recommendations about the need for and design of a future definitive evaluative study.

Glaucoma: a brief background

Glaucoma is a chronic disease of the optic nerve and is currently the leading cause of irreversible severe 
visual loss worldwide and the second most common cause of severe visual loss in the UK.1,2 Within the 
UK, there are over 1 million glaucoma-related NHS appointments annually.3 Glaucoma commonly affects 
older adults, requires lifelong monitoring and is increasing in prevalence due to the growing ageing 
population.4 By 2040, it has been predicted that 111 million people aged 40–80 years will be diagnosed 
with glaucoma globally.5

Glaucoma is typically associated with raised intraocular pressure (IOP), leading to characteristic damage 
of the optic nerve head and visual field (VF) loss. Early glaucoma is asymptomatic but as the pathology 
progresses, central visual acuity may also be lost, leading to irreversible severe visual loss.3 Patients 
impacted by glaucoma-related visual loss have been found to have decreased quality of life (QoL), due 
to factors including vision-induced limitations, loss of ability to drive, loss of ability to participate in 
meaningful activities such as hobbies, and an increased risk of falls.6

Treatment for glaucoma effectively halts or slows disease progression and is achieved by reduction of 
IOP with medical, laser or surgical therapies. Patients require regular, lifelong monitoring, typically by 
hospital eye services (HES), where they have their IOP measured and the VF tested. Imaging by scanning 
the retinal nerve fibre layer of the eye can also be used to monitor glaucoma. Ideally the frequency of 
monitoring should be individualised to patient needs. Patients need these check-ups for the rest of 
their lives.

Hospital eye services are very busy, accounting for the highest number of NHS outpatient appointments 
of any specialty and comprising nearly 10% of all NHS outpatient visits. Glaucoma services are 
overwhelmed and struggling to accommodate current demands.7 Providing regular surveillance and 
treatment is already a major challenge for the NHS. As the prevalence of glaucoma increases with age, 
the demand for glaucoma care is increasing (and will continue to do so) and more efficient models of 
care are urgently needed.7,8

Diagnosis and monitoring of glaucoma

Glaucoma assessment for diagnosis and monitoring is made through combining patient history with 
objective measures which include assessments of the optic nerve head, retinal nerve fibre layers, VFs, 
and tonometry.8 When the diagnosis is confirmed, treatment with pressure-lowering eye drops or laser 
therapy is commenced. Treatment is escalated (e.g. eye drops added, laser or surgery) if there is evidence 
of disease progression, defined by worsening of the VF or appearance of the optic nerve over time; or 
if IOP is above the individualised target level and the risk of progressive loss of vision is high. When 
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treatment is altered, follow-up is arranged to determine response, with success of treatment measured 
by IOP control and demonstration of lack of change in VF over time. IOP is the only modifiable risk 
factor for reducing progressive loss of vision due to glaucoma.9 All patients require lifelong regular 
assessment to determine disease stability and IOP control and to decide whether further treatment 
escalation is necessary.

Surveillance of patients with confirmed glaucoma is typically undertaken at HES.10 Regular monitoring 
is important as glaucoma is often asymptomatic, and patients are usually unaware that they have 
worsening VF until the advanced stages;11 however, monitoring is time-consuming, inconvenient for 
patients and expensive for the NHS. Currently, the NHS is overwhelmed with the demand for glaucoma 
services and spends over £500M annually on related care.7,12 Evidence suggests that current lack of 
capacity will worsen, increasing the risk of appointment delays and inappropriately long monitoring 
intervals.7 Delays in follow-up appointments are already recognised as a problem, in some cases leading 
to irreversible visual loss which could have been prevented with adequate monitoring resources and 
funding.7 Reducing demand on hospital-based services will improve the ability to see and treat patients 
at the highest risk of vision loss. Digital technologies that provide opportunities for home monitoring of 
glaucoma have the potential to contribute to solve these challenges and, potentially, improve outcomes.

Digital technology for home monitoring chronic conditions

Traditional monitoring methods of many chronic conditions are clinician-led and performed within the 
hospital. However, recent technological advances allow exploration of patient-led home monitoring 
or telemonitoring. Interventions for telemonitoring common health conditions such as hypertension, 
diabetes, heart failure, and stroke have been frequently reported in the literature.13–18 Some of these 
conditions are already routinely monitored at home using methods such as blood glucose finger-prick, or 
sensor technology, or ambulatory blood pressure (BP) monitors.

Research suggests several benefits of home monitoring. Quantitative evaluations indicate greater 
patient compliance to treatment, shorter hospital stays, reduced frequency of inpatient visits, and 
faster diagnosis and identification of acute changes.13–18 It should be noted that systematic reviews of 
telemonitoring also report that outcomes are variable between studies, particularly in relation to impact 
upon health resource use outcomes such as the number of healthcare contacts.13,18 Qualitative evidence 
synthesis of remote monitoring across a range of chronic diseases (including chronic obstructive 
pulmonary disease, heart failure, diabetes, hypertension and end-stage kidney disease) highlighted 
that remote monitoring increased patients’ disease-specific knowledge, enabled early identification of 
exacerbations and improved self-management and shared decision-making.19

The 10-year NHS plan has identified chronic condition home monitoring as a priority.20 This could allow 
reduced frequency of hospital appointments for stable patients, increase healthcare capacity, potentially 
lower costs and improve patient convenience and compliance.20 Implementation of these technologies 
requires an understanding of the challenges facing the NHS workforce and patients. While the evidence 
for home monitoring supports opportunities for embedding technologies within routine care, this 
implementation should ideally be supported by evidence from rigorous evaluation.21

Current technologies for monitoring glaucoma

Recent advances in technology mean it is now possible for glaucoma patients to monitor IOP and 
several aspects of visual function, including VFs, in their own home. Utilising digital technologies for 
glaucoma home monitoring has the potential to contribute to solving a key challenge in glaucoma 
care: accommodating the increasing glaucoma population with more frequent monitoring assessments 
against the backdrop of increased wait times, reduced clinic availability and delays in routine monitoring 
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appointments. It is also possible that more frequent monitoring, undertaken at home, may improve 
health outcomes if used to supplement or replace standard infrequent visits to HES. A novel patient 
pathway could potentially be used in which home monitoring data would be transferred to the hospital 
for interpretation by a healthcare professional or artificial intelligence (AI); alternatively, patients 
could request a hospital appointment if the home tests show their glaucoma has worsened or IOP 
has increased. Home monitoring could mean patients require fewer hospital visits, while increasing 
convenience and potentially reducing costs and increasing capacity for healthcare providers.

Home tonometry technologies
It is now possible to collect IOP data for glaucoma patients outside the clinical environment. Prior to 
2020, two CE-marked options were available: SENSIMED Triggerfish® (SensiMed, ND, Switzerland) 
contact lens sensor and the iCare HOME® (iCare Oy, Vantaa, Finland) rebound tonometer.

The SENSIMED Triggerfish (SensiMed, ND, Switzerland) involves wearing disposable contact lenses 
which transmit data in relation to changes in ocular dimensions to a wearable antenna (worn as a 
patch).22 It does not measure IOP directly, but using the ocular dimensions data it can give indications 
of increases or decreases in IOP.22 The lens is designed to be inserted and removed by a trained 
professional, and worn by the patient for a 24-hour period.22 In the device summary evidence published 
by the National Institute for Health and Care Excellence (NICE), it appears across 13 trials that the 
device was well tolerated by patients with few (n = 2) serious adverse events.22 It obtained CE approval 
in 2010; however, its use is largely restricted to research purposes due to ongoing concerns regarding 
how well ocular dimensions relate to IOP, limiting its use in clinical care.22

The iCare HOME is a handheld device which can record and store IOP measures in the same units (i.e. 
mmHg) as the gold standard in-clinic Goldmann applanation tonometer (GAT) assessment.23 Rebound 
tonometry, developed by iCare, has been in use since 2003, but in 2014 a version, iCare HOME, was 
released which was specifically designed for patients to use themselves outwith the clinic setting.23 The 
device takes six individual readings during each measurement, then disregards the highest and lowest 
reading and then calculates an average of the remaining four readings, to give a final result.23 Several 
studies have compared the IOP readings from the iCare HOME tonometer to GAT. The reported mean 
differences between the iCare HOME and GAT measurements range from −2.7 to 0.7 mmHg.24–28 
However, variations of 0–5 mmHg are considered acceptable for home monitoring.24–26,28 Patients are 
taught to operate this device themselves. Evidence suggests most study participants were able to use 
the iCare HOME device correctly following training.25,28–30

Home perimetry technologies
Portable perimeters designed for testing peripheral VF at home are a potentially useful tool for remote 
home monitoring of glaucoma. They have a theoretical advantage of providing frequent VF data which 
may help to confirm disease in glaucoma suspects and possibly assess disease progression.31 Pre-2020, 
when this study was commissioned, there were two reliable app-based technologies available for the 
remote monitoring of VFs: the Melbourne Rapid Field (MRF, GLANCE Optical Pty Ltd, Melbourne, 
Australia) and Moorfields motion displacement test (MMDT).31

The MRF is an app designed to be used on an iPad® (Apple Inc., Cupertino, CA, USA) and involves 
the user placing the iPad on a stand and positioning themselves so that they are sitting approximately 
33 cm from the screen.31 The test is conducted in two parts, first asking users to focus on the centre 
of the screen (central field test) and then asking users to focus on each corner of the screen (peripheral 
field test).31 Users are asked to push the space bar on a Bluetooth® (Bluetooth Special Interest Group, 
Kirkland, WA, USA) keyboard in response to stimuli.31 Results of the MRF have been found to be 
consistent with gold standard in-clinic VF testing using the Humphrey Visual Field Analyzer.32,33 At the 
point of commissioning, the MRF was yet to be tested out of clinic.31
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The MMDT is designed to be used on a laptop and involves the user resting their head and chin onto a 
support stand approximately 30 cm from the screen.31 Users are then asked to focus on a central spot 
on the screen and click the mouse or press the space bar every time they see a moving line on screen, 
for a duration of around 5 minutes.31 Although limited, evidence suggests good diagnostic performance34 
and patient engagement35 with this test. Similar to the MRF, out-of-clinic use of the MMDT has not yet 
been reported.31

Study rationale

Technological advances have made glaucoma home monitoring possible through the development of 
innovative portable tonometers and perimeters that use tablet or personal computers, or head-mounted 
displays. Such devices may be used for assessing IOP, VF loss and other visual parameters, without clinic 
visits. However, their effectiveness, their ability to detect and quantify the severity of VF damage, and 
patients’ ability to use them at home are yet to be tested.

At the time of commissioning In-home Tracking of glaucoma: Reliability, Acceptability, and Cost (I-TRAC) 
there was a lack of detailed exploration with important stakeholders such as patients and clinicians. 
Collecting these insights is crucial for developing an in-depth understanding of clinicians’ views on home 
monitoring, particularly regarding which patients would most likely benefit from this approach, and to 
determine obstacles preventing implementation of these technologies to improve healthcare delivery 
in glaucoma. From the patients’ perspective, it is important for us to understand how acceptable home 
monitoring technologies are; will patients engage with the devices and the remote monitoring approach? 
As part of this, it is important to understand design issues that are important to patients, to ensure 
the technologies can be used by those they are designed to help. As noted by the NIHR, economic 
evaluation of these glaucoma home monitoring technologies has not been undertaken.22,36 A well-
designed randomised controlled trial (RCT) is required to answer these questions. However, prior to full 
trial, we first need to determine the acceptability and feasibility of this approach.

Since commissioning, a small number of studies exploring the acceptability and/or feasibility of these 
home monitoring interventions for glaucoma have been published, but not within the context of 
feasibility of a future large-scale evaluative study.37–39 These will be discussed in detail with relevance to 
I-TRAC findings in the Discussion (see Chapter 7).

Aims and objectives

The overall aim of this study 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 four specific research objectives were to:

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

2. understand the views of key stakeholders [patients, clinicians, information technology (IT) person-
nel, researchers] on whether home monitoring is feasible and acceptable

3. develop a conceptual framework for the economic evaluation of home monitoring for glaucoma
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.
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Study design and overview

The I-TRAC study was a multiphase mixed-methods feasibility study with key components informed by 
theoretical [i.e. the Theoretical Framework of Acceptability (TFA) and Theoretical Domains Framework 
(TDF)] and conceptual [A process for Decision-making after Pilot and feasibility Trials (ADePT)] 
frameworks (see Appendix 1 for a diagrammatic overview of study design). Successful evaluation 
and future implementation of any new intervention require in-depth understanding of the potential 
process modifiers. It was recognised that the introduction of home monitoring using digital technology 
for glaucoma will involve multiple stakeholders (patients, healthcare professionals and researchers 
with experience of delivering evaluative studies of digital technology used for home monitoring) and 
various care contexts (home and secondary care) – all of which were important to capture through the 
study design.

We planned to use two technologies for glaucoma home monitoring, the first being the iCare HOME, a 
handheld tonometer for measuring IOP. The second, the MRF app, played on an iPad to measure VFs. 
However, due to the MRF not being CE marked, we had to replace the MRF with the OKKO Visual 
Health app (OKKO Health, Bristol, UK). A description of the problem and decisions relating to choice of 
replacement app are reported in Chapter 4. Participants were asked to use both monitoring devices once 
per week for 12 weeks.

Several methods were utilised to address each of the research objectives mentioned, specifically:

• A survey regarding glaucoma home monitoring feasibility was designed and distributed among key 
clinical stakeholders within glaucoma care in the NHS (addresses research objective 1).

• Glaucoma patients were trained to use the home monitoring technologies and used the technology 
for a period of 3 months. A sample of patients and the site staff involved in recruitment were 
interviewed following this to gain insight into each experience (addresses research objective 2).

• Interviews were conducted with relevant external research teams and ophthalmology consultants 
(addresses research objective 2).

• A systematic review to investigate appropriate health economic models for home monitoring of 
glaucoma was conducted and supplemented with quantitative and qualitative data from clinicians 
and patients relating to resource use and preferences (addresses research objective 3).

• A statement was produced regarding the overall feasibility and acceptability of an evaluative study 
comparing current NHS glaucoma care with home monitoring (addresses research objective 4).
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Chapter 2 Identification of which glaucoma 
patients are most appropriate for home 
monitoring

There is limited guidance in the literature as to which glaucoma patients would be the ideal 
candidates for home monitoring using digital technology. Identifying key uncertainties regarding 

candidate suitability, such as who are the appropriate patients to target for evaluating an intervention, 
is a critical first step towards evaluating its use. This chapter reports the findings from an online survey 
with expert glaucoma clinicians to determine which glaucoma patients are most appropriate for home 
monitoring and to investigate clinical decision-making in relation to patient suitability.

Methods

Study design
Online survey involving expert glaucoma clinicians, who have not been involved in the glaucoma home 
monitoring intervention component of the study.

Sampling and recruitment
The target population were expert glaucoma clinicians (i.e. ophthalmologists and optometrists). To take 
part in our study, participants needed to work within the UK NHS, presently deliver care to persons with 
glaucoma, and agree to take part in the study. Based upon the estimated number of glaucoma clinicians 
registered with the UK and Eire Glaucoma Society (UKEGS), a non-profit professional society for 
clinicians with a specialist interest in glaucoma (range n = 69–7240,41) we are accepting our denominator 
for calculating response rate as n = 72. UKEGS does not currently record the designation of its members, 
so the exact number of glaucoma consultants surveyed is unknown.

In order to target clinicians with directly relevant experience, the survey was disseminated via UKEGS. 
A link to the questionnaire with an invitation to participate was e-mailed to members of UKEGS by the 
UKEGS Communications Manager. In addition to the invitation e-mail, the clinical co-investigators raised 
awareness of the questionnaire among existing clinical networks. The survey was active from 14 May to 
30 October 2021.

Data collection
An online survey including both closed and open-ended questions, informed by the literature and expert 
opinion within the research [including three clinical Principal Investigators (PIs): AAB, AK and AT], was 
created through SurveyMonkey® (Palo Alto, CA, USA).42 A participant information leaflet (containing 
general information about the I-TRAC study and the home monitoring devices) was included at the 
start of the survey to support informed consent but also to ensure participants were given contextual 
insights to promote informed responses. For example, a summary of the NICE guidelines for ocular 
hypertension (OHT) and primary open-angle glaucoma (POAG) was included alongside an introduction 
to the technologies being discussed (iCare HOME tonometer and tablet-based apps for measuring 
visual function).

Participants were asked to decide if they would use the iCare HOME tonometer and/or an app for visual 
function, for four clinical scenarios. The patient scenarios were developed to reflect fictional patients 
(but based on real examples) and included hypothetical details on glaucoma severity (mild, moderate, 
severe), current treatment, risk of visual loss, disease control (apparently well controlled, uncertain, 
poorly controlled), and management options, as well as demographic details (Table 1). These cases were 
designed to reflect the NICE guidelines for OHT and POAG. When a clinician did not recommend a 
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patient’s suitability for home monitoring, they were asked to justify this decision. Scenario 5 described 
a clinical model of care in which a doctor integrates the home monitoring devices within their routine 
glaucoma care due to reduced clinic capacity. Clinicians were asked to determine whether this model of 
care was acceptable to them, why it was/was not acceptable, and to tell us about perceived advantages 
and disadvantages to this model of care.

Survey participants were asked to provide demographic data including age, gender, ethnicity, profession, 
the number of years’ experience in treating glaucoma, and current or past use of technologies for 
measuring IOP and/or visual function in patients at home.

The data collected through SurveyMonkey were downloaded and stored in an Excel® worksheet 
[Microsoft® Excel for Microsoft 365 MSO (Version 2205 Build 16.0.15225.20394); Microsoft 
Corporation, Redmond, WA, USA]. Participant responses were anonymous and assigned a unique 
identifier number.

Data analysis
Quantitative data from closed-ended questions were analysed using descriptive statistics (e.g. 
frequencies, percentages). Agreement with clinical scenarios was defined by the study team as being 
≥ 60% in either supporting or not supporting the hypothetical patient to be home monitored using 
the digital technology. Agreement across clinical scenarios was also investigated in a post hoc analysis 
and reported using frequencies. Free-text responses, such as those asking for clinical reasoning for 
the monitoring decision, and the frequency and duration of monitoring, were analysed using directed 
content analysis.43 Within this, a hybrid approach, combining both inductive (data-driven) and deductive 
(based on preconceived ideas) methods was followed. Frequency and duration responses were free 
text and were reviewed across all clinical scenarios (scenarios 1–4) to create categories that could 
be applied across scenarios for ease of comparison. Reasons behind the perceived unsuitability 
of each clinical scenario for home monitoring were analysed and reported within each scenario. 
Similarly, explorations of the acceptability of this model of care were analysed within scenario 5 where 
several questions regarding perceived barriers and facilitators were presented. Within this project, 
a barrier was defined as ‘a circumstance or obstacle that keeps people or things apart or prevents 
communication or progress’.44 A facilitator was defined as ‘the factors that enable the implementation of 
evidence-based interventions’.45

The Microsoft Excel spreadsheet was transferred to NVivo software (version 12 qualitative analysis 
programme; QSR International, Warrington, UK).46 Data were reviewed and emerging themes noted. 
Following several reviews of the data by two reviewers (UA and CS), a coding dictionary describing the 

TABLE 1 Summary description of clinical scenarios presented

Scenario 1 Scenario 2 Scenario 3 Scenario 4

Name Mr Smith Ms Adams Mr Patel Ms McEwen

Age 63 70 78 55

Gender Male Female Male Female

Brief history 2-year history of severe 
bilateral glaucoma
No evidence of current 
progression

1-year history 
of bilateral 
OHT

3-year history of poorly 
controlled pseudo exfoliation in 
R eye and moderate glaucoma 
in L eye

5-year history of 
mild, bilateral normal 
tension glaucoma
No progression noted

Intended level 
of risk

High risk Low risk High risk Low risk

OHT, ocular hypertension.
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themes and categories found within participant responses was developed. Within NVivo, a tree chart 
was constructed to explore the weighting of each of the themes, subthemes and codes created from 
the survey responses. This allowed identification of the major themes based on the volume of responses 
addressing this topic, number of participant comments and relevance as deemed by the researcher.

Results

Sample demographics
A total of 64 clinicians accessed the survey, a response rate of 89% (n = 64/72, 72 being the upper 
limit in the range of eligible clinicians registered with UKEGS who had a special interest in glaucoma). 
Four participants were excluded based on lack of experience treating glaucoma (n = 3), as per the 
exclusion criteria, and one participant did not respond to any of the questions. A further 11 were 
excluded from the final analysis as they did not respond to the clinical scenario questions and only 
provided demographic data. Therefore, 49 clinicians who replied to at least one of the questions in 
relation to the clinical scenarios were included in the final analysis (77%, n = 49/64). Table 2 shows the 
characteristics of the respondents. The majority of participants were white (59%, n = 29), male (69%, 
n = 34), consultants (92%, n = 45), aged between 50 and 59 years (45%, n = 22), who have treated 

TABLE 2 Expert glaucoma clinicians demographics (n = 49)

Variables Responses, n (%) (N = 49)

Duration of experience with treating glaucoma

< 5 years 3 (6)

5–10 years 11 (23)

> 10 years 35 (71)

Profession

Optometrist 4 (8)

Consultant ophthalmologist 45 (92)

Participant age (years)

< 40 7 (14)

40–49 16 (33)

50–59 22 (45)

> 60 4 (8)

Gender

Male 34 (69)

Female 13 (27)

Non-binary 1 (2)

Prefer not to say 1 (2)

Ethnicity

White 29 (59)

Mixed white and Black African 3 (6)

Asian/Asian British 16 (33)

Black/Black British African 1 (2)



10

NIHR Journals Library www.journalslibrary.nihr.ac.uk

IDENTIFICATION OF WHICH GLAUCOMA PATIENTS ARE MOST APPROPRIATE FOR HOME MONITORING

glaucoma patients for > 10 years (71%, n = 35). The demographics of those removed from final analysis 
(n = 11, not presented) showed a similar pattern in that they were mostly of white ethnicity (82%, n = 9), 
consultants (82%, n = 9) with extensive experience (64%, n = 7, over 10 years’ experience). However, 
they were younger (64%, n = 7, < 50 years of age) and the gender split was more equal between male 
and female (male, 36%, n = 4; female, 36%, n = 4, with 3 preferring not to report their gender).

Clinician decisions regarding patient suitability for glaucoma home monitoring
Across the scenarios, there were varying rates of agreement regarding the suitability of each patient 
scenario for home monitoring (Figure 1 and Table 3). Based on the levels of agreement defined (i.e. > 60% 
reporting a patient as suitable), only one patient, scenario 4, was deemed suitable for home monitoring. 
In the scenario, 61% (n = 30) of clinicians would refer the patient to use the iCare tonometer and 65% 
(n = 32) the home visual function app assessment. Scenario 4 reported Ms McEwen, a low-risk patient 
with normal tension glaucoma (NTG) and mild disease who had not progressed in 5 years.

Clinicians were asked to suggest optimal time frames for the frequency and duration of home 
monitoring (of both IOP and visual function) through open-ended questions in each scenario. Similar to 
the variation in responses to clinical scenarios, a wide spectrum of monitoring frequencies and durations 
for each scenario were suggested (Table 3). Despite this, greatest consensus appeared within low-risk 
scenarios (2 and 4) where for both IOP and visual function monitoring, participants reported opting for 
reduced frequency of monitoring (every 2–6 months) but over an increased duration (7–24 months). 
For high-risk scenarios (1 and 3), frequency and duration for visual function monitoring were consistent 
and similar to low-risk scenarios (2 and 4). However, in relation to IOP monitoring, participants reported 
increased frequency (every 1–7 days) but for a lower duration (1–6 months).

Explaining clinician glaucoma home monitoring decision-making
The justifications provided by the clinicians when reporting that Ms McEwen, scenario 4, would be 
suitable for home monitoring stated this was due to the nature of her stable disease and her low 
risk of progression. They felt that she could be safely monitored at home without high risk of missed 
progression, which could allow increased clinic capacity for individuals with advanced disease, ‘[f]reeing 
up capacity in the hospital eye service, allowing better use of resources and enabling better care of high-
risk patients. Low-risk patients may prefer not having to come in the hospital’ (Consultant, 5–10 years 
of experience).

0

10

20

30

40

50

60

70

80

90

100

IOP Visual
function

IOP Visual
function

IOP Visual
function

IOP Visual
function

Scenario 1 Scenario 2 Scenario 3 Scenario 4

%

Suitable
Unsuitable
No response

FIGURE 1 Clinician agreement on home monitoring using digital technology within patient scenarios.
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TABLE 3 Expert glaucoma clinician agreement on patient suitability for glaucoma home monitoring (N = 49)

Scenario 1
Mr Smith
High risk, n (%)

Scenario 2
Ms Adams
Low risk n (%)

Scenario 3  
Mr Patel
High risk n (%)

Scenario 4
Ms McEwen
Low risk n (%)

Would you consider it useful to monitor IOP at home?

Yes 26 (53) 28 (57) 26 (52) 30 (61)

No 23 (47) 18 (36) 18 (36) 14 (9)

No response 0 (0) 3 (6) 6 (12) 5 (10)

Recommended frequency of IOP monitoring

Every 1–7 days 19 (73) 9 (32) 13 (50) 7 (23)

Monthly 3 (12) 3 (11) 3 (12) 4 (13)

Every 2–6 months 3 (12) 12 (43) 7 (27) 13 (43)

Every 7–12 months 0 (0) 0 (0) 0 (0) 4 (13)

Unclear 1 (5) 3 (11) 3 (12) 2 (6)

No response 0 (0) 1 (3) 0 (0) 0 (0)

Recommended duration of IOP monitoring

Daily 2 (8) 1 (3) 2 (8) 1 (3)

Weekly 4 (15) 1 (3) 3 (12) 2 (6)

Monthly 4 (15) 0 (0) 3 (12) 1 (3)

Every 2–6 months 8 (30) 3 (11) 10 (38) 4 (13)

Every 7–24 months 1 (5) 13 (46) 5 (19) 17 (57)

Unclear 7 (27) 7 (25) 2 (8) 3 (10)

No response 0 (0) 3 (11) 0 (0) 2 (6)

Would you consider it useful to monitor visual function at home?

Yes 28 (57) 26 (53) 20 (41) 32 (65)

No 19 (39) 18 (37) 24 (49) 12 (24)

No response 2 (4) 5 (10) 5 (10) 5 (10)

Recommended frequency of visual function monitoring

Every 1–7 days 4 (14) 0 (0) 2 (10) 1 (3)

Monthly 11 (39) 5 (19) 4 (20) 5 (16)

Every 2–6 months 8 (29) 14 (54) 10 (50) 20 (63)

Every 7–12 months 0 (0) 4 (15) 1 (5) 3 (9)

Unclear 5 (18) 3 (12) 2 (10) 2 (6)

No response 0 (0) 0 (0) 1 (5) 1 (3)

Recommended duration of visual function monitoring

Daily 0 (0) 0 (0) 1 (5) 0 (0)

Monthly 2 (7) 0 (0) 0 (0) 0 (0)

Every 2–6 months 17 (61) 4 (15) 10 (50) 4 (13)

Every 7–24 months 2 (7) 16 (62) 3 (15) 22 (69)

Unclear 3 (11) 2 (8) 3 (15) 5 (16)

No response 4 (14) 4 (15) 3 (15) 1 (3)

IOP, intraocular pressure.
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Among the participants who predicted that this patient would be unsuitable for home monitoring, the 
justification was that it may be a waste of resources due to the stable nature of her current condition. 
This was a contradiction with other participants who deemed her suitable due to the exact same 
reasoning, ‘stable for 5 years, waste of effort’ (Consultant, over 10 years of experience).

Table 4 summarises the justifications given by clinicians when deciding a patient described in the clinical 
scenarios would be unsuitable for home monitoring. When evaluating the rationale behind clinicians 
deeming the other scenarios unsuitable, the main concerns contradicted each other. However, many 
clinicians (n = 32) highlighted that they may be more hesitant to recommend home monitoring to 
high-risk individuals. They predicted that they would rather assess these patients in clinic to confidently 
determine their IOP and visual function. This was expressed to be important as it would avoid any 
discrepancies or impaired clinical judgement due to potentially ‘unreliable’ readings. They also felt that 
these advanced cases may require additional resources such as imaging, ‘[h]igh risk of further vision loss 
within lifetime – young, advanced VF defects bilaterally. Would prefer to see in clinic and discuss surgery 
at each visit’ [regarding scenario 1] (Optometrist, > 10 years of experience).

In addition to measuring clinical agreement within each clinical scenario regarding home monitoring 
of glaucoma patients, we also investigated agreement across scenarios to determine whether the 
disagreement in scenarios is related to the digital technology or to which patients should be monitored. 
There was a lack of consensus relating to which patients should be monitored using the tonometer, with 
23 clinicians (47%) reporting that home monitoring of patients would be useful in at least three of the 
four clinical scenarios. This was also true for visual function, with 22 clinicians (45%) believing it to be 
useful for three out of the four scenarios.

Clinicians’ acceptability of home monitoring of glaucoma within NHS Care 
pathways
The fifth clinical scenario in the questionnaire described a clinical care model that combined home 
monitoring into the current hospital-based system. Regarding acceptability, no agreement was reached 
on this scenario, with just over half of clinicians (52%, n = 26) reporting that this model was acceptable 

TABLE 4 Reasons for patients being deemed ‘unsuitable’ for glaucoma home monitoring

Scenario Reasons reported for ‘Unsuitable’ response Example quote

1
Mr Smith
High risk

- Advanced/high-risk glaucoma
- Requires treatment, not monitoring
- Risk of increased patient anxiety
- Requires full comprehensive in-person 

assessment

- ‘Severe glaucoma in a relatively young patient on 
maximum medical treatment; IOP control borderline 
although VF is stable it is for a relatively short dura-
tion. Need more fields to establish long-term stability. 
Candidate for HES care’ (Consultant, > 10 years of 
experience)

2
Ms Adams
Low risk

- Stable, OHT patient
- Low risk of conversion to glaucoma
- Most would discharge to community care

- ‘In our unit this pt [sic]would be discharged to 
community optometry glaucoma service and would 
recommend optom to see 24 monthly.’ (Consultant, 
> 10 years of experience)

3
Mr Patel
High risk

- Advanced/high-risk glaucoma
- Requires treatment and assessment  

rather than monitoring
- Risk of increased patient anxiety
- More likely to struggle with home moni-

toring due to frailty/compliance

- ‘If his visual fields are not reliable in the clinic, then we 
would have to test out if he was any better with the 
home version before considering. If not, then I would 
leave it and do OCT in the clinic.’ (Consultant,  
> 10 years of experience)

4
Ms McEwen
Low risk

- NTG, stable (5 years) patient
- Low risk of progression
- May be a waste of resources

- ‘Poor resource use, waste of effort, low risk – not 
worth the extra resources’ (Consultant, 5–10 years of 
experience)

NTG, normal tension glaucoma; OCT, optical coherence tomography; OHT, ocular hypertension. 
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and around one-third (37%, n = 18) reporting that it was unsuitable; 10% (n = 5) did not respond. 
Thematic content analysis of free-text responses in relation to this scenario resulted in the following 
seven themes: Resources, Patient Characteristics, Clinician Confidence in Home Monitoring, Perception 
of Risk, Wider Benefits, Accessibility, and Disease Suitability of Patient. Within each theme, anticipated 
advantages and disadvantages in relation to glaucoma home monitoring were identified, as shown in 
Table 5.

Resources
From a resource perspective, many clinicians believe that implementing home monitoring could increase 
clinic capacity for review of high-risk patients and believe that this model could be better than the 
current alternative of no or limited monitoring. There was also a belief that access to timely care via 
home monitoring could prevent irreversible severe visual loss, promoting patient health and well-being. 
However, many doubted the cost-effectiveness of glaucoma home monitoring. Some felt that this model 
could reduce clinic capacity for patients by the time this service was staffed in relation to the human 
resource needed to train patients and review the data collected.

Patient characteristics
Clinicians had concerns about patients’ cognitive, physical and mental capacity for home monitoring. 
While concerns were broadly shared about physical and cognitive capacity, opinions were divided 
in relation to patient anxiety; while some felt home monitoring could alleviate anxiety in relation to 
glaucoma progression, some felt it had potential to increase this. The majority reported concerns that 
home monitoring could lead to reduced patient compliance with regular testing and concerns about how 
this would be monitored. For the few, compliance could increase as regular feedback on disease status 
was anticipated to be motivational for patients.

Clinician confidence in home monitoring
We found that while there was some optimism about more frequent monitoring, home monitoring was 
largely anticipated to cause a decrease in clinician confidence in the quality of care delivered to patients. 
This was related to concerns about the reliability, standardisation, and compatibility of the devices, 
with and against hospital equipment, and concerns about relying on a narrower range of measures, as 
opposed to additional measures obtained in clinic (e.g. optical coherence tomography). There was some 
optimism, however, that more frequent monitoring of IOP and visual function, as would be possible with 
home monitoring, could detect progression sooner.

Perception of risk
While several clinicians reported more timely monitoring being a positive, there was a strong concern 
about the risks posed by the home monitoring of glaucoma. Risks raised reflected patient harms (e.g. 
missing glaucoma progression, resulting in loss of vision) and data and technology risks resulting from 
events such as failing equipment.

Wider benefits
A couple of wider benefits to home monitoring were raised. For example, the reduced travel arising 
from monitoring at home offers an environmental advantage. For some, home monitoring was expected 
to be more convenient for patients. Some also raised the advantage of being able to monitor patients 
who currently are not able to be monitored in clinic, such as those who are bedbound and/or residing in 
care homes.

Accessibility
Several disadvantages which could be potential barriers to accessing home monitoring were reported, 
namely language barriers and technology/internet access. These were expected to result in low uptake 
of home monitoring among some population groups.
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TABLE 5 Anticipated advantages and disadvantages of glaucoma home monitoring

Theme Subtheme Code A/D Frequency (n)
No. of 
participants Example quote

Resources Financial effectiveness Cost-effective A 2 1 ‘In the long term, it may be cheaper too’

Poor value for money D 28 24 ‘home tonometry for all patients seems a grandiose waste of 
resources’

Health care/clinic capacity Increased clinic capacity A 71 36 ‘Utilising the limited capacity to see stable patients virtually 
is helpful to generate more capacity for patients who require 
more attention’

Decreased clinic capacity D 4 4 ‘home monitoring would need to be well supported, to train 
and supervise patients, and well planned, to review data’

No or inadequate 
alternatives

– A 13 11 ‘Better to get some monitoring than just being a name on the 
waiting list and losing sight’

Human resource demands Staff needed to train/support 
patients

D 11 11 ‘Securing the funding and staffing to train patients and to 
troubleshoot might be a challenge’

Staff needed to review data D 9 9 ‘[there] would be a significant burden in virtually reviewing 
all these patients which would need to be accounted for in 
the business case’

Patient 
characteristics

Patient compliance Increased compliance A 4 4 ‘May empower patient and improve adherence as they get 
direct feedback on the effects of treatment and status of 
disease’

Decreased compliance D 38 26 ‘The governance of non-compliancy with lack of patient 
involvement would be another challenge’

Patients’ cognitive, physical 
and mental abilities

Cognitive impairment D 2 2 ‘Forgetting the original treatment instruction’

Physical impairment/disability 
impairing use of clinic testing

A 49 31 ‘Patients with reduced mobility/health issues making clinic 
attendance or VF testing difficult’

Physical impairment/disability 
preventing use with self- 
monitoring technologies

D 7 6 ‘Also, patients with physical disabilities or learning 
difficulties/dementia will struggle with home monitoring 
themselves’

Decreased patient anxiety D 4 3 ‘Where they are anxious about something and have phoned 
in to ask for early review’

Increased patient anxiety D 4 4 ‘They may get very anxious about small changes in results 
without full understanding’
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Theme Subtheme Code A/D Frequency (n)
No. of 
participants Example quote

Clinician 
confidence in 
home monitoring

Beliefs that increase clinician 
confidence

Improved clinician trust in 
quality of care delivered

A 11 10 ‘In reality glaucoma patients may actually do better with 
more regular IOP and field testing as will pick up discrepan-
cies sooner and we can’t [do] the tests this often in the clinic’

Concerns that decrease 
clinician confidence

Reliability issues D 83 35 ‘We do not have enough information about effectivity’

Standardised conditions D 6 5 ‘There is a possibility of someone other than the patient 
performing the home tests and passing it as the patients’

Hospital compatibility and 
consistency

D 10 9 ‘No consistency between hospital and home care tests’

Limitations of current home 
monitoring technologies

D 34 18 ‘OCT not done which may be considered important by some 
for early disease’

Perception of risk Perceived patient safety of 
home monitoring

Increased clinical safety A 21 18 ‘greater number of patients getting timely monitoring’

Fear of patient harm D 51 29 ‘Experience tells us that some patients will lose vision in the 
virtual system, despite best efforts to risk stratify and see 
virtually’

IT concerns – D 9 8 ‘IT works well when it works well, but more than often there 
are barriers and incomplete data etc’

Wider benefits Environmental benefit – A 1 1 ‘Good for the planet – low carbon footprint from not having 
to travel to the hospital’

Increased patient 
convenience

– A 9 9 ‘More convenient for the patient’

Assessments for patients 
previously unable to attend 
routine monitoring in clinic

– A 21 12 ‘Bedbound patients in care homes’

Accessibility Language Language barrier D 17 16 ‘Harder to reach patients would still have a low uptake of 
the technology. Education is more important. Even if given 
device might not use or not use correctly. [Patient] education 
empowers them to access medical help’

TABLE 5 Anticipated advantages and disadvantages of glaucoma home monitoring (continued)

continued
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Theme Subtheme Code A/D Frequency (n)
No. of 
participants Example quote

Technology and internet 
access

– D 2 1 ‘Internet availability for download of test results’

Disease suitabil-
ity of patient

Stable disease NTG A 42 25 ‘In established NTG were progression despite good IOP in 
office measures’

OHT A 10 7 ‘Only OHT patients can be managed safely with virtual 
clinics’

Screening A 7 7 ‘also useful as screening test’

Care change monitoring A 11 11 ‘May be particularly useful immediately after diagnosis or 
after change in treatment to determine rate of progression’

Phasing (24-hour monitoring) A 17 15 ‘Patients with progressive glaucoma – with apparently 
“controlled” IOP’

Low-risk suitable A 22 18 ‘Low–medium risk patients can be monitored virtually’

Low-risk unsuitable D 26 19 ‘Due to the limited capacity in hospital glaucoma clinics, we 
should focus our resources in higher risk patients’

Unstable disease High-risk suitable A 8 7 ‘concentrating on riskier cases without losing focus on the 
well-controlled ones’

High-risk unsuitable D 56 32 ‘In person visits slots kept for those with uncontrolled IOP, 
high risk, post-op’s etc.’

A, advantage; D, disadvantage; IT, information technology; NTG, normal tension glaucoma; OHT, ocular hypertension.
Note
The comments column refers to the number of direct references to each of the codes throughout all survey responses. The final column refers to how many participants (out of the  
total 60) made the comments referred to in the comment’s column. A dash is used within the table if no code was created for the subtheme.

TABLE 5 Anticipated advantages and disadvantages of glaucoma home monitoring (continued)
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Disease suitability of patient
Similar to the variation in responses to the clinical scenarios (1–4) there was little consensus in 
responses made in relation to a patient’s medical suitability for home monitoring. Most agreed that 
those at high risk of progression were unsuitable for home monitoring. Certain disease classifications 
(OHT and NTG) were frequently considered good candidates. The use of these technologies for 
glaucoma screening and phasing purposes was often frequently suggested as having potential in 
addition to or instead of regular monitoring.

Chapter summary

This chapter has demonstrated that there is agreement among the expert glaucoma clinicians surveyed 
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. Agreement (> 60%) was achieved for scenario 4 (a stable, low-risk patient), with 
clinicians supporting monitoring of IOP and visual function at home. Clinicians reported that they were 
generally not supportive of the home monitoring of high-risk patients, 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, such as NTG monitoring and 24-hour phasing. 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.

This survey has highlighted a range of issues and challenges related to the home monitoring of glaucoma 
patients using digital technologies. A central theme is clinicians’ lack of trust in home monitoring 
technologies, related to concerns about the reliability, accuracy and usefulness of these technologies. 
Clinicians expressed concerns about patient safety, 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. These areas are explored in more detail in Chapter 3.
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Chapter 3 Expert glaucoma clinicians’ 
acceptability of glaucoma home monitoring

Building on the findings from the survey data investigating expert glaucoma clinicians’ views on 
patient populations suitable for home monitoring using digital technology, as reported in Chapter 2, 

this chapter presents the findings of semistructured interviews with the same stakeholders to explore 
intervention acceptability in more detail. Exploring intervention acceptability among a wider group of 
clinicians, and in particular those not involved in I-TRAC, was important so as to understand broader 
community perspectives. The aim of this phase was to identify additional insights to enhance trialability 
of digital technology for home monitoring of glaucoma.

Methods

Study design
Online focus groups and interviews involving expert glaucoma clinicians, who have not been involved in 
the glaucoma home monitoring intervention component of the study, guided by the TFA.

Sampling and recruitment
Participants were recruited through the clinician survey (see Chapter 2), where respondents could 
indicate their willingness to be contacted for interview and provide contact details for arranging this. 
Participants were asked to select their preferred time and date from three available options. Those 
unable to accommodate focus group date/time were offered an interview as an alternative. We aimed 
to recruit 16 participants. We invited all clinicians who had agreed to be contacted (n = 25). Of these, 
15 (60% response rate) attended a focus group or interview (seven did not respond to the invitation 
including a reminder e-mail, and three had booked a focus group session or interview but failed to 
attend). All participants provided verbal (recorded) consent prior to the focus group or interview.

Data collection
Interviews and focus groups were conducted online (MS Teams®; Microsoft Corporation, Redmond, 
WA, USA) by CS and facilitated by KG. Demographic data were collected via the clinician survey (see 
Chapter 2). Discussion was guided by a prepared semistructured topic guide. The topic guide questions 
were framed around the constructs of the TFA: affective attitude, intervention coherence, ethicality, 
perceived effectiveness, self-efficacy, anticipated costs and burden. Focus groups and interviews were 
recorded and transcribed verbatim.

Data analysis
Transcripts were uploaded to NVivo 12 Pro (QSR International, Warrington, UK) for analysis.46 Analysis 
was conducted such that a deductive TFA analysis was conducted first, followed by inductive analysis 
to identify themes within the TFA construct findings. Transcripts were first reviewed noting underlying 
points, ideas or feelings being conveyed throughout each transcript. These were then considered against 
the TFA criteria and where applicable, organised within the TFA constructs. Data deemed relevant but 
not fitting TFA were retained and their relationship with TFA constructs explored. Two researchers (CS 
and KG) coded the first three transcripts concurrently to develop a coding strategy based upon the TFA. 
The coding guide developed for analyses is presented in Appendix 2. Subsequent transcripts were coded 
by one researcher (CS) and a random 10% sample (n = 1) was independently double coded (KG).
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Results

Sample demographics
Expert glaucoma clinicians (n = 15; 13 consultant ophthalmologists and two specialist optometrists) 
participated across three focus groups (n = 2, n = 4, n = 4) and five individual interviews (due to clinician 
availability). Most (n = 12) reported that they were not currently using home monitoring devices to 
measure IOP, and none were using devices for home perimetry. Focus groups lasted 56–70 minutes 
and interviews 31–55 minutes. Most expert glaucoma clinicians who participated had over 10 years of 
clinical experience (n = 14). Age, gender and ethnicity data are shown in Table 6.

Findings
Data from the interviews were coded into all seven constructs of the TFA, and inductive analysis within 
the TFA constructs resulted in 19 themes, under a global theme of cautious optimism. Table 7 presents a 
summary of the interview findings.

Affective attitude

Enthusiasm tempered with uncertainty
When asked how they felt about the I-TRAC home monitoring interventions for glaucoma patients, 
expert glaucoma clinicians were generally enthusiastic about the opportunities this intervention 
presented, described through terms such as ‘excited’, ‘delighted’, and ‘glad’.

I think it’s a great idea, I think we need to know this. We’ve got real problems with capacity in glaucoma 
and if we can have a trial that helps us better understand the patient acceptability, clinicians’ views on 
acceptability and the meaningfulness of the data and so on and so forth then it’s to be welcomed.

P002, Optometrist, Focus Group 1

TABLE 6 Demographics of interview and focus group expert glaucoma clinicians (n = 15)

n

Occupation Consultant 13

Specialist optometrist 2

Experience of treating glaucoma (years) < 5 1

5–10 0

> 10 14

Age (years) < 40 2

40–49 3

50–59 9

60+ 1

Gender Male 6

Female 8

Non-binary 1

Ethnicity White (all) 7

Asian (all) 7

Black (all) 1
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These feelings were often reported in relation to home monitoring being a potential solution to national 
capacity problems across HES. However, enthusiasm was tempered with caution – as indicated by a 
number of conditional statements such as ‘I think it would be a great thing if it worked well and it was 
reliable’ (P008, Consultant, Focus Group 2) – demonstrating the connection between affective attitude 
and perceived effectiveness.

Concerns about negative affect for patients and staff
Expert glaucoma clinicians also reported that they felt many patients would be welcoming of this 
approach, highlighting how this could reduce patient stress and provide comfort, ‘some patients 
genuinely like writing the numbers down and they like to know what they were before and they 
get great comfort in knowing there are numbers written down that they have control over’ (P018, 
Consultant, Interview).

However, among the positive feelings, some clinicians reported feelings of anxiety and frustration as a 
risk of such interventions, which could be experienced by both staff and patients.

Digital data, I mean it does sound like this panacea and it’s wonderful, but actually when it doesn’t go 
quite so right it can be extremely difficult and frustrating, and I’m thinking about the age group of our 
patients, how hard it might be for them.

P004, Consultant, Focus Group 1

TABLE 7 Summary of interview findings against associated TFA constructs

TFA construct Theme

Affective attitude Enthusiasm tempered with uncertainty

Concerns about negative affect for patients and staff

Ethicality Ethical ‘risks’ of remote and commercial data collection technologies

Intervention fit with principles of ‘good’ care

Managing equity in patient selection

Intervention coherence Autonomy to determine the who, when, and where of home monitoring

Data relevance and integration

Support for patients

Anticipated costs Beliefs about cost-effectiveness

Adjustments to address affordability

Burden Clinician burden

Patient burden

Perceived effectiveness Anticipated outcomes

Balancing benefits and harms

Impact of perceived data and technology limitations upon intervention effectiveness

Patient characteristics impacting intervention effectiveness

Impact of service levels factors on effectiveness

Self-efficacy Low self-confidence and confidence in patients to use tech

TFA, Theoretical Framework of Acceptability.
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Ethicality
When exploring the ethical construct of acceptability, responses generated three linked categories: 
ethical risks of remote and commercial data collection technologies, how the intervention fits with 
principles of ‘good’ care and managing equity in patient selection. These are discussed in turn below.

Ethical risks of remote and commercial data collection technologies
When asked about ethical issues this intervention may pose, many clinicians discussed aspects of data 
security. There were concerns about how to protect these systems from external threats, and the need 
for secure data exchange. Many felt that NHS systems of governance for IT should be adequate to 
adopt this; however, one clinician raised the need to consider how commercial entities also manage 
data governance:

[O]ne thing we’ve not necessarily quite touched on is the link with the commercial sector. So OKKO Health 
are a commercial sector organisation, whoever’s come up with [home visual field intervention] presumably 
is as well. So who owns the data, who’s responsible for the governance of the data, all of that.

P002, Optometrist, Focus Group 1

Also related to the commercial side were concerns about what would happen to data should a private 
enterprise withdraw from service, posing the risk that patient data could be lost and no longer governed 
by NHS data governance. There were concerns that these data could then be misused. There were also 
some concerns about safety, with calls for regular data auditing being required to establish the safety 
of this service. One issue raised by a number of clinicians connected to data control is the risk that 
patients may allow the device to be used by others. The potential risks from this include poor treatment 
decisions from non-patient data, issues about consent if researchers hold data that are not from the 
consented patients, and the potential for detecting eye diseases in others (not the patient). However, 
having user logins to prevent non-patients from using the devices was suggested as an approach that 
could overcome this, suggesting addressing this concern was not insurmountable.

I wonder . . . the temptation would be to try it on your family and friends. I mean, I don’t know. But 
they might say, ‘Have a go. This is what I have. Look at what the hospital’s given me’ which will mess up 
your data.

P010, Consultant, Interview

Intervention fit with principles of good care
There were a number of references to how this intervention fits with the principles of good care. 
For some, home monitoring fits well within the self-management framework, where it is considered 
appropriate to empower patients to manage their own health care. For others, there was concern that 
home monitoring could lead to reducing glaucoma clinics to little more than data monitoring hubs, 
leading to a loss of personalised and holistic care.

. . . there’s the reduction potentially of . . . it could be that glaucoma clinics are seen to be reduced down to 
data collection on instruments. We know that many of these patients have things they want to talk to us 
about, we know that they have things wrong with their eyes other than glaucoma and there’s a loss of the 
holistic approach to patients when things are reduced down to maybe a few questions on a proforma and 
some data supplied intermittently versus a face-to-face interaction.

P002, Optometrist, Focus Group 1

For others, limitations in the current system are contributing to the overtreatment of glaucoma, whereby 
clinicians, knowing it could be some time before they review a patient again, tend to provide medical 
treatment, on a ‘just in case’ basis. Being able to offer home monitoring was viewed as a solution to this 
and could reduce unnecessary medical treatment.
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I think actually virtual clinics you often overtreat and also I guess many of you have these, what we call 
follow up pending lists, and certainly COVID’s made them go much higher, and you think a patient may 
have a problem and you say, ‘Okay, we’ll see you again in six months’, but six months maybe 18 months, 
and, so on that basis I think you sometimes overtreat because you just don’t know when you’re going to 
see this patient again. So the fact you could have a facility which can help with monitoring patients that 
you haven’t got capacity to see within the hospital eye service may enable you to treat less patients and 
therefore get less morbidity from their treatments.

P005, Consultant, Focus Group 2

For one clinician, while supportive of home monitoring, they wondered if this focus upon already 
diagnosed patients was missing a bigger problem in glaucoma care, specifically, the low level of 
detection of the disease in its earlier stage.

I think it’s fine this sort of study, but there is a bigger picture that there are lots of people in the UK 
and particularly in the developing world who don’t get picked up in the community and there has to be 
solutions to that that could involve these mobile technologies or whatever.

P009, Consultant, Focus group 2

Managing equity in patient selection
Clinicians frequently reported concerns related to equity and equality, particularly in relation to making 
decisions as to who should obtain home monitoring equipment, and what fallout there may be from 
those decisions. Frequent references to factors which may make it difficult for some to participate 
include accessibility, language, education, and technical abilities (discussed in detail in Perceived 
effectiveness). However, these led to ethical consequences: how to select and prioritise patients for 
home monitoring (particularly where there will be resource constraints), impact upon those who are not 
selected for home monitoring and the risk of creating a two-tier system. The latter was in relation to an 
expectation that patients may have to contribute financially towards equipment, which opens the door 
to one system for those who can afford and one for those who cannot.

Well actually, prioritisation. If say someone’s neighbour got this and someone else didn’t get it, word 
goes around in the glaucoma community: ‘Why did she get it? How come I didn’t get it. Am I more less 
important? Are you more important?’ That’s not going to go well, I suppose. Ethically how do you choose 
because you have a limited resource, so that limited resource ethic problem. Even if you gave them the 
option to buy it, then it’s also another ethical dilemma, because the rich are getting better monitoring. But, 
having said that, it frees up space, frees up one iCare for another person who can’t afford it, so I mean it’s 
that ethical dilemma of privatisation versus, you know, but . . . so that same story. But if they want to buy 
it, I think they should be able to buy it.

P010, Consultant, Interview

However, some argued that such a two-tier system would be inevitable and necessary to accommodate 
those for whom home monitoring is not suitable regardless of affordability. Clinicians’ accounts report 
the need for clear guidance as to how to select patients for home monitoring.

I suppose the other ethical issue is, and we’ve kind of touched on it with patients that are able to use 
these devices and patients that aren’t able to use these devices, if this becomes the gold standard of 
treatment for patients and then you have a patient that is unable to do it, how can you ethically not let 
them have treatment, do you then pass(?) that on to go and take the measurements as regularly in-house. 
That’s obviously years down the line.

P015, Consultant, Focus Group 3
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Intervention coherence

Autonomy to determine the who, when and where of home monitoring
When asked about the advantages and disadvantages of this intervention, several attributes became 
apparent. The first was that there was a desire among clinicians for autonomy to decide how best to 
integrate home monitoring into usual care.

So I don’t think we could decide or should decide as to who can use it. I guess if the underpinning evidence 
is that these are meaningful measurements, then it’s about the training and accreditation and ability to 
autonomously make decisions by whoever is looking after the case mix of patients where that service is 
being commissioned, and that could be primary care or secondary care.

P002, Optometrist, Focus Group 1

Clinicians discussed varied purposes and patient scenarios (varied clinical situations and parameters) where 
these technologies could be helpful, and it became apparent there was no consensus among clinicians 
as to the ideal clinical scenario or patient for glaucoma home monitoring. Suggested clinical scenarios 
included phasing, reducing overtreatment, monitoring for progression, risk-stratifying/referral strategies, 
promoting patient self-management, increasing localised care (reducing hospital visits) and increasing 
clinic testing capacity for higher-risk patients.

[T]he way I envisaged it is more as a trigger to find the patients that need intervention. So this isn’t going 
to be the be all [and] end all care of a patient’s pathway, it’ll be a service where you can gather whatever 
data you can regularly that gives you a trigger to say, ‘Well actually that patient’s doing absolutely fine, 
don’t need to get involved’, whereas another patient, ‘Oh, they need to come in hospital, we need to have 
a proper look at them’.

P015, Consultant, Focus Group 3

It could also be valuable across patient groups as some felt the increase in data collected would be 
relevant and beneficial for all groups.

[A]ny data points you can get will enable you to have a better picture and diagnosis of what’s going on 
with a patient, but I think the more points you can get, the more data you can get, the better. I think that 
could be taken to any patient group.

P015, Consultant, Focus Group 3

Clinicians generally agreed with the use of home monitoring technologies for patients considered at low 
risk of progressing to significant visual loss, but some could see value in considering these technologies 
for higher-risk patients in specific circumstances.

[C]hecking your pressure having changed treatment in somebody who’s relatively low risk and your next 
clinical decision probably isn’t going to be surgery. Then again, you’ve got your ocular hypertensive, in fact 
we discharge ours to community optometrists, but if you haven’t managed that service with your local 
optometry committee then you could argue very low risk glaucomas could be monitored quite long term 
with fields and IOP.

P005, Consultant, Focus Group 2

I think the patient . . . the people who we see in the hospital services are high risk that need to be seen, 
because I think the addition of . . . additional pathology, the very nature of the discussions we have to 
have with the patients that a home monitoring system isn’t ideal. However, for . . . even with our high-
risk patients, I think again it comes down to how accurate the data is. This might help with anxiety for 
some patients who are always worried about what their pressures are doing and obviously you can’t see 
patients frequently, but if you get a baseline with this then patients being able to measure their own 
pressure at home a couple of . . . two or three times a week, it might ease that.

P004, Consultant, Focus Group 1
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There were several statements suggesting that defining an ideal patient was perhaps not the right 
approach and that there should be flexibility afforded to individual services as to for whom and how 
home monitoring is used.

So I suppose each local . . . well it will have to be very individual to each place and how they work isn’t it as 
to who looks at the data and which group of patients, that kind of thing as well.

P016, Consultant, Focus Group 3

Some mentioned that age may be a deciding factor. Partly this was in relation to ability to use the 
devices, partly this was in relation to those considered at risk of the greatest QoL losses from losing 
visual function at younger age, and partly this was in relation to a subgroup of glaucoma patients 
who may still be working, and therefore for whom attending clinics for testing is perceived as being 
more burdensome.

I’m thinking of young normal tension glaucoma patients, so I mean 50. They’re the ones I worry about 
because they’ve got a lot of life to live and so they’ve got higher likelihood of going blind. And the normal 
tension glaucomas have trans-central scotomas, so they’re very sensitive. As soon as they lose one decibel 
that’s it, the whole vision is really bad, so those might be the ones.

P010, Consultant, Interview

Some clinicians felt that home monitoring may not be able to replace usual care for complex cases (e.g. 
multimorbidities) where information gathered from face-to-face observations is really important.

[T]he people who we see in the hospital services are high risk that need to be seen, because I think the 
addition of . . . additional pathology, the very nature of the discussions we have to have with the patients 
that a home monitoring system isn’t ideal.

P004, Consultant, Focus Group 1

Data relevance and integration
Distinct but complementary to concerns about data ‘ethicality’ was the intervention coherence concerns 
about the reliability and relevance of the data collected, and how these data will be integrated with 
electronic medical records. Those claiming to be less familiar with the evidence appeared sceptical that 
these technologies would produce reliable data to make meaningful decisions about patients’ care. 
There was disagreement about what aspects of visual health need to be measured; some agreed with 
both IOP and VF, others felt only IOP is required, others VF only and others worried about the lack of 
data in relation to other visual health domains, such as disc imaging and acuity, often measured in clinic. 
While it was agreed that data must be meaningful to clinicians (i.e. the measures being assessed are 
useful to make clinical judgements), there was little agreement regarding exactly what measures are 
relevant to make home monitoring meaningful, ‘[u]nless you can make the disc images cheaper and the 
pressures cheaper, then you can’t just rule out fields. I mean, fields itself are known as not very useful, if 
you catch my drift’ (P010, Consultant, Interview).

Some were so enthused by the evidence for glaucoma home monitoring that they were keen to see 
what future technology developments could achieve and made suggestions as to what else this home 
monitoring intervention could look to incorporate and overcome limitations from just assessing IOP 
and VF (data-related opportunities to improve for the future). For example, several clinicians discussed a 
contact lens device which can measure IOP or technologies permitting home disc imaging.

I was just wondering if when we’re talking about disc photographs, there are a few devices now that you 
can attach to smartphones to give you a disc photograph, I’m not sure would it be worth expanding to 
that you know, and you get your disc photograph.

P019, Consultant, Interview
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Some participants reported being worried about how these data would integrate with existing 
medical records and any associated time required to input the data into existing systems. This links 
with perceived burden, discussed below. A solution put forward by many was to make the intervention 
software compatible with electronic patient records so that results can be immediately integrated 
without additional effort. A further solution proposed by some participants is the future use of 
AI for helping review the data as it comes in, making it quicker for clinicians to interpret the data 
collected remotely.

I’m pretty sure with artificial intelligence, we may be able to even define that what has changed has really 
change[d] or not, and then we can fast-track that . . . the results can be interpreted with the AI, I think I 
can see in five, ten years’ time, this is the way we do.

P001, Consultant, Interview

Support for patients
There was also significant importance placed upon the need to ensure the intervention is supportive 
for patients to address potential concerns. Participants felt many patients would require professional 
reassurance in understanding this intervention, particularly in terms of educating patients to understand 
that readings can fluctuate day to day and that it is the overall trend that the clinicians are concerned 
with rather than daily readings. Clinicians felt this would be important to prevent unnecessary worry.

You know, as long as they know that someone’s going to tell them I want a report of it or something, then 
all that hard work’s not for nothing, then I think that’s fine . . . then you could tell them that everyone’s 
pressure varies with . . . there’s a variation every day etc, and warn them not to worry about it, and the 
whole point is that we gather data over time so that we can make a judgement at the end of the day, so 
don’t worry about that. If you give them a clause, that will be fine . . . .

P010, Consultant, Interview

Limiting access to results or reconsidering how results are presented to patients was one area of patient-
related opportunities to improve in the future suggested by several participants. For example, more generic 
feedback, such as informing the patient that they had completed the tests correctly, was suggested 
to be a compromise to maintain engagement and prevent worry from results that may not be fully 
understood by the patient, causing unnecessary worry.

[W]e should just say in the app, ‘You have correctly answered 75% and you are among the top grade 
who have done the test very nicely’, or ‘You’ve done test reasonably, but it could be improved if you pay 
attention to these things’, or, ‘Your test needs to be repeated’. That is the only feedback going to the 
patient, and then we say, ‘Okay, now, you’ve done the test, it will be reviewed by the doctor . . . medical 
team, and we will come back to you.’ So that when we inform them that the situation is getting worse or 
the visual function is getting worse, we give them the solution there and then that, ‘Okay, we reviewed 
your results, your results shows deterioration, we have looked at your management plan, and we suggest 
you should be changing this, and after this you will be reviewed again by somebody.’

P001, Consultant, Interview

Another solution proposed is to offer a simpler intervention in the community for those struggling with 
the technology, for example facilities at shopping centres, etc.

This could even be done by a trained station in a supermarket, and we can just tell that person to go . . . 
you can’t do the technology for somebody, maybe there to help you guys, they don’t need to come to 
the hospital. They could go for their weekly shopping, and they go to a booth where there is one trained 
person who could have these appointments for these eighty, eight five . . . and those people who cannot 
cope with technology. And it is then outside the hospital, so we basically take it to the community in 
real sense.

P001, Consultant, Interview
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In addition to clinician-provided support, participants felt this intervention would likely require utilisation 
of social support, making use of family and friends. For example, reminding patients to perform their 
assessments or physical support to use the devices.

[I]n the same way that we’re quite content to have, a lot of our elderly patients have their partner put their 
eye drops in, well it can be a team effort. Sometimes elderly people cope rather better when, ‘Oh, yes, my 
husband always remembers to do this’, who locks the door, there’s a certain way, people survive together 
don’t they and I just wonder whether there’s something in that for some of our patients. It goes beyond 
this technology really, but yes, you’d probably need to involve the younger generation.

P002, Optometrist, Focus Group 1

Anticipated costs

Beliefs about cost-effectiveness
Two clinicians reported that they believed the proposed intervention would be good value for money.

Well, it could potentially reduce the cost. If you’re not having to bring patients in, you don’t require 
transports, you won’t need technicians to gather the data of the patients as they can gather the data 
themselves. It would be an actual virtual data collection, and fewer staff costs.

P018, Consultant, Interview

Several clinicians specifically stated that this approach is not good value for money, and many were 
concerned about the cost of the equipment, particularly the home tonometer. Additional costs raised 
were maintenance of this equipment, having spares in case of damages, and the staffing to train patients 
and review data.

[W]e could be looking at wasting our resources looking after too much data points from patients who are 
well and were not really at risk of going blind with their glaucoma and are we diverting our resources be it 
instrumentation, time looking at the data and collecting the data which could be used more effectively for 
other patients.

P017, Consultant, Focus Group 3

I think I prefer something which would be a bit even easier than Home iCare tonometer at the moment, 
and perhaps less expensive as well, because we give it to such a big population and if you can just give it 
to one person they will take it for a week, so just calculate for one person the population how many Home 
Care eye tonometer you need, and then if you extrapolate that cost and the overall benefit you are going 
to get from that, I’m not convinced that it is for everyone.

P001, Consultant, Interview

Some felt this would make it difficult to obtain management or clinical commissioners’ support for such 
a service.

I think the distribution and the (inaudible) the devices and persuading the health and social care service 
that we want to spend thousands of pounds on purchasing these things, I think that could potentially be 
an issue.

P019, Consultant, Interview

Adjustments to address affordability
However, several clinicians perceived that it could be made more affordable, firstly by looking at app 
services and dropping the iCare tonometer or asking patients to purchase their own equipment. One 
clinician felt that the costs would reduce as the technology improved and became more mainstream.
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Yeah, that’s where your visual field app may be more cost effective in terms of economics and access 
to the piece of equipment that the patient has to take home, perhaps an app or something that they 
can download on to a tablet with a licence, it may be much more generalisable than to take home an 
iCare HOME.

P009, Consultant, Focus Group 2

Burden
Burden was discussed in relation to the clinicians themselves, the services they operate within and 
upon patients.

Clinician burden
Burden upon clinicians was perceived to stem from several aspects, most commonly from concerns 
about finding the time to manage services and review and action patient data.

[S]o you’ve got all of these other notes and scans and things to look at from virtual clinics and I think this 
will add to it, even though these patients aren’t clogging up your clinic they are sending you lots of data 
which you need to be on top of, and if you don’t action it then they’re going to miss out anyway. So for 
example, if someone’s in trouble you need to be able to action that and find a space in your clinic for them.

P011, Consultant, Interview

There were also concerns about the potential to increase patient caseload and unscheduled care. This 
was mostly in relation to spurious results and anxious patients making contact concerned about their 
results. One clinician raised the burden of adapting to change and learning new skills, likening it to when 
electronic medical records were introduced, and discussing the time and effort it took to learn a new 
way of working.

But I suspect what will happen, potentially, is that as the numbers go up, we’re able to deal with more 
patients and you’ll just end up with a bigger workload, more patients under your care, I guess.

P018, Consultant, Interview

Conversely to these many concerns, one clinician felt that there would not be additional burden from 
this service, but instead a change in burden, away from the footfall of patients towards an increase in 
administrative burden, ‘It’ll lighten the burden in terms of footfall perhaps, but it increases the burden in 
terms of additional or admin work that you have to do’ (P011, Consultant, Interview).

Several clinicians discussed burden more in terms of its impact upon services rather than themselves as 
individuals. This was often qualified with statements such as ‘I’d have to delegate’ as clinicians felt they 
did not have time to take on these roles. Tasks to be delegated included maintaining and distributing 
equipment, training patients, and reviewing data.

Then you have to find the people that are suitable and then you have to train someone who’s able to train 
the patients on how to use it and someone to distribute the devices, to maintain them, to chase them up 
when they’re not brought back, to clean them, and then someone to look at the information. So probably 
quite a lot of work actually.

P019, Consultant, Interview

Patient burden
Several references were made in relation to burden upon patients. While many felt this service could 
reduce patient burden (linked to and discussed in Intervention coherence), there was some concern about 
the psychological burden patients may experience, particularly in relation to those who may worry about 
their results (see Perceived effectiveness). There was also a suggestion about the burden of additional 
tasks this would involve for the patient, such as collecting equipment from the clinic. One clinician 
wondered whether, by the time patients collect equipment and learn how to use it, they could have just 
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had their tests done in the clinic, ‘So you’re kind of thinking if they have to come and pick up an iCare 
[tonometer] you might as well do it’ (P019, Consultant, Interview).

Perceived effectiveness

Anticipated outcomes
In line with different perceptions of the purpose of home monitoring, several expected outcomes were 
reported: improved management from increased data collected, detecting progression quicker and 
preventing sight loss, either directly from the monitoring patients or indirectly as home monitoring 
allowed clinicians to spend more time with high-risk patients in clinic. Several discussed how this 
intervention would be more convenient and less stressful and burdensome for patients. However, one 
clinician felt that some patients would demand in-clinic services regardless.

Balancing benefits and harms
There was mixed certainty across the clinicians’ accounts as to the degree of clinical effectiveness that 
could be achieved. Some clinicians were confident that patients would benefit from this intervention. 
However, a number of clinicians focused upon the potential unintended consequence of increased 
patient anxiety arising from monitoring. The impact of this was unclear, but clinicians were concerned 
that rather than empowering patients with responsibility and knowledge, it could add psychological 
burden. Some were concerned that any benefits in terms of clinic capacity could be eliminated by 
increase in patient contacts from the ‘worried well’ or ‘unreliable data’. Statements about expected 
outcomes were often tempered with ‘potentially’ reflecting uncertainty.

This might help with anxiety for some patients who are always worried about what their pressures are 
doing and obviously you can’t see patients frequently, but if you get a baseline with this then patients 
being able to measure their own pressure at home a couple of . . . two or three times a week it might ease 
that. But at the same time sometimes it can make it worse (over speaking) get phone calls unnecessarily 
coming back to you so it’s going to be a double-edged sword, I think.

P004, Consultant, Focus Group 1

A number of additional factors which could enhance or limit effectiveness were raised, falling under 
categories of data and technology limitations, patient demographics and health, and service support 
and culture.

Impact of perceived data and technology limitations upon intervention 
effectiveness
An overarching theme was doubt as to whether current technologies are reliable enough to home 
monitor safely and effectively. Specifically, many clinicians were not convinced that they or their patients 
would find these technologies acceptable, adversely impacting effectiveness through low engagement.

I still don’t know how reliable these technologies are at the moment so I can’t really comment whether we 
are going to have meaningful data from this at the moment, certainly with the visual field at home I don’t 
know personally, yeah . . . So I think yes, certainly there is a role for this in future but I think there is still a 
way to go before it comes common practice based mainly on the technology.

P017, Consultant, Focus Group 3

We have to be clear about how meaningful it is, they’re measuring visual function as has been suggested 
in patients who’ve got a range of other conditions, and clinicians as I say can disagree on routine 
perimetry. So I’m going to take some persuading, I feel, that the visual function measures are meaningful 
and valid for glaucoma care personally. That doesn’t mean I’m saying that . . . I just feel that the jury’s out 
and we need that data to be confident.

P002, Optometrist, Focus Group 1
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Patient characteristics impacting intervention effectiveness
Several patient demographic and health characteristics were stated to have potential impact upon 
how effective these home monitoring interventions could be. Clinicians were concerned about the 
physical and cognitive abilities required for this intervention, fearing that a substantial proportion of the 
glaucoma population would either be excluded from this intervention or would find it unacceptable and 
would not engage in the first place. This would limit its impact.

Yeah, they have to have the manual dexterity for it as well. So I suppose that will exclude a few people 
from the clinic able to do that, particularly for the elderly patients.

P019, Consultant, Interview

There are groups of people who are frail, vulnerable, who are serial DNA’ers [Do Not Attend] or whatever 
and they might be tricky to persuade to do these home-based tests . . . .

P002, Optometrist, Focus Group 1

Impact of service levels factors on effectiveness
There were also several references to effectiveness being related to wider service issues, such as 
support from NHS Trusts to staff such a service appropriately and the culture of the work environment. 
One clinician discussed how adoption of this intervention would likely be gradual, requiring time for 
people to learn and adapt.

So certainly there’ll be a learning curve and I’m guessing after the learning curve people might abandon in 
it or . . . like in anything that’s implemented. Certainly like electronic patient records, people hated them 
to start with. I think now we’re in a situation I really can’t bear to look at paper notes, but it did take us 
a while.

P016, Consultant, Focus Group 3

Self-efficacy

Low self-confidence and confidence in patients to use technology
There were fewer statements reported in relation to self-efficacy, likely due to the hypothetical nature 
of the interviews in relation to the use of these interventions. Clinicians were generally not confident 
about delivering these home monitoring interventions. Confidence concerns were often related to low 
confidence in the technologies and doubt regarding service support.

. . . have to say our Trust is very . . . anything would need a lot of planning and a lot of business plans 
and those kind of things. I don’t know whether it’s just my Trust, but I’ve certainly seen making anything 
happen in this Trust is really hard.

P016, Consultant, Focus Group 3

I’d have to say without having all the data, the validity data to hand I’d have to say not very at 
the moment.

P004, Consultant, Focus Group 1

Several clinicians discussed concerns about the self-efficacy of patients to participate in this 
intervention. Several aspects were perceived to be quite challenging for patients’ confidence, including 
worries about using the equipment, risks of damaging equipment, and some patients really struggling 
with other aspects of eye care.

I don’t know how much an iCare HOME costs, but I can imagine that there’d be some patients who’d be 
frightened of breaking it or damaging it and then having to kind of pay for it.

P018, Consultant, Interview
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I’m really quite select(?) who I give it to because it’s amazing actually how many people just don’t like 
anything to do with their eyes and it’s all they can do to put their eye drop in.

P019, Consultant, Interview

Impact of COVID-19 pandemic
While not a TFA construct, the coronavirus disease discovered in 2019 (COVID-19) pandemic was 
mentioned frequently by clinicians, perhaps unsurprisingly, and so is important to report. Contextually, 
clinicians discussed their current service situation, lengthy waiting lists of patients to be seen in clinic, 
and staffing shortages. They also spoke of how this intervention would have been helpful during the 
pandemic when clinicians were encouraged to see as many patients as possible remotely, over the 
phone. These statements link with the enthusiastic affective attitude described earlier and overlap 
with the issue of burden. While there were concerns about additional burden resulting from this 
intervention, there was also support for something which could alleviate the current burden upon 
health services from lengthy waiting lists due to the COVID-19 pandemic, ‘if anything, COVID has 
shown us that we cannot manage glaucoma virtually with the current equipment that we have, and 
if we can do that then we would be able to increase the numbers that we could process’ (P018, 
Consultant, Interview).

For some, COVID-19 triggered a need to explore new ways of working, and this intervention could be 
one solution. It has also provided reassurance for some that gaps between monitoring in clinic were not 
resulting in significant visual loss as would have been anticipated prior to the pandemic, ‘I agree that in 
COVID when you see some of the reviews that are delayed it’s amazing how many people don’t actually 
go bad over what we would consider quite a long gap in their coming to the hospital’ (P009, Consultant, 
Focus Group 2).

However, there were concerns about resourcing this post COVID.

Yeah, I think if you’d asked me that question two years ago I think it would’ve been implementable, but 
right now with COVID recovery our services are really, really stretched so trying to bring in a new thing 
is difficult.

P008, Consultant, Focus Group 2

Chapter summary

Our findings from the clinicians suggest there is cautious optimism – 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 (current imbalance in capacity/
demand) by monitoring an increasing glaucoma population. They can see the potential patient and 
service benefits, but they require reassurances about the technologies and the implementation of such a 
service into routine care.

Contextually, the influence of the COVID-19 pandemic was evident: clinicians’ experiences throughout 
the pandemic have prompted a need to adapt and change the way they monitor glaucoma patients – it 
highlighted that non-clinic monitoring is possible and, in many ways, can be done safely – and the 
current care backlog post COVID-19 is driving enthusiasm for solutions. Another seemingly important 
contextual factor was hands-on experience with the technologies. As noted in the results, while three 
participants had some experience with the iCare HOME tonometer, most experiences of handheld 
tonometry were in relation to in-clinic use. The context of these experiences was somewhat different 
from the model proposed by the I-TRAC study. Experiences involved collecting patient IOP with the 
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iCare tonometers in the clinic and this was undertaken by a trained member of staff, not undertaken by 
the patient nor in the patient’s home environment. Experience in the clinic led to doubts about the 
accuracy of these devices through experienced in-clinic differences between the measures produced 
by the iCare tonometer and Goldmann. This led to concerns that this difference in measures may widen 
when used by patients at home, a current evidence gap that needs to be addressed.
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Chapter 4 Patient participant and site staff 
perspectives on acceptability and feasibility 
of digital technology for home monitoring 
glaucoma

This chapter presents findings from the mixed-methods intervention-focused component of the 
study. This phase investigated the use of home monitoring technologies across three sites and 

explored patients’ (herein referred to as patient participants) and site staff’s perspectives of acceptability 
and feasibility of the use of digital technologies for glaucoma home monitoring. The analysis focused 
on how patient participants and site staff perceived the intervention, how they engaged with the 
interventions and study processes, and reporting of aspects of study design and/or delivery that 
would require amendment for a future clinical trial. Two main frameworks were used to guide this 
phase of the study: the TDF, which was used to investigate patient participant behaviour in relation 
to the home monitoring technology and the ADePT guidance to identify challenges for a future 
large-scale evaluation.

Methods

Study design
A mixed-methods design involving concurrent quantitative and qualitative data collection and analysis.

Setting
Three secondary care ophthalmology glaucoma clinics across the UK (one each within Scotland, England 
and Northern Ireland). All sites host both a face-to-face glaucoma clinic and a virtual glaucoma clinic, 
both of which include a mix of patients with mild to moderate glaucoma.

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. In the original project plan, the 
duration of monitoring was planned for 16 weeks; however, due to delays in opening sites [linked to 
a change in the app-based technology and delays to research and development (R&D) approval], the 
monitoring period was reduced to 12 weeks for all participants in order to deliver all project activities.

Participants were provided with an iCare HOME 2 handheld tonometer to measure IOP. This device 
is CE marked and approved for use in the UK. Chapter 1 provides further technical and clinical details 
about the tonometer. The devices had batteries inserted by site staff. To use the device, participants 
had to attach a new probe for each measurement. Participants were provided with a surplus of probes 
for the required duration of monitoring to allow for damage or compromised sterility. Participants were 
required to hold the device steady in a specified position (by lining themselves up with a fixation target 
on the device) and push a button to complete measurement.

The original project plan proposed to measure VF using home monitoring technology. The MRF has been 
evaluated longitudinally in a cohort of patients with glaucoma to measure VFs. Several peer-reviewed 
publications have reported that the MRF is reliable and has shown strong agreement with standard 
automated perimetry. This was the preferred and planned intervention for I-TRAC. However, during 
R&D approvals, one of the study sites identified that the MRF was not CE marked [it has now obtained 
UK Conformity Assessed (UKCA) marking] at the time. Following discussions with the Medicines and 
Healthcare products Regulatory Agency (MHRA), the funder, and the Study Steering Committee (SSC), 
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it was agreed that MRF was not a viable option. As such, a decision was made by the I-TRAC study team 
(supported by the SSC and funder) for the MRF to be replaced with the OKKO Visual Health app. An 
evidence scan of existing app-based VF or visual function apps was conducted. A total of 15 alternative 
apps were identified but only one had a CE mark at the time (OKKO Visual Health app), which was 
also the only app to measure visual function rather than VF (i.e. not a perimeter) (see Appendix 3). The 
OKKO Visual Health app has been designed to measure visual function on portable devices, such as 
smartphones, tablets, and iPads. Developed using video game technologies, it tests several aspects of 
visual function (e.g. visual acuity, contrast sensitivity) using interactive games which are designed to be 
entertaining and engaging for the participant, so as to increase user adherence. Data regarding visual 
indicators (in our case, contrast sensitivity) are stored on the OKKO Health portal. It is UKCA marked 
and approved for use in the UK. However, there are currently no published studies evaluating OKKO 
app reliability and/or compliance, and it had not been designed as a glaucoma test. The I-TRAC study 
seeks to explore feasibility through the lens of ‘will patients use and adhere to these devices’ rather than 
addressing clinical effectiveness. The OKKO app, like the MRF, required patient participants to complete 
a task on a tablet that measures an aspect of visual function and as such could be used to determine 
feasibility of home monitoring of glaucoma using a different technology and platform, for example a 
tablet. The app was installed onto an iPad (by University of Aberdeen IT support staff) and provided to 
the participant by the site staff. The iPad was managed using remote software and limited to use the 
OKKO app only (i.e. all other functions and features were switched off with the exception of the power 
on/off button and WiFi/4G connections).

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.

Site staff and patient participant training in intervention use
Site staff received training from Mainline, the UK distributor of iCare HOME 2 tonometers, as to how 
to use and teach patient participants to use the home tonometers. This training was in person and 
delivered on site to each site individually. The study Research Fellow (CS) was given a demonstration of 
the OKKO Health app (by the OKKO Chief Technology Officer) and then instructed site staff verbally 
during an online site initiation visit, where site staff were encouraged to use the app on the iPad as CS 
instructed them on its use. An electronic training manual was also produced as a visual aid for site staff, 
using a combination of text and screenshots to demonstrate how to use the tonometer and the OKKO 
app on the iPad.

Site staff delivered the training on how to use both devices to the patient participants in the clinic 
setting. This was delivered immediately after consent and baseline data collection. We standardised 
patient participant training through production and provision of a site staff manual detailing each 
stage of the training process. Training was predicted to take 30–45 minutes to complete per 
patient participant.

Report Supplementary Material 1 presents a completed TIDieR reporting checklist for the digital home 
monitoring intervention.

Sample size
We aimed to recruit 45 patient participants (15 from each site) across three cohorts for the home 
monitoring intervention. The sample size of 45 was in line with previously proposed sample sizes of 
between 24 and 50 for feasibility/pilot studies.47,48 We planned to recruit in three cohorts so that each 
site would recruit five participants at any time, and once the home monitoring period was complete, the 
next cohort of five participants would be recruited.

For the interviews with I-TRAC patient participants, a purposive sample (identified at the end of the 
3-month monitoring) was selected based on site, age, gender and adherence levels (adherers defined 
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as completing ≥ 80% of home monitoring sessions). We also aimed to recruit a convenience sample of 
around 10 research site staff to participate in focus groups to discuss their experiences of conducting 
the I-TRAC study. This sample was to include PIs, Research Nurses and other trained members of 
research staff involved in running this study. A sample of 10 participants was proposed based on the 
principles of information power.49 This was deemed appropriate given the aim was relatively narrow, 
with highly specified participants in relation to the aim, informed (through collection and analysis) by a 
theoretical framework, with anticipated good-quality dialogue combined with the exploratory nature of 
this analysis.

Sampling and recruitment
Patient participants were identified from clinical caseload lists in the three recruiting centres, referred to 
as site 1, site 2, and site 3 to protect identity. Research Nurses, Consultants, and other suitably qualified 
persons at each site identified potentially eligible patient participants to be recruited into I-TRAC and 
participate in the home monitoring. All patient participants were approached at their regular scheduled 
glaucoma follow-up appointment within the clinic. Recruitment approaches varied across sites. Patient 
participant selection criteria were broad, informed by the findings from the survey in Chapter 2 which 
were unable to confirm clinical parameters for suitable home monitoring candidates. Therefore, our 
eligibility criteria were any patients with glaucoma who were being treated at one of the three NHS 
sites, with exclusions based on an inability to provide consent or understand English. One of the sites 
had a substantial delay in obtaining R&D approval and thus recruitment start was delayed.

Patient participants who had completed their 3-month monitoring period from recruitment cohorts 
1 and 2 and had consented (at baseline) to be contacted for an interview were screened according 
to the sampling criteria. Participants were then contacted by the I-TRAC Research Fellow on their 
preferred contact e-mail or phone number and invited to participate in an interview. If in agreement, an 
appropriate time for a phone or online interview was scheduled.

All site staff involved in the patient-facing delivery of I-TRAC were e-mailed an invitation to participate 
in a focus group or interview and asked to indicate a date and time from a selection of three proposed.

Consent
For both the home monitoring study and the interviews, patient participants were provided with an 
information sheet at least 24 hours prior to providing consent. All patient participants in the home 
monitoring study provided written informed consent, which was sought by site staff trained in good 
clinical practice. Consent for both the home monitoring and involvement in follow-up interview was 
sought at baseline. Consent for those patient participants who agreed to be interviewed was then 
reconfirmed verbally, by the Research Fellow, immediately prior to the interview.

Site staff were sent an information sheet about the purpose of the discussion along with the e-mail 
invitation and at least 3 weeks prior to the first discussion group. Site staff provided written informed 
consent in advance of the interview and consent was reconfirmed by the Research Fellow at the start of 
the focus group/interview.

Procedures for patient home monitoring
Upon confirming their interest in the study, site staff arranged a time for the patient participant to 
attend the clinic to provide consent, collect baseline data, receive the training on how to use both 
devices, and receive the equipment ready to commence home monitoring. After being trained and 
issued with both devices, participants were provided with training manuals which included contact 
details of the site staff and Research Fellow. Patient participants were then contacted towards the end 
of their home monitoring period to arrange a time to return to the clinic for follow-up data collection 
and to return the equipment.
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Data collection

Home monitoring participants
Baseline case report forms collected demographic information (age, gender, ethnicity, employment 
status), current use of technologies (smartphones, tablets/iPads, laptops), preference for text or e-mail 
reminders, clinical information about their glaucoma (e.g. glaucoma type and severity, treatment, 
surgeries), and baseline IOP and VF measurements. Data were collected by a trained member of site 
staff through participant report (demographics and technology use) and clinical information recorded in 
medical records. IOP and VF tests were only performed if they had not been conducted in clinic (with 
results available in medical records) within the last 3 months.

Site staff collected the follow-up case report form data on IOP and VF measurements conducted at 
follow-up and information on any changes in treatment. Data were also collected by site staff through 
participant report relating to satisfaction with the home monitoring intervention, satisfaction with 
training received, and overall preference between home and clinic monitoring. Participants were also 
asked to complete questions covering health resource use during the home monitoring period, which 
asked about their actual use of health services during that time, and if they considered contacting/using 
health services, to measure whether home monitoring led to any change in use of health services. Again, 
data were collected verbally from the participant by a trained member of site staff. IOP and VF tests 
were performed by a trained member of site staff at the follow-up visit.

Data were downloaded from the tonometer device via USB cable to dedicated software (iCare LINK) 
when the device was returned at the follow-up assessment. The data were transferred as an Excel sheet 
(.csv file) and added to the secure study database. The OKKO app data were stored on the OKKO Health 
portal and provided to the research team on request.

Site staff were asked to record any contact they had from the participant throughout the home 
monitoring period. Data collected included: date, method of communication, a brief description of the 
reason for the contact, and the approximate time the site staff member spent to resolve this issue.

Interviews
Data collection for the interviews with patient participants recruited to the home monitoring study 
was informed by a topic guide with questions framed around the constructs of the TDF. The TDF is an 
established behavioural framework that integrates 33 theories of behaviour into 14 domains that inhibit 
or enable behaviour (Knowledge, Skills, Social/Professional Role and Identity, Beliefs about Capabilities, 
Beliefs about Consequences, Optimism, Reinforcement, Intentions, Goals, Memory/Attention/Decision-
making Processes, Environmental Context and Resources, Social Influences, Emotion, Behavioural 
Regulation).50 For the purposes of I-TRAC, the target behaviour of interest was broad in its definition 
and was considered as use of the digital technologies for monitoring their glaucoma at home. Interviews 
were conducted by the Research Fellow over the phone.

Site staff focus groups and interviews were informed by a topic guide framed around key questions from 
the ADePT framework to assess pragmatics of running the study and the feasibility of progressing this 
study to a full-size trial.51 Focus groups and interviews were conducted via MS Teams.

All focus groups and interviews were recorded for verbatim transcription by an external transcription  
company.

Data analysis
Data on participant demographics, clinical descriptors of disease status and measurements, and data 
relating to satisfaction and preferences for future were summarised using mean [standard deviation 
(SD)] or median [interquartile range (IQR)] for continuous variables. Categorical variables were 
summarised with numbers and percentages.
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Home monitoring
Frequency of patient participant contacts throughout the study period (for assessing resource impact) 
was collected via staff self-report and presented using frequencies. Adherence to intervention was 
calculated for each participant and for each device. This was calculated based on the number of weekly 
measurements they performed over the 12-week monitoring period. The start of the monitoring period 
was classified as the date the participant was due to perform their first measure plus each week for 
the subsequent 11 weeks (12 measures in total). A reported measurement was considered adherent 
to schedule if it was conducted ± 3 days of the scheduled measure. Overall adherence for each device 
was calculated as a percentage based on the number of measurements adherent to schedule, divided by 
12 (total number of possible measures). Those scoring ≥ 80% were considered ‘adherers’ to the device. 
Combined adherence scores were categorised as ‘adherent’ based on ≥ 80% adherence to both devices 
individually with all other variations (i.e. adherence to only one device or to neither) classified as non-
adherent or combined adherence.

Participant contact records were collated by the Research Fellow and the total number of contacts, 
mode of contact, reason for contact, and total time spent by site staff resolving any questions, for each 
participant, summarised.

Interviews
Interviews with patient participants were analysed using the TDF. A coding guide was developed to 
describe relevant data to be coded under each domain (see Appendix 4). Each transcript was reviewed 
for data relevant to any of the TDF codes but also concurrently for any utterances relevant to patient 
experience of glaucoma home monitoring but that did not fit TDF domains. Three members of the 
research team (KG, TC, CS) reviewed and double coded transcripts (KG n = 2, TC and CS n = 3). 
Coders met to review coding decisions with any disagreements resolved through discussion with an 
independent TDF expert for arbitrating unresolved disagreements. The coding guide was updated to 
reflect these discussions and then applied to the remaining transcripts.

Site staff focus groups and interviews were analysed using the items from the ADePT framework to help 
directly inform decisions about progression to full trial. A coding framework for the ADePT items was 
developed to describe the relevant data to be coded under each ADePT item (see Appendix 5). A second 
member of the research team checked coding of two of the four transcripts and disagreements were 
resolved through discussion between the two coders (CS and KG). Data under each ADePT item were 
reviewed to identify themes, subthemes and relationships between these. Analysis was further refined 
during writing with both coders reviewing and agreeing the final thematic framework.

Any changes from inception to the design of this phase of the research (and linked phases) are reported 
in Appendix 6.

Results

Home monitoring

Sample characteristics
Across the 3 sites, 42 patient participants were recruited. Differences in recruitment approaches were 
apparent in the screening logs received from each site. In sites 1 and 2, one strategy used was to 
prescreen clinic lists in advance to identify potentially suitable participants for the clinician to discuss 
with the patient at their clinic appointment. Another strategy involved the Research Nurses/other 
suitably qualified persons approaching patients in the clinic waiting area. Due to delays in opening 
and the requirement for time-efficient recruitment, site 3 purposively selected glaucoma patients who 
were known to the research team as being research active (e.g. having participated in one or more 
previous research studies). With regard to participation rates, for site 1, all patients approached by 
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the PI at their clinic appointment agreed to participate in the study. For site 3, all patients approached 
by Research Optometrists agreed to participate. For site 2, where the Research Assistant approached 
patients waiting in clinic waiting rooms, the participation rate was 16% (18/116). While most did not 
provide a reason for declining participation, of those who did, 13 patients declined due to a reported 
lack of confidence with technologies, 10 due to a lack of interest in technologies, 5 due to the travel 
requirements to attend additional clinic visits and 4 due to concerns about burden related to multiple 
comorbidities. One person declined due to disagreement with the concept of home monitoring and 
another declined due to glaucoma testing being anxiety provoking.

Figure 2 provides an overview of participant recruitment and retention.

The patient participant-level characteristics shown in Table 8 indicate a mean age of 67 years in our 
cohort; the majority were white, and there was equal gender representation. The majority were familiar 
with some form of electronic device.

Baseline clinical characteristics
Median baseline IOP using GAT was 17 mmHg (IQR 12–20) and 16 mmHg (IQR 12–20) in right and left 
eyes respectively. Among the 42 patient participants, 26 (62%) had glaucoma in the right eye and 30 
(71%) had glaucoma in the left eye. Other diagnoses are summarised by eye in Table 9.

Median baseline VF mean deviation (MD) was −1.8 dB and −3.8 dB in right and left eyes. Median MD in 
the worse eye (by baseline MD) was −4.65 dB (IQR −10.2 to −1.5, range −30.5 to 0.75). Median MD in 
the better eye was −1.3 dB (IQR −4.2 to −0.1, range −30.5 to 1.2). The patient participant with a MD of 
−30.5 dB had VF data entered for only one eye. No other patient participants had VF data entered for 
only one eye. For almost all patient participants the VF test was deemed reliable by the clinicians (for 40 
of 41 tests and 41 of 42 tests in right and left eyes, respectively).

Withdrawals (n = 3)

Patient participants recruited for home monitoring
(n = 42)

Baseline data collection and device training – in clinic
(n = 42)

Weekly home monitoring for 3 months – at home
(n = 39)

3-month follow-up data collection in clinic or by
interview (n = 40)

Interviews (patients n = 10, site staff n = 9)

Site 1

Patients (n = 3)

Site 1 (n = 1)

Site 1 (n = 17)

C1 (n = 6)

C2 (n = 6)

C3 (n = 5)

C1 (n = 7)

C2 (n = 6)

C3 (n = 5)

C1 (n = 0)

C2 (n = 3)

C3 (n = 4)

Site 2 (n = 18) Site 3 (n = 7)

Site 2 (n = 2a)

(a1 withdrew from intervention only but completed follow-up)

Site 3 (n = 0)

Site staff (n = 2)

Site 2

Patients (n = 4)

Site staff (n = 3)

Site 3

Patients (n = 3)

Site staff (n = 4)

FIGURE 2 In-home Tracking of glaucoma: Reliability, Acceptability, and Cost participant flow chart.
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Baseline topical IOP-lowering medications are summarised in Table 9. Out of 42 patient participants, 11 
(26.2%) were not using regular eye drops for glaucoma; 9 patient participants had previously undergone 
laser trabeculoplasty in their right eye and 10 in their left eye; 16 patient participants had had previous 
surgery to their right eye and 20 previous surgery to their left eye. The majority of patient participants 
had a diagnosis of glaucoma (26 right eyes and 30 left eyes), but patient participants with suspected 
glaucoma, OHT and primary angle closure or primary angle suspect were also included in the study 
(Table 9). A total of 34 patient participants had glaucoma in at least 1 eye.

The majority of patients had mild to moderate glaucoma severity. The VF MD values also allow severity of 
glaucomatous VF loss to be determined. In all, 23 of 42 patient participants had mild to moderate glaucoma 

TABLE 8 Baseline demographics of patient participants conducting home monitoring

Baseline characteristics N = 42 (%)

Age (years) Median (IQR) 69.0 (59.0–76.0)

(min, max) (31.0, 86.0)

Sex Male 20 (48)

Female 22 (52)

Ethnicity White 39 (94)

Asian 1 (2)

Caribbean 1 (2)

Missing 1 (2)

Current employment status Full-time employment 9 (21)

Part-time employment 6 (14)

Homemaker/carer 1 (2)

Retired 25 (60)

Missing 1 (2)

Use of glasses for distance Yes 33 (79)

No 9 (21)

Use of reading glasses or varifocals Yes 36 (86)

No 6 (14)

Use of laptop/PC Regular 24 (57)

Occasional 9 (21)

Missing 9 (21)

Use of smartphone Regular 34 (81)

Occasional 5 (12)

Missing 3 (7)

Use of tablet/iPad Regular 24 (57)

Occasional 8 (19)

Missing 10 (24)

No devices used 2 (5)

IQR, interquartile range.
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TABLE 9 Baseline eye measurements, glaucoma treatment, past history and comorbidity

N (%)

IOP (mmHg): right Mean (SD); N 16.5 (5.3); N = 42

Median (IQR) 17.0 (12.0–20.0)

(min, max) (4.0, 33.0)

IOP (mmHg): left Mean (SD); N 16.3 (5.2); N = 42

Median (IQR) 16.0 (12.0–20.0)

(min, max) (8.0, 29.0)

Visual field test (dB): right Mean (SD); N −3.4 (4.4); N = 41

Median (IQR) −1.8 (−5.0 to −0.1)

(min, max) (−15.2, 1.2)

Visual field test (dB): left Mean (SD); N −5.9 (7.2); N = 42

Median (IQR) −3.8 (−8.4 to −1.1)

(min, max) (−30.5, 0.8)

Reliability of visual field test: right Yes 40 (95)

No 1 (2)

Missing 1 (2)

Reliability of visual field test: left Yes 41 (98)

No 1 (2)

Current glaucoma treatment: right Prostaglandin 17 (40)

Beta-blocker 3 (7)

Topical CAI 7 (17)

α2 agonist 2 ( 5)

Combination of prostaglandin and beta-blocker 5 (12)

Combination of beta-blocker and topical CAI 5 (12)

Combination of topical CAI and α2 agonist 1 (2)

Other treatment 1 (2)

Current glaucoma treatment: left Prostaglandin 20 (48)

Beta-blocker 4 (10)

Topical CAI 8 (19)

α2 agonist 1 (2)

Combination of prostaglandin and beta-blocker 6 (14)

Combination of beta-blocker and topical CAI 4 (10)

Combination of topical CAI and α2 agonist 2 (5)

Other treatment 1 (2)

Past history of eye surgery: right Laser trabeculoplasty 9 (21)

Trabeculectomy 4 (10)

Other 12 (29)

Past history of eye surgery: left Laser trabeculoplasty 10 (24)

Trabeculectomy 5 (12)

Other 15 (36)
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N (%)

Diagnosis: right Glaucoma 26 (62)

Disc suspect 3 (7)

VF suspect 1 (2)

OHT (normal disc and field) 6 (14)

PAC suspect (normal disc and field) 1 (2)

Missing 5 (12)

Diagnosis: left Glaucoma 30 (71)

Disc suspect 1 (2)

VF suspect 1 (2)

OHT (normal disc and field) 5 (12)

PAC (normal disc and field) 1 (2)

PAC suspect (normal disc and field) 2 (5)

No glaucoma-related 1 (2)

Missing 1 (2)

Severity of glaucoma: right Mild 15 (36)

Moderate 8 (19)

Severe 3 (7)

Missing 16 (38)

Severity of glaucoma: left Mild 20 (48)

Moderate 4 (10)

Severe 7 (17)

Missing 11 (26)

For glaucoma and suspects: right Open-angle 24 (57)

Angle closure 4 (10)

Other 3 (7)

Missing 11 (26)

For glaucoma and suspects: left Open-angle 26 (62)

Angle closure 5 (12)

Other 3 (7)

Missing 8 (19)

Comorbidity: right Cataract 5 (12)

Other 3 (7)

Comorbidity: left Age-related macular degeneration 1 (2)

Cataract 4 (10)

Other 3 (7)

CAI, carbonic anhydrase inhibitor; IOP, intraocular pressure; IQR, interquartile range; OHT, ocular hypertension;  
PAC, primary angle closure; SD, standard deviation; VF, visual field.

TABLE 9 Baseline eye measurements, glaucoma treatment, past history and comorbidity (continued)



42

NIHR Journals Library www.journalslibrary.nihr.ac.uk

PATIENT PARTICIPANT AND SITE STAFF PERSPECTIVES ON ACCEPTABILITY AND FEASIBILITY

in their right eye and 24 mild to moderate glaucoma in the left eye. Ocular comorbidities including cataract 
and age-related macular degeneration were present in eight right eyes and eight left eyes.

Table 10 shows the clinical data obtained at the 3-month follow-up visit. Median Goldmann IOP was 
17.0 mmHg in the right eye (IQR 13.5–19.0) and 17.0 mmHg in the left eye (IQR 13.0–19.5). VF MD 
was −2.0 dB (IQR −4.8 to −0.6dB) and −3.2 dB (IQR −7.3 to −1.2) in right and left eyes, respectively. 
Only 2 of 42 patient participants had a change in glaucoma treatment instigated by their clinician while 
participating in the study.

Three patient participants withdrew from the study during the monitoring period, two from site 2 and 
one from site 1. One was due to health reasons (unrelated to glaucoma) and two were due to difficulties 
with the technology, with one withdrawing from the home monitoring intervention only and completing 
follow-up data collection and the post-intervention interview.

Adherence to intervention
Adherence to the tonometer alone was 67% (n = 28) compared to 60% (n = 25) of participants being 
adherent to the OKKO app (Table 11). Overall adherence to both devices (i.e. ≥ 80% adherence to both 
devices) was 55% (n = 23), with 31% (n = 13) considered as non-adherent to both devices and 14% 
adherent to only one device.

TABLE 10 Three-month follow-up measurements and change in treatment

N (%)

IOP (mmHg): right Mean (SD); N 16.2 (5.0); N = 40

Median (IQR) 17.0 (13.5–19.0)

(min, max) (3.0, 27.0)

IOP (mmHg): left Mean (SD); N 16.4 (4.2); N = 40

Median (IQR) 17.0 (13.0–19.5)

(min, max) (8.0, 24.0)

Visual field test (dB): right Mean (SD); N −3.3 (4.0); N = 37

Median (IQR) −2.0 (−4.8 to −0.6)

(min, max) (−14.9, 1.4)

Visual field test (dB): left Mean (SD); N −5.1 (5.9); N = 38

Median (IQR) −3.2 (−7.3 to −1.2)

(min, max) (−24.4, 0.9)

Reliability of visual field test: right Yes 34 (81)

No 3 (7)

Missing 5 (12)

Reliability of visual field test: left Yes 37 (88)

No 1 (2)

Missing 4 (10)

Change in glaucoma treatment Yes 2 (5)

No 38 (90)

Missing 2 (5)

IQR, interquartile range; SD, standard deviation.
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Additional patient participant contact with site
Of the 42 participants, 20 (48%) contacted their respective study site during their home monitoring 
period, averaging 1.7 contacts per participant who required support, and were spread across sites 
(Table 12). In total, 503 minutes (average of 15 minutes per contact) were estimated by site staff as 
being required to answer or resolve issues. The most common reasons for contact were problems with 
usernames and passwords for the OKKO app (n = 5), and patient participants having difficulties using 
both devices (n = 5) (Table 13).

When asked about satisfaction with the home monitoring, the most frequent response (40%, n = 17) 
was that patient participants were ‘very satisfied’, and similarly, a majority (45%, n = 19) reported being 
‘very satisfied’ with the training they received on the digital technologies (Table 14). When asked to 
report their preference for future monitoring, 50% of patient participants reported that they would 
prefer to be monitored at home.

Patient participant interviews

Patient participant demographics
A total of 13 patient participants were identified from the first two cohorts for interview, and 11 of 
these were invited to participate in an interview. A total of 10 participants were interviewed to gain their 

TABLE 11 Participant adherence with glaucoma home monitoring technologies

Measure N = 42

iCare tonometer Adherence ≥ 80% 28 (67)

Mean overall % adherence (SD) 74% (34)

Mean number of recorded measures (out of 12) per participant (SD) 9 (4)

Median 11

OKKO app Adherence ≥ 80% 26 (62)

Mean overall % adherence (SD) 72% (34)

Mean number of recorded measures (out of 12) per participant (SD) 9 (4)

Median 10

Combined Both ≥ 80% (‘adherent’) 23 (55)

iCare only (‘non-adherent’) 4 (9)

OKKO only (‘non-adherent’) 2 (5)

Neither (‘non-adherent’) 13 (31)

SD, standard deviation.

TABLE 12 Unscheduled patient participant contacts during the home monitoring period

No. of 
participants  
who contacted

No. of 
contacts 
from 
participants

No. of phone 
calls from 
participants

No. of 
e-mails from 
participants

No. of other contacts 
from participant  
(e.g. walk-in/visit 
clinic unscheduled)

Site staff 
time to 
resolve 
(minutes) 

Total 20 (N = 42, 48%) 34 17 8 8 503

Average contacts or 
time per participant 
who contacted (n = 20)

1.7 0.9 0.4 0.4 15
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perspectives on the feasibility and acceptability of digital technology for home monitoring of glaucoma 
within I-TRAC. Participants were sampled from three sites within the trial, with an even proportion 
of men and women. The mean age of the participants was 64.5 (SD = 17.4) years, and all participants 
identified as white from either British, Scottish or Northern Irish backgrounds (Table 15).

Findings from patient participant interviews
Overarching ‘global’ themes on the use of the home monitoring devices were generated from the 
interview findings, which included the perceived advantages and disadvantages of home monitoring, 
and potential improvements to either the devices themselves or the process of home monitoring within 
further trials.

TABLE 13 Main reasons for patient participant contact during the home monitoring period (n = 20)

Reason No. of related contacts

Username and/or password problems 5

Difficulties using either device 5

Uncertainties about data transmission process 3

Concern relating to tonometer reading that patient felt required clinical opinion 2

Physical health problem preventing use of devices/withdrawal from study 2

Not receiving electronic text reminders 1

Difficulty accessing patient training materials (YouTube videos) 1

Tonometer ran out of battery 1

TABLE 14 Satisfaction with monitoring and training and future monitoring preference

N (%)

Satisfaction with monitoring Very dissatisfied 2 (5)

[scale from 0 (very dissatisfied) to 10 (very satisfied)] 4 1 (2)

Neither dissatisfied or satisfied 2 (5)

6 1 (2)

8 9 (21)

9 4 (10)

Very satisfied 17 (40)

Missing 6 (14)

Satisfaction with training Neither dissatisfied or satisfied 4 (10)

[scale from 0 (very dissatisfied) to 10 (very satisfied)] 7 1 (2)

8 8 (19)

9 7 (17)

Very satisfied 19 (45)

Missing 3 (7)

Future monitoring preference Home 21 (50)

Clinic/hospital 14 (33)

Missing 7 (17)
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Participants engaged with home monitoring through the I-TRAC study to varying degrees. Interviews 
revealed certain participant-level characteristics that seemed to correlate with more active engagement 
in monitoring. For succinctness, those characteristics are summarised in Table 16, comparing those ‘more 
likely to engage’ and those ‘less likely to engage’. These participant archetypes have not been correlated 
to the available quantitative evidence on monitoring use but rely on the qualitative impressions of 
barriers and facilitators to monitoring offered during the interviews.

In addition, the analysis revealed several important themes relevant to the use of, and satisfaction 
with, the home monitoring process. As there are several distinct aspects to the monitoring process 
and challenges and opportunities associated with the devices and the study processes, each of these 
overarching themes and associated findings are presented below, with TDF domains relevant for each 
theme presented in parentheses and belief statement and illustrative quotes presented in each section. 
Further illustrative quotes are given as examples in Table 17 presented with belief statements, assigned 
to relevant domains, for each overarching theme.

TABLE 15 Baseline demographics of patient participants interviewed

N = 10 (%)

Gender Male 5 (50)

Female 5 (50)

Age (years) < 40 1 (10)

40–59 2 (20)

60–79 4 (40)

80 + 3 (30)

Ethnicity White (all) 10 (100)

Adherence OKKO ≥ 80% Yes 7 (70)

Adherence iCare ≥ 80% Yes 7 (70)

Adherence (combined) ≥ 80% Both devices 6 (60)

Neither device 2 (20)

OKKO only 1 (10)

iCare only 1 (10)

TABLE 16 Beliefs or behaviours reported by participants more or less likely to engage with home monitoring

Beliefs or behaviours reported by participants more likely to engage
Beliefs or behaviours reported by 
participants less likely to engage

Conversant with technology or willing to acquire skills through directed 
engagement

Prior life experiences divested from technol-
ogy; disinterest in acquiring experience

Actively seeks out novel experiences/challenges that are relevant to 
their health and/or interests

Frequent boredom/frustration with 
monitoring

Prior/current experiences in monitoring some aspect of their health Doubts on the accuracy of home monitoring 
compared to clinics

Desire for information about control over their health Lack of confidence in ability to accurately 
perform measures

Belief in ability to navigate emergent issues Anxieties about separating monitoring from 
guidance/reassurances of healthcare providers
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TABLE 17 Summary of belief statements and sample quotes, assigned to relevant domains, for each overarching theme

Overarching theme Belief statements TDF domain Sample quote

Decision to participate Others have helped convince me that I should 
participate in home monitoring

Social influences ‘Well, I think if you have glaucoma and you’ve been told by your consultant, 
or nurse, or whatever, the impacts it can have on your sight, you should be 
pretty motivated to want to make sure that you’re not getting . . . going out of 
control . . .’ (Pt 12001)My own personal or family history of glaucoma 

motivated me to do home monitoring
Intentions

I wanted more regular information about my 
eye health

Goals ‘For me as I say, I’m a bit younger, I want to keep my eyes, I’ve a young family, I 
want to see them grow up so it’s very important to me that the pressures are low 
and that I am getting the right treatment and keeping on top of things, whereas 
somebody that’s maybe older it’s maybe not as important to them’ (Pt 14003)

I’m the type of person that will engage with 
new challenges or technology

Social professional role 
and identity

‘You know, the other story is that I was brought up on a telex machine, so an 
iPhone is quite a challenge, but I have overcome the challenge and I quite enjoy 
all these new technologies, yes’ (Pt 12001)

I was interested in home monitoring because it 
was novel/interesting technology

Intentions

I understand the rationale behind home 
monitoring

Knowledge ‘R – In terms of your confidence, it sounds like you felt quite confident at that 
first contact about the study that this would be something that you would be 
able to do.
P – Yes, but I probably didn’t quite understand what you’re trying to achieve. 
I thought what you were trying to do was sort of find out . . . not quite sure. I 
didn’t realise that it was actually sort of testing the equipment. I thought it was 
more the idea of regular pressure checks, that sort of emphasis. I suppose I got 
the emphasis wrong’ (Pt 12007)

Use of devices Training should be delivered near as possible to 
the start of use

Behavioural regulation ‘Well, I just had met up with this one nurse and she was struggling to find a room 
where we could do it, so . . . but then found one, and we had a limited amount of 
time, but it probably wasn’t ideal for her. [ . . . ] I think it’s somehow sort of a . . . 
I think in order to go from a situation where you’re shown something to you’re 
doing it, you need a sort of continuity, and I don’t think that was there in the 
session, and because of the holiday break, I wasn’t following it through so there 
wasn’t a sort of trans- . . . a smooth transition from trying it to using it’  
(Pt 12007)

I found the manual/videos helpful in figuring 
out what to do

Skills ‘I didn’t really need any help with it to be honest, there was no real times I’d 
come to it apart from that time it didn’t work in the dim light. I actually did have 
the manual actually open to see if there was something wrong with it but once 
I caught on that it was the light . . . but there was no really other time that I 
couldn’t get it to work, it was all pretty straightforward’ (Pt 14003)
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Overarching theme Belief statements TDF domain Sample quote

I was able to eventually perform the process 
after practice

Skills ‘To start with, I found it difficult because I couldn’t . . . you know, I was following 
the instructions . . . reading the instructions rather than following it in my brain 
but as I . . . so to start with, the time it took me to register the pressures was a 
bit frustrating, but within, I don’t know, two . . . three weeks maximum, it was 
just routine. I must be . . . I think I was doing it in five minutes easy peasy, yes’  
(Pt 12001)

I was able to do the monitoring by doing it in a 
particular place/with particular tools

Environment, context, 
and resources

‘Some people might have benefited from – I had a stand, so if you didn’t have 
a stand . . . I found the books . . . thing is, books are actually quite good but the 
iPad would slide, so you’d have a multitude of books. I suppose maybe a wee 
stand or something would be good’ (Pt 12011)

I incorporated the monitoring as part of a 
routine

Behavioural regulation ‘R – How easy or difficult was it to remember to do your weekly monitoring each 
week?
P – I found it pretty easy but I’ve got a reasonably decent memory. And I also put 
it near the eye drops so when I was doing my eye drops, I would see it and think, 
“Is it Tuesday? No, it’s not.” But it would be there to be seen, it was somewhere it 
could be seen and not just away in a cupboard out of sight’ (Pt 13005)

Challenges to home 
monitoring using digital 
technology

The tonometer was complicated to use Environment, context, 
and resources

‘Then the tonometer. I normally looked at the instructions to make sure I was 
doing the thing correctly. I found it very difficult to have the piece of equipment 
correctly on the eye because it was so sensitive to every little movement, but 
I did eventually manage to get the green circle of light, but then often when I 
went to press the button to record the measurement, the piece of equipment 
moved, so you lost the [measurement]. That was one of the little difficulties. 
Then it went on. I can think of all sorts of things that didn’t happen that 
shouldn’t have done’ (Pt 13001)

I could not reliably get the tonometer to work Skills

Older adults would be less likely to be able to 
use the device due to general technology or 
dexterity issues

Environment, context, 
and resources

‘I think for people who have things like arthritis, it is very difficult. Let’s say 
people who have got problems with their mobility in their hands, fingers. I’ve 
got arthritis in one, my index finger, and it’s bent so it’s not in line. It causes 
problems like opening that wretched packet’ (Pt 12001)

The device did not give me any feedback as to 
whether I got an accurate measurement

Reinforcement ‘R – You mentioned about your not getting beeps. I think that was quite early on 
in the interview there was no beeping, there was no alerts.
P – No. No, it never beeped at all.
R – Would that be something that would be useful?
P – Well, yes because it indicates that you have at least made an either success-
ful or unsuccessful measurement. I mean it never even beeped to say I’d been 
unsuccessful, which I find a bit odd’ (Pt 13001)

TABLE 17 Summary of belief statements and sample quotes, assigned to relevant domains, for each overarching theme (continued)

continued
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Overarching theme Belief statements TDF domain Sample quote

Familiarity with iPads or similar devices useful Skills ‘Well, most people are used to using the iPad, so I don’t think that would cause 
any difficulty at all; that was very straightforward’ (Pt 13001)

It was difficult to focus on the monitoring at 
times

Memory, attention, 
decision-making

‘Because, I mean, the peripheral vision test is very . . . is slightly arbitrary because 
it depends also on personal concentration, and so . . . I don’t know. I mean it’s 
one that feels as if it depends on the day you’re doing it more than they eye 
pressure or the state of your eye. Your mental state, probably’ (Pt 12007)

Advantages of home 
monitoring

It takes pressure off eye-care providers Beliefs about 
consequences

‘Well, it’s time-saving, isn’t it, for the hospital. If it goes to the hospital, it’s 
time-saving them to be able to just sit there and look at results that are put 
in front of them, rather than spend two or three minutes getting those results 
and then looking at them. That doesn’t sound much but if you’re doing that for, 
maybe five people an hour, that’s quarter of an hour. If you’re doing that all day, 
that’s quite a lot of time you could save’ (Pt 13005)

It provides me regular information about my 
eye health

Knowledge ‘I think it brings your focus much more to your particular problem. Instead of 
going once every six months, or may so in some cases only every year, to have 
your check-up, this is a week by week, month by month knowledge of what’s 
happening to your pressure in this particular instance, yes. You know, it makes 
it live, not something that is . . . you have to wait months to be told you’ve got 
a big problem. [ . . . ] I think you’re in control, that’s how I would describe it. Are 
actually in control of your glaucoma from the point of view . . . monitoring. Yes, 
which in to certain individuals is a great feeling, you know’ (Pt 12001)

It allows me more control over my eye health Beliefs about 
consequences

It saves me from having to go to clinic Environment, context, 
and resources

‘It’s certainly much more convenient to sit here than have to trundle up to the 
eye clinic. I know that’s necessary because they need to see you as well, but 
maybe not just as often. I think it’s a good idea and having undertaken it, I would 
recommend it’ (Pt 14002)

Disadvantages of home 
monitoring

I’m not sure the tonometer gave as accurate 
readings as clinic equipment

Beliefs about 
consequences

‘P – Well, obviously, if it’s not giving up accurate results that’s quite dangerous, 
yes. But, well, also whether people are actually doing it, or whether they say 
they’re doing it and they’re not doing it. I mean, in a sense it’s like any sort of 
drug – you give it out, but you don’t actually know whether somebody’s taking it, 
or whether they’re doing it in the way prescribed.
R – Yes. What would be the disadvantage of that, then? Well, what does that 
potentially risk?
P – Well, it risks the pressure not being under control [ . . . ], your eyesight 
deteriorating from the glaucoma’ (Pt 12007)

Home monitoring is useful as long as it’s 
accurate

Beliefs about 
consequences

If I don’t do the monitoring reliably or accu-
rately, my eye health could deteriorate without 
me knowing

Beliefs about 
consequences

TABLE 17 Summary of belief statements and sample quotes, assigned to relevant domains, for each overarching theme (continued)
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Overarching theme Belief statements TDF domain Sample quote

High readings can cause anxiety, particularly if 
care is unavailable/delayed

Emotion ‘I think for me at first, it was just because I’d be scared, thinking it’s really high. 
Say it was like eight o’clock at night when you measured and for me, it would be 
something like 37 and I would have to massage my eye. I would then think, “Now 
I’ve got to wait until nine in the morning to contact them if it goes up.” It just 
affects you psychologically that way. Sometimes I’d think I’d rather not know. I 
mean, you could phone a doctor at the hospital, but you know it’s not an acute 
emergency so you’re actually then very anxious. That was probably the bit that 
scared me the most at the beginning’ (Pt 12011)

You no longer have the reassurance of an HCP Social, professional role 
identity

Potential improvements Positioning of the tonometer needs to be 
streamlined

Environment, context, 
and resources

‘I think one of the things if it could be designed so that you could lock it into . . . 
once you’ve achieved that green circle, if something’s coming to lock it into that, 
that would be good because it . . . you know, it just doesn’t stay in place. [ . . . ] It 
was not the easiest of equipment to manoeuvre with one hand while you were 
trying to press the measurement button with another, so it was awkward’  
(Pt 13001)

Feedback on readings should be more easily 
available

Reinforcement ‘This is a personal observation, but it . . . probably a more reassuring sound 
or sight on the tonometer to actually tell you that the information has been 
recorded, it . . . but of course this would involve the design of the tonometer, 
wouldn’t it? [ . . . ] A visual probably, just to . . . or a flashing light and something 
like that to just to get over this nagging doubt that am I doing it right and has it 
been recorded’ (Pt 13002)

Training could have been improved Behavioural regulation P – Well, I think it would . . . well, personally, I would have perhaps benefited on 
a bit more detailed training on the tonometer. [ . . . ] Yes, to be satisfied that it 
was working correctly, that it was beeping when it should have beeped. I mean, I 
wasn’t aware during this training about the beeping; it wasn’t until I came home 
and read the instructions that I realised it should have been making noises and 
giving me messages on the screen. I mean, that should have been explained, or 
at least gone through at the training session.
R – Then the face-to-face training, do you want longer sessions or more 
sessions?
P – Well, probably a longer session would suffice.
R – Is there anything else, training-wise, that might have helped?
P – Well, I think the person doing the training ought to be satisfied that the 
person they are training is able to use the piece of equipment adequately before 
they disappear and not say, ‘Your experience is part of the trial’ (Pt 13001)

continued

TABLE 17 Summary of belief statements and sample quotes, assigned to relevant domains, for each overarching theme (continued)
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Overarching theme Belief statements TDF domain Sample quote

‘R – So, one suggestion that’s come in from a couple of participants is that it 
might be useful to have a lead-in period, so you get maybe a week or two just to 
practise at your leisure with the equipment and then commence the study. What 
would you think of that suggestion?
P – I think that’s a very good idea because when you’re only doing it weekly, 
from one week to the next, you can forget how you managed to do it correctly. 
So, if you had a week where you could just use it anytime, say every day, just to 
get into the swing of it, I think that would be a good idea’ (Pt 13009)

It would have been helpful to have more 
support from others

Social influences ‘Well, I would have certainly appreciated some extra help when I e-mailed him to 
say I was having problems. I mean I was fully prepared to go back to the hospital 
and spend some more time with the tonometer and getting a bit more advice, 
but that wasn’t offered. [ . . . ] It would have been useful to speak to somebody 
else who was also involved in the trial to find out what experience they were 
having, but there was no . . . I had no idea who else was doing it and I think he 
did say there were 15 people in the area, but I didn’t get to meet or see anyone 
else’ (Pt 13001)

The frequency of monitoring should be 
restricted

Behavioural regulation ‘I think it would be valuable if you could do it monthly or something like that, just 
once, no more than that if it was stable. Then that way it could be fed into some 
computer to see the trends or something. But any more, I’m just not sure, just 
like my blood pressure. Psychologically, you just might get neurotic’ (Pt 12011)

HCP, healthcare professional.

TABLE 17 Summary of belief statements and sample quotes, assigned to relevant domains, for each overarching theme (continued)
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Decision to participate (goals; intentions; knowledge; social influences; social 
professional role and identity)
Patient participants reported that entry into the I-TRAC study was often precipitated by a discussion 
with their glaucoma specialist to participate in a research study that would explore the potential of 
home monitoring as an alternative to traditional monitoring. Participants did not report basing their 
decision to participate on the input of others, such as friends and family. Instead, they were often 
motivated by their own history of glaucoma to join the study or were interested in engaging with a new 
technology or research project, generally. Participants typically understood the rationale behind the 
trial (i.e. to test the feasibility of home monitoring as an alternative/supplement to in-clinic monitoring). 
However, some participants struggled with the concept that the devices themselves, particularly the 
tonometer, were also being refined through the I-TRAC study before they could be implemented into 
standard clinical practice.

R – In terms of your confidence, it sounds like you felt quite confident at that first contact about the study 
that this would be something that you would be able to do.
P – Yes, but I probably didn’t quite understand what you’re trying to achieve. I thought what you were 
trying to do was sort of find out . . . not quite sure. I didn’t realise that it was actually sort of testing the 
equipment. I thought it was more the idea of regular pressure checks, that sort of emphasis. I suppose I 
got the emphasis wrong.

Pt 12007

Use of the devices (behavioural regulation; environmental context and resources; 
skills)
When considering participants’ experiences using the devices, several patient participants discussed 
their impressions of the intervention training. Most patient participants reported that training for the 
use of the device was generally well received and believed to instil the skills necessary for participants 
to monitor on their own. However, delivery of training was not consistent across the sample, with some 
participants stating that the session was ‘rushed’ and did not cover all aspects of monitoring to their 
satisfaction. At times, this appeared to be attributable to time and space pressures within the I-TRAC 
sites, which either did not allow sufficient time or a suitable environment to conduct training. Some 
participants also voiced concerns about the difficulties staff conducting the training were having aligning 
the tonometer to take a measurement. Lastly, some participants felt that the interval between the 
training session and active monitoring was too long, leading to them forgetting many of the skills they 
had acquired.

Well, I just had met up with this one nurse and she was struggling to find a room where we could do it, so 
. . . but then found one, and we had a limited amount of time, but it probably wasn’t ideal for her. [ . . . ] 
I think it’s somehow sort of a . . . I think in order to go from a situation where you’re shown something to 
you’re doing it, you need a sort of continuity, and I don’t think that was there in the session, and because 
of the holiday break, I wasn’t following it through so there wasn’t a sort of trans- . . . a smooth transition 
from trying it to using it.

Pt 12007

Regardless of training, many participants felt that the devices were accessible enough to engage with 
through step-by-step, trial-and-error perseverance, assisted by the manual and demonstration videos, 
until they were reasonably confident they were conducting the monitoring as intended. Engaging with 
the devices through practice also allowed participants to individualise their process, such as performing 
it in certain rooms or with additional materials (e.g. stacks of books), so that they could reliably achieve 
readings in less time and/or fewer attempts. Remembering to monitor was not described as difficult, 
with participants successfully incorporating the process into their established routines, most often in 
tandem with taking medications or self-care activities.
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R – How easy or difficult was it to remember to do your weekly monitoring each week?
P – I found it pretty easy but I’ve got a reasonably decent memory. And I also put it near the eye drops so 
when I was doing my eye drops, I would see it and think, ‘Is it Tuesday? No, it’s not.’ But it would be there 
to be seen, it was somewhere it could be seen and not just away in a cupboard out of sight.

Pt 13005

Potential challenges to home monitoring (environmental context and resources; 
memory, attention, and decision processes; reinforcement; skills)
Challenges to using the devices were predominantly focused on the use of the tonometer. Difficulties 
opening and mounting probes, as well as positioning the tonometer in front of the eye, were described 
often and appeared to be a persistent frustration for some, particularly those with dexterity issues. 
Feedback from the tonometer on accurate positioning and the pressure readings themselves was 
deemed insufficient or believed to be absent. Issues performing the visual function tests on the iPad 
were comparatively fewer, as use of a tablet was more familiar to most participants. However, a 
frequent criticism of the VF testing was that it was ‘boring’ or ‘tedious’ and required efforts to maintain 
concentration on the task. Overall, however, use of the devices appeared to be a surmountable 
challenge for most participants.

Then the tonometer. I normally looked at the instructions to make sure I was doing the thing correctly. I 
found it very difficult to have the piece of equipment correctly on the eye because it was so sensitive to 
every little movement, but I did eventually manage to get the green circle of light, but then often when 
I went to press the button to record the measurement, the piece of equipment moved, so you lost the 
[measurement]. That was one of the little difficulties. Then it went on. I can think of all sorts of things that 
didn’t happen that shouldn’t have done.

Pt 13001

Perceived advantages and disadvantages of home monitoring (beliefs about 
consequences; emotion; environmental context and resources; knowledge; social 
professional role and identity)
Participants could readily volunteer both potential advantages and disadvantages to home monitoring. 
Speaking first of advantages, there were perceived benefits to the individual as well as to the larger 
healthcare system. The most frequently mentioned benefit of home monitoring was its promise to 
relieve pressures on clinics and eye-care providers for providing all aspects of routine monitoring. 
Participants could appreciate that taking on some aspects of that monitoring could free up 
appointments for those with more acute health concerns or otherwise allow providers to reallocate 
their time to improve standards of care. Having control over how often one could monitor was also 
seen as advantageous, particularly when waiting times exceeded several months in clinic settings. 
Participants believed that more frequent monitoring could be beneficial to catch any early indicators of 
advancing disease and seek treatment before their condition worsened. Finally, the logistics of travelling 
to in-person appointments were described as a practical motivator to engage in home monitoring to 
reduce the number of clinic visits necessary.

It’s certainly much more convenient to sit here than have to trundle up to the eye clinic. I know that’s 
necessary because they need to see you as well, but maybe not just as often. I think it’s a good idea and 
having undertaken it, I would recommend it.

Pt 14002

Conversely, several of the perceived disadvantages were related to deviating from the standard 
treatment pathway. Firstly, several participants were concerned about the overall accuracy of the home 
monitoring device and how it compared to monitoring within professional settings. These concerns 
appeared to be predicated either on the accuracy of the home monitoring devices themselves or in the 
participant’s belief in their capability to use the equipment as intended. In either case, the potential 
for inaccurate results drew concerns that an individual’s eye health could be deteriorating without 
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their, or their provider’s, knowledge. Even when concerns over accuracy were not as relevant, delays 
between recording high pressures and being able to access care were seen as a source of anxiety. Even 
nominal readings were felt to be of little value if they were not contextualised by the knowledge of the 
healthcare provider, who could provide reassurance that values were trending normally or that a plan of 
care needed to be enacted.

I think for me at first, it was just because I’d be scared, thinking it’s really high. Say it was like eight o’clock 
at night when you measured and for me, it would be something like 37 and I would have to massage my 
eye. I would then think, ‘Now I’ve got to wait until nine in the morning to contact them if it goes up.’ It just 
affects you psychologically that way. Sometimes I’d think I’d rather not know. I mean, you could phone 
a doctor at the hospital, but you know it’s not an acute emergency so you’re actually then very anxious. 
That was probably the bit that scared me the most at the beginning.

Pt 12011

Recommendations to improve monitoring (behavioural regulation; environmental 
context and resources; reinforcement; social influences)
Several aspects of the devices and the home monitoring process were identified from this sample. The 
coordination required to align the tonometer for readings was cited as a barrier for those with dexterity 
or other hand–eye coordination issues. Participants believed that this could be streamlined in some way 
to promote easier alignment of the tonometer with the eye that was not as susceptible to fluctuations in 
hand steadiness. Some participants also mentioned difficulties in accessing their pressure readings from 
the device, possibly due to a display time-out. It was suggested that readings should be available in an 
easier-to-read format that preserves the history of recordings, as well.

Potential improvements to training were mentioned by several participants. As mentioned above, 
some participants felt there was too long an interval between the training session and the first ‘live’ 
monitoring session. They suggested that training be held as near as possible to this first session to 
increase the likelihood that skills practised during training will transfer to real-world use. ‘Top-up 
sessions’ (i.e. condensed training focused on reiterating or improving skills already learned) were seen 
as a useful addition to the course of home monitoring if participants were finding it difficult to apply 
their skills from one session. Additionally, some participants suggested that ongoing technical support 
would have been helpful, but their attempts to solicit that help within this feasibility trial were not 
addressed. As for any other additional content of the training, some participants were unaware of the 
demonstration videos and suggested those be emphasised as an available resource in the course of 
training. There were also mentions that the training manual provided, while helpful for most, should be 
reviewed for readability, as some participants complained of not being able to utilise it.

R – So, one suggestion that’s come in from a couple of participants is that it might be useful to have a 
lead-in period, so you get maybe a week or two just to practise at your leisure with the equipment and 
then commence the study. What would you think of that suggestion?
P – I think that’s a very good idea because when you’re only doing it weekly, from one week to the next, 
you can forget how you managed to do it correctly. So, if you had a week where you could just use it 
anytime, say every day, just to get into the swing of it, I think that would be a good idea.

Pt 13009

Finally, some improvements to the process of monitoring were suggested. In order to help build 
confidence in their ability to conduct monitoring, participants suggested the inclusion of a ‘lead-in’ 
period. This period would be an opportunity for participants to practise with the device without fear of 
‘getting it wrong’ and affecting trial results. Once in active monitoring, as mentioned above, participants 
would have also liked easier-to-read and easier-to-understand feedback from the devices so they 
could track the progress of their readings. Further resources on how to interpret results may also prove 
valuable in this sense. A final comment on the active monitoring period was the anxiety that may be 
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precipitated by too-frequent measurements. To pre-empt this, participants suggested that monitoring 
should be restricted to only what is necessary, for example once a week.

I think it would be valuable if you could do it monthly or something like that, just once, no more than that 
if it was stable. Then that way it could be fed into some computer to see the trends or something. But any 
more, I’m just not sure, just like my blood pressure. Psychologically, you just might get neurotic.

Pt 12011

Site staff interviews

Site staff demographics
We interviewed 9 site staff members (from a total of 11 site staff members delegated to support I-TRAC 
study at their site) from across the three study sites. This comprised three PIs (one from each site), two 
Research Nurses, one Research Assistant and three Research Optometrists, balanced across genders and 
from a range of ages but all identifying as white. Table 18 provides site staff demographics.

Findings from site staff interviews
Site staff were asked about what they thought had worked well or less well for I-TRAC within their site, 
in response to which they talked about a range of influences as impacting on the successful delivery 
of the study. A focus of the findings was to consider what may need to be changed in study design or 
conduct in order for a future large-scale trial to be feasible. These findings are discussed in detail below, 
with supportive illustrative quotes presented.

Site staff knowledge, beliefs and feelings towards home monitoring
All site staff reported positively when asked to reflect upon how they felt when first approached to help 
deliver the I-TRAC study. All staff were optimistic about a novel approach for glaucoma care which they 
believed could improve patient care.

Always positive about doing the stuff you know, there’s something new coming it’s always nice to have 
something new isn’t it. But particularly I think the it’s the fact it’s a device study and you’re interested in 
how the devices will actually improve patient care. So it’s about excitement of being able to introduce 
something new that’s going to hopefully make a difference really, yeah.

P037, Research Nurse, Site 2

TABLE 18 Demographics of site staff interviewed

N = 9 (%)

Gender Male 4 (44)

Female 5 (56)

Age (years) < 40 4 (44)

40–49 1 (11)

50–59 4 (44)

Ethnicity White (all) 9 (100)

Current role Research Associate 1 (11)

Research Nurse 2 (22)

Research Optometrist 3 (33)

PI 3 (33)

PI, principal investigator.
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Several site staff members reported having one or two concerns prior to the site opening. One concern 
related to patient participants asking about clinical implications of data collected, as this was not 
something being assessed within I-TRAC. Another found some of the flexibilities in the protocol (e.g. 
eligibility criteria, what actual tests were done for assessing IOP and VFs in clinic prior to the study) 
a bit worrying to start, due to past experiences on tightly controlled trials (compared to the I-TRAC 
feasibility study).

Yeah, there is also the fear, going back to feelings or thoughts, that if you’re doing this as part of a study 
as well, the patient wants to know, ‘All that effort I put in taking the measurements, what does it mean? 
Am I okay?’ that creates a challenge as well particularly when you’re just looking at feasibility and you’re 
actually not that interested in the actual data they’re collecting.

P036, PI, Site 1

Site staff perceived a number of benefits, particularly for patients, arising from home monitoring. These 
included a sense of control of their glaucoma through self-monitoring, greater convenience from not 
having to attend clinic as often, and increased chances of detecting significant changes more quickly, 
leading to better outcomes in terms of vision. Across site staff accounts, there was a strong sense of 
buy-in and a desire to see the home monitoring interventions work for patients.

Well that’s the thing, I mean it could be useful for people who live far from the hospital where there is 
a remote . . . access issue, it might be helpful, people perhaps with some mobility issues about them 
getting to the hospital but not stopping them from using the home monitoring device. Yeah, I think 
there are niches where it would be helpful, but I’ve always had in my mind that this would be a device 
for continuous monitoring for some reason, and that ultimately the aim is to keep the patient out of 
the hospital.

P035, PI, Site 2

The ease of running the I-TRAC study and the compatibility of its components
The findings around study conduct were themed in relation to ease of running the study and were 
composed of two subthemes related to study deliverability: (1) easy-to-run and low-burden study; and 
(2) quality and usefulness of training.

1. Low-burden, easy-to-run study

Overall, all participating site staff felt that I-TRAC was easy to run and its components (i.e. study 
processes) worked well together. This was qualified by reports that the I-TRAC study was well explained, 
supported and was perceived to be relatively low burden for participants and sites.

A lot easier than I thought it was going to be. I think as well, I did sit down the day before and go through 
the paperwork and just have it in my head, ‘This is what I’m going to say, this is how I’m going to do it’, 
and have it laid out. I think you have to do that to seem confident in front of the patient. Otherwise, if I’m 
faffing about, they’ll be like, ‘You don’t know what you’re doing’, and I’ll not know what I’m doing. I think 
the combination of the training plus the written material that was there too, it was fine.

P038, Research Optometrist, Site 3

Site staff reflected on I-TRAC being surprisingly easy to recruit for and felt this was due to patient 
participants having a keen interest in something that was novel and that had a clear benefit for them 
in terms of reassurance, control and burden (being able to monitor from home instead of travelling 
to clinics).

think maybe for this particular study, home monitoring, I don’t know if that’s such a big issue because 
we found that recruiting was really easy and we recruited just from our face-to-face clinic, and really we 
recruited the majority of the patients for each phase in a day. It was literally asking consecutive patients 
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and most people said, ‘Yes, I’d be very interested in this’, and that was surprising, that’s certainly not an 
experience that is very common in studies. I know there were . . . I mean it was a very wide inclusion 
criteria, but nevertheless you still expect perhaps a fair few to decline.

P036, PI, Site 1

Site staff reported few challenges in terms of study conduct. Those challenges raised involved logistics 
(equipment return and appointments), an issue relating to accessing data from the tonometers (i.e. one 
site forgot to download the data from the tonometers before reissuing the devices to the next set of 
participants), and research and information governance issues prior to site opening.

I think we may have had some challenges in getting the equipment back and how the patients . . . how we 
got patients back into the system, because I think that was potentially an issue in terms of clinicians’ time 
because there’s also the idea of getting . . . picking up all the other data like the visual fields and things 
like that, and these things all . . . the organisation of those things and organising when the patients were 
coming back about picking suitable times where clinicians were available and the actual patient was 
available, the logistics of that with lots of people.

P037, Research Nurse, Site 2

2. Quality and usefulness of training

The training of patient participants to use both pieces of home monitoring equipment was a critical 
and central component of this intervention. The consensus among site staff was that the time to 
train patient participants reduced with practice, initially requiring more time than had been allocated 
(sometimes up to 2 hours) but reducing to the allocated time (30–45 minutes) after they had trained 
their first few patient participants. Site staff reflected that they felt the quality of their training improved 
after the first few participants, as they gained in confidence and developed the skills and tips to help 
patient participants learn to use the devices. They reported that the patient participant-facing training 
materials (a step-by-step handbook with images, and several YouTube videos) were a good resource 
for patient participants. However, some site staff reported that they felt not all participants were using 
the provided support, resulting in a number of contacts from patient participants requiring additional 
support during the monitoring period. Site staff reported that they found the site training materials 
and site initiation visit training (protocol and study instruction manuals) to be useful, coherent and 
generally to cover all that was needed, ‘Yeah, the step-by-step guide was very, very detailed, the fact 
that there was one for the patient and one for the practitioner as well was really handy’ (P033, Research 
Optometrist, Site 3).

However, one aspect of site training, the instructional training for using the tonometer, was delivered by 
a representative from the commercial partner. The consensus across site staff was that this training did 
not help them to teach patient participants how to use the tonometers. Several mentioned that they felt 
the representative was there in a sales capacity, not to deliver training, and had no practical experience 
of using the device so could not answer a number of questions the site staff had.

We need somebody who’s thorough, who knows all about it, who knows from a patient perspective as 
well. I’ve had some fantastic training in the past with other companies and real trainers but I kind of feel 
there was a sales element there. So no, that wasn’t very good for explaining.

P039, Research Nurse, Site 1

Many mentioned that the YouTube videos and written instructions were more helpful than the 
commercial partner training in terms of helping them master how to use the equipment and train patient 
participants to use the equipment.
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Yes, because I mean I actually learned more from watching that YouTube training than I did actually from 
the sale rep side of things, so, yeah. Yeah, certainly the YouTube thing helped once we’d got to grips with 
the YouTube address.

P037, Research Nurse, Site 2

The feedback from sites was that equipment training should be developed and delivered by those with 
experience of using the equipment and training others (preferably patients) to use the equipment, 
so that they have knowledge and awareness of common problems patients have and how to 
overcome these.

Eligibility, recruitment and representativeness of sample
All three sites reported that they found it easier to recruit than they had anticipated at the outset of the 
I-TRAC study. Across the sites, staff generally felt, however, that their samples were not representative of 
the typical glaucoma population. The three sites reported how they approached recruitment differently.

Site 1 recruited from a general face-to-face clinic and participants were first approached by the 
clinician/PI and if agreeable, referred to the Research Nurse. The PI reported that the selected 
participants were really keen to participate. The Research Nurse in one site, however, noted a trend 
where they felt older participants appeared more determined to master the technology, and the younger 
participants, particularly those still working, had other priorities. This was echoed by the PI from site 2. 
Conversely, some staff from other sites believed younger participants were easier to train, perceiving 
older participants as being more time-intensive to train and support with new technologies.

I must say though, when I was phoning some people, maybe one or two of the younger ones, they said, 
‘We’ve not been doing it, just not got round to it’, etc., so that was a wee bit of a disappointment . . . They 
were more elderly in the first cohort but they were determined they were going to do it. I don’t know if it’s 
that generation, I’m not sure.

P039, P039, Research Nurse, Site 1

Site 2 recruited participants through their virtual clinic, which typically deals with straightforward 
glaucoma cases (i.e. glaucoma patients considered at low risk of progression due to stable disease 
and few comorbidities which may complicate glaucoma management). Site 2 staff reported that 
while recruitment was easy given the access to a large pool of suitable participants, the approach to 
recruitment involved the Research Associate spending time in the waiting area of the clinic with patients 
not pre-notified about the study by the clinician/PI. The PI discussed how while time-efficient (a high 
volume of patients to speak with in one half-day session), recruiting from this clinic only, as they did, 
would not represent all glaucoma patients. This is because those whose condition may be more complex 
would be seen in a different clinic and, conversely, those patients with straightforward glaucoma and 
OHT would be discharged to community services.

[W]e have discharged quite a few of our patients to the community, the very, very straightforward ones 
like ocular hypertensions, so they weren’t . . . there might’ve been one or two but they’re usually . . . if 
they’re ocular hypertensions in the hospital they’re usually there for a reason. So actually quite a lot of 
them . . . I’m sorry, that group would be missing.

P035, PI, Site 2

The Research Assistant discussed the difficulties of having around half of participants decline 
participation, with reasoning related to the person approached having no interest in a technology study.

But yeah, generally I think my group is diverse-ish, but obviously there’s that inherent lack of diversity you 
get by just sitting down outside a clinic saying, ‘We want you to take some technology home’, and then 
half of the patients say, ‘Oh, I don’t do tech’, and just don’t want to talk to you ever again.

P031, Research Assistant, Site 2
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The Research Assistant also discussed how they had found it challenging to recruit a diverse sample 
of participants, especially in relation to ethnicity. An issue reported by several members of site staff 
was that of language, perceiving language issues as being a significant barrier not just to accessing the 
information leaflets but also learning to use the devices in a second language.

Yeah, I did recruit, I did very happily manage to recruit a lovely I think Caribbean lady who’s part of the 
study, but other than that I have approached a lot of people and I think sometimes there have been 
language issues, the fact that it’s all in English, the information sheet’s in English, that’s been an obstacle I 
think a couple of times, although it hasn’t always been explicitly stated that that is the issue, yeah.

P031, Research Assistant, Site 2

The PI from this site questioned whether it would be more helpful to have a more diverse study team, 
or at least a more diverse team of recruiters, as he felt a shared ethnicity may go some way towards the 
study having a more inclusive approach to recruitment of glaucoma patients.

Well I think there is a certain racial thing, I mean if you had a black guy, black doctor asking black people 
to participate in a study I think that’s much better than some old white fella like me asking them to do it, 
and I think that just makes it much more accessible.

P035, PI, Site 3

For site 3 the seven participants were specifically targeted as they were known as individuals with the 
educational and technology familiarity needed to participate and would enhance recruitment efficiency. 
Site 3 staff reported they felt their participants were younger than typical glaucoma patients. The 
following excerpt presents this site’s views when asked about how representative their sample was.

Well I don’t . . . well I expected ours [when considering the I-TRAC sample of patients] to be older . . . .
P032, Research Optometrist, Site 3

Yeah, not in terms of age and probably also not in terms of familiarity with electronic devices.
P033, Research Optometrist, Site 3

But then I suppose it’s good to have a range and different types of glaucoma as well as part of the study, 
but on the whole they’re not.

P032, Research Optometrist, Site 3

Unintended consequences arising from the intervention
Three members of site staff (one from each site) discussed how they had initially been concerned about 
the intervention causing patient participant anxiety arising from increased focus on their disease. 
Despite these concerns, there were no reports from any site staff of any actual or suspicions of induced 
anxiety within their patient participants. One site reported two patient participants who required 
treatment, an outcome that was triggered by patient concerns relating to the tonometer readings which 
resulted in contact with their consultant. In both cases, the site staff member reported that the patient 
participants did require treatment and that both patient participants were glad they had participated so 
it could be detected.

There were two participants who actually had to come in as a result of the pressure that they measured. 
One of them went to the optometrist and then she came in to us, and the other one just came directly 
to us because . . . if they hadn’t had the equipment, they wouldn’t have known their pressure had gone 
up . . . . Both these people liked the equipment, they liked using it, they thought it was worthwhile.

P039, Research Nurse, Site 1
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Adaptations or considerations required for a future trial
Site staff reflected on several aspects of study conduct that would require careful review prior to 
progressing to a full trial. This included: (1) the additional resources that would be required; (2) aspects 
of study design to be improved (i.e. determining the ideal follow-up duration); (3) participant selection 
criteria; and (4) improvements to intervention training. These subthemes are presented below.

1. Increased human and financial resources

In relation to resource use, sites reported that to feasibly run I-TRAC as a full trial with more 
participants, increased logistical and technical support would be required to manage the devices and 
assist participants with any queries. There were also concerns about the perceived (significant) costs of 
acquiring a large number of devices and accessories (e.g. batteries), and how a large trial would operate if 
equipment had to be rotated between participants in an effort to reduce technology costs.

Does it mean you’re going to follow patients for a year? Does that mean you’re going to follow patients 
for . . . if you have to follow them for a year, well essentially you need equipment for every patient in the 
trial, that’s costly I expect, and you need backup to manage the technical aspects that they may have, 
repairs, all of those sorts of things. I suppose it’s all manageable, it’s just understanding it before you do it, 
which I guess is what this is about.

P035, PI, Site 2

While it was not conducted as part of the I-TRAC study, it was recognised that the human resource 
requirements for reviewing and acting on the data received from the devices in a future trial would 
have implications for delivery. Site staff were concerned about the substantial time required to process 
this amount of data. Suggestions to make this achievable included exploring methods for efficient data 
review (e.g. making use of automated algorithms that would trigger a message to the clinician only if a 
test is abnormal, or AI technologies) and integrating data into electronic patient records. There were also 
concerns about the impact on resources required to address readings from the home monitoring devices 
that suggest the need for further intervention.

I guess at the moment it would be . . . perhaps it’s not very efficient because it’s all very innovative. But I 
guess, you know, you can incorporate this into electronic records and there will be, let’s say, the potential 
of having the information displayed in a different way, that makes the clinicians’ tasks easier. It depends, 
you know? At the moment it will be time-consuming because we don’t have a good system to process this 
information. It would need to be well thought to make it efficient.

P034, PI, Site 3

2. Changes to study design

Most suggestions related to study design were improvements to the intervention, such as involving 
carers/family members in the monitoring, offering home visits instead of patients coming to the clinic for 
training, improving the electronic reminders to avoid spam filters, and to consider restricting the study 
to evaluating only one technology rather than multiple technologies at the same time.

One way that might help simplify it, and also perhaps help identify the key research question would be to 
just test one thing rather than testing visual fields and pressure. I don’t know which would be best. The 
technology for pressure is more developed but visual fields are probably more important.

P036, PI, Site 1

Exploring the potential for utilising participants’ social support within both the training and use of the 
devices to be more inclusive of those at greatest risk of vision loss was also suggested.
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The other thing I suppose is that we focused on self-measurement, but I think that looking at carers and 
how they can help and support the patient is really important too because I find it hard to put eye drops 
in my own eyes, now if I had glaucoma I’d be asking my partner to do it for me, I’m terrible, and I think, 
well patients do that too, and I think having someone to help you and support you really to take the 
measurements at home would help because one of my worries about this sort of technology is it’s the 
vulnerable groups, the people who are probably at highest risk of losing vision, the people who can’t put 
eye drops in themselves, and they’re the people who might need it most and they might not be able to do 
it. So I think looking at, if there was further work with this, I think looking at carers as well would be useful.

P036, PI, Site 1

Within I-TRAC, digital reminders for home monitoring devices (such as e-mails and text messages) 
were provided to enhance adherence. Site staff highlighted the need to ensure these reminders are 
received as intended and not filtered out by spam filters or blocked by mobile phone providers. One site 
staff member reported that the need for patient participants to travel to the clinic for the training and 
provision of equipment acted as a barrier for several participants, undermining the potential benefit for 
patients who cannot travel. For this site staff participant, they suggested that providing study visits at 
home may improve recruitment of those who are often less represented in research.

I think it would be entirely possible. I think you . . . I think definitely within the capacity of going and 
visiting patients there’s no reason it couldn’t be done at the patient’s home, it’s just whether that’s a 
reasonable use of time I think.

P031, Research Assistant, Site 2

The importance of selecting research sites and staff purposively was also commented upon, due to the 
importance of confidence with technologies and the patience required to help teach others. A further 
recommendation in relation to design was the potential for a further study to determine the duration of 
follow-up.

I wonder if you almost need another . . . a pilot study to see how long do you need to . . . do patients need 
to keep them for to get full results, because that would be a key question in terms of how many devices 
you need and then the cost of the study . . . .

P036, PI, Site 1

3. Recruitment of participants

When asked about their expectations for recruiting a larger number of participants for a future trial, 
there were mixed views. Although site staff felt recruitment for this feasibility study, with very broad 
criteria for participant selection, had been easy to recruit to, there were concerns about how easy 
recruitment of a more tightly defined eligible population might be.

I think the fact that we have a virtual clinic where there is a large pool of what would’ve been considered 
suitable patients for this all coming to the same place in a non-stressful environment made a massive 
difference to our ability to recruit patients, and that has two real implications for me. Going ahead to 
a randomised controlled trial, which I guess is what you’re hoping to do, I would be very much looking 
at recruiting centres which run virtual clinic services because the patients are quite easy to access 
or more easy to access. But it also creates a barrier as well because in a way they are generally more 
straightforward patients and it depends who you’re trying to evaluate these devices on. If you want more 
advanced patients then you’re going to have to look elsewhere and then it will be harder to recruit. This 
was particularly in relation to the typical age demographic of glaucoma patients, and assumptions about 
older patients abilities to use the technologies.

P035, PI, Site 2
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Especially at the moment, we didn’t have any restrictions, the availability was anyone with glaucoma, 
so that was basically . . . if in the context of a trial, you have a particular population, it might be more 
difficult . . . I can imagine from my impression, this technology might not be for everybody. I guess if 
there is a trial, there will be an inclusion and exclusion criteria, there would be a particular population of 
glaucoma people, people with glaucoma. I guess, you know, I’m just thinking that perhaps recruitment will 
be difficult.

P034, PI, Site 3

Site staff discussed how there were uncertainties about which glaucoma patients home monitoring 
would best meet the needs of in terms of usefulness for the patient, usefulness for the clinician, and 
from a cost-effectiveness perspective.

Then yeah, maybe those ones who find it difficult, who are stable but also find it difficult to come 
to appointments, and I agree with [other participant] that those younger ones that are familiar with 
technology and have busy lives.

P032, Research Optometrist, Site 3

That’s the biggest thing because I think . . . yeah, it’s a bit . . . it’s a chicken and egg situation isn’t it 
because you don’t really know what sort of patients it might benefit . . . But yeah, I think it’s really hard 
because it’s just speculating and guessing because we don’t really know what kind of patients or what 
scenarios it would be of use.

P036, PI, Site 1

For one PI, the difficulty arose because the two technologies being utilised together as the home 
monitoring intervention in the I-TRAC study are measuring different outcomes. For them, each of those 
outcomes independently would help very different subgroups of glaucoma patients, and those who 
would benefit from both were a very exclusive group. Clarifying who this intervention would be most 
appropriate for was indicated to be an important priority prior to any full-size trial.

But I think separating the pressure and the visual fields and looking at the different indications for those is 
really important because it’s very different situations where you might do one or the other. So yeah, I think 
there’s almost three situations, there’s three questions, how can we use home glaucoma monitoring, but 
how can we use home fields and home IOP because they’re different, different groups.

P036, PI, Site 1

4. Improvements to intervention training (for staff and patient participants)

Many site staff participants reported suggestions as to how the training for patient participants could be 
improved. The first was to identify and develop ‘good trainers’ at research sites – those who are patient 
and able to promote confidence and reassurance among patient participants. It was considered helpful if 
the person delivering the training had some awareness of the patients’ clinical and disease status, as this 
provided insightful information as to how best to help the patient learn to use the devices.

I think also the other thing that I noticed was that it’s helpful if the person teaching the patient has an 
understanding of the patient’s condition, because we had a patient where they had poor vision on one eye 
and it was really hard to get them to measure the pressure in that eye, but they could do the other eye, 
and we didn’t realise initially, and then once the notes were opened and you’re like, ‘Oh, the vision’s quite 
poor in that eye’, it became apparent why there was that big difference. I think just having some . . . I think 
if you just dump a patient with a technician who knows nothing about that patient, that might not be the 
best way to teach them.

P036, PI, Site 1
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In terms of the specific tips and stuff, it’s generally been stuff like knowing that some patients find it far 
easier with one eye closed or knowing that actually sometimes I just need to go in and adjust the device a 
bit myself and help them get it in the right position, and then once they know how that should feel, a lot of 
them just . . . they can remember that and it helps a lot.

P031, Research Assistant, Site 2

A number of site staff wondered if group training for patient participants would be helpful.

For me, they’d be in an environment where the equipment would be there for them to play with. As I 
say, internally here, there was issues about getting space so I didn’t think that initially helped. If I had a 
conference room for them, get the videos up where they can see it, huge, not make it too long because 
they’ll maybe get a wee bit tired, provide a wee provision of some fluids and what-have-you, cups of 
tea, they’d like that, it would be a social thing for them. Have the equipment there that they can play 
with at the time, each one get a wee shot themselves, see how they feel with it, ‘How do you feel? Go 
to that table, have a wee shot’. Somebody like myself always there on hand to explain to them and also 
demonstrate. I think a huge presentation behind us, like the videos you get on YouTube showing them, big 
enough for them to see, take questions, play with it, I’m always there to help them.

P039, Research Nurse, Site 1

This group approach was perceived to be a potentially efficient approach of delivering training for 
sites, but the additional social aspect of the training environment was also expected to be helpful for 
patient participants.

It would probably be easier if we just had an I-TRAC demo and just brought everybody on the same day 
to do training, or maybe did group training with the patients rather than individually. That would be 
something that would save time, so one person can maybe teach three or four people at the same time 
and maybe those people have a bit of support as well because they’re all part of the same study . . . People 
with conditions can feel isolated sometimes if they think they’re alone, but if they have a group where 
maybe they come to the clinic once a month, like you say, it’s a social thing. I know older patients love 
coming, getting tea and biscuits and a chat, that’s why it takes so much time!

P038, Research Optometrist, Site 3

Several aspects of training for site staff, directly related to the intervention devices themselves, were 
also suggested as areas of improvement for the future. Increased provision of more detailed technical 
information on the devices, what they are measuring and how they work, were suggested as ways of 
improving site staff confidence not just in the devices but in their ability to answer patient participant 
questions about the technologies being explored: ‘I think more clarity in what that test is actually doing 
would be good, there maybe wasn’t that much information on that’ (P032, Research Optometrist, Site 3).

Site staff were generally in agreement that they would like to see more training opportunities to increase 
the time they could spend practising using the devices and practising training another person to use 
the device, so as to increase their familiarity and confidence with the devices. Site staff also suggested 
several benefits of having spare equipment on site, such as that staff can continue to practise with the 
device while participants are home monitoring, and it would be helpful in supporting participants when 
they contact for help with their device over the phone.

I don’t know if this is doable in terms of resources, but to have a device, one of the [tonometers] on site 
that we get to keep to solely use as a practice device, and then if we’ve got new staff coming on board or 
whatever we’ve always got something there that we can do in-house training for people.

P033, Research Optometrist, Site 3
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Pragmatic considerations for the delivery of site training also included ensuring a suitable training 
environment is made available at site for the training session; as was reflected on by one site, space can 
be limited at NHS sites.

There wasn’t much space for them [a suitable room for the commercial trainers to deliver training at site] 
here. It didn’t really hit off very well initially. Do you know what I would have liked? If we could have all 
gone to a wee training course, you know, meeting up with the other people. I know the budget is only so 
much but if we’d done a training course with the other people where we could all ask questions, take our 
time and been shown how to use it, we could take notes and things like that as well and then try and start 
a wee bit earlier.

P039, Research Nurse, Site 1

Multisite training days, where staff from across sites get together off-site to complete their device 
training, was mentioned as a preference by several site staff participants.

I think it’s something I wouldn’t necessarily think would need to be an organised event, but it’s something 
I’d recommend for future sites is familiarising themselves with the devices, maybe just letting them use 
some of the probes, just actually go through, ‘This is how the device works. If I’m going to use this, this 
is how I use it’, show it, get all of the members of the team used to how it works so that then they can 
explain it to patients quickly, because when I learnt how to use it, it was just the one meeting, I think was 
the only person who had it demonstrated on, and then from then it was just, ‘Now you’ve got to show 
patients how this works, and actually having a bit more experimentation in the meantime might’ve been 
useful, yeah’.

P031, Research Assistant, Site 2

Impact and influence of COVID-19 pandemic on perceptions of acceptability to 
patients and clinicians
Site staff were asked to discuss whether they believed the COVID-19 pandemic had any influence 
on recruitment to I-TRAC. No instances were reported where the pandemic appeared to influence a 
participant’s decision to participate. It was noted, however, that the pandemic may have made some 
patients more amenable to the use of technologies, through increased familiarity gained by using them 
during the pandemic to stay in touch with friends and family and use of remote health consultation 
services. Our PI in site 2 reported that more patients were now being seen in virtual clinics post 
pandemic, as patient care pathways have changed due to the pandemic, and as a result this could be 
said to have made recruitment easier as the more stable patients were available to be recruited from one 
clinic, as opposed to searching multiple clinics.

I wonder, just add to that, whether patients might be more happy to try technology and might be . . . I 
think there were certainly some people that had never used an iPad and Zoom before and now they do 
to talk to relatives and maybe, so maybe it helped, and people might’ve been worried about coming to 
clinics and, so the idea to monitor disease at home might, they might’ve been more open to that than they 
would’ve been before the pandemic.

P036, PI, Site 1

Table 19 provides a summary of the strengths and weaknesses of I-TRAC perceived by site staff. Table 20 
reports a summary of site staff suggestions regarding a future evaluation of digital technology for home 
monitoring glaucoma.

Chapter summary

The findings from the mixed-methods study of intervention acceptability demonstrate that for both 
patient participants and site staff tasked with delivering I-TRAC there were many positives and the 
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intervention was deemed broadly acceptable. Overall, the I-TRAC study recruited well, recruiting 95% 
of its proposed sample size (42 of 45) in the planned recruitment period (November 2021 to 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 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.

TABLE 19 Site staff perceptions of strengths and weaknesses in conducting the I-TRAC feasibility study

Strengths: things that went well Weaknesses: things that could be better

Study protocol and supporting documents (e.g. training manuals) 
allowed effective delivery of the study

Commercial partner training did not prepare staff 
for reality of training patient participants to use 
the handheld tonometers

Many patient participants were accepting of and willing to try 
the technologies for home monitoring, making recruitment 
straightforward

Logistical issues in returning equipment and 
organising follow-up appointments

Strong buy-in and acceptability from site staff across the three 
selected sites

Representativeness of sample: glaucoma patients 
of ethnic backgrounds other than white and 
those less familiar with technologies

No evidence of increased patient participant anxiety in relation to 
study contacts

Research governance issues delaying opening in 
two out of three sites

Study perceived as low burden in terms of visit schedule

Patient participant training generally went well once the staff member 
had completed two or three sets of training

TABLE 20 Site staff suggestions for future evaluation of digital technology for home monitoring glaucoma

Key design and conduct changes suggested by site staff for future RCT

Design

Clarify eligibility criteria – who is the ‘ideal’ patient for home monitoring of IOP and VFs together

Intervention – consider evaluating only one device at a time

Consider trade-off in maximum duration of follow-up and adherence

Software/algorithms for managing the volume of data collected by the devices

Conduct

Tech-confident team member at site

Increased site staff training in terms of time

Patient training – seek to involve carers in this process, explore making training sessions more social (group training), 
ensure trainer understands the patient/their disease and health status

Home visits – increase inclusion for those who could benefit most as they cannot attend clinic

Ensure electronic reminders not blocked by spam filters

IOP, intraocular pressure; RCT, randomised controlled trial; VF, visual field.
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The qualitative data from the interviews and focus groups with patient participants and site staff 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 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 taken into account when considering the feasibility of future trials evaluating digital 
technology for home monitoring of glaucoma; these are discussed in more detail in Chapter 7.
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Chapter 5 Researchers’ experiences of 
conducting evaluations of digital technologies 
for home monitoring health conditions

There was a requirement to identify key challenges and considerations for the delivery of a future 
large-scale evaluation of digital technology for home monitoring of glaucoma. In order to answer 

this research objective, we engaged with research teams involved in carrying out research studies or 
trials of digital home monitoring technologies (DHTs) for both ophthalmology and a range of other 
health conditions.

Methods

Study design
Online semistructured qualitative interviews with researchers who had been involved in conducting 
evaluative studies or trials of DHTs across a range of clinical specialties, including ophthalmology but 
also other health conditions.

Sampling and recruitment
Our sample size was informed by the five key principles of information power: broad or narrow study 
aim; dense or sparse sample specificity; application or not of established theory; quality of the dialogue; 
and finally, whether case or cross-case analysis.49 Informed by literature and our Project Management 
Group, it was agreed that three to four studies and six to eight participants would be sufficient to 
address our research objectives.

Chief Investigators and Trial/Study Managers of study/trial teams that have been involved in evaluating 
digital technologies for home monitoring of eye disease or other diseases (either as feasibility, pilot 
or full-size trials) were invited to participate in an interview to discuss their experiences of running 
such studies/trials. We first sampled purposively by contacting Chief Investigators of studies known 
to the authors or identified in the literature, with attempts to match study types to those identified 
in the literature review in Chapter 6. We invited Chief Investigators to participate, and then identified 
additional participants through snowball sampling by asking them to nominate the relevant Trial 
Manager/research fellow who may also provide important insights. We aimed for two representatives 
per trial and a total of six participants. We invited several research teams from within ophthalmology 
(n = 3 teams) and outside of ophthalmology (n = 3 teams) to consider challenges common to DHTs, 
and others which may be unique to ophthalmology. All participants provided verbal consent prior to 
the interview.

We had originally planned to also interview IT staff (n = 3) within NHS organisations to explore 
organisational IT issues in relation to DHT. However, evidence of issues relating to IT that are relevant 
for DHTs was generated through insights from existing stakeholder groups. Therefore, we chose to 
interview additional participants from research teams involved in delivering evaluative DHT studies or 
trials to provide further evidence relating directly to the broad issues of future evaluation challenges.

Data collection
Interviews were conducted online (Microsoft Teams)52 by CS and transcribed verbatim. Demographic 
data were collected at the start of the interviews. Discussion was guided by a semistructured topic guide 
developed within the team and included input from a researcher with expertise in digital technology, 
to cover broad questions about challenges and solutions for running trials of digital technology for 
home monitoring. Participants were also asked about their opinions about how easy it is to scale up 
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DHT studies or trials, either to definitive trials or for implementation into the real-world setting. We 
had originally proposed that these interviews would be guided by the Consolidated Framework for 
Implementation Research (CFIR). However, following further review of the CFIR and through I-TRAC 
team discussions (supported by the SSC), it was deemed to be more appropriate to design less directive 
topic guides to capture all relevant data around the pragmatics of running evaluative studies of digital 
technology for home monitoring.

Data analysis
The six-phase Braun and Clarke approach to thematic analysis was adopted to analyse and code the 
data.53 The transcripts were reviewed several times by two reviewers, noting underlying points, ideas 
or feelings being conveyed. Transcripts were then transferred to NVivo 12 Pro46 for further analysis. 
The underlying points, ideas or feelings noted in first review were noted as codes. These codes were 
reviewed for themes – broader ideas linking the individual codes. Themes were constructed inductively 
(e.g. what types of challenges and solutions were reported) and then deductively (e.g. what did 
participants say about a given facilitator or challenge), noting potential relationships between themes, 
until a clear framework of inter-related themes, that could explain much of the data, was proposed. 
A coding dictionary describing the themes was developed and updated throughout the analysis (see 
Appendix 7).

Results

Sample characteristics
Twelve researchers were invited, with eight researchers interviewed (66.7% response rate): three 
Chief Investigators, four Study/Trial Managers and one Study Coordinator (who worked under one of 
the recruited Trial Managers). Of the four who either declined or did not respond, three were Chief 
Investigators and one a Trial Manager. All researcher participants had experience in DHT studies or trials 
within the UK, with some researchers working across a range of disease areas. The trials they worked 
on involved using digital technology to home monitor a range of health (mostly long-term chronic) 
conditions, including diabetes, hypertension, chronic obstructive pulmonary disease, COVID-19, age-
related macular degeneration, glaucoma, alcohol addiction, and skin cancer. Table 21 shows further 
demographic information.

TABLE 21 Researcher demographics (n = 8)

n

Occupation Chief Investigator 3

Trial/Study Manager 4

Study Coordinator 1

Age < 40 years 3

40–49 years 3

50–59 years 1

60 + years 1

Gender Male 5

Female 3

Ethnicity White (all) 7

Asian (all) 1
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Findings
Despite the challenges researchers reported they encountered during the trials, the majority (n = 7) had 
positive attitudes towards digital technology research. Researchers emphasised the possible solutions to 
address the challenges they encountered rather than focusing on the challenges themselves.

All researchers described a number of challenges they had experienced in setting up and conducting 
DHT home monitoring studies or trials. However, they also presented examples of good practice 
(solutions) that helped, or could help, mitigate these challenges. These challenges and solutions fell 
under six major themes: stakeholder acceptance of technologies; understanding the devices and 
predicting potential technical problems; resource planning; peripheral infrastructure – institution ethics 
and funding; committed and supportive commercial partners; and digital exclusion. These themes, and 
the associated challenges and solutions, are reported in detail below and illustrated in Figure 3.

Stakeholder acceptance of technologies
Similar to trials evaluating other interventions, most researcher participants (n = 7) reported challenges 
recruiting and/or retaining participants. This was described in relation to recruiting both patients and 
site staff/clinicians and concerned the acceptability of the digital technologies being studied by these 
central stakeholders. The key challenge for DHT studies or trials related to recruiting and retaining 
representative samples. Researchers frequently reported non-representative samples, over-represented 
by individuals who were highly educated and had previous access to technology and the technological 
confidence to participate.

[T]here was positivity from a lot of participants and a willingness to take part, but when we look at our 
demographics we’re obviously looking for evidence of inequalities and the ones that you would expect 
are there, sort of higher education, white, British as opposed to those that chose not to take part and in 
particular with respect to exposure to previous technology, about 66% had a smartphone, about 85% had 
internet in the home, so all of those for that demographic are much higher than the national average.

P021, Chief Investigator

Patient acceptability
Low digital literacy skills, anxieties about using technologies, difficulties understanding how to use 
technologies, and no or low support at home to assist participation were commonly reported by 
researchers as reasons for patients choosing not to engage with DHT studies or trials.

So we got quite a lot of, ‘No, sorry, I can’t’, or, ‘Sorry, I tried but I can’t manage this, it’s just giving me too 
much stress and hassle’, or, ‘Sorry, I need my son to help me but he’s not around because I can’t use a 
computer’. So there was a lot of . . . I would say probably, you could probably say about a third of them 
were very happy and capable and able, a third were willing and needed assistance and the other third 
were probably like you don’t even ask.

P028, Trial Manager

Researchers described how these issues reflected low acceptability of DHT from the patients’ 
perspective, resulting in a lack of willingness to participate in studies or trials of this type. Several 
researchers reported how DHT study or trial populations were over-represented by younger, more 
educated, white participants – a finding that, while not dissimilar to issues across research fields, 
researchers felt was more difficult to overcome in evaluating DHTs due to generational differences in 
ability and perceptions of technologies. A further impediment to recruiting patients was the assumptions 
made by clinicians or site staff about patients’ willingness and/or ability to take part in DHT studies or 
trials, often making judgements based upon age (i.e. perceiving their patient group as too old to use 
technologies and anticipating barriers to participation prior to discussing with patients). Researchers 
frequently reported how sites varied in their attempts to offer DHT study/trial participation to as a great 
a number of participants as possible. Some researchers highlighted selective approaches and offers, 
stating that many of their patients would not be able to use technologies or would not be interested.
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. . . well identifying patients that were eligible wasn’t necessarily a problem because that’s irrelevant 
whether or not they wanted to take part in the study or not, it’s I think the sites, some sites were more 
selective with who they approached depending on how they felt the patient would cope with it, and 
some sites were . . . would approach anyone who was eligible and try get them on board. In a lot of 
ways the latter was better because you get a better picture, but we still had a lot of rejection because of 
the technology.

P023, Trial Manager

Clinician and site staff acceptability
It also became apparent that there were a number of barriers put up by clinicians in agreeing to 
host DHT research at their site. Researchers discussed how a lack of supportive evidence on the 
effectiveness and benefits of the technology being tested contributed to the lack of staff/clinician buy-
in. In some circumstances, clinicians challenged the benefit of the intervention, questioning what value 
the digital intervention had for them personally, and at times for their patients.

And the other beauty was that we were able to search the records to look at the number of face to face 
consultations, and we were able to demonstrate that there was a significant fall in face to face consultations 
in the group that were being managed that way, a 25% reduction in all face to face consultations. Once you 
have this sort of data and you can show this to people, they start to get interested . . .’

P026, Chief Investigator

If clinicians did not see that the digital technology would make their life easier – that is, if they perceived 
the technology to be cumbersome, time-consuming and not leading to a clear improvement for the 
patient – they would be reluctant to participate.

. . . the main thing is that the equipment works. That’s really, really important that it works and is reliable. 
If you’re a busy ophthalmologist, a busy GP and it just doesn’t work a couple of times, you’ll think, ‘Stuff 
this’, and you just won’t use it, you know? Even an enthusiast, after a while, they might like you and say, 
‘We’re doing our best here but I’ve got a busy life and I can’t be bothered with this’. It’s really important 
that it works.

P026, Chief Investigator

Researchers reported that many of these acceptability issues, believed by the researchers to inhibit 
recruitment and retention, could be enhanced in DHT studies or trials through several mechanisms. 
Ensuring the technology has a clear purpose and is as simple to use as possible, with minimal steps and 
actions, and that this is communicated clearly to clinicians, can aid buy-in. The importance of simplicity 
was also echoed in relation to improving the acceptability of DHT for patients.

For the [study name] the patient population, the average age was, I think it was 74 and, so that hugely 
impacts how that patient population should be approached for the trial because the main reason for not 
being interested in taking part was being put off by the technology. So that . . . you will need to consider 
how best to approach the patient population without putting them off. We had training sessions for an 
hour long where the site would demonstrate the technology, go through it, but it’s still a lot to take in and 
obviously we weren’t just testing one device, we had a paper journal plus two apps, plus a MiFi device, it 
was a lot to take on. So I feel like yeah, considering the patient population is really important, and also not 
to overwhelm them. I appreciate if a trial’s being set up and you want to measure as much as possible, but 
keeping it to one device or one test is the easiest way from a patient perspective, yeah.

P023, Trial Manager

Exploring the needs of stakeholders early in the development of the technology, and building these 
into the design, was considered important. Many researchers felt using technologies they (clinicians 
and patients) are already familiar with aids acceptability. However, this issue may be a double-edged 



72

NIHR Journals Library www.journalslibrary.nihr.ac.uk

RESEARCHERS’ ExPERIENCES OF CONDUCTING EVALUATIONS OF DIGITAL TECHNOLOGIES

sword, linking with ‘digital exclusion’, discussed later in this chapter. Also, many believed that recruiting 
patients face to face in a clinical setting, demonstrating the technologies, helps with training coherence. 
In relation to the training to be delivered, multiple pilots of training materials were considered a good 
approach to ensuring the final training programme is effective and acceptable to patients and clinicians. 
Contextually, many considered that the COVID-19 pandemic helped with both clinician and patient 
acceptability through increased interest, motivation, and confidence in using technologies. The value 
of digital technologies was also perceived by researchers to have increased for patients and clinicians; 
DHTs have offered a lifeline for remote monitoring when hospital visits were not possible or were 
undesirable due to COVID-19 risk: ‘So basically have a system where you only have one click option so 
they can’t click on the wrong thing, that’s ultimate necessity’ (P028, Trial Manager).

Some researchers reported how selecting a research site experienced in running DHT studies/trials 
may be beneficial. One participant described this as identifying research champions, those who are 
motivated and enthusiastic enough to see new DHTs through the early testing period where many 
problems are anticipated. These champions were less likely to give up at the first hurdle and set the path 
for future implementation. This was considered good practice for facilitating feasibility or pilot studies 
of DHT. As was stated, busy clinicians often drop challenging studies at the first hurdle. Additionally, 
researchers reported that the involvement of researchers from communities and ethnicities that were 
under-represented in recruitment helped to balance the representation.

It’s really good if you can get champions, so if you can get a few people who are tech enthusiasts who 
will get this thing going, who don’t mind if it’s going to be difficult in the first – there’ll be bumps in the 
road. We always did this, we would pick a few practices, for example, where we knew the people there 
were reasonable folk that understood technology, that understood that this was not perfect, you know? 
We would say that to them at the start, ‘You are helping us develop this. We know there are going to be 
bumps in the road and the reason we have chosen you is because you’ve got that approach and that you 
will be prepared to put up with this and you will feed back. You know that we will take what you say and 
make changes as a result of that’. I think that’s really, really important. Try to as much as possible involve 
the early people in this as much as you can in the actual design and running of this, continually feed back 
to them. We always kept feeding back to people, ‘Has anyone come up with an idea? We’ve heard that 
this works, this is another way of recruiting people’, you know, this sort of stuff. ‘Here are the numbers, 
these people have managed to recruit this number of people. Let us know what trouble you’re having, we’ll 
see if we can sort it out’, and respond quickly every time . . . .

P026, Chief Investigator

Understanding the devices and predicting potential problems with the technologies
A number of problems related to the technologies researchers had tested were reported, typically in 
relation to hardware, software, accessories (e.g. chargers), and technical issues (e.g. passwords).

There were some issues with passwords which we thought we had solved at the start. There were some 
of the laptops that had password renewals that came into play after the first six laptops that were issued. 
We had to give instructions about how they could change their password. So although we thought we had 
turned that off we hadn’t done so, so for the final 14 or so we were able to ensure that they didn’t have 
that password notification come up on their laptops.

P025, Trial Manager

While problems are specific to individual technologies, a number of issues are likely applicable to many 
DHT studies/trials. Common issues reported by researchers included compatibility of software with 
different devices, outdated applications requiring frequent updates, managing mass number of remote 
devices, and connectivity issues (internet, Bluetooth to submit and receive data).
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[T]here was an Apple update then that it messed with the apps and then there would be a period when 
they couldn’t use them and that sort of tech stuff, there was a few issues throughout the study follow up 
time where there was just periods where the participants weren’t able to test due to tech problems.

P021, Chief Investigator

Researchers reflected on how a number of these technical problems encountered could be mitigated 
through utilising familiar devices and simplifying technologies (as discussed in Stakeholder acceptability 
above), such as minimising opportunity for error by reducing the number of options participants can 
choose. However, a recurring subtheme was the lack of foresight as to what DHT studies/trials would 
involve to set up and deliver.

I think when we first . . . we got the iPods and we thought it would be a case of just turning them on, 
downloading two apps and giving it to the patient, but it turns out it’s not as simple as that.

P023, Trial Manager

It became evident across the interviews that researchers felt they had opened DHT studies or trials 
without really understanding how the technologies worked.

I think anything that’s tech based has to be very closely checked first of all for the potential for breakages 
or software errors or problems with the device . . . I would think that from a tech versus non tech 
perspective you would have to have all your options covered for the unknowns which are more so than 
other non tech based studies.

P025, Trial Manager

Several statements from researchers reported that they felt many issues would have been prevented, or 
resolved more efficiently, if they, or another on the research team, had more knowledge of technologies. 
This led to a suggestion from most that research teams need to have digital expertise within the team 
from the very beginning, concept development stage, whether provided internally (within the institution) 
or externally (such as commercial partners).

In terms of leadership I think it would be very useful to have someone with experience in the trial group, 
some who are experienced in setting up devices and all that because the trial team consists of a trial 
manager, a statistician, a database manager, a qualitative researcher and none of these people are 
particularly clued up on how to set up Apple devices for example. So I think yeah, you would want to have 
someone like that within the trial team.

P023, Trial Manager

It was also suggested that feasibility studies have an important role to play in ensuring all stakeholders 
understand the technology and that potential problems with the digital technologies are identified and 
resolved at a very early stage, prior to progressing to trial. Below is a quote from one Trial Co-ordinator 
discussing this when reflecting upon the numerous problems they encountered with the devices being 
studied in their trial.

I think some kind of pilot study or feasibility study would’ve been very useful in identifying some of the 
issues and they’re addressed before we go into a full trial or a full study; hindsight.

P023, Trial Manager

Resource planning
Across researcher accounts, the under-resourcing of DHT studies/trials was repeatedly mentioned. 
The complexities of setting up and distributing technologies placed significant time demands upon trial 
managers and research fellows who were often unfamiliar with technologies, which likely worsened the 
time-consuming nature of these activities.
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The intervention took a lot of setting up, you know? I think we were probably under resourced, I think 
we probably needed more resource than we actually had to set up the technical infrastructure and 
architecture of the intervention. So the complexity in setting that up.

P027, Chief Investigator

For some, these activities were delegated to sites; however, research site staff were frequently unable 
to accommodate this around their routine clinical research roles and often pushed back to the central 
research site. Another significant demand upon trial managers’ time was the provision of support to both 
site staff and participating patients.

[W]e had a single mobile phone included to act as a patient helpline and the calls to that were 
considerable and that was a huge massive resource but I don’t think we had fully anticipated how much it 
would be used and how necessary it was.

P021, Chief Investigator

Most reported feeling as though they were running a support helpdesk, which in addition to time 
demands was at times frustrating for study/trial staff as they generally felt unprepared to provide this 
support. Researchers reported feeling as though they did not know the technologies any better than the 
site staff or patient participants, and resources for ensuring adequate support were required.

As a trial manager you’re quite busy and then to then have to deal with a technical support helpline, it was 
actually quite time consuming and difficult because you’re trying to resolve issues over the phone with 
elderly patients and it can be quite difficult to resolve issues in that way. So I think if you’re implementing 
a digital technology you have to have factored in support from the start and that can be with a helpline, 
with regular calls going to patients. We tried to . . . every now and then we would try and call patients for 
whom we haven’t received any data after a certain amount of time, and, so that was another thing that 
we hadn’t particularly considered but was time consuming, and also support to the sites, they’re the ones 
training the patients and, so they also needed technical support. Then from the trial management point of 
view, I personally didn’t set up the devices because they were based in [city name], but there was someone 
there who’s actually the qualitative researcher, the responsibility fell to them to set up the devices, which 
was completely out of their job description. So yeah, factoring in costs and resources for device set up and 
device support.

P023, Trial Manager

The challenge of providing this support depended upon the study/trial population. For example, it was 
difficult to provide support to technologically inexperienced users remotely over the phone.

I think sufficient support is really important. It depends on I think obviously the patient population and 
my experience is with age related disease so they’re an elderly bunch and, so they need technical support, 
well a lot more than the normal population, and also providing support to the sites. I think yeah, any 
trial using digital technology will require some level of support, some more than others, so I think that’s 
really important.

P023, Trial Manager

Balancing providing this support with time demands for addressing unexpected technical issues (as 
discussed in Understanding the devices and potential problems) and more routine study/trial management 
activities was a frequent challenge. In addition to the time and human resource demands, several issues 
were reported in relation to the financial resourcing of DHT studies/trials. Researchers often reported 
unexpected costs connected with the technologies, many of which were related to lack of researcher 
experience with technologies (as discussed in Understanding the devices and potential problems). For 
example, the need for multi-device management licences – which, while beneficial for the study/trial as 
they allowed important functions like sending out updates automatically, were an unexpected significant 
cost which went beyond planned budgets – led to the use of less optimal alternatives.
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. . . so the Apple, the fact that we were using Apple devices so they needed multiple device management 
system, which we hadn’t costed for in the grant, so we then had to use the standard Apple one, which had 
particular constraints

P021, Chief Investigator

Factoring in requirements for spare equipment, particularly accessories (such as replacement chargers) 
that were expected to get lost or broken, was also cited by researchers. A further complexity of resource 
planning was reported as the unpredictable changes in technology costs and availability. One researcher 
highlighted that while technology costs are expected to reduce over time, this is not always the case, 
‘I think technology gets cheaper over time but I guess costing is a factor because certain things get 
cheaper but certain things get more expensive’ (P025, Trial Manager).

Researchers recommended that future DHT studies/trials carefully plan resource requirements, 
especially in relation to the time and human resource to manage technical support required by 
participants and sites. There was also a belief among researchers that more resource-efficient ways of 
delivering technical support be explored. For example, apps could have inbuilt help sections that are 
easy to access and understand.

I’m just trying to think of ways around the support without burdening the clinicians further, it’s having 
patients help themselves, it’s self-taught. A little practice or a little demo that’s in there, so again the app 
itself, make a game of it; take people through and show them, okay, you want to enter these data here. 
Where do you go? It’s got a little button flashing and boink, and we reiterate, now where do you go? But 
this time the button doesn’t flash and it’s all about inbuilt training of getting people used to the layout and 
where the steps are. Little videos, for the trials we often try and have little, short ones, almost like Twitter 
snapshot training videos. Anything from little cartoons with a voice-over to handheld actual physical 
videos. Then maybe testimonials from patients who have used it. Top tips from people who have actually 
used the blooming thing.

P022, Trial Manager

Ensuring adequate feasibility testing of technologies, as suggested in Understanding the devices and 
potential problems, was reported as one approach to improving resource planning for DHT pilot studies 
and full-size trials in the future, allowing researchers to monitor resource needs on a smaller scale, prior 
to scaling up.

Peripheral infrastructure: institution, regulation and funding
Researchers discussed several challenges imposed by, or made more problematic through, insufficient 
support from peripheral infrastructure systems such as academic institutions, regulatory bodies (e.g. 
research ethics) and research funders. For example, several researchers reported that their academic 
institutions were not set up to provide the technical expertise required to run DHT studies/trials.

[W]e worked with the computer scientists and result of enthusiasm about getting that going, but the 
actual support provided to those of us working in digital health, there’s not a great deal about actual 
practical go-to sought-out support. We saw . . . this sounds a bit moany but we visited a unit in [city name] 
that were developing digital applications and, to be quite honest, the actual applications that they were 
developing were no better than anything I’ve seen around here. They’ve just got that team of their own 
programmers that they can access and can help them with that sort of stuff.

P027, Chief Investigator

The additional and often complex movement and storage of patient data which frequently occurs 
in DHT studies/trials posed challenges when navigating regulatory bodies. For example, several 
researchers reported having ethics approval difficulties due to the monitoring devices collecting data 
in patients’ homes and transmitting data via third parties, potentially breaching patients’ safety, data 
security and confidentiality.
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GDPR, the data protection impact assessment, the risk assessment around personal data was a huge 
thing for our sponsor . . . and so it took a long time to show them that’s it’s okay . . . because of the 
personal data aspect it’s all being collected on a widget that’s outside of their control, your control, it’s in a 
patient’s home

P022, Trial Manager

This was reported as becoming even more problematic for multisite studies, where each geographic 
regional approval body may have different information governance, research and development processes 
for studies/trials involving DHTs.

The IT governance thing is a bit of a nightmare, you know? And it’s absolutely bizarre that a country like 
Scotland, how you have to go through this 13 or 14 times, everyone has different questions, everyone 
has different ideas, everyone has different ways of using the software. We did this recently with a piece of 
work we did on tele Covid, which is a method of monitoring Covid at home. Oh, it took forever, you know? 
The epidemic was almost over by the time we got permissions, you know?

P026, Chief Investigator

A fundamental problem for DHT studies/trials expressed by researchers was the clash between the fast 
pace of technologies and the inflexible and time-consuming research infrastructure, which resulted in 
lengthy delays awaiting approval for changes, and as reported by some, contributions to research waste. 
As reported by two researchers, the duration between research grant application, research grant award, 
regulatory approvals and opening a trial could be several years, by which time the technologies proposed 
for evaluation are no longer current.

I think the other challenge was, again, the technical side of things, it wasn’t a particularly mature 
intervention that we were trying to get set up, it was kind of out of date by the time we were setting it up 
and it needed to be updated . . .

P027, Chief Investigator

Another reported contribution towards waste in DHT research is the lack of stopping rules, which 
are common in other trials (e.g. drug trials). These rules give clear criteria to stop when there either 
appears to be no benefit, or in the event that a better treatment becomes available. One researcher 
argued that this should also apply to DHT studies/trials if a new and better technology becomes 
available. The solution proposed by several researchers is to develop a more agile and responsive 
funding and regulatory system for DHT studies/trials, one in which research protocols can be changed 
and implemented quickly and where minor changes in technologies no longer necessitate significant 
resource to approve and implement.

So I think there’s bound to be a more efficient way of getting the answers that you need quickly and 
making sure that research resources et cetera, et cetera, aren’t squandered in the process and people’s 
time and effort and all of that. So yeah, that’s kind of . . . and the amount of time that it takes from 
an HTA . . . ours was a commissioned call and it went through various iterations and then by the time 
contracting(?), all the desperately long drawn-out processes that are necessary in a big NIHR trial it’s just 
the complete opposite of how this kind of digi-health thing works.

P021, Chief Investigator

If Apple decide to make a change and therefore the provider of the app has to make a change in 
accordance with Apple’s change, then do you have to go back to the start again? These questions need to 
be sorted out. Your phone is updating itself every three months, you know? You can’t be going back to the 
MHRA every time.

P027, Chief Investigator
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A more streamlined approach to approving data management and assessing data risks and security 
is also necessitated. From an academic institution perspective, more networking of DHT researchers 
alongside IT and technical specialists was proposed as an important step towards improving the quality 
of DHT studies/trials and would help prevent and resolve a number of technical issues (as discussed in 
Understanding the devices and potential problems).

Effective relationships with commercial partners
For researchers involved in delivering DHT studies/trials with commercially developed technologies, 
relationships with commercial partners led to several challenges. These were, namely, delays in receiving 
technical help to resolve problems, delays in access to data, removal of support following a company 
decision to withdraw a product from market, and support withdrawal following the commercial partner 
being acquired by another company.

[O]ne of the companies got bought by another company . . . it made things a bit complicated for a while. 
The other app, the company that owned it discontinued it. So they continued running it for our trial but 
support was absolutely minimal because they were discontinuing it.

P023, Trial Manager

One researcher also raised the challenges of maintaining good relationships with commercial partners 
when results fail to demonstrate evidence of benefit of the technology under evaluation.

But in COPD [chronic obstructive pulmonary disease], it was very clear it didn’t work at all, it just doesn’t 
work, you know? Didn’t reduce the number of admissions to hospital, it increased workload, you know? It 
was no good. I’ll tell you, you’re never very popular when you come out with a result like that, particularly 
with tech companies, they are really cheesed off.

P026, Chief Investigator

For researchers, these problems emerged due to having poor relationships and communication plans 
with commercial companies, and a lack of, or poorly termed, contractual agreement with commercial 
partners. For researchers who felt commercial partnerships had been beneficial, clear contracts, 
enthusiasm, willing support and investment from the commercial partner were critical components 
of this relationship. It was also highlighted by some researchers that large commercial partners have 
significant human resource dedicated to supporting DHT studies/trials, not just in relation to technical 
support, but on the regulatory support. For example, one researcher reported how their commercial 
partner facilitated all ethics and R&D approvals, using their own experience and expertise to navigate 
this efficiently and freeing up the research team to focus on their own expertise, trial design and set-up.

. . . just even from working more closely with them you’re getting more of an insight of how a health type 
start up works and the processes and the agile situation that they have and ways of doing things quickly 
and efficiently.

P021, Chief Investigator

One researcher reported how she felt commercial technology companies are more motivated than 
pharmaceutical companies, as often the product is their main focus for business development due to 
their limited portfolio of products.

They seem to be much more engaged and enthusiastic and interested than, I don’t know, a thumping great 
pharmaceutical company that seems to begrudge giving their tablet for an academic site to go and test. 
But I think some of it is also that the company relies on the outcome of this. That’s where it’s different to 
a thumping great pharmaceutical company who, they’ve got loads of products, they’ll keep the money 
rolling in, whereas this company . . . I think they do have other apps and things, but this is the one that’s 
their newest I think, they want to test it properly.

P022, Trial Manager
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The relationship the research team has with commercial partners appears to be an important 
one, and one in which researchers reported that having a clear contractual agreement outlining 
agreed expectations and requirements from both parties was key in reducing some of the burdens 
they encountered.

. . . some form of agreement with the third parties or the app developers to make sure that if certain 
things need to be changed that they are there . . . they will be willing to provide support and make certain, 
obviously they can’t change everything, but to make some minor changes.

P023, Trial Manager

Digital exclusion
Frequent concerns were raised by researchers about study or trial design leading to digital exclusion of 
participants, which was perceived to lead to recruitment difficulties and unrepresentative samples that 
fail to reflect the disease population being targeted. Among researchers interviewed, this arose from 
participants lacking personal devices such as smartphones, and/or lacking access to the internet.

So again, it’s that thing of then how you think hard about preventing the digital exclusion because if I was 
redoing [study name], there is part of me would say you don’t even attempt to give people new devices, 
you just use their own smartphone or, and then you cut out so much of the . . . there isn’t issues about 
somebody with familiarisation to a new device. But yet then on the other hand then you still then have 
that whole big problem of the digital exclusion. So I don’t have an easy answer as to how that works or 
whether you just accept that there is a batch of people that you can remove from your follow ups or see 
less and that will help everybody else and just make sure that the people that then aren’t part of the home 
monitoring thing are still being seen by a speciality. So yeah, it’s a tricky balance with that.

P021, White, Chief Investigator

It struck me, it was actually our Steering Committee, so our Chair there pointed out that 80% of the 
problem with alcohol related liver disease is in the 20% lower socioeconomic group, and who’s less likely 
to have a smartphone? You can’t say that they won’t, but it’s just that on average, so there is something 
about still being able to reach everybody, our NHS, free at the point of care for everyone and I know 
that . . . because we did discuss providing smartphones if some didn’t have their own but that was quickly 
vetoed because people need to be familiar with the technology.

P022, Trial Manager

While researchers agreed that device familiarity was important and allowing participants to use their 
own devices as far as possible was seen as helpful for engagement, the concern about excluding those 
who did not possess such technologies was evident. Providing devices was the obvious and frequently 
reported potential solution. However, as reported by many, lack of familiarity replaces the problem of 
lack of technology, and many doubted whether it would help. This option was also reported as including 
significant financial costs.

. . . because if they’ve got the tech then they’re used to that tech and they know how to use . . . and we’re 
all the same, I know how to use my phone, it’s an iPhone, whereas if you give me your Samsung I’m lost, 
I don’t know what to click, what to do with it. So if you’re signing me up to the study and then you give 
me a new laptop or a new tablet on top of that I’m like, ‘Okay, firstly, I don’t know what I’m doing, and 
secondly now you’ve given me something else new to play with’, which again, makes matters worse, so 
I don’t think that’s going to help in that aspect. The ones that didn’t have the tech, I don’t think giving 
them the tech would help because I would say they don’t have the tech for a reason, as in they’ve chosen 
not to . . .

P023, Trial Manager
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Access to the internet, so often required in DHT studies, can also be a problem. One researcher reported 
how they tried to overcome this by providing a second device allowing the primary device to connect 
to the internet regardless of what the participant has available. However, rather than reduce digital 
exclusion, this seemed to increase it; the second device only added more complexity and resulted in 
a number of participants dropping out of the study. The agreed problem of digital exclusion, as yet, 
remains without recommendation.

. . . even with us trying really hard, because we provided not just the device . . . but we also provided a MiFi 
device with a mobile contract for internet access, so that was our attempt at trying to avoid the digital 
exclusion, but you can see that it’s still there. So I think one of the biggest challenges is addressing that in 
whatever way you do a bigger study.

P021, Chief Investigator

For some, digital exclusion was anticipated to be less of a problem in the future.

Well I think as we move forward in time it’ll be a lot easier for a patient to do it on their own device and as 
the population becomes more technologically literate that will be more and more acceptable, and I think 
patients will be more open to that.

P023, Trial Manager

For now, the challenge of overcoming digital exclusion remains, without solution, for many of 
the researchers.

Chapter summary

Although researchers reported multiple challenges encountered while carrying out DHT studies/
trials, they also had many suggestions as to how many 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 DHT studies/trials encounter a number of challenges impacting on the successful design, conduct, 
and delivery of DHT studies/trials and potentially leading to wasted research efforts. This broader 
exploration of feasibility issues surrounding DHT studies/trials highlights significant agreement about 
critical trial design and conduct issues that require consideration in DHT studies/trials.
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Chapter 6 Developing a conceptual framework 
for the economic evaluation of home 
monitoring glaucoma

This chapter reports on the work conducted to address the research objective to developing a 
conceptual framework for the economic evaluation of home monitoring for glaucoma. Three 

areas were explored to define the framework: (A) the resource use implications of introducing home 
monitoring for glaucoma; (B) the drivers of patient preferences as sources of patient utilities; (C) the 
feasibility of the decision modelling approaches to incorporate home monitoring as a comparative 
strategy using a structured literature review.

Economic evaluation is the comparative analysis of two or more healthcare strategies in terms of both 
their cost and consequences. As this is a comparative analysis, the interest of the analyst is focused on 
the drivers of the difference in cost and consequences. This explains the exploration of areas (A) and 
(B). Moreover, decision-analytic models are usually needed to synthetise all the available economic 
evidence; this explains exploratory area (C). The next sections present the work conducted, with 
methods and findings. These are followed by a synthesis of the findings (Section D) using the framework 
proposed by Gomes et al. for the economic evaluation of digital health interventions (DHIs).54

Resource use implications of introducing home monitoring for glaucoma

We explored the resource use implications of home monitoring by obtaining the views of:  
(1) clinical experts not directly involved in I-TRAC; (2) clinical staff from the I-TRAC sites;  
and (3) I-TRAC participants.

Methods

Data collection
Previous chapters described the focus group discussions with clinical staff not involved in I-TRAC, expert 
glaucoma clinicians (see Chapter 3), and I-TRAC site staff (see Chapter 4). Patient participant interviews 
were conducted alongside the staff interviews to understand the feasibility of glaucoma home 
monitoring from patients’ perspectives (see Chapter 4). As part of their interviews, I-TRAC participants 
were asked to verbally answer questions relevant to healthcare resource use during the glaucoma home 
monitoring, which included: (1) whether they had contacted the HES about glaucoma monitoring and, if 
so, the number of times they had contacted HES; (2) if the patient had not contacted HES, a follow-up 
question was asked regarding whether the respondent thought about contacting HES; and (3) other 
health service use, such as being admitted to hospital or visiting their GP. In addition, site staff were 
asked to record any contact they had from the participant throughout the 3-month home monitoring 
period, including the reason for the contact.

Finally, IOP measurements from the iCare HOME tonometer were retrieved and discussed with the 
I-TRAC clinical collaborators in an online meeting. The aim was to identify how clinicians would use 
home monitoring data, and the IOP thresholds that would trigger further assessments.

Data analysis
Full details of expert glaucoma clinicians, site staff focus groups and interviews, and patient participant 
interviews can be found in Chapters 3 and 4. For the purposes of this section, the analysed data in 
Chapters 3 and 4 were re-examined and considered for any findings relevant for resource use and costs.
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The tonometer data were extracted on 29 November 2022 (cohort 1 and cohort 2, 27 participants in 
total). The original data were aggregated into a mean daily IOP measure per individual. A decision table, 
including mean, median, minimum and maximum IOP measurement from the home tonometers as well 
as the baseline characteristics (e.g. age, diagnosis and medical history) of the participants, was created 
and sent to three I-TRAC clinical colleagues. The clinical colleagues initially made individual decisions on 
which participants they would like to put under additional clinical observation and eventually see earlier 
than planned. A discussion meeting was held on 7 December 2022, during which clinicians were asked 
to make decisions regarding whether the IOP measurements from the home monitoring tonometers 
would trigger earlier-than-planned visits. In cases of disagreement after discussion, a consensus 
agreement was achieved for each case.

Findings

Resource use findings from site staff and glaucoma expert clinicians

Expert glaucoma clinicians not involved in In-home Tracking of glaucoma: 
Reliability, Acceptability, and Cost
While some clinicians believed that home monitoring could free up staff time, others stressed a number 
of situations where additional hospital resources would be needed. First, extra staff time will be needed 
to review the device data and take relevant actions. Second, unreliable data from the tonometer or data 
incompatibility with the existing medical records can increase the burden on NHS staff. Third, signs of 
disease progression from the device data may trigger contacts to HES if device readings are visible to 
home-monitored patients.

Regarding data collected from home monitoring, as the device data are currently not well integrated 
with the existing medical records, software development may be needed to resolve the issue. Clinicians 
also mentioned the potential use of AI, for example to interpret data and only highlight to clinicians 
any abnormal findings. AI may help to conduct some primary review of home monitoring data, making 
clinical decision-making more efficient.

Clinicians viewed the current home monitoring device used in the I-TRAC study as an expensive 
technology due to the equipment cost and the maintenance and patient training needed; however, 
technology advancement might help to reduce these costs. Home monitoring was also seen as a way to 
manage overtreatment and thus reduce unnecessary costs of treatment. In the current post-pandemic 
NHS environment, clinicians are uncertain on the time of the next patient assessment. Therefore, 
clinicians might opt to treat patients instead of maintaining them under no-treatment and observation.

In-home Tracking of glaucoma: Reliability, Acceptability, and Cost site staff
Several issues which may trigger further resource use were mentioned in the interviews with site staff. 
First, issues with logistics were reported, including challenges with the equipment return and booking 
appointments with patients after they finished their home monitoring period. Moreover, additional 
devices might be needed if these get lost or delays are experienced during the return process (e.g. due 
to the time needed to get the devices ready for the next patient). While these issues are important for 
any home monitoring service provision, they are particularly relevant to a future study.

Second, the resource use implications on patient training were mixed. On the one hand, site staff 
reported a decrease in staff time on patient training due to increased experience. In addition, site staff 
brought in the idea of group training, which can be more time-efficient and reduce staff time devoted 
to training. On the other hand, as participants might not fully use the provided support at the site, 
additional technical support might be needed during the monitoring period. In addition to the devices 
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being used by patients, extra devices are required to allow site staff to train the next cohort of patients 
using the monitoring devices. These requirements imply additional equipment and staff cost.

Resource use findings of patient participants’ contacts to hospital eye service
In Table 22, the findings of patient participants’ contacts to HES are summarised. Of 39 patient 
participants, 31% contacted the HES. Notably, one patient participant visited the hospital four times 
and phoned the service twice during the study period. Of those who contacted the HES, patient 
participants either chose to visit the hospital in person or phoned the HES, with a similar frequency. 
Four had other health service use in relation to their glaucoma, two of whom were routine check-ups at 
the local optician or optometrist. For site staff contacts, a considerable number of patient participants 
(i.e. 48% of total) contacted the local site during the study period. The main reason for the contact 
was about technical issues encountered when using the device or inability to use the provided device, 
with only 2 contacts (of the 20 who contacted) concerned about the high readings on the tonometer, 
which have potential to trigger contacts with the clinical staff instead of the technical support. During 
the patient participant interviews, some pointed out issues with the training received for the use of the 
home monitoring devices such as insufficient training time, space pressures, and difficulties in using the 
tonometer. This suggests that additional resources on staff time and venues for patient training may be 
needed to manage the provision of a home monitoring service for glaucoma.

Resource use findings linked to triggers for clinical action in response to home 
monitoring measurement
From inspection of the decision tables, clinicians agreed that an IOP level of 30 mmHg or higher from 
the home tonometer would trigger clinical action, likely a review of the patient’s medical records, to 
inform a decision as to whether or not to see this patient earlier than planned. Using a rule of majority, it 
is suggested that for 26% of participants in our sample, clinicians would request an earlier appointment 
due to increased risk of progression (indicated by the distribution of IOP measurements during the 
3-month study period). However, clinicians mentioned that in clinical practice a full review of patients’ 
medical history, age and other aspects of their glaucoma would be considered, and decisions would be 
based on the individual’s IOP targets instead of a general rule.

Echoing the findings from the interviews and focus groups with clinical staff in Chapters 3 and 4, 
clinicians expressed concerns on how the tonometer data would fit into the existing medical system, 
given the extensive volume of data points generated from the device. They suggested that an algorithm 
would be needed to signify possible increased risk and facilitate decision-making of further clinical 
management, for example a warning message sent to clinicians when the IOP measurement of the 
tonometer exceeds a certain threshold.

TABLE 22 In-home Tracking of glaucoma: Reliability, Acceptability, and Cost patient participants who contacted or thought 
about contacted the HES

Total number of patient participants, n 39

Total patient participants who contacted HES, n (%) 12 (31)

Frequency of visits per person (who contacted the HES)

  Hospital visit 1.7

  Phone the hospital 1.2

  Visited at home 0

Thought about contacting HES, n (%) 4 (10)

Accessed other health service related to glaucoma, n (%) 4 (10)

HES, hospital eye services.
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The drivers of patient preferences as sources of patient utilities

Methods
The perceived advantages and disadvantages of home monitoring were explored during the patient 
participant interviews as a way to identify the drivers of patient preferences for glaucoma home 
monitoring. The methods are reported in Chapter 4. The findings in Chapter 4 were re-examined to 
identify key sources of patient utilities categorised according to whether the perceived advantage or 
disadvantage directly led to gains in health-related quality of life (HRQoL) or not (i.e. non-HRQoL). The 
standard economic evaluation approach used for HTA in the UK usually incorporates only HRQoL.55

Findings related to patient preferences
The major HRQoL-related benefit of home monitoring is having control over frequency of monitoring, 
which helps to catch any early sign of disease progression, resulting in better clinical outcomes in 
the long term, such as less vision loss. Non-HRQoL-related benefits of home monitoring include 
convenience (i.e. no travelling and waiting needed compared with face-to-face consultation) and 
reduced HES visits if disease appears to be well controlled (i.e. allowing better resource allocation to 
improve the standards of health care, a type of other-regarding preference). Speaking of disadvantages 
of home monitoring, participants were concerned about the inaccuracy of the device data due to the 
devices themselves and/or participants not being able to use them properly. In either case, inaccurate 
data can lead to information asymmetry between health providers and patients, and finally cause 
delayed diagnosis of disease progression or delayed treatment. In addition, participants worried that 
they would have little chance to receive reassurance from the clinicians compared with traditional face-
to-face consultation (a non-HRQoL-related effect on utility).

Feasibility of modelling approaches: the structured literature review

In order to determine the feasibility of modelling approaches for home monitoring of glaucoma using 
digital technologies, two literature reviews were conducted. The first review was a systematic review 
of economic evaluations assessing monitoring strategies for glaucoma. In particular, we were interested 
in the methods used to translate relevant clinical outcomes from the home monitoring devices into 
long-term health economic outcomes. Also of interest were the economic modelling approaches used, 
as the particularities of home monitoring might need modelling approaches not often used in healthcare 
evaluation (e.g. condition-based Markov models). For example, a service-based model might be more 
appropriate when the proposed change has profound implications for the way the healthcare service will 
be organised (e.g. running a remote and face-to-face service simultaneously). In order to complement 
the original review of economic evaluations of home monitoring technologies for glaucoma, a scoping 
review of the literature evaluating home or remote monitoring in other (chronic) health conditions was 
conducted (the second review was not a systematic review and therefore the two parts were titled 
as a structured literature review). The next two sections present the methods and findings of the 
literature reviews.

Application of economic evaluations in glaucoma monitoring studies

Methods

Eligibility criteria

Population
The population included are adults (age ≥ 18 years) with diagnosed glaucoma or OHT (i.e. IOP > 21 mmHg).
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Intervention
We included studies conducting economic evaluation of any glaucoma monitoring strategies in any 
setting; that is, in or out of hospital.

Comparator
Eligible studies must state the group comparator (e.g. standard care or usual care) against the 
intervention group. Eligible studies can also include a situation in which no active or organised 
monitoring service is available.

Outcomes
The primary outcome of interest was HRQoL outcomes, costs and quality-adjusted life-years (QALYs).

Study type
The qualified studies must be full economic evaluations [i.e. cost-minimisation analysis (CMA), 
cost–consequence analysis (CCA), cost-effectiveness analysis (CEA), cost–utility analysis (CUA) or 
cost–benefit analysis (CBA)]; that is to say, both health outcomes and costs for the intervention and 
comparator should be considered.

Search strategy
The search was undertaken in December 2021 covering two databases: MEDLINE and EMBASE. Only 
studies published after 2000 were included in the search. Only articles written in English were included, 
and editorials and letters were excluded. Reference lists from extracted articles were hand-searched to 
complement the review. See Appendix 8 for the search strategy.

Article screening
Initial screening of titles and abstracts and subsequent full-text screening were conducted by two 
reviewers independently (HW and RH). Any disagreements between the reviewers were resolved 
through discussion within the project team. Reasons for exclusion were noted and reported using the 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement.56

Data extraction and analysis
The following data were extracted from all the studies included: reference, authors, year of publication, 
studied country, patient population, study perspective, intervention and comparator, time horizon of 
the trial, analysis type, method of evaluation, the role of clinical outcomes (VF and IOP) in the economic 
evaluation, primary results [incremental cost-effectiveness ratio (ICER), willingness-to-pay (WTP) 
thresholds] and main conclusion (authors’ determined cost-effectiveness). One reviewer independently 
performed the data extraction, and another reviewed each item extracted. Any disagreements between 
the reviewers were resolved through discussion within the project team. A narrative synthesis was 
undertaken with presentation of tables and graphics.

Results

We identified 644 records from MEDLINE and EMBASE. After initial title/abstract screening and 
deduplication, 617 were excluded, leaving 27 for full-text screening. Finally, a total of four studies were 
deemed eligible for inclusion in the final review.57–60 The selection process is summarised in Figure 4 
using the PRISMA chart. Note that in the screening process, two pairs of similar articles were identified: 
Burr et al.57 and Hernández et al., and61 Crabb et al.58 and Boodhna and Crabb.62 The articles in each 
pair are the same regarding the main methodology and data inputs used and main conclusions made. 
Burr et al.57 and Crabb et al.58 were finally included in our analysis, as sufficient modelling details have 
been reported in these articles. A list of studies selected for full-text review and reasons for exclusion is 
provided in Appendix 9.
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General characteristics of included studies
Two studies were based on the UK population,57,58 while the other two studies were based on the 
Netherlands population.59,60 One UK-based study investigated patients with OHT,57 while all other 
studies focused on patients with chronic open-angle glaucoma (COAG).58–60 As for the setting of the 
care pathways, one UK-based study considered both primary and secondary care in the economic 
evaluation from the perspective of the healthcare system,57 while the other three studies were based on 
secondary care only, but also provided analysis from the societal perspective.58–60 Holtzer-Goor et al.60 
is the only study that conducted a comprehensive analysis from the perspectives of all involved parties 
(i.e. patient, healthcare system and society). In terms of the types of intervention, three studies explored 
the cost-effectiveness of alternative monitoring frequencies,57–59 while Holtzer-Goor et al.60 focused on 
the maintenance of stable COAG patients by alternative (less expensive) health professionals. One study 
investigated a number of alternative monitoring pathways for OHT patients which differed in the setting 
(community vs. hospital), treatment decision and reassessment frequency (see Table 23 for details).57

Regarding the types of economic evaluation, three studies conducted a CUA,57–59 and one study 
conducted a CMA based on a 30-month RCT.60 Note that both costs and effectiveness are considered in 
Holtzer-Goor et al., but effectiveness of intervention and comparator is assumed to be equal.60 In a HTA 
report, Burr et al. also included a CBA and a CEA in addition to CUA.57 Among the three CUA studies, 
one conducted a Markov model assuming a time horizon of 25 years,58 while two studies conducted a 
discrete event simulation,57,59 with one study assuming a 20-year time horizon57 and one study assuming 
a lifelong horizon.60

The role of clinical outcomes in economic evaluation of glaucoma monitoring
As shown in Appendix 10, Table 30, MD of VF data is usually linked with glaucomatous stages, which 
is subsequently associated with different utility values representing different levels of QoL.57,58 One 
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FIGURE 4 Preferred Reporting Items for Systematic Reviews and Meta-Analyses diagram for the search of economic 
evaluation studies on glaucoma and OHT.
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TABLE 23 Study characteristics

Author 
(year) Country

Targeted 
population

Setting 
(perspective) Intervention Comparator

Analysis 
type

Method of 
evaluation

Time 
horizon

Holtzer-
Goor 
et al. 
(2010)60

Netherlands Diagnosed 
COAG

Secondary 
care (health 
system, patient 
and societal 
perspective)

Patients monitored by optometrists and ophthalmic 
technicians in a glaucoma follow-up unit in hospital. 
Optic disc assessment will not be conducted

Usual care provided by glaucoma 
specialists in hospital. Optic disc 
assessment will be conducted at every 
visit, but some visual function tests only 
conducted as required by the specialists

CMA Trial (RCT, 
410 vs. 
405)

30 
months

Burr 
et al. 
(2012)57

UK OHT and 
suspected 
glaucoma

Primary and 
secondary care 
(health system 
perspective)

Four interventions are investigated: (1) SOH – com-
munity pathway: initial treatment decision is based 
on a risk calculator; check IOP within 2 months after 
the start of a treatment, monitored every 2 years in 
primary care; referral if converted or IOP off target.

Individuals are advised to attend a 
community optometrist annually 
for IOP check; all individuals with 
IOP > 21 mmHg are treated with PGAs, 
and referral if IOP off target.

CUA; 
CEA; 
CBA

Model 
(DES)

20 
years

(2) SOH – hospital pathway: check IOP within 
2 months after treatment start; monitored every 
2 years in secondary care; initial treatment decision 
is based on a risk calculator.

(3) NICE intensive pathway: initial treatment 
decision is based on the NICE guidelines; check IOP 
after 2 months of start of treatment; full assessment 
intervals are based on the NICE guidelines and 
the lower bounds are adopted for this intensive 
pathway.

(4) NICE conservative: initial treatment decision 
is based on the NICE guidelines; check IOP after 
2 months of start of treatment; full assessment 
intervals are based on the NICE guidelines and the 
upper bounds are adopted for this conservative 
pathway

van 
Gestel 
et al. 
(2012)59

Netherlands Diagnosed 
COAG

Secondary 
care (societal 
perspective)

Two interventions are investigated which differ in 
the intervals of VF test:
(1) every 6 months;
(2) every 24 months

VF test every 12 months CUA Model 
(DES)

Lifetime

Crabb 
et al. 
(2014)58

UK Diagnosed 
COAG

Secondary care 
(health system 
perspective)

VF test 3 times a year in the first 2 years after 
diagnosis, and then test annually

Annual VF test CUA Model 
(Markov)

25 
years

CEA, cost-effectiveness analysis; CMA, cost-minimisation analysis; COAG, chronic open-angle glaucoma; CUA, cost–utility analysis; DES, discrete event simulation; IOP, intraocular 
pressure; NICE, National Institute for Health and Care Excellence; OHT, ocular hypertension; PGA, prostaglandin analogue; RCT, SOH, surveillance for ocular hypertension; VF, visual field.
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study directly used VF (MD) as one of the predictors of utility values.59 One study used pattern 
standard deviation of VF to inform the distribution of the baseline characteristics.57 Two studies 
associated IOP outcomes with the subsequent treatment a patient would receive.57,59 This is achieved 
by evaluating whether a patient’s IOP is on target after the last treatment, and then deciding whether 
an alternative treatment is needed. Two studies directly linked IOP with progression rate.58,59 In Van 
Gestel et al.,59 progression rate is a function of the difference between current IOP and the average 
IOP of the reference COAG population, while the reduction of IOP is translated to a constant rate of 
improvement in MD by Crabb et al.58 Burr et al.57 used IOP as a baseline characteristic of the model 
and one of the predictors of OHT patients’ risk profile, which affects the time to conversion. As only 
costs of interventions were compared in Holtzer-Goor et al.,60 clinical outcomes were not used in the 
economic evaluation.

Overall, clinical outcomes such as VF and IOP are commonly integrated into economic models to inform 
simulated monitoring and treatment decisions, which finally affect the costs and QoL of different care 
pathways. The I-TRAC study also measured patients’ visual acuity and contrast sensitivity using the app. 
However, no significant link between these clinical outcomes and QoL has been established based on 
experts’ views. We also did not find such links in the reviewed studies.

Economic evaluations applied in glaucoma monitoring studies
As shown in Table 24, most interventions in the extracted studies were found to be more costly but 
yielded higher QALYs (Figure 5), with ICERs ranging from £21,392 to £186,805 per QALY gained.57–59 Of 
the two studies in which WTP thresholds were explicitly specified, interventions in one study were cost-
effective (i.e. ICER below the specified WTP threshold),58 while the other study was not cost-effective.57 
No definitive WTP threshold was specified in van Gestel et al.;59 however, for the VF 6 months 
intervention, the probabilistic sensitivity analysis results suggest that only 14% of the ICERs were below 
the €80,000/QALY threshold reportedly recommended by the Council for Public Health and Health 
Care in the Netherlands.63 In a CMA study, Holtzer-Goor et al. found evidence that monitoring of stable 
glaucoma patients in a follow-up unit by a group of less costly health professionals is cost-effective, yet 
the conclusion only holds under the assumption of equal quality of care between the alternative and 
usual care (i.e. the care provided by optometrists compared to that provided by ophthalmologists).60 The 
authors justify the appropriateness of the assumption by discussing evidence from the literature.

Overall, the cost-effectiveness of alternative monitoring frequencies (with either hospital or community 
care) investigated in these studies is not supported by strong evidence.

TABLE 24 Economic analysis from included studies

Study ICER WTP threshold Author determined cost-effective

Burr et al. (2012)57 (1)  Biennial monitoring 
(Secondary care): £105,437

(2)  Biennial monitoring (Primary 
care): dominateda

(3)  NICE conservative: dominated
(4)  NICE intensive: dominated

£37,077 (£30,000) N

van Gestel et al. (2012)59 (1)  VF 6 months: £186,805
(2)  VF 24 months: £23,168

NS NS

Crabb et al. (2014)58 £25,884 £35,819 (£30,000) Y

NICE, National Institute for Health and Care Excellence; NS, not specified; VF, visual field.
a ‘Dominated’ means another strategy being more effective and less costly.
Notes
All monetary values have been converted to GBP in year 2022 and rounded to no decimal place using the CCEMG – 
EPPI-Centre Cost Converter that consider purchasing price parities for gross domestic product.64
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Economic evidence for home and (or) remote monitoring beyond glaucoma

The first review of economic evaluations of glaucoma monitoring did not identify any relevant studies 
of glaucoma home monitoring reported in the literature to date. We, therefore, conducted a scoping 
search for systematic review articles on the economic evaluation of home monitoring for other chronic 
diseases in order to identify lessons from economic evaluations in other home monitoring contexts that 
could inform decision-making for glaucoma. The interest was in economic evaluation approaches (i.e. 
what type of economic evaluation techniques were used, what decision-analytic models were used – 
intervention-based or system-based model), home monitoring cost categories and possible resource use 
changes (relative to the comparator) in the identified studies.

Methods

Eligibility criteria

Population
Individuals of any age who received remote patient monitoring (RPM) for any chronic disease, such as 
heart failure, hypertension and chronic obstructive pulmonary disease.

Increased cost and decreased QoL Increased cost and increased QoL

• Burr, Botello-Pinzon, et al. (2012) – all 
interventions
• van Gestel et al. (2012) – VF 6 months
• Crabb et al. (2014)

Decreased cost and decreased QoL

• van Gestel et al. (2012) – VF 24 months

Decreased cost and increased QoL

Cost

QoL

FIGURE 5 Cost–utility analyses mapped on the cost-effectiveness plane (n = 3).
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Intervention
Any remote monitoring interventions at home, including devices that allow for remote consultation.

Comparator
Standard or usual care where patients were monitored at a clinic or hospital.

Outcomes
Costs and health outcomes for home monitoring of chronic diseases.

Study type
Systematic review of any types of economic evaluation studies, including those using CMA, CCA, CEA, 
CUA or CBA. Simple cost analyses were excluded.

Search strategy
The search was undertaken in May 2022 covering two databases: MEDLINE and EMBASE. Only articles 
written in English were included. Editorials and letters were excluded. Reference lists from extracted 
articles were hand-searched to complement the review. See Appendix 8 for the search strategy.

Article screening
Initial screening of titles and abstracts and subsequent full-text screening was conducted by two 
reviewers independently (HW and RH). Any disagreements that arose between the reviewers were 
resolved through discussion within the reviewer group and with the project team. Reasons for exclusion 
were noted and reported using the PRISMA statement.56

Data extraction and analysis
The following data were extracted from all the studies included: reference, authors, year of publication, 
studied country, patient population, study perspective, intervention, sample size, method of evaluation, 
time horizon of the trial, functionalities of RPM device, resource use and cost categories analysis type, 
primary results (incremental QALY and cost, ICER, WTP thresholds) and main conclusion (authors’ 
determined cost-effectiveness). One reviewer independently performed the data extraction, and 
another reviewed each item extracted. Any disagreements between the reviewers were resolved 
through discussion within the project team. A narrative synthesis was undertaken with presentation of 
tables and graphics.

Results

General characteristics of included studies
We identified 27 records from MEDLINE and EMBASE. After initial title/abstract screening and 
deduplication, 22 were excluded, leaving 5 for full-text screening.65–69 A variety of health conditions 
were included in these systematic reviews. Following advice from the clinicians in the project team and 
with support of the SSC, we decided to focus the review only on home monitoring of hypertension 
due to the comparability between hypertension and glaucoma in disease progression, that is, slow, 
with no immediate action required on the part of patients post monitoring. For this reason, four 
systematic review studies that focused on non-hypertension diseases were excluded,65–68 leaving 
the study by De Guzman et al. as the only systematic review deemed eligible for inclusion (Figure 6 
for the PRISMA chart). This is a recent systematic review that includes economic evaluation studies 
of remote monitoring for several chronic diseases (including hypertension) published from inception 
until September 2021.69 Studies on hypertension remote monitoring from this systematic review were 
extracted and analysed. A list of initially excluded studies and further excluded studies in full-text 
review, and reasons for exclusion, is presented in Appendix 9.

Table 25 provides the general characteristics of the primary studies deemed eligible from the identified 
systematic review. In total, eight primary studies were included for data extraction,70–77 seven70–74,76,77 of 
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which were published within the latest 10 years. Five studies targeted patients with hypertension (with 
or without age limits) and were conducted in Europe,71–73,75,76 two were conducted in North America,74,77 
and one70 was conducted in Asia. In all included studies, the standard care of BP monitoring for 
hypertension patients was reported as a primary care setting. For the interventions, telemonitoring using 
a RPM device was the main intervention component reported in all studies, but some interventions also 
included remote counselling services.72,74,77

Most studies attempted to explore the cost-effectiveness of the interventions from the perspective 
of the healthcare system or payer, while one study also analysed this issue from the perspective of 
personal social services.73 In terms of the analytical model used, four studies conducted a trial-based 
economic evaluation only,70,71,75,77 three were extrapolation studies using a Markov model,73,74,76 and 
one72 conducted a trial-based economic evaluation together with an extrapolation analysis. However, 
the trial periods were generally not long (i.e. all ≤ 1 year), implying that a trial extrapolation is needed in 
conjunction with the trial to estimate the long-term effect of the intervention. No study used a system-
based model for home monitoring for hypertension. Regarding the functionality of the RPM device used 
in the interventions, the majority of studies reported that the devices allowed remote BP reading by 
health professionals, while patients in one study19 had to write down the readings from a self-monitoring 
BP device and post them to the doctors for review. The functionality of the device used by Padwal 
et al.74 was not detailed. Four studies reported that the BP devices used in their interventions enabled 
remote communication with doctors,70–72,75 yet the device used by Dehmer et al.77 did not allow this 
functionality. Information is not available in the other three studies.73,74,76

Identification of studies
via other methods

Identification of studies via databases and registers
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FIGURE 6 Preferred Reporting Items for Systematic Reviews and Meta-Analyses diagram for the search of systematic 
reviews of economic evaluation studies on home monitoring.
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TABLE 25 Study characteristics

Author 
(year) Country

Targeted 
population

Setting 
(perspective) Intervention

Method of 
evaluation N

Time 
horizon

RPM device

Device description
Allow remote BP 
reading by doctors?

Allow remote 
communication 
with doctors?

Ionov et al. 
(2021)72

Russia Uncontrolled 
hypertension

Primary care 
(healthcare system)

Telemonitoring with 
remote counselling

Trial (RCT); 
model 
(Markov)

Trial: 160 
RPM, 80 
UC

3 months; 
10 years

BP measurement 
device, smart-
phone app and 
web page

Y Y

Teo et al. 
(2021)70

Singapore Hypertension 
(with or without 
hyperlipidemia); 
age ≥ 21 years

Primary care 
(healthcare system)

Telemonitoring Trial (quasi- 
experiment)

103 
RPM, 
115 UC

6 months BP measurement 
device, mobile 
network device

Y Y

Monahan 
et al. 
(2019)73

UK Hypertension Primary care 
(healthcare system 
and personal social 
services)

Self-monitoring 
only; telemonitoring

Model 
(Markov)

Based 
on 1182 
from trial

Lifetime BP measurement 
device, SMS, and 
website

(1) Self-monitoring 
only: N
(2) Telemonitoring: Y

(1) Self-monitoring 
only: N
(2) Telemonitoring: 
N/R

Padwal 
et al. 
(2019)74

Canada High-risk 
hypertension 
patients

Primary care 
(healthcare payer 
perspective)

Telemonitoring with 
pharmacist case 
management

Model 
(Markov)

Based on 
279 from 
trial

Lifetime BP measurement 
device, web portal

N/R N/R

Dehmer 
et al. 
(2018)77

USA Hypertension; 
age ≥ 21 years

Primary care 
(healthcare system)

Telemonitoring with 
pharmacist case 
management

Trial (RCT) 148 
RPM, 
150 UC

1 year BP measurement 
device, modem

Y N

Kaambwa 
et al. 
(2014)76

UK Hypertension; 
age ≥ 66 years 
(in the model)

Primary care 
(healthcare system)

Self-monitoring with 
self-titration of anti-
hypertensives and 
BP telemonitoring

Model 
(Markov)

N/A 35 years Automated sphy-
gmomanometer 
and equipment to 
transmit readings

Y N/R

Stoddart 
et al. 
(2013)71

UK Uncontrolled 
hypertension

Primary care 
(healthcare system)

Telemonitoring Trial (RCT) 195 
RPM, 
188 UC

6 months Bluetooth 
automated sphy-
gmomanometer, 
and mobile phone

Y Y

Madsen 
et al. 
(2011)75

Denmark Uncontrolled 
hypertension

Primary care 
(healthcare system)

Telemonitoring Trial (RCT) 105 
RPM, 
118 UC

6 months BP measurement 
device and 
personal digital 
assistant

Y Y

BP, blood pressure; N/A, not applicable; N/R, not reported; RCT, randomised controlled trial; RPM, remote patient monitoring; UC, usual care.
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Resource use and cost categories
Table 26 presents the changes in resource use and cost categories for the included studies. Three studies 
reported the differences in resource use between the intervention and usual care;70,71,77 among them 
one71 found higher resource use in GP/nurse surgery consultation and nurse phone consultation for the 
telemonitoring group and no differences in other reported resource use, while two studies70,77 observed 
no difference between the intervention and usual care groups. However, results were not reported in 
the rest of the four studies reviewed, making it extremely challenging to draw any conclusions on which 
intervention is more costly.

Next, we focused on the cost breakdown analysis for home BP monitoring. The main reported cost 
categories were equipment costs and human resource costs. We defined equipment costs as the cost 
of BP equipment and its replacement, server and web hosting, data management, phone and sim cards 
used for remote monitoring. Human resource costs included the cost for patient training and cost for 
the time of health professionals used for monitoring and consultation. Six studies reported the total 
programme cost, which varied from £64 to £1121, reflecting differences in the contexts and length of 
trials.71–74 Equipment cost accounted for the majority of the programme cost in two studies where both 
data were reported.71,74 For example, Padwal et al. reported that the BP device and data management 
accounted for 48.2% of the total programme cost in the first 3 months of the trial, and accounted for 
72.5% in the subsequent year.74 Stoddart et al. also reported that the cost of BP devices, mobile phones, 
server and web hosting, and sim cards accounted for over 50% of the total programme cost.71 Caution 
needs to be taken in the interpretation of the overall result as data were unavailable in the other six 
studies.70,72,73,75–77 However, even in these six studies, four (i.e. 67%) acknowledged the relatively short 
length of trials they were based on as a limitation and expected that a longer home monitoring period 
would dilute the impact of equipment cost on total intervention cost and increase the cost-effectiveness 
ratio.70,72,75,77 Padwal et al. (2019) recommended reducing the telemonitoring cost by gradually reducing 
the frequency of monitoring after BP is controlled.74

Overall, there is mixed evidence on the impact of BP home monitoring on healthcare resource use. For 
the cost disaggregation analysis, equipment cost seems to account for a large proportion of the total 
programme cost, and a longer period of home monitoring may help to flatten the total annual cost, 
potentially improving the cost-effectiveness of home monitoring.

Economic evaluations applied in hypertension home monitoring studies
Economic evaluation findings are reported in Table 27. All five CUA studies reported that telemonitoring 
and/or teleconsultation is cost-effective compared with usual care,70,72–74,76 yet four of them found the 
interventions being more costly (Figure 7),70,72,73,76 suggesting that the main benefit lies in the QALYs 
gained from these interventions. Four studies conducted a CEA using systolic BP reduction as the 
effectiveness outcome.71,72,75,77 The reported ICERs were £22.68,72 £115 [95% confidence interval (CI) 
£38 to £288],77 £32 (95% CI £20 to £58)71 and £31 (95% CI −£103 to £544)75 per mmHg reduction in 
systolic BP, which are quite similar except Dehmer et al.77 All these studies reported higher total costs for 
the intervention group compared with usual care. Given the absence of a WTP threshold in these CEA 
studies, justification regarding the cost-effectiveness cannot be made.

Overall, all extracted CUA studies reported that telemonitoring and/or teleconsultation is cost-effective 
against usual care. Most CEAs, although conducted in different country settings, reported similar ICERs 
in systolic BP reduction, yet the cost-effectiveness of these interventions cannot be confirmed without 
definitive WTP criteria.

Synthesis of findings

A number of studies have discussed the particularities of conducting economic evaluations of digital 
technologies, which argues that different from economic evaluations of pharmaceutical interventions, 
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TABLE 26 Resource use and cost categories

Author (year)
Resource use (impact of 
intervention) Equipment cost (amount) Human resource cost (amount)

Other costs 
(amount) Total programme cost

Ionov et al. 
(2021)72

N/R N/R N/R N/R £223

Teo et al. 
(2021)70

Incremental hyper-related 
face-to-face visit (no effect)

(1) Tele-vital signs monitoring subscription 
(£37)
(2) Bluetooth BP device (£15)

N/R N/R N/R

Monahan et al. 
(2019)73

N/R (1) BP monitoring (N/R)
(2) Telemonitoring server – only for 
telemonitoring intervention (N/R)

Self-monitoring training (N/R) Forms and 
envelope (N/R)

(1) Self-monitoring (£64 for 6 months).
(2) Self-monitoring and telemonitoring 
(£80 for 6 months)

Padwal et al. 
(2019)74

N/R (1) BP device:
first 3 months (£74/year)
+ subsequent replacement (£74/year)
(2) Data:
first 3 months (£19/3months)
+ subsequent annual (£76/year)

(1) Pharmacist consultation: 
first 3 months (£89)
+ subsequent annual (£35)
(2) Physician:
first 3 months (£11)
+ subsequent annual (£22)

N/R First 3 months (£193)
+ subsequent annual (£207)

Dehmer et al. 
(2018)77

Office visits (no diff); 
hospital encounters (no 
effect)

N/R N/R N/R £1121

Kaambwa et al. 
(2014)76

N/R Equipment and training (£286/5 years) N/R £587

Stoddart et al. 
(2013)71

(1) GP surgery consultation 
(higher).
(2) Practice nurse surgery 
consultation (higher).
(3) Practice nurse phone 
consultation (higher).
No effect in other resource 
use reported.

(1) BP device (£66 + £1/month)
(2) Mobile phone (£60 + £2/month)
(3) Server hosting (£1/month)
(4) Web hosting (£3/month)
(5) Sim card (£2/month)

(1) Patient training (£15)
(2) Nurse time checking HBPM 
data (£3/month)

N/R £88 for 6 months

Madsen et al. 
(2011)75

N/R BP device + PDA + mobile phone + SD 
card + BP measuring interface software 
(£113/6 months)

Training (N/R) N/R N/R

BP, blood pressure; HBPM, home blood pressure monitoring; N/R, not reported; SD, standard deviation; PDA, personal digital assistant.
Note
All monetary values have been converted to GBP in year 2022 and rounded to no decimal place using the CCEMG – EPPI-Centre Cost Converter that considers purchasing price parities 
for gross domestic product.64
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TABLE 27 Economic analysis of included studies

Author (year)
Analysis 
type Incremental QALY (RPM vs. UC)a Incremental cost (RPM vs. UC) ICER WTP threshold

Author determined cost-
effectiveness of RPM

Ionov et al. 
(2021)72

CEA; CUA 0.490 £202 CUA: £8537
CEA: £22.68 per mmHg reduc-
tion in systolic BP

£3102 (RUB 
100,000)

Y

Teo et al. 
(2021)70

CUA 0.004 £20 £20,908 £68,134 (SGD 
78,000)

Y

Monahan et al. 
(2019)73

CUA (1) Self-monitoring only: 0.041
(2) Self and telemonitoring: 0.058

(1) Self-monitoring only: 139
(2) Self and telemonitoring: 479

(1) Self-monitoring only: £3412
(2) Self and telemonitoring: 
£8243

£22,484 (GBP 
20,000)

Y

Padwal et al. 
(2019)74

CUA 0.830 −£1222 Dominant Y

Dehmer et al. 
(2018)77

CEA N/A −£233 £115 (£38 to 288)b per mmHg 
reduction in systolic BP

N/A

Kaambwa et al. 
(2014)76

CUA 0.240 £473 £2007 £24,718 (GBP 
20,000)

Y

Stoddart et al. 
(2013)71

CEA N/A £142 £32 (£20 to £58)b per mmHg 
reduction in systolic BP

N/A

Madsen et al. 
(2011)75

CEA N/A £85 £31 (−£103 to £544)b per mmHg 
reduction in systolic BP

N/A

BP, blood pressure; CEA, cost-effectiveness analysis; CUA, cost–utility analysis; N/A, not applicable; UC, usual care.
a For CUAs only.
b 95% CI.
Note
All monetary values have been converted to GBP in year 2022 and rounded to no decimal place using the CCEMG – EPPI-Centre Cost Converter that consider purchasing price parities 
for gross domestic product.64
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the distinctive features of DHIs may raise several substantial challenges to economic evaluation.54,78 
Gomes et al. provided a thorough discussion on key features of DHI and its impact on the design, 
analysis and reporting of an economic evaluation.54 Following Gomes et al.’s framework on the key 
differences between DHIs and pharmaceuticals/medical devices, we discuss the typical features 
of glaucoma home monitoring intervention and their implications on economic analysis of a future 
study.54 Note that the discussion of product and user involvement are combined to save space. We also 
exclude the discussion on the impacts of home monitoring outside the health sector (e.g. impacts on 
productivity), as it is beyond the scope of this study.

Choice of comparators
Home monitoring can be complementary to or a substitute for existing face-to-face hospital 
consultation. This is an important distinction that will have implications for the care pathways and 
associated costs and consequences for the compared strategies. For example, home monitoring can be 
an additional part of hospital care for the high-risk group whose disease progression is uncertain, which 
would mean higher cost, but also help to provide better disease control. In this case, more intensive 
VF and IOP measurements from the home monitoring can be synchronised and shared with clinicians. 
Clinicians would be alerted, for example, whenever these measurements suggest uncontrolled IOP 
or disease progression. Alternatively, home monitoring could be implemented for low-risk patients, 
substituting the need for or reducing the frequency of any further face-to-face monitoring.

Increased cost and decreased QoL Increased cost and increased QoL

• lonov et al. (2021)
• Teo et al. (2021)
• Monahan et al. (2019)
• Kaambwa et al. (2014)

Decreased cost and decreased QoL

• Padwal et al. (2019)

Decreased cost and increased QoL

Cost

QoL

FIGURE 7 Cost–utility analyses mapped on the cost-effectiveness plane (n = 5).
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The length of time kept in home monitoring is also likely to differ by risk groups. For example, a 
short period of monitoring in addition to normal clinic visits could be useful to determine whether a 
change in therapy is required for the high-risk patients, while a long-term monitoring is more likely to 
be needed for low-risk patients. The implications of what glaucoma monitoring strategies are being 
compared expand beyond the care pathways, for example, to the decision-analytic model selected for 
the evaluation. If home monitoring is replacing face-to-face monitoring, the standard disease-based 
modelling approach might be suitable to assess cost-effectiveness. However, if home monitoring plus 
traditional face-to-face monitoring is compared with traditional face-to-face monitoring, the potential 
service bottlenecks might become an important feature of the evaluation. In this case, a service system 
model might be more appropriate to assess cost-effectiveness.

Product and user involvement
Economic evaluation needs to account for the rapid advancement of the device and more user-friendly 
apps and technical services provided by the product supplier, which will also have implications for costs 
and patients’ benefits. A considerable number of I-TRAC participants have reported difficulties in using 
the tonometer or app as well as a lack of technical support. Therefore, a more user-friendly interface of 
the device and more ready technical support in the future could increase adherence and reduce dropout 
rates. A more efficient system also implies a reduction in patients’ time (and thus cost), which can be 
important if a patient’s or societal perspective is taken into consideration.

Intervention cost
Results from the meeting with I-TRAC clinicians to discuss the data retrieved from the home tonometers 
suggest that clinicians will look at the whole history and clinical details of patients’ record rather than 
the device data alone when deciding on a further monitoring and treatment plan. Concerns on the 
incompatibility between device data and medical records from the existing digital system in the hospitals 
were shared by I-TRAC and non-I-TRAC clinicians. This suggests that additional cost on data storage 
and integration will be needed before home monitoring could be implemented at scale. In addition, the 
applicability issue of the device data itself was mentioned, as a large data set will be generated due to 
frequent monitoring. Therefore, an algorithm and the possible use of AI may be needed to aggregate the 
measurement data from the devices and send warning message to the clinicians in case of worrisome 
outcomes, further increasing the cost on software development and application. Rules for such 
communication would have to be developed and validated.

For DHI (e.g. the app used in I-TRAC), initial investment on the fixed costs, such as development of apps, 
may account for a large share of total cost, yet the average cost can decrease as scale increases – this 
has also been found in the reviewed studies for hypertension home monitoring (variable costs such as 
subsequent cost on upgrading and maintaining the products are often small and sometimes negligible). 
However, the scale effect is likely to be ignored when estimating an intervention effect using a short trial 
and/or a trial with a small sample size. Therefore, alongside a trial-based economic evaluation (assuming 
a future trial is needed), allowing for a sufficiently long period of time in an extrapolation model is 
recommended in order to fully assess the long-term costs of home monitoring.

Benefit assessment
One of the main drivers of glaucoma home monitoring is that it allows patients to have control over the 
number of times they can be monitored for disease progression. This is particularly important for those 
in employment who may have limited time for a hospital visit. Home monitoring may provide timely 
information outside the need for a normal hospital visit, which may be particularly useful when NHS 
clinic capacity and waiting time are increasing. However, caution needs to be taken here, as glaucoma 
is a slowly progressing condition for the majority of patients. Therefore, the likelihood of finding HRQoL 
differences compared with standard care is small. Non-HRQoL benefits can be important to glaucoma 
patients monitored at home. For example, participants mentioned convenience as an advantage, with 
home monitoring leading to decreased travel and waiting times and need to take time off work. They 
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also mentioned that the convenience can be even more beneficial for those who physically cannot 
travel. Overall, 50% of participants preferred home monitoring compared with standard visits according 
to the interview results.

The characteristic identification exercise conducted in Section B is a good start, but an expanded 
investigation of benefits relevant to patients using qualitative or mixed-methods approaches, such as 
the nominal group technique, would be welcomed.79,80

Economic analysis: concluding considerations for economic evaluation approaches

What clinical outcomes can be used in economic evaluation of home monitoring for 
glaucoma?
In the economic evaluation literature, clinical outcomes from the trials are often used as important 
inputs in the economic model.81,82 In the systematic review of economic evaluation studies on glaucoma 
monitoring, we find that VF (the main marker of disease severity) and IOP (the main marker of risk of 
progression) are commonly used to inform baseline characteristics of simulated patients, link utility and 
model glaucoma progression. In van Gestel et al., progression rate, represented by the deterioration rate 
of MD of VF, was modelled as a function of IOP.83 This is sensible, as raised IOP can accelerate the speed 
of glaucoma progression. However, more IOP check-ups are needed to obtain a meaningful relationship 
between the two variables, which can be difficult to achieve in clinics due to increased cost. Home 
monitoring can be a promising alternative to obtain more IOP point estimates using a home tonometer. 
However, clinicians as well as choice of comparator of the home monitoring devices, which includes the 
reading itself and whether patients are able to use them correctly. The accuracy of the home monitoring 
devices will need to be accounted for if home monitoring data, such as IOP measurements, are going to 
be used in economic evaluation models.

While several app-based technologies have been developed to measure VF (such as the MRF), none 
of them had undergone CE marking at the time of the study opening and therefore were unable to 
be included in this feasibility study. Instead, the OKKO Visual Health app, which is CE marked and 
is approved for use in the UK, was used to measure visual function in this study. This app allows 
contrast sensitivity to be tested on portable devices such as smartphones, tablets and iPads using 
interactive games.

Types of economic evaluation approach for home monitoring glaucoma
Different economic evaluation approaches have been proposed and applied in the literature to 
investigate cost-effectiveness of a treatment or diagnostic intervention.81 CUA is the standard 
approach suggested by NICE for HTA.84 More than half of the included studies on home monitoring 
for hypertension applied a CUA, implying that utility difference between the intervention and the 
comparator were expected from HRQoL by the authors. However, CUA fails to account for non-health 
benefits of home monitoring such as convenience, which can be an important source of patient utility in 
home monitoring of glaucoma.

Several recent systematic reviews on economic evaluation of DHI recommended CCA as a reference 
case due to the special nature of DHIs.54,78 CCA allows analysts to assess different types of costs and 
benefits and compare them in separate domains, which provides a comprehensive comparison between 
the intervention and comparator. This exercise encourages thorough identification, facilitates separate 
comparisons across different care sectors, and gives more flexibility to decision-makers to choose and 
weight the costs and effects that are important to them from their local context.54 This is especially 
important as it empowers decision-making at local level, given the current heterogeneous HES models 
across different UK countries. CCA also requires disaggregating cost categories, allowing researchers 
to easily accommodate rapid technology change (e.g. a sudden reduction in equipment cost due to 
technology advancement). This is also echoed by the articles we have reviewed for hypertension home 
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monitoring, in which detailed cost categories were under-reported, making them less informative in 
informing the types of economic evaluation that should be conducted for future studies. CCA is also 
recommended by NICE when high-quality economic evaluation studies are unavailable.55

An alternative way of measuring benefits is CBA, which allows researchers to incorporate important 
non-health benefits of home monitoring. Stated preference methods, such as contingent valuation and 
discrete choice experiment (DCE), have been applied in healthcare studies. In the case of I-TRAC, results 
from patient interviews suggest that non-health benefits of home monitoring, such as convenience or 
reduction of travel and waiting time, can form a significant part of the total benefits of home monitoring.

Overall, given that key research questions have not been clearly defined at this stage, we recommend 
using a step-by-step approach leading to a meaningful economic evaluation; that is, an evaluation that 
provides information on the costs and benefits of the interventions in a way that allows decision-makers 
to make informed decisions about resource allocation. Conducting an impact inventory exercise is an 
essential first step to further identify and define cost categories in detail. CUA is a standard approach 
for economic evaluation but cannot reflect utility of non-HRQoL benefits. Alternatively, a CCA is 
recommended to determine the cost-effectiveness of glaucoma home monitoring in the absence of 
adequate economic evaluation studies on this topic. This suggestion is also consistent with recent 
methodological frameworks of economic evaluation of DHI.54,78 For the consequences/benefits of home 
monitoring, more systematic qualitative research needs to be conducted to explore further sources of 
utility. This can be followed by a quantitative analysis, such as DCE, to quantify patients’ preference. 
By then, researchers can decide whether a CBA is a suitable economic evaluation tool on it, or as a 
supplement of other approaches. In the reviewed hypertension studies, several conducted CEA and 
reported ICERs regarding systolic BP reduction. However, stakeholders in different fields may have 
divergent views on what health outcomes are important and should be reported, whist utility data used 
in CUA tend to provide a broader measure of overall health benefits. In addition, compared with CUA, 
there is no widely used threshold for the ICERs from CEA outcomes; it is therefore difficult to inform 
policy decisions about the cost-effectiveness of the intervention, although cross-study comparisons 
are possible to inform decision-making. CMA assumes the equality of health outcomes and focuses 
on the comparison of total costs between the intervention and comparator. In other words, the use 
of CMA needs to be validated with strong evidence regarding the belief of insignificant differences in 
health outcomes.

To conclude, this chapter develops a conceptual framework for the economic evaluation of home 
monitoring for glaucoma by discussing the potential drivers of the difference in cost and consequences 
between standard glaucoma care and glaucoma home monitoring from results in previous chapters. A 
structured review is also conducted to explore the feasibility of using decision modelling approaches 
in the economic evaluation of glaucoma home monitoring. These are followed by a further discussion 
on typical features of glaucoma home monitoring intervention and their implications on economic 
analysis of a future study. 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 triggering hospital visits) and costs of data 
integration (to the existing medical records) and evaluation by AI, while key sources of patient utilities 
of glaucoma home monitoring are categorised as 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 a number 
of further qualitative/quantitative studies need to be conducted to better understand the study 
population, care pathways (i.e. of the interventions and comparators), cost categories and benefits of 
home monitoring and the appropriate time horizon for the analysis 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.
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Chapter 7 Discussion and conclusions

The overall aim of the I-TRAC study was to determine the feasibility and acceptability of digital 
technologies to monitor glaucoma at home and inform the possible need and design of a definitive 

evaluative study. Through a multiphase mixed-methods study design, I-TRAC sought to answer four 
interlinked research objectives, and the data addressing this have been presented in the preceding 
chapters. This chapter brings together the key learning from the study in the form of a statement of 
feasibility for a future evaluative study. We will draw largely on the empirical data generated from 
the study findings; however, we will also include important ‘lessons learned’ captured as notes and 
reflections throughout the duration of I-TRAC.

Feasibility of a future evaluative study of 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. The AdePT framework contains 14 methodological 
‘issues’ to be evaluated in feasibility studies or pilot trials.51 The results of mapping the data from I-TRAC 
to the 14 methodological ‘issues’ in AdePT are presented in Table 28.

We did not design I-TRAC to inform sample size calculation, randomisation procedure, or masking 
procedures – the latter because masking would not be possible in a future study due to the nature of the 
intervention. The issues relevant for I-TRAC will be discussed below.

Eligibility
Findings from the survey (see Chapter 2) and interviews and focus groups with clinicians (see Chapters 3 
and 4) highlight a lack of agreement on which patient population would be most suitable for using 
digital technology at home to monitor their glaucoma. While generally there was agreement that 
high-risk patients would not be appropriate for home monitoring as a replacement for face-to-face 
examination, there was support for home monitoring with digital technology of low-risk patients. The 
possible benefits of adding home monitoring to current face-to-face clinic visits in high-risk patients 
were mentioned by some clinicians. This variation in agreement among clinicians was also evident from 
the way in which recruitment was approached across the three sites involved in the I-TRAC intervention 
study, with some staff approaching higher-risk patients for inclusion while others only approached 
those who are already being monitored through virtual clinics. It is also worth considering that different 
populations may be best suited to one or other of the interventions. For a future trial to be feasible, 
further clarification and definition of the patient population, and whether home monitoring would be 
used as a replacement for or an addition to the current model of hospital-based eye care, would be 
required such that there was agreement among the clinical community.

Findings from the qualitative interviews with expert glaucoma clinicians (see Chapter 3) also highlighted 
concerns in relation to patient characteristics that may influence eligibility and/or opportunities to 
participate. These included: accessibility, language, education, and technical abilities, which could lead 
to ethical consequences; how to select and prioritise patients for home monitoring (particularly where 
there will be resource constraints); impact upon those who are not selected for home monitoring; and 
the risk of creating a two-tier system (as some may have to contribute financially).

Recruitment
In-home Tracking of glaucoma: Reliability, Acceptability, and Cost recruited 93% (42/43) of its proposed 
sample size within the original recruitment window (1 October 2021 – 31 August 2022). The recruitment 
approach varied across each of the three sites. Originally it had been proposed that each site would 
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recruit 15 patient participants each across three home monitoring cohort periods, with 5 participants 
in each of the three cohorts. However, given delays in approvals for one of the sites, recruitment was 
predominantly across two sites with the third recruiting to the last two cohorts. Site staff reported in 
interviews that I-TRAC was easy to recruit for due to significant patient buy-in to the interventions. 
However, staff did report perceptions about the samples recruited not being representative of the typical 
glaucoma population. This was predominantly linked to disease stage, age and ethnicity.

TABLE 28 Summary of findings against the AdePT 14 methodological issues for feasibility studies

AdePT methodological issue Findings relevant for issue

1. Did the feasibility/pilot study allow a sample 
size calculation for the main trial?

N/A – outcome data not used to calculate effect size

2. What factors influenced eligibility and what 
proportion of those approached were eligible?

Clinical status of patient (perception of low-risk vs. high risk). Majority 
approached were eligible

3. Was recruitment successful? Yes. Recruited 42/45 (93%) within original recruitment window. 
Recruitment varied across three sites. Site staff interviews report ease 
of process. Largely white population

4. Did eligible participants consent? Yes. Variation across sites due to methods used to identify patients 
– need to consider impact of randomisation on future decision

5. Were participants successfully randomised 
and did randomisation yield equality in groups?

N/A – not randomised

6. Were masking procedures adequate? No masking. Participants and site staff could not be masked in a future 
study

7. Did participants adhere to the intervention? Good – 67% adhered to tonometer and 60% to app – need to consider 
duration and frequency for future trial

8. Was the intervention acceptable to the 
participants?

Yes. Generally acceptable to all stakeholders ‘cautiously optimistic’
Patients involved in I-TRAC home monitoring – interviews and 3-month 
assessment
Site staff involved in I-TRAC home monitoring – interviews/focus 
groups
Clinicians not involved in I-TRAC – survey and interviews

9. Was it possible to calculate intervention 
costs and duration?

Yes. Decision on model for economic evaluation in future trial plus 
consideration of resource use and patient preferences

10. Were outcome assessments completed? Yes. 40/42 (95%) attended clinic for final outcome assessment
10 of 11 approached for interview were interviewed

11. Were outcomes measured those that were 
the most appropriate outcomes?

Yes – for acceptability and feasibility
Consideration of relevant outcomes for a future trial re clinical (e.g. IOP) 
and cost (e.g. healthcare contacts) effectiveness (e.g. QALYs and patient 
preferences) outcomes

12. Was retention to the study good? Yes. Retained majority of participants, n = 39 (93%)
Three participants stopped using the intervention; of those, two also 
declined follow-up

13. Were the logistics of running a multicentre 
trial assessed?

Yes. Lessons from running feasibility across three centres and from the 
interviews with research teams and site staff

14. Did all components of the protocol work 
together?

Overall, yes but some key areas (i.e. training) need attention

  Item not relevant for I-TRAC feasibility.

  Evidence from I-TRAC suggests this item has been partially met.

  Evidence from I-TRAC suggests this item has been met.

N/A, not applicable; N/R, not reported.
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The representativeness of patients in DHT trials was raised in the external researcher team interviews; 
they believed that trial populations often over-represented individuals who were white, younger, highly 
educated and had previous access to technology and the technological confidence to participate (see 
Chapter 5). Linked to this, it is important to note that 94% of patient participants in I-TRAC identified as 
white and only two (5%) reported not being a current user of a smartphone or tablet. Any trial evaluating 
home monitoring technologies should use strategies to target eligible patient groups that are not 
currently recruited to these trials.

Consent
Two centres prescreened participants before approaching, which resulted in 100% of participants 
consenting to participate. In the third site, there was a much lower proportion of participants who 
consented (16%). This was likely due to this site not prescreening but rather approaching all potentially 
eligible glaucoma patients in clinic waiting areas – which may be the case for a future large evaluative 
study. Where provided, reasons for non-participation were linked to a lack of confidence or interest 
in technologies. This was supported by findings from external researcher interviews which highlighted 
low digital literacy and a lack of social support as barriers to participation in trials of DHT more broadly 
(see Chapter 5). Patient participants reported reasons for participating in I-TRAC to be based on 
recommendations of their clinician but also were often motivated by their own history of glaucoma 
and interested in engaging with new technology and/or the research project. These motivations 
may also translate to decisions to participate in a future evaluative study; however, the influence of 
randomisation and how it may modify those decisions should also be considered.

Adherence to intervention
Patient participant adherence to the interventions was good overall, with 67% (n = 28) and 63% (n = 26) 
adhering to the tonometer and app, respectively (i.e. > 80% of measurements completed), and 55% 
(n = 23) adhering to both interventions. In the interviews, patient participants stated that remembering 
to conduct the monitoring was not difficult and they incorporated it into their established routines, 
pairing it up with taking medications or self-care activities. As the monitoring period progressed, they 
individualised the process (e.g. location to ensure light levels, or aid to enable steady motion) such that 
they could reliably achieve reading in less time or with fewer attempts. The ability to access the readings 
from the devices may also have enhanced adherence due to the positive feedback on the behaviour. A 
familiarity with technology, prior experiences in monitoring health, and control over their health were 
factors that influenced engagement with the intervention. As part of the study design, I-TRAC included 
reminder e-mails or texts (for which the patient participants expressed their preference) to be sent 
weekly to participants to remind them to monitor to further enhance adherence. In some cases, the 
e-mails and texts were being filtered into spam folders or blocked by providers. This would need to be 
addressed for a future evaluative study.

The overall adherence rate is especially positive given the high prespecified definition of adherence that 
the study implemented: > 80% of all weekly measures conducted across the 3-month monitoring period. 
Definitions of adherence for complex interventions such as these DHTs may be expected to be lower 
than our prespecified definition of adherence. Further consideration of what may be an appropriate 
adherence level for interventions of this type is critically important. For any future evaluative study, it 
would be important to consider the likely trade-off between duration of monitoring and intervention 
adherence. Patient participants suggested that to minimise anxiety through frequent measurement, the 
monitoring should be restricted to the necessary requirements – which they deemed to be once a week.

Acceptability of intervention
Overall affective attitudes of patient participants, site staff, and expert glaucoma clinicians in relation to 
beliefs about the interventions were positive; they cited reduced demand on the hospital-based clinical 
service as a main benefit. From a patient participant perspective, 71% stated they were highly or very 
satisfied with the home monitoring. In interviews, they reported that overall, they were able to engage 
with the new home monitoring technology and appreciated its potential impact on their health and 
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the eye healthcare system. A notable subset of participants had persistent difficulties with the device 
(the tonometer in particular) that limited their engagement and resulted in some of them doubting the 
feasibility of implementing home monitoring going forward, whereas engagement with the app seemed 
more acceptable, reportedly due to familiarity. Additionally, there was a large proportion (48%, n = 20) 
of the intervention study participants who required at least one additional contact with the site staff 
to resolve issues that largely related to app access issues or difficulties using the device. Linked to the 
difficulties using the devices, both patients/participants and site staff interviewed raised the issue of a 
need to improve training, both of staff and of patients, for any future study. Yet on the whole, relevant 
stakeholders were cautiously optimistic about the interventions and their potential for benefit.

It is worth noting that the broader global context for I-TRAC was its delivery within the COVID-19 
pandemic and related lockdowns. This meant that many patients were being advised to stay away 
from hospitals but were also becoming more familiar with technology. This may have also enhanced 
perceptions of acceptability of this type of intervention as a mechanism, to support recovery of the 
health service post lockdown.

A key consideration for a future trial is to further define the intervention. Within I-TRAC, the digital 
technologies were considered collectively as the intervention. However, findings from the qualitative 
data suggest there were preferences for one of the technologies regarding ease of use and readiness 
for use in practice. Some reported that only one intervention should be evaluated in a future study, 
which may have been linked to the OKKO app not being exactly fit for purpose for glaucoma. Other 
aspects relating to intervention maturity were linked to concerns about the volume of data this type of 
activity will generate and how this will be managed. The use of AI to support systems that can manage 
this volume of information and identify troubling readings and trigger additional alerts would also be 
required. Linked to this, obtaining clinical agreement to define the ‘trigger’ would also be required.

Cost and duration of intervention
In-home Tracking of glaucoma: Reliability, Acceptability, and Cost did not conduct an economic 
evaluation within the intervention study; however, it did develop a conceptual framework for the future 
economic evaluation through a review of existing models and combined this with data collected from 
participants and staff on resource use and patient preferences. Overall, given the complex care pathway 
and insufficient studies in the literature on glaucoma home monitoring, we recommend using a step-by-
step approach leading to a meaningful economic evaluation in a future study. Categories of intervention 
costs of glaucoma home monitoring identified include equipment cost, patient training, ongoing 
patient support during home monitoring, potential spill-over costs such as hospital visits triggered 
by high IOP readings, costs of data integration to the existing medical records, and evaluation by AI. 
Glaucoma is a chronic condition, and relatively high initial costs can be balanced by long-term benefits. 
Therefore, long-term follow-up or modelling extrapolation beyond the evaluative study follow-up should 
be considered.

Perceptions of intervention cost-effectiveness were also explored in interviews with expert glaucoma 
clinicians (see Chapter 3). These clinicians had mixed views: some believed the interventions would be 
cost-effective but a majority believed this approach would not be good value for money, with concerns 
about initial capital cost of equipment and associated maintenance and support (e.g. staff time for 
training) costs. While these concerns were raised within the context of service use, they are also valid 
for a future evaluative study.

Outcome assessment
We did not attempt to analyse in detail data on clinical outcomes, as our goal was to focus on feasibility 
and acceptability issues. The majority (40/42, 95%) of patient participants attended follow-up data 
collection at the final clinic visit at 3 months. Travel costs for patients to attend this follow-up visit, 
which was not part of routine clinical care, were provided and this may also have acted as an incentive 
to return. For any future trial it is worth considering the duration and timing of follow-up, and any 
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necessary co-interventions that may be required to maintain data completion and return. I-TRAC asked 
patient participants to monitor their glaucoma at home using the digital technology for 3 months. This 
allowed assessment of acceptability and feasibility. It would be likely that a future trial may expect a 
longer duration of follow-up, with 6- or 12-month or longer time points to complement the clinical 
guidelines for in-hospital monitoring of glaucoma.4

Selection of most appropriate outcomes
The objectives of I-TRAC were to assess the outcomes of feasibility and acceptability regarding digital 
technology for home monitoring glaucoma. The clinical outcomes collected at baseline and 3-month 
follow-up centred on IOP and VFs. We collected IOP and visual function data weekly during the home 
monitoring period. Clinical outcome data were collected and reported for descriptive purposes only, 
with no statistical testing undertaken. One of the site staff interviews felt that the outcomes being 
collected are of benefit to different subgroups of glaucoma patients and those who would benefit from 
both were in the minority. This links back to eligibility and who the patient population are. It is worth 
noting that IOP is the most frequently selected primary outcome in glaucoma trials, with over 90% of 
all glaucoma trials registered reporting this outcome as the primary end point, and is considered a core 
outcome.82,85

It is also worth considering the secondary outcomes required for a future evaluative study. The 
qualitative research generated data from clinicians that identified a range of important additional 
outcomes, including: improved management from increased data collected, detecting progression 
quicker and preventing sight loss (either directly from monitoring or indirectly due to clinicians spending 
more time with high-risk patients in clinic); patient anxiety; and reduced travel. In addition to the 
resource use categories such as time for patient training, ongoing patient support, and healthcare 
contacts triggered by information from the home monitoring devices, a future study should consider 
health-related (e.g. QALYs) and non-health-related QoL outcome measures. Patient participants stated 
convenience as a benefit of home monitoring and this is a possible source of non-HRQoL utility; 
however, they also mentioned concerns about the potential lack of reassurance from clinicians under 
home monitoring. These are examples of possible sources of utility that should be explored further when 
deciding the outcome measures for an economic evaluation within an evaluative study.

Retention
The I-TRAC study retained 39 (93%) patient participants across the 3-month monitoring period. One 
of these participants had withdrawn from completing the monitoring but completed all data collection. 
Two participants withdrew from all study procedures due to events external to the study (one had a 
stroke and was unable to continue to complete the study and the other Bell’s palsy). As mentioned 
previously in relation to intervention adherence, if the monitoring period were to be extended, it is 
important to consider the trade-off between duration and completion of follow-up. In I-TRAC patient 
participants were asked to return to the clinic (a research visit not part of standard routine care) at 
3 months at which they had clinical measurements taken and completed additional follow-up data 
collection. As such, timing and mode of follow-up require further consideration for implementation in 
a future evaluative study. In addition, it would be important to consider any negative affect from the 
‘control’ group and how this would need to be mitigated during design to ensure there is no differential 
retention between trial arms.

Logistics of a multicentre trial
All three I-TRAC sites were keen and engaged, and this would need to be replicated for the scale-up 
of implementation of I-TRAC across multiple centres. External researcher interviews (see Chapter 5) 
highlighted that a lack of evidence of effectiveness of technology can contribute to a lack of staff buy-in 
at sites. Therefore, it would be important to ensure that any evidence that is available on efficacy of 
interventions is made available to sites to support buy-in. Having a DHT champion with experience 
of trials of this type, and selecting sites with confidence in technologies, would also be ideal for 
supporting delivery.
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Suggestions for improvement to training that would be relevant for a multicentre trial included: 
identification of a dedicated experienced clinical site trainer; more detailed training for site staff such 
that they could better address patient concerns; multisite training days for staff to get together to 
complete training; and for patients, group training as an efficient approach for sites but also to provide 
social opportunities for patients which may be motivating. Having a technical support line available for 
patients such that they do not have to use site staff time with technical queries about the interventions 
was also suggested as an improvement.

One of the key logistical considerations for a future trial relates to the large volume of data that would 
be generated from a weekly (or similar) data collection schedule. Consideration would be required for 
how to review and act on the data (i.e. what measurement would trigger a patient to be seen in hospital) 
received from the devices in a future trial. In addition, the time required for review of data processing 
etc. would also need to be factored in. It was suggested that it would be valuable to have an automated 
algorithm that would highlight abnormal findings, to minimise the need for clinicians’ time to review 
data. The additional and often complex movement and storage of patient data which frequently occurs 
in digital home monitoring studies can provide challenges, with each geographic regional approval body 
having different information governance, research, and development processes which required factoring 
into delivery timelines and resource requests. The impact of differing policies regarding regulatory 
approvals did cause delays in opening sites and additional administration workload for the I-TRAC study 
team. For a future evaluative study, exploring local policies before recruiting sites is essential. These 
challenges with approvals, and specifically slow systems not built for DHT trials, were also noted in the 
external research team’s interviews (see Chapter 5). Solutions proposed were the need for more agile 
regulatory systems with the use of standardised approaches for ethical issues posed by DHT trials, and 
institutional digital support.

All components of the protocol work together
There were a number of protocol amendments during the study, and these are documented in 
Appendix 6. Overall, the I-TRAC study as delivered was fit for purpose and, as site staff reported in the 
interviews, the components worked well together. The study was perceived by site staff as low burden 
for both staff and patients, and largely easy to run and deliver. There were, however, some aspects that 
could be improved. The main one of these, a recurring theme, was the training of staff and patients to 
use the interventions. Additional opportunities for site staff to learn about the technologies and how to 
train patients in their use, possibly through a ‘see one, do one, teach one’ model, would be favourable.

Several key features of the interventions also arose. The first, and most notable, was the change in the 
app-based intervention from the MRFs VF technology to the OKKO visual function app. This was due 
to the MRF not being CE marked at the time of study approval (it has since obtained a UKCA mark) 
and as such being deemed a medical device by the MHRA, timeline for approval of which would have 
threatened the overall delivery of I-TRAC. Therefore, after a review of existing app-based methods 
for measuring VF or visual function (see Appendix 3), the CE-marked OKKO app was deemed fit for 
purpose. Our clinical experts suggested that the OKKO app would not be suitable for monitoring 
disease progression in glaucoma as it is measuring central visual function. Clinically, the MRF or another 
app designed to measure peripheral vision is the better suited technology, and while I-TRAC did not 
specifically assess acceptability, it did assess the general acceptability of tablet-based apps (which is also 
the MRF mode of delivery). In addition, findings from the patient participant interviews suggested they 
perceived the OKKO app to be less relevant to their glaucoma, which may also explain the slightly lower 
adherence to the OKKO app compared to the tonometer, which was reported as harder to use.

Additional unforeseen intervention issues with delivery also arose related to delays in iPad supply due to 
chip shortage and a surge in demand (due to remote working) which also resulted in an increase in cost. 
In one site, chargers for devices were lost, and due to not having replacements immediately available 
this led to delays in recruiting patients. Finally, there were two issues in relation to use of batteries. 
The first related to batteries running out quickly in the tonometers, which then required a specialist 
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screwdriver to open the battery compartment (that had to be ordered from the distributor), and only 
specific branded batteries could be used. The other issue was mailed devices being returned due to 
batteries being included inside the device that were required to be sent separately, again leading to 
slight delays with recruitment.

As highlighted in interviews with the external research teams (see Chapter 5), I-TRAC also faced some 
minor challenges with commercial partners. At study outset, establishing realistic expectations regarding 
timely access to data and whose responsibility it was within the partner organisation to provide would 
have been helpful.

These lessons will be incorporated into any future evaluative study design.

Research findings in context: relevant evidence published since I-TRAC was 
commissioned

Since the commissioning of I-TRAC in 2019, a small number of relevant papers reporting on acceptability 
testing of digital technologies for home monitoring of glaucoma have been published. Unlike I-TRAC, 
these studies were not designed to explore the feasibility of a future evaluative study; however, the 
studies’ findings were mapped against the AdePT issues to allow any additional insights to supplement 
the findings from I-TRAC and inform future decision-making. The studies were conducted in four 
geographical settings: Slovenia, UK, Australia and USA.37–39,86 They used a range of methods to determine 
acceptability and feasibility of measurement for a single intervention across various technologies 
measuring IOP (iCare ONE HOME) and VF (Virtual Field, Eyecatcher, MRFs), with only one of the studies 
evaluating both IOP and VF technologies. One study did not require patients to monitor at home but 
rather assessed acceptability within a hospital setting.37 Details of each of these studies are provided in 
Table 29. Other studies investigating the accuracy and reliability of home monitoring technologies for 
glaucoma have also been published.87–90 These studies are not discussed here as they did not explore 
patient and/or clinician acceptability.

Studies were broad in their eligibility criteria, including patients with POAG, OAG, OHT, and glaucoma 
suspects. Sample sizes varied, ranging from 20 to 117, with no information provided about number of 
eligible patients approached or reasons for declining participation. Studies reported participant age and 
sex, but not ethnicity. Durations of home monitoring included 1 week, 14 days, 6 weeks, and 6 months. 
Adherence to the home monitoring interventions under investigation was good, ranging from 77% up to 
100%. Retention to the studies was also good, with the lowest level being 81%.86

TABLE 29 Findings from recent glaucoma DHT studies compared against AdePT issues

AdePT issue
Cvenkel et al. 201937

(Slovenia)
Jones et al. 202138

(UK)
Prea et al. 202186

(Australia)
Hu et al. 202239

(USA)

Intervention • Home tonometer: iCare 
HOME ONE

NB: this study explored 
self-measurement within an 
eye clinic and did not require 
patients to monitor at home

• Home-based 
VF: Eyecatcher 
perimeter on 
tablet

• Home-based 
VF: MRF appli-
cation on iPad

• Home tonometer: 
iCare ONE HOME

• Virtual reality VF 
device: Virtual Field 
(Vfi)

1. Did the feasibil-
ity/pilot study 
allow a sample 
size calculation 
for the main 
trial?

N/A N/A N/A N/A

continued
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AdePT issue
Cvenkel et al. 201937

(Slovenia)
Jones et al. 202138

(UK)
Prea et al. 202186

(Australia)
Hu et al. 202239

(USA)

2. What factors 
influenced 
eligibility and 
what proportion 
of those ap-
proached were 
eligible?

Patients (≥ 18 years) with 
suspected glaucoma, OAG and 
OHT

Diagnosis of glau-
coma – including 
OAG and NTG

Diagnosis of OHT 
or stable glaucoma 
in at least one eye, 
visual acuity better 
than 20/40 (6/12), 
and the ability to 
understand English 
instructions.

POAG, OAG, OHT, or 
suspected glaucoma
In interviews, patients 
expressed that those 
who would benefit most 
from home monitoring 
would be patients who 
are underserved, busy, 
have flexibility in their 
schedules, older, com-
mitted to their eye care, 
tech-savvy, immobile, 
open-minded, interested 
in fine-tuning their disease 
management, children or 
glaucoma suspects

3. Was recruitment 
successful?

117
Mean age 57, 63% female

20
Median age 71 
(62–78), 50% 
female

101
Mean age 64.6 
(21–89), 32% 
female

20
Mean age 55.4 (range 
25–83), 65% female

4. Did eligible 
participants 
consent?

N/R N/R N/R N/R

5. Were participants 
successfully ran-
domised and did 
randomisation 
yield equality in 
groups?

N/A N/A N/A N/A

6. Were masking 
procedures 
adequate?

N/A N/A N/A N/A

7. Did participants 
adhere to the 
intervention?

103 of 117 patients (88%) 
measured IOP and 96 (82%) 
fulfilled the requirements

19 of 20 (95%) 
individuals 
completed the 
full regimen of six 
home monitoring 
sessions*

78 of 101 (77%) 
patients were 
analysed based 
on providing 
more than one 
home monitoring 
measurement

100% of 65 patients 
obtained an acceptable 
IOP and completed a VF 
test at home

8. Was the 
intervention 
acceptable to 
the participants?

After training, 96 out of 117 
(82%) subjects were able to 
perform self-tonometry.
73 of 93 (79%) felt that 
self-tonometry was easy to 
use and 75 patients (81%) 
responded that they would 
use the device at home.
Majority agreed the device 
was easy to use, comfortable 
and would use it at home. 
The most common listed 
advantage was being able to 
measure IOP at home [13 out 
of 40 (32.5%)]. Sixteen (40%) 
had problems with alignment 
and taking measurements 
in their left eye, 12 (30%) 
perceived as a disadvantage 
not seeing the results of 
measurements

Findings suggest 
overall accepta-
bility. Main 
findings included:
• Capability: 

confidence; 
visual health- 
related ability; 
instructions 
and training; 
propriety and 
repeatability 
of conditions; 
technical 
difficulties

36 patients 
provided reasons 
for withdrawal and 
noncompliance 
which related to:
• MRF device too 

difficult to use
• Participation 

in the trial too 
much effort

• IT logistical 
reasons

• Deterioration in 
health

• Not interested/
lack of motiva-
tion

• Competing life 
demands

74% felt that the home 
tonometer was easy to 
use. 100% felt that Vfi 
was easy to use
• Advantages: acces-

sibility; comfort; 
connection with 
friends and fam-
ily; convenience; 
physician–patient 
relationship; disease 
prevention; enjoyable; 
fewer distractions; 
more data; patient 
empowerment; posi-
tive design feedback; 
rapid learning curve; 
troubleshooting

TABLE 29 Findings from recent glaucoma DHT studies compared against AdePT issues (continued)
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AdePT issue
Cvenkel et al. 201937

(Slovenia)
Jones et al. 202138

(UK)
Prea et al. 202186

(Australia)
Hu et al. 202239

(USA)

• Comparison 
with HFA: test 
environment; 
test position; 
test format

• Motivations: 
less burden-
some than 
HES; closer 
monitoring; 
lower cost to 
NHS; self- 
management

• Difficulties: accuracy 
concerns; loss of phy-
sician–patient inter-
action; no immediate 
data; technical diffi-
culties; technology 
concerns; test fatigue 
and frustration

• Future considera-
tions: applying to 
children; community- 
based approaches; 
improving accessibil-
ity; integration with 
telemedicine; optic 
nerve monitoring; 
patient education; 
prescreening to iden-
tify good candidates

• Patient experience: 
cost and inconven-
ience; fear of severe 
visual loss; IOP anxie-
ty; isolation; patient–
physician relationship; 
test anxiety

9. Was it possible 
to calculate in-
tervention costs 
and duration?

N/R N/R N/R N/R

10. Were outcome 
assessments 
completed?

Once in hospital Once per month 
for 6 months

Once per week for 
6 weeks

Monitor for 1 week: 
home tonometer four 
times/day for 4 days and 
Vfi three times total

11. Were outcomes 
measured those 
that were the 
most appropri-
ate outcomes?

IOP VF VF IOP and VF

12. Was retention to 
the study good?

93 of 96 (97%) filled out the 
questionnaire

One participant 
discontinued home 
testing after four 
sessions/months 
after consultation 
with the study 
investigators. This 
was due to the 
test exacerbating 
chronic symptoms 
of vertigo

12 (12%) partic-
ipants provided 
no data and a 
further 7 (7%) 
provided only 1 
measurement.

One patient was initially 
recruited for this study, 
but was excluded upon 
training due to an 
inability to demonstrate 
competence with the 
home tonometer.
19 out of 20 (95%) 
completed the survey

TABLE 29 Findings from recent glaucoma DHT studies compared against AdePT issues (continued)

continued
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The UK-based study monitoring VF at home reported that patients were widely accepting of home 
monitoring, and some found it empowering to be involved in their care.38 Home-based VF monitoring 
in glaucoma patients was tested and indicated many potential benefits. This included improved patient 
focus due to calmer home testing environments, increased compliance with testing, and burden removal 
of attending appointments.38 However, there was an associated concern with performance pressure 
and anxiety surrounding constant awareness of symptoms.38 The study which explored the use of the 
MRF app did not directly explore acceptability, but it did investigate reasons for non-adherence. These 
included reasons related to: the technology being too difficult to use; logistical IT reasons; too much 
effort to participate; no interest or motivation to participate; a deterioration in health; and competing 
life demands.86 Hu et al., conducted a mixed-methods feasibility study in which the acceptability of home 
tonometry and home perimetry was assessed within glaucoma care in the USA.39 They demonstrated that 
the majority of patients found the devices easy to use and acceptable.39 Patients in the study reported a 
range of potential personal advantages such as convenience, enhancing the relationship with physicians, 
disease prevention and empowerment. Patients also recognised personal advantages of the intervention, 
such as the feedback to ensure appropriate use; and advantages for the overall service, such as additional 
data for disease management.39 However, there were also challenges or concerns in relation to using the 
home monitoring technologies, such as concerns about accuracy, technical difficulties, test fatigue and 
frustration and, more broadly, the impacts on the relationship with their physician. Patients also raised 
that, when considering future application, there may be patient groups who are particularly suited to 
home monitoring, such as those who are underserved, older, glaucoma suspects, or children.39

In addition to these studies exploring acceptability, a systematic review of glaucoma home monitoring 
interventions was published in 2022.91 The review indicated that self-led monitoring has promising 
potential for the future but found that current literature provides insufficient relevant evidence to fully 
support a home monitoring model – indicating room for further work.91 These findings were primarily 
due to a small total sample of conducted studies that were performed with a highly specific target 
patient group, decreasing the overall generalisability of results. Additionally, technical standardisation 
issues regarding home monitoring measurements, such as control of screen distance from patient and 
calibration requirements, were identified across numerous studies, adding a supplementary barrier to 
overcome for generalisability. This review demonstrated that patient-led home monitoring may not 
replace clinic care but may provide great value in certain situations, such as pandemics.

AdePT issue
Cvenkel et al. 201937

(Slovenia)
Jones et al. 202138

(UK)
Prea et al. 202186

(Australia)
Hu et al. 202239

(USA)

13. Were the logis-
tics of running a 
multicentre trial 
assessed?

N/R No but did 
explore imple-
mentation into 
service
• Practicalities 

for wider im-
plementation: 
data transfer; 
feedback; 
access to data 
and results; 
frequency of 
testing.

N/R N/R

14. Did all compo-
nents of the 
protocol work 
together?

N/R N/R N/R N/R

AdePT, A process for Decision-making after Pilot and feasibility Trials; HFA, Humphrey Field Analyser; IOP; intraocular 
pressure; HES, hospital eye services; MRF, Melbourne Rapid Field; N/A, not applicable; N/R, not reported; NTG, normal 
tension glaucoma; POAG, primary open-angle glaucoma; OAG, open-angle glaucoma; OHT, ocular hypertension; VF, 
visual field.

TABLE 29 Findings from recent glaucoma DHT studies compared against AdePT issues (continued)
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There are additional studies worth highlighting with findings that are also relevant when considering the 
overall results of I-TRAC. Firstly, Ballouz et al. explored whether glaucoma screening could be conducted 
remotely in two Michigan community clinics.92 The study found that patients from poorer demographics 
identified transportation, cost, trust, and lack of personal knowledge as barriers to glaucoma care.92 This 
was particularly prominent among those from ethnic minority groups. These findings from glaucoma 
screening research may also translate to a home monitoring setting, and further support the need 
to explore acceptability among the glaucoma populations not represented in I-TRAC and who are 
underserved by research. It is also important to note the MONARCH study, which has evaluated the 
diagnostic accuracy of self-led monitoring within the management of neurovascular age-related macular 
degeneration, another chronic ophthalmology condition.93 The study team introduced two digital (iPod)-
based home monitoring tests and one paper-based journal to patients. In addition, the MONARCH team 
conducted interviews with participants, close family members, and healthcare professionals to explore 
acceptability and adherence.94 As with the home monitoring studies in glaucoma, the findings indicated 
that patients were largely accepting of home monitoring in this context and viewed it as relatively 
straightforward and low burden, citing the benefits to reduce clinical visits as a motivator. There was 
also recognition of the essential requirement for effective training and ongoing support to ensure those 
less digitally adept were supported.94

Finally, it is worth highlighting evidence from a recent overview of qualitative reviews that synthesised 
evidence from studies of digital health experiences reported in chronic disease management.95 Evidence 
was synthesised from 22 systematic reviews from across mental health, cancer, diabetes, chronic 
obstructive pulmonary disorder, chronic pain, cardiovascular disease, irritable bowel disease and 
combinations of chronic disease reviews. Several common themes across the conditions were identified 
and categorised through nine domains:

1. Participation and engagement – references strong usability and engagement balanced against a reluc-
tance to use digital technologies when the former is not considered.

2. Trust, confidence, and competence – users felt reassured, but for those with technology illiteracy 
there was a perceived lack of control.

3. Perceived value, perceived effectiveness, transaction cost – in respect of gains afforded by digital tech-
nology but could also be lost due to burden of data entry requirements.

4. Perceived care quality – which required tailoring and motivation.
5. Barriers and threats – of the technologies’ risks and challenges.
6. Health outcomes – improved capabilities about self-management.
7. Relationships – improved healthcare professional relationships, but interpersonal aspects of in-person 

care lacking.
8. Unplanned benefits – patient empowerment.
9. Diversity of experiences – highlighting condition-specific experiences or ambivalence of experiences.

Overall, this overview of reviews highlights the need for digital technologies to be developed through a 
co-design model, ensuring the ‘consumer’ has meaningful involvement in the planning and design phases 
of products and developments.95 This could also extend to the planning and design of evaluative studies 
of these technologies, ensuring patients are actively involved in the design of trials that plan to evaluate 
these interventions.

Findings from these primary studies and literature reviews echo many of the findings from I-TRAC and 
suggest that home monitoring of glaucoma is largely acceptable, adherence is adequate, and delivery 
within the context of the study was feasible. However, there are several unknowns in relation to 
scalability and sustainability for a future evaluative study. A recently developed conceptual framework to 
support implementability of healthcare interventions recommends starting with assessing acceptability 
(across a range of stakeholders), then moving to explore fidelity (which can include adherence but 
also whether the intervention was delivered as intended), and then assessing feasibility of delivery.96 
These factors should be investigated, iteratively, with stakeholders during intervention development 



112

NIHR Journals Library www.journalslibrary.nihr.ac.uk

DISCUSSION AND CONCLUSIONS

and early evaluation. Then, when initial evidence of effectiveness has been established, scalability and 
sustainability should be considered. It is important to note that acceptability, fidelity, and feasibility are 
dynamic concepts that likely require reconsideration when scaling to different settings (e.g. research to 
healthcare practice) or populations (e.g. adults to children) over time.96

Strengths and limitations

One of the main strengths of I-TRAC was its ability to recruit across three geographically distinct 
locations, with varied patient pathways and routes to patient recruitment. This allowed ‘testing’ of study 
processes in a range of contexts, providing greater reassurance of acceptability of study processes when 
considering scale-up to a larger study. The inclusion of perspectives from a range of stakeholders (expert 
glaucoma clinicians, patient participants, site staff, and external research teams with experience in DHT) 
was also a key strength to the study – and not evidenced in the literature to date. Encouraging a plurality 
of perspectives should ensure the main opportunities and challenges of future research and delivery 
of DHT for glaucoma are evidenced and acted upon. Lastly, the use of guiding theoretical frameworks 
(TFA and the TDF) to ensure interview questions were comprehensive in assessing possible barriers and 
facilitators to engaging with home monitoring was also a strength. Responses were also coded using 
this same framework to produce deductive themes centred around the behavioural domains thought to 
drive behaviours, such as engagement with health monitoring, and provided rich sources of data to help 
feed into overall assessments. This will facilitate the development of future behaviour change strategies 
to help address the key challenges identified.

A number of key weaknesses of I-TRAC stemmed from study design. Firstly, the lack of assessment of 
the original VF MRF app was not ideal. While we would anticipate that – given the MRF, like the OKKO 
app, is also delivered on a tablet – many of the findings on acceptability would be transferable, this 
remains to be demonstrated. Secondly, there are some limitations in design of the survey described 
in Chapter 2, albeit the accounts and responses across the study were insightful. Within the survey of 
expert glaucoma clinicians, we did not specify whether home monitoring would be in addition to or a 
replacement for existing services. This means some responses may have considered service replacement 
and others addition of a service, which makes interpretations of the findings less clear. However, this 
might explain why there was considerable lack of agreement across the four clinical scenarios. It is 
also important to acknowledge that the survey represents only a sample of expert glaucoma clinicians’ 
views on which glaucoma patients are most appropriate for home monitoring. Understanding the views 
and opinions across the wider profession, including community optometrists, would also add value to 
this work.

Equality, diversity and inclusion
Another important limitation of the study was the patient population: largely white, experienced with 
technology, and generally research motivated. While we did not capture data on socioeconomic status, 
education or health literacy, given the types of patients who tend to participate in research it is likely 
that some categories of these other characteristics were also under-represented. This is of particular 
importance when considering that some ethnic groups are at much higher risk of advanced vision 
loss after a glaucoma diagnosis (e.g. six times more likely in black patients than white patients) and as 
such, monitoring may be more relevant for these higher-risk patients.97 In addition, given many studies 
have reported that disadvantaged groups who experience health inequalities are also more likely to be 
digitally excluded, it will be critical to ensure people from these groups are not excluded from future 
research or evaluation.98 In order to ensure representativeness across the sample, any future trial should 
use the INCLUDE Ethnicity framework (plus broader INCLUDE frameworks) and associated guidelines to 
help inform recruitment and retention of underserved populations.99–101
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Recommendations for future research

Given the evidence generated from the I-TRAC study, we believe there are key unknowns that need 
to be addressed before moving to an evaluative study. These are outlined below using the population, 
intervention, comparator, outcome (PICO) framework. Once these unknowns related to the PICO 
framework and the specification of the research question have been elucidated, decisions about type of 
study design could be determined.

1. Population

Determining precisely which patient group would be most suitable for home monitoring requires further 
attention; for example, whether home monitoring using digital technology in patients with high risk 
of progression or those with low risk of progression should be the priority. Ensuring research teams 
engage with underserved communities to support recruitment to future studies such that there is broad 
representation across future populations is also required. Different populations may benefit from home 
monitoring if either or both tests are used. Linked to this, considering potential unconscious bias at sites 
with regard to participant selection should also be explored and mitigated against for any future study.

Also linked to population is 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). This may be directly linked to the eligible population, 
as high-risk patients may require an additional service whereas low-risk patients would be able to use 
home monitoring as a replacement.

2. Intervention

A single test or a combination of tests may potentially be useful for home monitoring of glaucoma. The 
interventions for home monitoring are complex interventions, and need to be conceptualised as such to 
ensure effective assessment and implementation.102 Understanding how these complex interventions 
operate within the complex system is also key, and using a systems perspective during evaluation would 
be important. The complexity could also extend to consideration of these interventions as behaviour 
change interventions, and findings from the behavioural theory-informed components of I-TRAC could 
be used to develop behaviour change techniques to embed within patient information, training etc. to 
enhance intervention uptake and engagement.

Given the trade-offs, mentioned earlier in this chapter, that may be required in intervention adherence, 
duration, and follow-up for implementation and evaluation in a future study, it is also important to base 
these adjustments on evidence. This could be achieved through conducting a DCE to determine design 
and delivery components of the home monitoring interventions. There are examples in the literature of 
how DCEs have been used to inform the design of complex interventions, which could in turn improve 
user uptake and adherence.103 In addition, this DCE approach has been used to develop a digital self-
management intervention for chronic kidney disease.104 Further exploratory work to assess intervention 
acceptability would then be required, again ensuring engagement from all appropriate populations.

Lastly, further research to obtain agreement from clinicians around what level of adherence would be 
deemed acceptable for these home monitoring interventions would also be important both for future 
evaluative studies and for clinical practice.

3. Comparator

While the comparator in a future evaluative study would likely be standard care, there is variation across 
(and within) the devolved nations in the UK regarding patient care pathways. For example, there is an 
increasing but variable use of: (1) ‘virtual clinics’ where patients attend the HES and have a series of 
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glaucoma tests, and then a clinician reviews and reports the findings at a later date; and (2) community 
optometry-based glaucoma clinics for patients at low risk of visual impairment, for example those with 
OHT. Understanding these contextual differences would be important for planning and analysis of any 
future study to identify how the intervention would be situated and any differences in results from a site 
or country setting.

4. Outcome(s)

Further research is needed to determine the most appropriate outcomes for evaluation of digital 
technologies for home monitoring, which could consider structure, process and outcome outcomes. The 
DCE approach to intervention development, mentioned earlier, could also be used to identify which 
outcomes are highly valued by patients, healthcare professionals, service managers, and commissioners 
of services.

In addition to the glaucoma-specific outcomes, a future evaluative study may also need to consider 
whether there are overarching outcomes of importance that could be informative for other trials of 
home monitoring technologies. There may be scope for a generic core outcome set (defined as the 
minimum set of outcomes that should be collected and reported)105 for digital technology interventions 
used to monitor chronic conditions at home. There are examples of core outcome set development for 
telehealth in particular clinical contexts which could provide a starting point for the development of 
linked sets.106

Patient and public involvement

Research to ‘improve early diagnosis of sight-threatening glaucoma’ has been identified as a top priority 
(for patients and clinicians) for funding (James Lind Alliance Priority Setting Partnership).107 Therefore, 
patients have been directly involved in identifying and prioritising the broader research question. We 
have worked closely with two people living with glaucoma (patient partners DS and BL) and have also 
had representation of a patient advocacy group (Glaucoma UK) throughout the duration of the study 
to ensure consideration of wider members of the community. One patient partner, DS, was engaged at 
grant development stage, and, through discussion with their local clinician and the Chief Investigator, 
agreed that I-TRAC was aiming to answer an important research question and agreed to act as patient 
co-applicant (having input into the development of the applications and specifically the plain language 
summary) and member of the SSC. DS has provided input into the overall plan of activities. Through 
another clinical collaborator, we identified one further patient partner (BL) who also contributed to the 
study as a member of the SSC.

Support for engaging in activities and meetings was provided by the I-TRAC Research Fellow (CS) and 
the Chief Investigator (KG) and ensured patient partners had received the necessary information, in 
preferred mode (e.g. paper over electronic) to support their contributions to meetings. The two patient 
partners were reimbursed for their time in line with NIHR recommendations.108

Our patient partners actively contributed to all SSC meetings, inputting to study decisions (including the 
change of digital technologies and decision to apply for an extension for the final cohort of participants), 
and providing feedback on provisional findings. In addition to the standard inputs into patient-facing 
documentation such as patient information leaflets and questionnaires, activities where specific 
patient input has been sought during I-TRAC included: contributing to the content and writing of the 
training materials for participants, ensuring they were clear and covered a range of possible problems 
that participants may encounter; and patient partners helped to develop the topic guide for patient 
participant interviews through reviewing the initial draft, making recommendations for improving 
the questions and structure of the topic guide, and reviewing and approving the revised version. The 
patient partners also made important contributions to the plain language summary and contributed 
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to a discussion of a dissemination strategy for communicating findings to people living with glaucoma. 
Having the benefit of insights from persons with a lived experience of glaucoma had a positive effect on 
patient-facing materials, in terms of both content and display, with our patient partner representatives 
identifying poor word choices and poor layout that may have deterred volunteers from participating. 
This likely contributed to the positive feedback from patient participants as to the clarity and ease of use 
of study materials. There were no obvious negative effects of their contributions, but important lessons 
were learned in terms of how to ensure patient partner input is as effective as possible; that is, patient 
partners actually being familiar with the technologies and having lived experience of learning to use 
the technologies.

Reflecting critically on the process of involvement, two key items arose. Firstly, the involvement of 
I-TRAC patient partners in developing training manuals without them having lived experience with 
the technologies was not ideal. One way to have combatted this would have been to have sent the 
technologies to the patient partners and asked them to use them in line with the training manuals, 
as this would have highlighted critical aspects. The other area that proved challenging for our patient 
partners (on occasion) was joining the SSC meeting online using MS Teams. The Chief Investigator’s host 
institution only supports the use of MS Teams as a platform for online meetings. Even with support from 
the I-TRAC Research Fellow in advance of meetings to join the Teams call, on one occasion this meant a 
patient partner was not able to join (which was resolved through an opportunity to meet after the fact).

Before submission of the final report, we invited our patient partners to complete a feedback form. The 
feedback was largely positive. They felt information about the study was communicated well and that 
meetings had a clear purpose, were well managed, and were of an appropriate duration. When asked 
what they would have changed, suggestions were: being provided with a tonometer to monitor their 
own glaucoma at home and reducing the use of unfamiliar abbreviations. Overall, patient partners felt 
involved, valued, and that their involvement made a difference to the study.

Conclusion

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. The study also evidenced sufficient fidelity, good adherence to the interventions, and 
feasibility of delivery of both the interventions and the study processes, but this must be considered 
with reference to the narrow patient population included. However, I-TRAC also highlighted several 
unknowns relating to the PICO framework of a future evaluative study that require addressing before 
progression to a RCT. 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 
DHT delivery. Given the high system demand for digital solutions, in a space where innovation happens 
at pace, generating evidence to evaluate digital health technologies is challenging. Yet the potential 
promise for the health system more generally, and HES more specifically, provides justification for 
further research in this area.
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Appendix 1 I-TRAC study design overview 
highlighting mixed-methods contributions 
within and across research objectives
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RO1 – Identify which glaucoma patients are most
appropriate for home monitoring

RO2 – Understand the views of key stakeholders
(patients, clinicians, IT personnel, researchers) on

whether home monitoring is feasible and acceptable

RO3 – Developing a conceptual framework for the
economic evaluation for home monitoring for glaucoma

Data collection
• QUAN clinical vignettes for scoring
• qual open ended questions

Data collection
• QUAN recruitment rates, adherence, retention,
    resource use data
• Qual interviews and focus groups with expert
    glaucoma clinicians (informed by the TFA), interviews
    with patient participants (informed by TDF), site staff
    (informed by ADePT and findings from patient
    participants interviews), researchers (informed by
    findings from all other interviews)

Data collection
• QUAN scoping review, healthcare resource use data
    from patient participants in RO3, and IOP data
• qual interviews and focus groups with expert
    glaucoma clinicians interviews with patient
    participants, site staff

Data analysis
• QUAN frequencies and percentages
• qual analysis from RO2 re-examined for findings
    relevant for resource use

Interpretation
• Emphasis on QUAN with qual used to explain and
    elaborate

Informed subsequent ROs
• RO4 – key findings fed into cost of intervention
    section and selection of appropriate outcomes

Data analysis
• QUAN means, medians, frequencies and percentages
• Qual TFA analysis of expert glaucoma clinician data,
    TDF analysis of patient participant data, ADEPT
    analysis of site staff data, thematic analysis of
    researcher interviews

Interpretation
• Equal emphasis on both data types

Informed subsequent ROs
• RO3 – resource use data analysed within RO3; patient
    preference data from interviews informed RO3.
• RO4 – both the QUAN and QUAL data directly
    informed all core aspects of RO4

Data analysis
• QUAN frequencies and percentages
• qual directed content analysis

Interpretation
• Emphasis on QUAN with qual used to explain and
    elaborate

Informed subsequent ROs
• RO2 – interrogated key issues identified on patient
    eligibility in interviews with clinicians (see Chapters 3
    and 4)
• RO4 – key findings fed into eligibility and
    recommendations for future research (population) in
    Chapter 7

RO4 – 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
Interpretation: Equal emphasis on both data types
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Appendix 2 Coding guide for interviews with 
expert glaucoma clinicians (see Chapter 3)
TFA construct Theme Description

Affective attitude
References as to how 
the clinician feels 
about the intervention. 
Include only feelings 
and emotions, for 
example likes, dislikes, 
supports, does not 
support, preferences, 
agreement, accept-
ance, indifference, 
importance. May be 
positive or negative or 
neutral/indifferent or 
mixed

• Enthusiasm tempered with un-
certainties (e.g. worry, concern) 
about the usefulness/reliability of 
home monitoring and its potential 
impact

References to how clinician feels about home monitoring 
of glaucoma

◦ Clinician enthusiasm for the 
potential of home monitoring 
to relieve current healthcare 
challenge

References to how the clinician feels about potential out-
comes/benefits/impact on care from home monitoring

◦ Clinician enthusiasm tempered 
with uncertainties (e.g. worry, 
concern) about the usefulness/
reliability of home monitoring 
and its potential impact

References as to where the clinician states that feelings 
are conditional, for example IF the technologies work 
OR where there is preference for one component 
over another for the intervention OR if there are 
concerns about negative impact on patients.

• Concerns about negative affect 
for patients and staff

All references reported by clinicians in relation to how 
they believe patients will feel about home monitoring of 
glaucoma. This can be positive (e.g. welcome, glad) and 
negative (e.g. scared, anxious). This is most commonly 
in relation to handling/use of equipment but can be 
broader, for example convenience

◦ Beliefs patients will welcome 
and benefit emotionally from 
home monitoring

References where clinicians report beliefs that patients 
may have positive emotional responses to the home 
monitoring of glaucoma

◦ Beliefs that home monitoring 
will have a negative emotional 
impact on patients’ affective 
state (e.g. cause fear or anxiety)

References where clinicians report beliefs that patients 
may have negative emotional responses (affective states) 
to the home monitoring of glaucoma

Ethicality
References where the 
clinician reports how 
the intervention fits 
with the individual’s 
values and/or is mor-
ally good or correct, 
including participants’ 
values towards patient 
care. Includes content 
in relation to possible 
ethical issues the 
intervention could 
pose and participants’ 
acceptance of those 
issues. Includes 
content in relation to 
equality, diversity and 
inclusion issues and 
how the participant 
views this as accept-
able or unacceptable

• Ethical risks of remote and  
commercial data collection  
technologies

References where the clinician reports concerns or ques-
tions about ethical risks and challenges of remote data 
collection; its security, governance, protection, fidelity 
(knowing you are looking at the correct person’s data and 
that this person has consented for you to review their 
data). Include references to whether these challenges 
can or cannot be accommodated within NHS. Include 
statements suggesting concerns related to commercial 
aspects of technological devices

• Intervention fit with principles of 
care

References where the clinician reports how they perceive 
this intervention fits with existing principles of care; 
promoting self-care/self-management, concerns about 
glaucoma clinics becoming reduced to managing data and 
losing their holistic approach. Include statements where 
it could or could not be a solution to a current ethical 
issues of glaucoma care such as overtreatment

• Managing equity (and fall out) in 
patient selection

References where the clinician reports perceived equity 
and equality issues in relation to this intervention. 
Include statements about the impact of issues such as 
accessibility, language, education, and technical abilities 
upon the ethicality of home monitoring. Include state-
ments about the perceived impact of equity and equality 
issues such as creating a two-tier healthcare system
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TFA construct Theme Description

Intervention 
coherence
References where 
the clinician reports 
content in relation to 
the extent to which 
they understand the 
components of the 
intervention and how 
it works. To include 
understanding of 
the purpose, or 
benefit finding, from 
the perspective of 
clinician, service 
and patient. Include 
content in relation to 
seeing opportunities 
to improve the 
intervention

• A degree of autonomy to deter-
mine where, when and for whom 
home monitoring will apply

References where the clinician reports content in relation 
to the need for autonomy in how home monitoring is 
implemented in terms of deciding which patients, which 
services (e.g. community or secondary care), to integrate 
with existing services (e.g. virtual clinics), and for what 
purposes

◦ Varied purposes of the home 
monitoring of glaucoma

References where the clinician reports their perceptions 
of what the point of glaucoma home monitoring is; what 
it could or should achieve. Purposes included reducing 
overtreatment, refining referrals to ensure patient 
seen by appropriate service, improving management of 
glaucoma, phasing, improving detection of progression, 
reducing sight loss, increasing clinic patient capacity, 
allowing clinics to catch up on COVID-induced waiting 
lists, promoting patient self-management and introducing 
more localised care.

Minor subcodes:
• Collecting pressure data to change management deci-

sions
• Detecting progression quicker and reducing sight loss
• Increasing in-clinic capacity for those who need to be 

seen face to face
• Promoting self-management
• Providing more patient-centred home local care

◦ Varied targets of glaucoma 
home monitoring

References where the clinician reports which patients 
could be targeted with this intervention. This includes 
targeting younger patients, those with spurious clinic 
results, high-risk progressors, low risk of progression 
patients, those with NTG, those suspected to have glau-
coma, those requiring phasing, those who are physically 
able, those who need to be risk assessed, those with 
clinic access issues. This also includes perceptions that 
describing the ideal patient is not possible.
Minor subcodes:

◦ Age (younger more suitable)
◦ Not suitable for anxious patients
◦ Those with spurious results in clinic
◦ High-risk progressors
◦ Low risk of progression
◦ Suitable for NTG, phasings, and glaucoma suspects
◦ Those physically able
◦ To conduct a pre-diagnosis/borderline risk deter-

mination
◦ There is no ideal patient
◦ Suitable for those with clinic access issues

• Data, its quality and integration References where the clinician reports content regarding 
the data obtained from home monitoring in relation 
to the need for it to integrate with existing electronic 
records, be easy to access and read, and have alerts/noti-
fications to highlight any problems in the data received

◦ Data-related opportunities to 
improve in the future

References where the clinician reports ways that 
data limitations could be overcome to include simpler 
reporting, use of AI, and the addition of disc imaging.
Minor subcodes:
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TFA construct Theme Description

• Easy way to visualise progression
• Use of AI
• Addition of home disc imaging
• Log-in to ensure data are the patient’s
• The app is more clinically effective/cost-effective than 

home IOP
• Consider timing of measures to increase reliability of 

results

◦ Understanding and knowledge 
of the evidence base – how 
devices work

References where the clinician reports knowing or not 
knowing how well devices work. Include reports of 
knowledge of scientific evidence and clinical experience 
in relation to how the devices work, and how satisfied 
participant is with the known evidence or experience. 
Provides contextual information that may explain per-
ceived limitations of the home monitoring technologies.
Minor subcodes:

◦ Awareness of other technologies that may be 
useful for glaucoma

◦ Doubts about relying on home monitoring meas-
ures to make decisions

◦ Happy with evidence supporting use of home 
monitoring

• Support for patients References where the clinician reports content in relation 
to the work of providing patient reassurance and explor-
ing social support if required for additional reassurance

◦ Requires professional  
reassurance

References where the clinician reports statements in 
relation to the importance of or requirement for clinician 
to deliver reassurance, or to commence or continue 
home monitoring

◦ Requires tilization of social 
support and patient-related 
opportunities to improve in 
the future

References where the clinician reports any statements 
specifically ways that patient-related limitations could be 
overcome, to include making technology more accessible 
to all, keeping technologies simpler and minimising risk of 
unintended consequences (e.g. how to reduce anxiety risk).
Minor subheadings:

• Improving access to devices; library loan system, 
supermarket stations

• Limiting or simplifying the result information given to 
patients

• Technologies that are simpler to use.

Anticipated costs
References where 
the clinician reports 
the extent to which 
benefits, profits or 
values must be given 
up to engage with the 
intervention. Include 
content in relation 
to cost–benefit/
value considerations. 
Include content in 
relation to whether 
it is believed that 
the intervention is 
economically possible/
not possible

• Beliefs about cost-effectiveness References where the clinician reports suggestions as 
to how they think glaucoma home monitoring could be 
cost-effective

◦ Could be value for money or 
cost-neutral

References where the clinician reports beliefs that 
glaucoma home monitoring could offer value for money 
or be cost-neutral

◦ Doubts whether value for 
money

References where the clinician reports doubts or 
concerns that home monitoring of glaucoma will not be 
good value for money

◦ Belief that it will be difficult  
to persuade management to 
buy-in

References where the clinician reports concerns about 
management, NHS or CCG buy-in related to costs and 
value

◦ Capital (equipment) costs are 
prohibitive

References where the clinician reports expectations that 
the intervention will be too costly to implement due to 
cost of the technologies

◦ Other types of costs involved References where the clinician reports other (non-capital) 
types of costs they believe this intervention will impose.
Minor subcodes:
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TFA construct Theme Description

◦ Costs for staffing
◦ Covering cost of spare/damaged equipment
◦ Paying other providers, for example community 

optometrists, to do this

• Adjustments to address  
affordability

References where the clinician reports suggestions as 
to how they think glaucoma home monitoring could be 
made more affordable

◦ Allow patients to purchase 
own personal equipment

References where the clinician suggests patients 
purchase or co-purchase equipment for home monitoring

◦ Prioritising the app as it would 
be cheaper

References where the clinician suggests that app-
based approaches to home monitoring will be more 
cost-effective

◦ Expect costs to reduce over 
time as technology improves

References where the clinician reports believing that in 
the future the costs of home monitoring technologies 
will reduce

Burden
References where the 
clinician reports the 
perceived amount of 
extra effort to partic-
ipate in intervention. 
Include perceived 
burden upon others as 
well as upon self

• Burden upon clinician References where the clinician reports perceived burden 
upon clinicians

◦ Burden of learning a new skill 
and changing practice

References where the clinician reports burden of learning 
new skills and changing practice

◦ A shift in burden rather than 
adding burden

References where the clinician reports beliefs that 
burden will not increase but change in its nature

◦ Dedicated time to review and 
action the data

References where the clinician reports that finding 
time to review and action home monitoring data will be 
burdensome

◦ Increased patient caseload References where the clinician reports that home 
monitoring will result in increased patient numbers

◦ Unscheduled care increases 
from anxious patients

References where the clinician reports home monitoring 
will result in increased appointments from patients who 
have become anxious due to home monitoring

◦ Time to implement and  
manage

References where the clinician reports the time to 
implement and manage a home monitoring service would 
be burdensome

• Staffing burden imposed upon the 
service/organisation

References where the clinician reports that home 
monitoring would impose burden upon the health 
service/organisation

• Burden upon patient References where the clinician reports that home 
monitoring would impose burden upon the patient. 
This was in relation to the both the physical tasks home 
monitoring would involve and psychological burden (e.g. 
impact of the affective states of worry or anxiety).
Minor subcodes:

• Collecting equipment
• Learning how to use equipment
• Worrying about results
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TFA construct Theme Description

Perceived 
effectiveness
References where 
the clinician reports 
the extent to which 
the intervention is 
expected to achieve 
its intended purpose 
(anticipated effective-
ness). Include content 
regarding expected 
outcomes, expected 
quantifiable changes, 
and factors perceived 
to potentially limit 
effectiveness (e.g. 
reliability of technol-
ogies, patient ability, 
breadth/scope of 
visual health aspects 
being measured e.g. 
no disc imaging). 
Include unintended 
consequences

• Anticipated outcomes References where clinicians report expected outcomes 
of glaucoma home monitoring. These include detecting 
progression quicker (reducing sight loss), freeing up time 
in clinic to see higher-risk patients, increased data from 
which to make better treatment decisions, and increased 
convenience for patients. Potential negative outcomes 
include some patients demanding in-clinic services as 
home monitoring may be perceived as lower-quality care

• Benefit vs. harm

◦ Certainty about effectiveness 
of home monitoring

References where the clinicians report strong confidence 
that home monitoring will be effective

◦ Uncertainty about how effec-
tive home monitoring will be

References where clinicians report uncertainties about 
whether possible benefits will be realised with glaucoma 
home monitoring. Doubts included whether potential 
increase in capacity could be realised, and doubts 
whether the effort to run such a service would be less 
than current provisions

• Data-related limitations of the 
intervention

Data and technology factors perceived to limit the 
effectiveness of glaucoma home monitoring include their 
confidence in the data produced by the technologies and 
patients’ ability to use these technologies.
References where the clinician reports any perceived lim-
itation of the data and technologies. To include missing 
or unnecessary components, and time and complexity to 
manage resulting volume of data

• Patient characteristics impacting 
effectiveness

Patient, sociodemographic and health factors perceived 
to limit the effectiveness of home monitoring. Includes 
patient age, compliance, physical and cognitive abilities, 
language and ethnicity.
References where the clinician reports any perceived 
limitation related to the patient. To include unanticipated 
outcomes such as increased patient anxiety, technolog-
ical limitations, and loss of useful information from the 
loss of face-to-face contact

• Service-level factors which could 
limit effectiveness

Health service/organisational culture factors which could 
limit effectiveness of home monitoring included staffing 
available, support from Trusts and CCGs, and being able 
to adapt to change.
Minor subheadings:
Home monitoring is not a replacement for in-person care 
and lose holistic value of face-to-face care

Self-efficacy 
(clinician)
References where 
clinicians report 
their confidence 
in performing the 
behaviours necessary 
to participate in the 
intervention. This 
also includes their 
perceptions of the 
confidence of other 
staff that they work 
with

• Low confidence in patients References where clinicians report their beliefs about 
patients’ confidence to perform behaviours necessary 
to participate in the intervention. This includes beliefs 
that patients would or would not have the confidence to 
perform home monitoring

• Low self-confidence in ability to 
deliver

References where clinicians report impacts on confidence 
to deliver home monitoring. Can include current service 
set-up/organisation, care pathways, and shared care 
where different patient scenarios result in patients being 
seen by different healthcare staff
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TFA construct Theme Description

COVID (not TFA)
Code any statement 
mentioning COVID to 
explore how this may 
have impacted on 
clinician perspectives 
or acceptance of 
these technologies 
or changes to service 
delivery

• COVID’s impact on care delivery References where the clinician reports how COVID 
changed the way in which care for glaucoma patients is/
was being delivered. Includes changes in clinic attend-
ance, changes in frequency of testing, and increased use 
of virtual clinics

• Created additional or new need 
for remote monitoring

References where the clinician reports how COVID has 
created a need to explore new approaches to monitoring 
glaucoma and how home monitoring could be the 
solution for current challenges such as restricted patient 
numbers in clinic, performing tests without face masks, 
increasing adherence with tests through a COVID-safe 
approach (home not clinic)
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Appendix 3 Alternative app-based visual field 
or visual function measures

App name PC/iPad/Android tablet Developer

CE marked 
(March 
2021)

visualFields easy iPad George Kong 
softwares

No

MyVisualFields Smartphone, iPhone or Android MAGNETICA 
Development 
SRL

No

VF Fast iPad Leonard Yip No

http://www.specvis.pl/index.
html

PC (but working on a mobile app) Piotr Dzwiniel No

Visual Field (Google Play) Android device (5.0) FLM No

Anxiety, Visual Field Test 
app – Glaucoma/Stroke

Desktop or Android VCE-VSchoener No

Eyecatcher Tablet with eye tracking device David Crabb 
(Open Source)

No

C3 fields analyser (virtual 
reality headset)

Unclear Alfaleus No

GearVision: a smartphone- 
based head- mounted 
perimeter (VR)

Smartphone T Sircar No

Stylianos Tsapakis (no given 
name for device/set-up)

The software uses the web camera as a ‘virtual pho-
tometer’ in order to detect room luminosity and allows 
self-testing using a computer monitor or virtual reality 
glasses using an Android smartphone with a 6-inch 
display

Stylianos 
Tsapakis

No

Peristat online perimetry Peristat online perimetry testing was conducted within 
3 months of HVF testing on a 17-inch monitor in a 
darkened room in the clinic with guidance by a trained 
investigator

Lowry EA 2016 No

Damato Multifixation 
Campimetry Online 
(DMCO), a free-of-charge 
internet-based VF test.

Laptop TestVision./org No

PERformance CEntered 
Portable Test (PERCEPT)

App iPad Peter Rosen No

Virtual Eye VR headset, unsure of device Unclear No

OKKO Smartphone, tablet, iPad OKKO Health Yes

http://www.specvis.pl/index.html
http://www.specvis.pl/index.html
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Appendix 4 Coding guide for interviews with 
patient participants (see Chapter 4)
Behaviour: Engagement with/use of home monitoring intervention for glaucoma. Two devices: a handheld tonometer 
to measure eye pressure, and a game in the form of an app on an iPad to measure visual function. Both to be used 
together, once per week, for 12 weeks. Training session given by Research Nurse and provided with manuals and 
YouTube videos for support at home, in addition to being able to contact study team for help.
Behaviour involves use of both devices; however, attention to be paid to different responses between devices.

TDF domain Description Decision rule(s) Example quote

Knowledge An awareness 
of the existence 
of something. 
Demonstrated 
by: Knowledge 
(knowledge of 
condition/sci-
entific rationale 
for intervention); 
Procedural 
knowledge 
(Knowledge 
of how to use 
the devices/
undertake the 
intervention); 
Knowledge 
of task 
environment 
(e.g. how home 
monitoring fits 
within NHS/care 
environment)

Awareness of what glaucoma monitoring 
is, what is involved and why it is performed 
(Knowledge of condition/rationale for 
intervention); Knowledge of how to use 
the home monitoring devices (procedural); 
Knowledge of what the study was trying to 
achieve; Knowledge of how home monitor-
ing fits with NHS environment. Include a 
subcode for others – what is perceived that 
others need to know or should know to 
engage in home monitoring.
Inappropriate coding/potential for cross-
over: Knowledge of glaucoma in general 
can be added as a subcode of knowledge 
for contextual information but knowledge 
should be specific to monitoring, not the 
disease. For example, quotes discussing 
how glaucoma is a progressive eye disease 
that results in pressure changes in the 
eyes should be coded as knowledge 
(other – contextual information, and NOT 
knowledge – monitoring)

Glaucoma is a condition of the eye 
whereby it increases the pressure within 
the eye . . . it causes the pressure to 
increase, and unless it’s controlled it 
can eventually move to a catastrophic 
blindness problem. It’s something that 
lasts your whole life once you have been 
diagnosed with it, that’s my experience, 
and it requires continual dedication to 
taking your eye drops and attending your 
appointments at the hospital (12001)

Skills An ability or 
proficiency 
acquired through 
practice. Skills 
development; 
Competence; 
Ability; 
Interpersonal 
skills; Practice; 
Skill assessment

Include information here on skills perceived 
to be required to successfully use the home 
monitoring equipment; include information 
on adequacy of training provided in relation 
to these skills and if participant feels their 
skills could be improved (specifically, which 
skills could be improved).
Inappropriate coding/potential for 
crossover:
Distinguish between Skills, Beliefs About 
Capabilities and Memory, attention, and 
decision processes: Comments about 
confidence in those skills should be coded 
under Beliefs and Capabilities. Comments 
about memory skills such as remembering 
how to perform home monitoring, remem-
bering to do home monitoring each week 
or the mental complexity of using home 
monitoring devices should be coded under 
Memory, attention, and decision processes

I suppose . . . you know, it may be a 
matter . . . you know, finding the optimum 
commit the decision for people using it, 
or something like that, rather than saying, 
‘Oh, you could try this way, you could try 
that way’ . Yes, I think the nurse and I, 
at that point, tried a number of different 
ways and I think . . . I’m struggling to 
remember now, but I think . . . there were 
a number of attempts were made and 
maybe only got a reading that seemed as 
if it was accurate about once. 12007
You would need to log it on a computer or 
an iPad, I suppose, if you weren’t familiar. 
My mother’s got glaucoma and probably 
would never do it because she’s 88. She 
would never do it (12011)
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Behaviour: Engagement with/use of home monitoring intervention for glaucoma. Two devices: a handheld tonometer 
to measure eye pressure, and a game in the form of an app on an iPad to measure visual function. Both to be used 
together, once per week, for 12 weeks. Training session given by Research Nurse and provided with manuals and 
YouTube videos for support at home, in addition to being able to contact study team for help.
Behaviour involves use of both devices; however, attention to be paid to different responses between devices.

TDF domain Description Decision rule(s) Example quote

Social/profes-
sional role and 
identity

A coherent set 
of behaviours 
and displayed 
personal 
qualities of an 
individual in a 
social or work 
setting. Social 
identity; Group 
identity

Include information here about whether the 
participant sees themselves as someone 
who already monitors their health/uses 
technologies for monitoring their health 
away from usual care/clinic care (e.g. at 
home). Include previous experiences of 
home monitoring for other conditions (e.g. 
BP), use of technologies for tracking activity 
levels. Include any statements reporting 
views towards patients’ role in managing 
glaucoma

I’m the sort of person who would 
persevere, been part of my culture. I’ve 
spent my life commercially travelling 
the world and you have to persevere to 
succeed (12001)

Beliefs about 
capabilities

Acceptance 
of the truth, 
reality or validity 
about an ability, 
talent or facility 
that a person 
can put to 
constructive use. 
Self-confidence; 
Perceived 
competence; 
Self-efficacy; 
Perceived 
behavioural con-
trol; Self-esteem; 
Empowerment

Include comments about how confident the 
participant states they are with using the 
home monitoring technologies. Also include 
comments about how easy or difficult using 
the home monitoring technologies was for 
them. Capture participant views towards 
their abilities to perform home monitoring. 
Capture differences in confidence levels 
between different steps involved in home 
monitoring. Can include sense of control if 
statement suggests self-efficacy.
IF participant talks about their beliefs about 
capabilities of OTHERS, code as Beliefs 
about capabilities of others.
Inappropriate coding/potential for 
crossover:
Be aware of potential crossover with skills 
and MADP. Specific skills should be coded 
under Skills/MADP (if memory based skills). 
Beliefs about capabilities should focus on 
confidence and ease/y of these skills

To start with, I found it difficult because I 
couldn’t . . . you know, I was following the 
instructions . . . reading the instructions 
rather than following it in my brain but 
as I . . . so to start with, the time it took 
me to register the pressures was a bit 
frustrating, but within, I don’t know, 
two . . . three weeks maximum, it was just 
routine. I must be . . . I think I was doing it 
in five minutes easy peasy, yes
(12001)
No, I don’t think so. I think that . . . as I 
say, it’s just going back to the fact that I 
think the equipment itself wasn’t at the 
stage where you’re getting a sort of more 
positive result (12007)

Optimism The confidence 
that things will 
happen for the 
best, or that 
desired goals will 
be attained.
Optimism: The 
attitude that 
outcomes will 
be positive and 
that people’s 
wishes or aims 
will be ultimately 
fulfilled
Pessimism: The 
attitude that 
things will go 
wrong and that 
people’s wishes 
or aims are 
unlikely to be 
fulfilled

Include comments where participants 
describe their level of optimism that home 
monitoring can make a positive difference 
for them OR describe their level of pessi-
mism that home monitoring cannot make a 
positive difference for them. Capture their 
attitude towards this approach of glaucoma 
monitoring – can this approach make a 
difference?
Inappropriate coding to this domain:
Descriptions of the harms/disadvantages/
benefits/advantages associated with glau-
coma home monitoring should be coded 
under Beliefs about consequences. Could 
cross over with beliefs about capabilities

Well, I was pretty . . . I was very switched 
on, yes. Here’s the equipment, I knew 
ultimately I’d get it to work efficiently, so 
let’s do it week by week, yes
(12001)
I mean, it was a mix. If you said, ‘Out 
of 10, how do you think the experience 
was at home?’ Probably a seven in that it 
wouldn’t be good to be monitoring all the 
time, but equally it would be a very handy 
tool to have, especially on my holiday. 
I’ve still got my stitches in my eye, I had 
COVID and I’m coughing lots so I have 
unusual pain, so having the monitor and 
it just saying that my pressure was fine, I 
was fine. So from that it would be great, 
but equally . . . if I had pre all this going on 
and I was just going about quite the thing 
with my yearly checks . . . I’m not sure 
that would have been beneficial because 
I would just get neurotic. So yeah, there 
is definitely a use for it and I think that is 
the way forward, but yeah, just correct 
use of it (12011)
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Behaviour: Engagement with/use of home monitoring intervention for glaucoma. Two devices: a handheld tonometer 
to measure eye pressure, and a game in the form of an app on an iPad to measure visual function. Both to be used 
together, once per week, for 12 weeks. Training session given by Research Nurse and provided with manuals and 
YouTube videos for support at home, in addition to being able to contact study team for help.
Behaviour involves use of both devices; however, attention to be paid to different responses between devices.

TDF domain Description Decision rule(s) Example quote

Beliefs about 
consequences

Acceptance of 
the truth, reality 
or validity about 
outcomes of a 
behaviour in a 
given situation. 
Outcome 
expectancies; 
Characteristics 
of outcome 
expectancies; 
Anticipated 
regret; 
Consequents

Include comments that describe the partic-
ipants’ expected or experienced outcomes 
or consequences from home monitoring, 
both for them and for others/services, and 
the extent that they expect these outcomes 
to be realised. Include positive and negative 
outcomes/consequences. Include mention 
of barriers and enablers that can inhibit or 
promote the extent to which consequences 
can be achieved. Include statements such 
as ‘makes you focus on problems’. Include 
statements such as ‘tech is not fit for purpose’ 
but this may double code with environ-
mental context or resources if there is some 
interaction between the intervention and 
the environment that is affecting perceptions 
about readiness for use (e.g. something like 
without extra time being allocated for training 
this intervention is not fit for purpose).
Can include references about self-control 
if statement suggests this is an outcome/
consequence of home monitoring.
IF participant talks about their beliefs about 
consequences upon OTHERS, code as 
Beliefs about consequences for others.
Inappropriate coding to this domain:
References inferring attitude towards 
consequences of home monitoring should 
be coded under optimism

firstly I could see the rationale taking time 
away from serious hospital appointments 
to moving it to home where the individual 
could carry out and have the information 
transferred . . . you know, Wi-Fied through 
to the hospital department. The benefit 
was to take pressure off the hospital to 
do other things, more important things, 
yes . . . (12001)
I guess, you would need to be convinced 
that it was accurate and reliable (12007)

Reinforcement Increasing the 
probability of 
a response 
by arranging 
a dependent 
relationship or 
contingency, 
between the 
response and 
a given stim-
ulus. Rewards 
(proximal/
distal, valued/
not valued, 
probable/improb-
able) Incentives; 
Punishment; 
Consequents; 
Reinforcement; 
Contingencies; 
Sanctions

Include comments about reinforcement/
reward for home monitoring of glaucoma. 
Include positive feelings arising from 
perceived altruism/benefit of their home 
monitoring upon others/services (social 
rewards). Include here app/tonometer 
feedback (readings/no readings) and impact 
upon behaviour to continue to home 
monitor.
Separate actualised reinforcement from 
hypothetical reinforcement, for example 
seeing results or wishing to see the results, 
and its impact on behaviour/engagement 
with home monitoring.
Inappropriate coding to this domain:
Feelings/emotions should only be coded here 
if described as an outcome/consequence 
of home monitoring that is motivating the 
participant to engage or disengage in home 
monitoring, for example ‘I knew that by home 
monitoring I was allowing those who need 
clinic time to be seen quicker, and that made 
me feel good and that is why I wanted to 
do the home monitoring’. Here focus should 
be placed on the link between emotion and 
increase/decrease in behaviour (use of home 
monitoring). Other references to feelings/
emotions should be coded under emotions, 
for example ‘home monitoring made me feel 
anxious at the time as I worried if my vision 
was getting worse’ <there is no stated impact 
of worry/anxiety upon behaviour change>

I’m not sure if this is right, but I think 
I thought that I would know what my 
eye pressure was so would be seeing for 
myself how it was working. Whereas, in 
fact, I think I was slightly . . . I think I . . . 
as it was explained to me, I don’t think I 
was going to have that information. I’m 
not sure on that. I thought that was quite 
disappointed [sic] because I thought if 
you were doing . . . if you were monitoring 
you’d sort of wanted to see the results, 
though I could also be aware that you 
might not do it accurately so the results 
might not be accurate, so it might be 
considered that you’re worrying yourself 
when you didn’t need to. But I think it was 
some motivation in understanding what 
you’re doing and seeing the results . . .. 
What would have probably encouraged 
you is actually seeing the measures each 
week as you take them
(12007)
I’ve had a very unusual last 4 months with 
a lot of problems, so for me, yes, it was 
actually hugely beneficial. Whereas for 
if you were just a steady . . . I’m not sure 
how beneficial it would be, but for me, 
I was able to phone in and say that my 
pressure was 50 and then I would phone 
and say my pressure was five and get 
immediately seen. So from that point of 
view, it was very good (12011)
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Behaviour: Engagement with/use of home monitoring intervention for glaucoma. Two devices: a handheld tonometer 
to measure eye pressure, and a game in the form of an app on an iPad to measure visual function. Both to be used 
together, once per week, for 12 weeks. Training session given by Research Nurse and provided with manuals and 
YouTube videos for support at home, in addition to being able to contact study team for help.
Behaviour involves use of both devices; however, attention to be paid to different responses between devices.

TDF domain Description Decision rule(s) Example quote

Intentions A conscious 
decision to 
perform a 
behaviour or a 
resolve to act in 
a certain way. 
Stability of inten-
tions; Stages of 
change model; 
Transtheoretical 
model and 
stages of change

Include comments here that reflect 
participants’ descriptions of how motivated 
they are/were to do home glaucoma 
monitoring, and whether this motivation 
changed at all from pre-monitoring period, 
during monitoring and after. Include 
content in relation to preferences; would 
they now prefer home monitoring or clinic 
monitoring?
Inappropriate coding to this domain:
Be careful not to code the reasons for the 
intention (focus on statements that directly 
reflect their intention and motivation)

Only the knowledge that I have to 
monitor my eye pressures and field of 
vision. You know, that’s the motivation 
because it’s a number one priority. I’ve got 
a . . . I have a cousin who’s . . . she’s what, 
three years younger than me, who’s in the 
advance stages of glaucoma, going blind. 
Very sad. I know what it can do to one’s 
life in terms of looking . . . seeing pictures, 
seeing . . . reading, etc, etc. Terrible, 
terrible (12001)
Well, I suppose because I’ve got a family 
history of glaucoma and can see the 
benefit of the changes in treatment 
that anything that helped that seemed 
worthwhile (12007)
Well, at the moment, I think I’d go with 
monitoring in a clinic because there is 
equipment available that does it, that is 
easy to use, and you feel reassured it’s 
doing it accurately (12007)

Goals Mental rep-
resentation of 
outcomes or end 
states that an 
individual wants 
to achieve. Goals 
(distal/proximal); 
Goal priority; 
Goal/target 
setting; Goals 
(autonomous/
controlled); 
Action planning; 
Implementation 
intention

Include comments here that report how 
important home monitoring is to them and 
if that influenced their decision to home 
monitor. Include comments in relation to 
how much they prioritised home moni-
toring over other activities, for example ‘I 
got really busy with family things and I just 
didn’t get around to taking it out of the 
box’. Consider statements where participant 
discusses any specific goals they had/set 
for home monitoring

I wouldn’t say it was very important 
because I’m at the stage where I’m . . . 
tend to be going to have a check-up every 
6 months, which seems to be working 
in terms of keeping the pressure under 
control, so it’s not . . . I didn’t feel it’s 
crucial (12007)

Memory, 
attention 
and decision 
processes

The ability to 
retain infor-
mation, focus 
selectively on 
aspects of the 
environment and 
choose between 
two or more 
alternatives. 
Memory 
Attention; 
Attention 
control; 
Decision-making; 
Cognitive 
overload/
tiredness

Include statements that discuss how easy 
or difficult it was to remember to do weekly 
home monitoring, and to remember the 
steps involved in home monitoring. Include 
any specific aspects that were difficult or 
easier to remember. Include references 
to the mental complexity of the task of 
home monitoring, for example the level 
of concentration needed to complete the 
game on the app. For memory, focus on 
how they remember to do it. Included 
statements about it becoming simpler/
easier to deal with cognitively.
Inappropriate coding to this domain:
If participants simply recite their awareness 
of how to use the equipment, without the 
mental processes, this should be coded 
under Knowledge. May cross over with 
Behaviour regulation – this should focus on 
what it involves (e.g. having a daily routine, 
vs. MADP of adding it to their daily routine)

Well, it became part of a routine. I didn’t 
worry about the fact that it was going to 
take me ultimately 10 minutes. You know, 
it is just a routine. I take a lot . . . I have a 
lot pills because I’ve had heart problems 
and all the rest of it, and diabetes, and it’s 
just part of the routine. Easy-peasy, yes 
(12001)
I think with the iPad, I got bored doing it. 
It was just the same week on week. I was 
expecting it to get harder and harder. Too 
simplistic
(12001)
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Behaviour: Engagement with/use of home monitoring intervention for glaucoma. Two devices: a handheld tonometer 
to measure eye pressure, and a game in the form of an app on an iPad to measure visual function. Both to be used 
together, once per week, for 12 weeks. Training session given by Research Nurse and provided with manuals and 
YouTube videos for support at home, in addition to being able to contact study team for help.
Behaviour involves use of both devices; however, attention to be paid to different responses between devices.

TDF domain Description Decision rule(s) Example quote

Environmental 
context and 
resources

Any circum-
stance of 
a person’s 
situation or 
environment 
that discourages 
or encourages 
the development 
of skills and 
abilities, inde-
pendence, social 
competence 
and adaptive 
behaviour. 
Environmental 
stressors; 
Resources/mate-
rial resources; 
Organisational 
culture/climate; 
Salient events/
critical incidents; 
Person × envi-
ronment 
interaction; 
Barriers and 
facilitators

Include statements that discuss whether 
and how the environment (social, cultural, 
personal circumstances, including other 
health issues) was suitable/unsuitable for 
home monitoring or made home monitoring 
suitable/unsuitable. Include any statements 
regarding any adjustments participants had 
to make to allow them to home monitor, 
for example using a pile of books to hold 
the iPad in the right position. Include any 
references made by participants about their 
views towards the costs of equipment and 
any accessories needed that could influence 
engagement with home monitoring. Include 
any comments in relation to COVID-19 
pandemic and home monitoring which 
suggest greater acceptability/engagement 
of home monitoring as a consequence. 
Include statements about how the physical 
body interacts with environment and 
home monitoring, for example if a health 
condition limits use of home monitoring 
technologies. This may be in relation to 
specific aspects or features of the devices, 
for example handling the probes for the 
tonometer is tricky due to arthritic finger 
joints. Include statements about wider 
influences of physical complexity (not 
mental/cognitive complexity)
Inappropriate coding to this domain:
If participants advocate the need for 
training/more training on how to perform 
home monitoring, this should be coded 
under Skills.

No. I just had a nice desk . . . The iPad I 
propped up against a book
(12001)
Yeah, the iPad was absolutely fine. You 
couldn’t really do much with it other than 
what it’s programmed to do (12011)

Social 
influences

Those interper-
sonal processes 
that can cause 
an individual 
to change 
their thoughts, 
feelings or 
behaviours. 
Social pressure; 
Social norms; 
Group con-
formity; Social 
comparisons; 
Group norms; 
Social support; 
Power; 
Intergroup con-
flict; Alienation; 
Group identity; 
Modelling

Include any statements where participants 
report the opinions of others and whether/
how it influenced their decision to home 
monitor their glaucoma. Includes influence 
of other healthcare professionals/trial staff/
patients/families.
Separate between ‘participation in study’ 
and ‘engagement in home monitoring’ as 
these are two different behaviours.
Inappropriate coding:
Specific descriptions of the roles of others 
– this should be coded under Social Role 
and Identity

Well, [Consultant] has been my consult-
ant for many years. I’ve also been with 
him privately to have cataract operations 
on both eyes. I’ve built up quite a 
nice rapport with him; I find him very 
approachable and nice to chat to and so 
when he asked me during a session at the 
[hospital name] would like to take part, I 
said, ‘Yes, no problem’ (12001)
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Behaviour: Engagement with/use of home monitoring intervention for glaucoma. Two devices: a handheld tonometer 
to measure eye pressure, and a game in the form of an app on an iPad to measure visual function. Both to be used 
together, once per week, for 12 weeks. Training session given by Research Nurse and provided with manuals and 
YouTube videos for support at home, in addition to being able to contact study team for help.
Behaviour involves use of both devices; however, attention to be paid to different responses between devices.

TDF domain Description Decision rule(s) Example quote

Emotion A complex 
reaction pattern, 
involving 
experiential, 
behavioural and 
physiological 
elements, by 
which the 
individual 
attempts to deal 
with a personally 
significant 
matter or event. 
Fear; Anxiety; 
Affect; Stress; 
Depression; 
Positive/
negative affect; 
Burn-out

Focus on emotional experience of 
home monitoring rather than emotional 
consequences which are outcomes of 
home monitoring or motivating home 
monitoring (which should be coded 
under Consequences or Reinforcement). 
Include statements which refer to how the 
participant felt emotionally about home 
monitoring before, during and after their 
home monitoring period.
Inappropriate coding to this domain/
potential crossover:
Comments that report that how a partici-
pant felt changed their use/performance of 
home monitoring, for example ‘I was getting 
frustrated with it and I just stopped using 
it’, are examples of emotional reinforcement 
or punishment. In emotion, focus on the 
experience of the emotion and how it 
was arising, and focus on its impact in 
reinforcement

I got a bit frustrated to start with. It was 
taking me a little . . . you know, what I 
felt was too long to actually get the blue 
light rather that the red light to be able to 
push the button. But within days, rather 
than . . . you know, days not weeks, I got 
the hang of it, and it then became a very 
simple process (12001)
At first I was very scared because my 
pressures were 50, so in actual fact they 
came down, so I was scared to take it 
in case it was high again. Just because I 
was going through such an acute stage. 
But once it stabilised, it didn’t bother me 
either way. In fact, the more it stabilised, 
I actually became quite laid back and 
didn’t use the monitor other than when I 
was asked to. (12011)

Behavioural 
regulation

Anything aimed 
at managing or 
changing objec-
tively observed 
or measured 
actions. 
Self-monitoring; 
Breaking habit; 
Action planning

Include references to strategies/processes 
reported by participants to help do home 
monitoring at home. Include strategies 
used to remember to do home monitoring. 
Include strategies used to remember how 
to perform home monitoring. Include 
strategies such as self-monitoring, for 
example writing down scores to keep track 
of their glaucoma.
Include hypothetical statements about 
what would be helpful or improvements for 
the future

I think as I got better, I didn’t need to use 
it as much. You know, I think I just did the 
weekly. Then when I knew it was going 
to go back, I actually used it more, just 
more as . . . like, I would go out for a fast 
walk or, just because I hadn’t gone back 
to the gym by that point. I would go for a 
fast walk or just do something a bit more 
strenuous, and just see if that made a 
difference to the pressure. Just more as a 
trial for me, just to say, ‘Okay, that made 
no difference to my pressure by doing 
such and such strenuous’. I just thought 
I would try that out before it goes back 
(12011)
I just thought that in actual fact, to be 
measuring all the time wasn’t good for 
me either, so I tried to come away from 
it so you weren’t getting too reliant on it, 
especially when I knew it had to go back 
(12011)

Nature of 
behaviour

Additional 
domain taken 
from TDF 
version 1

Include references to potential changes 
in behaviour, for example how someone 
believes their behaviour would change if . . .
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Appendix 5 Coding guide for interviews and 
focus groups with site staff (see Chapter 4)
ADePT item/theme Description Example

Site staff knowledge, beliefs and feelings towards home monitoring

ADePT 
Acceptability: Staff 
emotions and 
knowledge – beliefs 
towards I-TRAC and 
home monitoring

Code data relevant to: Acceptability – Was the 
intervention acceptable to clinicians (and site 
staff)? How did they feel about it? Did it make 
sense?

Always positive about doing the stuff you know, 
there’s something new coming it’s always nice 
to have something new isn’t it. But particularly I 
think the it’s the fact it’s a device study and you’re 
interested in how the devices will actually improve 
patient care. So it’s about excitement of being 
able to introduce something new that’s going to 
hopefully make a difference really, yeah (P037)

• Emotions 
towards home 
monitoring and 
the I-TRAC study

Code any reference stating an emotion or 
feelings towards home monitoring or the I-TRAC 
study. DO NOT include statements about how it 
sits with current care or alongside other chronic 
conditions unless an emotion is stated alongside 
this

I think my initial thoughts were obviously, ‘This 
seems really interesting’, but I think I’m probably 
not alone in thinking, ‘Oh, yeah, how are our 
patients going to deal with this?’ (P031)

• Sense making – 
how I-TRAC 
fits with clinical 
need/care

Include data relevant to how site staff perceive 
home monitoring of glaucoma in its wider 
context, for example does it make sense to them? 
Does it have a place/fit with NHS usual care? 
DO NOT include affect – emotions can be coded 
under positive and negative emotions towards 
home monitoring or I-TRAC study in other codes

So in the context of having a chronic disease in 
the current model does not make much sense 
because people have to travel for things that 
potentially can be done at home (P034)

The ease of running the I-TRAC study and the compatibility of its components

ADePT Study 
Conduct: Delivered 
as planned, 
components 
working together 
and unintended 
consequences

Code statements in relation to: Study Conduct – 
Was the intervention delivered as planned? 
Were the logistics of running a multicentre trial 
assessed? Did all components of the protocol 
work together? Were there any unintended 
consequences?

I think it was rolled out just as exactly as we 
would’ve hoped it would’ve been because we 
recruited quickly, we had good support in our 
research team, we had a very able and IT-savvy 
individual who was able to help with those 
aspects of it, which actually are quite challenging 
for the age group that we’re recruiting from and I 
think . . . (P035)

• Easy to run as 
planned, compo-
nents work well 
together

Code statements where site staff state how easy 
or difficult the study was to run, and specific 
difficulties or challenges encountered. DO 
NOT include data in relation to recruitment or 
representativeness as this is coded under ADePT 
Eligibility, recruitment and consent.
Challenges faced by site staff not related to 
training [Include data here where site staff report 
challenges or difficulties implementing the study. 
DO NOT include anything connected with site or 
patient participant training (code instead under 
Training Quality and Usefulness)].
I-TRAC was easy to run due to being well 
explained and low burden for patients and sites 
in terms of scheduled visits and activities

Yes, because I mean I actually learned more from 
watching that YouTube training than I did actually 
from the sale rep side of things, so, yeah. Yeah, 
certainly the YouTube thing helped once we’d 
got to grips with the YouTube address which was 
(overspeaking) P037

• The quality and 
usefulness of 
training

Code any data related to the quality and 
usefulness of both the site training/SIV training 
and patient training. Include statements about 
problems with or resulting from the site or 
patient training

Yeah, the step-by-step guide was very, very 
detailed, the fact that there was one for the 
patient and one for the practitioner as well was 
really handy (P033)
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ADePT item/theme Description Example

ADePT Adherence Code data related to participant adherence. This 
was not a question directly asked in topic guide 
but several participants reflected on this

. . . found that, potentially, because they were 
working and things like that, they maybe didn’t 
spend the time on it. I might be wrong but this is 
the impression I got (P039)

Eligibility, recruitment and representativeness of sample

ADePT Eligibility, 
recruitment 
and consent: 
Recruitment and 
Representativeness 
of sample

Code data relevant to: Eligibility – Was the result-
ing sample representative of target population? 
What factors influenced eligibility and what 
proportion of those approached were eligible? 
Recruitment – Was recruitment successful? What 
might the impact be of change upon recruitment, 
for example evolving IT literacy, pandemic?
Consent – Did eligible participants consent?

The fact that the virtual clinics were there as 
a good pot of people that we could actually 
approach, it made it easier for us to be able to 
just then blanket sort of coordinate and collect 
patients in those virtual clinics, it worked really 
well (P037)

• Recruitment was 
easy due to in-
tervention’s nov-
elty, relevance 
and importance 
to patients

Code data here when site staff state the ease 
of recruiting and where this was due to positive 
response from patients. DO NOT include 
suggestions for the future recruitment as this is 
coded under ADePT What needs to be changed 
or improved

I know one of the patients we have, she’s 70 next 
month or something and I thought, ‘Oh, she might 
be a bit tricky’, you know? But she was just class, 
straight away, quicker than I picked it up! She was 
so good and I was like, oh, it just shows you. She 
wanted to see the numbers and she was really 
interested in it (P038)

• Perceptions of 
the represent-
ativeness of 
sample recruited 
in I-TRAC

Include data statements where site staff report 
their perceptions of how representative their 
participants are of glaucoma population

. . . we have discharged quite a few of our patients 
to the community, the very, very straightforward 
ones like ocular hypertensions, so they weren’t . . . 
there might’ve been one or two but they’re 
usually . . . if they’re ocular hypertensions in the 
hospital they’re usually there for a reason. So 
actually quite a lot of them . . . I’m sorry, that 
group would be missing (P035)

• Reflections upon 
recruitment 
methods used in 
I-TRAC

Code statements that refer to site staff com-
ments in relation to the recruitment process 
(including how to identify patients) and what 
they perceived to work well or less well. DO NOT 
include suggestions for the future as this should 
be coded in ADePT What needs to be changed

I have approached a lot of people and I think 
sometimes there have been language issues, the 
fact that it’s all in English, the information sheet’s 
in English, that’s been an obstacle I think a couple 
of times, although it hasn’t always been explicitly 
stated that that is the issue, yeah (P031)

Unintended consequences

ADePT unintended 
consequences

Code data in relation to study conduct – were 
there any unintended consequences (e.g. 
adverse events). This can include concerns about 
potential unintended consequences as well as 
unintended consequences that did happen/site 
staff were aware of. Include any outcome that 
was not expected or planned for

. . . oh, it depends on the person. Their personality 
just . . . they know too much or find out too much 
and it gives them anxiety . . . (P038)

Adaptations of considerations for future evaluation

ADePT what needs 
to be changed 
or improved or 
resourced to run as 
full-size trial

Code data here in relation to suggestions for 
what and how any aspect of the study design or 
conduct could be changed or improved to run 
as a full-size trial. This can include perceptions 
about what resources would be required if it 
has a direct link to study design or conduct (e.g. 
include the need for technical support resources, 
additional equipment such as spares or replace-
ments to run smoothly)

It would probably be easier if we just had an 
I-TRAC demo and just brought everybody on 
the same day to do training, or maybe did group 
training with the patients rather than individually. 
That would be something that would save time, so 
one person can maybe teach three or four people 
at the same time and maybe those people have a 
bit of support as well because they’re all part of 
the same study (P038)

• Additional 
resources for 
full-size study

Code data here in relation to financial and human 
resource costs perceived to be required for a 
larger study

Again, you know, just to have a system that 
captures that information and also that is able 
to attend potential emergencies or calls or if the 
patients are . . . if they have a high or abnormal 
reading, that they know how to implement that 
pathway (P034)
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ADePT item/theme Description Example

• Design-related 
issues

Code data here related to site staff suggestions 
for changes to study design that they believe 
would be helpful for a larger study. Where 
possible include why they think this (which may 
overlap with a challenge or difficulty faced). 
DO NOT include recruitment and participant 
selection issues as these will be coded under 
future participant selection

I guess at the moment it would be . . . perhaps it’s 
not very efficient because it’s all very innovative. 
But I guess, you know, you can incorporate this 
into electronic records and there will be, let’s say, 
the potential of having the information displayed 
in a different way, that makes the clinicians’ tasks 
easier. It depends, you know? At the moment it 
will be time-consuming because we don’t have 
a good system to process this information. It 
would need to be well thought to make it efficient 
(P034)

• Future partici-
pant selection

Code data here in relation to recruiting and 
selecting patient participants in a bigger trial 
where the site staff member feels this would be 
different in some way from what they did and 
experienced in the feasibility study, I-TRAC. 
Include concerns about clarifying the purpose of 
home monitoring to tighten eligibility criteria. DO 
NOT include perceptions on how recruitment ran 
in the feasibility study as this should be coded 
under ADePT Eligibility, recruitment and consent

Well, because I can imagine from my impression, 
this technology might not be for everybody. I 
guess if there is a trial, there will be an inclusion 
and exclusion criteria, there would be a particular 
population of glaucoma people, people with 
glaucoma (P034)

• Improving inter-
vention training 
for staff and pa-
tient participants

Code data here in relation to how site staff 
perceive the staff/site training (for both conduct 
of the study and how to train patient participants 
to use the home monitoring technologies) could 
be improved in a future trial and any explanations 
offered to explain why these suggestions might 
be better

There wasn’t much space for them here. It didn’t 
really hit off very well initially. Do you know what 
I would have liked? If we could have all gone to a 
wee training course, you know, meeting up with 
the other people. I know the budget is only so 
much but if we’d done a training course with the 
other people where we could all ask questions, 
take our time and been shown how to use it, we 
could take notes and things like that as well and 
then try and start a wee bit earlier (P039)

• Improving  
patient training

Include data that are relevant to how site staff 
perceive the patient participants’ training could 
be improved in a future trial and any explanations 
offered to explain why these suggestions might 
be better. Explanations may overlap with codes 
under Training quality and usefulness (linking 
experience to perception of what needs to 
change in relation to patient training)

I think also the other thing that I noticed was 
that it’s helpful if the person teaching the patient 
has an understanding of the patient’s condition, 
because we had a patient where they had poor 
vision on one eye and it was really hard to get 
them to measure the pressure in that eye, but 
they could do the other eye, and we didn’t realise 
initially, and then once the notes were opened 
and you’re like, ‘Oh, the vision’s quite poor in that 
eye’, it became apparent why there was that big 
difference. I think just having some . . . I think if 
you just dump a patient with a technician who 
knows nothing about that patient, that might not 
be the best way to teach them (P036)

Impact and influence of COVID-19 pandemic on perceptions of acceptability

Any aspects of the data where site staff reflected 
on advantages and disadvantages that the 
COVID-19 pandemic offered for home moni-
toring of glaucoma of a future evaluation of the 
intervention

Maybe with patients maybe wanting to do stuff 
more at home, that would be more the impact 
rather than the other way around. You know? 
They’d be like, ‘Ooh, don’t have to go to hospital, 
great!’ You know? (P038)
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Appendix 6 Changes to protocol
Version 
number Revision date Summary of changes

1 16 September 2020 Approval of V1

2 27 November 2020 Inclusion of details for prompting participants to complete eye measurement, and, 
inclusion of PPI activity as requested by funder for Protocol upload

3 16 December 2020 Edit to state ethic approval had been confirmed rather than submitted and include 
associated REC reference number

4 10 May 2021 Following discovery that the MRF VF app was not CE marked and cannot be CE 
marked in sufficient time to avoid a significant delay to the study, we changed the 
app we used for monitoring participants engagement with the visual testing aspect 
of home monitoring for glaucoma. We used the OKKO Visual Health App (OKKO 
Health) which was CE marked

5 1 June 2021 Edit to add that clinical measures for IOP and visual function may be obtained from 
medical records if taken within 3 months of baseline assessment

6 30 July 2021 Approval for use of Android tablets instead of iPads which are also compatible with 
the OKKO Health app. Allows use of alternative technology which may be quicker 
to resource. Also proposed reducing the home monitoring period from 4 months to 
3 months. E-mail/text reminders content also submitted for REC approval

7 28 October 2021 Addition of collecting demographic data on qualitative interview participants. 
Addition of an e-mail verification which was sent to verify patient participants 
e-mail address for weekly electronic reminders while undergoing home monitoring. 
Collection of time of the follow-up appointment on baseline CRF

8 16 December 2021 Amendment to Appendix 1, SSC Charter, to remove KO and add PM from member 
list

9 27 May 2022 Updated Study Flow Diagram (Appendix 3) plan in accordance with 4 month NIHR 
funded extension

10 27 May 2022 Update our patient participant PIL to advise patients that they will see their measure-
ments while they are home monitoring – no change to protocol

PPI, patient and public involvement.
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Appendix 7 Coding guide for interviews 
regarding researchers’ experiences of 
conducting evaluations of digital technologies 
for home monitoring health conditions 
(see Chapter 5)

Theme Subtheme Code Subcode Description

Example (mix of generic 
examples and verbatim 
quotes)

Challenges

Recruitment 
challenges

Lack of 
patient 
accepta-
bility 
(issues with 
agreeing 
to partake 
in study or 
staying in 
study till 
the end)

Lack of interest/
dislike

– Mention of dislike or 
non-interest in technology 
being the reason for 
patients’ refusal to 
partake in the study OR 
continue the study

‘I am not interested in 
technology’
‘I’m not convinced that 
technology is for me’

Lack of home 
support

– Mention of patients’ 
refusal to partake in 
or continue study due 
to lack of support with 
technology

‘My son who will assist me is 
currently away’

Ageism – References of the 
patients’ age perceived 
to bar their acceptance of 
the study

‘I am too old for studies 
involving technology’

Study or technol-
ogy anxiety

– References of the uncer-
tainties that interfere with 
participants’ participation 
in the study, for example 
anxiety, stress, worry, 
concern, frustrations

‘No, no, sorry, it stresses me 
out, I can’t do it’

Technology phobia – References that relate to 
potential participants’ fear 
of technology

‘Patient was afraid of 
technology’

Digital literacy 
issues

– Expressions by the 
researchers that relate 
to patients’ inability or 
difficulty navigating/
utilising technology

‘I am not good with computers’
‘Oh, I don’t know what to do in 
terms of I can check my e-mails 
and that’s about it’

Instruction/train-
ing incoherence

– References to difficulties 
related to patients’ 
understanding of or 
following instructions 
or content related to 
patients’ retraining

‘Study was not clear to me’
‘Retraining of patients had to 
be done’
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Theme Subtheme Code Subcode Description

Example (mix of generic 
examples and verbatim 
quotes)

Lack of repre-
sentative sample 
(any expression 
about hindrance in 
getting a sample 
with minimal 
inequalities)

Digital 
exclusion

Content that references 
lack of equipment needed 
to partake in study

‘I have an iPad but not a 
computer’
‘I do not have internet at home’

Recruitment 
bias

Content referencing 
selective recruitment of 
participants

‘we only advertised in the 
Glaucoma Bulletin and so only 
had access to patients who 
read the bulletin’
‘recruitment was done in a 
white predominant community’

Geographic 
limitation

Expressions about loca-
tion of study preventing 
potential participants 
from being recruited

‘our study was in London but 
we received calls from people 
in Wales who were interested. 
The fortnight clinic visits did 
not permit that’

Surgical 
appointment 
or routine

Content that relates to 
the surgical or recovery 
status of participants

‘some people were not 
recruited because they had 
a recent surgery or had been 
booked for surgery’

Lack of cli-
nician/staff 
accepta-
bility

Lack of 
buy-in

References difficulties 
participants encountered 
in getting clinicians/staff 
interested in the technol-
ogy under study

‘this technology will not benefit 
my patients’
‘how is this making my life 
easier? . . . there is too much 
hassle using it’

Assumptions 
by staff/
clinicians

Mention of staff/clini-
cians’ assumptions about 
patients’ willingness or 
ability to partake in study

‘there was a site where the 
clinicians thought their 
patients were too old to be 
part of the study . . .’

Site 
enthusiasm

Quotes that relate 
to enthusiasm of site 
staff that led to partic-
ipant drop-out or low 
recruitment

‘We had one site that they 
were hugely enthusiastic and 
maybe a bit trigger-happy than 
the recruited patients, because 
that site there had a really high 
drop-out rate, so about twice 
the rest of the sites’
‘there’s the role of the 
anti-champion as well, and 
you’ll get . . . some people 
set their minds against these 
things and then you’re in 
trouble, you know? . . . You’ll 
get one partner sitting around 
the table that says, “No, I think 
this is rubbish”, and that’s it 
gone’
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Theme Subtheme Code Subcode Description

Example (mix of generic 
examples and verbatim 
quotes)

Equipment 
challenges

Hardware 
issues

– – Any comment that 
references problems with 
devices used in the study. 
Expressions related to 
delays in device acquisi-
tion. These problems are 
specific and restricted to 
the device

‘delays with bulk shipment of 
devices’
‘for some patients, the device 
stopped working abruptly 
while in use’
‘COVID delayed hardware 
shipment because of freight 
issues during the pandemic’

Software/
technology 
problem

– – References to difficulties 
using the software or 
technology OR limitations 
brought on by the 
software

‘constant update of the app 
was problematic’
‘software was only compatible 
with Apple’
‘tech was complex to use’

Technical 
issues

– – Any mention of a 
problem that warranted IT 
expertise or issue with the 
IT team

‘reluctant IT personnel’

Accessory 
issues

– – Contents relating to 
problems associated with 
the accessories such as 
charging cables and MiFi

‘faulty charging cables that 
had to be replaced’

Resource 
challenges

Staffing 
issues

Low staff numbers – Expressions about issues 
relating to inadequate 
staff numbers

‘there were no staff to man the 
helpdesk’

Expertise of team – Quotes about the 
expertise of members of 
the team barring the trial

‘not having a tech-savvy 
person on the team meant we 
had to contact IT often’

Study 
design 
problems

– – Comments that reference 
under-allocation, 
underestimating or 
non-anticipation by 
researcher. Also includes 
expressions that relate to 
limitations of the study 
method/design such as 
RCTs taking too long, not 
piloting the technology 
before trial

‘we thought the study would 
be over in 4 months but it 
was a push getting to 100, we 
had underestimated the time 
needed to recruit and complete 
the study’
‘I mean, this is the thing about 
randomised control trials. There’s 
a lot of people, you’ve probably 
come across this, in tech that 
do not believe in randomised 
control trials at all. They’ll say 
they take too long . . . By the 
time you’ve got the answer, the 
technology has moved on’.
‘But if you’ve got a positive 
RCT . . . it’s actually quite hard 
to fight against. But even so, 
something like NICE, NICE still 
does not say there’s a proven 
case for telemonitoring. That’s 
because of the way that NICE 
works. NICE has described 
every paper in telemonitoring 
of blood pressure as medium 
to low quality . . . It’s non-
blinding, you know?’

Financial 
problems

– – Contents referencing 
any difficulties in 
securing funds to start 
or maintain the research 
OR difficulties financing 
miscellaneous

‘funding for additional 
telephone at the help desk was 
not available’
‘securing funds for feasibility is 
difficult’
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Theme Subtheme Code Subcode Description

Example (mix of generic 
examples and verbatim 
quotes)

Regulation 
challenges

Ethical 
issues

– – Expressions about 
concerns regarding safety, 
data confidentiality, 
storage and transfer

‘ethics committee raised issue 
about patients doing these 
tests at home’

IT governance 
issues

– Expressions about 
concerns regarding safety, 
data confidentiality, 
storage and transfer

‘there were concerns about 
where the results are stored 
and who sees them . . . our 
data went straight to servers of 
the tech company . . .’

Regulatory 
problems

– – Any expression that 
relates to limitations from 
regulatory bodies or new 
legislation

‘it’s absolutely bizarre that a 
country like Scotland, how you 
have to go through this 13 or 
14 times . . . Oh, it took forever, 
you know? The epidemic was 
almost over by the time we got 
permissions, you know?’
‘there were delays in getting 
nod to start the trial . . . and 
by the time trial started, the 
technology was outdated’
‘the new legislation because of 
Brexit meant we needed a new 
approval’

Challenges 
with 
internal and 
external 
partners

Issues with 
commercial 
company

Lack of contracts – Expressions referencing 
restrictions, limitations, or 
issues that relate to the 
commercial companies 
OR complications/difficul-
ties caused by commercial 
companies

‘In the end one of the 
companies got bought by 
another company . . . things a 
bit complicated for a while’
‘The other app, the company 
that owned it discontinued 
it. . . . support was absolutely 
minimal because they were 
discontinuing it ’.
‘the company that produced 
the tech was unresponsive’

Problems 
with other 
institutions

Procurement 
challenges

– Expressions about 
procurement hindering 
trial

‘we had to change our device 
of choice to one to suited 
the university’s procurement 
standard’

Opportunities

Recruitment 
facilitators

Patient 
accepta-
bility 
(factors 
that 
enhance 
agreeing 
to partake 
in study or 
staying in 
study till 
the end)

Familiarity – Mention of familiarity 
in study or technology 
enhancing participation

‘Patient was OK with study 
because he had done a similar 
thing’
‘Patient uses technology well’

Perceived benefit – Mention of patients’ 
acceptance to partake in 
or continue study due to 
the potential benefit they 
believe the technology 
offers

‘The technology addressing 
an identified need enhanced 
acceptance’
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Theme Subtheme Code Subcode Description

Example (mix of generic 
examples and verbatim 
quotes)

Clinician/
staff 
accepta-
bility

Good relationship – Content that references 
relationship between 
staff/clinician and patients 
OR between researcher 
and staff/clinicians that 
promotes acceptability

‘I probably was lucky because I 
knew a lot of people . . . a lot of 
my people who took part were 
people who I was probably pals 
with which always helps, you 
know?’

Perceived benefits – Content referencing 
to enhanced buy-in 
due to reliability of the 
technology, and how it 
benefits both clinicians 
and patients

‘if it genuinely isn’t going to 
cause them much hassle, 
they’ll do it’
‘if the technology is accurate, 
reliable and beneficial to their 
clients, they will do it’

Enthusiasm – Expressions about 
enthusiasm promoting 
acceptability

‘It’s really good if you can get 
champions, so if you can get 
a few people who are tech 
enthusiasts who will get this 
thing going’

Familiarity – Mention of familiarity 
in study or technology 
enhancing participation

‘staff found it easy to get on 
board because they had done 
technology trials before’

Equipment 
facilitators

Hardware 
factors

Device familiarity – Any comment that 
references factors that 
eases use of devices for 
the study

‘patients used their own 
phones to help minimise 
difficulty navigating a new 
device’

Software/
technology 
factors

Compatibility – References to software 
or technology being 
compatible with more 
than one device

‘software could be used on 
most smartphones’

Simplicity – Any mention of a factor 
that eliminates complexi-
ties using the software or 
technology

‘So basically have a system 
where you only have one 
click option so they can’t click 
on the wrong thing, that’s 
ultimate necessity’

Address identified 
need

– Contents relating to 
problems associated with 
the accessories such as 
charging cables and MiFi

‘faulty charging cables that 
had to be replaced’

Accessory 
factors

References any factor 
relating to accessories 
and how it helps minimise 
complexities

‘we provided a MiFi to 
provided connectivity needed 
to easily upload data’
‘no internet access stopped 
all the updates which were a 
nuisance to participants’

Resource 
facilitators

Research 
team

Expertise of team – Expressions about skills 
of team members that 
benefited study

‘my team was good, we 
had statistician, qualitative 
researchers . . .’

Study 
design

Feasibility studies – Comments that reference 
piloting DHT studies

‘I think some kind of pilot study 
or feasibility study would’ve 
been very useful in identifying 
some of the issues and they’re 
addressed before we go into 
a full trial or a full study; 
hindsight’.

Patient 
support

Help desks – Contents referencing 
benefits of helpdesk

‘the helplines helped in 
monitoring patients and also 
assist those who needed 
technical support’
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Theme Subtheme Code Subcode Description

Example (mix of generic 
examples and verbatim 
quotes)

Regulation 
facilitators

Regulatory 
evaluation

Safety – Any expression that 
relates to factors that 
ensure safety of the DHT

‘we got CE markings and all 
other markings before trial?’

Support 
from 
internal and 
external 
partners

Resource 
support

Technical support – Expressions referencing 
any support received from 
professional IT personnel

‘the university IT team helped 
us set up the management 
systems on the devices and set 
up passwords’

Equipment 
support

– Content about equipment 
provided by external 
agent that helped study

‘we got the testing device from 
the university which we could 
not have obtained by ourselves 
for this study’

Clinical setting – References to the use of 
partner’s clinical setting 
for recruitment

‘Having a facility where the 
participants can attend in a 
clinical setting, we had the 
university eye clinic, was 
helpful to use the resources 
there for their initial visit and 
as a point of contact when the 
participant arrives. There was 
a reception area so it felt like 
a regular eye appointment. 
That wasn’t a challenge but it 
potentially might be’

Financial support References about 
receiving funds from 
partners

‘Glaucoma Foundation 
provided funds’

Regulatory 
support

– Expressions about assis-
tance received to solve 
issues with regulatory or 
ethical bodies

‘the pharmaceutical company 
the trial was for resolved the 
ethical issues’
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Appendix 8 Search strategies for the literature 
review in Chapter 6

Review of articles on the economic evaluation of glaucoma monitoring: 
December 2021

Database searched: MEDLINE and EMBASE

1 “Costs and Cost Analysis”/
2 Cost-Benefit Analysis/
3 (cost* or economic*).ti.
4 1 or 2 or 3
5 exp Glaucoma/
6 Ocular Hypertension/
7 glaucoma.tw.
8 “ocular hypertension”.tw.
9 5 or 6 or 7 or 8
10 4 and 9
11 monitor*.tw.
12 Mass Screening/
13 exp Vision Tests/
14  screen*.tw.
15 population surveillance/or public health surveillance/
16 surveillance.tw.
17 check*.tw.
18 11 or 12 or 13 or 14 or 15 or 16 or 17
19 4 and 9 and 18
20 (editorial or letter).pt.
21 19 not 20
22 limit 21 to (english language and yr=“2000 -Current”)
23 “randomized controlled trial”.pt.
24 (random$ or placebo$ or single blind$ or double blind$ or triple blind$).ti,ab.
25 (retraction of publication or retracted publication).pt.
26 23 or 24 or 25
27 (animals not humans).sh.
28 ((comment or editorial or meta-analysis or practice-guideline or review or letter) not “randomized 

controlled trial”).pt.
29 (random sampl$ or random digit$ or random effect$ or random survey or random regression).ti,ab. 

not “randomized controlled trial”.pt.
30 26 not (27 or 28 or 29)
31 exp cohort studies/
32 cohort$.tw.
33 controlled clinical trial.pt.
34 31 or 32 or 33
35 30 or 34
36 10 and 35
37 10 not 18
38 35 and 37
39 38 not (editorial or letter).pt.
40 limit 39 to (english language and yr=“2000 -Current”)
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Review of systematic review articles on the economic evaluation of home 
monitoring studies for any chronic conditions: May 2022

Database searched: MEDLINE and EMBASE

1. (“Remote monitoring” or “Remote patient monitoring” or “In-home monitoring” or “Inhome moni-
toring” or “Home telehealth” or Telemonitoring or Telecare or RPM or telemetric or “remote sens*”).
ti,ab,kw.

2. exp Chronic Disease/
3. chronic.ti,ab.
4. 2 or 3
5. Cost-Benefit Analysis/
6. “economic evaluation”.ti,ab,kw.
7. (cost adj (effect* or utilit* or benefit*)).ti,ab,kw.
8. 5 or 6 or 7
9. 1 and 8
10. 4 and 9
11. limit 10 to “systematic review”
12. limit 11 to english language
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Appendix 9 Lists of excluded studies and 
reasons for exclusion for the literature review 
in Chapter 6

A list of studies selected for full-text review for the systematic review of application of economic evaluations 
in glaucoma monitoring studies

Economic evaluation studies for glaucoma screening (14)

• Liu Q, Davis J, Mackey DA, Hewitt AW, Han x, Macgregor S, et al. Cost-effectiveness of polygenic risk 
profiling for primary open-angle glaucoma in the United Kingdom and Australia. Invest Ophthalmol Vis 
Sci 2021;62(8).

• Congdon NG, Kee F, O’Neill C, Tang J, Liang Y. Cost-effectiveness and cost-utility of population-based 
glaucoma screening in China: a decision-analytic Markov model. Invest Ophthalmol Vis Sci 2019;60(9).

• Tang J, Liang Y, O’Neill C, Kee F, Jiang J, Congdon N. Cost-effectiveness and cost-utility of 
population-based glaucoma screening in China: a decision-analytic Markov model. Lancet Glob Health 
2019;7(7):e968–78.

• John D, Parikh R. Cost-effectiveness of community screening for glaucoma in rural India: a decision 
analytical model. Public Health 2018;155:142–51.

• Thomas S, Hodge W, Malvankar-Mehta M. The cost-effectiveness analysis of teleglaucoma screening 
device. PLOS ONE 2015;10(9):137913.

• Blumberg DM, Vaswani R, Nong E, Al-Aswad L, Cioffi GA. A comparative effectiveness analysis 
of visual field outcomes after projected glaucoma screening using SD-OCT in African American 
communities. Invest Ophthalmol Vis Sci 2014;55(6):3491–500.

• Burr J, Hernández R, Ramsay C, Prior M, Campbell S, Azuara-Blanco A, et al. Is it worthwhile to 
conduct a randomized controlled trial of glaucoma screening in the United Kingdom? J Health Serv Res 
Policy 2014;19(1):42–51.

• John D, Ashton T, Nirmalan P, Parikh R. Cost effectiveness analysis of community screening for 
glaucoma in India. Value Health 2012;15(7):A643.

• Guertin JR, Rhame E, Lelorier J, Kamdeu Fansi AA, Li G, Harasymowycz PJ. Cost-effectiveness of 
different modes of screening for open angle glaucoma in glaucoma high-risk populations. J Popul Ther 
Clin Pharmacol 2010;17(1):e107.

• Hernández RA, Burr JM, Vale LD, Group O.a.G.S.P. Economic evaluation of screening for open-angle 
glaucoma. Int J Technol Assess Health Care 2008;24(2):203–11.

• Burr JM, Mowatt G, Siddiqui MaR, Cook J, Lourenco T, Ramsay C, et al. The clinical effectiveness 
and cost-effectiveness of screening for open angle glaucoma: a systematic review and economic 
evaluation. Health Technol Assess 2007;11(41).

• Vaahtoranta-Lehtonen H, Tuulonen A, Kovanen N, Malmivaara A, Aronen P, Sintonen H, et al. Cost 
effectiveness and cost utility of an organized screening programme for glaucoma. Acta Ophthalmol 
Scand 2007;85(5):508–18.

• Hitzl W, Ortner C, Hornykewycz K, Grabner G, Reitsamer HA. Resource use and costs for a glaucoma 
screening program in Austria: an 8-year review: a cost-consequence analysis based on the Salzburg–
Moorfields Collaborative Glaucoma Study. Eur J Ophthalmol 2006;16(1):92–9.

• xiao x, xue L, Ye L, Li H, He Y. Health care cost and benefits of artificial intelligence-assisted 
population-based glaucoma screening for the elderly in remote areas of China: a cost-offset analysis. 
BMC Public Health 2021;21(1):1065.
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Studies with similar methodology, data inputs and main conclusions as the 
included studies (2)

Boodhna T, Crabb DP. More frequent, more costly? Health economic modelling aspects of monitoring 
glaucoma patients in England. BMC Health Serv Res 2016;16(1):611.

Hernández R, Burr JM, Vale L, Azuara-Blanco A, Cook JA, Banister K, et al.; Surveillance of Ocular Hyper-
tension Study, G. Monitoring ocular hypertension, how much and how often? A cost-effectiveness 
perspective. Br J Ophthalmol 2016;100(9):1263–8.

Abstract (1)

Hernández R, Ryan M, Vale L, Burr J. Broadening the valuation space in health technology assessment: 
the case of monitoring individuals with ocular hypertension. Value Health 2017;20(9):A736.

Systematic review studies (2)

Azuara-Blanco A, Piyasena P, O’Neill C, Olawoye O, Chan VF, Crealey GE, Congdon N. A review to popu-
late a proposed cost-effectiveness analysis of glaucoma screening in sub-Saharan Africa. Ophthalmic 
Epidemiol 2021.

Singh K, Doshi A. Cost-effective evaluation of the glaucoma suspect. Curr Opin Ophthalmol 
2007;18(2):97–103.

Non-economic evaluation studies (2)

Lazcano-Gomez G, Ramos-Cadena MDLA, Torres-Tamayo M, Hernandez De Oteyza A, Turati-Acosta M, 
Jimenez-Roman J. Cost of glaucoma treatment in a developing country over a 5-year period. Medi-
cine 2016;95(47):e5341.

Wittenborn JS, Zhang x, Shrestha S, Saaddine JB, Feagan CW, Crouse WL, et al. The economic burden of 
vision loss and eye disorders among the United States population younger than 40 years. Ophthal-
mology 2013;120(9):1728–35.

Poster (1)

Crane GJ, Karnon J, Casson R, Metcalfe A, Hiller JE, Kymes S. A discrete event simulation to optimise the 
allocation of constrained hospital resources for glaucoma. Value Health 2011;14(3):A55.

Non-English articles (2)

Hirneis C, Kernt M, Kampik A, Neubauer AS, Niedermaier A. Health-economic aspects of glaucoma 
screening. Ophthalmologe 2010;107(2):143–9.

Hirneis C, Kampik A, Neubauer AS. Value-based medicine for glaucoma. Ophthalmologe 
2010;107(3):223–7.
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A list of initially excluded studies and further excluded studies in full-text scoping review for economic 
evidence for home and (or) remote monitoring beyond glaucoma

Not systematic review of economic evaluation studies (22)

• Chan AHY, Pleasants RA, Dhand R, Tilley SL, Schworer SA, Costello RW, Merchant R. Digital 
inhalers for asthma or chronic obstructive pulmonary disease: a scientific perspective. Pulm Ther 
2021;7(2):345–76.

• Eberle C, Stichling S. Effect of telemetric interventions on glycated hemoglobin A1c and management 
of type 2 diabetes mellitus: systematic meta-review. J Med Internet Res 2021;23(2):e23252.

• Jang S, Kim Y, Cho WK. A systematic review and meta-analysis of telemonitoring interventions on 
severe COPD exacerbations. Int J Environ Res Public Health 2021;18(13):23.

• Eurlings CGMJ, Boyne JJ, De Boer RA, Brunner-La Rocca HP. Telemedicine in heart failure – more 
than nice to have? Neth Heart J 2019;27(1):5–15.

• Smith SM, Holland AE, McDonald CF. Beyond forest plots: clinical gestalt and its influence on COPD 
telemonitoring studies and outcomes review. BMJ Open 2019;9(12):e030779.

• Bech B, Primdahl J, Scholte-Voshaar M, Zangi HA, Van Tubergen A, Van Eijk-Hustings Y. Eular 
recommendations for the role of the nurse in the management of chronic inflammatory arthritis: 
2018 update. Ann Rheum Dis 2018;77(Suppl. 2):1817–8.

• Clark RA. Telehealth in the elderly with chronic heart failure: what is the evidence? Stud Health 
Technol Inform 2018;246:18–23.

• Peretz D, Arnaert A, Ponzoni NN. Determining the cost of implementing and operating a remote 
patient monitoring programme for the elderly with chronic conditions: a systematic review of 
economic evaluations. J Telemed Telecare 2018;24(1):13–21.

• Singh N, Lazkani M, Desai S, Feringa H. Home telemonitoring to improve disease management and 
clinical outcomes in patients with heart failure: an updated meta analysis of randomized controlled 
trials. Catheter Cardiovasc Interv 2017;89(Suppl. 2):S132.

• Hofer F, Achelrod D, Stargardt T. Cost–utility analysis of telemonitoring interventions for patients 
with chronic obstructive pulmonary disease (COPD) in Germany. Appl Health Econ Health Policy 
2016;14(6):691–701.

• Kotb A, Cameron C, Hsieh S, Wells G. Comparative effectiveness of different forms of telemedicine 
for individuals with heart failure (HF): a systematic review and network meta-analysis. PLOS ONE 
2015;10(2):e0118681.

• Koivunen M, Saranto K. Nursing professionals’ experiences of the facilitators and barriers to the use 
of telehealth applications: – a systematic review of qualitative evidence. JBI Database System Rev 
Implement Rep 2014;10(57):3894–906.

• Pericas JM, Aibar J, Soler N, Lopez-Soto A, Sanclemente-Anso C, Bosch x. Should alternatives 
to conventional hospitalisation be promoted in an era of financial constraint? Eur Eur J Clin Invest 
2013;43(6):602–15.

• Ekeland AG, Bowes A, Flottorp S. Effectiveness of telemedicine: a systematic review of reviews. Int J 
Med Inform 2010;79(11):736–71.

• Gaikwad R, Warren J. The role of home-based information and communications technology 
interventions in chronic disease management: A systematic literature review. Health Inform J 
2009;15(2):122–46.

• Inglis SC, Clark RA, Cleland JGF, McAlister F, Stewart S. Structured telephone support or 
telemonitoring programs for patients with chronic heart failure. Cochrane Database Syst Rev 2008;(3) 
(no pagination):CD007228.

• Barlow J, Singh D, Bayer S, Curry R. A systematic review of the benefits of home telecare for frail 
elderly people and those with long-term conditions. J Telemed Telecare 2007;13(4):172–9.

• Jaana M, Pare G. Home telemonitoring of patients with diabetes: a systematic assessment of 
observed effects. J Eval Clin Pract 2007;13(2):242–53.
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• Mair FS. Does remote monitoring improve outcome in patients with chronic heart failure? 
Commentary. Nat Clin Pract Cardiovasc Med 2007;4(11):588–9.

• Pare G, Jaana M, Sicotte C. Systematic review of home telemonitoring for chronic diseases: the 
evidence base. J Am Med Inform Assoc 2007;14(3):269–77.

• Rychlik R, Rulhoff H. Socioeconomic relevance of selected treatment strategies in patients with 
chronic heart failure. Expert Rev Pharmacoecon Outcomes Res 2005;5(3):277–86.

• Currell R, Urquhart C, Wainwright P, Lewis R. Telemedicine versus face to face patient care: effects on 
professional practice and health care outcomes. Cochrane Database Syst Rev 2000;(2):CD002098.

Non-hypertension studies (2)

Nguyen NH, Martinez I, Atreja A, Sitapati AM, Sandborn WJ, Ohno-Machado L, Singh S. Digital health 
technologies for remote monitoring and management of inflammatory bowel disease: a systematic 
review. Am J Gastroenterol 2022;117(1):78–97.

Ben-Assuli O. Measuring the cost-effectiveness of using telehealth for diabetes management: A narra-
tive review of methods and findings. Int J Med Inform 2022;163 (no pagination):104764.

Abstract (1)

Miller R, Fox D, Ioannou P. PUK27 The economic impact of digital health interventions in the manage-
ment of type 2 diabetes: a systematic review. Value Health 2019;22(Suppl. 3):S918.

Outdated systematic review (1)

Polisena J, Coyle D, Coyle K, McGill S. Home telehealth for chronic disease management: a systematic 
review and an analysis of economic evaluations. Int J Technol Assess Health Care 2009;25(3):339–49.
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Appendix 10 The role of clinical outcomes in 
the economic evaluation

TABLE 30 The role of clinical outcomes in the economic evaluation

Study (year) VF IOP

Burr et al. 
(2012)57

(1) VF (PSD): as one of the baseline characteristics 
shown to be predictors of conversion to OAG. 
Once converted, QoL will be reduced.
(2) VF (MD): VF-based staging system is used to 
link VF with disease severity, which subsequently 
linked with QoL

(1) As one of the baseline characteristics shown to be 
predictors of conversion to OAG. Once converted, 
QoL will be affected.
(2) To determine the subsequent treatment received. 
For example, if the IOP reduction from the last 
treatment < 15%, the subsequent treatment plan was 
considered; otherwise maintain the current treatment 
plan. In this case, IOP affects QoL by deterring disease 
progression

van Gestel 
et al. 
(2012)59

VF (MD) was directly linked with utility values such 
as VFQ-25 and HUI3 [see Equation 1 and Equation 
2 in van Gestel et al. (2012)]. The coefficients of 
the equations were derived from a regression 
analysis using 537 individuals with OHT or OAG in 
Netherlands. The details are revealed in Van Gestel 
et al. (2010)83

(1) To determine the subsequent treatment received. 
In this case, IOP affects QoL by deterring disease 
progression
(2) Directly linked with progression rate (measured 
by MD), which is subsequently linked with QoL. The 
higher the IOP, the higher the rate of progression, 
except for IOP < 13 mmHg when progression rate 
equals 0 [see Equation 3 in Van Gestel et al. (2010)83 
for details]

Crabb et al. 
(2014)58

(1) VF (MD): VF-based staging system is used to 
link VF with disease severity, which subsequently 
linked with QoL
(2) VF (MD): treatment effectiveness is represented 
by improvement in MD rate from clinical evidence. 
For example, argon laser trabeculoplasty was 
found to be equal to MD improvement of 0.74 dB/
year and trabeculectomy equal to improvement of 
1.22 dB/year

Linked with progression rate (a 1 mmHg reduction in 
IOP translated to a 0.1 dB/year improvement in MD 
rate). The coefficient is obtained from Folgar et al. 
(2010)32 in which a regression analysis with 28 glau-
coma patients was conducted to link IOP reduction 
due to glaucoma surgery and disease progression rate

HUI3, Health Utilities Index mark 3; PSD, pattern standard deviation; VFQ-25, National Eye Institute Visual Functioning 
Questionnaire.
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