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ABSTRACT
Background/Aims Recent decades have seen 
significant advances in both structural and functional 
testing of retinal disease. However, the current clinical 
value of specific testing modalities, as well as future 
trends, need to be clearly identified in order to highlight 
areas for further development in routine care and clinical 
trials.
Methods We designed a modified two- round Delphi 
study to obtain the opinion of a multidisciplinary group 
of 33 international experts involved in the field of retinal 
disease management/research to determine the level 
of agreement and consensus regarding the value and 
performance of specific structural and functional testing 
methods for retinal disease. On a Likert scale, a median 
of 1–2 indicated disagreement with the statement, and 
5–6 indicated agreement with the statement. An IQR 
of ≤2 indicated consensus in the responses. Several 
questions also allowed comments on responses.
Results There was overall agreement that structural 
testing currently predominates for detection and 
monitoring. There was moderate agreement that 
functional testing remains important and will 
continue to do so in the future because it provides 
complementary information. Certain respondents 
considered that properly designed and applied 
psychophysical tests are as reliable and repeatable as 
structural observations and that functional changes 
are the most important in the long run. Respondents 
considered future care and research to require a 
combination of structural and functional testing with 
strong consensus that the relative importance will 
depend on disease type and stage.
Conclusion The study obtained important insights 
from a group of international experts regarding current 
and future needs in the management of retinal disease 
using a mix of quantitative and qualitative approaches. 
Responses provide a rich range of opinions that will 
be of interest to researchers seeking to design tests for 
future patient care and clinical trials.

INTRODUCTION
The past two decades have seen important devel-
opments in the diagnosis and monitoring of retinal 
disease. Advances in structural imaging technology, 
most notably optical coherence tomography (OCT) 
now permit the in- vivo visualisation and study of 
retinal and subretinal layers, previously invisible to 
fundus photography. Along with further structural 
imaging developments such as OCT angiography 
and autofluorescence imaging, this has aided both 

disease detection and monitoring, but also improved 
understanding of the disease process itself.

Alongside these advances in structural imaging, 
functional measures of visual integrity have also, in 
parallel, significantly improved. In fact, functional 
testing still remains an essential component of 
retinal disease detection and monitoring in clinical 
care. Crucially, it measures what the patient cares 
the most about, namely the preservation of their 
vision. The current and future relative preference 
for structural or functional testing in the clinic is 
therefore very important.

Conventional visual acuity (VA) remains the 
most widely adopted test of visual function in 
clinical care and the most commonly adopted 
endpoint in clinical trials,1 2 this despite its 
widely acknowledged high test–retest variability 
(TRV)3–7 and poor sensitivity to conditions 
such as early age- related macular degeneration 
(AMD) and early retinal disease stages.8 9 The 
realisation that even logMAR charts display high 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ While recent decades have seen great advances 
in both structural and functional testing for 
retinal disease, the relative importance of these 
modalities, both now and in future, remains 
poorly explored and understood, with little 
guidance on what future requirements will be.

WHAT THIS STUDY ADDS
 ⇒ Using a mix of quantitative and qualitative 
approaches, this Delphi study acquired 
the opinions of 33 international experts 
(ophthalmologists, optometrists, 
psychophysicists) and found high levels of 
agreement and consensus about the relative 
importance of structural versus functional 
testing, both now and in future, as well as 
opinions about the future importance of home 
testing, artificial intelligence and patient 
reported outcome measures.

HOW THIS RESEARCH MIGHT AFFECT 
RESEARCH, PRACTICE OR POLICY

 ⇒ The study provides timely insights regarding 
current and future needs/priorities in the 
management of retinal disease. Responses also 
provide a rich range of opinions that will be of 
interest to researchers seeking to design tests 
for future patient care and clinical trials.
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TRV and poor sensitivity to early AMD has led to further 
attempts to improve VA reliability by different scoring and 
termination rules,10 11 computerised control of termination 
and scoring12 and the use of high- pass filtered letters.13 14 
Tests to measure disease- specific aspects of visual loss such 
as contrast sensitivity (CS), low contrast letter acuity, cone 
function, flicker sensitivity, retinal adaptation and shape 
discrimination15 have also been designed. Although these 
tests displayed early promise in detecting deficits of visual 
function not detected by conventional VA in clinical trials, 
they have not yet made their way into routine clinical care. 
It is therefore crucial to identify and understand the barriers 
to wider clinical adoption.

CS in particular has existed for more than 40 years and 
is reported to be more sensitive to subtle changes of visual 
function than VA16–18 and to better relate to subjective visual 
impairment and quality of life.18–20 Despite its availability in 
various commercial forms, the test continues to be largely 
absent from routine clinical care.21 Whether this is due to 
poor repeatability22 or some other combination of factors is 
not entirely clear.

Similarly, microperimetry is commonly used as an endpoint in 
trials and research23 as it is effective at measuring functional loss 
in conditions such as AMD24–26 and other retinal conditions.27 
Again, exploring the potential barriers to its wider adoption in a 
clinical setting is essential.

The shortcomings of VA have led to the adoption of struc-
tural imaging as a secondary (surrogate) endpoint in clin-
ical trials. Increasingly there have even been attempts to 
develop structural primary endpoints8 28 often because, as 
Schaal et al28 note, ‘it is unrealistic to use visual acuity as a 
clinical trial endpoint in non- exudative AMD because vision 
loss takes many years to develop’. More recently there have 
been attempts to develop combined/composite endpoints 
which combine different types of functional and structural 
endpoints.29 However, Terheyden et al29 point out that there 
remains no agreement with regards to their implementation.

There has been an increase in studies examining the impact of 
retinal disease on patient quality of life from both a functional and 
psychological perspective,30 and the adoption of questionnaire- 
based patient- related outcome measures (PROMs).15 18 26

Several studies have indicated that patient reports of visual 
difficulty in low light/low contrast environments are predic-
tive of disease progression across a range of AMD stages.31 32 
However, Finger et al33 state that current PROMs need to 
be improved to detect or stage disease, and that these are 
not yet accepted by regulators as clinical endpoints, in part 
due to insufficient adherence to development guidelines. 
The existing and potential role of PROMs in clinical care is 
therefore a question of interest.

We attempted to provide answers to some of these 
important points by designing a Delphi study during which 
we obtained the opinion of internationally recognised 
experts involved in the field of retinal disease management 
and research. The aim of this study was to determine the 
level of agreement and consensus to a series of questions 
to identify current deficiencies in the assessment of retinal 
disease and how these need to change in the future, espe-
cially for the evaluation of novel therapies.

METHODS
An initial literature search was undertaken of research 
studies involving different retinal or optic nerve diseases 

that employed various structural and/or functional outcome 
measures. Conditions included AMD, diabetic retinopathy, 
optic neuritis (ON), inherited retinal dystrophy, cystoid 
macular oedema, central or branch retinal vein occlusion 
as well as several glaucoma studies. The purpose was to 
initially review the abstracts and/or manuscripts to identify 
the most common primary and secondary outcome measures 
employed for various conditions with a view to formulating 
the questions for the first round of the study. 453 studies/
papers were identified and reviewed in total by the authors.

Participants
A modified online Delphi study was designed that closely 
followed the recommendations of previously published ‘how to’ 
studies.34 35 A flowchart of the process can be seen in figure 1. 
60 individuals were initially identified by the authors as potential 
expert participants in the study. Criteria for inclusion were that 
they were either:

 ► Senior clinicians (ophthalmologists, optometrists, nurses) 
involved in the care of retinal disease, including active 
involvement in research and/or clinical trials of such condi-
tions, evidenced by a significant publication record in the 

Figure 1 Flowchart demonstrating the Delphi process employed by 
the study.
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field, or recognised as key opinion leaders in retinal disease 
management. The majority of candidates were in this group.

 ► Senior scientific researchers (psychologists, psychophysicists, 
neurophysiologists) involved in the research and/or design of 
tests of visual structure or function in retinal disease. Again, 
these individuals were required to be experienced experts 
in their field and display significant involvement in clinical 
retinal research and its publication.

Potential expert panel members were first approached by 
email to explain the purpose of the study and obtain their 
consent to participate. They were then given a link to a 
survey where they could access and respond to the questions 
for the first round. 33 of the identified experts consented to 
participate in the study and become part of the CONVERGE 
expert panel. The names and affiliations of those who 
consented to be identified are listed in table 1, but for the 

duration of the study they were anonymous to each other. 
Of these, 14 were ophthalmologists, 13 were optometrists, 1 
was a specialist ophthalmic research nurse, 3 were psycholo-
gists specialising in psychophysics and 2 others were from a 
neurophysiology and quantitative methods background. 22 
were senior clinicians specialising in medical retina care and/
or research who held the rank of consultant/head of service. 
Others were clinically qualified academics working in clin-
ical visual research (psychophysics/visual function) related 
to medical retina. The non- clinicians consisted of senior 
academics specialising in clinical psychophysics or neuro-
physiology research. 21 of the total group also held the rank 
of full professor at their institution.

Summary graphs relating to the expert panel profile can 
be seen in figure 2. Throughout the duration of the study the 
responses were collected and curated by staff from the study 
sponsor and made available to the authors in such a way that 
individual responses or comments were anonymous. In this 
way, the authors could not be influenced in their subsequent 
design or interpretation of questions by responses from indi-
vidual panel members whom they regarded as authoritative 
opinion leaders, or with whom they were more personally 
acquainted.

Round 1 methods
The first round of the study was comprised of more general, 
open- ended questions to determine the initial panel member 
opinions and experience with regard to the sort of questions 
posed in the introduction above, and to identify issues requiring 
further specific probing.

Questions for this round related to such topics as the 
importance of structural versus functional testing in the 
future, any experience of VA being poorly correlated with 
symptoms/retinal appearance, barriers to the use of func-
tional tests other than VA, reasons why CS is not tested more 
commonly and how this could be improved. Questions also 
explored functional tests that panel members considered 
most valuable in both clinical and research environments, 
and the importance of PROMs. The panel members were 
also afforded the opportunity to expand on their responses 
using comments in text boxes.

Round 2 methods
Based on the responses to round 1, a series of more focused 
questions was drawn up for round 2 with the goal of deter-
mining the level of agreement and consensus to various 
statements. We followed the design recommendation of 
Trevelyan and Robinson35 where panel members were 
forwarded the (unattributed) responses and comments from 
all panel member in round 1, and were then asked to indi-
cate their level of agreement to the round 2 questions on a 
6- point Likert scale where, for most questions, a score of 1 
meant ‘strongly disagree’ and a score of 6 meant ‘strongly 
agree’ with the statement. The responses were quantitatively 
analysed and a group median of 1–2 was taken to indicate 
disagreement with the statement, and 5–6 was taken to indi-
cate agreement with the statement. An IQR of ≤2 was taken 
to indicate consensus in the responses, that is, the degree 
to which the experts agreed with each other, with 1 taken 
to mean strong consensus and 2 taken to mean moderate 
consensus. Several questions also afforded the opportunity 
to comment on foregoing responses.

Table 1 Members of the CONVERGE expert panel

CONVERGE panel of experts

Aslam, Tariq, MD, PhD
Manchester Royal Eye Hospital & University 
of Manchester, UK

Mahroo, Omar, PhD, FRCOphth
Moorfields Eye Hospital & UCL, London, 
UK

Balaskas, Konstantinos, MD
Moorfields Eye Hospital, London, UK

Mukherjee, Rajarshi, MD, FRCOphth
St James’s University Hospital, Leeds, 
UK

Bex, Peter, PhD
Northeastern University, Boston, MA, USA

Mulholland, Pádraig, PhD, MCOptom
Moorfields Eye Hospital & UCL, London, 
UK

Crabb, David, PhD
City, University of London, UK

Owsley, Cynthia, PhD, MSPH
University of Alabama at Birmingham, 
AL, USA

Crosby- Nwaobi, Roxanne, RN, PhD
Moorfields Eye Hospital & UCL, London, UK

Patel, Praveen, MD, FRCOphth
Moorfields Eye Hospital, London, UK

De Silva, Samantha, DPhil, FRCOphth
Oxford Eye Hospital, Oxford, UK

Pearce, Ian, MD, FRCOphth
Royal Liverpool University Hospital, 
Liverpool, UK

Dierker, Damon, OD, FAAO
Eye Surgeons of Indiana, Indianapolis, IN, 
USA

Peto, Tunde, MD, PhD
Queens University Belfast, UK

Harper, Robert, DPhil, FCOptom
Manchester Royal Eye Hospital & University 
of Manchester, UK

Rafieetary, Mohammad R, OD, FAAO, 
FORS
Pres, Optometric Retinal Society/Charles 
Retina Institute, TN, USA

Hogg, Ruth, PhD, MCOptom
Queen’s University Belfast, UK

Robson, John, ScD, FRS
University of Cambridge, UK

Hood, Donald, PhD, FAAAS
Columbia University, New York, NY, USA

Rodman, Julie, OD, MS, FAAO
Nova Southeastern University College 
of Optometry, Fort Lauderdale, FL, USA

Karpecki, Paul, OD, FAAO
Univ. of Pikeville College of Optometry/
Kentucky Eye Institute, KY, USA

Shah, Nilpa, PhD, MCOptom
Moorfields Eye Hospital, London, UK.

Keane, Pearse, MD, FRCOphth
Moorfields Eye Hospital & UCL, London, UK

Silvestri, Guiliana, CBE, MD, 
FRCOphth
Royal Victoria Hospital, Belfast, UK

Laidlaw, Alistair, MD, FRCOphth
Guy’s and St. Thomas’s Hospital, London, 
UK

Sutton, Brad, OD, FAAO
Indiana University School of Optometry, 
IN, USA

Latham, Keziah, PhD, FCOptom
Anglia Ruskin University, Cambridge, UK

Tolentino, Michael, MD
Palm Beach Eye Center, Lake Worth, 
FL, USA

Lotery, Andrew, MD, FRCOphth
University of Southampton, Southampton, 
UK

Vingrys, Algis, PhD, FAAO
University of Melbourne, Australia

Loughman, James, PhD, FAOI
Technical University Dublin, Ireland
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RESULTS
Round 1 results
All 33 panel members completed round 1. We did not seek 
to quantitatively analyse the responses at this stage but the 
questions, summary of responses and unattributed additional 
comments can be seen in online supplemental material.

Notable outcomes included:

 ► Majority agreement (26/33, 79%) that both structural and 
functional testing will be required in the future. The themes 
identified in the comments are illustrated with 11 quotes in 
table 2 (online supplemental material). One of the dominant 
themes was that panel members considered the two types 
of testing to each have their relative strengths and weak-
nesses and could potentially complement each other (quote 

Figure 2 Plots displaying the background and specialist interests of the CONVERGE expert panel, including: (A) professional background, (B) clinical 
and/or research involvement, (C) specialist area of interest, (D) years in specialty area. AMD, age- related macular degeneration.

Table 2 Selected round 1 and round 2 quotes

Quote number Round Quotes

1 1 ‘Structural testing, especially with the enhancement supported by deep learning will continue to predominate for detection and monitoring of 
retinal disease.’ (P1, Consultant in Ophthalmology)

2 1 ‘Detection will probably be more based on structural testing such as OCT. For monitoring, structural change will probably remain the medical 
mainstay, but the importance of functional change in terms of the impact on the person (as assessed by clinical measures, and also PROMs 
(patient reported outcome measures)) should be incorporated’. (P2, Professor in Optometry)

3 1 ‘Often visual acuity scores appear unaffected, even in advanced macular degeneration, until the fovea is affected. Another problem is that test 
retest variability with visual acuity measurements, reported to be higher in those with ocular disease, makes it more challenging to correlate with 
visual symptoms and/or disease severity’. (P3, Professor in Optometry)

4 1 ‘Functional measures require attention to measurement techniques and quantitative detail with which most clinicians are unfamiliar. A major 
problem is variability of function within the normal population, especially if the testing situation and the testing methods are not as well 
controlled as they need to be. Longitudinal measurements on individuals are likely to be significantly more reliable and informative than single 
determinations and comparisons with (dubious) norms’. (P4, Professor Neurophysiology)
‘Poor understanding of normative values, lack of reimbursement, and weak recommendations from professional organizations regarding clinical 
utility of CS testing’. (P5, Professor in Optometry)

5 1 ‘Visual function testing assesses impairment. PROMs assess activity limitation, or the impact the impairment has on the person. Both are 
necessary to understand the patient's needs and impact of any interventions’. (P6, Professor in Optometry)

6 1 ‘Modality most appropriate for detection and monitoring depends upon stage of disease. Early and very early disease is much more likely to be 
picked up by functional testing (but not visual acuity)’. (P4, Professor in Neurophysiology)

7 2 ‘Some of my previous research points to high variability of functional tests in patients with macular disease (particularly in AMD). This variability 
is heightened in busy clinical settings. I therefore place more reliance on structural tests or at least i look hard for correlates of functional change 
in imaging test results’. (P6, Medical Retina Consultant)

8 2 ‘Functional tests are often the domain of specialised clinics. This should not be so. They should be simple to administer, easy to perform and 
cheap. Because they will need to be repeated often they should have the capacity for self administration in order to reduce clinical chair time’. 
(P7, Professor in Optometry)

9 2 ‘The Pelli Robson CS chart is probably the most widely used test to measure CS in a clinical setting, but it can be difficult to illuminate it evenly 
and consistently. It also measures CS in one spatial frequency so could potentially miss deficits with certain diseases and test- retest variability 
may be an issue due to the coarse measurement scale. More comprehensive CS measurements take a long time and may require special 
equipment’. (P8, Optometrist)

10 2 ‘Elderly patients struggle with new technologies’ I've been involved in testing this previously so I don't think it will be useful’. (P9, Professor in 
Optometry)

11 2 ‘The monitoring of chronic eye disease will demand greater involvement as the general population ages and places greater demands one 
hospitals. To prevent this situation from leading to sight loss due to inappropriate review schedules home monitoring must be adopted to 
identify patients with true change in need of hospital visit against time who could have their visit delayed because they are stable at present’. 
(P7, Professor in Optometry)
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1). Generally, most agreed that structural testing would 
predominate over functional to detect early stage disease 
(quotes 1, 2 and 3). Nevertheless, their respective usage 
varied depending on the type and stage of the disease with 
some disagreement as to which one performs better in the 
early stages (quote 2 vs quote 6).

 ► Unanimous agreement that VA often poorly correlates with 
symptoms and/or disease severity.
Panel members further commented that VA does not neces-
sarily mirror patients’ reported day- to- day visual function. 
They noted that a poor correlation is more likely to be found 
in certain diseases where the regions of the retina affected 
differ from that determining VA, usually the fovea (quote 3).

 ► A majority of panel members agreed with the potential of 
CS to improve understanding of visual function in retinal 
disease due to its high sensitivity to early vision loss and 
gradual change in visual function. Nevertheless, various 
barriers were given for why it is not as widely used. They 
highlighted the complexity of employing the test including 
staff training, repeatability, lack of standardisation and time 
constraints (quote 4).

 ► A wide range of functional tests, such as VA, colour vision, 
CS, visual field and microperimetry, are used in clinical care 
and research/clinical trials. However, the relative ranking 
of the tests in terms of importance is different in clinical 
care compared with research/clinical trials. For example, 
colour vision is considered more important in a clinical care 
setting, whereas in research/clinicals it is CS (round 1 online 
supplemental material, questions 13 and 15). Various other 
tests were suggested as important such as electrophysiology, 
reading function and low luminance VA.

 ► Most respondents considered PROMs to be important in 
future assessment but the level of importance ranged from 
‘essential’ to ‘fairly unimportant’. They further explained 
in the comments that PROMs, a subjective measure of the 
visual impairment impact on patients, should be used in 
conjunction with visual function testing (quote 5).

Round 2 results
All 33 experts from round 1 also participated in round 2. The 
complete round 2 questionnaire with responses displayed 
graphically can be found in online supplemental material. 
The median and IQR results of the Likert responses are 
displayed in table 3, with selected quotes in table 2 (online 
supplemental material). Missing question numbers in the 
table relate to questions asking for follow- up comments.

Structural versus functional testing for detection and 
monitoring
Questions 2–16 dealt with the relative importance of structural 
versus functional testing both now and in the future. For ques-
tion 2, there was moderate agreement and consensus among 
panel members that structural testing dominated current detec-
tion and monitoring of retinal disease but not necessarily future 
(median 2.5–3). Panel members seemed to have greater confi-
dence in structural than functional testing as it offers more reli-
able and objective testing (Q4 and quote 7). There was strong 
consensus for current dominance of structural testing (Q2.a,b, 
median 2, IQR 1), but more moderate consensus for the future 
(Q2.c,d, median 2.5/3, IQR 2).

The notion that the dominance of structural testing would 
increase in the future with the inclusion of artificial intelli-
gence (AI) reached agreement and consensus, but affordability, 

software interface and compactness of equipment will remain 
limitations (Q5).

There was agreement and consensus that functional testing 
remains essential for some conditions that structural testing 
cannot detect (Q7) but, conversely, panel members did not agree 
that structural testing has reached its zenith, thus requiring new 
functional tests to detect changes that are invisible to structural 
testing (Q8). Panel members highlighted the need to improve 
functional testing to make it easier to administer and more cost 
effective (Q10).

There was agreement and consensus that functional testing 
provides information that is complementary to structural testing 
(Q9) and that future detection (Q10) and monitoring (Q11) 
will require both for a fuller picture of retinal health. There was 
also agreement and consensus that the relative value of each will 
depend on both the disease type (Q12) and particularly stage 
(Q13).

The idea that the value of either test type was dependent 
on its ability to assess the efficacy of future treatment also 
reached agreement (Q14). There was also agreement and strong 
consensus that the relative value of each could change as new 
tests of each type are developed (Q15).

Interestingly, the notion that more emphasis should be placed 
on developing new functional rather than structural tests showed 
moderate agreement and consensus (Q16).

Visual acuity
Question 18 explored the reasons why VA did not always 
correlate with patient symptoms or retinal appearance. Panel 
members suggested three reasons for this, namely TRV, rela-
tive vulnerability to optical blur/retinal changes and the local-
ised nature of retinal disease. Only the last two reasons reached 
agreement with moderate consensus.

Contrast sensitivity
Questions 20–24 investigated the role of CS testing. Question 
20 interrogated the potential versus current usage of CS which is 
less wide than VA in clinical practice. There was agreement and 
consensus that it was time- consuming and required special equip-
ment (Q20.a), that it was non- specific and thus susceptible to other 
conditions such as cataract (Q20.c), that it is poorly understood by 
clinicians (Q20.d), and that current tests lack uniformity in design 
and testing methods (Q20.f). This latter suggestion (Q20.f) was 
the only answer that had an IQR of 0. The idea that either it has 
poor repeatability (Q20.b) or that target sizes do not correspond 
to patient difficulty did not reach agreement (Q20.e and quote 9).

In question 22 panel members elaborated on how CS might 
change if these problems were resolved, in particular the possi-
bility that CS could detect early change not seen by imaging 
(Q22.a), monitor advanced retinal disease (Q22.b), predict 
real- world impact on patient tasks (Q22.c) or better correlate 
with structural change (Q22.d). Agreement was reached only for 
Q22.c (median 5, IQR 2).

Question 24 examined why CS is more commonly used in clin-
ical research or trials. There was agreement and consensus that 
this was because it was easier to administer in research because 
there is more time to devote to careful CS testing (Q24.a) but 
not necessarily that researchers have a better understanding of 
CS testing than the average clinician (Q24.b), or because clinical 
trial subjects are carefully selected (Q24.c).

Other functional tests
Question 26 asked about the importance of other functional tests 
in the management of retinal disease, both now and in future. 
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Table 3 Summary responses to questions from round 2, indicating the median (agreement) and IQR (consensus) of the responses (n=33)

Question Median IQR

Structural vs functional testing
2. Please indicate the extent to which you consider one to predominate over the other in (1—strongly favour structure, 2—strongly 
favour function)

a. The current early detection of retinal disease 2 1

b. The current monitoring of retinal disease 2 1

c. The future early detection of retinal disease 2.5 2

d. The future monitoring of retinal disease 3 2

4. Structural testing is more dependable than functional testing due to its ability to gather repeatable, objective data, and will 
continue to be so in the future

5 2

5. Structural testing will increasingly dominate in both early detection and in monitoring progression of known retinal disease 
because it will continue to improve by way of

a. Resolving power 5 1

b. Availability/affordability 4 1

c. The implementation of artificial intelligence/deep learning 5 1.25

d. Software interface 4 1.5

e. Equipment size/compactness 4 2

7. Functional testing is essential for the detection of some retinal diseases that current structural testing cannot detect 5 2

8. Structural testing has reached its zenith and current, new or better functional tests will be required to detect changes that imaging 
devices will never see

3 2

9. Functional testing provides information that is different and complementary to that provided by structural testing in many retinal 
diseases

5 1

10. The future detection of early retinal disease will continue to require both structural and functional testing to provide a complete 
picture of retinal health

5 2

11. The future monitoring of retinal disease will continue to require both structural and functional testing to provide a complete 
picture of retinal health

5 2

12. The value of structural or functional testing will depend on the disease in question 5 2

13. The value of structural or functional testing will depend on the stage of disease, and both are often important in staging 5 1

14. The value of structural or functional testing will depend on the ability to determine the efficacy of any current/future treatment 
for the disease

5 1

15. The value of structural or functional testing will change as new testing methods are developed, with one group perhaps 
overtaking the other

5 1

16. Overall, more emphasis should be placed on research and development of new and better functional rather than structural tests in 
retinal disease management

4 2

Visual acuity
18. Round 1 of the study indicated strong agreement that high- contrast VA does not always correlate well with visual symptoms or 
retinal appearance. Is this

a. Because its test–retest variability is high? 4 2

b. Because high- contrast letter targets are more vulnerable to optical changes (blur/cataract) but less vulnerable to retinal changes associated with 
disease?

5 2

c. Because of the localised nature of damage from retinal disease? 5 2

Question Median IQR

Contrast sensitivity
20. Round 1 of the study indicated quite strong agreement that contrast sensitivity (CS) had the potential to improve understanding 
of visual function in patients with retinal disease, even though it is not as widely used in clinical practice as VA.
Thinking in terms of clinical practice, is this because

a. CS is time- consuming and complicated to set up and measure properly? 5 1

b. CS has poor repeatability? 4 1

c. CS is non- specific and so susceptible to other factors such as cataract? 5 1

d. CS is poorly understood by clinicians making management decisions (eg, in terms of what is ‘normal’)? 5 1

e. Current tests do not reliably measure CS at relevant target sizes where patients experience most difficulty? 4 1

f. Current tests lack uniformity in testing methods such as background illumination, target type (sine waves vs. letters), and spatial frequency (target 
size), or nomenclature to display results?

5 0

22. If the above problems were resolved, to what extent do you believe CS would become important to

a. Detect the earliest changes in retinal disease, perhaps not yet seen by imaging? 4 2

b. Monitor advanced retinal disease 4 3

c. Predict patient difficulties with real- world tasks? 5 2

d. Correlate more consistently with structural changes? 4 2

24. Round 1 of the study indicated that contrast sensitivity (CS) is perhaps the most widely used ‘non- VA’ functional test in research 
or clinical trials. Is this because

a. There is more time to devote to careful CS testing in research/trials? 5 2

Continued

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies. 
. 

b
y g

u
est

 
o

n
 F

eb
ru

ary 14, 2025
 

h
ttp

://b
jo

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
31 Ju

ly 2024. 
10.1136/b

jo
-2024-325310 o

n
 

B
r J O

p
h

th
alm

o
l: first p

u
b

lish
ed

 as 

http://bjo.bmj.com/


7Anderson RS, et al. Br J Ophthalmol 2024;0:1–9. doi:10.1136/bjo-2024-325310

Retina

Only reading speed and low luminance/contrast VA reached 
agreement and consensus. There was no agreement for retinal 
densitometry, CFF, electrophysiology or glare testing.

Home testing
For question 28, there was agreement and consensus that there 
would be a future increase in both functional (Q28.a) and struc-
tural testing (Q28.b) in the home in the future, using technologies 
such as tablet/VR and smart- phone/hand- held OCT, respectively. 
Although, this may lead to digital exclusion of elderly people 
(quote 10), home monitoring offers the opportunity to ease the 
burden on the hospital and prevent better sight loss (quote 11).

Patient-related outcome measures
Question 30 indicated no agreement with regard to the use of 
PROMs to either (a) detect problems that other tests miss, (b) 
tailor treatment regimens to individual patient needs or (c) the 
notion that they will become more valuable as care becomes more 
personalised. However, responses did not agree that PROMs 
provide little additional clinical information over current struc-
ture/function testing.

DISCUSSION
The study was successful in gaining the opinion of an expert 
group of clinicians and scientists, from a range of different 
professional groupings. The panel responses were analysed for 
both agreement, defined as whether the experts agreed with the 
question as it was posed, and consensus, indicating the degree to 
which they agreed with each other. Both are important but the 
latter is, we believe, more indicative of present and future trends.

Structure versus function
The overall position of the panel seems to be that struc-
tural testing currently holds sway in terms of detection and 
monitoring, owing to its less variable results, but functional 
testing remains important. Clinicians (ophthalmologists and 
optometrists) strongly agreed that structural testing is more 
dependable and repeatable, whereas psychophysicists were 
not so sure.

However, several respondents had a strong opinion that 
imaging will in future be able to predict function.

On the other hand, others consider that robustly designed 
and applied psychophysical tests are as reliable and repeat-
able as structural observations and that functional changes 
are the most important in the long run. One respondent 
noted that structural testing cannot yet detect colour vision 
changes. Some respondents acknowledged that there was a 
lack of research and development into practical functional 
tests, particularly tests that can detect cellular dysfunction 
rather than cell death.

Overall, panel members considered future care and research 
to require a combination of structural and functional testing 
as these provide complementary information, with strong 
consensus that the relative importance will depend on disease 
type and stage.

There was consensus that AI would continue to grow in 
importance and several comments related to this, with some 
panel members responding that AI could potentially help 
provide better prediction of function from structure and also 
understanding of individual disease progression.

The optometrists and psychophysicists were in strong 
agreement that future detection of retinal disease will require 
a combination of structural and functional testing, whereas 

Question Median IQR

b. Researchers have a better understanding of the value of CS than the average clinician? 4 1

c. Patient subjects are more carefully selected for research trials? 3 2

Other functional tests
26. Please indicate to what degree you consider the following tests to be important (either now or in future) in the management of 
retinal disease

a. Reading speed/function. 5 1

b. Retinal densitometry. 3 2

c. Critical flicker frequency (CFF) 3 2

d. Electrophysiology (eg, VEP/FF ERG/PERG/Multifocal ERG) 4 2

e. Low luminance/contrast VA 5 1

f. Glare disability testing (effects on CS) 4 2

Home testing
28. Several respondents in round 1 indicated support for increased home testing in the future
Please indicate the degree to which you think the following will be important in the future

a. Increased use of functional testing (eg, using tablet, VR headset) for home monitoring 5 1

b. Increased use of structural testing (eg, smart- phone camera, hand- held OCT) for home monitoring 5 2

PROMs
30. Patient reported outcome measures (PROMs) have increased in usage in recent years as a way of evaluating ‘real world’ problems 
experienced by patients
Please indicate the degree to which you agree with the following statements

a. PROMs are essential in detecting functional problems that other structure/function tests often miss 4 1

b. PROMs are essential in tailoring treatment regimens to individual patient needs 4 3

c. The value of PROMs will continue to increase as management becomes more personalised 4 2

d. PROMs provide little extra information to help the clinician treat the patient more effectively as long as appropriate functional and structural 
testing has been done

3 2

Unless indicated, the Likert scale ranges from 1 (strongly disagree) to 6 (strongly agree).

Table 3 Continued
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the ophthalmologists did not quite reach agreement. It may 
be that the clinicians, and ophthalmologists in particular, are 
more familiar with, and better trained in, structural rather 
than functional testing.

Specific functional tests
Visual acuity
Despite its recognised limitations, no panel member commented 
that VA would become less important as a functional test in the 
future. Responses indicated its main limitations to be its lack 
of ability to discriminate between neural and optical losses of 
vision, and its poor correlation with symptoms/retinal appear-
ance. The clinicians were close to agreement that the poor 
correlation between VA, visual symptoms and retinal appearance 
is because of VA’s poor TRV, whereas the psychophysicists were 
much closer to disagreement. Comments commonly referred to 
the lack of localisation of retinal disease compared with the fove-
ally dominant nature of VA as a test.

Nonetheless, a poor correlation between two tests may merely 
indicate that they are each measuring a different aspect of vision 
and are providing complementary information about ocular 
health. However, a VA test that employs a stimulus that better 
taps into the parafoveal damage associated with early AMD 
would appear to be very welcome.

Contrast sensitivity
The results and comments from both rounds of the study 
indicate that CS has the potential to provide significant 
further understanding of retinal disease and its impact, but 
is currently let down by its perceived complicated tech-
nical nature, lack of testing uniformity and susceptibility to 
optical/cortical changes. Several comments also alluded to 
the poor resolution of early stage disease.

Comments also indicated that it has the ability to provide 
additional clinical information and better predict real world 
task performance, but remains more associated with clinical 
trials where there is more time for testing and more technical 
assistance with set- up. Many clinicians perhaps continue to 
lack understanding of the test.

Other functional tests
Reading speed and low luminance VA seemed more significant 
than others with one comment highlighting the importance of 
understanding what people see beyond distance VA. The varia-
tion in answers was perhaps not surprising given the variation in 
disease specialty of the panel members, and the likelihood that 
different tests are more appropriate for different retinal diseases, 
for example, electrophysiology.

Home testing
There was agreement and consensus that home testing will likely 
become more prevalent in the future as both structural and 
functional tests become more compact and suitable for patient 
operation.

Some respondents who previously considered structural tests 
to have greater value considered functional home testing to be 
important in future. Others, however, considered home struc-
tural testing to be the future solution to reducing clinic visits and 
better detecting change.

Patient-related outcome measures
There was consensus that PROMs will be of limited importance 
in future in terms of detecting and managing patient problems. 

This result may be due to the fact that most panel members are 
clinicians or psychophysicists who by training rely more on 
their examinations than what the patient reports. There were 
no noticeable differences in the responses between the various 
professional groups.

Strengths and weaknesses of the study
This study managed to obtain important insight from a group 
of international experts regarding current and future needs in 
the management of retinal disease using a mix of quantitative 
and qualitative approaches. The strength of a Delphi study is 
that it can rapidly identify the core problems/solutions without 
resorting to lengthy experimental research or clinical trials. The 
weakness is that it relies on subjective opinions, and even experts 
are not always correct. Several of the experts engaged in inter-
esting discussions before consenting to take part. One concern 
expressed was that smaller discussion panels or working groups, 
typically convened to define guidelines are often dominated by 
a few prominent individuals with strong opinions. To address 
this risk, our study, (a) recruited a large panel of experts, (b) the 
panel members were unlikely to be influenced by others as they 
remained unknown to each other for the duration of the study. 
Another strength of our study was that we included experts 
representing all relevant professional groupings and specialist 
interests, allowing for a diverse range of opinions.

CONCLUSION
Our findings suggest a moderate overall agreement that struc-
tural rather than functional testing dominates current practice, 
but not necessarily future practice. Overall, respondents tend to 
favour the tests they are most familiar with. Clinicians (ophthal-
mologists, optometrists) tend to favour structural testing in the 
future, whereas those with a psychophysical background tend 
to favour functional testing. Trained psychophysicists may see 
future solutions to current functional testing limitations and the 
potential for more targeted tests, particularly for different condi-
tions and disease stages, and thus substantial untapped potential 
in functional testing. New improved tests may have subsequently 
come on stream, and will continue to do so in the future, and 
the need for expert psychophysical understanding and input will 
only grow if appropriate decisions are to be made. Most of our 
respondents also agreed that AI and home testing will become 
increasingly relevant in retinal disease management.
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