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Abstract
Purpose: To evaluate the value of enhanced optometric services for managing 
neovascular age-related macular degeneration (nAMD) and glaucoma in primary 
care optometry services, instead of hospital eye services (HES).
Methods: Seven enhanced optometric service pathways in primary care in Wales 
were assessed with a mixed-methods approach: three for nAMD and four for glau-
coma. The methods were a patient-related experience measure (PREM), a Realist 
Review and Evaluation involving both patients and staff, a discrete event simu-
lation model estimating the economic impact of the pathways and a workforce 
survey of optometrists to gauge capability and capacity.
Results: Patient-related experience measure responses (802) indicated that pri-
mary care experience was comparable to that of HES. Utilising enhanced optom-
etric services in primary care resulted in reduced wait times compared with HES, 
with suspected nAMD shortened to 4–5 days and glaucoma monitoring to 5 days. 
Waiting lists were dramatically reduced with primary care-based services to just 
three people waiting for nAMD and five for glaucoma, compared with 216 and 
5691 people, respectively, in HES. Consultant ophthalmologist time was reduced 
from 57% to 15%–16% for nAMD services and from 48% to 22%–23% for glaucoma 
services. Integrating enhanced optometric services into primary care incurred a 
similar cost. The workforce survey confirms that optometrists possess the skills and 
qualifications and are willing to deliver these enhanced optometric services. The 
Realist Review and Evaluation revealed that clear patient communication, effective 
coordination and strong interprofessional communication between optometrists 
and ophthalmologists along with a shared electronic record are crucial to the suc-
cess of this change.
Conclusion: Providing enhanced optometric services in primary care for nAMD 
and glaucoma brings substantial benefits for the UK National Health Service and 
patients, including reduced waiting times, waiting lists and released HES capacity. 
The success of this transition hinges on clear patient communication, administra-
tive co-ordination and effective interprofessional communication.
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INTRO DUC TIO N

Neovascular age-related macular degeneration (nAMD) 
and glaucoma are the two most common causes of sight 
loss in England and Wales,1 and they require life-long 
monitoring due to their chronic sight threatening nature. 
Most people living with these conditions attend hospital 
eye services (HES), the busiest outpatient specialty in the 
United Kingdom,2,3 with concerning capacity problems 
heightened by a projected increase of 59% nAMD and 22% 
in glaucoma cases over the next decade.4 Currently, Wales 
is the sole UK nation reporting detailed waiting time statis-
tics revealing that those with these conditions often wait 
>25% beyond their target appointment date.5 The long 
waiting times are particularly concerning as these patients 
are at risk of irreversible sight loss or harm6 if they miss 
their treatment target date.

Alternative ways of delivering care are needed and have 
been called for by the Royal College of Ophthalmologists. 
Other health professionals are already involved in nAMD 
services in hospitals.7 Additionally, using virtual glaucoma 
clinics for low-risk new glaucoma referrals, led by hospital 
optometrists, has been found to be successful.8 The UK 
National Institute for Health and Care Excellence (NICE) 
guidelines for glaucoma9 and age-related macular degen-
eration (AMD)10 explicitly allow for delegation of greater 
responsibility to optometrists in referral filtering and man-
aging low-risk and/or stable disease.

Optometrists, like general medical practitioners and 
dentists, operate as National Health Service (NHS) pri-
mary care contractors and their NHS General Ophthalmic 
Services Contract11 obligates that if during sight tests, signs 
of injury or disease were detected, patients be referred to 
the HES. Some areas of Wales have enhanced services pro-
vided by optometrists in primary care for managing and/
or monitoring nAMD and glaucoma. In September 2023, 
new legislation for the NHS General Ophthalmic Services 
in Wales was passed12 that formalises the use of enhanced 
optometric services in primary care in all areas and makes 
other changes to reconfigure eye care services to change 
the use of personnel, space and equipment in primary care 
optometry and the HES, with care delivered as close to 
home as possible, but with people able to access hospitals 
when required.13

UK-based assessments have demonstrated that, with 
appropriate training, optometrists in primary care can man-
age patients effectively, and that genuine partnerships can 
exist between primary care optometry services and the 
HES.14–21 However, the outcomes assessed alongside costs 
were not consistent between studies. The patient voice is 
lacking and reports of the patient experience of enhanced 
optometric services are scant.14,22 Understanding the ex-
perience of patients and their opinions regarding provision 
of enhanced optometric services in primary care is crucial.

Optometric practices, whether independently owned 
or part of larger chains, exhibit varying business and 
clinical objectives, making it important not to presume 

uniform willingness to undertake additional responsibili-
ties. Notwithstanding the possible advantages of provid-
ing primary care-based services, it is important to gauge 
the readiness of optometrists to undergo training and 
complete higher professional qualifications23 and provide 
the extra services assuring that any service changes would 
be sustainable.

Against this backdrop, this research endeavours to as-
sess the patient and NHS benefits of effective enhanced 
optometric services pathways for managing and/or mon-
itoring nAMD and glaucoma provided by primary care op-
tometry services in three areas of Wales.

M ETHO DS

This study used a Concurrent Nested Design (mixed model) 
with a predominant health economics strand and nested 
qualitative approach. Enhanced optometric services, with 
service specifications and qualifications stipulated by the 
health board in three health boards in Wales, were evalu-
ated for three pathways of nAMD care:

•	 Traditional (nAMD-T): If a primary care-based optom-
etrist suspects nAMD, the patient is referred onto HES 
within 1 day. All patient care is undertaken in HES.

•	 Referral refinement virtual review by ophthalmologists 
(nAMD-VR): If a primary care-based optometrist sus-
pects nAMD, the patient is referred to a referral refine-
ment centre in a primary care-based optometry practice. 
Scans are uploaded onto a clinical workstation and re-
viewed virtually by a consultant ophthalmologist, who 
will either discharge the patient or refer into the hospital.

•	 Referral refinement optometry decision (nAMD-OD): 
As nAMD VR, however, the optometrist in primary 

Key points

•	 Integrating highly qualified primary care optom-
etrists into the patient referral and monitoring 
pathways can significantly reduce wait times for 
neovascular age-related macular degeneration 
and glaucoma, which could reduce the risk of 
sight loss.

•	 Shifting more responsibilities to primary care op-
tometrists frees up consultant ophthalmologist 
time, allowing them to focus on more complex 
cases, thereby optimising the use of healthcare 
resources.

•	 Primary care-based optometric services are 
comparable to hospital eye services in terms of 
patient experience and are a financially viable 
and scalable solution to help manage the in-
creasing number of people with eye disease.
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care-based services with a Professional Certificate 
in Medical Retina reviews the scans and makes the 
decisions.

In some areas of Wales, primary care-based optom-
etrists in NICE compliant pathways9,10 help monitor the 
lowest risk stratified glaucoma patients.24 This research 
evaluated three pathways of glaucoma care with service 
specifications and qualifications stipulated by the health 
board:

•	 Traditional (G-T): Every aspect of patient monitoring is 
carried out in the HES.

•	 Monitoring with virtual review by ophthalmologists (G-
VR): Primary care-based optometrist with a Professional 
Certificate in Glaucoma examines the patient and im-
ages. Results are uploaded onto clinical workstation for 
a consultant ophthalmologist to review virtually.

•	 Monitoring with virtual review and decision by hospi-
tal optometrist (G-HOVR): A hospital optometrist with a 
Higher Professional Certificate in Glaucoma makes the 
decisions and an ophthalmologist is involved in higher 
risk or more complex cases.

A fourth pathway of glaucoma care emerged just after 
the end of data collection (named ‘G-OD’), a primary care-
based optometrist with a Higher Professional Certificate in 
Glaucoma reviews the scans and results in the practice and 
makes the decisions with an ophthalmologist involved in 
higher risk or complex cases.

Stakeholder engagement

Two of the co-authors were ‘stakeholders’ who were in-
volved in all aspects of the research; one chaired the 
Stakeholder Advisory Group. The Stakeholder Advisory 
Group included members that were patients, optometrists, 
ophthalmologists, hospital managers and voluntary sec-
tor workers, and they met four times through the project 
lifetime.

Patient-reported experience measure 
(PREM) and patient costs

An ‘Eye-Care PREM’ (Supplementary S2) was given to pa-
tients at 11 primary care-based optometry practices who 
provided the enhanced optometric services and three 
hospitals. Although the numbers of practices involved in 
enhanced optometric services during the period of the 
study varied, this was at least half of all practices providing 
enhanced optometric services for glaucoma and nAMD in 
Wales during this period. The ‘Eye-Care PREM’ comprised 
of four sections: ‘(1) About you’, ‘(2) Your appointment 
today’, ‘(3) Your experience of the appointment’ and ‘(4) 
Your experiences of the appointment—COVID-19 safety 

measures’. Section  1 had four demographic questions, 
Section 2 had 12 questions about the patient's experience 
before the appointment, costs for travelling to and from the 
healthcare facility they visited and other variables to help 
calculate costs such as amount of annual leave taken to at-
tend a clinic and whether there were any carers present. 
Section 3 had 14 Likert scale patient experience questions 
and Section  4 had four questions linked to COVID safety 
measures. There was also space for a free text answer.

Data collection was a rolling process, starting with the 
primary care-based services in Aneurin Bevan University 
Health Board (ABUHB) on 15 May 2021 and ending on 
11 January 2023 in a hospital in Cwm Taf Morgannwg 
University Health Board (CTUHB). The method of collection 
was co-produced with the Stakeholder Advisory Group. 
Patients attending the services were invited to partici-
pate by staff who offered patients a questionnaire and a 
pen and asked them to post-completed questionnaires 
into a locked box. Prepaid envelopes were available if pa-
tients wished to take the questionnaire home and posters 
containing information about an online version were also 
displayed at all sites. The research team provided initial 
training to staff in the participating practices and hospitals, 
met with service leaders and visited the sites at least twice 
during the period of collection to encourage them to give 
a PREM to every patient or encourage them to fill in the 
online version.

Data were input into Microsoft Excel (micro​soft.​com) 
and analysed using STATA (StataCorp LLC, version 17, stata.​
com). Missing data were investigated to determine if it was 
missing at random. Non-parametric inferential tests were 
conducted to compare patient experience in the hospital 
service to that in primary care-based services for nAMD 
and glaucoma.

Realist Review and Evaluation

To understand patients' and professionals' beliefs and ex-
periences about enhanced optometric services and iden-
tify the best ways to effect change of location of care, the 
following questions were asked:

•	 What matters to those with nAMD and glaucoma about 
the manner and place of care and why?

•	 How will changing services affect patients, optometrists, 
ophthalmologists and other stakeholders?

•	 To what extent do primary care-based services mat-
ter to stakeholders in terms of their experience and 
preferences?

These questions were interrogated and addressed 
through three cycles of realist enquiry. Execution and 
reporting of findings was consistent with the RAMESES 
Reporting Standard for both Realist Synthesis and 
Evaluation.25,26 Ultimately, the goal of this work package 
was to develop a ‘Refined Programme Theory’ of primary 

http://microsoft.com
http://stata.com
http://stata.com
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care-based treatment for those with nAMD and glau-
coma. This abstracted middle range theory is a theory 
that has been developed to provide a focused, testable 
and practical framework, to articulate both why and how 
these services work, and is a theory of both causation and 
implementation.25

During Cycle 1, we drew upon early health econom-
ics modelling, initial scoping of the literature and input 
from the Stakeholder Advisory Group to induct an Initial 
Programme Theory. At this stage, the IPT may consist of a 
simple process map or logical model that will be further 
elaborated upon as the Realist Enquiry progresses.27

Cycle 2 further dimensionalised the embryonic Initial 
Programme Theory—iteratively confirming, refuting 
and refining the elements through a systematic review 
of the literature.25,28 Remaining congruent with Realist 
methodology, grey literature was also included span-
ning 2014–2022, as well as other sources identified by 
the Stakeholder Advisory Group. Within Cycle 2, data 
were initially ‘bucket coded’ into congruent categories. 
These bucket codes were then examined carefully to elu-
cidate the underpinning causative mechanisms, generat-
ing the Context-Mechanism-Outcome configurations that 
form the substrate of all Realist Programme Theory.29 
The complete review protocol is available at PROSPERO 
(CRD42021260517).

Within Cycle 3, we moved from Realist Review into 
Realist Evaluation. The themes from the patient survey 
and ‘Interim’ Programme Theory that surfaced within 
Cycle 2 were further tested with a series of stakeholder 
groups in order to develop a Refined Programme Theory 
of primary care-based treatment for those with nAMD 
and glaucoma.

The Interim Programme Theory was tested within 
a Realist Interviewing process30,31 involving a diverse 
range of participants (n = 57). Three 40-min focus groups 
were conducted with staff from one optometry prac-
tice (4 optometrists, 1 dispensing optician and 1 optical 

assistant), hospital staff in one eye department (2 nurse 
practitioners, 1 eye clinic liaison officer and 2 health 
care assistants) and third sector staff (5 eye clinic liai-
son officers). Semistructured interviews (n = 41) lasting 
40–60 min were undertaken with patients (12), carers 
(4), receptionists/practice managers (3), health board 
managers (2), optometrists (9), ophthalmologists (3), 
healthcare support workers/assistants (2), dispensing 
opticians (1), orthoptists (1), imaging personnel (2), op-
tical assistants (1) and co-ordinator (1). Patient and carer 
interviews were conducted first to ensure that the voice 
of the person receiving eye care was given primacy32 by 
ensuring that the research was grounded in the experi-
ences, perspectives and needs of the patients and their 
carers. This approach places the patients and carers at 
the centre of the research process. Interview data were 
further triangulated with four optometrists' reflective di-
aries which explored experiences of enhanced optomet-
ric services in primary care. All focus group and interview 
data were recorded within MS Teams, transcribed verba-
tim and coded within NVivo 12 (Lumivero: lumiv​ero.​com/​
produ​cts/​nvivo​/), leading to the further development of 
the Programme Theory inducted within the initial Realist 
Review.

Health economic evaluation

A discrete event simulation (DES) model was built based 
on the three nAMD and four glaucoma pathways. All 
seven models were constructed using Simul8 (Simul8 
Corporation, Professional, version 29, simul8.​com).33 The 
models use ‘resources’, in this case members of staff, as-
signed to ‘events’, for instance an optometrist appointment, 
in the patient pathway. A pictorial representation of one of 
the Models is shown in Figure 1. This approach tracks each 
patient through the pathway, steps through each ‘event’ a 
person encounters and calculates metrics such as waiting 

F I G U R E  1   A schematic of the model for the referral refinement virtual review by ophthalmologists (nAMD-VR) pathway.

http://lumivero.com/products/nvivo
http://lumivero.com/products/nvivo
http://simul8.com
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time (in this model, this is the time from when the patient 
first enters the pathway to the relevant event), time spent 
in the ‘event’ and number of people waiting in a queue. 
Simul8 enables incorporation of capacity constraints, staff 
doing multiple tasks and queueing bottle necks.34,35 Each 
interaction with a health care professional results in costs 
for the NHS regardless of whether it is a false-positive refer-
ral or true-positive referral, a query or advice. Interactions 
were determined from interviews with professionals and 
have all been costed into the model for each arm of the 
model.

It was assumed that, for each of the nAMD pathways, 
patients followed the same sequence of events as out-
lined in Figure  1, with or without a referral refinement 
centre and virtual review. All percentages in the model 
were obtained from audit data for the NHS in Wales. 
Timings of events in the pathway were also obtained 
from audit data and interviews with hospital and primary 
care-based staff involved in all pathways. All assump-
tions were verified with clinicians. Six of the DES models 
were based on routinely collected data, such as audits, 
and this facilitated analysing future demand in a sensitiv-
ity analysis. In the absence of data, a seventh DES model 
based on the G-OD pathway assumed similar outcomes 
to G-HOVR.

The primary outcome for each of the models was the 
cost of providing the service for 1 year. For the nAMD mod-
els, secondary outcomes included waiting time from initial 
referral to attend a HES clinic, the number of HES visits that 
could have been avoided and the percentage of time that 
the consultant spent on face-to-face nAMD appointments. 
For the glaucoma models, secondary outcomes included 
the number of consultant appointments and waiting time 
at the clinic for monitoring.

For the nAMD models, on average, 1300 identical pa-
tients were generated to walk through the pathway for 
1 year (this number varied annually as unscheduled arrivals 
follow a Poisson process36) based on the estimated num-
ber of nAMD-OD appointments encountered in one health 
board over 1 year. One HES clinic was run weekly (3.75 h) 
for all models. In the nAMD-VR pathway, the consultant 
was able to perform virtual reviews at any time during the 
working week outside of clinic time. It was assumed in each 
face-to-face clinic that eight patients were seen, and in 
each virtual clinic, 20 scans were reviewed (clinic numbers 
based on data from Wales).

For the glaucoma models, 2880 identical patients 
were generated, again in keeping with numbers pro-
vided by a health board. Six HES clinics were run weekly 
(3.75 h) for G-T, with two clinics for G-VR, G-HOVR and 
G-OD schemes. It was assumed that, in each face-to-face 
clinic, 15 patients were seen and, in each virtual clinic, 20 
scans were reviewed (clinic numbers based on data from 
Wales).

In both nAMD and glaucoma pathways, it was as-
sumed that primary care-based optometrists could book 
appointments at any time between Monday and Friday, 

09:00–17:00 h. Although some optometry practices were 
open in the evenings and weekends, there were varia-
tions between practices, but all were open 09:00–17:00 h 
on weekdays. During the interviews with the optometrists, 
they reported that every effort was made to ensure that 
appointments occurred for patients who required them 
within 24 or 48 h at most. At the practices contacted, pa-
tients were slotted into clinic between others or at the be-
ginning or end of the day rather than having a set weekly 
slot. Where a coordinator was present, the model assumed 
they work Monday–Friday 09:00–17:00 h to book appoint-
ments and coordinate the clinic. All other staff were avail-
able within the clinic times only.

We used 1-year time horizons. It is usual to begin to col-
lect results when the DES model is in steady state. Since 
the HES is under huge pressure, it is impossible to reach 
steady-state conditions as the situation is inherently vola-
tile. To mitigate this situation, a 5-year warm-up period was 
used to get closer to steady state.

For the analysis, we observed the flow of resources in 
the modelled simulation in a steady state over a 12-month 
timeline; therefore, no discount rate was applied to the 
base case analysis. A discount rate of 3.5% was applied to 
costs in line with NICE recommendations37 for time hori-
zons over 12 months considered in the scenario analyses.

Descriptions of the services for nAMD and glaucoma 
were developed from service operating protocols and in-
terviews with staff. The descriptions outlined the staff and 
their roles, the tests and scans conducted and time for 
follow-up appointments and review of scans. Unit costs 
for staff time were applied for hospital and primary care-
based services staff.38 The NHS reimbursement price39 was 
applied to appointments in hospitals and a cost of £62.74 
for appointments in primary care-based services as this 
was the average fee at the time.

Sensitivity analyses were undertaken to ensure the 
model was sufficiently robust to deal with changes in the 
individual input parameters. Several scenarios were exam-
ined to see their impact on outcomes for both costs and 
waiting times.

Workforce survey

We worked with Health Education and Innovation Wales 
and Optometry Wales to develop a workforce sur-
vey for optometrists. This Microsoft Forms (Micro​soft.​
com) survey was circulated to all optometrists via NHS 
Wales Shared Services Partnership and three follow-
up emails were sent. In addition, Optometry Wales and 
Health Education and Innovation Wales used a link to 
the survey embedded in newsletters and social media 
to encourage practitioners to respond. Frequency ta-
bles and graphs were constructed to get a picture of the 
primary care-based optometry workforce in Wales from 
29 April to 1 June 2021. Following on from the survey, 
Health Education and Innovation Wales kept records of 

http://microsoft.com
http://microsoft.com
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optometrists with higher qualifications, and in May 2023, 
the updated numbers of optometrists with higher quali-
fications were requested.

Ethics

IRAS approval (ID 304550) was obtained for the inter-
views and focus groups. Other elements of the research 
were deemed to be service evaluation (ABUHB R&D refer-
ence number: SE/1254/21, CTUHB R&D reference number: 
CT/1449/21 & SB letter of approval 27 May 2021). The work-
force survey was conducted in partnership with Health 
Education and Innovation Wales as part of their workforce 
planning duties.

R ESULTS

The eye care PREM

Surveys were received from 802 participants, aged from 
28 to 99 years. The sample was fairly equally spread 
across genders, with 51% female, more respondents ac-
cessing glaucoma services (62%) than nAMD (38%) and 
64% from the primary care-based services pathways 
compared to 36% from hospital. The questionnaire was 

completed partially by some respondents (N = 243), 
with some questions returning as many as 15% missing 
values.

The PREM responses showed that, for both HES and pri-
mary care-based services, patients were happy with their 
experiences. There were no significant differences be-
tween the experiences (Pearson's chi-square, p = 0.61) for 
glaucoma patients attending hospital and community ser-
vices. However, there was a significant difference between 
the experiences for AMD patients (Pearson's chi-square, 
p < 0.0001), with community gaining more responses in the 
top ‘strongly agree’ category.

Realist review and evaluation

Through three cycles of realistic review, which included 
literature reviews, Stakeholder Group input, surveys, in-
terviews, focus groups and reflective diaries, the Refined 
Programme Theory was developed. This aimed to clarify 
the mechanisms or themes that influenced the imple-
mentation and outcomes of the enhanced optometry 
services in primary care optometry practices and provide 
a comprehensive and empirically validated framework 
for understanding and improving the effectiveness of 
the services. The Refined Programme Theory is shown 
in Figure 2. Service location and collaboration between 

F I G U R E  2   Diagrammatic representation of the Refined Programme Theory developed through three cycles of realist reviews. The mechanisms 
that influence the implementation and outcomes of the enhanced optometry services are presented and the thickness of each line reflects the 
amount of evidence underpinning each element.
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services came out as the themes of greatest influence for 
these services.

Theme: Clinic configuration and impact

Patients perceived primary care-based services to be more 
accessible geographically, mitigating treatment and carer 
burden, and they particularly liked being able to have open 
communication and flexibility in arranging appointments 
in practices.

A dedicated primary care-based service can support pa-
tient confidence.

Fine you know, the timing, the organisation 
there when you go in, they've got it well set 
out where you do the parameter test, they put 
the eye drops in… once you are done, the op-
tician or the doctor whoever is there… it's all 
done down to a fine art. 

(Patient—primary care based service)

The most notable barriers for patients pertained to the 
physical inaccessibility of HES services compared with en-
hanced optometric services, for many patients, primary 
care-based services were more physically accessible, re-
quiring reduced travel and carer burden.

The greatest barrier for primary care practitioners was fi-
nancial; due to the administrative burden and subsequent 
reduced clinical capacity, primary care clinics experienced 
a loss of revenue with a fee of only £62.74.

It was found that sustaining an integration between 
HES and primary care-based services requires coordi-
nation and shared IT protocols with responsive main-
tenance. A referral coordinator enabled appropriate 
staffing decisions in primary care-based services ensur-
ing the number of patients matched the capacity to meet 
demand. If this role is missing, then the clinical capacity 
is reduced due to administrative burdens, resulting in in-
creasing patient waits due to inefficient use of primary 
care-based services clinics.

What's needed is regional level administrative 
team to take referrals, then they do the coor-
dinating of sending them out to eligible prac-
tices and to hospital, if need be, that's what's 
missing, that's what's needed in the pathway 
is proper administration. 

(Ophthalmologist)

Additionally, practitioners described lack 
of IT (information technology) support as a 
barrier—noting issues in accessing patient 
data, and delays in IT support when systems 
fail. 

(Ophthalmologist)

Theme: Multi-service collaboration

It was found that, when interprofessional relationships 
were not established from the outset, there could be scep-
ticism from HES regarding primary care capabilities. This 
led to reluctance from HES clinicians to refer their patients 
into primary care-based services, resulting in perceived in-
efficient utilisation of services.

And the one thing I learnt with these schemes 
as well is that the jeer amongst ophthalmol-
ogists is that there's… the optoms will take 
all our work away, there'll be nothing for us 
to do, we'll be twiddling our thumbs, we'll be 
purposeless… 

(Ophthalmologist)

Furthermore, effective communication between pri-
mary and secondary care facilitates trusting reciprocal re-
lationships between professionals, resulted in supporting 
collaborative service integration. Building this trust and 
confidence in the abilities of primary care-based services 
emerged from effective communication and feedback 
loops.

so that also was an added complication 
that you know, it was communication. 
Communication wasn't there and that caused 
a difficulty as well for us… but it started mov-
ing, got everything down on paper so at least 
then we had documents to share and discuss 
with other colleagues which really did help. 

(Health Board Manager)

Collaborative multiservice partnership was the strongest 
enabler for practitioners. The effective communication and 
feedback loops between HES and primary care-based clinics 
were highlighted as being of vital importance for effective 
services. In this evaluation, it was found that when there was 
adequate mentorship, primary care clinicians felt trusted and 
supported—this increased their confidence and motivation. 
Participation in enhanced service schemes also allows op-
tometrists to be exposed to more challenging clinical cases 
which increases experiential knowledge, along with debrief-
ing and clinical supervision with ophthalmologists. This can 
create opportunities to use new clinical skills, resulting in en-
hanced decision-making and increased motivation.

Theme: Co-production, patient 
autonomy and choice

Clear communication of information from clinician to pa-
tient supports patient understanding of their condition 
and treatment. If patients receive little explanation, it leads 
to a poor user experience.
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Likewise, a clearly communicated treatment roadmap 
increases patient agency. This improved communication 
with patients can result in higher levels of treatment con-
cordance and improved satisfaction.

the lady in ####### said to me ‘this is urgent, 
we should red flag you about this’, so I said 
‘what does that mean’ and she said ‘well they 
should see you within the next two weeks.’ 

(Patient)

Theme: Patient knowledge and education

In this review, it was found that patient education, knowl-
edge and understanding of eye health can influence their 
treatment concordance and satisfaction with their care.

So I want to know what's happening, they are 
my eyes you know… it's not some great secret 
you know ‘better not tell him this, it might 
upset him’…so they tell me the result and they 
said ‘well I think this has changed, this will be 
referred to in the report’ so I know what's hap-
pening… and then I get this letter back saying 
‘oh change the drops to something else or’ 
you know. 

(Patient)

Theme: Confidence and trust in care provider

A patient's confidence and trust in their care provider 
needs to be cultivated as it can influence their level of en-
gagement with services. The development of such rela-
tionships takes time in consultations, in addition to sharing 
detailed and timely explanations with patients about their 
condition.

Personally, I tend to take a bit of time where 
I can, to go over my findings, repeatedly, if 
need be, so I feel comfortable that they are 
leaving understanding what has happened 
at that visit today, a bit about their condition 
and then what's going to happen at the next 
appointment… 

(Patient)

In this evaluation, it was found that prolonged gaps in com-
munication result in patients feeling devalued and losing 
confidence in their care.

Not very confident… and to be perfectly 
frank when the results come back after I've 
had my last of the examination… I might 
have had the examination in April and gen-
erally I get the letter in October because it 

takes 3 or 4 months for it to be typed…abso-
lutely hopeless. 

(Patient)

Furthermore, when patients do not receive clear infor-
mation from primary care-based clinics, they may lack trust 
in primary care-based service practitioners and become re-
luctant to engage with optometry services.

Theme: Emotional response and 
treatment burden

The evaluation identified that when patients receive bad 
news such as loss of their driving licence, this manifests as a 
shocking experience and results in a loss of independence.

Well its really changed my life obviously be-
cause I had my own car, I've driven for almost 
50 years and that's all gone and I had no idea 
that this would sort of change so dramatically 
for me and nothing would be done you know. 

(Patient)

When clinicians take time to break bad news, this gives 
people an opportunity to think and process the informa-
tion and accept the bad news.

They talk to you, they know probably everything 
about me now, they know I lost my husband, 
they held my hand when I was crying in there 
you know…and you need something like that. 

(Patient)

This review identified conflicting findings with some 
patients accepting a higher treatment burden in exchange 
for improved visual acuity, with others preferred less inten-
sive treatment at the cost of lower visual acuity.

Theme: Sharing accessible information

To address this knowledge gap, we found evidence that 
suggested patients often seek clarification from multiple 
sources, for example, such as online platforms, which vary 
in accuracy and reliability.

I feel the communication is lacking when you 
think most people that I know have got a mo-
bile phone … lots of people have internet con-
nection. I think they should use that more as 
well you know, to offer you information about 
the complaint you are suffering from as well. 

(Patient)

When information is provided in a range of modes, pa-
tients could more effectively assimilate the information 
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at their own pace; this improved understanding and in-
creased confidence in managing one's condition. The 
range of requirements also included clinicians providing 
information at the right time in clinic as per the needs of 
the patient and in accessible non-clinical language. This all 
resulted in patients becoming more informed, resulting in 
a positive experience of the services.

Health economic evaluation

The costs, resource use and anticipated waiting times for 
providing the nAMD and glaucoma clinics in HES and en-
hanced optometric services are provided in Tables  1 and 
2, respectively. The modelled base case results for waiting 
times were found to match descriptions of real-life services 
provided by primary care-based optometrists, consultant 
ophthalmologists and managers. Costs are calculated on 
a cost per clinic basis since the clinic is run regardless of 
whether a patient attends or not. Glaucoma clinics are less 
costly than AMD clinics by approximately £600 per clinic 
(£1200 compared with £1800 per clinic).

nAMD services

The primary outcome, estimated costs of providing the 
services for 1 year, was less for both nAMD-VR and nAMD-
OD than for the nAMD-T service pathway (Table 1) due to 
fewer hospital visits (nAMD-VR N = 221, nAMD-OD N = 304, 

compared with N = 956 for nAMD-T). The waiting times for 
secondary care appointment or discharge (if no appoint-
ment was necessary), accumulated from backlogs gener-
ated as the model settled into a steady state over time, were 
much greater for nAMD-T, 30 days compared to 4–5 days for 
those using primary care-based optometry (Table 1).

Upon completion of the project, the enhanced op-
tometric service fees were raised from £62.74 to £91 per 
patient as part of the new contract for optometry across 
Wales. This increase in fee resulted in an overall increase in 
cost in all pathways incorporating primary care (nAMD-VR 
and nAMD-OD) (Table 1).

Glaucoma services

For glaucoma care, the pathways using hospital optom-
etrists and consultants to virtually review the information 
from primary care-based services were the costliest (G-VR 
and G-HOVR).

The waiting time for patients from request for a mon-
itoring appointment to the clinic visit was almost 2 years 
for patients on the G-T pathway (which is similar to the 
100 weeks quoted by an Ophthalmologist). This wait was 
much longer than the 5 days for services with elements 
in primary care. Doctors were substantially busier in the 
G-T pathway (48%) compared with pathways in which ele-
ments were delivered in primary care-based services (23%, 
23% and 22%). All services involving primary care-based 
optometrists also freed up substantial numbers of appoint-
ments in the HES (Table 2).

The important aspect of this modelling is that it allows 
a direct like-for-like comparison to see where marginal 
change occurs when patients move into alternative path-
ways and where the benefits lie. Importantly, the plau-
sibility of the modelling was investigated, as well as how 
changing parameters may change the resource flow and 
the costs by creating different scenarios and undertaking 
sensitivity analysis (provided in Table S1). Even when ‘pres-
sure testing’ the modelling in this way, the results suggest 
the beneficial changes in both capacities gained in the 
HES, the reduced waiting times for nAMD diagnosis and 
monitoring appointments for glaucoma, are maintained. 
For some services in the primary care setting, it was esti-
mated that there were small additional costs for providing 
the service; however, there are always gains in waiting list 
reduction and capacity gains in HES.

Applying the enhanced optometric services fee uplift to 
the glaucoma pathways resulted in an increase in all path-
ways involving primary care elements (G-VR, G-HOVR and 
G-OD) (Table 2).

Workforce

There were 460 respondents to the workforce survey in-
cluding 439 with full information. Respondents were 

T A B L E  1   Outcomes for neovascular age-related macular 
degeneration (nAMD) discrete event simulation (DES) models for 1 year.

Service pathway

Outcome nAMD-T nAMD-VR nAMD-OD

Cost to run the service for 
1 year

£215,345 £147,560 
(£185,681)

£142,009 
(£175,130)

Number of optometrist 
appointments

0 1172 1172

Number of HES 
appointments

956 221 304

Number of ophthalmology 
virtual reviews

0 1172 0

Average waiting time for 
appointment from initial 
optometrist appointment 
to review and decision

30 days 4 days 5 days

Number left on waiting list 216 3 3

% time consultant was 
‘busy’

57 16 15

Note: Primary care optometry pathway with appointment cost £62.74 (and later 
£91). Average wait time for appointment refers to wait time from referral to 
discharge (if referral was unnecessary) or to secondary care appointment.
Abbreviations: nAMD-OD, a primary care optometrist with a Professional 
Certificate in Medical Retina reviewed the scans and made the decisions; nAMD-T, 
traditional treatment in the HES (hospital eye service); nAMD-VR, virtual review by 
ophthalmologists.
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predominately female (57%) and White (86%). Most (62%) 
studied their undergraduate degree at a Welsh University. 
The aim of the analysis was to ascertain whether there was 
sufficient optometry workforce in Wales with the required 
qualifications for roll-out of the enhanced optometric ser-
vices for glaucoma and nAMD.

For nAMD-VR and nAMD-OD, optometrists require the 
professional certificate in medical retina (n = 71). For G-VR, 
they require a professional certificate in glaucoma (n = 105), 
and for G-HOVR and G-OD, the higher certificate in glaucoma 
(n = 13). Many more optometrists were studying for a range of 
relevant qualifications at the time of the survey (n = 106) and 
should have completed by the time of this publication.

Personal written correspondence from the Head of 
Optometry, Health Education and Innovation Wales 
(February 2024) reported that the numbers of optome-
trists with higher qualifications had increased substan-
tially in just 2 years. By September 2023, there were 137 
optometrists with professional certificate in medical ret-
ina (93% increase) and a further 16 in training, 164 with 
professional certificate in glaucoma (56% increase) and 
a further 18 in training and 38 with a higher professional 
certificate in glaucoma (192% increase) and a further 18 
in training.

D ISCUSSIO N

The simulation modelling, designed and informed by the 
literature, stakeholders, patient and staff interviews, and 
populated with data from the clinics and expert inform-
ants, suggests that integrating primary care-based optom-
etrists with higher qualifications in the referral refinement 
for patients with nAMD and in monitoring patients with 
glaucoma will dramatically reduce waiting times, and also 
release consultant ophthalmologist time.

In the different analyses, these findings indicate that de-
ploying enhanced optometric services in primary care will 

reduce the wait time for people with suspected nAMD to 
4–5 days and a glaucoma monitoring visit can be achieved 
within 5 days of the target date. Utilising primary care-
based services over the course of a year reduces the accu-
mulating number of people on the waiting list to three at 
the end of the year, compared with 216 in a HES for nAMD 
and five people compared to 5691 for glaucoma. The mod-
elling suggests that such shifts of activities within the path-
way, over time, could help reduce long waiting times, clear 
backlogs and importantly, with patients seen promptly, re-
duce the risk of people losing sight because of delays.

The reduction of consultant ophthalmologist time in 
service provision from 57% to 15%–16% for nAMD ser-
vices and from 48% to 22%–23% for glaucoma services 
represents a considerable amount of freed resource. 
Consultant ophthalmologists are the most highly trained 
and expensive health professionals in the eye care path-
way. This modelling suggests that greater use of primary 
care-based optometrists in suspected nAMD and glau-
coma monitoring pathways could free up ophthalmologist 
time to see patients that only they can manage and for 
them to undertake high value or more specialist activities 
within the HES. This will result in hundreds of additional 
outpatient appointments that could be used for patients 
that only should be seen by consultant ophthalmologists. 
Importantly, this could help prevent sight loss by ensuring 
patients are seen in a timely manner.

Importantly, for patients themselves, a timely appoint-
ment for suspected nAMD and for monitoring glaucoma 
may reduce their concerns as well as providing more swift 
reassurance about their eye condition or its management. 
Through the Realist Review and Evaluation, it was found 
that patients in both HES and primary care-based services 
value receiving the right service in the right place and at 
the right time. Patients perceived primary care-based clin-
ics to be more accessible geographically and being able to 
negotiate appointment times was also important. Others 
have found that this can lead to greater engagement with 

T A B L E  2   Outcomes for glaucoma (G) discrete event simulation (DES) models for 1 year.

Service pathway

Outcome G-T G-VR G-HOVR *G-OD

Cost to run the service for 1 year £341,929 £317,910 (£403,884) £303,400 (£389,374) £282,929 (£368,903)

Number of optometrist appointments 0 3042 3042 3042

Number of HES appointments 1185 415 415 585

Number of ophthalmology virtual 
reviews

0 3033 3033 (with hospital 
optometrist)

0

Average wait time for monitoring 
appointment from requesting

601 days 5 days 5 days 5 days

Number on the waiting list 5691 5 5 5

% time consultant was ‘busy’ 48 23 23 22

Note: G-T—traditional pathway with all services in the Hospital Eye Service (HES), G-VR scans and tests from primary care-based services reviewed virtually by a consultant 
ophthalmologist, G-HOVR—hospital optometrists review the results virtually *G-OD—optometrists examine the patient and make decisions in primary care practice. 
*Service modelled, no audit data available. Primary care-based optometry appointment cost is £62.74 (and later £91). Average wait time for appointment refers to wait 
time from referral to discharge (if referral was unnecessary) or to clinic appointment.



      |  11RYAN et al.

eye care services.21 Using the Eye Care PREM, it was found 
that patients using all pathways of glaucoma and nAMD 
services were satisfied, which is reassuring.

The greatest barrier for optometrists providing these 
services in primary care was financial and practitioners re-
ported that they experienced a loss in revenue when the 
fee was only £62.74. Since study completion, the contract for 
optometrists across Wales has changed and a WGOS4 fee to 
cover this type of service for optometrists is £91 for referral 
refinement and monitoring in primary care-based services.

The new fee caused the nAMD-VR pathway to increase in 
cost from £147,560 to £180,681 per year and the nAMD-OD 
pathway to increase from £142,009 to £175,130. These new 
costs are still cheaper than the traditional HES pathway 
(£215,345) for nAMD patients. For the glaucoma pathways, 
an increase was again seen in all primary care-based path-
ways, with G-VR costing £403,884 (compared to £317,910), G-
HOVR costing £389,374 (compared to £303,400) and G-OD 
costing £368,903 (compared to £282,929). The G-OD path-
way, in which optometrists with higher qualifications make 
decisions, costed with the higher fee of £91 (£368,902) was 
the cheapest model involving primary care and is margin-
ally more costly compared with the traditional HES pathway 
(£341,929). In England, the tariff for a hospital consultant led 
outpatient appointment for ophthalmology was £160 for 
first attendance and £78 for a follow-up.40

The NICE compliant pathways utilising optometrists to 
assess patients and make decisions, rather than relying on 
hospital optometrists or ophthalmologists to virtually re-
view their work, freed up considerable hospital resources 
which could be better used for those patients that can 
only be managed in hospital. All the estimates suggested 
that integrating a primary care optometrist with higher 
qualifications into the pathway to make more decisions 
in primary care, and using the new fee being introduced 
in Wales for the WGOS4 pathway, will use approximately 
the same budget. However, if implemented across Wales, 
these changes will significantly free up HES resources and 
consultant ophthalmologist time.

When Sharma et  al.41 compared hospital-based glau-
coma clinics to community-based clinics, the community 
services were found to be more expensive due to higher 
overhead costs, although the authors reported this could 
be improved by increasing the number of patients seen in 
the community. It may be that the community services in 
Wales had a greater throughput of patients, or the over-
heads may be different in alternative areas as the Sharma 
et al.s41 cost analysis involved London-based clinics.

Eighteen months after the end of data collection, all 
three health boards reported that no safety incidents had 
been reported relating to the enhanced optometry service 
pathways during the time of the study.

Changing the number of patients seen within each HES 
clinic does not have an impact on cost (all clinics run re-
gardless of the number of patients); however, it does mean 
that patients within the traditional pathway experience 
longer or shorter waiting times. Changing the grade of 

ophthalmologist or hospital optometrists seeing patients 
or doing the virtual reviews could reduce the cost. However, 
the capacity and number of appointments released in hos-
pitals does not change. Likewise, increasing the number 
of hospital clinics or staff would reduce waiting times, but 
interviews with staff and the present modelling suggested 
this was not usually possible and/or was not sustainable.

Factors that are enablers and barriers 
for the development of primary care-based 
enhanced optometric services

Central to good patient ‘experience’ was clear communica-
tion of information and providing good patient education 
about eye health and the service pathway. These themes 
were recurring and overlapping findings in the Realist 
Review. When services are moved to primary care-based 
services from the HES, ensuring that accessible patient in-
formation about the service pathways and conditions is 
available in a range of formats (leaflets and websites) will 
enable patients to feel empowered,42 improve treatment 
concordance and address access disparities.43 When pa-
tients perceive their care provider as knowledgeable, their 
trust in them increases, and this can influence engagement 
with services and treatment concordance.44

The findings of the Realist Review and Evaluation suggest 
that changing service pathways will work for all eye care pro-
fessionals and the services they work within, if attention is paid 
to the roles of both the coordinators and administration staff 
who ‘manage’ the lists in the primary care-based practices 
and HES. Their clear and constant communication ensures 
that there is continuity of service and primary care optometry 
can plan effectively to meet the pathway requirements.

It takes time to establish and maintain interprofessional 
communication, especially between optometrists and 
ophthalmologists, and this is essential for this to work ef-
fectively, building trust and confidence. IT, shared records, 
information sharing protocols and responsive maintenance 
are essential to ensure that services can share appropriate 
information which will meet the needs of patients.

There is no doubt that integrating secondary and pri-
mary care services is challenging NHS Services. A system-
atic review of integrated models of health care delivered 
at the primary–secondary interface outlined very similar 
themes for effectiveness found in this study: (1) interdis-
ciplinary teamwork; (2) communication/information ex-
change; (3) shared pathways; (4) training and education; (5) 
access and acceptability for patients and (6) a viable fund-
ing model.45

Capacity and qualifications of optometrists 
in Wales

Crucial to implementation or substantial expansion of 
the proposed primary care services is the capacity of the 
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optometrists in the locations required. That means that the 
capability (the training and equipment needed) to provide 
the service must be in place.

In order to change to a primary care-based service, a 
critical mass of optometrists with higher level training 
must be available. To investigate these factors and to es-
timate the potential to deliver the primary care-based 
service in Wales, the Optometry Wales Workforce survey 
and routinely collected data from Health Education and 
Innovation Wales were utilised. In addition, interviews with 
optometrists were undertaken.

Overall, the optometrist workforce in Wales has consid-
erable capacity in all the health boards to support both the 
nAMD referral refinement and the glaucoma monitoring 
services; the training and equipment to deliver the service 
is also in place, more optometrists are being trained and the 
current workforce is willing. In 2021, our survey found there 
were 13 optometrists with a higher certificate in glaucoma, 
and this is very similar to the 16 reported from the College 
of Optometrists data.46 By 2023, Health Education and 
Innovation Wales found this had increased dramatically, 
with 56 optometrists studying for or having completed the 
higher certificate in glaucoma. This increase in uptake high-
lights the appetite of optometrists to take on this work.

Limitations of the research

While the data that drive the results presented and dis-
cussed in this report are based on robust sources, the 
data are mainly routinely collected service data, not clini-
cal trial data, that have been synthesised using economic 
modelling techniques. While we have endeavoured to 
develop a model structure that represents reality, in-
formed by our stakeholders, it is inevitably a simplifica-
tion, but we have taken care to be sure that the base case 
is conservative in its approach, and undertake scenario 
and sensitivity analysis to explore what happens when 
the inputs are changed.

The method of PREM collection was co-produced with 
the Stakeholder Advisory Group, there was engagement 
with service leaders and those involved in implementa-
tion and multiple methods to respond were provided.47 
Although the large number of responses received across 
primary and secondary care makes the results useful, it is 
difficult to calculate the response rate as it was unknown 
how many surveys were given and the survey was available 
online as well as in printed format. Likewise, the accuracy 
of the NHS Wales Shared Services Partnership email list at 
that time was not known; hence, there is no way of know-
ing how many people received the survey, and thus, it is 
not possible to calculate the response rate.

This research used primary care-based services already 
operating in three health boards. These areas were pre-
dominantly urban and the primary care services were most 
often near the HES sites. Much of Wales is rural and optome-
try practices are frequently a long way from HES. Switching 

to a primary care service in these areas may improve the 
value of the service and have additional benefits for the net 
zero healthcare agenda through greater use of more locally 
accessible services. We believe these estimates are robust 
and applicable across Wales. It is difficult to know whether 
the results can be generalised beyond Wales and further re-
search is needed to understand if the pathways and benefits 
demonstrated in this study could be replicated elsewhere.

CO NCLUSIO NS

These results powerfully suggest significant benefits for 
the NHS in Wales and for patients if a shift to primary 
care-based services is implemented for those attending 
for preliminary diagnosis of nAMD or glaucoma monitor-
ing services. The benefits will be felt in all parts of the 
pathway of care, but most importantly the benefits will 
be tangible for patients, who will not be waiting for an 
appointment in the HES for so long that their sight is (fur-
ther) threatened. These results reassuringly suggest that 
patient experience in primary care-based services is at 
least as good and sometimes better than if their care was 
mainly in HES.

We are confident that a shift of referral refinement ser-
vices for nAMD, and monitoring services for glaucoma, into 
primary care using optometrists with higher professional 
qualifications, will dramatically reduce waiting times and 
waiting lists in the HES and release meaningful capacity in 
the HES including consultant ophthalmologist time. Clear 
patient communication about eye health and the service 
pathway, ensuring appropriate coordinator and adminis-
tration staff who ‘manage’ the lists and supporting sys-
tems and processes that facilitate good interprofessional 
communication between optometrists and ophthalmolo-
gists, are crucial to the success of this change.
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