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Background: Neovascular age-related macular degeneration is a leading cause of sight loss, and early
detection and treatment is important. For patients with neovascular age-related macular degeneration
in one eye, it is usual practice to monitor the unaffected eye. The test used to diagnose neovascular
age-related macular degeneration, fundus fluorescein angiography, is an invasive test. Non-invasive
tests are available, but their diagnostic accuracy is unclear.
Objectives: The primary objective was to determine the diagnostic monitoring performance of tests for
neovascular age-related macular degeneration in the second eye of patients with unilateral neovascular
age-related macular degeneration. The secondary objectives were the cost-effectiveness of tests and to
identify predictive factors of developing neovascular age-related macular degeneration.
Design: This was a multicentre, prospective, cohort, comparative diagnostic accuracy study in a monitoring
setting for up to 3 years. A Cox regression risk prediction model and a Markov microsimulation model
comparing cost-effectiveness of the index tests over 25 years were used.
Setting: This took place in hospital eye services.
Participants: Participants were adults (aged 50–95 years) with newly diagnosed (within the previous
6 weeks) neovascular age-related macular degeneration in one eye and an unaffected second (study)
eye who were attending for treatment injections in the first eye and who had a study eye baseline
visual acuity of ≥ 68 Early Treatment Diabetic Retinopathy Study letters.
Interventions: The index tests were Amsler chart (completed by participants), fundus clinical examination,
optical coherence tomography, self-reported vision assessment (completed by participants) and visual
acuity. The reference standard was fundus fluorescein angiography.
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ABSTRACT

Main outcome measures: The main outcome measures were sensitivity and specificity; the
performance of the risk predictor model; and costs and quality-adjusted life-years.
Results: In total, 552 out of 578 patients who consented from 24 NHS hospitals (n = 16 ineligible;
n = 10 withdrew consent) took part. The mean age of the patients was 77.4 years (standard deviation
7.7 years) and 57.2% were female. For the primary analysis, 464 patients underwent follow-up fundus
fluorescein angiography and 120 developed neovascular age-related macular degeneration on fundus
fluorescein angiography. The diagnostic accuracy [sensitivity (%) (95% confidence interval); specificity (%)
(95% confidence interval)] was as follows: optical coherence tomography 91.7 (85.2 to 95.6); 87.8 (83.8
to 90.9)], fundus clinical examination [53.8 (44.8 to 62.5); 97.6 (95.3 to 98.9)], Amsler [33.7 (25.1 to 43.5);
81.4 (76.4 to 85.5)], visual acuity [30.0 (22.5 to 38.7); 66.3 (61.0 to 71.1)] and self-reported vision
[4.2 (1.6 to 9.8); 97.0 (94.6 to 98.5)]. Optical coherence tomography had the highest sensitivity across
all secondary analyses. The final prediction model for neovascular age-related macular degeneration
in the non-affected eye included smoking status, family history of neovascular age-related macular
degeneration, the presence of nodular drusen with or without reticular pseudodrusen, and the presence of
pigmentary abnormalities [c-statistic 0.66 (95% confidence interval 0.62 to 0.71)]. Optical coherence
tomography monitoring generated the greatest quality-adjusted life-years gained per patient (optical
coherence tomography, 5.830; fundus clinical examination, 5.787; Amsler chart, 5.736, self-reported
vision, 5.630; and visual acuity, 5.600) for the lowest health-care and social care costs (optical coherence
tomography, £19,406; fundus clinical examination, £19,649; Amsler chart, £19,751; self-reported vision,
£20,198; and visual acuity, £20,444) over the lifetime of the simulated cohort. Optical coherence
tomography dominated the other tests or had an incremental cost-effectiveness ratio below the accepted
cost-effectiveness thresholds (£20,000) across the scenarios explored.
Limitations: The diagnostic performance may be different in an unselected population without any
history of neovascular age-related macular degeneration; the prediction model did not include genetic
profile data, which might have improved the discriminatory performance.
Conclusions: Optical coherence tomography was the most accurate in diagnosing conversion to
neovascular age-related macular degeneration in the fellow eye of patients with unilateral neovascular
age-related macular degeneration. Economic modelling suggests that optical coherence tomography
monitoring is cost-effective and leads to earlier diagnosis of and treatment for neovascular age-related
macular degeneration in the second eye of patients being treated for neovascular age-related macular
degeneration in their first eye.
Future work: Future works should investigate the role of home monitoring, improved risk prediction
models and impact on long-term visual outcomes.
Study registration: This study was registered as ISRCTN48855678.
Funding: This project was funded by the National Institute for Health Research (NIHR) Health Technology
Assessment programme and will be published in full in Health Technology Assessment; Vol. 26, No. 8. See the
NIHR Journals Library website for further project information.
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Plain English summary

W

et age-related macular degeneration is the leading cause of sight loss in older people. It is
diagnosed using fundus fluorescein angiography, which involves photographing the retina after
the injection of a dye into a vein in the arm, which may result in allergic reactions.
Many people with wet age-related macular degeneration in one eye will also develop it in their second
eye. To avoid regular fundus fluorescein angiography, non-invasive tests are used to routinely monitor
for wet age-related macular degeneration in the second eye of patients with wet age-related macular
degeneration already in one eye.
We studied five commonly used and easily performed non-invasive tests to see which best detected
the onset of wet age-related macular degeneration.
The five tests were:

l
l
l
l
l

self-report of vision
self-completion of an Amsler chart
a standard sight test
examination of the retina by a specialist
optical coherence tomography, which is a non-invasive scan of the central retina.

If any tests suggested wet age-related macular degeneration, fundus fluorescein angiography was
performed to compare results.
In total, 552 hospital eye clinic patients who had wet age-related macular degeneration in only one eye
took part. Over a 3-year period, wet age-related macular degeneration developed in the second eye in
145 people (26%), of whom 120 had undergone fundus fluorescein angiography. In 25 people with wet
age-related macular degeneration, fundus fluorescein angiography was not carried out for safety
reasons or because the patient did not want to undergo it.
Of all the tests, only optical coherence tomography was good at detecting wet age-related macular
degeneration correctly (92% sensitivity) and at detecting those who did not have wet age-related
macular degeneration (88% specificity). All other tests either did not detect wet age-related macular
degeneration consistently when it occurred or gave a false positive result when it had not occurred.
This study confirmed that optical coherence tomography detected wet age-related macular degeneration
correctly in the second eye of people with wet age-related macular degeneration in their first eye, and
may offer cost saving for the NHS.
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Scientific summary
Background
Wet or neovascular age-related macular degeneration (nAMD) is a leading cause of sight loss in older
people. In nAMD, abnormal vessels arising from the choroidal vasculature/retinal circulation can leak
fluid and whole blood, distorting the architecture of the neurosensory retina and adjacent tissue
layers. This results in severe visual disturbances and, if left untreated, permanent vision loss. At onset,
symptoms may be absent or subtle depending on the location of the nAMD lesion. Managing nAMD
presents an enormous burden to the NHS. Ophthalmology accounts for 10% (5 million per year) of all
NHS outpatient attendances, and age-related macular degeneration (AMD) accounts for 15% of all
ophthalmology attendances.
Biological therapies targeting vascular endothelial growth factor (VEGF) are available to stop leakage
into the macula in nAMD. The drugs are given as injections into the eye and require multiple visits,
usually every 8 weeks, alongside an assessment to check if more treatment is required. It is usual
practice to monitor the second eye, which is at very high risk of developing nAMD. The test that can confirm
the diagnosis of nAMD is fundus fluorescein angiography (FFA). FFA is an invasive test, albeit with a low
risk of severe anaphylaxis and death. Advances in imaging have resulted in newer technologies that are
non-invasive and can provide information to make a diagnosis of nAMD. Therefore, we included a portfolio of
pragmatic and simple tests of function and morphology to test against the gold standard of FFA in the second
eye of persons with nAMD in one eye.

Objectives
The primary objective was to determine the diagnostic monitoring performance (sensitivity and specificity)
of five index tests for diagnosing nAMD against a primary reference standard of FFA determination of
conversion to nAMD in the second eye [Early Detection of Neovascular Age-related macular degeneration
(EDNA) study eye] of patients with confirmed nAMD in the first eye. The index tests were:
l
l
l
l
l

Amsler test – participants self-check onset of distortion using the Amsler chart
fundus clinical examination – clinical evaluation of the fundus for signs of nAMD
optical coherence tomography (OCT) – clinical assessment of images captured on an OCT scan
self-reported vision – participants subjective assessment of their vision
visual acuity – Early Treatment Diabetic Retinopathy Study (ETDRS) visual acuity.

The secondary objectives were to (1) develop an economic model to identify an optimal monitoring
regime, (2) develop a risk prediction model using baseline characteristics to predict the development
of nAMD in the EDNA study eye and (3) create a cohort (including Biobank) for future studies.

Methods
Diagnostic study
The EDNA study was a multicentre, prospective, cohort diagnostic accuracy study testing five index
tests in a monitoring setting. At recruitment (baseline), participants had a diagnosis of nAMD in the
first-presenting eye and no active nAMD the second eye (designated the EDNA study eye).
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After enrolment, both eyes of participants were monitored in each clinical site for up to 3 years or
until onset of nAMD in the study eye.
Clinical sites monitored and reviewed patient attendance records and collected data on index tests
that were carried out in the EDNA study eye. Clinical care teams were instructed to request FFA
if any of the index tests were positive (a trigger) for nAMD. In the absence of a trigger, planned
study visits were undertaken at 18 months or at study exit, which occurred after a minimum of
30 months of follow-up, at which a detailed clinical assessment and retinal imaging that included FFA
were performed.

Participants
The participants were patients with nAMD in the first-presenting eye and a second eye unaffected by
nAMD at baseline (EDNA study eye).

Inclusion criteria
Patients who were aged ≥ 50 years with newly diagnosed nAMD (with diagnostic FFA performed within
6 weeks prior to consent) in one eye and the second eye free of nAMD, and who were about to
commence or had recently commenced anti-VEGF therapy in the first eye, were included in the study.

Exclusion criteria
Exclusion criteria for the study eye were nAMD detected at baseline, presenting visual acuity worse
than 68 letters and retinal pathology that can confound subsequent assessments. Other criteria were
not undergoing regular monitoring, an inability to give informed consent, an inability to undergo FFA
and patients in whom diagnostic FFA was carried out more than 6 weeks prior to enrolment.

Reference standard
The primary reference standard was FFA determination of conversion to nAMD in the study eye
at the clinical site by an experienced clinician. Secondary reference standards were ophthalmic
reading centre confirmation of diagnosis of nAMD and a clinical determination of conversion to nAMD
(with or without FFA).

Definition of positive index test
l

l
l
l
l

Amsler test: as assessed by the clinician, appearance of a new area of distortion in the Amsler chart
or regions in which the grid pattern disappears when previously no distortion was present (this test
was included for a participant only if the test result was negative at baseline).
Fundus clinical examination: slit-lamp biomicroscopy or fundus photography showing clinical signs of
nAMD on the fundus, as determined by an expert.
OCT: abnormal findings that are indicative of nAMD.
Self-reported vision: patients’ subjective assessment of their vision being ‘much worse’ than the
previous visit on a patient questionnaire.
Visual acuity: drop of ≤ 10 letters in best corrected visual acuity from baseline.

Outcomes
The outcomes were sensitivity and specificity, performance of risk predictor algorithm, costs and
quality-adjusted life-years (QALYs).

Sample size
The sample size calculation was based on McNemar’s test. At a two-sided 5% significance level
and 90% power, a paired difference in sensitivity of 15% (80% to 65%) required 491 participants
(560 participants allowing for indeterminate/missing data results), giving a cumulative incidence of
28% at 3 years, assuming a disagreement rate of 0.30.
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Statistical analysis
Participants were classified as having progressed to nAMD, or not, with the diagnosis determined by
the site clinician during the follow-up on FFA. In the main analysis, all repeated test assessments are
combined to give a single index test result (e.g. any positive index test result prior to the last FFA
conducted is treated as a positive). The secondary analyses considered the diagnostic performance of
varying the definition of the reference standard, combining OCT with each of the other index tests
and varying the definition of the time period in which a positive index test was recorded. Sensitivity
and specificity were calculated for all analyses.

Prognostic model
A risk prediction model using Cox regression was developed to predict the development of nAMD in
the EDNA study eye using baseline candidate predictors. The baseline variables were selected through
discussion between the study clinicians and the statisticians. They included person-specific risk factors
collected via a baseline clinical form (age, raised blood pressure, smoking history, cardiovascular disease,
diabetes, sex, nutritional supplements, family history of age-related macular degeneration and body mass
index), ocular variables in the EDNA study eye and ocular variables in the first-presenting eye (type of
wet AMD, lesion size and severity of AMD). Predictive performance was assessed using Harrell’s c-index.

Economic evaluation
A Markov microsimulation model was developed to assess the cost-effectiveness of using the alternative
index tests in hospital outpatient eye services to monitor the second eye of people attending for the
treatment of their first-presenting eye. The model focused on the second eye and was structured around
disease status (no nAMD or nAMD), diagnosis status (undetected or detected), treatment status (untreated
or treated) and visual acuity. The model incorporated data from the EDNA study, supplemented by external
evidence to inform long-term treatment pathways and visual acuity outcomes. Visual acuity was linked
to a health state utility score using a published equation. The costs of preconversion monitoring,
subsequent treatment and monitoring, and severe visual impairment were incorporated in the model.
The alternative tests were compared in terms of mean costs and QALYs in a full incremental analysis
over a 25-year time horizon. Uncertainties surrounding key structural assumptions and parameter input
sources were addressed using deterministic scenario analysis. Probabilistic sensitivity analysis was
conducted for the model base case.

Results
Diagnostic study
Between June 2015 and March 2017, 578 participants from 24 NHS hospital eye services consented
to take part in the EDNA study. Following consent, 16 participants were subsequently excluded
because they had been consented in error (ineligible) and 10 participants withdrew consent to the use
of their data during the EDNA study follow-up. The remaining 552 participants formed the EDNA
monitoring cohort.
Never smokers accounted for around 40% of the cohort, half of the participants were former smokers
(47%) and only a small proportion were current smokers (12%). Over half of the participants had a
history of treated hypertension (53%) and just under one-quarter reported cardiovascular disease (22%).
Approximately one-sixth of participants had diabetes (16%) and around one-third were taking nutritional
supplements (30%). A family history of AMD was recorded in the majority of participants (85%).
Participants were, on average, 77 years old, and there was a higher proportion of women (57%). The
average body mass index was 28 kg/m2.
With respect to lens status in the study eye at baseline, 30% of participants had a clear lens, 20% were
psuedophakic and half were phakic with cataract. Of study eyes with cataract, nuclear sclerosis was
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seen in 89% and one-third had cortical and just under 10% had posterior subcapsular opacities. The
mean visual acuity in the first-presenting eye (non-study eye) was 57 ± 5.4 ETDRS letters. The most
common anti-VEGF agent initiated in the non-study eye was aflibercept (Eylea; Bayer AG, Leverkusen,
Germany) (69%), with around 30% treated with ranibizumab (Lucentis; Genentech, Inc., South San
Francisco, CA, USA). Less than 1% of eyes were treated with bevacizumab (Avastin; F. Hoffmann-La
Roche AG, Basel, Switzerland).
The average number of clinic visits during follow-up was 15.6 (range 1 to 35). Among the participants
who had were followed up, a positive Amsler test at baseline was recorded in 92 (17%).
During the study, 145 conversions to nAMD were detected, of which 120 were confirmed by FFA,
yielding a crude conversion rate of 26% [95% confidence interval (CI) 22.3% to 30.6%], with a median
follow-up time of 33 months (range 0.8–38.5 months).
Based on this cohort of 120 participants with a FFA-determined diagnosis of nAMD as the primary
reference standard, the sensitivity of OCT was markedly better than that of all other tests (Table a).
Using the secondary reference standards, which included a clinician determination of conversion to
nAMD with or without FFA (n = 145), or the reading centre-confirmed diagnosis of nAMD (n = 460),
the highest sensitivity and specificity were observed consistently for OCT and OCT remained
significantly superior to all other index tests.
Despite the fact that the specificity of fundus clinical examination and self-reported vision (which
ranged from 97% to 99%) exceeded that of OCT, sensitivity was significantly lower and at an
unacceptable level (consistently lower than 60% and 10% for each test, respectively).
The sensitivity and specificity of pair-wise combinations of OCT with each of the other index tests
showed that, when either test was positive, sensitivity increased for most combinations, achieving 96%
for OCT and visual acuity. However, specificity decreased for all combinations, except for OCT combined
with fundus clinical examination. When the pair-wise combinations of tests were both required to be
positive, sensitivity was markedly reduced for all combinations compared with that of OCT by itself.
In a prespecified subgroup analysis comparing choroidal neo-vascularisation (CNV) with the retinal
angiomatous proliferation (RAP) subtype, OCT achieved 100% sensitivity in the detection of
participants who developed the latter subtype of nAMD.

Prognostic modelling
Our final prediction model for onset of nAMD in the EDNA study eye included smoking status, family history
of nAMD, presence of nodular drusen with or without RPD, and presence of pigmentary abnormalities.
The c-statistic (discriminative ability) was only 0.66 (95% CI 0.62 to 0.71). This level of discriminative ability
is lower than that observed in other cohorts that developed nAMD in the second eye.

TABLE a Index test sensitivity and specificity in the main analysis (with 95% confidence intervals)
Index test

Sensitivity (%) (95% CI)

Specificity (%) (95% CI)

Amsler

33.7 (25.1 to 43.5)

81.4 (76.4 to 85.5)

Fundus examination

53.8 (44.8 to 62.5)

97.6 (95.3 to 98.9)

OCT

91.7 (85.2 to 95.6)

87.8 (83.8 to 90.9)

4.2 (1.6 to 9.8)

97.0 (94.6 to 98.5)

30.0 (22.5 to 38.7)

66.3 (61.0 to 71.1)

Self-reported vision
Visual acuity
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Economic evaluation
The results of the base-case economic analysis show that OCT is expected to generate the greatest
number of QALYs per patient (OCT, 5.830; fundus, 5.787; Amsler chart, 5.736, self-reported vision,
5.630; and visual acuity, 5.600) for the lowest health-care and social care costs (OCT, £19,406; fundus,
£19,649; Amsler chart, £19,751; self-reported vision, £20,198; and visual acuity, £20,444) over the
lifetime of the simulated cohort. The increased treatment costs associated with the earlier detection
with OCT were more than offset by reductions in costs associated with severe visual impairment. This was
not true of less sensitive tests that resulted in greater visual acuity loss prior to detection and treatment.
OCT was found to dominate the other tests or to have an incremental cost-effectiveness ratio (ICER) below
accepted cost-effectiveness thresholds across the range of scenarios explored. The probabilistic sensitivity
analysis indicated a high probability of OCT being cost-effective across a range of cost-effectiveness
thresholds typically applied by NHS decision-making bodies.

Conclusions
Implications for health care
The EDNA study confirms that, among the test technologies investigated, OCT was the most accurate
test for the diagnosis of the conversion to nAMD in the second eye of people with unilateral nAMD.
Visual function measures (including a drop in visual acuity of 10 letters) have low accuracy in detecting
onset of nAMD. Furthermore, patients’ own perception of visual deterioration and the Amsler test had
similarly poor sensitivity and specificity. These data have serious implications for guiding the way in
which we observe patients during follow-up for treatment of nAMD in the first-presenting eye because
it is routine clinical practice to instruct patients to be aware of and report the onset of symptoms in
the second eye. In addition, self-completion of the Amsler test and visual acuity checks at clinic visits
are established practices for monitoring the state of the second eye. The demonstration in the EDNA
study that these cannot be relied on to consistently detect the onset of nAMD is a matter of concern
and should be communicated to stakeholders, such as the relevant professional bodies and health
commissioners and providers.
The economic modelling suggests that the use of OCT, compared with other available diagnostic tests,
leads to a substantial reduction in the time from conversion to diagnosis of and treatment for nAMD
in the second eye of patients being treated for nAMD in their first-presenting eye. Early initiation of
treatment in the second eye, based on FFA-confirmed OCT-positive findings, can be expected to maintain
better visual acuity and health-related quality of life over time than that of less sensitive monitoring
strategies. Moreover, this strategy may be cost-saving in the long run compared with less sensitive
monitoring strategies that result in greater visual acuity loss occurring before treatment is initiated.

Recommendations for research
1. The feasibility of using OCT for diagnosis and management of nAMD in a primary care or home
monitoring setting should be investigated.
2. Further development of the risk prediction model including exploration of biomarkers and additional
imaging characteristics should be undertaken.
3. Longer-term visual outcomes and subsequent treatment strategies for patients with nAMD need to
be assessed.
4. Explore the role of artificial intelligence algorithms for improving the diagnosis and monitoring
of nAMD.
5. Assess the performance of diagnostic tests for AMD in people aged > 70 years without AMD who
are, therefore, at high risk of developing it.
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Chapter 1 Introduction
Background
Neovascular age-related macular degeneration (nAMD), also known as wet age-related macular
degeneration (AMD), causes severe visual loss and is the most common cause of blindness in people
aged > 50 years in the western world.1 nAMD is defined as the presence of neovascularisation that
occurs in a setting of age-related degenerative changes in the centre of the retina, called the macula.
The foci of abnormal blood vessels that either arise in the choroid and invade the subretinal pigment
epithelial and subretinal spaces or arise de novo within the neurosensory retina leak fluid and blood
into the macular tissues and distort its normal architecture (Figure 1). This results in a sudden onset of
central visual disturbances that may range from distortion to loss of central vision. Left untreated, the
exudation from the nAMD lesion along with the unchecked proliferation of the neovascular complexes
destroys the macular tissues, resulting in both scarring and atrophy of the retina and its pigment
epithelium (Figure 2); this rapidly progresses to severe and permanent loss of vision.2
Standard imaging methods used to detect nAMD are colour photography, optical coherence tomography
(OCT), fundus fluorescein angiography (FFA) and indocyanine green angiography (ICGA). The panel of
multimodally acquired images in Figure 1 show a typical example of nAMD. The first panel is a colour
image that shows a central area of discolouration and the collection of yellow exudate. The next panel is
a frame from FFA in which retinal blood vessels are outlined in sharp relief to the retinal tissue because
fluorescein is retained within the vessels. There is a central bright area of leakage that represents the
area of neovascularisation. The third panel is a frame from ICGA that also shows a more focal leak,
as indocyanine green binds more tightly to the plasma proteins and remains within the neovascular
complex within the choroid. The final panel shows a single B-scan from OCT taken through the region of
the neovascular complex. The mid-layers and inner layers of the neurosensory retina are draped over the

FIGURE 1 Active nAMD. Each panel consists of one representative frame captured using a colour image, fundus fluorescein
angiography (FFA), indocyanine green angiography (ICGA) and optical coherence tomography (OCT).

FIGURE 2 Sequelae of untreated nAMD showing development of scarring. Panel 1, area of macular haemorrhage;
panel 2, neovascular complex seen as a greenish-grey lesion; panel 3, area of neovascularisation with overlying subretinal
fluid; panel 4, moderately fibrosed nAMD lesion; panel 5, fully fibrosed nAMD lesion.
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neovascular lesion, which appears as a mound of hyper-reflective material (orange arrow) located over a
shallow irregular elevation of the retinal pigment epithelium (RPE) (blue arrow). This region of hyperreflectivity is termed subretinal hyper-reflective material, and may consist of serous fluid, fibrin and/or
whole blood components that have leaked into the subretinal space.
In recent years, there have been major advances in the clinical management of patients with nAMD,
notably the introduction of biological therapies targeting vascular endothelial growth factor (VEGF),
a protein implicated in the pathogenesis of this disease.
Anti-VEGF treatments have improved visual outcomes compared with laser therapies, which were the
mainstay in past decades.3 A number of available novel biologics suppress the exudative manifestations
in a highly effective manner, resulting in a rapid improvement in visual acuity in treated eyes, averaging
around two lines on the early treatment of diabetic retinopathy (ETDRS) acuity charts within 3 months
of initiation.4 All six of the currently available anti-VEGF drugs require repeated invasive administration
into the vitreous cavity of the eye because they have limited durability of action.5 Regarding visual
outcomes, clinical trials and real-world studies have shown that acuity improvements seen within 3 months
of treatment initiation are maintained in the medium term (about 2 years) in one-third of patients, and a
further 40% of those treated will retain visual acuity at their immediate pre-treatment level.5,6 However,
there is a considerable residual burden of visual morbidity. This residual burden of visual disability is
clearly evident in the outcomes reported in the pivotal clinical trials, as well as in subsequent trials and
post-licensing studies.7–9
For example, 40% of patients will have acuities of 20/50 (Snellen 6/15) or worse after 2 years of
intensive treatment, and the proportion of those with 20/20 (Snellen 6/6) or better acuity (normal
vision) is low (< 5%).7
The reality is that normal vision is still a long way from being achieved despite the use of anti-VEGF
therapies, which are the current standard of care. There are a multitude of reasons why these treatments
do not restore normal macular function. These reasons include (1) the presence of a neovascular network
with a large component of mature vessels that do not regress or permanently close with anti-VEGF
treatment; (2) glial and fibrous tissue that distort the delicate cellular architecture of the retina; and
(3) neural and RPE cell loss.
Figure 2 shows images of the macula of the eyes of patients with nAMD at initial presentation but
at different stages of evolution of the scar. If treatment is provided at a point in time, as seen in
panels 1 and 2, the likelihood of avoiding scarring increases dramatically.10
Permanent morphological damage of the macular tissues at the time of presentation and a degree of
irreversible visual loss constitute important barriers to visual gain.11 Furthermore, in a proportion of
eyes, fibrosis and atrophy progressively increase even during anti-VEGF maintenance therapy, and the
worsening is more rapid in eyes with long-standing disease when treatment is initiated.12,13 Therefore,
there is a sound rationale to identify methods that detect the onset of nAMD at a stage when the
cellular constituents of the retina have the potential to recover, prior to the onset of atrophy or fibrosis,
and when the neovascular complexes have not matured to the point at which they are less likely to regress.
There is a body of evidence in the literature to indicate that nAMD in the first eye often remains
undetected for long periods, as patients are unaware of any visual deficit because the fellow eye
usually has good function and masks the deficit.1,8 Patients are often more alert to alterations in visual
function in the second eye. However, evidence indicates that the second eye has often suffered loss of
acuity by the time the patient has sought help or nAMD has been detected.14 In one study,15 which
followed up patients enrolled in a laser prevention trial, the average acuity at presentation when nAMD
was detected in the better-seeing eye was 20/100, which represents more than a quadrupling of the
visual angle. Reasons for the delay in presentation included (1) the development of the lesion at an
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extrafoveal location with no early impact on acuity; (2) a lack of sudden onset of a bleed or an acute
increase in exudation with involvement of the fovea by these manifestations; and (3) an adjustment to
minor changes in visual function.
Approximately 8–10% of patients with nAMD in one eye will develop the same condition in the fellow
eye per year. Interrogation of large electronic medical record repositories that have been constructed
from patient data collected during anti-VEGF therapy treatment for nAMD from many clinical sites in
the UK shows the benefits of initiating treatment when visual acuity is still good.16 Detection of nAMD
at a stage when damage to the retina is not permanent with prompt initiation of treatment could result
in much better preservation of sight.
Therefore, there is a clear need for an easily and rapidly performed cost-effective monitoring test that
will detect the onset of nAMD with high diagnostic accuracy.

The scale of the problem in the UK and the use of NHS resources
Neovascular age-related macular degeneration remains the most common cause of blindness and
partial sight in the UK, despite improvements in treatments.1,17 The incidence of AMD increases with
age and, therefore, the burden is projected to rise steeply in future years as the population ages. Vision
loss is associated with a profound impairment of quality of life, increased risk of falling, emotional distress,
depression and an inability to care for self and for others.18 Patients with bilateral vision loss may suffer
from visual hallucinations (Charles Bonnet syndrome), poor sleep patterns and loss of confidence. Managing
nAMD presents an enormous burden to the NHS. Ophthalmology accounts for 10% (5 million per year)
of all outpatient attendances to the NHS and AMD accounts for 15% of all ophthalmology outpatient
attendances.1 This is because patients are typically seen every 2 months for up to 2 years after initiation of
anti-VEGF therapy, and long-term studies from the UK show that some 50% of those who are commenced
on treatment are still on active treatment or being followed up after 5 years.19

Evidence for monitoring intervals/diagnostic performance
When active nAMD is confirmed by FFA, treatment with anti-VEGF therapy is initiated.7,20,21 FFA is the
gold-standard diagnostic test for nAMD. In the early phases of treatment (i.e. up to about 1 year), at
each subsequent visit, which is usually on an 8-week cycle after the loading phase of 3-monthly dosing,
patients are re-assessed to evaluate disease activity. Visual acuity, clinical biomicroscopic examination
and OCT are the most commonly employed tests in the follow-up setting (see Figure 3). OCT-guided
re-treatment decisions are the standard of care in almost all NHS units (see Figure 4); however, the
combination of visual acuity, clinical examination and fluorescein angiography in selected cases are also
used in the monitoring phase.7,20 In the absence of disease activity on the OCT, treatment is withheld
and a future review arranged, or the patient is treated and the next follow-up visit is extended.
Patients are also given an Amsler chart to self-monitor their disease and are advised to report
immediately any signs of distortion or missing areas. The accuracy of this test compared with the above
tests has not been systematically evaluated. Interrogation of the national ophthalmology data set,
which is an amalgamation of the electronic records of some 14,500 patients who have received
anti-VEGF treatments since 2009 (Usha Chakravarthy is a contributing member), shows that the
average number of visits is 10 in year 1 and around eight in year 2.22 The average interval between
visits in year 1 is 35 days (± 10 days). The interval between visits increases in years 2 to 5. However,
even in year 5, more than half of all people are on regular review and treatment. Thus, there is an
opportunity to obtain information about unaffected fellow eyes of patients with nAMD in one eye to
determine the optimum method of early detection of incipient nAMD.
New-onset nAMD responds extremely well to anti-VEGF therapy, with rapid disappearance of
subretinal fluid and a more gradual resolution of fibrinous exudate and haemorrhage (see Figure 1).
However, any delays can result in worsening of vision, which is mainly because of the development of
fibrosis that involves the outer retina. The fibrous tissue replaces the normal cellular layers consisting
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of the choriocapillaris, the RPE and the photoreceptors. Furthermore, contraction of the fibrous tissue
distorts both the adjacent outer retina and the overlying inner retina, changing the architecture and
orientation of the cellular elements and resulting in severe visual loss. The initiation of treatment after
the onset of fibrosis cannot reverse the vision loss but may stabilise visual acuity. Therefore, early
detection of nAMD and treatment before the onset of fibrosis is clearly important.
In the example shown in Figure 3, the upper panels show a colour photograph of the fundus (Figure 3a),
in which the site of the neovascular complex is indicated by an asterisk; blue light autofluorescence
(Figure 3b); an early frame of the fluorescein angiogram (Figure 3c), which shows leakage and pooling of
fluorescein dye; and ICGA (Figure 3d), in which the crescentic-shaped outline of the neovascular complex is
visible. The OCT scan in Figure 3e) shows fibrinous exudation (shown by the arrow). Anti-VEGF treatment
has resulted in the resolution of subretinal fluid (white arrow) and the hyper-reflective material has
shrunk after 6 months, with the eye receiving monthly anti-VEGF (yellow arrow) (Figure 3f).
Figure 4 shows an image of an eye in which treatment was initiated at a much later stage of evolution of the
nAMD lesion. The normal organisation of the outer retina into distinct hyper-reflective bands consisting of
Bruch’s membrane, the RPE and the photoreceptor layers has been lost. Instead, a band of horizontally
oriented disorganised layers of hypo- and hyper-reflective material can be seen, which has been shown in
previous studies to correspond to fibrous tissue which represents scarring.23 Because layers of the outer
retina have become incorporated into the scar, function is grossly diminished. The overlying inner retina has
multiple cystic spaces and is distorted and thickened despite treatment with anti-VEGF agents. The visual
acuity did not improve despite multiple treatments.
As stated previously, there are many reasons why the reduction of visual acuity in one eye may not
be detected by the sufferer. To unmask a change in vision owing to nAMD, which is usually seen as
distortion in the central visual field, a test known as the Amsler chart has been used. This is a simple
test that consists of a square grid with horizonal and vertical lines and a central dot as a fixation target
printed onto a sheet of paper. Patients are asked to look at the central dot with only one eye (covering
the fellow eye). In the absence of nAMD, there is no separation of the retinal layers and the lines on

(a)

(b)

(e)

(c)

(d)

(f)

FIGURE 3 The upper panels show typical features of nAMD using a variety of imaging techniques that are commonly used
in clinical practice. (a) Colour fundus photography; the asterisk shows the site of the neovascular complex. (b) Blue light
autofluorescence. (c) FFA image showing a distinct and well-delineated region of bright hyper-fluorescence at the site of
the nAMD lesion. (d) ICGA image showing the nAMD lesion, but without leakage obscuring the vessel complex. (e) A highly
actively leaking exudative lesion. (f) OCT image of the same eye taken 6 months later and showing resolution of the exudation.
The bright RPE layer is draped over the shrinking neovascular complex.

4
NIHR Journals Library www.journalslibrary.nihr.ac.uk

DOI: 10.3310/VLFL1739

Health Technology Assessment 2022 Vol. 26 No. 8

FIGURE 4 OCT B-scan showing a band of hyper-reflective material that has replaced the outer retina and is indicative of
a fibrotic scar. The inner retina contains many hyporeflective regions, which are cystic spaces.

the chart are unaltered. When nAMD is present, the RPE separates from the outer retina, with fluid
accumulation in the subretinal or intraretinal locations. This results in distortion of the grid lines and/or
the appearance of scotomas (blank spots) in the Amsler chart. However, the Amsler test has previously
been shown to have high false positive and false negative rates, which suggests that it may be a poor
screening tool. Visual acuity checks have also been used to help detect nAMD, but there may be other
causes for a reduction in vision in older age groups. OCT, on the other hand, provides non-invasive
images of the retina and, with the reduction in price of such devices and their widespread adoption
within the optometric community, this technology offers an alternative method of early detection.
To date, to the best of our knowledge, the use of OCT to detect nAMD has not been tested against
the gold standard of fluorescein angiography.

Rationale for the study
Scrutiny of the outcomes from large clinical trials and real-world evidence16 shows that if treatment
is commenced when acuity is better than 73 letters (Snellen equivalent 6/12), over 90% of people
maintain this level of vision or better.7,21
Better acuity is associated with smaller nAMD lesions and, thus, early detection of nAMD and prompt
initiation of treatment will result in final visual outcomes that are consistent with good visual function.
The aim of the Early Detection of Neovascular Age-related macular degeneration (EDNA) study was to
evaluate the best test or combinations of tests that can be carried out to identify the onset of nAMD
at the earliest point so that treatment can be commenced at a stage when therapeutic reversal of
exudation using anti-VEGF drugs is accompanied by visual improvement and/or stabilisation of acuity
without further loss. This study was possible because:
1. There is a large group of patients whose care pathway requires regular visits and monitoring
(every 8 weeks), which offers the ideal situation for a study of early detection of nAMD in fellow
eyes of patients with nAMD in one eye.
2. These patients are subjected to tests of function (acuity) and OCT, and it is current clinical practice
to acquire information on both eyes at every visit.
3. The OCT examination is quick (performed without the need for pupillary dilatation) and the quality
of the tomograms is high because all of the NHS units offering anti-VEGF therapies have invested in
high-resolution spectral-domain OCT technology.
4. The patients are used to monitoring any change in their vision using the Amsler chart.
5. The patients are motivated.
6. The national ophthalmology data set has shown that attendance is high, with dropout < 10% per annum.24
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In addition, the study design allowed further valuable data to be collected regarding genetic risk factors and
emerging imaging techniques. AMD features are detected even when minimal, and the time taken for AMD
to progress is hugely variable between individuals and between the two eyes of an individual. The importance
of genetic risk in AMD is well established. Polymorphisms in genes that encode proteins that modulate
and control the alternative pathway of complement activation suggest that chronic oxidative stress and
low-grade inflammation at the level of the RPE/Bruch’s complex play an important role in determining
susceptibility to AMD when defined as any manifestation of this condition at any stage early or late. The
genetic risk score influences the rate of progression in the second eye in persons with advanced AMD
in one eye.25 Such information could prove useful in patient counselling and for selection of potential
participants for interventions that may prevent progression. With the foregoing in mind we sought to
establish a DNA repository in the EDNA study as participants were enrolled at first presentation of their
first eye, which would have the virtue of avoiding time-varying confounders.
In addition to providing standard OCT images (also known as structural or B-scan images), some
OCT acquisition systems have the capability to acquire optical coherence tomography angiography
(OCTA). This is a recent introduction to retinal imaging, which provides images of flowing blood in the
microvasculature of the retina and choroid. These imaging systems are now commercially available and
being increasingly used in the NHS to aid the detection and diagnosis of nAMD. In some EDNA sites,
existing OCTs have been upgraded to permit acquisition of OCTA images. There are emerging data
in the literature that suggest that these instruments may reveal hotspots that represent blood flow
within developing neovascular membranes, which can be localised to specific layers, such as the outer
retina/choroid slab, the outer nuclear layer slab or the inner retinal layers. However, data on the
clinical relevance of these instruments in the early detection of nAMD are sparse and there is almost
no good-quality data of the sensitivity and specificity of these instruments compared with FFA.
In summary, OCTA is a developing technique that yields a variety of parameters, some of which are
for the diagnosis of nAMD, but its diagnostic accuracy is not yet proven. Not all centres taking part in
the EDNA study had OCTA capability; therefore, OCTA could be opportunistically collected, when
available at the clinical site, alongside OCT when a FFA was conducted (triggered FFA, 18 months and
36 months) for future evaluation.

Aims and objectives of the study
The aim of the EDNA study was to identify the optimum non-invasive diagnostic test strategy that will
robustly detect nAMD in fellow eyes during follow-up in secondary care of persons with nAMD in the
first affected eye.
The primary objective was to determine the diagnostic monitoring performance (sensitivity and
specificity) of five index tests for diagnosing nAMD against a primary reference standard of FFA
determination of conversion to nAMD at the clinical site. The index tests considered were:
l
l
l
l
l

Amsler – participants completing an Amsler chart
fundus clinical examination – clinical evaluation of the fundus for signs of nAMD
OCT – clinical assessment of images captured on OCT
self-reported vision – participant’s subjective assessment of their vision
visual acuity – ETDRS visual acuity.

The secondary objectives were to:
1. develop an economic model to identify an optimal monitoring regime
2. develop a risk prediction model using baseline characteristics to predict the development of nAMD
in the study eye
3. create a cohort (including a biobank) for future studies
4. create a repository of opportunistically collected OCTA imaging data to explore their potential
value in the detection of new-onset nAMD.
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Chapter 2 Methods

T

his chapter describes the EDNA study design, the methods for the diagnostic performance and other
key statistical analyses. We follow the standards for reporting of diagnostic accuracy studies.26
The methods for the health economic evaluation are described separately (see Chapter 7).
The full study protocol, including a summary of the amendments, is available on the NIHR report web page
(www.journalslibrary.nihr.ac.uk/programmes/hta/1214207). The Office for Research Ethics Committees in
Northern Ireland reviewed and approved this study (14/NI/1120) and the study was registered on the
ISRCTN (International Standard Randomised Controlled Trial Number) registry (ISRCTN48855678).

Overview of the study design
The EDNA study was a multicentre, prospective, cohort, comparative diagnostic accuracy study that
tested five index tests in a monitoring setting. At recruitment (baseline), participants had a diagnosis
of nAMD in one eye and a contralateral eye (the EDNA study eye) with no evidence of active nAMD.
Participants were monitored during the delivery of care in hospital eye services for up to 3 years. The
study was designed to be pragmatic and have minimum impact on the current patient standard-of-care
pathway. A schematic of the study design is shown in Figure 5.
Once enrolled into the study, the diseased eye and the contralateral eye of participants were
monitored at routine clinic visits at each clinical site until onset of nAMD was detected in the EDNA

Screening
Potentially eligible participants screened.
Diagnostic FFA as part of standard of care
in the fellow eye

Baseline study visit
Consent and baseline data collection within
6 weeks of diagnostic FFA in the fellow eye

Not recruited
• Ineligible
• Declined
• Missed

Monitoring in hospital eye services
• Routine clinical monitoring of participant eyes up to
3 years (approximately every 2–3 months)
• Study visits at 18 months and 36 months
All five index tests on EDNA study eye at each visit

ALL five index tests negative

Routine visit?

Study visit?

ANY index test positive

Reference standard (FFA)
within 1 month

No
nAMD

nAMD conf irmed
Exit EDNA monitoring
FIGURE 5 Study overview flow diagram.
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study eye or until 3 years after enrolment, whichever occurred first. Clinical sites tended to follow the
guidelines of the Royal College of Ophthalmologists27 for monitoring of patients, but there were local
variations in the manner of clinical reviews and the intervals between visits. The most common pathway
in terms of standard of care in the NHS for patients newly diagnosed with nAMD was treatment with an
anti-VEGF agent monthly for the first 3 months, followed by regular (approximately every 4–8 weeks
depending on the anti-VEGF drug administered) assessment and re-treatment if required. At each
routine monitoring visit, participants were examined and the results from the index tests that were
performed at these visits in the EDNA study eye were collected.
A reference standard measurement (FFA) was requested if any of the index tests were positive (Table 1).
At 18 months and at study exit (36 months), any participants who had not developed nAMD by these
time points had a study visit undertaken and a detailed clinical assessment along with retinal imaging
that included FFA.
Further details of the index tests and reference standards are found in Description of the index tests
and Description of the reference standard: fundus fluorescein angiography.

Study setting
Twenty-four secondary care, NHS ophthalmology outpatient departments (also known as hospital
eye services) participated in this study.

Identification of participants and the recruitment process
Consecutive eligible patients were identified by the clinician or research nurse in each centre at the
time of diagnosis of unilateral nAMD at first clinical presentation. Potentially eligible patients were
given a patient information sheet and those interested in participating in the study were invited to
attend a baseline study visit at which eligibility was assessed in full. Once a patient was confirmed as
eligible for the study, written informed consent was obtained by an appropriately trained individual
and baseline data were collected. The diagnostic FFA, collected prior to recruitment as part of routine
care, was used as the baseline FFA. Other EDNA diagnostic tests (except self-reported vision) were
collected at baseline if not already obtained as part of routine care within the 6 weeks prior to
consent. Participants who consented to blood collection and storage had their blood collected at
baseline and at study exit.

TABLE 1 Definition of test positive for index tests
Index test
Amsler test

Definition of test positive
28

As assessed by the clinician, the appearance of a new area of distortion in the Amsler chart
or regions in which the grid pattern disappears (scotoma) when previously no distortion or
scotoma was present (this test was included for a participant only if test result was negative
at baseline)

Fundus clinical
examination29

Slit-lamp biomicroscopy or fundus photography showing clinical signs of nAMD on the
fundus, as determined by an expert

OCT30

Abnormal findings indicative of nAMD, such as the presence in the mid-retina and outer
retina of hyporeflective spaces or hyper-reflective material

Self-reported vision31

The patient’s subjective assessment of vision is ‘much worse’ than the previous visit on the
patient questionnaire (see Report Supplementary Material 1)

Visual acuity32

Drop of ≥ 10 letters in best corrected visual acuity (BCVA) from baseline

8
NIHR Journals Library www.journalslibrary.nihr.ac.uk

DOI: 10.3310/VLFL1739

Health Technology Assessment 2022 Vol. 26 No. 8

Blood collection and storage
Approximately 20 ml of blood was collected at the baseline and exit visit in participants who had
consented to donating blood for future research studies. Blood was pseudonymised with the EDNA
study number. The samples collected in this study were sent to Queen’s University Belfast for storage
and will be stored indefinitely. Research using the samples will be conducted only after approval by a
Research Ethics Committee.

Follow-up procedures: delivery of interventions
Once enrolled into the study, the participants were clinically monitored in each site in accordance with
local clinical care pathways for a maximum of 3 years. At the time of the study, the standard of care in
the NHS for patients newly diagnosed with nAMD was treatment with an anti-VEGF agent, which is
injected into the eye with active nAMD. The treatment effect can vary by drug and by individual
patient needs. Therefore, clinical care pathways include a 3-month period with monthly intravitreal
injections (loading phase) followed by a maintenance phase. In the treatment maintenance phase, some
patients continue to require treatment every month but in others the intervals can be extended. Clinics
use varying strategies to review patients and determine their treatment needs. However, all clinics
perform a clinical examination and measure visual acuity and OCT on both eyes at a large proportion
of visits, except when the patient is scheduled for only an injection to the eye without assessment.
On average, patients were expected to be seen approximately every 8 weeks, generating a considerable
number of data in the maintenance phase. For EDNA participants, study personnel collected the two
additional index tests (Amsler and self-reported change in vision in the EDNA study eye). If the baseline
Amsler test of the EDNA study eye was deemed to be abnormal, this test was excluded during the
follow-up monitoring phase.
If the results of any of the five index tests were positive (see Table 1), a FFA (reference standard
assessment) was performed within 1 month, as detailed in the flow diagram (see Figure 5). If nAMD
was diagnosed in the EDNA study eye, the participant was no longer required to undertake any index
tests and exited the EDNA study. If nAMD was not detected, the participant continued in the EDNA
monitoring phase.
To minimise bias in collecting index tests and reference standard results, a standard reporting order for
the index tests was created, as shown in the case report forms (see Report Supplementary Material 1).
Clinical teams were trained to request participants to collect self-reported vision data before the
Amsler test and then the additional index tests whenever possible. FFA results were always collected
after the index test results.

Study visits
Participants were examined at 18 and 36 months if they had not been diagnosed with nAMD in the
EDNA study eye by these time points. At the study visit, all five index tests were undertaken along
with a FFA. These study visits could take place within a 2-month time window either side of the exact
due date. Therefore, participants could be monitored for up to 38 months. Participants remained in the
study unless they withdrew consent or they were unable to continue for a clinical reason. All data
collected up to the point of complete withdrawal were included in the analysis, unless the participant
requested this to be destroyed and excluded.

Safety: serious adverse events
Within the EDNA study, only serious adverse events (SAEs) relating to the collection of blood or FFA
requested during involvement in the study were recorded. SAEs relating to FFAs conducted prior to
recruitment to the study or resulting from treatment to the nAMD eye were not recorded.
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Reading centre assessment
An ophthalmic reading centre (Central Angiographic Resource Facility), located at Queen’s University
Belfast, independently graded anonymised images (FFA, OCT, fundus photography, autofluorescence –
optional) that were acquired at baseline, when any index test was positive, and at study visits
(18 months and 36 months/study exit). The data from the graded images were used to provide the
baseline and conversion ocular variables for the description of the cohort (see Chapters 3 and 5),
the secondary reference standard 2 data set (see Chapter 4) and ocular variables for evaluation in the
prognostic model (see Chapter 6). The grading protocol is provided in Report Supplementary Material 1.

Description of the index tests
Amsler chart
The Amsler chart is a grid of horizontal and vertical lines that is used to monitor a person’s central
visual field. It is a simple, inexpensive diagnostic tool that aids the detection of visual disturbances
caused by changes in the retina, particularly the macula (e.g. macular degeneration). After covering
one eye, the person looks with the eye to be tested, fixating at the small dot in the centre of the grid
printed on the Amsler test sheet. Patients with macular fluid may see distortion of the straight lines or
areas of the pattern may be missing. Patients should have a normal Amsler test in the study eye at
baseline. In participants who had distortion on the Amsler chart at baseline, Amsler tests were not
collected in the subsequent assessments.

Fundus clinical evaluation for signs of neovascular age-related macular degeneration
Examination of the macula can reveal fluid and/or lipid exudates (yellow deposition) and/or blood.
Other features of AMD, such as drusen and pigmentary irregularities, may be observed. Sometimes
these latter features are obscured by the exudative manifestations or may be absent in specific AMD
phenotypes, such as polypoidal choroidal vasculopathy (PCV). The fundus could be assessed using
slit-lamp biomicroscopy or fundus photography.
Signs suggestive of nAMD include the following:
l

l
l
l
l
l
l
l

Subretinal or subretinal pigment epithelium (RPE) neovascularisation, which may be visible as a dark
grey lesion. Occasionally the lesion will have a dark pigmented edge that is thought to be a result of
proliferation of the RPE at the edge of the membrane.
Serous detachment of the neurosensory retina.
RPE detachment.
Haemorrhages – subretinal pigment epithelial, subretinal, intraretinal or preretinal. Breakthrough
bleeding into the vitreous may also occur, most often indicating the presence of PCV.
Hard exudates (lipids) within the macular area related to any of the above and not related to other
retinal vascular disease.
Epiretinal, intraretinal, subretinal or sub-pigment epithelial scar/glial tissue or fibrin-like deposits.
Retinal angiomatous proliferations – a form of intraretinal new vessel complexes arising de novo in
the macular retina, which are a subtype of nAMD.
Choroidal polyps – spherical lesions associated with choroidal vessels that cause the RPE to be
focally elevated (PCV).

Optical coherence tomography clinical assessment of images
Optical coherence tomography is a light-wave-based technology that produces cross-sectional images of the
retina with scan rates and resolution parameters that have greatly improved over the last 10 years. It is a
non-invasive, non-contact visual test, which is rapidly and easily performed and takes < 5 minutes to assess
both eyes.33 Tomograms are acquired by trained medical photographers. The tomogram is a sequential
collection of some 25,000 A scans (reflectivity profile in depth), which are sequentially incorporated into
a cross-sectional image of the retina generating a B-scan. A series of B-scans are constructed across the
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macular region of the eye and, depending on the orientation of the scan, can be a rectangular raster or a
star pattern. The density of the scan lines can be modified from widely to tightly spaced, with the latter
providing more detailed information. The scans can be displayed in three-dimensional mode to provide
information on the various retinal layers. Automated segmentation algorithms provided by the manufacturer
generate averaged retinal thickness and volume measurements for regions (sectors) of the retina. These
algorithms have been shown to provide consistent and reliable estimates in normal eyes. However, in the
presence of disease with alterations in the retinal layer anatomy, the algorithms frequently fail, leading to
considerable error and variability in the segmentations; therefore, the thickness and volume measurements
are generally unreliable. At present, many groups, including one of the applicants, are exploring the use of
automated segmentation algorithms on the imaging outputs. Promising results indicate that automated
segmentation is a reality and that subjectivity of interpretation may be replaced in the future by objective
computerised assessments.
The separation of the various retinal layers can be seen on a scan and there may be deviation in the
interfaces between the layers and/or alterations in reflectivity. In nAMD, abnormal dilations and
the growth of blood vessels in the retina and choroid can result in fluid and/or blood seeping into the
various tissue spaces, changing the normal retinal architecture and/or altering the normal reflectivity.30
These characteristics are noted and reported by clinicians experienced in the interpretation of OCT.
When abnormalities as a consequence of nAMD develop in the retinal and choroidal circulations (such
as dilation of existing vessels or growth of new vessels), there is an accumulation of fluid within the
macular tissue compartments with separation of the normal tissue interfaces. In addition, seepage of
haemoglobin and other cellular and proteinaceous or lipid constituents of blood into the retina can
cause alterations in the internal reflectivity and homogeneity of the retinal layers. These can take the
form of areas of dense hyper-reflective material or foci. The appearance of abnormalities when previously
there was none, as well as their spatial localisation and distribution, can alert the clinician to the onset of
nAMD even when the signs are subtle and only just discernible.
For the purpose of this study, any OCT machine could be used for data collection. No validation was required
for OCT imaging data collection. There were four manufacturers of OCT used in the study: Heidelberg
(Heidelberg Engineering, Heidelberg, Germany), Zeiss (Carl Zeiss Meditec, Jena, Germany), Topcon [Topcon
(Great Britain) Medical Limited, Newbury, UK] and Nidek (Nidek Co. Ltd, Aichi, Japan). The most commonly
used OCT was Heidelberg (13 sites); four sites had Heidelberg and Topcon, two sites had Zeiss only, two sites
had Topcon only, two sites had Heidelberg and Zeiss, and one site had Nidek.

Self-reported vision: participant’s subjective assessment of their vision
The onset of exudative AMD may be heralded by the appearance of central visual blurring and
distortion. Patients may complain that straight lines appear crooked or wavy when the lesion involves
the central macula.
At each follow-up visit, participants were asked the following question: ‘How is your vision in the
(unaffected) eye compared with the last visit?’. There were four possible answers to this question:
‘about the same or better’, ‘a bit worse’, ‘worse’ or ‘much worse’.

Visual acuity
Patients with new-onset nAMD will usually have a decrease in best corrected visual acuity (BCVA).
Visual acuity is a measure of the spatial resolution of the visual processing system. It is a psychophysical
test requiring a response from the person to be tested. Usually high-contrast letters of diminishing size
are displayed on a chart at a set distance. The most commonly used chart is the ETDRS chart, which is
based on a geometric progression of letter sizes with five letters in each row. A three-line difference in
either direction from any given line represents a halving or a doubling of the visual angle. BCVA provides
a measure of resolution at the fovea. A change of five or more letters (one full line) on the ETDRS chart
is considered to be within the limits of the reliability and reproducibility of the measurement. Therefore,
a drop of ≥ 10 letters will be considered to be a true reduction in BCVA.
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Description of the reference standard: fundus fluorescein angiography
Fundus fluorescein angiography is currently the reference standard for diagnosing choroidal
neovascularization (CNV) in AMD (i.e. nAMD). A fluorescein angiogram is a sequence of images of
the fundus that is usually captured over a 10-minute period after injection of the non-toxic dye
fluorescein isothiocyanate into a suitable peripheral vein. nAMD is diagnosed by FFA. A technician or
photographer performs the test, which is interpreted by an ophthalmologist. Pupils need to be dilated
prior to the test. nAMD can be classified on the basis of the temporal and spatial features of the
patterns of fluorescence as observed on the FFA.

Classic choroidal neovascularization
Classic choroidal neovascularization is said to be present when an area of well-delineated
hyperfluorescence appears in the early phases of the FFA. Most commonly, classic CNV represents
new vessels that have breached the RPE and lie in the subretinal space. Sometimes a typical lacy
pattern of hyperfluorescence is observed in the very early phase of the angiogram, which corresponds
to the vascular profiles before the fluorescein has leaked out of these vessels and obscured the
margins. Classic CNV also leaks aggressively and, hence, there is considerable pooling of fluorescein
dye in the subretinal space in late frames of the angiogram. Multimodal imaging shows that these
neovascular complexes lie between the RPE and the neurosensory retina and have a feeder vessel
arising from the choroidal circulation.

Occult choroidal neovascularization
As the name suggests, occult choroidal neovascularization refers to the presence of leakage without
clear evidence of neovascular profiles in the early angiographic images. Two types of occult leakage are
recognised. The first is a characteristic stippled hyperfluorescence that occurs early and is located at
the level of the RPE. The RPE layer is elevated and in the later phases of the angiogram there is increasing
hyperfluorescence and pooling of dye in the subretinal pigment epithelial space. The pattern of leakage
suggests new vessels between Bruch’s membrane and the RPE and it is, therefore, considered to be a
fibrovascular pigment epithelial detachment (FPED). The second pattern of occult leakage is a more diffuse
hyperfluorescence with poorly demarcated boundaries that occurs late in the angiographic phase, generally
after 2 minutes have elapsed since the injection of dye. There is no corresponding hyperfluorescence in the
early frames and there is shallow elevation of the RPE. This type of leakage is referred to as late leakage of
indeterminate origin (LLIO). OCT has shed further light on these patterns of leakage and has revealed that
the neovascular complexes of FPED and LLIO patterns are present in the subretinal pigment epithelial
space causing irregular elevation of the RPE.

Retinal angiomatous proliferation
This type of neovascularisation consists of intraretinal telangiectatic blood vessels that are strongly
associated with serous pigment epithelial detachments and a form of drusen known as reticular
pseudodrusen.
A better scientific term for these types of drusen is subretinal drusenoid deposits because the material
accumulates in the outer retina (in the zone containing the photoreceptor matrix). By contrast, classic
drusen, which are the hallmark of AMD, accumulate as nodules or diffuse amounts of material between
the RPE cells or between the cells and their basement membrane.

Polypoidal choroidal vasculopathy
Polyps are said to be present when individual choroidal vessels exhibit focal dilations.34 On colour
imaging, these appear as orange or red nodules. On dynamic contrast imaging (fluorescein and
indocyanine green), polyps become visible, well-defined focal, round areas of hyperfluorescence or
hypercyanescence, which can be pulsatile. Polyps are best visualised on ICGA because this dye is
tightly bound to plasma proteins and, therefore, does not leak out into the choroidal vascular bed.
Polyps are often associated with haemorrhage and lipid exudates. The presence of a haemorrhagic
pigment epithelial detachment (PED) is highly suggestive of the presence of this phenotype. ICGA is
recommended if the combination of FFA and OCT features suggest presence of PCV.1
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A more recent classification based on FFA and OCT combined has been proposed by an international panel
of experts (Consensus on Neovascular AMD Nomenclature criteria), which included the chief investigator
for the EDNA study.35 The new definitions classify CNV into type 1 and 2 with type 1 having vessels that
have not breached the subretinal space and type 2 with vessels that ramify in the subretinal space. Retinal
angiomatous proliferation (RAP) lesions form category 3 and PCV has been included in type 1 sub-category
aneurysmal. These criteria were applied to classify nAMD subtype by the reading centre.

Primary reference standard: fundus fluorescein angiography determination of conversion to
neovascular age-related macular degeneration at the clinical site
The primary reference standard was the clinical interpretation of the FFA by the participant’s clinician.
A positive reference standard (FFA) test was one that showed typical changes of nAMD, as described
above, and as determined by an experienced ophthalmologist.

Secondary reference standard 1: clinical determination of conversion to neovascular
age-related macular degeneration at the clinical site
In the event that the FFA was negative or inconclusive, the clinician diagnosis of nAMD was based on all of
the available clinical information. Should the clinician give a positive diagnosis of nAMD during the 3-year
follow-up, this was the end of EDNA study monitoring for the participant. At the EDNA study exit visit,
if a FFA was not performed, the clinical diagnosis was assessed in the absence of the FFA.

Secondary reference standard 2: reading centre determination of conversion to
neovascular age-related macular degeneration
All FFA results that were collected at the site were uploaded to the reading centre to independently
determine the nAMD diagnosis. The methods for the grading and interpretation of the images are
shown in Report Supplementary Material 1.

Outcome measures
Primary outcome measure
The primary diagnostic performance outcome was the sensitivity and specificity of the index tests
in the detection of nAMD in the study eye in a monitoring setting. The primary economic outcome
was the incremental costs (to the health service) per quality-adjusted life-years (QALYs) gained.

Secondary outcome measures
The secondary diagnostic performance outcomes included the diagnostic odds ratio (DOR), likelihood
ratio and proportion of indeterminate tests. The performance of combinations of tests was also evaluated.
Other outcomes included the time gain of early detection; the visual acuity at diagnosis; the performance
of a risk predictor algorithm according to baseline characteristics; the establishment of a well-characterised
cohort of clinical and biological data for future research; and the creation of a repository of optical
coherence tomography angiography (OCTA) data to explore its potential value in the detection of new
onset nAMD.

Sample size
The sample size calculation was based on comparative diagnostic accuracy to ensure the ability to
detect differences in sensitivity and specificity between candidate tests based on McNemar’s test.36
Under the primary analysis, a positive candidate test result was defined as any positive result during
the monitoring period on the respective test. At a two-sided, 5% significance level and 90% power,
a paired difference of 15% (80% to 65%) in sensitivity required 491 participants (560 participants
allowing for indeterminate/missing data results, including participants lost to follow-up cumulatively of
up to 12%), given a cumulative incidence of 28% at 3 years.37 This calculation assumed a disagreement
between tests of 0.30 based on data from a diagnostic study involving OCT for diagnosis glaucoma.38
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A smaller difference in specificity would be identifiable (7%; 94% to 87% with power and significance
levels as before), even if the maximum level of disagreement occurs given that most participants were not
expected to convert during the 3-year follow-up period. The reference sensitivity and specificity values
used in this calculation are the values observed for OCT in a pilot study with a similar study design.39
Differences in sensitivity and specificity of at least 20% would also be detected at the same power and
significance levels, even if the sensitivities/specificity were substantially lower (e.g. 60% to 40%) or the
number of missing data was larger (e.g. 20%). These calculations conservatively assumed maximum possible
disagreement between tests. A sample of this size would be sufficient for other measures of diagnostic
performance (e.g. the sensitivity and specificity of individual technologies will be estimated to 95%
confidence interval (CI) of width 16% and 10%, respectively, given a sensitivity/specificity of ≥ 65%). Such a
sample would also provide a sufficient sample for the generalised estimating equations (GEE) analysis, given
the anticipated gain in precision owing to the use of multiple repeated measures over time.40 Similarly, this
sample will be sufficient for the development of a risk prediction model with over 130 events (conversions to
nAMD) anticipated and given that 10 events per predictor variable/contract are typically recommended.41

Statistical analyses
Analyses were conducted using Stata® version 15 (StataCorp LP, College Station, TX, USA). All analyses
were conducted following a predefined detailed statistical analysis plan, which can be found in Report
Supplementary Material 2. The baseline characteristics of participants are summarised descriptively in
Chapter 3 from the information collected in clinic and from the reading centre assessment of the baseline
images. Chapter 4 describes the results of the time to conversion and diagnostic monitoring performance
analyses. Chapter 5 summarises descriptively the key imaging characteristics at the time of conversion from
the reading centre analysis. Chapter 6 describes the results of the prediction model analysis.

Time to conversion to neovascular age-related macular degeneration
survival analysis
The survival distribution of conversion to nAMD (defined using the primary reference standard in a
first analysis and as secondary reference standard 1 in a second analysis) over the follow-up period
was estimated. Participants who did not convert to nAMD were censored at the time of their last
available observation. A Kaplan–Meier curve was fitted to estimate the underlying nAMD conversion
distribution and the time of conversion was estimated based on the date of conversion confirmation.
The distribution was estimated assuming parametric distributions and addressing the interval nature
of the data using the stintreg command in Stata®. Exponential, Weibull and log-normal proportional
hazard survival models were fitted. Using an accelerated time failure approach, a generalised gammadistribution was used and related assessments of fit were summarised. The date of participants
developing nAMD was assumed to be the date of the FFA confirming nAMD. In a sensitivity analysis,
this date was altered to a time halfway between the positive FFA and the previous negative FFA.

Diagnostic monitoring performance of the index tests
Main analysis
Under the main analysis approach (analysis A1, see Table 3), repeated monitoring test results were
collapsed over the whole monitoring period to give a single candidate test result (positive or negative)
as shown in Table 2. This was compared with a single final FFA determination of conversion to nAMD
at the clinical site from the participant. Several alternative approaches, in which the definitions for
reference standard and index tests were varied, were predefined to test the robustness of the findings,
and are described in Table 3.
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TABLE 2 Two-by-two table: definitions of index test and disease status for the main analysis
Reference
standard status

Index test positive

Index test negative

Reference standard
positive: nAMD

True positives: any reference standard result
indicates nAMD in study eye AND any
positive index test result during valid
follow-up period

False negatives: any reference standard result
indicates nAMD in study eye AND index test
is negative throughout valid follow-up period

Reference standard
negative: no nAMD

False positives: all reference standard results
indicate no nAMD in study eye AND any positive
index test result during valid follow-up period

True negatives: all reference standard results
indicate no nAMD in study eye AND index test
is negative throughout valid follow-up period

TABLE 3 Description of the alternative reference standard and index test results considered in the main analyses and
the sensitivity analyses
Analysis
number

Analysis description

Reference standard
definition of disease

Index test
definitions

A1 (main
analysis)

Primary diagnostic analysis: diagnostic performance of
the individual tests. Paired comparison (McNemar’s
test) of sensitivity and specificity between the tests

Primary

A

A2

Secondary diagnostic analysis: diagnostic performance
of the individual tests. Paired comparison (McNemar’s
test) of sensitivity and specificity between the tests

Primary

B

A3

Secondary diagnostic analysis: diagnostic performance
of the individual tests. Paired comparison (McNemar’s
test) of sensitivity and specificity between the tests

Primary

C

A4

Secondary diagnostic analysis: diagnostic performance
of the individual tests. Paired comparison (McNemar’s
test) of sensitivity and specificity between the tests

Secondary reference
standard 2

A

A5

Secondary diagnostic analysis: diagnostic performance
of the individual tests. Paired comparison (McNemar’s
test) of sensitivity and specificity between the tests

Secondary reference
standard 2

B

A6

Secondary diagnostic analysis: diagnostic performance
of the individual tests. Paired comparison (McNemar’s
test) of sensitivity and specificity between the tests

Secondary reference
standard 2

C

A7

Secondary diagnostic analysis: diagnostic performance
of the individual tests. Paired comparison (McNemar’s
test) of sensitivity and specificity between the tests

Secondary reference
standard 1

A

Sensitivity analyses
SA1

Uses OCT from the reading centre. Diagnostic
performance of OCT and a paired comparison of the
OCT and the other tests

Primary

A: reading centre
OCT

SA2

A positive subjective vision is defined as ‘worse’ or
‘much worse’. Diagnostic performance of subjective
vision and a paired comparison of subjective vision and
the other tests

Primary

A: subjective vision
‘worse’ or ‘much
worse’

SA3

A positive visual acuity is a drop of ≥ 20 letters.
Diagnostic performance of visual acuity and a paired
comparison of visual acuity and the other tests

Primary

A: visual acuity
drop of ≥ 20 letters

SA4

A positive visual acuity is a drop of 10 letters from
the last FFA-confirmed false positive. Diagnostic
performance of visual acuity and a paired comparison
of visual acuity and the other tests

Primary

A: visual acuity
drop of ≥ 10 letters
from the last FFAconfirmed false
positive
continued
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TABLE 3 Description of the alternative reference standard and index test results considered in the main analyses and
the sensitivity analyses (continued )
Analysis
number

Analysis description

Reference standard
definition of disease

Index test
definitions

SA5

Indeterminate FFA and indeterminate index tests
taken as positive. Diagnostic performance of the
individual tests and a paired comparison of sensitivity
and specificity between the tests

Primary: indeterminate
FFA results defined as
positive

A

SA6

Indeterminate FFA and indeterminate index taken as
negative. Diagnostic performance of the individual
tests and a paired comparison of sensitivity and
specificity between the tests

Primary: indeterminate
FFA results defined as
negative

A

Index test definitions
A: collapsed index test results from whole valid follow-up period. Positive if there is any positive index test and
negative if the index test is negative throughout. All index tests during the valid follow-up period are used.
B: collapsed definition from last 6 months of monitoring. Only uses index tests within 6 months of the participant’s
study end date. Positive if there is any positive index test within the final 6 months and negative if the index test is
negative throughout the final 6 months.
C: Index test result at participant’s last available visit only (within a 3-month window of the last FFA).

To be included in the main analysis, the following criteria were applied for each of the five index tests
separately. If the last FFA result for a participant showed no nAMD, the participant was included if
there was at least one prior index test result during the follow-up period. If the last FFA result for a
participant showed nAMD, and the index test result was within the previous 3 months, the participant
was included. If a participant did not have an index test result within the previous 3 months of their
last FFA, the last FFA was not included. In such cases, the previous FFA result from the participant
obtained during EDNA monitoring was used if satisfying the two rules above. If no follow-up FFA was
available that satisfied either criteria, the participant was excluded from the assessment of that index
test. The valid follow-up period for the index tests was then defined as between baseline and the date
of the last valid FFA (as defined above).

Index test result definition for the main analysis
For each index test, multiple test results were collapsed into a single test result. Any positive test
result over the valid follow-up period was classed as an overall positive result. To be a negative index
test result, all index test results must be negative. The classic 2 × 2 table for assessing diagnostic
accuracy with our definitions is provided in Table 2.
Sensitivity and specificity were calculated with 95% CIs calculated using the Agresti-Coull method.42
Positive and negative likelihood ratios were calculated with 95% CIs calculated using the method in
Zhou 2002.42 The positive and negative likelihood ratios quantify how much the estimated probability
of an individual having the disease should increase or decrease given a positive or negative test result,
respectively. Diagnostic odds ratios and the proportion of indeterminate tests were calculated with
95% CIs. A receiver operating characteristic curve was plotted and the area under the curve (AUC)
was calculated using the trapezoidal rule for visual acuity tests. The standard error for the AUC was
calculated using the method of DeLong et al.43 and was used to form an asymptotic normal 95% CI.
Monitoring sensitivity and specificity of the tests were compared using McNemar’s statistical test
(with 95% CIs produced using Newcombe’s method).44
For comparing sensitivities under the primary analysis, McNemar’s 2 × 2 table was constructed using
only participants who had a positive FFA result. They were classified as having a positive index test if
the index test had any positive results during the valid follow-up period. They were classified as having
a negative index test if all prior available tests were negative during their valid follow-up period.
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For comparing specificities under the primary analysis, McNemar’s 2 × 2 table was constructed using
only participants who had negative FFA results throughout using the same index test classification.

Alternative time periods for inclusion of the index test result
Two alternative, more restricted approaches to including test results in the analysis were predefined.
Analysis A2 collapses the index tests as shown in Table 2, but used index tests from only the individual’s
last 6 study months (not the entire study period). A positive index test result occurring outside the 6-month
window, therefore, did not lead to a positive test result at the collapsed individual level. The individual
diagnostic performance of the tests were calculated using this index test definition and the McNemar
comparisons of sensitivity and specificity, as detailed above.
Analysis A3 used the index test at the individual’s last study visit only. If a participant developed
nAMD according to the reference standard during the follow-up period, only the index test from the
visit at which nAMD was diagnosed were used. If a participant did not develop nAMD during the
follow-up period, index test data from the last visit for which their reference standard was available
were used.

Secondary reference standards
Two secondary reference standards were evaluated:
1. Secondary reference standard 1 – clinical determination of conversion to nAMD at the clinical site.
Reference standard is positive if the clinical interpretation of FFA indicates nAMD or a clinician
diagnosis of nAMD at any time point. The reference standard is negative if the clinical interpretation
of FFA is negative/inconclusive/not carried out and the clinician diagnosis is negative.
2. Secondary reference standard 2 – reading centre determination of conversion to nAMD.
The reference standard is positive if the reading centre FFA indicates nAMD at any time point and
negative if it indicates no nAMD throughout.

Combination of tests
Using the primary reference standard and all available index test results over the monitoring period,
the impact of combining OCT with each of the other index tests was considered using two approaches:
(1) both positive and (2) either positive. For approach (1), a visit at which both of the index tests were
positive was defined as a positive combined result and a negative combined result was produced if
there were no visits at which both of the index tests were positive. For approach (2), at least one
positive index test result from either of the tests resulted in a positive combined result, and a negative
combined result was produced if there were no positive index test results from both of the tests.
Two post hoc test combinations were evaluated. One test combined Amsler, fundus clinical examination,
visual acuity and self-reported vision. The other test combined Amsler, self-reported vision and visual
acuity. Both combinations assumed that any positive test leads to a positive combination test result.
These further combination tests were motivated by considerations of the preliminary findings for the
health economic model.

Sensitivity analyses
Several sensitivity analyses were predefined using the primary reference standard, and are detailed
in Table 3. These explored possible threshold effects for two of the index tests (visual acuity and
self-reported vision) and inclusion of indeterminate reference standard results. A planned sensitivity
analysis to use OCT test results as assessed from the reading centre as an alternative diagnostic test
(rather than OCT assessed at the clinical site) was not possible because the OCT result was assessed in
conjunction with an assessment of the respective FFA at the reading centre.

Subgroup analyses
We undertook a pre-planned subgroup evaluation according to the type of nAMD in the study
eye (CNV and RAP) for the main analysis. These subgroup analyses were classified as exploratory
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and were evaluated at the two-sided 5% significance level, and the individual group sensitivity (with
95% CIs) was calculated. It was not possible to quantify the proportion of classic disease (for the CNV
subtype only) as planned because the data could not be retrieved.

Secondary complex analysis utilising repeated test results
A GEE modelling approach was used to allow the simultaneous modelling of sensitivity and specificity
in a regression framework and the use of multiple test results per participants over time. This had
the advantage of allowing a flexible regression framework (with easy comparison between tests),
allowing for clustering of observations by participants and incomplete data without requiring extensive
distributional assumptions. The GEE modelling was applied using the primary reference standard.
It was assumed that at time points when index tests were available but the reference standard
was not available, the reference standard result was negative until a positive reference standard
finding occurred. An independent correlation structure with robust standard errors was adopted
(xtgee Stata command).

Handling of missing data
The absence of a positive reference standard during a valid follow-up period was presumed to indicate
a negative result. Indeterminate tests were treated as missing, but sensitivity analyses 6 and 7 looked
at the impact of this assumption. For the primary analysis, if the last available reference standard was
missing/indeterminate, the previous reference standard was used with index data curtailed accordingly.
If no reference standards were carried out after the baseline reference standard, then that participant
was excluded from the analysis. If the FFA result was indeterminate or missing, it was excluded unless
a curtailed follow-up period with a valid FFA and index test result existed.

Prognostic model development
A risk prediction model using Cox regression was developed to predict development of nAMD
(defined using secondary reference standard 1) in the EDNA study eye using baseline
candidate predictors.

Sample size
The prognostic model was a substudy within the EDNA study and, therefore, its sample size was
limited to the number of participants available for the diagnostic accuracy study.

Candidate predictors
The baseline variables that were considered for inclusion in the model were selected through discussion
between the clinicians and the statisticians of the study. They included person-specific risk factors collected
via a baseline case report form completed at the site (age, raised blood pressure, smoking history,
cardiovascular disease, diabetes, sex, nutritional supplements, family history of AMD and body mass
index); ocular variables in the EDNA study eye [previous cataract surgery, baseline visual acuity, drusen
type, maximum size of drusen, most frequent size of drusen, presence of pigmentary abnormalities in the
fundus, retinal thinning, choroid thinning, external limiting membrane (ELM) disruption and ellipsoid zone
(EZ) disruption]; and ocular variables in the first-presenting eye (type of wet AMD, lesion size and total
lesion area). Ocular variables were collected from reading centre baseline image grading, with the
exception of previous cataract surgery and baseline visual acuity that were collected via a baseline case
report form completed at the site. Fractional polynomials were used to explore the presence of non-linear
relationships of the continuous predictors (age, baseline visual acuity and total lesion area). To assess the
association between each candidate predictor and the outcome, we conducted univariate analysis using
Cox regression and calculated the hazard ratio and respective 95% CIs.
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Analysis and selection of candidate predictors
We used a multiple Cox regression to estimate hazard ratios and 95% CIs for the candidate predictors.
We initially ran the multiple Cox regression including all candidate predictors (‘full model’). Owing to the
large list of candidate predictors and given the limited sample size, a backwards elimination process was
implemented using a p-value of 0.10 to select predictors for the model. The ‘final model’ was estimated by
including the selected predictors from this process. As part of a sensitivity analysis, we varied the threshold
(from p = 0.05 to p = 0.20) to assess its effect on the final model.

Model performance
The final model’s predictive performance was assessed in terms of discriminative ability using Harrell’s
c-index and accompanying 95% CIs. As a post hoc sensitivity analysis, we assessed the impact of two
variables on the c-statistic: type of drusen and presence of cataract. Calibration was assessed visually by
plotting the Kaplan–Meier survival estimates of risk groups against the monitoring time. Four risk groups
were calculated (divided by the 16th, 50th and 84th centiles of linear prediction risk).45
A planned exploratory analysis of the effect on conversion of extending the model by including as a
covariate CNV subtype (‘percentage classic’) was not conducted because the data could not be retrieved.

Handling of missing data in the prognostic model
Two approaches were used to handle missing data in the development of the prognostic model:
(1) complete case analysis, in which participants with all candidate predictors available were included
in the selection process; and (2) multiple imputation, in which missing values were replaced in candidate
predictors prior to implementing the selection process. Through this process, we assessed the impact of
multiple imputation in the selection of predictors in the final model. In both instances, we excluded
candidate predictors with a large number of missing data (> 20%).

Data collection and processing
A case report form was used to collect participant data at baseline, and at diagnostic test results at
each routine follow-up appointment and at 18 months and 36 months. Data were entered remotely by
clinical research teams into a bespoke password-protected study website. A copy of the case report
form is found in Report Supplementary Material 1.

Baseline measurements
At baseline, data collection included participant demographics, risk factors, whole blood (separated into
white cells, serum and plasma) and baseline index test results. Where baseline measures were already
documented in clinical case notes within 6 weeks prior to consent, these measures were used for entry
into the baseline data collection form and they did not need to be repeated. FFA at diagnosis that confirmed
nAMD in the first eye and a second eye free of nAMD were sent to the reading centre for grading along with
baseline OCT and colour fundus photographs. Ethnicity data were collected from the medical records using
ethnic categories defined on the Medisoft (Medisoft Ltd, Leeds, UK) EMR software.

Follow-up measurements
Data collected at all routine clinic visits after enrolment into the EDNA study for up to 3 years were
extracted from the medical records. These included the index test results and, if a FFA was triggered based
on positive test results, FFA results and clinical diagnosis. At 18 months and 36 months, all index tests
were collected along with a FFA, unless the participant refused or there was a clinical reason to avoid FFA.

Post conversion case note review
Following conversion to nAMD, additional data about the study eye were extracted, and included
number of visits, visual acuity and number of anti-VEGF treatments. These data were used to inform
the health economic analysis.
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METHODS

Optical coherence tomography angiography
In addition to providing standard OCT images (also known as structural or B-scan images), some OCT
acquisition systems have the capability to acquire OCTA. This is a recent introduction into retinal
imaging, which shows images of flowing blood in the microvasculature of the retina and choroid.46
These imaging systems are now commercially available and being increasingly used in the NHS to aid
nAMD detection and diagnosis. In some EDNA sites, existing OCTs have been upgraded to permit
acquisition of OCTA images.
There are emerging data in the literature that suggest that these instruments may reveal hotspots
representing blood flow within developing neovascular membranes, which can be localised to specific
layers, such as the outer retina/choroid slab, the outer nuclear layer slab or the inner retinal layers.47,48
However, data on their clinical relevance to early detection of nAMD are sparse, and there are almost
no good-quality data on the sensitivity and specificity of these instruments compared with FFA.
For the purposes of the EDNA study, OCTA was opportunistically collected when appropriate
instrumentation was available at the clinical site at visits when a FFA was conducted owing to a test
positive (triggered FFA) to provide a data set for future analysis.

Management of the study
The study management team, based within the Centre for Healthcare Randomised Trials (CHaRT),
University of Aberdeen, provided day-to-day support for the recruiting centres led by a local principal
investigator (PI). The PIs, supported by dedicated research nurses, were responsible for all aspects
of local organisation, including recruitment of participants, delivery of index tests and reference
standards, and notification of any problems or unexpected developments during the study period.
The study was supervised by the project management group, which consisted of representatives from
the study office and grant holders. Independent oversight of the study was provided by a Study
Steering Committee comprising eight independent members, including three patient partners. There
was no data monitoring committee as there was no blinding or interventional aspect to the study.

Patient and public involvement
With the support of the Macular Society (Andover, UK), we ensured active patient and public
involvement (PPI) throughout the EDNA study from design to dissemination.

Oversight of the study
A panel of Macular Society patient members (initially one, later three) and the chief executive of the
Macular Society served as members of the EDNA Study Steering Committee, contributing both their
individual perspectives of macular disease and the perspectives of macular disease of the wider
community. As integral members of the Study Steering Committee, they attended regular investigator
meetings in addition to the regular steering committee meetings, and received updates on study
progress between meetings. The Study Steering Committee reviewed and commented on the study
design, protocol and all study documentation, including patient-facing documents that were sent to
potential and recruited participants in the EDNA study. In addition, the PPI partners co-produced a
patient newsletter for EDNA participants and a patient diary to help to monitor eye health, designed
with visually impaired people in mind, and used their own experiences of having their eye health
monitored. Having three patient representatives with different stages of disease and visual impairment
enabled a wide cross-section of input and perspectives.
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Dissemination
The PPI partners have been actively involved in discussions of the study results with the Study Steering
Committee and investigators, and have contributed towards the preparation of the Plain English summary.
They will continue to be involved in dissemination to participants and academic papers. We anticipate that
the PPI partners on the Study Steering Committee will comment on the participant results newsletter/
audio. It is also anticipated that the publication of the study results will be co-ordinated with press releases
from the participating academic/NHS institutions and the Macular Society.
At the end of the study, the PPI partners reflected on their input and made suggestions for future
research, which is included in the discussion.
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Chapter 3 Baseline characteristics of
participants
Recruitment of participants
Between June 2015 and March 2017, 578 participants from 24 NHS hospital eye services consented
to take part in the EDNA study. Figure 6 and Table 4 show the flow of patients approached and reasons
for not taking part. Following consent, 16 participants were subsequently excluded because they had
been consented in error (ineligible) and 10 participants withdrew consent to the use of their data
during EDNA follow-up. The remaining 552 participants formed the EDNA monitoring cohort and their
baseline data are presented here.

Demographics
The baseline characteristics of the EDNA study participants are shown in Table 5. Participants were, on
average, aged 77 years old and a higher proportion were women (57%). Participants were predominantly
of white British ethnicity (72.6%); ethnic background was not recorded in 16.5% of clinical case notes. The
average body mass index (BMI) was 28 kg/m2, more than half of the participants had hypertension (53%)
and just under one-quarter of the participants had cardiovascular disease (22%). Approximately one-sixth
of the participants had diabetes (16%) and around one-third were taking nutritional supplements (30%).
A family history of AMD was recorded in the majority of participants (85%). Never smokers accounted
for around 40% of the cohort, half were former smokers (48%) and only a small proportion were
current smokers (12%).

Approached
(n = 949)

Declined or ineligiblea
(n = 371)

Consented to
take part
(n = 578)

Withdrew consent
to use data
(n = 10)

Consented in error
(n = 16)

EDNA study
(n = 552)

FIGURE 6 The EDNA study cohort. a, Reasons for declined or ineligible are presented in Table 4.
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TABLE 4 Reasons that participants declined or were ineligible to take part in the study
Reasons for not taking part in the study
Aged < 50 years

Participants (N = 371), n (%)
3 (0.8)

History of nAMD in both eyes

14 (3.8)

nAMD detected at baseline in the study eye

11 (3.0)

Visual acuity worse than 68 letters

93 (25.1)

Retinal pathology in study eye that can confound subsequent assessments

40 (10.8)

Not undergoing regular monitoring in standard of care

36 (9.7)

Patient declines further treatment

3 (0.8)

Cannot give informed consent

6 (1.6)

Unable to undergo FFA

24 (6.5)

Does not wish to take part in the study

56 (15.1)

Past study entry date

54 (14.6)

Reason not available

31 (8.4)

TABLE 5 Participant characteristics
Participants (N = 552)

Characteristic
Age (years), mean (SD), n

77.4 (7.7), 552
2

Body mass index (BMI) (kg/m ), mean (SD), n

27.6 (5.3), 423

Sex, n (%)
Male

236 (42.8)

Female

316 (57.2)

Hypertension, n (%)
Yes

292 (52.9)

No

259 (46.9)

Missing

1 (0.2)

Cardiovascular disease, n (%)
Yes

118 (21.4)

No

433 (78.4)

Missing

1 (0.2)

Family history of AMD, n (%)
Yes

82 (14.9)

No

469 (85.0)

Missing

1 (0.2)

Diabetes, n (%)
Yes

88 (15.9)

No

463 (83.9)

Missing

1 (0.2)

Co-morbidities, n (%)
Yes

48 (8.7)

No

502 (90.9)

Missing
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TABLE 5 Participant characteristics (continued )
Characteristic

Participants (N = 552)

Nutritional supplements, n (%)
Yes

165 (29.9)

No

386 (69.9)

Missing

1 (0.2)

Smoking history, n (%)
Current smoker

70 (12.7)

Ex-smoker

264 (47.8)

Never smoked

217 (39.3)

Missing

1 (0.2)

Drug used to treat nAMD in fellow eye, n (%)
Ranibizumab (Lucentis; Genentech, Inc., South San Francisco, CA, USA)

159 (28.8)

Aflibercept (Eylea; Bayer AG, Leverkusen, Germany)

379 (68.7)

Bevacizumab (Avastin; F. Hoffmann-La Roche AG, Basel, Switzerland)
Missing
Ethnicity

13 (2.4)
1 (0.2)

a

British
Irish
Any other white background

401 (72.6)
2 (0.4)
47 (8.5)

Indian

5 (0.9)

Any other Asian background

3 (0.5)

Any other black background

1 (0.2)

Any other ethnic group

2 (0.4)

Missing

91 (16.5)

SD, standard deviation.
a Ethnicity data were collected from the medical records and were not available in 91 participants [categories from
Medisoft software (Medisoft, Leeds, UK)].

Ocular characteristics
With respect to ocular characteristics in the EDNA study eye (Table 6), around 20% of eyes were
pseudophakic. Around one-quarter of the cohort had an EDNA study eye that was phakic with no
cataract. Of those with cataract, nuclear sclerosis was the most common form, with 89% of eyes having
some degree of nuclear opacity, around one-third with cortical cataract and just under 10% with
posterior subcapsular opacities (Table 7).

Baseline features of diagnostic tests assessed in clinic in the EDNA study eye
Amsler test:28 distortion on the chart was determined to be present in 92 participants (16.7%) at
baseline, with the rest having no changes on Amsler. Those with distortion at baseline were excluded
from the Amsler diagnostic test analysis.
Clinical fundus examination:29 features of drusen and/or retinal pigment epithelial changes that constitute
early macular degeneration were seen on slit-lamp examination in the EDNA study eye in 74% of the cohort.
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TABLE 6 Ocular characteristics in the EDNA study eye
Participants (N = 552), n (%)

Ocular characteristic
Study eye
Right

279 (50.5)

Left

273 (49.5)

Baseline examination at clinic
Fundus examination findings
No early AMD

136 (24.6)

Early AMD

407 (73.7)

Geographic atrophy

8 (1.4)

Missing

1 (0.2)

OCT examination findings
No early AMD

151 (27.4)

Early AMD

398 (72.1)

Co-existent atrophy

2 (0.4)

Missing

1 (0.2)

Amsler scotoma present
Yes

92 (16.7)

No

460 (83.3)

Lens status and opacity
Phakic: cataract present

285 (51.6)

Phakic: no cataract present

148 (26.8)

Pseudophakic

117 (21.2)

Missing

2 (0.4)

TABLE 7 Age Related Eye Disease Study (AREDS)49 cataract classification of opacity type (in those with cataract in the
EDNA study eye)49
Nuclear sclerosis (n)
Cataract classification
Cortical

Posterior subcapsular
cataracts

Grade 0

Grade 1

Grade 2

Grade 3

Missing

Total (n)

Grade 0

3

164

25

2

0

194

Grade 1

20

37

13

0

2

72

Grade 2

4

7

3

0

0

14

Missing

0

3

0

0

2

5

Total

27

211

41

2

4

–

Grade 0

20

198

36

1

0

255

Grade 1

4

7

3

1

0

15

Grade 2

3

1

2

0

0

6

Missing

0

5

0

0

4

9

27

211

41

2

4

–

Total
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OCT: features of early macular degeneration, such as drusen30 and subretinal drusenoid deposits
(otherwise termed reticular pseudodrusen),50,51 were seen on OCT scans in the EDNA study eye in
72% of the cohort.
Self-reported vision:31 this was not collected at baseline because it was the first participant visit and
self-reported vision was measured as a change from the previous visit.
Visual acuity:32 the mean visual acuity in the study eye was 79 letters [logarithm of the minimum angle of
resolution (logMAR) 0.1, Snellen equivalent 6/6]. Figure 7 shows the visual acuity distribution at baseline.

Clinical features of the eye presenting with neovascular age-related
macular degeneration (fellow eye)
The mean visual acuity in fellow eyes was 57 ± 5.4 ETDRS letters. The most common anti-VEGF agent
initiated was aflibercept (Eylea; Bayer AG, Leverkusen, Germany) (69%), with around 30% of participants
treated with ranibizumab (Lucentis; Genentech, Inc., South San Francisco, CA, USA). Less than 1% of eyes
were treated with bevacizumab (Avastin; F. Hoffmann-La Roche AG, Basel, Switzerland). Table 8 shows
the lesion characteristics at initial presentation/study enrolment in the fellow eye with active nAMD.
The classification of nAMD was performed by the reading centre.35 The reading centre graded lesion
activity in the fellow eye and reported on the presence of subretinal fluid, fibrin, haemorrhage, atrophy
and fibrosis based on colour and fluorescein angiography. The metric provided by the reading centre
was the total lesion size measured on the enface images of the FFA and this was defined as all neovascular
complex, contiguous elevated blocked fluorescence, pigment epithelial detachment and whole blood,
exudate or fibrous tissue. The area of the active lesion was defined as all neovascular complex, but excluded
serous pigment epithelial detachments and non-perfusing fibrous tissue even if contiguous to the active
area of the lesion. Of the 552 EDNA study participants, baseline imaging data of the fellow eye were
graded from 548 participants. The reading centre graded the majority of CNV as type1 CNV, type 2
CNV or mixed (89%), and 11% of CNV was classified as RAP (type 3). The size of the lesion and location
are shown by composition in Table 8.
(b)
80

80

60

60

Frequency

Frequency

(a)

40

20

40

20

0

0
0

10 20 30 40 50 60 70 80 90 100
Visual acuity (letters read)

0

10 20 30 40 50 60 70 80 90 100
Visual acuity (letters read)

FIGURE 7 Visual acuity (ETDRS letters) distribution at baseline by eye. (a) The EDNA study eye; (b) the fellow eye.
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TABLE 8 Baseline morphology characteristics from reading centre grading in the fellow eye (N = 548)
n (%) or mean (SD), n

Characteristic

Median (P25–P75)

Minimum–maximum

FFA findings in the fellow eyea
Exudative AMD presentb

535 (97.6)

Active CNV or RAP present

517 (94.3)

Total GLD (mm)
2

3.3 (1.8), 535

3.1 (2.0–4.3)

0.1–11.0

Total lesion area (mm )

7.7 (7.8), 535

5.6 (2.3–10.6)

0.1–63.1

Active lesion GLD (mm2)

3.2 (1.8), 518

3.0 (1.9–4.2)

0.1–17.2

Total active lesion area (mm2)

6.9 (7.4), 518

4.7 (2.1–9.8)

0.1–63.1

4.6 (2.5–8.3)

0.2–26.6

1.4 (0.5–3.1)

0.0–41.9

0.1 (0.1–0.2)

0.0–3.3

2.9 (1.0–4.7)

0.1–30.0

1.0 (0.3–2.3)

0.1–9.6

Type 1 MNV present

352 (64.2)
2

Type 1 MNV area (mm )

6.1 (4.9), 352

Type 1 MNV location
Extrafoveal

68 (19.3)

Juxtafoveal

28 (8.0)

Subfoveal

256 (72.7)

Type 2 MNV present

176 (32.1)

Type 2 MNV area (mm2)

2.6 (4.2), 176

Type 2 MNV location
Juxtafoveal

53 (30.1)

Extrafoveal

20 (11.4)

Subfoveal

103 (58.5)

Type 3 MNV present

59 (10.8)
2

Type 3 MNV area (mm )

0.2 (0.4), 59

Type 3 MNV location
Juxtafoveal

28 (47.5)

Subfoveal

8 (13.6)

Extrafoveal

23 (39.0)

Fibrosis present

50 (9.1)
2

Fibrosis area (mm )

4.3 (5.4), 50

Atrophy within lesion

55 (10.0)
2

Area of atrophy (mm )

1.7 (2.0), 55

Location of atrophy
Extrafoveal

18 (32.7)

Juxtafoveal

26 (47.3)

Subfoveal

11 (20.0)
a

OCT findings fellow eye

Central foveal thickness (µm)

396.5 (145.6), 518

370.5 (292.0–479.0)

144.0–1096.0

GLD, greatest line diameter; MNV, macular neovascularisation; P25, percentile 25; P75, percentile 75;
SD, standard deviation.
a In the cohort of 552 participants, there were eight missing baseline FFA images and 15 missing OCT images.
b No grading was available on exudative AMD for one participant and the remaining eight participants had no nAMD
by reading centre grading.
Reproduced or adapted with permission from Sivaprasad et al.52 This is an Open Access article distributed in accordance
with the terms of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt
and build upon this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/
licenses/by/4.0/. The table includes minor additions and formatting changes to the original table.
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Discussion
Although we are unable to compare baseline characteristics in a contemporary control population
drawn from the same ethnic and geographical distributions within the EDNA study, our participants
had many similarities to those observed in previous population-based and clinic enrolled studies. The
baseline EDNA participant characteristics are indeed similar to other nAMD studies in terms of age
and female preponderance. Increased BMI is a risk factor for nAMD and the mean BMI was above the
normal range in our population.53 Around two-thirds of our population were either past or current
smokers. Smoking is known to be a strong risk factor for AMD.54 Around one-third of our participants
were taking nutritional supplements. This finding suggests that vitamin supplements have not gained
much ground in the UK population despite the Age Related Eye Disease Study (AREDS),55 which found
that the fellow eye of patients with nAMD benefited from vitamin supplements with a relative risk
reduction of around 20%.
Around three-quarters of the EDNA study eyes exhibited features of early AMD, consisting of drusen
and/or pigmentary irregularities.56 These features are key ocular risk factors in fellow eyes of patients
with nAMD in one eye.57,58
We phenotyped the nAMD lesion in fellow eyes because we intended to use the data to develop a
model to predict the onset of nAMD in the EDNA study eye. We graded key baseline characteristics,
such as lesion size, lesion type and markers of lesion activity. It is notable that the lesion composition
and type is often symmetrical between eyes, with the highest concordance seen in RAP lesions.59 In
the EDNA cohort, fellow eyes with nAMD exhibited neovascular lesions that arose mainly from the
choroid constituting type 1, type 2 or mixed pattern.35 Around 10% of the cohort had RAP lesions.
RAP is best appreciated on ICGA video. In addition, RAP lesions eventually connect with the choroidal
vasculature. Thus, it is possible that some lesions that were classified as type 1 or type 2 in the EDNA
study fellow eyes may have arisen as RAP lesions, which would account for the lower prevalence than
that observed in studies that have phenotyped lesions in great detail with FFA and ICGA.23 Variations
in the proportions of the different types of lesions is not uncommon in different populations.35
A key reason for reading centre assessment of the EDNA images was to confirm the diagnosis of
nAMD in the included participants and, subsequently, to confirm the onset of nAMD when the index
tests and/or FFA were reported as positive by the clinical sites. In terms of the former, it was very
reassuring to note that the reading centre reported only eight of the fellow eyes to have been
incorrectly diagnosed as exhibiting nAMD. These cases had exudative maculopathies that were deemed
to have arisen from other aetiology, such as central serous retinopathy which can mimic the features
of nAMD.
We collected information about ineligible participants during the enrolment period. It was notable that
around one-quarter of ineligible participants had a baseline visual acuity of < 68 letters in their EDNA
study eye. This was surprising given that 68 letters on the ETDRS chart equates to a Snellen acuity of
6/12, which represents the cut-off level for the driving standard applicable to the better seeing eye.
Our data, therefore, suggest that a significant minority of older adults presenting with nAMD in one
eye also have visual impairment of sufficient severity in the eye free of nAMD. This impairment is at
a level that can produce a considerable diminution of quality of life as driving, reading and other
activities dependent on high levels of visual acuity become difficult to perform.18,60 Possible reasons for
the impaired function in the second eye of patients with nAMD in one eye are media opacities and
other retinal co-morbidities. This finding has implications for social services and providers of care.
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Chapter 4 Diagnostic accuracy results

T

he set of index tests included in this study, namely visual acuity, fundus clinical examination,
macular OCT, change in vision reported by the patient and the Amsler chart, were performed at
routine visits. A positive index test was a trigger for the primary reference standard, which was the
clinician diagnosis of active nAMD based on the FFA results. Clinicians reviewed the angiographic
sequence to confirm the diagnosis. When regions of the posterior fundus were observed to develop
areas of hyperfluorescence, owing to leakage of fluorescein from the new vessels during the transit
phase of the dye in the sequential images of the angiographic run, this constituted a feature of nAMD.

Overview of the analyses presented
The analysis has been carried out (see Report Supplementary Material 2) based on the following
diagnostic reference standards.

Primary reference standard: fundus fluorescein angiography determination of conversion to
neovascular age-related macular degeneration at the clinical site
This was undertaken by the clinician at the clinical site. We chose this as the primary reference
standard because this is the recognised method of determining the onset of nAMD at the clinic.
This represents the most appropriate and pragmatic standard of care.

Secondary reference standard 1: clinical determination of conversion to neovascular
age-related macular degeneration at the clinical site
We included this alternative reference standard to allow for clinical interpretation of disease status
based on negative or indeterminate FFA results, or when a FFA was refused by participants or deemed
unsafe owing to patient characteristics. Where a FFA was unavailable, a clinical diagnosis of nAMD
was made based on all available clinical information. We included this secondary reference standard
because we recognised that a proportion of participants would not be put through a FFA. This arose
because of two reasons: (1) although enrolled participants had to have had a FFA, some had experienced
mild allergic response to fluorescein and, therefore, subsequent FFA was deemed to be unsafe; and
(2) participants sometimes declined a FFA because the procedure was found to be uncomfortable,
inducing nausea in some susceptible cases.

Secondary reference standard 2: reading centre determination of conversion to
neovascular age-related macular degeneration
This was carried out by the reading centre after submission of the FFA images to netwORC UK
(Belfast, UK). It is known that there is disagreement between clinician determination and reading centre
determination of conversion to nAMD.61 Reading centres are known to produce data with higher
reliability and consistency than clinicians and, hence, have been used as the gold standard in clinical
trials and studies. Therefore, we included reading centre determination as a further reference standard
to confirm whether or not FFA shows conversion from the non-neovascular stage to neovascular AMD.
We further presented the results of each of the three reference standards by three timeline-specific
definitions for index tests. Under each specific timeline definition of the index test, additional analyses
were conducted as follows:
1. Primary reference standard – FFA determination of conversion to nAMD at the clinical site –
i. index test results cover the entire period of follow-up (main analysis):
– main analysis and paired comparison
– combining index test results
– subgroup analysis based on nAMD subtype
Copyright © 2022 Banister et al. This work was produced by Banister et al. under the terms of a commissioning contract issued by the Secretary of State for Health and
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– sensitivity analyses varying the index test definitions for self-reported vision and severity of
visual acuity loss
– sensitivity analyses varying the definition of an inconclusive FFA result
– modelling diagnostic accuracy by GEE
ii. index test results cover the last 6 months of participant follow-up
iii. index test results are based on the last visit available
2. Secondary reference standard 1 – clinical determination of conversion to nAMD at the clinical site –
i. index test results cover the entire period of follow-up
3. Secondary reference standard 2 – reading centre determination of conversion to nAMD –
i. index test results cover the entire period of follow-up
ii. index test results cover the last 6 months of follow-up
iii. index test results are from the last visit available.
Figure 8 shows a flow chart describing the cohort, the number of participants who were included
within the analyses pertaining to each reference standard and the number of participants deemed to
EDNA cohort
(n = 552)
No follow-up data
(n = 9)
Follow-up data available
(n = 543)a

Primary reference
standard

FFA performed
(n = 464)

FFA not performed
(n = 78)
Invalid timing of FFA
(n = 1)

Converted to nAMD
(n = 120)

Did not convert
to nAMD
(n = 336)

Secondary reference
standard 1

Secondary reference
standard 2

Determined at clinical site

Determined at reading centre

Included
(n = 489)

Excluded/
missing
(n = 54)

Included
(n = 460)

Excluded/
missing
(n = 83)

Converted to nAMD
(n = 145)

Converted to nAMD
(n = 119)

Did not convert to
nAMD
(n = 344)

Did not convert to
nAMD
(n = 341)

Inconclusive FFA
(n = 8) (excluded)

FIGURE 8 Participants’ status at the end of the study per reference standard. a, Participants have at least one index test
available during follow-up.
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have converted from the non-exudative state to exudative AMD in the EDNA study eye under each
reference standard. Of the 552 eligible participants in the EDNA cohort with a diagnosis of nAMD in
the first-presenting eye (fellow eye) based on a FFA at baseline, nine participants had no follow-up data
and were, therefore, excluded from all subsequent analyses. Of the 543 participants with at least one
follow-up visit, 464 participants had at least one additional FFA and constituted the cohort included in
the analysis using the primary reference standard for all index tests. Given that it was prespecified that
participants with a positive Amsler test at baseline would be excluded, we had a smaller sample who
could be included in the assessment of the performance of the Amsler test.
Secondary reference standard 1 represents the broadest definition of conversion to nAMD and
included 489 out of the 552 eligible participants. In this cohort we had an additional 25 participants
who did not have a FFA, but had a clinical determination of conversion to nAMD at the study site.
In the remaining 54 participants, there was insufficient follow-up precluding use of their data in the
analysis. The sample included in secondary reference standard 2 consisted of data from 460 participants
whose FFA was graded at the reading centre. The differences in the reference standards defined above
result in differences in the number of EDNA study eyes that were deemed to have converted to nAMD
under each analysis. For a summary of the comparison between the primary and the two secondary
reference standards, see Tables 25 and 26.

Monitoring and testing frequency
Table 9 shows the mean number of clinic visits and index tests undertaken during the 36-month
follow-up period from the 543 participants with follow-up data (for the Amsler test this is 453 participants
because 90 participants were excluded). The average number of clinic visits was 15.6 visits during follow-up
(range 1–35 visits). A large proportion of all five index tests was carried out at clinical visits. The mean
number of Amsler tests performed was smaller than that of other index tests. Of the participants
who had a follow-up, a positive Amsler at baseline was recorded in 90 (17%) participants and, as per
protocol, subsequent Amsler test results were not conducted and, therefore, these individuals were
not included in any of the diagnostic accuracy analyses. Appendix 1 shows these data for the subset
excluded from the main analysis. No serious adverse events were reported during the study.

TABLE 9 Number of visits/tests carried out per participant over the 3-year period
Eligible participants (N = 543)
Visit/test

Mean (SD), n

Minimum–maximum

P25–P75

Clinic visits

15.6 (7.7), 543

1–35

10–21

Amsler

13.8 (7.5), 453a

0–35

8–18

Fundus clinical examination

14.2 (7.4), 543

0–35

9–19

OCT

14.5 (7.5), 543

1–35

9–19

Self-reported vision

14.0 (7.4), 543

0–35

9–19

Visual acuity

15.5 (7.6), 543

1–35

10–21

Index tests

P25, percentile 25; P75, percentile 75; SD, standard deviation.
a The total number of participants with Amsler information available at follow-up excludes those who had a positive
Amsler at baseline (n = 90).
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Primary reference standard
The following sections relate to analyses conducted using the primary reference standard.

Time to conversion to neovascular age-related macular degeneration
Of the 456 participants who were included in the primary reference standard analysis, eight
participants were excluded because the FFA was reported as inconclusive by the site clinician (see
Figure 8). The average number of FFAs carried out during follow-up was 1.7 FFAs (standard deviation
1.1 FFAs). In participants who developed nAMD during follow-up, the average number of FFAs carried
out was 1.5 FFAs (standard deviation 0.82 FFAs) compared with 1.7 FFAs (standard deviation 0.82 FFAs)
in those whose study eye did not convert to nAMD. The maximum number of follow-up FFAs that was
recorded in any one participant was six.
During follow-up, 145 conversions to nAMD were detected by clinicians using clinical information
and any available imaging modality. Of these conversions, 120 had a FFA performed at the time of
conversion and read by the clinician, who confirmed conversion to nAMD based on this imaging
modality. This yielded a crude conversion rate of 26% (95% CI 22.3% to 30.6%), with a median
follow-up time of 33 months (range 0.8 to 38.5 months).
The Kaplan–Meier curve for the conversion to nAMD in the EDNA study eye, using the time of FFA
confirmation of conversion (primary reference standard) as the time of conversion to nAMD, is shown
in Figure 9.
The rate of conversion to nAMD in the EDNA study eye over the follow-up period was uniform. The
sharp decline seen in the Kaplan–Meier plot at 36 months reflects the small cluster of conversion events
from the reduced number of participants still at risk at this time point. The revised Kaplan–Meier curve
(Figure 10), in which the time of conversion was recalculated as the mid-point between the date of FFA
confirmation of nAMD conversion and the last (negative) FFA, does not show this dip. In Figure 10, the
curve flattens after month 12, whereas the curve in Figure 9 appears to show a more uniform risk over
the first 24 months.

Proportion nAMD free
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0.75

0.50

0.25

0.00
0
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18

24
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36

266

130

Follow-up time (months)

Number at risk
456

431

400

362

303

FIGURE 9 Kaplan–Meier survival estimate: months from consent to conversion to nAMD or exit from the study (primary
reference standard). Raw data: the time of conversion to nAMD is the date that the FFA is conducted. Reproduced with
permission from Sivaprasad et al.52 This is an Open Access article distributed in accordance with the terms of the
Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon this
work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
The figure includes minor additions and formatting changes to the original figure.
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FIGURE 10 Kaplan–Meier survival estimate: months from consent to conversion to nAMD or exit from the study
(primary reference standard). Interpolated results: assumes that time of conversion to nAMD is midway between the last
FFA without disease and the positive FFA.

Given that the study design required an exit visit with an assessment, which would differ from usual
clinical practice, we specifically examined this time point. Of the 265 participants who were at risk and
who did not have nAMD detected in the EDNA study eye by month 30, 18 participants were found to
have converted to nAMD after 30 months, of whom 11 were detected at the planned study exit visit
and seven prior to the planned exit visit. Among these 18 study eyes, none reported all index tests as
negative in the period between 30 months in the study and the planned exit visit. One participant had
a negative OCT and a positive FFA result.

Diagnostic performance of the index tests: index test acquired during the entire follow-up
period (main analysis)
The following results relate to the primary reference standard and analyses for which the index test
results cover the entire period of follow-up.
Table 10 shows the time in days between the last index tests and the reference standard, grouped by
conversion to nAMD status. In participants who converted to nAMD, the mean interval between the
index test and the reference standard ranged between 30.3 days for Amsler and 6.9 days for OCT. The
median interval between a positive index test and a positive reference standard is zero, which shows
that, in the majority of participants who converted to nAMD, the positive index test triggered the
reference standard measurement on the same day. In participants who did not develop nAMD in their
EDNA study eye during follow-up, the interval between the last index test and the final FFA ranged
from an average of 8.4 days for self-reported vision to 117 days for visual acuity. Similar tables for the
secondary reference standards are presented in Appendix 1.
The sensitivity and specificity of the index tests compared with the primary reference standard
(FFA determination of conversion to nAMD at the clinical site) are shown in Table 11. The maximum
available sample size, as shown in Figure 8, is 464 participants. However, data were missing for a few
participants in each of the index tests. More information on missing data is available in Appendix 2.
OCT had the highest sensitivity at 91.7%, followed by fundus clinical examination (53.8%). All
remaining index tests, including Amsler, visual acuity and self-reported vision, had sensitivities that
fell below 50%. The fundus clinical examination had the highest specificity (97.9%), followed by
self-reported vision (97%) and OCT (87.8%).
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TABLE 10 Interval in days between the primary reference standard and index test, grouped by conversion to nAMD in
EDNA study eye (main analysis)
Participants who converted to nAMD

Participants who did not convert to nAMD

Index test

Mean number
of days (SD), na

Median
(P25–P75)

Mean number
of days (SD), n

Amsler

30.3 (114.4), 98

0 (0–13)

82.2 (223.0), 279

0 (0–0)

Fundus clinical examination

9.4 (28.5), 119

0 (0–13)

9.7 (64.6), 335

0 (0–0)

OCT

6.9 (17.2), 120

0 (0–12)

39.0 (142.3), 335

0 (0–0)

Self-reported vision

7.3 (13.4), 118

0 (0–13)

8.4 (51.0), 337

0 (0–0)

16.3 (78.2), 120

0 (0–13)

117.0 (264.1), 335

0 (0–21)

Visual acuity

Median
(P25–P75)

P25, percentile 25; P75, percentile 75; SD, standard deviation.
a Number of participants with information available for each test is in each row.
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TABLE 11 Diagnostic accuracy main analysis: index test sensitivity and specificity (with 95% CIs)
True positives (n)/
participants
with nAMD (n)

Specificity (%)
(95% CI)

True negatives (n)/
participants
without nAMD (n)

Index test

Sensitivity (%)
(95% CI)

Amsler

33.7 (25.1 to 43.5)

33/98

81.4 (76.4 to 85.5)

227/279

Fundus clinical examination

53.8 (44.8 to 62.5)

64/119

97.6 (95.3 to 98.9)

327/335

OCT

91.7 (85.2 to 95.6)

110/120

87.8 (83.8 to 90.9)

294/335

4.2 (1.6 to 9.8)

5/118

97.0 (94.6 to 98.5)

327/337

30.0 (22.5 to 38.7)

36/120

66.3 (61.0 to 71.1)

222/335

Self-reported vision
Visual acuity

Changing the reference standard to include FFA results that were inconclusive, by classifying them
as all positive or all negative, had little impact on the sensitivity and specificity of the index tests
(see Appendix 1).
Table 12 shows the likelihood ratios (with 95% CIs) that indicate the probability of conversion to
nAMD, with values that are furthest from 1 being the most informative; a likelihood ratio of 1 means
that the test result is equally likely to be positive or negative in participants with and without nAMD.
OCT, fundus clinical examination and Amsler CIs for the positive likelihood ratio did not include 1.
OCT and fundus clinical examination CIs for the negative likelihood ratio did not include 1. OCT had a
high positive likelihood ratio and a very low negative likelihood ratio.
By contrast, the fundus clinical examination has a very high positive likelihood ratio, but the negative
likelihood ratio is five-times worse than for OCT. Diagnostic odds ratios varied from 0.8 (visual acuity)
to 79.5 (OCT).

Paired comparisons between index tests (main analysis)
Table 13 shows the paired differences (with 95% CIs) in sensitivity and specificity for detecting nAMD
between two index tests along with the corresponding McNemar’s test p-values for analysis A1.
Corresponding McNemar’s tests for the paired comparisons are also given. The sensitivity of the test
pairs differed significantly from each other (see Table 13) except for the pair constituted by Amsler and
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TABLE 12 Likelihood positive and negative ratios and diagnostic odds ratios (with 95% CIs): main analysis

Index text

Likelihood positive
ratio (95% CI)

Likelihood negative
ratio (95% CI)

Diagnostic odds
ratio (95% CI)

1.8 (1.3 to 2.6)

0.8 (0.7 to 1.0)

2.2 (< 0.01 to > 100)

22.4 (16.7 to 30.1)

0.5 (0.2 to 0.9)

47.4 (< 0.01 to > 100)

OCT

7.5 (4.1 to 13.9)

0.1 (0.1 to 0.1)a

79.5 (< 0.01 to > 100)

Self-reported vision

1.4 (0.6 to 3.3)

1.0 (0.5 to 1.8)

1.4 (< 0.01 to > 100)

Visual acuity

0.9 (0.6 to 1.2)

1.1 (1.0 to 1.2)

0.8 (< 0.01 to > 100)

Amsler
Fundus clinical examination

a Numbers in CI have been rounded to the first decimal place; OCT likelihood negative ratio is 0.095 (0.074 to 0.122).
Note
A likelihood positive ratio of ≥ 10 is sometimes considered to indicate a substantial increase in the probability of a
patient having the disease and a negative likelihood ratio of ≤ 0.1 is correspondingly considered to indicate a substantial
decrease in the probability that the patient is disease free.
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TABLE 13 Paired comparison between tests (main analysis)

Comparison

Difference (%) in sensitivity
(95% CI); p-valuea

Difference (%) in specificity
(95% CI); p-valuea

OCT vs. Amsler

59.6 (48.1 to 68.6); < 0.001

OCT vs. fundus clinical examination

37.8 (27.6 to 47.1); < 0.001

–9.9 (–13.9 to –6.1); < 0.001

OCT vs. self-reported vision

87.4 (79.1 to 91.9); < 0.001

–9.3 (–13.4 to –5.3); < 0.001

OCT vs. visual acuity

61.7 (49.9 to 70.7); < 0.001

21.5 (15.6 to 27.3); < 0.001

Amsler vs. fundus clinical examination
Amsler vs. self-reported vision
Amsler vs. visual acuity

–16.3 (–29.0 to –2.8); 0.03
29.6 (19.2 to 39.7); < 0.001
9.2 (–3.5 to 21.5); 0.21

6.9 (1.1 to 12.6); 0.02

–16.2 (–21.3 to –11.5); < 0.001
–17.3 (–22.3 to –12.7); < 0.001
12.3 (5.3 to 19.2); < 0.001

Fundus clinical examination vs.
self-reported vision

50.0 (40.3 to 58.7); < 0.001

Fundus clinical examination vs. visual acuity

24.4 (12.5 to 35.2); < 0.001

31.3 (25.9 to 36.7); < 0.001

–25.2 (–34.0 to –16.5); < 0.001

30.7 (25.7 to 35.9); < 0.001

Self-reported vision vs. visual acuity

0.6 (–2.0 to 3.3); 0.80

a The p-value is calculated using McNemar’s test; differences are the first test minus the second test, i.e. OCT vs.
Amsler is the OCT value minus the Amsler value.
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visual acuity for which the difference in sensitivity was 9.2% and did not reach statistical significance.
Differences in sensitivity between index tests varied from –16.3% (Amsler vs. fundus clinical examination)
to 87.4% (OCT vs. self-reported vision). The differences in sensitivity between OCT and all of the other
tests were statistically significant, with these differences ranging from 38% to 87%. The magnitude of
differences in specificity between OCT and other tests was smaller; fundus clinical examination and
self-reported vision specificity were marginally but significantly higher than that for OCT.
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Combining test results (main analysis)
Table 14 shows the sensitivity and specificity of combinations of index test to detect nAMD, where a
positive combination is defined as a positive OCT or a positive index test selected from any one of the
other index tests. This definition specifies that both tests have to be negative for the combination to be
deemed negative. The combination of index tests shows a marginal improvement in sensitivity compared
with conducting OCT alone (sensitivity 91.7%, 95% CI 85.2% to 95.6%). Specificities are lower for a
combination of index tests than for using OCT alone (specificity 87.8%, 95% CI 83.8% to 90.9%).
In Table 15, the definition of the combination has been changed, and the combination test is positive only
if both the OCT and the index test results are positive. With the combination defined in this manner, the
sensitivity drops but the specificity improves for all of the combinations tested. See Appendix 1 for the
results of two further post hoc combination tests of Amsler, fundus clinical examination, visual acuity and
self-reported vision, and Amsler, visual acuity and self-reported vision; the results similarly indicated that
OCT alone was a better monitoring strategy.

Subgroup analysis based on neovascular age-related macular degeneration subtype
A planned subgroup analysis was conducted based on the nAMD subtype [CNV (type 1 and 2) vs. RAP
(type 3)] in the study eye at conversion to nAMD. Figure 11 shows the participants included in this
analysis. To be eligible for inclusion, the reading centre nAMD phenotype in the EDNA study eye at
conversion to nAMD had to be available.

TABLE 14 Sensitivity and specificity (with 95% CIs) when combining each index test with OCT (OCT or index test positive)
True positives (n)/
participants
with nAMD (n)

Specificity (%)
(95% CI)

True negatives (n)/
participants
without nAMD (n)

OCT result combined witha

Sensitivity (%)
(95% CI)

Amsler

93.9 (87.0 to 97.4)

92/98

73.3 (67.8 to 78.2)

203/277

Fundus clinical examination

94.1 (88.1 to 97.3)

112/119

86.0 (81.8 to 89.3)

288/335

Visual acuity

96.7 (91.5 to 99.0)

116/120

60.0 (54.7 to 65.1)

201/335

Self-reported vision

91.5 (84.9 to 95.5)

108/118

85.1 (80.8 to 88.5)

285/335

a A result is considered positive if either the OCT or the index test is positive.
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TABLE 15 Sensitivity and specificity (with 95% CIs) when combining each index test with OCT (OCT and index test positive)

OCT results combined witha

Sensitivity (%)
(95% CI)

True positives (n)/
participants with
nAMD (n)

Specificity (%)
(95% CI)

True negatives (n)/
participants
without nAMD (n)

Amsler

32.7 (24.2 to 42.5)

32/98

96.8 (93.9 to 98.4)

268/277

Fundus clinical examination

51.3 (42.4 to 60.1)

61/119

99.4 (97.7 to 100.0)

333/335

Visual acuity

25.0 (18.1 to 33.5)

30/120

94.0 (90.9 to 96.1)

315/335

4.2 (1.6 to 9.8)

5/118

99.7 (98.2 to 100.0)

334/335

Self-reported vision

a A result is considered positive if both the OCT and the index test are positive.
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Participants who converted to
nAMD (primary reference
standard)
(n = 120)

No nAMD on secondary
reference standard 1
(n = 20)

Missing nAMD subtype
at conversion
(n = 2)

Subtype in study eye
at conversion
(n = 98)

CNV
(n = 84)

RAP
(n = 14)

FIGURE 11 Flow of participants included in the nAMD subtype subgroup analysis.

Table 16 presents the sensitivity of each index test to detect nAMD conversion in the study eye by
nAMD-type subgroup. Differences in the sensitivity of detection of conversion to nAMD were seen
by nAMD subtype. The Amsler test was numerically better in the RAP subgroup than in the CNV
subgroup. In addition, the sensitivity of the detection of conversion to nAMD by OCT was better in
the RAP subgroup at 100% than in the CNV subgroup at 91.7%.

Sensitivity analyses I: varying the definition of index tests
The definitions of two of the index tests (self-reported vision and visual acuity) were changed to estimate
their impact on the sensitivity and specificity of detection of conversion to nAMD in the study eye.
TABLE 16 Index test sensitivity (with 95% CIs) subgroup analysis by nAMD subtype (primary reference standard, index
test results cover entire period of follow-up)
nAMD subtype
CNV (maximum N = 84)

RAP (maximum N = 14)

Index test

Sensitivity (%)
(95% CI)

TP/nAMD

Amsler

31.9 (22.1 to 43.6)

22/69

38.5 (17.6 to 64.6)

5/13

Fundus clinical examination

57.8 (47.1 to 67.9)

48/83

50.0 (26.8 to 73.2)

7/14

OCT

91.7 (83.5 to 96.2)

77/84

100.0 (74.9 to 100.0)

14/14

4.9 (1.5 to 12.3)

4/82

32.1 (23.1 to 42.8)

27/84

Self-reported vision
Visual acuity

Sensitivity (%)
(95% CI)

0.0
21.4 (6.8 to 48.3)

TP/nAMD

0/14
3/14

TP, true positive.
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On changing the test positive self-reported vision to either ‘worse’ or ‘much worse’ since the last
appointment, Table 17 shows a higher sensitivity and lower specificity than the definitions used in
the primary analysis (see Table 11).
For visual acuity, the definition of a positive test in the main analysis was a drop of ≥ 10 letters from
baseline. Two changes in this test definition were made: (1) a drop of ≥ 10 letters since the last FFA
and (2) a drop of ≥ 20 letters since baseline.
Both sensitivity analyses of visual acuity resulted in a lower sensitivity but a substantially higher
specificity than that of the definitions used in the primary analysis (see Table 11).

Sensitivity analyses II: index test results cover the last 6 months of participants’ follow-up
Table 18 shows the sensitivity and specificity (with 95% CI) of the index tests in the last 6 months of
the participants’ follow-up for detecting conversion to nAMD. The sensitivity and specificity are similar
to that of the main analysis (see Table 11). The likelihood ratios (with 95% CIs) are shown in Table 19.
TABLE 17 Index tests sensitivity and specificity (with 95% CIs): sensitivity analyses SA1–A3 (primary reference standard,
index test results cover entire period of follow-up)

Sensitivity (%)
(95% CI)

True positives (n)/
participants with
nAMD (n)

Specificity (%)
(95% CI)

True negatives (n)/
participants
without nAMD (n)

Self-reported vision: worse
or much worse

15.3 (9.8 to 22.9)

18/118

92.3 (88.9 to 94.7)

311/337

Visual acuity: ≥ 10 letters
since last FFA

11.7 (7.0 to 18.8)

14/120

93.1 (89.9 to 95.4)

312/335

Visual acuity: ≥ 20 letters
since baseline

10.8 (6.3 to 17.8)

13/120

98.2 (96.1 to 99.3)

329/335

Test positive definition

TABLE 18 Index tests sensitivity and specificity (with 95% CIs): analysis A2 (primary reference standard, index test
results cover the last 6 months of participants’ follow-up)

Index test

Sensitivity (%)
(95% CI)

True positives (n)/
participants with
nAMD (n)

True negatives (n)/
participants
without nAMD (n)

Specificity (%)
(95% CI)

Amsler

28.3 (20.3 to 37.9)

28/99

92.6 (88.8 to 95.2)

251/271

Fundus clinical examination

52.9 (44.0 to 61.7)

63/119

99.4 (97.7 to 100.0)

333/335

OCT

91.7 (85.2 to 95.6)

110/120

94.6 (91.6 to 96.6)

317/335

4.2 (1.6 to 9.8)

5/118

97.9 (95.6 to 99.1)

326/333

27.5 (20.3 to 36.1)

33/120

84.2 (79.9 to 87.7)

282/335

Self-reported vision
Visual acuity

TABLE 19 Likelihood positive and negative ratios and diagnostic odds ratios (with 95% CIs): analysis A2

Index test
Amsler
Fundus clinical examination
OCT

Likelihood positive
ratio (95% CI)
3.8 (2.6 to 5.5)
88.2 (65.8 to 118.2)

Likelihood negative
ratio (95% CI)

DOR (95% CI)
4.9 (0.1 to > 100)

0.8 (0.5 to 1.1)

186.1 (5.1 to > 100)

0.5 (0.1 to 1.9)
a

193.6 (10.0 to > 100)

17.0 (9.2 to 31.3)

0.1 (0.1 to 0.1)

Self-reported vision

2.0 (0.8 to 4.8)

1.0 (0.5 to 2.0)

2.0 (< 0.01 to > 100)

Visual acuity

1.7 (1.2 to 2.5)

0.9 (0.7 to 1.1)

2.0 (< 0.01 to > 100)

a Numbers in the CI have been rounded to the first decimal place; OCT likelihood negative ratio is 0.088 (0.057 to 0.134).
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Table 20 shows the paired differences (with 95% CIs) in sensitivity and specificity for detecting nAMD
between pairs of index tests along with the corresponding McNemar’s test for significance. Index test
sensitivities were statistically significantly different in these comparisons, except for the comparison
between Amsler and visual acuity. Statistically significant differences in sensitivity varied from –22.0%
(self-reported vision vs. visual acuity) to 87.3% (OCT vs. self-reported vision) in magnitude.
For specificity, the differences were significant for all comparisons, except for OCT versus Amsler and
fundus clinical examination versus self-reported vision. Statistically significant differences in specificity
between index tests varied from –6.7% (Amsler vs. fundus clinical examination) to 15.2% (fundus
clinical examination vs. visual acuity) in magnitude. The specificity of the detection of conversion to
nAMD for the fundus clinical examination and self-reported vision was generally higher than that for
self-reported vision and fall in visual acuity.

Sensitivity analyses III: index test results are based on the last visit available
Table 21 shows the sensitivity and specificity of index tests (with 95% CIs) for detecting conversion to
nAMD using data from the last visit only. Results are similar to that of the main analysis (see Table 11).
OCT has the best sensitivity, with 90.0%; all of the other index tests have a sensitivity below 50%.
Fundus clinical evaluation has the highest specificity (99.7%), followed by self-reported vision (98.5%),
OCT (96.4%), Amsler (93.7) and visual acuity (88.4%). Likelihood ratios (with 95% CIs) and diagnostic
odds ratios are shown in Table 22.

TABLE 20 Comparison between index tests
Difference (%) in sensitivity
(95% CI); p-valuea

Comparison

Difference (%) in specificity
(95% CI); p-valuea

OCT vs. Amsler

64.6 (53.1 to 73.2); < 0.001

OCT vs. fundus clinical examination

38.7 (28.4 to 48.0); < 0.001

–4.8 (–7.8 to –2.3); < 0.001

OCT vs. self-reported vision

87.3 (79.0 to 91.8); < 0.001

–3.3 (–6.5 to –0.3); 0.04

OCT vs. visual acuity

64.2 (52.4 to 73.0); < 0.001

10.4 (5.9 to 15.1); < 0.001

Amsler vs. fundus clinical examination
Amsler vs. self-reported vision
Amsler vs. visual acuity

2.2 (–1.8 to 6.3); 0.34

–20.4 (–32.8 to –7.0); < 0.001

–6.7 (–10.4 to –3.6); < 0.001

24.7 (14.6 to 34.8); < 0.001

–6.3 (–10.1 to –3.0); < 0.001

7.1 (–4.8 to 18.9); 0.31

5.2 (0.4 to 10.1); 0.04

Fundus clinical examination vs. self-reported vision

49.6 (39.8 to 58.3); < 0.001

Fundus clinical examination vs. visual acuity

26.1 (14.5 to 36.6); < 0.001

15.2 (11.3 to 19.6); < 0.001

–22.0 (–30.7 to –13.7); < 0.001

13.9 (10.0 to 18.2); < 0.001

Self-reported vision vs. visual acuity

1.5 (–0.3 to 3.7); 0.13

a p-value is calculated using McNemar’s test; differences are the first test minus the second test, i.e. OCT vs. Amsler is
the OCT value minus the Amsler value.

TABLE 21 Index tests sensitivity and specificity (with 95% CIs): analysis A3
True positives (n)/
participants with
nAMD (n)

Specificity (%)
(95% CI)

True negatives (n)/
participants
without nAMD (n)

Index test

Sensitivity (%)
(95% CI)

Amsler

26.5 (18.8 to 36.1)

26/98

93.7 (90.1 to 96.1)

253/270

Fundus clinical examination

49.6 (40.8 to 58.4)

59/119

99.7 (98.2 to 100.0)

334/335

OCT

90.0 (83.2 to 94.3)

108/120

96.4 (93.8 to 98.0)

323/335

Self-reported vision
Visual acuity

4.2 (1.6 to 9.8)

5/118

98.5 (96.4 to 99.5)

328/333

25.8 (18.8 to 34.4)

31/120

88.4 (84.5 to 91.4)

296/335
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TABLE 22 Likelihood positive and negative ratios and diagnostic odds ratios (with 95% CIs): analysis A3

Index test

Likelihood positive
ratio (95% CI)

Likelihood negative
ratio (95% CI)

DOR (95% CI)

0.8 (0.5 to 1.2)

5.4 (0.1 to > 100)

165.3 (123.4 to 221.4)

0.5 (0.1 to 3.6)

327.1 (8.2 to > 100)

25.0 (14.3 to 43.7)

0.1 (0.1 to 0.2)

241.0 (12.5 to > 100)

Self-reported vision

2.8 (1.2 to 6.7)

1.0 (0.4 to 2.3)

2.9 (< 0.01 to > 100)

Visual acuity

2.2 (1.6 to 3.2)

0.8 (0.6 to 1.1)

2.7 (< 0.01 to > 100)

Amsler
Fundus clinical examination
OCT

4.2 (2.9 to 6.2)

Table 23 shows the paired differences (with 95% CIs) in sensitivity and specificity for detecting nAMD
between pairs of index tests along with the corresponding McNemar’s test p-values for analysis A3.
The index test pairs differed significantly from each other, except for Amsler versus visual acuity. The
differences in sensitivity between index tests varied from –20.3 (self-reported vision vs. visual acuity)
to 85.6 (OCT vs. self-reported vision) in magnitude.
The specificity of the index test pairs also differed significantly from each other, except for the
following pairs: OCT versus Amsler, OCT versus self-reported vision and fundus clinical examination
versus self-reported vision.
Statistically significant differences in specificity between index tests varied from –5.6% (Amsler vs.
fundus clinical examination and Amsler vs. self-reported vision) to 11.3% (fundus clinical examination
vs. visual acuity) in magnitude.

Modelling diagnostic accuracy by generalised estimating equations
The sensitivity and specificity of the five index tests against FFA as the reference standard using the
GEE model also confirmed that OCT had high sensitivity (90%) and specificity (97.4%) (Table 24), which
was consistent with all other analyses.

TABLE 23 Paired comparison between index tests

Comparison

Difference (%) in sensitivity
(95% CI); p-valuea

Difference (%) in specificity
(95% CI); p-valuea

OCT vs. Amsler

64.3 (52.3 to 73.1); < 0.001

OCT vs. fundus clinical examination

40.3 (30.0 to 49.6); < 0.001

–3.3 (–5.9 to –1.2); < 0.001

OCT vs. self-reported vision

85.6 (77.0 to 90.5); < 0.001

–2.1 (–4.9 to 0.4); 0.14

OCT vs. visual acuity

64.2 (52.4 to 73.0); < 0.001

Amsler vs. fundus clinical examination
Amsler vs. self-reported vision
Amsler vs. visual acuity

–18.6 (–31.0 to –5.3); 0.01
22.7 (12.8 to 32.6); < 0.001
8.2 (–3.0 to 19.3); 0.20

2.6 (–1.1 to 6.4); 0.21

8.1 (4.1 to 12.3); < 0.001
–5.6 (–9.1 to –2.7); < 0.001
–5.6 (–9.2 to –2.5); < 0.001
2.6 (–1.7 to 7.0); 0.30

Fundus clinical examination vs. self-reported vision

46.2 (36.5 to 55.0); < 0.001

Fundus clinical examination vs. visual acuity

24.4 (12.5 to 35.3); < 0.001

11.3 (8.0 to 15.2); < 0.001

–20.3 (–28.9 to –12.2); < 0.001

10.2 (6.7 to 14.2); < 0.001

Self-reported vision vs. visual acuity

1.2 (–0.4 to 3.2); 0.22

a p-value is calculated using McNemar’s test; differences are the first test minus the second test, i.e. OCT vs. Amsler is
the OCT value minus the Amsler value.

42
NIHR Journals Library www.journalslibrary.nihr.ac.uk

Health Technology Assessment 2022 Vol. 26 No. 8

DOI: 10.3310/VLFL1739

TABLE 24 Sensitivity and specificity of each index test from the GEE model
Index test

Sensitivity (%) (95% CI)

Specificity (%) (95% CI)

Amsler

27.7 (18.6 to 36.7)

97.9 (97.4 to 98.5)

Fundus clinical examination

50.4 (41.4 to 59.4)

99.5 (99.3 to 99.7)

OCT

90.0 (84.8 to 95.4)

97.4 (96.6 to 98.2)

1.8 (0.2 to 3.3)

98.0 (95.4 to 100)

25.8 (18.0 to 33.7)

93.7 (92.4 to 95.0)

Self-reported vision
Visual acuity

Confidence intervals were calculated using the delta method in Stata .
®

Secondary reference standard 1
The cross-tabulation between the primary reference standard and secondary reference standard 1 for
the diagnosis of nAMD is shown in Table 25.
Summarising the index tests over the whole period and the paired comparisons did not alter the
sensitivity or specificity compared with the primary reference standard results (see Appendix 1).

Secondary reference standard 2
The analyses conducted using reading centre FFA determination of conversion to nAMD were available for
127 participants, of whom eight were ungradable (secondary reference standard 2). The cross-tabulation
between the primary reference standard and secondary reference standard 2 for diagnosis of nAMD is
shown in Table 26. The agreement between the reading centre and the site result was 91%.
TABLE 25 The primary reference standard compared with secondary reference standard 1
Secondary reference standard 1a
Variable

Diagnosis of nAMD

Diagnosis of no nAMD

Primary reference
standarda

FFA
positive

FFA
negative

FFA
inconclusive

FFA not
carried out

FFA
positive

FFA
FFA
negative inconclusive

FFA not
carried out

Participants (n)

120

12

5

8

0

324

17

Total

145

3

344

a A total of 63 participants did not have either primary or secondary reference standard.

TABLE 26 Results for FFA on site and at the reading centre
FFA on site (n)
FFA at the reading centre

Positive

Negative

Inconclusive

Total

Positive

99

15

5

119

Negative

20

318

3

341

1

3

0

4

119

333

8

464

Ungradable
Total
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The analyses conducted using secondary reference standard 2 included summarising the index tests
over the whole period, the last 6 months and the last visit and the associated paired comparisons,
none of which altered sensitivity or specificity compared with the primary reference standard results
(see Appendix 1).

Discussion
The sensitivity and the specificity of the five index tests for the main analyses are summarised in
Figures 12 and 13, respectively. Across the different reference standards and timelines analysed, OCT
consistently exhibited the highest sensitivity, which ranged from 82% to 92%, and was significantly
superior to all other index tests. The specificity of OCT was high, ranging from 88% to 96%.

100

Sensitivity (%)

75
Amsler
Fundus assessment
OCT
Self-reported vision
Visual acuity

50

25

0
A1

A2

A3

A4
Analysis

A5

A6

A7

FIGURE 12 Summary of the sensitivity of the index tests across all diagnosis analyses. A1, main analysis: primary reference
standard, all index test results; A2, primary reference standard, last 6 months of index tests; A3, primary reference standard,
last visit index tests; A4, secondary reference standard 2, all index test results; A5, secondary reference standard 2, last
6 months of index tests; A6, secondary reference standard 2, last visit index tests; A7, secondary reference standard 1,
all index test results.
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OCT
Self-reported vision
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Analysis
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FIGURE 13 Summary of the specificity of the index tests across all diagnosis analyses. A1, main analysis: primary reference
standard, all index test results; A2, primary reference standard, last 6 months of index tests; A3, primary reference standard,
last visit index tests; A4, secondary reference standard 2, all index test results; A5, secondary reference standard 2, last
6 months of index tests; A6, secondary reference standard 2, last visit index tests; A7, secondary reference standard 1,
all index test results.

44
NIHR Journals Library www.journalslibrary.nihr.ac.uk

DOI: 10.3310/VLFL1739

Health Technology Assessment 2022 Vol. 26 No. 8

Although fundus clinical examination and self-reported vision exhibited specificities that were higher
than OCT, their sensitivity was significantly lower at 60% and 10%, respectively.
The paired comparisons assess whether or not there was statistical evidence of a difference between
the tests’ diagnostic accuracy performance. Notably, we found that OCT had substantially superior
sensitivity compared with all of the other tests. Although OCTs specificity was marginally lower than
some of the tests, when considering monitoring strategies, there is an implicit preference for sensitivity
over specificity in the context of the occurrence of repeated visits. Overall, these findings support OCT
as the most superior of the non-invasive index tests selected for evaluation in the present study in
terms of diagnostic accuracy in a monitoring setting.
A FFA determination of conversion to nAMD at the clinical site was the reference standard used in the
main analysis. Given that clinician’s interpretation of FFA has been reported to have only moderate
levels of agreement, we obtained a reading centre evaluation of all FFAs performed during the study.62
We were, therefore, able to vary the reference standard using the reading centre determination of
conversion to nAMD. In contrast to reports that have in the past shown lesser degrees of agreement
between clinicians in FFA interpretation,62 we observed very high levels of agreement between the
clinicians and the reading centre (90%). However, in the present study, clinicians were not asked to
determine the nAMD phenotype but to merely report whether or not nAMD was present. We also
varied the reference standard to include data from 25 additional participants for whom a FFA was not
performed but the clinician had determined nAMD to have developed in the EDNA study eye based on
clinical judgement. We found that all analyses pointed clearly to OCT as the most accurate index test.
It is of note that most of the index tests and the primary reference standard that were carried out
were performed on the same day or within a few days of each other. To avoid being influenced by the
FFA, site staff carried out the index tests and if any test was positive this was considered to be a
trigger and a FFA was performed.
We carried out a number of sensitivity analyses. None of these altered the overall view of the value of
the respective index tests. We varied the definition of two of the index tests. For the primary analysis,
we chose a visual acuity drop of 10 letters from baseline, representing a fall of two lines on the ETDRS
visual acuity chart, to be a positive index test. We redefined the index test as positive with a drop
of 15 letters (three lines on the ETDRS chart), which represents a doubling of the visual angle, which is
a considerable fall in acuity. However, the sensitivity of visual acuity as an index test did not improve.
We also changed the definition of a positive test for self-reported vision from worse to much worse.
Interestingly, even for participants who had experienced considerable worsening of vision in the EDNA
study eye, self-reported change in function performed poorly in terms of sensitivity of the index test.
We were not able to rigorously assess the reading centre OCT assessment owing to the concurrent use
of the FFA assessment in the reading centre. This would have helped inform about inherent differences
between OCT and FFA versus differences between one-off individual assessment (i.e. clinical site vs.
reading centre).
In addition to the diagnostic accuracy of an index test, other factors need to be considered to
determine the value of a test for use for monitoring in clinical practice. The results show that in the
current NHS settings, the selected index tests were readily conducted. Visual acuity had the largest
number of tests performed, which reflects how well the collection of visual acuity data is embedded
within the system given its near universal use in ophthalmic care. Of particular note was the finding
that a substantial proportion (17%) of the Amsler tests were false positives at baseline, thus precluding
the use of this test in monitoring such patients. This proportion of false positives even at a point in
time when nAMD was clearly absent in the EDNA study eye substantially limits the value of the
Amsler, aside from its poor diagnostic accuracy. Data on the time taken to perform tests and the
associated costs are addressed in Chapter 7.
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The constraints of routine clinical practice that caused variations in monitoring procedures between
sites, the variable gaps in visit intervals (in a small number of cases these gaps were substantial) and
study-specific methodology (utilisation of non-triggered 18 months and ‘exit’ FFAs) all affected the
ability to generate a precise survival curve. In particular, the estimated proportion of nAMD-free
patients beyond 30 months should be interpreted cautiously (particularly beyond 38 months) owing to
the gaps between clinic visits and FFAs. The impact of these constraints can be seen in the shape of
the two Kaplan–Meier curves that we produced. The first curve shows an acute dip in the proportion
of nAMD-free patients around month 30, which is an artefact of the study methodology. Arguably,
the survival curve that assumes that conversion to nAMD occurred at the mid-point of the interval
between the last visit with negative index tests and the final FFA represents a better reflection of the
conversion rate and is more aligned with that observed over the first 2 years of the study (21%). Of
note, the models that dealt with interval data were used to inform the health economic modelling
because we considered that they better represent the survival distribution, despite that some of the
assumptions that we made about the shape of survival distribution might be disputed. There was no
clear sign of a variable rate of conversion over the 3-year period because the distribution of data
collection points affected this assessment, particularly in the third year of follow-up.
Owing to the longitudinal nature of the data, we used different options to deal with multiple time
points. In both the main and the secondary analyses, we utilised a single index result for comparison
with the reference standard. In the main analysis, for which we summarised index test over the duration
of follow-up, conversions occurred between 7 and 30 days earlier (on average) than the reference
standard. We did not consider this interval to be of sufficient length for disease to have progressed.
We varied the index tests that could be included in the secondary analyses: in one approach tests
that were selected were acquired over the 6 months prior to the participants’ diagnosis; in a second
approach we used the last visit test. Positive index tests, which were defined as triggers to collect
the reference standard, were usually followed up within a short period of time. Therefore, the main
approach to summarising index tests and the two secondary approaches yielded results that were
highly similar.
To account for multiple time points, we used an approach that collapsed the data for an individual
down to a single summary test result for the main analysis and associated sensitivity analyses.
A secondary analysis used a GEE model to calculate sensitivity and specificity using results from each
index test over time. Findings were broadly similar for sensitivity; however, specificity was marginally
higher per test conducted (producing similar results to the last visit analysis, analysis A3). The model
provided improved precision, resulting in tighter confidence intervals for specificity than those for
single point analyses. This finding was expected given the way that the EDNA study was set up:
multiple negative index tests were possible during the study follow-up and participants were assumed
to be disease free until evidence of the contrary was found. Furthermore, when an index test was
positive, a primary reference standard was triggered resulting in either a false positive index test
or a true positive index test with an exit from the study. An independent correlation structure, with
calculation of robust standard errors, was assumed to avoid the potentially dubious assumption relating
to test performance for diseased and non-diseased individuals implied by using an exchangeable
correlation structure.63,64
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Chapter 5 Function and morphology of the
lesion in the study eye at onset of neovascular
age-related macular degeneration and in the
fellow eye at initial presentation, and agreement
between clinician diagnosis of onset of
neovascular age-related macular degeneration
and reading centre determination of presence of
neovascular age-related macular degeneration
in the study eye
Introduction
In this chapter, we illustrate in detail the morphological features of the exudative nAMD lesions at first
occurrence in the EDNA study eye. To aid comparison with late presentation, which happens in routine
eye care, we compare and contrast the morphological features of the nAMD lesions at enrolment in
the first-presenting eye, here termed ‘fellow eye’, with those features of the nAMD lesions detected at
conversion to exudative nAMD in the second eye, the EDNA study eye. This was made possible by the
detailed independent grading that was performed at netwORC UK by the trained staff, who recorded
the findings using prespecified data fields.
The image-grading objectives at the reading centre in the EDNA study were to:
l
l
l

confirm the diagnosis of nAMD in the first-presenting eye (fellow eye) at enrolment
(an eligibility criterion)
confirm the absence of exudative nAMD in the EDNA study eye at baseline
confirm conversion to exudative nAMD in the EDNA study eye.

The main objectives of this chapter are to describe the:
1. function and lesion morphology of the fellow eye at enrolment
2. function and lesion morphology of the EDNA study eye at conversion (phenotype of nAMD)
3. lesion metrics (size of lesion, proportion of lesion composed by neovascular complex, haemorrhage,
atrophy and fibrosis) in the fellow eye at presentation and the EDNA study eye at conversion to
exudative nAMD
4. lesion characteristics in cases where there was lack of agreement between clinician and reading
centre on conversion to exudative nAMD in the EDNA study eye
5. lesion characteristics in cases where there was disagreement in reading centre determination
between FFA and OCT – (1) nAMD was determined as present on the FFA but not on OCT and
(2) nAMD was determined as absent on the FFA but present on OCT – and the effect of these
disagreements on clinician determination of conversion to exudative nAMD in the EDNA study eye.
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Methods
Clinicians examined the patient (fundus examination) and reviewed the OCT scan (see Figure 1). If any
of the index tests were positive at any visit, this was considered to be a trigger and a FFA was performed.
The triggers were: signs of nAMD in clinical examination, change in the Amsler test, patient describes
a worsening in their vision (self-reported vision), drop in visual acuity of ≥ 10 letters or an abnormal
OCT scan. After reviewing the FFA, the clinician determined if conversion to nAMD had occurred
(primary reference standard).
In the EDNA study cohort of 552 participants, there were eight missing baseline FFA images. Although
there were no missing OCT images at baseline, images from 15 OCT participants were not submitted
to the reading centre. During EDNA study follow-up, there were nine participants with no follow-up
data available. Of the remaining 543 participants, 460 participants had a reading centre grading
(78 participants had no FFA and five participants had a FFA, but this was not sent to the reading
centre). See Figure 8 and Table 26 for full details of participant flow and reading centre determination
of conversion to nAMD. In the analysis described in this chapter, study eyes without a baseline FFA are
excluded. For the tables comparing the morphology at conversion in the EDNA study eye with the
morphology of the fellow eye at baseline, only eyes with an appropriate follow-up or trigger FFA read
by the reading centre are included (n = 460).
Figure 14 shows a case in which the OCT indicated retinal thickening and acted as a trigger.
The corresponding FFA was read by the clinician to show conversion to nAMD, and the reading
centre-confirmed conversion to nAMD. If no trigger occurred at any routine visit, a research visit
was scheduled at 18 and 36 months. At this visit, the clinician reviewed the imaging set and confirmed
either the presence or the absence of nAMD. Figure 15 shows an example that did not experience any
triggers, and at study exit the patient’s OCT and FFA were deemed to be free of nAMD. The reading
centre determination agreed with this assessment. Reading centre data were obtained for the sole
purpose of verification of conversion to nAMD and, thus, support the analysis.
For a full description of the reading centre definitions of nAMD and conversion to nAMD, see Report
Supplementary Material 1. In brief, images from the different imaging modalities (colour, OCT, FFA and,
if available, ICGA) were uploaded into netWORC UK’s platform, checked by the administrative staff
and subjected to a protocol-based examination by trained graders using standardised definitions.
The full EDNA image set for each patient was uploaded to the netWORC UK server from which it was
accessed by graders. Graders, after logging in, are presented with an EDNA study ID for a given visit.
Images are displayable on screen alongside the grading form. Each image modality is graded separately.
If nAMD was not detected on one of the imaging modalities but was recorded as present on another
imaging modality (e.g. present on colour but not on OCT), this was flagged as a grading discrepancy
and the senior grader or site clinician was allowed to correct the mistake with arbitration. If the
arbitrator agreed that there were no signs of nAMD in any given image modality, discrepancies could
not be changed (i.e. genuine discordance was kept).
Reading centre data were uploaded to the CHaRT data management platform and integrated into the
clinical data set. Cross-tabulation of clinician determination of conversion to nAMD versus reading
centre determination was carried out.

Results
Fundus fluorescein angiography lesion characteristics in fellow eyes at study entry
At study enrolment (baseline), the reading centre classified 535 out of 548 available FFA images of fellow
eyes as exhibiting nAMD (see Table 8). Of the remaining 13 eyes, eight eyes were classified by the reading
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(a)

(b)

(c)

FIGURE 14 A case in which the OCT indicated retinal thickening and acted as a trigger. (a) OCT scan of the EDNA study
eye at study enrolment (baseline) showing multiple large confluent drusen. There is no evidence of neovascularisation at
baseline in the EDNA study eye. (b) The EDNA study eye 6 months later, showing retinal thickening that triggered a FFA.
(c) Corresponding fluorescein angiogram read by the clinician as having converted to nAMD in the EDNA study eye and
confirmed by reading centre grading.
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(a)

(b)

(c)

FIGURE 15 A case in which there were no triggers and OCT and FFA were deemed free of nAMD at study exit. (a) EDNA
study eye (right eye) at enrolment showing few drusen on the OCT scan. (b) At the study exit visit approximately 30 months
after enrolment, there is no evidence of conversion to nAMD on OCT. (c) FFA carried out at the exit visit also confirms
absence of neovascularisation.
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centre as not exhibiting nAMD. The remaining five eyes were ungradable. The lesion characteristics of
fellow eyes at initial presentation are shown in Table 8, and the reading centre grading confirmed
neovascular complexes in 517 (94.3%) out of the 535 fellow eyes. The size of the lesion, as measured
by the greatest linear dimension, was 5.9 mm and the area was, on average, 7.7 mm2. Two-thirds of the
lesions had type 1 neovascularisation, one-fifth had type 2 and the remainder had RAP. RAP lesions were
more likely to be extrafoveal, whereas type 1 were most likely to be subfoveal. Fibrosis and atrophy
were present in around 10% of contralateral eyes at presentation.

Fundus fluorescein angiography lesion characteristics in EDNA study eyes at conversion
A total of 119 EDNA study eyes with a FFA were transmitted to the reading centre for grading at
the visit, at which conversion to nAMD was detected by the clinician examination or because of a
trigger arising from one of the test technologies. The reading centre confirmed 99% of EDNA study
eyes to have nAMD based on FFA at the conversion visit. Table 27 shows the reading centre-graded
lesion characteristics at baseline of fellow eyes for the 119 participants constituting the subset who
developed nAMD in the EDNA study eye. The characteristics of the fellow eyes at first presentation in
this subset were highly similar to those of the full sample for frequency of nAMD subtype. In fellow
eyes, the diameter and area of the total lesion and that of the active neovascular complex were similar
between the subset that converted to nAMD and the full sample. On comparing fellow eyes with
EDNA study eyes, the proportion with type 1, 2 and 3 lesions was similar between fellow eyes at
enrolment and EDNA study eyes at detection of conversion to exudative nAMD. On comparing
corresponding study eyes with fellow eyes in the 119 eyes that converted to nAMD, the area
dimensions of the total lesion and active neovascular complex were markedly lower in the former
than in the latter (see Table 27). Lesions were also more likely to be extrafoveal or juxtafoveal for
all three lesion types in the EDNA study eye than in corresponding fellow eyes. In type 1 lesions,
50% were subfoveal at detection of nAMD in the EDNA study eye compared with > 80% that were
subfoveal in the fellow eye.
In type 2 lesions, 10% were subfoveal in the EDNA study eye compared with 50% in corresponding
fellow eyes. Of lesions classified as RAP, none was subfoveal in the EDNA study eye at conversion to
exudative nAMD, with these lesions equally distributed between extra and juxtafoveal locations.
Fibrosis was rare in nAMD lesions at conversion in the EDNA study eye compared with fellow eyes at
initial presentation (2% vs. 12%). Atrophy was present in similar proportions in the EDNA study eye
at nAMD conversion compared with fellow eyes at initial presentation.

Optical coherence tomography findings in the entire cohort and in the subset of
participants who converted to neovascular age-related macular degeneration in the
EDNA study eye
In the fellow eyes, the average central foveal thickness was just under 400 µm at initial presentation
in the 548 participants with gradable OCT images available to the reading centre (Table 28). In the
119 participants who converted to nAMD, the mean central foveal thickness in the fellow eye at
presentation was 437 µm.
External limiting membrane and EZ disruption was graded as present in around one-quarter and
one-third of contralateral eyes, respectively, and focal atrophy in one-fifth of eyes (Table 29).
In study eyes, at conversion to exudative nAMD the central foveal thickness was just over half of the
average thickness of corresponding fellow eyes at 274 µm (see Table 28). The proportion of eyes with
ELM and EZ disruption, which was similar between fellow eyes and study eyes at enrolment, had
doubled in study eyes at nAMD conversion (see Table 29).
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TABLE 27 Morphology characteristics from the reading centre grading at baseline (fellow eye) and at conversion to
nAMD (study eye) (n = 119)
Baseline (fellow eye)

At conversion to nAMD (EDNA study eye)

FFA findings

n (%) or
mean (SD); n

Exudative AMD present

118 (99.2)

118 (99.2)

Active CNV or RAP
present

113 (95.0)

116 (97.5)

Median
(P25–P75)

Minimum–
maximum

n (%) or
mean (SD), n

Median
(P25–P75)

Minimum–
maximum

Total GLD (mm2)

3.6 (2.7); 118

3.3 (2.3–4.5)

0.3–25.4

1.9 (1.5); 118

1.5 (0.8–2.6)

0.1–9.7

Total lesion area (mm2)

8.1 (7.8); 118

6.3 (2.5–10.6)

0.1–48.8

3.4 (5.8); 118

1.3 (0.6–4.5)

0.0–44.7

Active lesion GLD
(mm2)

3.5 (2.7); 113

3.2 (2.2–4.3)

0.3–25.4

1.9 (1.5); 116

1.5 (0.7–2.6)

0.1–9.7

Total active lesion area
(mm2)

7.6 (7.6); 113

5.7 (2.5–10.2)

0.1–44.9

3.2 (5.7); 117

1.3 (0.4–4.1)

0.0–44.7

Type 1 present

80 (67.2)

Type 1 area (mm2)

6.7 (5.1); 80

2.3 (1.1–4.9)

0.1–17.2

0.4 (0.2–1.0)

0.0–3.6

0.1 (0.0–0.1)

0.0–1.1

2.4 (0.1–4.7)

0.1–4.7

0.8 (0.4–1.3)

0.1–7.2

68 (57.1)
5.7 (2.9–10.0)

0.2–21.1

3.7 (3.7); 68

Type 1 location
Extrafoveal

11 (13.8)

20 (29.4)

Juxtafoveal

2 (2.5)

14 (20.6)

67 (83.8)

34 (50.0)

37 (31.1)

29 (24.4)

Subfoveal
Type 2 present
2

Type 2 area (mm )

2.6 (2.9); 37

1.6 (0.5–4.6)

0.0–13.7

0.8 (0.8); 29

Type 2 location
Extrafoveal

5 (13.5)

16 (55.2)

Juxtafoveal

13 (35.1)

10 (34.5)

Subfoveal

19 (51.4)

3 (10.3)

Type 3 present

13 (10.9)

20 (16.8)

Type 3 area (mm2)

0.2 (0.3); 13

0.1 (0.0–0.2)

0.0–0.8

0.1 (0.2); 20

Type 3 location
Extrafoveal

5 (38.5)

10 (50.0)

Juxtafoveal

4 (30.8)

10 (50.0)

Subfoveal

4 (30.8)

Fibrosis present

14 (11.8)
2

Fibrosis area (mm )

4.1 (4.5); 14

Atrophy within lesion

11 (9.2)

Area of atrophy (mm2)

2.1 (2.4); 11

2 (1.7)
3.1 (0.5–4.7)

0.2–15.2

2.4 (3.2); 2
10 (8.4)

0.8 (0.2–4.2)

0.1–7.0

1.4 (2.1); 10

Location of atrophy
Extrafoveal

1 (9.1)

5 (50.0)

Juxtafoveal

7 (63.6)

4 (40.0)

Subfoveal

3 (27.3)

1 (10.0)

GLD, greatest line diameter; P25, percentile 25; P75, percentile 75; SD, standard deviation.
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TABLE 28 Baseline and at conversion characteristics of the fellow and study eye for participants who converted to
nAMD (n = 119)
Baseline

Conversion

Central foveal thickness

Mean (SD); n

Median (P25–P75)

Mean (SD); n

Median (P25–P75)

Central foveal thickness
(µm): fellow eye

437.8 (156.8); 114

421.0 (322.0–520.0)

N/A

N/A

Central foveal thickness
(µm): study eye

274.6 (37.4); 113

334.4 (102.3); 111

318.0 (275.0–372.0)

276 (255–293)

N/A, not applicable; P25, percentile 25; P75, percentile 75; SD, standard deviation.

TABLE 29 Optical coherence tomography findings in the study eye of all participants at baseline compared with study
eye characteristics in the subset of participants who converted to nAMD (baseline and at conversion to nAMD)
All participants
(N = 548), n (%)

Participants who converted
to nAMD (N = 119), n (%)

OCT features

Baseline

Baseline

At conversion to nAMD

ELM disruption present

146 (26.6)

38 (31.9)

75 (63.0)

EZ disruption present

186 (33.9)

48 (40.3)

95 (79.8)

Hyporeflective spaces present within
the neurosensory retina

15 (2.7)

2 (1.7)

44 (37.0)

Focal atrophy present

72 (13.1)

19 (16.0)

31 (26.1)

Evidence of inner nuclear subsidence

60 (10.9)

16 (13.4)

22 (18.5)

Transmission defect present

60 (10.9)

16 (13.4)

22 (18.5)

307 (56.0)

60 (50.4)

44 (37.0)

Thick choroid

5 (0.9)

1 (0.8)

4 (3.4)

Thin choroid

225 (41.1)

56 (47.1)

64 (53.8)

Normal choroid

Discrepancies between fundus fluorescein angiography determination of conversion to
neovascular age-related macular degeneration at clinical site and reading centre
determination of conversion to neovascular age-related macular degeneration
A proportion of EDNA study eyes was determined to have nAMD at the clinical site, but did not have
this confirmed by the reading centre (20 out of the 119 eyes with nAMD according to the primary
reference standard). Conversely, 15 out of 333 cases that were classed as not having converted to
nAMD by the clinician were determined by the reading centre to have converted to nAMD (see
Table 26). This represents a kappa statistic of 0.91. In the case illustrated in Figure 16, the OCT
was determined to be positive but the FFA was considered negative by the clinic, while the reading
centre determined the case to have converted to nAMD both on OCT and on FFA. In this case,
leakage was seen in the late frames of the angiogram in an area remote to the fovea (shown by
red arrow). A further case (not shown) had a type 1 CNV that was indolent and minimal fluorescein
leakage visible only on stereoscopic examination of the late angiographic frames. In this case, the
clinic determined absence of conversion to nAMD whereas the reading centre determined that
exudation was present.
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FIGURE 16 The OCT scan shows a shallow area of subretinal fluid. The fluorescein was deemed by the clinician to be
negative. The FFA late frames show the presence of leakage (red arrow) indicating presence of nAMD.

Discrepancies between fundus fluorescein angiography diagnosis and optical
coherence tomography diagnosis of neovascular age-related macular degeneration
at the reading centre
In total, there were 12 instances for which the FFA was positive and the OCT was negative. There
were also 12 instances for which the OCT was positive and the FFA was negative. Most discrepancies
had equivocal findings in either OCT or FFA, or both. In the case shown in Figure 17, the OCT was
determined to be negative with no leak, but the FFA was determined to be positive. In the case shown
in Figure 18, the OCT was determined to be positive, with a small focus of hyporeflectivity seen in the
subretinal space in the foveal B-scan. The early frames of the FFA show some hyperfluorescence at the
site corresponding to the region of presumed fluid on the OCT scan. This hyperfluorescence fades over
the angiographic run, which is not thought to be a result of a true leak but staining of the RPE.

Comparison of visual acuity outcomes in study eyes and fellow eyes
In the overall group of participants, the mean visual acuity in fellow eyes at enrolment was 56.6
[standard deviation (SD) 15.5] letters. In the subset of 119 participants, the mean visual acuity in fellow
eyes at enrolment was 54 letters and improved to 58 letters when conversion to nAMD was detected in
the corresponding EDNA study eyes (Table 30). In the 119 eyes, the EDNA study eye mean visual acuity
was 78 letters at enrolment and fell by four letters at nAMD detection.
Table 31 shows the visual acuity distribution by nAMD status at study exit. Participants who converted
to nAMD had lower mean visual acuity than those who did not convert to nAMD (73.1 vs. 77.5 letters,
respectively); however, there was a lot of variability in both groups.
Figure 19 shows the mean difference in visual acuity distribution by nAMD status at study exit. More
participants who did not convert to nAMD had no change in visual acuity than those who did convert
to nAMD. However, there was a lot of variability in both groups.
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(a)

(b)

FIGURE 17 Disagreement between OCT- and FFA-detected nAMD: example 1. (a) The OCT shows no leakage, i.e. no
intra or subretinal fluid. There is a drusenoid elevation of the RPE that is non-exudative. (b) Corresponding FFA shows
increasing leakage over the course of the angiogram.
(a)

(b)

FIGURE 18 Disagreement between OCT- and FFA-detected nAMD: example 2. (a) OCT: there is a small pocket of
subretinal fluid that is located extrafoveally. (b) FFA: the early frames of the FFA show no leakage. The late frames show
speckled hyperfluorescence. Additional late frames show no intensification of the speckled hyperfluorescence nor blurring
of the margins of the speckles suggesting that these are just RPE abnormalities.
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TABLE 30 Visual acuity at baseline in study and fellow eyes: visual acuity at conversion to nAMD in study eyes and at
the corresponding time point in fellow eyes
Time point
Baseline

Conversion to nAMD

Visual acuity

Mean (SD), n

Median (P25–P75)

Mean (SD), n

Median (P25–P75)

Visual acuity (letters): fellow eye

54.4 (15.5), 119

56.0 (45.0–65.0)

58.4 (20.5), 64

64.0 (45.5–75.0)

Visual acuity (letters): study eye

78.5 (5.2), 119

79.0 (75.0–83.0)

74.3 (8.3), 64

75.5 (69.0–80.0)

P25, percentile 25; P75, percentile 75.

TABLE 31 Visual acuity at study exit by five-letter categories and conversion to nAMD:
primary reference standard
Visual acuity in categories
(number of letters)

Converted to nAMD
(N = 120), n (%)

> 93

0

89–93

3 (2.5)

11 (3.3)

84–88

10 (8.3)

76 (22.7)

79–83

25 (20.8)

90 (26.9)

74–78

30 (25.0)

74 (22.1)

69–73

18 (15.0)

38 (11.3)

64–68

17 (14.2)

24 (7.2)

59–63

8 (6.7)

7 (2.1)

54–58

3 (2.5)

4 (1.2)

49–53

5 (4.2)

3 (0.9)

44–48

0

2 (0.6)

≤ 43

1 (0.8)

3 (0.9)

3 (0.9)

(a)

(b)
100

100

Frequency

Frequency

Did not convert to nAMD
(N = 335), n (%)

50

0

50

0
−20

0

20

40

Mean difference in visual acuity from baseline

−20
0
20
40
Mean difference in visual acuity from baseline

FIGURE 19 Distribution of change in visual acuity (number of letters) from baseline at study exit by conversion to nAMD
(primary reference standard). (a) Converted to nAMD; (b) did not convert to nAMD.
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Discussion
The comparison of findings in the fellow eye at enrolment with those seen in the EDNA study eye at
conversion to nAMD highlights important differences in visual acuity, lesion size, composition and
location that occur with early detection compared with late presentation of nAMD.
At conversion to nAMD in EDNA study eyes, lesions were more likely to be extrafoveal, half the size
or smaller than lesions that were observed at initial presentation in the corresponding fellow eyes, and
more likely to be larger if type 1. Fibrosis was rare when the nAMD lesion was detected, but atrophy
of the outer retina was common. These characteristics are in accordance with the better function in
study eyes at detection of conversion to nAMD than that of fellow eyes at enrolment. Notably, the
mean visual acuity in the study eye of 119 participants at detection of conversion to nAMD was
78 letters, compared with 54 letters in corresponding fellow eyes: a difference of approximately four
ETDRS lines.
Given that 15 letters (three ETDRS lines) equates to a halving or doubling of the visual angle on the
ETDRS chart, the fall represents a considerable deficit of visual acuity caused by the delayed detection
of nAMD in first-presenting eyes.
The concordance between clinical decisions and reading centre determination was high, with over
91% agreement. This finding is very reassuring because previous studies have shown lower agreement
between clinicians and reading centres.65 Where discrepancies were present, it was usually because
of subtle findings on the FFA, such as late frames showing slow leakage, which were more likely to be
detected by graders who have more time than clinicians to review the images. Rarely, the discrepancy
arose because only a limited number of B-scans were scrutinised in the clinical setting.
In a few cases, clinicians made a diagnosis of conversion to nAMD but the reading centre disagreed.
Vitelliform lesions and drusenoid material, which can take up fluorescein stain and present an
appearance of leakage, were a feature in the few disagreements. In such cases, clinicians may have
been biased by patient’s symptoms of distortion and/or the change in visual acuity. Graders are
completely impartial and receive no information, and have to base their decisions purely on the images.
The probability of missing nAMD by not routinely carrying out FFAs or indeed misdiagnosing the onset
of nAMD, therefore, appears to be extremely low. It is worth noting, however, that all participants had
nAMD in their first-presenting eye and, therefore, the likelihood of neovascularisation arising from
nAMD was extremely high. In the routine clinical setting, in which patients may present for the first
time with their first affected eye, the chance of misdiagnosis is likely to be higher.
Using only OCT to diagnose the onset of nAMD may increase the risk of treating an eye where a small
volume of fluid may spontaneously resolve. It is also known that in nAMD shallow leakage through the
RPE can be present and fluctuate over time. The case study example presented in Figure 16 is likely to
be such an example because the nAMD lesion in the EDNA study eye was detected at the 18-month
visit; however, because the clinician elected not to treat, the patient was retained in the study and
presented a similar appearance to the 18-month visit at exit at 36 months.
A final point to make is that in cases of discrepancy we have assumed that FFA is perfect and, if
discrepant, we are penalising OCT. Beyond the EDNA study this has huge importance. We recommend
that efforts are needed to follow-up patients with discrepancies between OCT and FFA when visual
acuity is normal and when patients report no symptoms without treatment.
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Chapter 6 Prognostic modelling of
conversion to neovascular age-related
macular degeneration in the study eye

T

his chapter reports the findings from the risk prediction model on the development of nAMD in
the EDNA study eye using predefined baseline risk factors. The methods are described separately
(see Chapter 2).

Candidate predictors
Our candidate predictors for conversion to nAMD in the EDNA study eye were selected through
clinical consensus in line with methodological guidelines.66 Candidate predictors were collected at the
enrolment of participants when nAMD had first been identified in the fellow eye. Summary statistics
for the candidate predictors are shown in Table 32. There were 145 conversions to nAMD (defined
by secondary reference standard 1) among the 489 participants in the EDNA study for whom data
on outcome were available (note that the participant and conversion numbers will change for each
model depending on the number of missing data in the model). The median duration of follow-up was
34 months. Participants included in the model were, on average, aged 77 years; the majority were
women (57%) with hypertension (53%) and most had no family history of AMD (85%). A history of
cardiovascular disease was reported in 23% of participants and diabetes in 16% of participants. Twelve
per cent of participants were current smokers. Twenty per cent of participants were pseudophakic and
53% had cataracts in the EDNA study eye.
The ocular characteristics of the study eye were based on multimodal image grading using colour and
OCT to characterise the macular drusen, pigmentary irregularities and outer retinal layer intactness.
The most common type of drusen was nodular (59%). The most frequent drusen (45%) were < 63 µm

TABLE 32 Summary of candidate predictors and follow-up characteristics
Characteristic

Total (N = 489)

Baseline participant characteristics
Age (years), mean (SD); n

77.0 (7.5); 489

BMI (kg/m2), mean (SD); n

27.7 (5.4); 379

Sex, n (%)
Male

209 (42.7)

Female

280 (57.3)

Hypertension, n (%)
Yes

260 (53.2)

No

228 (46.6)

Missing

1 (0.2)

Cardiovascular disease, n (%)
Yes

110 (22.5)

No

378 (77.3)

Missing

1 (0.2)
continued
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TABLE 32 Summary of candidate predictors and follow-up characteristics (continued )
Characteristic

Total (N = 489)

Family history of AMD, n (%)
Yes

75 (15.3)

No

413 (84.5)

Missing

1 (0.2)

Diabetes, n (%)
Yes

79 (16.2)

No

409 (83.6)

Missing

1 (0.2)

Nutritional supplements, n (%)
Yes

147 (30.1)

No

341 (69.7)

Missing

1 (0.2)

Smoking history, n (%)
Current

60 (12.3)

Ex-smoker

236 (48.3)

Never smoked

192 (39.3)

Missing

1 (0.2)

Baseline fellow eye characteristics
Total lesion area of nAMD at detection (mm2), mean (SD); n

7.7 (7.8); 477

CNV subtype, n (%)
RAP

53 (10.8)

CNV

406 (83.0)

Missing

30 (6.1)

Baseline study eye characteristics
Cataract present? n (%)
Yes

260 (53.2)

No

129 (26.4)

Pseudophakic
Missing
Visual acuity, mean (SD); n

98 (20.0)
2 (0.4)
79.1 (5.3); 489

Drusen type, n (%)
None

45 (9.2)

Nodular

288 (58.9)

Reticular

14 (2.9)

Both
Missing

130 (26.6)
12 (2.5)

Maximum size of drusen (µm), n (%)
< 63

99 (20.2)

63–125 µm

157 (32.1)

> 125 µm

227 (46.4)

Missing
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TABLE 32 Summary of candidate predictors and follow-up characteristics (continued )
Total (N = 489)

Characteristic
Most frequent size of drusen (µm), n (%)
< 63

218 (44.6)

63–125

200 (40.9)

> 125

65 (13.3)

Missing

6 (1.2)

Presence of pigmentary abnormalities in the fundus, n (%)
Yes

199 (40.7)

No

289 (59.1)

Missing

1 (0.2)

ELM disruption, n (%)
Yes

126 (25.8)

No

337 (68.9)

Missing

26 (5.3)

EZ disruption, n (%)
Yes

161 (32.9)

No

304 (62.2)

Missing

24 (4.9)

Retinal thinning, n (%)
Yes

64 (13.1)

No

413 (84.5)

Missing

12 (2.5)

Choroid thinning, n (%)
Normal

268 (54.8)

Thick

5 (1.0)

Thin

204 (41.7)

Missing

12 (2.5)

Follow-up characteristics
Time until event or study exit (months), mean (SD); n

28.1 (10.9); 489

Follow-up duration (months), median (P25–P75); n

33.6 (20.2–36.4); 489

Developed nAMD in study eye during study

a

Yes

145 (29.7)

No

344 (0.3)

P25, percentile 25; P75, percentile 75.
a Defined by secondary reference standard 1.

in size; however, the majority of eyes (54%) had drusen > 63 μm in size. In a few cases (< 1%), data on
drusen size were missing. Around 40% of participants had retinal pigmentary irregularities in their study
eye. The ELM and EZ were not intact in 26% and 33% of eyes at baseline, respectively. Retinal thinning
was present in one-fifth of study eyes. Choroidal thinning was graded as present in 40% of study eyes.
The nAMD subtype in the first-presenting eye (fellow eye) was graded on fluorescein angiography.
The majority had CNV: type 1, type 2 or mixed. Just under one-fifth were classified as RAP.
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A large percentage of BMI data were missing (23%). For all other variables, < 10% of data were
missing, and for most predictors ≤ 2% of the observations were missing. A table with correlations
between candidate predictors is available in Appendix 3.

Univariate analysis
Table 33 presents hazard ratios with 95% CIs from a univariate analysis using a Cox proportional
hazards model, that is the estimates are not adjusted for all other candidate predictors. In the
univariate models, the following characteristics were significantly associated (p < 0.10) with a higher
risk of developing nAMD without adjusting for other candidate predictors: smokers (vs. non-smoker);
family history of AMD; lower visual acuity (study eye); thin choroid in study eye (vs. normal); retinal
thinning (study eye); presence of pigmentary abnormalities (study eye); most frequent or maximum size
of drusen (study eye) of 63–125 μm or > 125 μm (compared with < 63 μm); and nodular, or both
nodular and reticular, drusen (compared with no drusen) in the study eye.

Multiple Cox regression analysis
Table 34 shows the hazard ratios for each candidate predictor included in a full model. All candidate
predictors except those with a high proportion (> 20%) of missing data were included in the full model. The
full model presented below includes 428 participants and 134 events. Being a smoker (vs. a non-smoker),
having family history of nAMD and having nodular drusen or both nodular and reticular drusen (vs. none)
in the study eye were significantly associated with having higher risk of developing nAMD.

Selection of predictors and model estimation
Owing to the large number of candidate predictors, we used a backwards elimination process to obtain
a final model. Fractional polynomials were used to explore the presence of non-linear relationships of
the continuous predictors (age, baseline visual acuity in the study eye and total lesion area of nAMD
at detection in the fellow eye) and we found no evidence of a non-linear relationship; therefore, we
include these candidate predictors as measured.
A backward elimination algorithm was applied to the multiple Cox regression model, including all
candidate predictors with the threshold set at 0.10. Hazard ratios for the predictor cataract present
(study eye) were observed to be counterintuitive from a clinical perspective, and we decided to exclude
this candidate predictor from the selection process.
Following the elimination process, the four risk factors for progression to nAMD in the final multiple
prediction model were smoking, family history of nAMD, presence of pigmentary irregularities in the
study eye and presence of nodular drusen in the study eye (Table 35). The presence of both nodular
and reticular drusen carried the highest risk. The final model included 476 participants and 143 events
(conversion to nAMD in the EDNA study eye).

Discrimination
Discrimination measures how well the model distinguishes between individuals who developed nAMD
and individuals who did not develop nAMD. For the final model shown in Table 35, the c-statistic was
0.66 (95% CI 0.62 to 0.71), that is the model would predict a high risk for subjects that converted 66%
of the time. This represents a modest level of discrimination.
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TABLE 33 Hazard ratios from a univariate analysis (with 95% CIs)a (maximum N = 489)
Candidate predictor

Hazard ratio (95% CI); p-value

Age (years)

1.01 (0.99 to 1.03); 0.30

2

BMI (kg/m )

1.01 (0.98 to 1.04); 0.54

Male vs. female

1.00 (0.72 to 1.39); 0.99

Hypertensive vs. not hypertensive

0.97 (0.70 to 1.34); 0.85

With cardiovascular disease vs. without

0.73 (0.48 to 1.11); 0.14

Family history of AMD vs. no family history

1.43 (0.95 to 2.15); 0.09

Diabetic vs. non-diabetic

1.02 (0.66 to 1.60); 0.92

Taking nutritional supplements vs. not taking nutritional supplements

0.85 (0.59 to 1.23); 0.40

Smoking status
Smoker vs. non-smoker

1.58 (0.97 to 2.57); 0.07

Former smoker vs. non-smoker

1.03 (0.72 to 1.47); 0.87

Total lesion area of nAMD (mm2) at detection (fellow eye)

1.01 (0.99 to 1.03); 0.43

RAP vs. CNV (fellow eye)

1.17 (0.71 to 1.95); 0.53

Cataract present (study eye)
Cataract vs. pseudophakic

1.35 (0.84 to 2.17); 0.21

No cataract vs. pseudophakic

1.61 (0.96 to 2.68); 0.07

Visual acuity (study eye)

0.96 (0.93 to 0.99); < 0.001

Drusen type (study eye)
Nodular vs. none

7.66 (1.88 to 31.14); < 0.001

Reticular vs. none

1.71 (0.15 to 18.81); 0.66

Both nodular and reticular vs. none

13.37 (3.26 to 54.81); < 0.001

Most frequent drusen size (µm) (study eye)
63–125 vs. < 63

2.20 (1.25 to 3.85); 0.01

> 125 vs. < 63

2.34 (1.37 to 4.01); < 0.001

Maximum drusen size (µm) (study eye)
63–125 vs. < 63

1.84 (1.28 to 2.66); < 0.001

> 125 vs. < 63

1.92 (1.18 to 3.12); 0.01

Presence of pigmentary abnormalities vs. absence (study eye)

1.70 (1.23 to 2.36); < 0.001

ELM disruption vs. no disruption (study eye)

1.64 (1.16 to 2.33); 0.01

EZ disruption vs. no disruption (study eye)

1.63 (1.16 to 2.28); < 0.001

Retinal thinning vs. not (study eye)

1.65 (1.08 to 2.52); 0.02

Choroid thinning (study eye)
Thin vs. normal

1.44 (1.04 to 2.01); 0.03

Thick vs. normal

1.60 (0.39 to 6.53); 0.51

a Categorical and binary variables are presented as a vs. b, where b is the reference category.
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TABLE 34 Hazard ratios (with 95% CIs) for the multiple Cox regression model including all candidate predictors
(n = 428 participants, n = 134 events)
Candidate predictor

Hazard ratio (95% CI); p-value

Age (years)

1.01 (0.98 to 1.04); 0.39

Male vs. female

1.06 (0.74 to 1.53); 0.75

Hypertensive vs. not hypertensive

1.00 (0.70 to 1.45); 0.98

With cardiovascular disease vs. without cardiovascular disease

0.75 (0.46 to 1.21); 0.23

Family history of AMD vs. no family history

1.43 (0.91 to 2.25); 0.12

Diabetic vs. non-diabetic

0.97 (0.59 to 1.60); 0.91

Taking nutritional supplements vs. not taking nutritional supplements

0.74 (0.49 to 1.11); 0.15

Smoking status
Smoker vs. non-smoker

1.83 (1.05 to 3.20); 0.03

Former smoker vs. non-smoker

0.95 (0.65 to 1.41); 0.82

Total lesion area of nAMD (mm2) at detection (fellow eye)

1.00 (0.98 to 1.02); 0.98

RAP vs. CNV

1.11 (0.62 to 2.00); 0.73

Cataract present (study eye)
Cataract vs. pseudophakic

1.42 (0.83 to 2.41); 0.20

No cataract vs. pseudophakic

1.81 (1.01 to 3.25); 0.05

Visual acuity (study eye)

0.97 (0.94 to 1.01); 0.14

Type of drusen (study eye)
Nodular vs. none

5.17 (1.14 to 23.38); 0.03

Reticular vs. none

1.51 (0.13 to 18.30); 0.74

Both reticular and nodular vs. none

9.48 (2.02 to 44.46); < 0.001

Most frequent drusen size (µm) (study eye)
63–125 vs. < 63

0.90 (0.45 to 1.82); 0.77

> 125 vs. < 63

0.75 (0.35 to 1.59); 0.45

Maximum drusen size (µm) (study eye)
63–125 vs. < 63

1.55 (0.97 to 2.49); 0.07

> 125 vs. < 63

1.71 (0.90 to 3.26); 0.10

Presence of pigmentary abnormalities vs. absence (study eye)

1.28 (0.87 to 1.87); 0.21

ELM disruption vs. no disruption (study eye)

0.99 (0.52 to 1.89); 0.99

EZ disruption vs. no disruption (study eye)

1.02 (0.57 to 1.83); 0.94

Retinal thinning vs. not (study eye)

1.41 (0.79 to 2.53); 0.24

Choroid thinning (study eye)
Thin vs. normal

1.18 (0.81 to 1.72); 0.40

Thick vs. normal

2.77 (0.62 to 12.28); 0.18
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TABLE 35 Hazard ratios (with 95% CIs) for the final multiple prediction model – complete case analysis – following
backward elimination (n = 476, n = 143 events)
Hazard ratio (95% CI); p-value

Candidate predictor
Smoking status
Smoker vs. non-smoker

1.70 (1.04 to 2.79); 0.03

Former smoker vs. non-smoker

0.99 (0.69 to 1.41); 0.94

Type of drusen (study eye)
Nodular vs. none

6.45 (1.57 to 26.45); 0.01

Reticular vs. none

1.62 (0.15 to 17.96); 0.70
11.81 (2.86 to 48.87); < 0.001

Both nodular and reticular vs. none
Presence of pigmentary abnormalities vs. absence (study eye)

1.47 (1.05 to 2.05); 0.02

Family history of AMD vs. no family history

1.24 (0.82 to 1.89); 0.31

Calibration
The calibration coefficient is 1 (95% CI 0.68 to 1.3), which suggests that the prediction model is well
calibrated as anticipated. Calibration is shown visually (Figure 20) against monitoring time. Four risk
groups were calculated (divided by the 16th, 50th and 84th centile of linear prediction risk).45 Group 1
had the lowest risk and group 4 had the highest risk. Plotting Kaplan–Meier-observed survival by
group, it is possible to see if the model can distinguish between observed and expected probability of
remaining nAMD free. A perfectly calibrated model would result in separate Kaplan–Meier curves for
each risk group. As can be seen in Figure 20, there is a separation of group 1 (lower risk) from group 2
and from the remaining groups.

Sensitivity analysis
In developing the model, we performed the following sensitivity analyses.

Estimated survival (proportion)

1.00

0.75
Group 1
Group 2
Group 3
Group 4

0.50

0.25

0.00
0

6

12

18
24
Follow-up time (months)

30

36

FIGURE 20 Observed nAMD probabilities over time (in months) by risk group (group 1: lowest risk; group 4: highest risk)
according to model’s prediction (expected probability).
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Impact of including or excluding specific candidate predictors in the c-statistic
Type of drusen
Owing to the strong association that was found between the type of drusen and the outcome, we
assessed its discriminative ability by itself. When the type of drusen is included in the model as a single
predictor, the resulting c-statistic is 0.63.

Presence of cataract
The presence of cataract was initially included as a candidate predictor; however, owing to hazard
ratios that were clinically counter-intuitive and had a negligible effect on the c-statistic (from 0.66 to
0.68), we agreed to exclude the variable from the selection process for the final model and the
additional sensitivity analyses.

Varying the selection threshold for variable inclusion
We explored the impact of varying the selection threshold that was used to decide the variables to
include in the model from p = 0.05 to p = 0.20 (Table 36). This resulted in similar included variables
when compared with the main analysis using a selection threshold of p = 0.10 (see Table 35). The most
stringent threshold (p = 0.05) led to the inclusion of only two variables as predictors: type of drusen
(study eye) and smoker. The least stringent threshold (p = 0.20) selected the main model variables with
two additional predictors: study eye visual acuity and retinal thinning.

Multiple imputation
Variables with multiple categories were combined into binary variables to overcome the software
conversion problems in running the multiple imputation model. We then applied a backwards selection
process with a threshold of 0.10 to select the predictors following the same process as in the main
analysis. The resulting model variables after imputation are shown in Table 37. The three predictors
that were selected for the model after imputation differ from the four predictors that were selected

TABLE 36 Hazard ratio (with 95% CIs) for sensitivity analysis models varying the selection threshold
Selection threshold, hazard ratio (95% CI); p-value
Candidate predictor

p = 0.05

p = 0.15

p = 0.20

–

1.31 (0.86 to 2.00); 0.21

1.32 (0.86 to 2.01); 0.20

Smoker vs.
non-smoker

1.68 (1.03 to 2.74); 0.04

1.69 (1.03 to 2.76); 0.04

1.72 (1.05 to 2.81); 0.03

Former smoker vs.
non-smoker

0.98 (0.68 to 1.41); 0.92

0.99 (0.69 to 1.42); 0.96

0.99 (0.69 to 1.41); 0.94

–

0.97 (0.94 to 1.00); 0.05

0.97 (0.94 to 1.00); 0.06

Nodular vs. none

7.62 (1.87 to 30.99); < 0.001

6.08 (1.48 to 24.94); 0.01

6.02 (1.47 to 24.69); 0.01

Reticular vs. none

1.87 (0.17 to 20.72); 0.61

1.59 (0.14 to 17.64); 0.71

1.63 (0.15 to 18.15); 0.69

Family history of AMD
vs. no family history
Smoking status

Visual acuity
(study eye)
Type of drusen (study eye)

Both vs. none

14.03 (3.42 to 57.59); < 0.001 10.80 (2.60 to 44.76); < 0.001 10.64 (2.57 to 44.12); < 0.001

Presence of pigmentary
abnormalities vs.
absence (study eye)

–

1.44 (1.03 to 2.01); 0.03

1.40 (1.00 to 1.96); 0.05

Retinal thinning vs.
absence (study eye)

–

–

1.29 (0.83 to 2.01); 0.26
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TABLE 37 Hazard ratios (with 95% CIs) for the multiple Cox regression model after using multiple imputation following
backward elimination (minimum number of observations, n = 489; minimum number of events, n = 145)
Candidate predictor

Hazard ratio (95% CI); p-value

Most frequent drusen size (µm) (study eye)
63–125 vs. < 63

1.44 (0.87 to 2.38); 0.16

> 125 vs. < 63

1.54 (1.06 to 2.25); 0.02

Both types of drusen vs. none or single type of drusen

1.84 (1.30 to 2.60); < 0.001

Presence of pigmentary abnormalities vs. absence (study eye)

1.52 (1.08 to 2.12); 0.02

Visual acuity (study eye)

0.96 (0.93 to 1.00); 0.02

for the model without multiple imputation. Specifically, most frequent size of drusen and study eye
visual acuity are newly included in the model after multiple imputation, and type of drusen in the study
eye, smoking status and family history of nAMD are all excluded from the model after multiple imputation.

Discussion
The strongest ocular risk factor for conversion to nAMD in the second eye is the presence of nAMD in
the contralateral eye.67 However, the risk of conversion to nAMD in the second eye in individuals with
unilateral nAMD varies between individuals, with about 10% of individuals developing nAMD in the
first year and 50% by 5 years from developing nAMD in the first eye.68 The EDNA study enabled us
to develop a predictive model for developing nAMD in the unaffected eye (the EDNA study eye). We
had access to a rich data set with a large number of potential predictors through the baseline data
collection and reading centre grading. A total of 145 study eyes developed nAMD over 3 years out
of 489 participants who had unilateral nAMD at baseline. This was a reasonable number of events to
develop a prediction model. This was not a large data set in terms of prognostic modelling, but it was
large for the clinical area. Other strengths included the use of candidate predictors that are easily
obtainable in routine ophthalmic practice; that misclassification of ocular predictors was unlikely
because the retinal images were graded by investigators at the study site, as well as by graders in the
reading centre; and that the candidate predictors were selected through clinical consensus in line with
methodological guidelines.66 Smoking status, family history of nAMD, presence of nodular drusen with
or without RPD in the study eye and presence of pigmentary abnormalities in the study eye were the
four predictor variables in the final complete case model. Although these predictors are in accordance
with previous studies, age was not included. Age has been an inconsistent factor in the multiple
prediction models of nAMD in other cohorts. For example, both of the predictive models that were
developed for conversion of second eyes to nAMD of participants in the Harbor study did not include
age in the final model.69,70 By contrast, a recent secondary analysis of second eye conversion in the
VIEW1 and 2 studies showed that increasing age, female sex and lesion size in the nAMD eye were
among the predictors of conversion to nAMD.71
When we consider non-ocular risk factors, only smoking status and family history of nAMD were
included in the model. Seddon et al.72 described a combination of demographic, genetic and
environmental factors, along with macular phenotype based on colour photographs, to develop
and validate a model to predict progressors versus non-progressors in the AREDS cohort.
In the study by Seddon et al.,72 the definition of progression included persons with bilateral early or
intermediate AMD who progressed to advanced AMD in any eye along with those who already had
advanced AMD in one eye who subsequently progressed to advanced AMD in the unaffected eye. Our
study design could be based only on progression to advanced AMD in the EDNA study eye because of
the existence of nAMD in the first eye, which by itself is a strong risk factor. A different prediction
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algorithm that has been used in the past was based solely on ocular characteristics. This algorithm is
the simplified AREDS scale, which used only the macular phenotype to predict progression of AMD.
A graded categorical scale was used with both eyes, contributing 1 or 2 points depending on whether
intermediate AMD (1 point for drusen and 1 point for pigmentary abnormalities) or nAMD was
present (2 points). The scale could, therefore, extend from 0 (no features of AMD) to 4. However,
a score of 4 could mean that both eyes exhibited intermediate AMD or one eye exhibited late AMD
with the fellow eye having both drusen and pigmentary changes.73 This scale, therefore, exhibited
some anomalous relationships because individuals with bilateral drusen only without pigmentary
abnormalities had a 5-year risk as low as 2% or with pigmentary abnormalities as high as 20%. By
contrast, the presence of nAMD in one eye with intermediate AMD and pigmentary abnormalities
increased the risk to 53%. Therefore, it may be that the presence of nAMD in one eye carries a much
higher risk than that of bilateral intermediate AMD for conversion to nAMD.73
The only study to find a reduction in progression from earlier stages of AMD to nAMD was the
US-conducted AREDS.68 This study enrolled over 3640 participants, and in the subset of participants
with large drusen in both eyes or nAMD in one eye (approximately n = 2556) a statistically significant
reduction in the rate of progression was detected at 5 years (28% progressed in the treated group vs.
20% in the supplemented group, representing a benefit of 8% in the group who received a cocktail of
antioxidant vitamins and zinc). The EDNA study, although similar insofar as its prospective follow-up
and ocular characteristics of AMD (our sample too had nAMD in one eye with the study eye observed
until nAMD developed), was in all other respects not comparable to AREDS. In the EDNA study,
we observed our participants for an average of just under 3 years, with a sample that was less than
one-quarter that of the high-risk AREDS population. Although supplement use was recorded, the
identity of the supplement and consistency of its use during follow-up was not tracked. Therefore,
it is not surprising that nutritional supplements did not contribute to the predictive model.
Because family history of AMD was found to be a significant predictor in our data set, we suggest that
this is an easier option to use in situations where DNA analysis is not possible. In the present study,
although a biobank with whole blood has been established from participants who were willing to
donate a blood sample, we have not yet obtained the resources to undertake appropriate genetic
analysis. Even if genetic profiling is carried out, the multifactorial aetiology and gene–environment
interactions that characterise AMD makes it a challenge to model accurately.74
Ocular predictors in our model included nodular drusen with or without RPD. This was found to be the
most important predictor in our model and, by itself, yielded a c-statistic of 0.63 (compared with 0.66
when including all selected predictors). The presence of nodular drusen in fellow eyes increased the
risk of conversion to nAMD by six-fold compared with the absence of drusen, while the combination of
nodular drusen and RPD almost doubled this risk, highlighting the strongest predictor for conversion.
Various types of drusen parameters have been assessed as risk factors for conversion and these
include the number of drusen, area, volume and load.75–77 Using the simplified scale based only on
ocular risks, the fellow eye of people with unilateral advanced AMD in the AREDS cohort had a 35.4%
5-year risk of progression to advanced AMD if the fellow eye had additional risk factors of presence
of large drusen and/or pigment abnormalities. This figure increased to 76.8% at 10 years.78 Therefore,
both large drusen and RPE abnormalities are considered strong risk factors for conversion to nAMD.75–79
On OCT, pigmentary abnormalities are seen as hyper-reflective foci. In our data, in the univariate
analysis, hyper-reflective foci were highly significant predictors for conversion and this finding is
concordant with that of many preceding studies.70,80 However, hyper-reflective foci were not included
in the final multivariable model because these do not occur in the absence of nodular drusen, and it
would appear that the prediction ability of the model is unimpaired by exclusion of the presence of
pigmentary abnormalities. Decreasing visual acuity was also a predictor in our model, in keeping with
previous studies.78,81
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We had a small percentage of missing data for all candidate predictors, except BMI which was
excluded from the complete case model. This resulted in a final model that included 477 out of
489 participants and 143 events out of 145 events after the variable selection process. A weakness
of our study was that the final model was based on a subset of EDNA participants given that we
could use data only from those with information available on the state of the EDNA study eye at exit
from the study. We utilised data from as many participants as possible by using secondary reference
standard 1 (clinical determination of conversion to nAMD at clinical site), which was available in a
larger number of participants. We were justified in using the larger sample because it was based on
information that came from clinical practice and is, therefore, more applicable in the routine setting.
We recognised that this strategy could have led to selection bias; however, candidate predictors
considered in the model showed a similar distribution to the baseline characteristics of the whole
sample (see Chapter 3). BMI was not included as a variable in the multiple imputation owing to the
large number of missing data. Our sensitivity analyses highlighted some variability in the included
variables for the model. When applying a less-stringent threshold for inclusion (p = 0.20), study eye
visual acuity, family history of nAMD and retinal thinning in the study eye were additional significant
predictors. With the most stringent threshold (p = 0.05), only smoking status and type of drusen in
the study eye performed well in the model. The most frequent size of drusen and visual acuity were
included only as predictors in the model after conducting multiple imputation, which suggests potential
bias on the variable selection of the main model owing to missing data.
Our model had a modest level of discrimination, which was measured through the c-statistic,
attributing higher-risk estimates to participants who developed nAMD than those who did not. This
discriminative ability might be considered adequate depending on the research or clinical field.82
However, the level does not seem high enough to inform changes in clinical practice regarding
monitoring. In terms of the model performance, discrimination should be assessed in combination with
calibration, the agreement between observed outcomes and prediction. Calibration in our model was
good, with a calibration slope of one and visual examination showing the model’s ability to distinguish
between higher- and lower-risk groups. Calibration is more likely to produce good results in the
internal validation of a model given that the predictions are produced based on the sample available.
However, calibration and discrimination need to be reassessed by doing an external validation of the
model using a new set of patients, preferably in a different setting.83
There were limitations to this work. The model applies only to second eyes of participants with nAMD
in their first eye; therefore, it is a selected population and the findings should be interpreted in that
light. In particular, the lack of prognostic value of age is probably because of the effect of focusing
on people who already have nAMD in one eye. There may be other unmeasured or uncontrolled
parameters that may confound the relationship of the current predictors, so they should not be taken
as causal relationships. Other variables not readily collected might have resulted in a better prognostic
model. A higher discriminatory performance had been anticipated because we believed that important
characteristics in the ocular environment were included. However, we did not have information on the
genetic profile of participants because carriage of well-characterised genetic polymorphisms are known
to be important in increasing the risk and rapidity of progression. This and additional OCT parameters
of the fellow nAMD eyes may merit further investigation as candidate predictors; intraretinal fluid at
baseline has been shown to be a predictor of conversion of unaffected eyes to nAMD. The c-statistic
(discriminative ability) was only 0.66, so the model cannot be implemented in routine monitoring
clinics. We did not measure the model’s inherent optimism or correct its c-statistic for that. Further
development of the model should focus on validating the model performance in an external population.
The performance does not suggest that this model would have clinical application at this point without
further improvement. However, this model adds to the growing literature on risk predictions for
conversion to nAMD in the second eye, and the predictors used in this model have been included in
most models, but not together.
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Chapter 7 Health economics
Introduction
This chapter reports the methods and results of the economic evaluation that was conducted as part
of the EDNA study. The EDNA study has provided important data on the rate of conversion to nAMD
in the second eye of people being treated for nAMD in the first eye. It has also provided evidence on
the diagnostic accuracy of several candidate monitoring tests for the early detection of nAMD in the
second eye. However, it was not designed to assess the impact of nAMD detection on subsequent
treatment and health outcomes. These longer-term impacts need to be considered when assessing
the cost-effectiveness of the different monitoring tests. Therefore, a health economic model was
constructed to simulate the natural history of nAMD in the second eye (EDNA study eye) and the
subsequent impact of timely detection and treatment on visual acuity outcomes over time.

Objectives of the economic evaluation
The objective of the economic evaluation was to identify an optimal monitoring regime in terms of
cost-effectiveness. The analysis assessed the cost-effectiveness of the five alternative index tests
(i.e. Amsler, fundus clinical examination, OCT, self-reported vision and visual acuity) when used in
routine practice in hospital outpatient eye services to monitor the second eye of people who are
attending monitoring visits for treatment of their first eye. The perspective was that of the UK NHS.

Methods
The analysis was conducted in accordance with a predefined health economics analysis plan (see
Report Supplementary Material 3). The economic decision model was developed in TreeAge Pro 2020
version R1.1 (TreeAge Software, Inc., Williamstown, MA, USA). The model utilised a Markov structure
with a fixed cycle length of 1 month (i.e. the status of simulated patients was updated monthly).
Microsimulation was used to analyse the model, whereby individuals were simulated to pass through
the model one at a time.
Simulated individuals were defined by a set of baseline characteristics that were drawn from the EDNA
study cohort: age, sex, visual acuity in the second eye (EDNA study eye) and type of nAMD (in the first
eye). Parametric survival curves were fitted to the time to conversion to nAMD data from the EDNA
study and were used to derive monthly probabilities of conversion to nAMD in the second eye. These
probabilities were then applied in the economic model.
Following conversion to nAMD and prior to detection and treatment individuals were modelled to
lose vision at the rate observed for untreated eyes with nAMD. Following correct identification by a
monitoring test, confirmation by FFA and appropriate treatment, individuals were modelled to gain,
maintain or lose vision in line with treated cohorts. Based on visual acuity in their second eye,
simulated individuals were assigned a health-related quality-of-life weight on a zero (death) to one
(full health) scale, allowing cumulative quality-adjusted life-years (QALYs) to be modelled for the
alternative monitoring strategies. Health-care and social care costs associated with monitoring,
treatment and severe vision loss were incorporated in the model, allowing total cumulative costs to
be tracked. The modelled output was used to determine the expected differences in costs and QALYs
between the monitoring strategies in an incremental cost-effectiveness analysis.
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Model structure
The economic model was structured around disease status (no nAMD or nAMD), diagnosis status
(undetected or detected) and treatment status (untreated or treated). A simplified schematic of the
structure is provided in Figure 21. The change in visual acuity was modelled at the individual level in
each model cycle and there was a simplifying assumption that patients maintain their baseline visual
acuity in the EDNA study eye (second eye) until it converts to nAMD. This assumption was considered
reasonable by clinical experts within the study team. Visual acuity was updated as a continuous
variable in the model, taking a value between 0 and 100 letters (ETDRS). The individual’s current
acuity was tracked and linked to a health-related quality-of-life weight using a published equation
(see Valuation of health effects). It was assumed that visual acuity in the second eye was representative
of visual acuity in the best seeing eye throughout the modelled time horizon. This was justified by
the baseline visual acuity in the EDNA study eye being better or within 10 letters of visual acuity
in the treated eye in 93% of EDNA study participants. Given that eyes being treated for nAMD still
tend to lose vision over the long-term period, it was deemed reasonable to assume that visual acuity
in the second eye will remain, on average, higher than visual acuity in the first eye over time. The
modelling adopted a 25-year time horizon, with a mean starting age of 77 years (mean age in the
EDNA study cohort).

Population
The analysis was conducted for a simulated cohort of individuals with characteristics matching those of
the EDNA study cohort. The baseline characteristics of simulated individuals were drawn at random
from a table containing the baseline characteristics of each EDNA study participant. This ensured that
any correlations between baseline characteristics were maintained in simulated individuals. Given that
the EDNA study was embedded in routine NHS practice across 18 study sites, the simulated cohort
can be considered representative of the NHS patient population. The average age was 77.4 years, the
average baseline visual acuity in the second eye was 79 letters compared with 56.6 letters in the first
eye and 57.2% of patients were female.

Comparators
The economic analysis considered each of the EDNA study monitoring tests individually. The base-case
analysis followed the EDNA study protocol in assuming that positive tests would be confirmed or
refuted by fluorescence angiography.

Ref
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Discontinue
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(detected)
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Monitoring
tests
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Visual change (untreated)

Visual change (treated)

FIGURE 21 Simplified schematic of the model structure. FN, false negative; FP, false positive; Ref, reference standard;
TN, true negative; TP, true positive.
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Clinical effectiveness parameters
Time to conversion to neovascular age-related macular degeneration
Conversion to nAMD in the second eye was based on the observed time to conversion to nAMD data
from the EDNA study, using the primary reference standard (FFA determination of conversion to
nAMD at the clinical site) to define conversion to nAMD (events). Individuals were censored at the
time of their last observed FFA if no conversion to nAMD was observed. Standard parametric curves
were fitted to the observed Kaplan–Meier data. The parametric distributions considered were
exponential, Weibull and log-normal (Figure 22). Based on Akaike information criterion (AIC) and
Bayesian information criterion (BIC), the exponential curve was identified as having the best statistical
fit to the observed data (Table 38). This assumed a constant hazard of conversion to nAMD over time.
Clinical opinion within the team was split between whether or not the hazard of conversion to nAMD
would be expected to increase over time and whether or not the hazard of conversion to nAMD would
be expected to decrease over time; therefore, it was agreed that the exponential was appropriate for
application in the base case. The Weibull distribution (predicting an increasing hazard of conversion
to nAMD over time) and the log-normal distribution (predicting a decreasing hazard) were tested in
sensitivity analysis. The estimated rate parameter (λ) of the exponential function was used to derive
monthly probabilities of conversion to nAMD in the model (transition probability) using the following
equation, where t is time in months and u is the Markov cycle of one month:
transition probability (tu ) = 1–expfλ(t–u) – λtg.

(1)

Proportion not converted to nAMD

The curve was extrapolated beyond the observation period of the EDNA study over the lifetime of
simulated individuals.
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FIGURE 22 Kaplan–Meier curve of time to conversion to nAMD overlaid with fitted parametric survival curves.

TABLE 38 Statistical fit of alternative parametric curves for time to conversion to nAMD
Distribution

AIC

BIC

Exponential

758.21

762.33

Weibull

759.31

767.55

Log-normal

757.80

766.05
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Diagnostic accuracy
The alternative diagnostic monitoring strategies for the second eye were embedded in the economic
model using the sensitivity/specificity estimates obtained for the five alternative diagnostic tests. Given
that the model seeks to inform the impact of using the alternative tests repeatedly over consecutive
monitoring visits, the primary diagnostic accuracy analysis was considered unsuitable for this purpose.
Therefore, we used diagnostic accuracy estimates based on the analysis of index test results at the last
visit (see Chapter 4, Primary reference standard), reproduced in Table 39. These provide the best available
estimates of diagnostic performance at a single point in time, which was necessary for modelling the
expected differences in time from conversion to nAMD to diagnosis when using the different tests.
However, the repeated application in the model of the estimated specificity for each test (assuming
independence within individuals over time) was found to overestimate the observed cumulative
proportion of patients experiencing a false positive in the EDNA study. Therefore, we adopted adjusted
specificities in the model to yield the observed cumulative proportion over the mean number of observed
tests (Table 40). Sensitivity was applied independently in the model. This was considered reasonable
given that the potential for correlation in test sensitivity over repeated assessments is countered by
progression of the underlying disease, which may result in sensitivity increasing over time.
Given that the cost-effectiveness modelling was based on the expected changes in visual acuity following
conversion to nAMD and that visual acuity loss of ≥ 10 letters was one of the index tests, this created
a challenge to applying test sensitivity for change in visual acuity in the model; that is, the visual acuity
test cannot be positive in true cases for whom no visual loss has yet occurred, and by definition it must
be positive in true cases for whom visual loss of ≥ 10 letters has occurred. Therefore, we modelled visual
acuity change to have sensitivity of 0% for nAMD cases prior to any vision loss and 100% following
vision loss of ≥ 10 letters.
TABLE 39 Diagnostic accuracy estimates applied in the economic model
True positives (n)/
participants with
nAMD (n)

Specificity
(95% CI) (%)

True negatives
(n)/participants
without nAMD (n)
253/270

Index test

Sensitivity
(95% CI) (%)

Amsler

26.5 (18.8 to 36.1)

26/98

93.7 (90.1 to 96.1)

Fundus

49.6 (40.8 to 58.4)

59/119

99.7 (98.2 to 100.0) 334/335

OCT

90.0 (83.2 to 94.3)

108/120

96.4 (93.8 to 98.0)

323/335

4.2 (1.6 to 9.8)

5/118

98.5 (96.4 to 99.5)

328/333

25.8 (18.8 to 34.4)

31/120

88.4 (84.5 to 91.4)

296/335

Index test

Unadjusted
specificity

Cumulative proportion
of people experiencing a
false positive during the
EDNA studya

Mean number
of tests in the
EDNA study

Adjusted
specificity
per testb

Amsler

0.937

0.1398

13.8

0.9891

Fundus clinical evaluation 0.997

0.02

14.2

0.9986

OCT

0.964

0.0965

14.5

0.9930

Self-reported vision

0.985

0.0177

14

0.9987

Visual acuity

0.884

0.182

15.5

0.9871

Self-reported vision
Visual acuity

TABLE 40 Adjusted specificities for repeated application in the model

a Proportion of patients coded as false positive for each test at any testing visit throughout EDNA study.
b The adjusted specificity was calculated as = (1–a)^(1/mean number of tests), so that its application over the observed
mean number of tests in EDNA study yields the observed cumulative proportion experiencing a false positive on each test.
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We attempted to assess the correlation between the sensitivity of the other index tests and whether or
not participants with observed conversion to nAMD had lost ≥ 10 letters from baseline at the time of
detection. This did not indicate a strong relationship, but the number of true positive cases with vision
loss of ≥ 10 letters from baseline was small (n = 31). Given that few nAMD cases in the EDNA study eye
reached more severe levels of vision loss prior to detection, we were unable to accurately determine
how the sensitivity of each of the index tests changes as vision loss increases. We, therefore, made a
number of assumptions about what would happen to those losing a significant amount of vision owing
to undetected nAMD: (1) all individuals losing > 30 letters were assumed to present immediately to
the hospital eye service and be detected; (2) 50% of individuals losing 15–30 letters were assumed to
present immediately to the hospital eye service and be detected; (3) the remaining 50% of patients
losing between 15 and 30 letters were detected at subsequent monitoring visits based on the test
sensitivity of each test (100% when using visual acuity as the index test).

Pre-treatment change in visual acuity
There is a paucity of published data on the rate of vision loss in the early stages of nAMD immediately
following conversion to nAMD. It is known that the overall trajectory of vision loss is not linear, with a
rapid decline expected when nAMD first supervenes before the slope flattens somewhat. The available
natural history data come from an era in which patients presented with nAMD late; therefore, reported
rates of visual acuity loss will relate to the flatter part of the curve following the steeper initial decline
after conversion to nAMD.
Nevertheless, a meta-analysis of older natural history data still found that > 50% of patients can
expect to lose ≥ 3 lines (≥ 15 letters) over a period of 12 months from this later starting point, with
27% expected to lose ≥ 6 lines (≥ 30 letters).2
To better inform the expected rate of visual acuity decline from the point of conversion to nAMD,
we used survival analysis methods to estimate the time to losing ≥ 10 letters from visual acuity before
conversion to nAMD, using post conversion to nAMD visual acuity data for the 145 patients who were
judged to have developed nAMD in their EDNA study eye. This analysis relied on the fact that some
patients had already experienced visual acuity loss by the time of detection, while other patients were
not treated immediately. For those not treated immediately, visual acuity data at time of treatment
initiation and at 1 year after conversion to nAMD were obtained from the Observing Fibrosis, Macular
Atrophy and Sub retinal Highly Reflective Material – Before and After Intervention with Anti-VEGF
Treatment (FASBAT) study (ISRCTN 76889861)84 for those EDNA participants who were enrolled or
were otherwise extracted from the EDNA participant’s case notes. The time of conversion to nAMD
was taken as the mid-point between the visit at which nAMD was detected and the preceding visit
(when no nAMD was detected). The time at risk was taken as the time from conversion to nAMD to
losing ≥ 10 letters or treatment initiation. If no treatment was initiated, time at risk was censored at
the last available follow-up point at which visual acuity data were available. The data were used to
generate a Kaplan–Meier curve, to which various parametric survival curves were fitted (Figure 23).
It can be noted that the data are heavily affected by censoring from an early stage owing to the
tendency for early-detected patients to be treated prior to losing ≥ 10 letters, which may bias the
curves upwards. Furthermore, a lack of observation time points beyond the point of conversion to
nAMD made the exact timing of later visual loss events and the shape of the Kaplan–Meier curve
uncertain. Nevertheless, extrapolated curves suggest that 50% of patients can expect to lose ≥ 10 letters
by 150–200 days (4.9 to 6.6 months) after conversion to nAMD without treatment. Given the limitations
in estimating the exact timing of events and the shape of the distribution, we selected the exponential
distribution for the base-case extrapolation. This function was also most consistent with the long-term
rate of post-treatment visual acuity decline applied in the model (see below) because it avoids the
chance of visual acuity loss in untreated patients dropping below the rate of visual acuity decline in
treated patients.
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FIGURE 23 Time to losing ≥ 10 letters from the point of conversion to nAMD, overlaid with the three best fitting
parametric distributions.

To inform the expected rate of transition to higher levels of visual acuity loss (≥ 30 letters) among
those losing ≥ 10 letters, we assumed that the fellow eye prior to the development of nAMD would
have had a similar visual acuity to the unaffected EDNA study eye at study baseline. We, therefore,
used the difference in visual acuity between the fellow eye and the EDNA study eye at baseline to
estimate the proportion of nAMD eyes that could be expected to have lost ≥ 10 or ≥ 30 letters
between conversion to nAMD and the time of treatment initiation: 78.4% and 29.2%, respectively.
We then assumed that 29.2% of eyes would be expected to lose ≥ 30 letters by the time that the
chosen exponential extrapolation (see Figure 23) predicted that 78.4% would have lost ≥ 10 letters
from conversion to nAMD (15.15 months). This was used to calculate monthly probabilities of losing
≥ 30 letters from the time of conversion to nAMD (Figure 24).
For those modelled to fall into each category of vision loss, the exact number of letters lost was
drawn from conditional distributions informed by the observed difference in visual acuity between
the fellow eye and the EDNA study eye at baseline. For those losing 10–29 letters, this suggested
a uniform distribution (minimum 10 letters, maximum 29 letters). For those losing ≥ 30 letters, a
gamma-distribution was applied to account for the skewed nature of the data (mean 42 letters,
standard deviation 9.27 letters, minimum 30 letters).

Post-treatment change in visual acuity
Post-treatment visual acuity changes were informed using evidence from several sources: (1) short-term
visual acuity outcomes for patients who converted to nAMD in the EDNA study and then commenced
treatment; (2) randomised controlled trials of anti-VEGF treatments conducted in the UK NHS; and
(3) real-world cohort studies assessing the visual acuity changes in second treated eyes with good visual
acuity (> 70 letters) at baseline.

Proportion without visual loss

1.0
0.9
0.8
0.7
0.6

Kaplan-Meier: lost ≥ 10 letters
Lost ≥ 30 letters
Exponential: lost ≥ 10 letters

0.5
0.4
0.3
0.2
0.1
0.0
0

10

20

30
Time (months)

40

50

60

FIGURE 24 Extrapolated time to losing ≥ 10 and ≥ 30 letters from the point of conversion to nAMD.
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Short-term visual acuity outcomes for participants who converted to neovascular
age-related macular degeneration in the EDNA study
Visual acuity outcomes at conversion to nAMD, treatment initiation, post load and 12 months after
conversion to nAMD were collected, where possible, for EDNA study participants who converted to
nAMD within the study follow-up period. For EDNA study participants who were recruited to the
FASBAT study,84 these data were obtained with appropriate permissions from the FASBAT database.
For those not recruited to FASBAT, the visual acuity data were extracted from routine case notes.
Based on the above, we were able to obtain usable post-treatment visual acuity data on 93 out of
145 study eyes judged to have converted to nAMD during the EDNA study. The post-treatment changes
in visual acuity were categorised by whether or not the individual had lost ≥ 10 letters from baseline
at the time of treatment initiation (Figure 25). Among those who lost ≥ 10 letters prior to treatment
initiation, mean visual acuity improved by 6.47 (95% CI 2.66 to 10.28) letters following the loading
phase. For those treated prior to losing ≥ 10 letters, visual acuity was 1.47 (95% CI –0.22 to 3.17)
letters lower after loading. These data were used to inform the loading phase visual acuity changes
applied in the model. Following the loading phase, data were available for 23 patients who had lost
≥ 10 letters prior to treatment initiation and 39 who had not. The mean rate of deterioration following
the loading phase was very similar between the groups (0.34 and 0.37 letters per month, respectively).

Visual acuity outcomes in randomised controlled trials
Relevant randomised controlled trials were identified from existing reviews and considered with
respect to their applicability to the NHS setting.1,85 Although several treatment protocols exist for
anti-VEGF injections, systematic reviews have reported broadly comparable efficacy.86 There is some
evidence to suggest that treat-and-extend regimens (treatment interval gradually extended as long
as the macula remains dry) are comparable to continuous monthly injections, and slightly superior to
pro re nata (when needed) regimens.86 With respect to medicinal products, there are two licenced
anti-VEGF treatments available in Europe: ranibizumab and aflibercept. In addition, there is some
limited use of off-license treatment with bevacizumab, which is a larger molecule but otherwise
structurally similar to ranibizumab. Several studies have found comparable efficacy between these.87,88
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FIGURE 25 Short-term mean visual acuity outcomes in the EDNA study eye of participants who converted to nAMD
during the study.
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Given the above, visual acuity changes observed for patients treated with ranibizumab in the NHS-based
Inhibit VEGF in Age-related choroidal Neovascularisation (IVAN) trial87,89 were used to help inform
the modelling. The ranibizumab arm of the IVAN trial included individuals randomised to continuous
monthly injections and discontinuous (as needed) treatment following a pro re nata protocol, with three
monthly injections given on re-initiation of treatment.87,89 For the purpose of the current model, the
visual acuity results are considered broadly generalisable to patients treated with any anti-VEGF
treatment in routine NHS practice. A further benefit of the IVAN trial was the availability of long-term
follow-up data for 537 participants who completed the original 24 months of trial follow-up.9
With respect to model implementation of post-treatment visual acuity change, we followed the
approach described by Claxton et al.,90 whereby IVAN trial data were used to derive time-dependent
normal distributions for visual acuity change per month. The monthly visual acuity change for each
simulated individual was determined by taking a random draw from the assigned change distributions.
The approach of Claxton et al.90 was simplified by applying average monthly letter changes across
months 3 to 12 and 13 to 24 (Table 41). In addition, given that the IVAN trial included a mixture of
eyes with baseline visual acuity above and below 70 letters, we adjusted the loading phase change
distributions to yield the loading phase changes in mean visual acuity observed for patients who
converted to nAMD during the EDNA study: + 6.47 letters for those who had lost ≥ 10 letters prior to
treatment initiation and –1.47 letters for those who had lost < 10 letters prior to treatment initiation.

Longer-term visual acuity changes by visual acuity at treatment initiation
Given that most treated eyes in IVAN were symptomatic at baseline (mean visual acuity 61.4 letters),
further data were required to inform the modelling for patients detected early and treated prior to
significant vision loss. To do this, we reviewed studies reporting treatment outcomes for second and
early treated eyes with good visual acuity at baseline.14,16 In both studies,14,16 second-treated eyes
with good visual acuity at baseline did not show the gain in vision that symptomatic first eyes show
following treatment loading, confirming the observation in EDNA study participants. By contrast, these
eyes remained stable over the loading phase before declining gradually at a similar rate to the first
treated eyes after the loading phase. Vision in the second treated eyes remained better than vision
in first treated eyes at all time points up to the end of the observed follow-up periods of 216 and
314 years. Thus, for second eyes treated prior to significant vision loss, this trajectory was assigned in
the model by capping visual acuity at the baseline value and calibrating the visual acuity change
distributions to yield output in line with the above observations.
Beyond 24 months, we specified a monthly visual acuity change distribution based on the average
annual rate of decline observed during the long-term follow-up of IVAN participants: 4.3 letters per
year (95% CI 3.7 to 4.9 letters). This was applied to eyes that initiated treatment prior to and after
losing ≥ 10 letters. The modelled mean trajectories for eyes treated before and after significant vision
loss are provided in Model validation below.

TABLE 41 Visual acuity change for treated individuals from treatment initiation to 24 months
Variable
Monthly visual acuity change (months 1–3) for
eyes with visual acuity loss of ≥ 10 letters
Monthly visual acuity change (months 3–12) for
eyes with visual acuity loss of ≥ 10 letters
Monthly visual acuity change (months 13–24) for
eyes with visual acuity loss of ≥ 10 letters
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Point estimate (SD)

Source

2.1567 (2.89)

Chakravarthy et al.87 and Claxton et al.90

0.00 (2.25)

Chakravarthy et al.87 and Claxton et al.90

–0.0917 (2.17)

Chakravarthy et al.87 and Claxton et al.90
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Treatment discontinuation
The monthly probabilities of discontinuation from monitoring and treatment were applied from
24 months post treatment initiation. These were based on discontinuation rates observed for
IVAN trial participants during the period of extended follow-up after release from the trial protocol.
The rates were reported by visual acuity in the study eye at the beginning of long-term follow-up.9
Discontinuation of treatment was defined as discharge from the clinic or > 1 year of follow-up observed
since the last injection to the study eye. The median times to discontinuation or the last observed event
if not reached were extracted from the published Kaplan–Meier plots using digitising software. The
extracted probabilities of discontinuation by corresponding time points were then converted into
monthly probabilities, assuming an exponential distribution (Table 42). The data suggest a higher rate
of treatment discontinuation in eyes with poorer visual acuity at 24 months post treatment initiation.
Furthermore, we applied a rule in the model that treatment and monitoring would cease for futility
if vision dropped below 18 letters. For those who discontinued with visual acuity above 18 letters,
it was assumed that stability had been achieved and, therefore, no further changes in visual acuity
were modelled unless reactivation occurred and re-initiation of treatment was required.
Given that data on the rate of treatment re-initiation were not available from the IVAN trial, we used data
from another UK-based cohort to inform this.91 Data from this cohort study showed that of 512 patients
initiating anti-VEGF treatment in an NHS treatment centre, 158 (30.9%) were discharged stable, of whom
38 reinitiated treatment within a 5-year follow-up period (Sobha Sivaprasad, Moorfields Eye Hospital,
2020, personal communication). The authors provided the numbers of patients discontinuing annually,
numbers at risk and times to re-initiation of treatment among those who discontinued. These data were
used to approximate annual probabilities of discontinuing treatment and returning to treatment following
discontinuation. The estimated monthly probability of discontinuing with stable vision (0.0092) was similar
to the discontinuation probability derived for IVAN trial participants with better visual acuity outcomes
at 24 months post treatment initiation. The estimated probability of treatment re-initiation was higher in
the first year following a 12-month pause in treatment and lower in subsequent years (see Table 42).

TABLE 42 Probability of treatment discontinuation and treatment re-initiation
Variable

Estimated probability (SE)a

Source

Monthly probability of treatment discontinuation by visual acuity at 24 months post-treatment initiation
≥ 68

0.0091 (0.001)

Evans et al.9

53–67

0.0143 (0.002)

Evans et al.9

38–52b

0.0095 (0.003)

Evans et al.9

≤ 37

0.0257 (0.007)

Evans et al.9

Overall

0.0174 (0.001)

Evans et al.9

Average of 37 to ≥ 68

0.0110 (0.002)

Evans et al.9

Annual probability of re-initiating treatment following 12 months of stability
Year 1

0.246 (0.038)

Chandra et al.;91 Sobha Sivaprasad,
Moorfields Eye Hospital, 2020, personal
communication

Year 2 onwards

0.106 (0.038)

Chandra et al.;91 Sobha Sivaprasad,
personal communication

SE, standard error.
a Standard errors approximated from reported data.
b Median time to ending eye monitoring not reached.
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An alternative source of treatment re-initiation following a 12-month pause was identified in the
literature, which suggested a higher rate of return (approximately 2.9% per month) based on data
from the UK Neovascular AMD database.92 However, it did not report the treatment discontinuation
rate preceding treatment re-initiation and, therefore, preference was given to the former source.
Furthermore, the data provided by Sivaprasad (Sobha Sivaprasad, personal communication) were more
contemporary, reflecting the re-initiation rate following discharge from a treat-and-extend maintenance
regimen. The rate provided by Madhusudhana et al.92 was based on eyes that would have discontinued on
a pro re nata maintenance regimen. Clinical opinion in the team suggested that lower re-treatment rates
could be expected for patients discharged from treatment on the current treat-and-extend protocols.

Valuation of health effects
The available health state utility data for quality-adjusting survival by visual acuity status were identified
from searches of the published literature. Searches identified numerous potential sources.93–101 An
emphasis was placed on identifying values for visual acuity states based on the preferences of the UK
general population. Given that there was some evidence to suggest that the EuroQol-5 Dimensions
lack sensitivity to change in visual acuity,102 directly elicited values for specific visual acuity states
were considered where these had been elicited from a sample of the UK general population using an
appropriate valuation technique.
Based on consideration of the available evidence, we chose to base the visual acuity health state
utilities on time trade-off values reported by Czoski-Murray et al.101 In this study, contact lenses were
used to simulate visual impairment in participants from the UK general population. Participants valued
the simulated states using the time trade-off methodology, providing utility weights on a zero (death)
to one (full health) scale. Czoski-Murray et al.101 also reported a regression analysis of the health state
utility values by visual acuity in the better seeing eye, with participant age included as a covariate. In
line with the National Institute for Health and Care Excellence (NICE) appraisals of ranibizumab103 and
aflibercept104 for the treatment of nAMD, we used this published equation to assign health state utility
weights by visual acuity in the model, where SE is standard error and MAR is minimum angle of resolution:
health state value = 0:86(SE 0:068) + visual acuity log-MAR(–0:368 (SE 0:046))

(2)

+ age(–0:001 (SE 0:002)).

Mortality
In line with the modelling used to support NICE guidance on the use of ranibizumab and aflibercept
in the NHS, mortality was based on UK general population life tables, with risk ratios of 1.1 (95% CI
1.01 to 1.19) and 1.17 (95% CI 1.07 to 1.27) applied for visual acuity of < 75 letters and visual acuity of
< 60 letters, respectively.105 Thus, strategies that maintain higher visual acuity were modelled through
evidence of association to provide a small survival benefit. The impact of removing these risks ratios was
assessed in a sensitivity analysis.

Resource use and costs
The model included costs of testing and monitoring conversion to nAMD, costs of monitoring and
treatment post conversion to nAMD, and health-care and personal social care costs associated with
severe visual loss. All costs were expressed in 2018/19 Great British pounds.

Pre-conversion to neovascular age-related macular degeneration testing and
monitoring costs
It was assumed that prior to conversion to nAMD in the second eye (EDNA study eye), treatment
and monitoring of the first eye drives the frequency of outpatient visits. Therefore, marginal costs of
testing the second eye at these monitoring/treatment visits were estimated and applied in the model
(Table 43). In addition, the outpatient visit cost was applied for all monitoring strategies.
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TABLE 43 Marginal testing costs applied in the model
Index test modality (£)
Fundus clinical evaluation
Statistics

OCT

Amsler

Self-reported
vision

Slit lamp

Photography

Visual acuity

10.68

10.64

11.79

6.13

7.08

8.15

Standard deviation

5.19

6.32

7.11

3.05

6.68

6.32

Median

9.71

9.91

10.04

4.83

5.05

6.26

IQR

6.38

6.56

10.60

3.21

3.57

5.36

EDNA study eye (second eye)
Mean

First eye (nAMD at baseline)
Mean

19.45

18.44

13.70

6.88

8.07

10.23

Standard deviation

10.14

8.85

7.33

2.92

7.35

6.50

Median

17.83

20.24

12.11

7.10

5.33

7.34

IQR

11.76

13.23

9.72

3.40

4.80

6.21

Mean

30.13

30.79

25.48

13.01

15.14

18.38

Standard deviation

14.50

10.72

13.18

5.85

13.73

12.16

Median

29.12

31.58

22.15

12.89

10.82

13.68

IQR

16.47

11.58

16.97

6.14

8.82

5.36

Total

IQR, interquartile range.

A survey of participating centres was undertaken in January 2020 to gather information on the
staff time required to test both eyes and only one eye with each index test. Unit costs of staff
time, inclusive of overheads, were used to estimate the cost for each test.106 Prices of test-specific
equipment were obtained from centres or manufacturers and annuitised over their expected useful
life span. The annual equivalent cost of each piece of equipment, inclusive of maintenance, was divided
by the annual throughput reported by centres to estimate an equipment cost per patient tested. The
estimated equipment costs per test were allocated between the first and the second eye based on the
estimated time required to test the first and the second eye. IT storage costs were also estimated for
tests that involve the acquisition of digital images (OCT and fundus photography). The total file size of
the image set per eye was obtained from centres and multiplied by an estimated cost of file storage for
a 10-year period.
Table 43 provides a summary of the estimated testing costs for the first eye, the second eye and
overall. Further details are provided in Appendix 4.
The sensitivity analysis explored the impact of alternative costing assumptions. Given that the staff
cost multipliers used in the calculation of testing costs do not account for all of the capital overheads
associated with use of clinic consulting and treatment space, we assessed the impact of uplifting the
test cost estimates to account for these further overheads. This was carried out by applying the ratio
of allocated overhead costs to direct staffing costs (1 : 3.333) reported for ophthalmology outpatient
visits across Scottish hospitals.107 This approach may double count some of the overheads already
included in the staff cost multipliers and, therefore, should provide an upper limit of the estimated
marginal cost of each test.

Copyright © 2022 Banister et al. This work was produced by Banister et al. under the terms of a commissioning contract issued by the Secretary of State for Health and
Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use,
distribution, reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/.
For attribution the title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

81

HEALTH ECONOMICS

To inform testing frequency prior to conversion to nAMD, we used the observed interval between
visits in the EDNA study by year of follow-up. This indicated that the average interval between visits
was ≈ 1.5 months during the first 6 months, ≈ 2 months between month 6 and month 24, ≈ 2.3 months
between month 24 and month 30, and ≈ 3.3 months between month 30 and month 36. For consistency
with the monthly cycle used in the model, we applied a monthly interval for the first 3 months, a
2-month interval up to month 30, followed by a 3-month monitoring interval beyond this time point.
There was uncertainty beyond 36 months with respect to how long and how frequently second eyes
would continue to be monitored for conversion to nAMD, and to what extent these monitoring costs
would continue to be driven by treatment/monitoring visits for the first eye. For the base case it was
assumed that beyond 5 years the monitoring frequency would be driven by the EDNA study eye
(second eye) and that it would occur on a 6-monthly basis.

Post-conversion to neovascular age-related macular degeneration monitoring and
treatment costs
From the point of conversion to nAMD in the second eye it was assumed that treatment and
monitoring of the second eye would drive the frequency of visits. From this point onwards, full
treatment and monitoring costs were applied to the second eye according to time since treatment
initiation. The nAMD treatment and monitoring costs after conversion to nAMD were informed by
mean numbers of treatment and monitoring visits per year. These estimates of resource use were
derived from the data reported in available clinical trials and clinical advice (Table 44), and the
associated unit costs are provided in Table 45. The base case assumed a drug treatment distribution in
line with that observed in patients who commenced treatment for the EDNA study eye: aflibercept
(68.7%), ranibizumab (22.3%) and bevacizumab (9%). Current list prices were applied to each drug.
Where vision dropped below 35 letters, health-care and social care costs associated with legal
blindness were applied. These were based on the costs applied in the Health Technology Assessment
model by Mowatt et al.,111 which were inflated to 2018/19 prices using the NHS cost inflation index.106

Model validation
Prior to running the analysis, the modelled visual acuity outcomes were checked against the input
sources. Figure 26 shows the modelled mean visual acuity trajectories for typical patients commencing
treatment before (early treatment) and after (late treatment) losing ≥ 10 letters. It indicates the
benefit of treating eyes prior to vision loss, with better visual acuity maintained over time than that
for eyes treated after a significant amount of vision loss.14,16 The trajectories are for patients who
continue treatment and, therefore, do not account for those who are discharged with stable vision.
Therefore, the modelled reduction in visual acuity for the treated cohort was slightly lower than that
shown in Figure 26.

TABLE 44 Monitoring and treatment frequency after conversion to nAMD
Ranibizumab

Aflibercept

Time point

Treatment visits
per year, mean (SE)a

Monitoring visits
per year, mean (SE)a

Treatment visits
per year, mean (SE)b

Monitoring visits
per year, mean (SE)b

Year 1

10 (0.233)

12c

7 (0.35)

7 (0.35)

Year 2

8 (0.233)

c

6 (0.3)

6 (0.3)

Year 3+

4 (0.277)

4 (0.2)

6 (0.3)

12

9 (0.231)

SE, standard error.
a Standard errors approximated from reported medians and interquartile ranges.
b Standard errors assumed as 5% of the mean.
c Applied deterministically.
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TABLE 45 Unit costs for monitoring and treatment after conversion to nAMD
Resource

Unit costs (£)

Source

Notes

95.00

2018–19 National Cost
Collection Data108

Code 130: outpatient
consultant-led appointment in
ophthalmology

FFA

145.00

2018–19 National Cost
Collection Data108

BZ86B: outpatient intermediate
vitreous retinal procedures

Administration of
anti-VEGF injection

145.00

2018–19 National Cost
Collection Data108

BZ86B: outpatient intermediate
vitreous retinal procedures

Ranibizumab
(Lucentis injection)

551.00

British National Formulary
2019109

1.65 mg/0.165 ml solution for
injection pre-filled syringes
(Novartis Pharmaceuticals
UK Ltd, London, UK)

Aflibercept (Eylea
injection)

816.00

British National Formulary
2019109

2 mg/50 µl solution for injection
vials (Bayer Plc, Leverkusen,
Germany)

Bevacizumab
(Avastin injection)

49.00

Dakin et al. 2014110

1.25 mg per injection

Cost of blindness
(health service
perspective)

562.41 per month in year 1,
541.73 per month from
year 2 onwards

Mowatt et al. 2014111

Cost per month for visual
acuity of < 35 ETDRS letters

Ophthalmology
outpatient visit
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FIGURE 26 Model output: visual acuity of continually monitored/treated patients by time since treatment initiation
(EDNA model). Note that with application of a visual acuity cap in the model, there is a downwards pressure on visual
acuity change between month 3 and month 24, which slightly overestimates the expected visual acuity during this
time-period compared with the IVAN trial.

Model analysis
The analysis used first-order Monte Carlo simulation to propagate the passage of individuals through the
model one at a time. A total of 200,000 individual trials were found to produce stable results. In line with
the NICE reference case, future costs and QALYs were discounted at a rate of 3.5% beyond year 1.112
Incremental cost-effectiveness ratios (ICERs) that expressed the additional cost per QALY gained
were estimated by comparing each monitoring strategy with the next less costly strategy (excluding
those strategies that are more costly and less effective than an alternative option). In the UK NHS,
a threshold value of £20,000 to £30,000 is normally used to make judgements on cost-effectiveness
of health technologies.
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Probabilistic sensitivity analysis was conducted to characterise the joint uncertainty around the
model outputs (incremental costs and QALYs) arising from the uncertainty around the model input
parameters. Probability distributions were assigned based on the mean and the measure of variance
reported for each parameter in the preceding sections (see Clinical effectiveness parameters, Valuation
of health effects, Mortality and Resource use and costs). Beta-distributions were assigned to sensitivity
and specificity parameters, gamma-distributions were used for costs of testing and the cost of
blindness (assuming a standard error of 10% of the mean), and normal distributions were applied
for regression coefficients (including the utility increment associated with change in visual acuity and
age, and the exponential rate parameters for time to conversion to nAMD and time to visual acuity
loss of ≥ 10 letters). Normal distributions were also used for the mean change in visual acuity during
the loading phase, the long-term change in visual acuity per year for treated individuals and the
probabilities of treatment discontinuation and treatment re-initiation. Second-order Monte Carlo
simulation with an inner loop of first-order simulation (n = 5000) was then used to analyse the
model for 1000 random draws from the assigned input probability distributions. The output from this
analysis provided the probability of each monitoring test being the preferred strategy by increased
cost-effectiveness thresholds.113 Further deterministic scenario analyses were also undertaken to
assess the impact on findings of uncertainty surrounding key model input parameters and structural
assumptions (see Results).

Base-case assumptions
Several key assumptions of the base-case analysis are as follows:
l
l
l
l
l
l
l
l
l
l
l

l

Time to conversion to nAMD follows an exponential distribution, that is a constant probability of
conversion over time.
Time to losing ≥ 10 letters from time of conversion to nAMD to treatment initiation is informed by
exponential extrapolation of the EDNA study Kaplan–Meier data.
All positive diagnostic monitoring test results are confirmed or refuted by FFA.
New visual acuity loss of > 30 letters in undetected nAMD triggers self-referral and detection
regardless of the testing strategy.
New visual acuity loss of 10–29 letters in undetected nAMD triggers self-referral and detection in
50% of individuals.
Undetected nAMD with a new visual acuity drop of ≥ 10 letters is detected by the visual acuity
testing strategy at the next monitoring visit.
Long-term monitoring of second eyes that do not develop nAMD continues indefinitely beyond
36 months (twice per year from 5 years onward).
Long-term monitoring in patients who do not develop nAMD in the second eye is driven by the
second eye beyond 5 years in the model.
Following conversion to nAMD and detection, patients are treated immediately with anti-VEGF injections.
Individuals treated prior to experiencing a significant visual acuity loss (≥ 10 letters) experience no
gain in vision during the loading phase.
Individuals treated after experiencing a significant visual acuity loss (≥ 10 letters) experience a
loading phase gain in line with the gain observed in EDNA study participants who converted to
nAMD during study follow-up.
A percentage of patients discontinue treatment with stable disease over time but can reinitiate treatment.

Results
Base-case results
The results of the base-case analysis are provided in Figure 27 and Table 46. They indicate that more
sensitive monitoring strategies generate increased health benefits at a lower cost, with the visual
acuity change test being least effective and most costly and OCT being most effective and least costly.
It can be noted from Figure 27 that OCT lies at the bottom right of the plane (lowest cost and highest
QALYs), dominating all other test strategies.
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20,600
20,400

Cost (£)

20,200
Visual acuity
Self-reported vision
Amsler
Fundus clinical evaluation
OCT

20,000
19,800
19,600
19,400
19,200
5.55

5.60

5.65

5.70 5.75
QALYs

5.80

5.85

FIGURE 27 Cost-effectiveness results: base case.

TABLE 46 Cost-effectiveness results: base case
Incremental
costs (£)

Incremental
QALYs

ICER (£)

5.787

–0.044

–5562a

346

5.736

–0.095

–3656a

20,198

792

5.630

–0.200

–3961a

20,444

1039

5.600

–0.230

–4510a

Strategy

Cost (£)

OCT

19,406

Fundus clinical evaluation

19,649

243

Amsler

19,751

Self-reported vision
Visual acuity

QALYs
5.830

a Absolutely dominated.

Table 47 disaggregates the total costs accrued in the model under each testing strategy. The index tests
with lower sensitivity and specificity accrue moderately higher prediagnosis costs than more sensitive/
specific strategies as a result of more visits prior to detection and increased chances of a false positive
result. More sensitive index tests accumulate higher post-diagnosis monitoring and treatment costs
owing to earlier detection. However, the increased costs of earlier treatment are countered by reduced
costs associated with visual impairment and blindness. It is the lower costs of blindness resulting from
earlier treatment with OCT that makes it the dominant strategy in the base case.
Table 48 further illustrates the benefits of OCT compared with the other strategies in terms of the
expected time from conversion to nAMD to detection and treatment, and the mean visual acuity at
TABLE 47 Base-case costs
Cost (£)
Index test

Total

Monitoring
pre diagnosis

Monitoring post
diagnosis

Treatment

Blindness

OCT

19,406

2573

2576

10,966

3291

Fundus clinical evaluation

19,649

2588

2506

10,685

3870

Amsler

19,751

2502

2426

10,362

4461

Self-reported vision

20,198

2565

2261

9700

5672

Visual acuity

20,444

2644

2226

9562

6013
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TABLE 48 Model output: time lags from conversion to detection and first treatment and visual acuity at first treatment
Time difference (months), mean (SD)
Index test

Conversion to
nAMD to detection

OCT

2.5 (1.8)

Conversion to nAMD
to first treatment
3.3 (1.8)

Detection to
first treatment

Visual acuity at first
treatment, mean (SD)

0.8 (0.4)

71.3 (13.4)

Fundus clinical evaluation

4.1 (3.7)

4.8 (3.7)

0.7 (0.5)

68 (14.6)

Amsler

5.9 (5.4)

6.4 (5.4)

0.5 (0.5)

64.4 (15.1)

Self-reported vision

9.4 (8.4)

9.5 (8.4)

0.1 (0.3)

57.2 (13.3)

Visual acuity

10 (9.2)

10.2 (9.2)

0.2 (0.4)

55.2 (11.8)

time of treatment initiation. The modelling suggests that, compared with using visual acuity alone,
OCT monitoring will bring detection forward by approximately 7.5 months, for a gain in visual acuity
at time of treatment initiation of approximately 16 letters. It is this earlier initiation of treatment and
maintenance of better visual acuity that drives the QALY gains compared with the other strategies.

Sensitivity analysis
To assess the sensitivity of the model findings to key assumptions and input parameters, a series of
scenario analyses were undertaken. These are outlined as follows:
1. The Weibull distribution applied to model time to conversion to nAMD, giving an increasing hazard
of conversion over time.
2. The log-normal distribution applied to model time to conversion to nAMD, giving a decreasing
hazard of conversion over time.
3. The log-normal distribution applied to model time from conversion to nAMD to significant vision
loss (≥ 10 letters).
4. The generalised gamma-distribution applied to model time from conversion to nAMD to significant
vision loss (≥ 10 letters).
5. Pre-treatment visual acuity loss conditional on dropping 10–29 and ≥ 30 letters assumed to
be skewed towards the lower end of the visual acuity loss ranges: mean of 12 and mean of
32 letters, respectively.
6. A reduced longer-term rate of post-treatment visual acuity decline applied: 3.1 letters per year in
line with the average rate of decline estimated for younger patients (aged 70 years) in the IVAN
long-term follow-up study.
7. A reduced longer-term rate of post-treatment visual acuity decline applied: 2 letters per year in
line with the average rate of decline estimated for younger patients (aged 60 years) in the IVAN
long-term follow-up study.
8. Distribution for long-term post-treatment rate of visual acuity loss per year assumed to be rightskewed and constrained by 0; gamma distribution with mean of 4.3 and standard deviation of 7.
9. A reduced rate of treatment discontinuation for stable vision applied (0.0092), based on data from
Chandra et al.91 (applied independent of visual acuity outcome at 24 months post treatment).
10. Removal of treatment discontinuation for stable vision (an extreme scenario to assess the impact
of this uncertain parameter).
11. An increased rate of treatment re-initiation (approximately 2.9% per month) following
discontinuation for stable disease, in line with data reported by Madhusudhana et al.92
12. 100% test sensitivity applied for all tests at the subsequent monitoring visit for those who lose
15–29 letters as a result of nAMD.
13. Removal of excess mortality associated with visual impairment.
14. Removal of costs of blindness.
15. Wait-to-treat policy, which assumes that visual acuity must drop below the threshold specified for
ranibizumab and aflibercept in NICE guidance (≤ 70 letters).

86
NIHR Journals Library www.journalslibrary.nihr.ac.uk

Health Technology Assessment 2022 Vol. 26 No. 8

DOI: 10.3310/VLFL1739

16. Treatment instigated following OCT positive findings, without confirmation with FFA – this assumes
that any patient receiving a false positive OCT result incurs 12 months’ worth of anti-VEGF treatment
inappropriately, before being identified as morphologically unchanged and treatment withdrawn.
17. Increased test monitoring costs as per the increased overhead scenario outlined in Appendix 4.
The results of these scenarios are provided in Table 49. They indicate that OCT remains dominant in
all but five scenarios (4, 5, 14, 15 and 16). Scenario 4 results in a significant proportion of patients
with nAMD (≈ 10%) maintaining stable vision without treatment to 10 years post conversion to nAMD.
Under this scenario, OCT results in the early treatment of these patients at increased cost but with no
benefit over the visual acuity strategy. This undermines the cost savings and QALY gains. Nevertheless,
the ICER for OCT (£9040 per QALY gained) remains well below the accepted thresholds for costeffectiveness. Scenario 5 minimises the penalty of missing cases with less-sensitive strategies. Again,
the ICER for OCT becomes positive in this case but well below the accepted thresholds. When costs of
blindness are removed (scenario 14), OCT becomes the costliest strategy but, again, its ICER remains
favourable against the accepted thresholds even in this extreme scenario. In scenario 15, assuming that
clinicians would wait for vision to drop below 70 letters before treating, the QALY gain associated with
OCT is greatly diminished and its ICER increases to £19,488. It can be noted from this scenario that
the costs of all testing strategies are higher and the QALYs lower than those for the base case, which
assumes that treatment is initiated on detection. This indicates that early treatment dominates delayed
treatment. Scenario 16, assessing the impact of initiating treatment following an OCT positive finding
and forgoing a FFA, results in the ICER increasing to £17,256. Again, the base-case OCT strategy, with
confirmatory FFA, dominates this alternative approach.

TABLE 49 Cost-effectiveness scenario analyses

Strategy

Cost (£)

Incremental
costs (£)

QALYs

Incremental
QALYs

ICERa (£)

1. Weibull distribution applied to model time to conversion to nAMD, giving an increasing hazard of conversion over time
OCT

19,909

5.806

Fundus clinical evaluation

20,178

269

5.761

–0.046

–5898b

Amsler

20,290

381

5.709

–0.098

–3892b

Self-reported vision

20,754

845

5.601

–0.205

–4123b

Visual acuity

20,993

1084

5.572

–0.235

–4617b

2. Log-normal distribution applied to model time to conversion to nAMD, giving a decreasing hazard of conversion over time
OCT

17,288

5.926

Fundus clinical evaluation

17,501

212

5.888

–0.037

–5687b

Amsler

17,550

261

5.843

–0.083

–3163b

Self-reported vision

17,969

681

5.748

–0.178

–3826b

Visual acuity

18,219

931

5.721

–0.205

–4545b

3. Log-normal distribution applied to model time from conversion to nAMD to losing ≥ 10 letters without treatment
OCT

19,616

5.806

Fundus clinical evaluation

19,854

238

5.765

–0.041

–5773b

Amsler

19,899

283

5.723

–0.083

–3406b

Self-reported vision

20,049

433

5.644

–0.161

–2679b

Visual acuity

20,112

496

5.620

–0.186

–2672b
continued
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TABLE 49 Cost-effectiveness scenario analyses (continued )

Strategy

Cost (£)

Incremental
costs (£)

QALYs

Incremental
QALYs

ICERa (£)

4. Generalised gamma-distribution applied to model time from conversion to nAMD to losing ≥ 10 letters without treatment
Visual acuity

18,853

5.688

Self-reported vision

19,311

458

5.690

0.002

OCT

19,760

907

5.788

0.100

9040

Amsler

19,833

73

5.728

–0.060

–1229b

Fundus clinical evaluation

19,912

153

5.756

–0.032

–4745b

293,816c

5. Letter losses conditional on dropping 10–29 and ≥ 30 letters assumed to be skewed towards the highest end of the range;
mean of 12 and mean of 32, respectively
Self-reported vision

18,728

5.780

Amsler

18,755

27

5.836

0.057

Visual acuity

18,831

76

5.763

–0.073

–1037b

Fundus clinical evaluation

18,867

112

5.861

0.025

4478c

OCT

18,878

123

5.883

0.046

2655

470

6. Reduced long-term rate of post treatment visual acuity decline from 4.3 letters per year to 3.1 letters per year
OCT

18,592

5.925

Fundus clinical evaluation

18,839

247

5.878

–0.047

–5237b

Amsler

18,975

382

5.822

–0.102

–3733b

Self-reported vision

19,455

863

5.703

–0.221

–3897b

Visual acuity

19,690

1097

5.671

–0.253

–4331b

7. Reduced long-term rate of post treatment visual acuity decline from 4.3 letters per year to 2 letters per year
OCT

17,987

6.016

Fundus clinical evaluation

18,193

206

5.965

–0.051

–4067b

Amsler

18,289

302

5.906

–0.110

–2748b

Self-reported vision

18,712

725

5.778

–0.238

–3045b

Visual acuity

18,915

929

5.744

–0.272

–3415b

8. Distribution for long-term post-treatment rate of letter loss per year assumed to be right skewed and constrained by 0;
gamma distribution with mean of 4.3, standard deviation of 7
OCT

19,132

5.954

Amsler

19,182

51

5.839

–0.115

–441b

Fundus clinical evaluation

19,184

52

5.899

–0.055

–944b

Self-reported vision

19,464

333

5.729

–0.226

–1475b

Visual acuity

19,614

482

5.696

–0.258

–1870b

9. Reduced rate of treatment discontinuation for stable vision to 0.0092 based on data from Chandra et al.
OCT

19,957

Fundus clinical evaluation

20,175

218

5.772

–0.043

–5028b

Amsler

20,265

307

5.722

–0.094

–3284b

Self-reported vision

20,699

741

5.619

–0.197

–3765b

Visual acuity

20,934

976

5.588

–0.227

–4292b
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TABLE 49 Cost-effectiveness scenario analyses (continued )

Strategy

Cost (£)

Incremental
costs (£)

QALYs

Incremental
QALYs

ICERa (£)

10. No treatment discontinuation for stable vision
OCT

23,854

5.723

Amsler

23,857

3

5.640

–0.082

–36b

Fundus clinical evaluation

23,941

87

5.686

–0.037

–2373b

Self-reported vision

23,978

124

5.549

–0.173

–715b

Visual acuity

24,124

269

5.524

–0.199

–1356b

11. Increased rate of re-initiation of therapy following discontinuation with stable vision
OCT

20,457

5.792

Fundus clinical evaluation

20,664

207

5.751

–0.042

–4973b

Amsler

20,725

268

5.703

–0.090

–2989b

Self-reported vision

21,104

647

5.602

–0.191

–3390b

Visual acuity

21,329

872

5.574

–0.219

–3990b

12. 100% test sensitivity applied for all tests at the next monitoring visit for those who lose 15–30 letters owing to nAMD
OCT

19,405

5.830

Fundus clinical evaluation

19,640

236

5.786

–0.044

–5359b

Amsler

19,740

336

5.736

–0.095

–3545b

Self-reported vision

20,189

784

5.630

–0.200

–3913b

Visual acuity

20,442

1037

5.600

–0.231

–4497b

13. No excess mortality owing to visual acuity loss
OCT

20,234

5.931

Fundus clinical evaluation

20,531

297

5.887

–0.044

–6716b

Amsler

20,692

458

5.837

–0.094

–4876b

Self-reported vision

21,259

1025

5.734

–0.197

–5195b

Visual acuity

21,542

1308

5.705

–0.227

–5774b

14. Removal of costs of blindness
Visual acuity

14,432

5.600

Self-reported vision

14,527

95

5.630

0.030

3144

Amsler

15,290

763

5.736

0.106

7231

Fundus clinical evaluation

15,779

489

5.787

0.051

9621c

OCT

16,115

825

5.830

0.095

8729

15. Wait for visual acuity to drop to 70 letters or lower before initiating treatment, regardless of visual acuity at time of detection
Self-reported vision

20,423

5.580

Amsler

20,471

48

5.591

0.012

4159

Visual acuity

20,484

14

5.578

–0.014

–1001b

Fundus clinical evaluation

20,630

159

5.597

0.005

31,014c

OCT

20,651

181

5.601

0.009

19,488
continued
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TABLE 49 Cost-effectiveness scenario analyses (continued )

Strategy

Cost (£)

Incremental
costs (£)

QALYs

Incremental
QALYs

ICERa (£)

16. Initiating anti-VEGF treatment on the back of OCT positive findings, without confirmation with FFA
Fundus clinical evaluation

19,649

5.787

Amsler

19,751

103

5.736

–0.051

–2018b

Self-reported vision

20,198

549

5.630

–0.156

–3514b

OCT

20,403

754

5.830

0.044

17,256

Visual acuity

20,444

42

5.600

–0.230

–180b

17. Higher testing cost scenario
OCT

19,634

5.830

Fundus clinical evaluation

19,872

238

5.787

–0.044

–5452b

Amsler

19,987

353

5.736

–0.095

–3732b

Self-reported vision

20,372

738

5.630

–0.200

–3688b

Visual acuity

20,642

1008

5.600

–0.230

–4376b

a ICER with respect to less costly non-dominated strategy.
b Dominated.
c Extendedly dominated.

It should be noted that for all of these scenarios list prices for ranibizumab and aflibercept were
applied. It is known that price discounts are available to the NHS via agreed patient access schemes
for both of these drugs. The discounted price is confidential and, therefore, could not be applied in
the model. However, a lower unit cost for ranibizumab and/or aflibercept would further improve the
cost-effectiveness of OCT.

Probabilistic sensitivity analysis
Results of the probabilistic sensitivity analysis are provided in Table 50. They show consistency with the
base-case deterministic results, with OCT dominating all other monitoring tests. The cost-effectiveness
acceptability curve (Figure 28) indicates that OCT has a very high chance of being the preferred strategy
across the range of cost-effectiveness thresholds applied by NHS decision-making bodies.

Secondary analysis using test combinations
In a secondary analysis, we assessed the cost-effectiveness when including two combination strategies:
OCT or fundus clinical evaluation (test accuracy reported in Table 14), and a combination of all other
tests apart from OCT (fundus clinical evaluation or Amsler or self-reported vision or visual acuity: test

TABLE 50 Probabilistic cost-effectiveness results
Incremental
cost (£)

Incremental
QALYs

ICER (£)

5.796

–0.046

Dominated

169

5.744

–0.098

Dominated

20,659

590

5.644

–0.198

Dominated

20,900

242

5.615

–0.227

Dominated

Index test

Cost (£)

OCT

19,660

Fundus clinical evaluation

19,900

240

Amsler

20,069

Self-reported vision
Visual acuity
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FIGURE 28 Cost-effectiveness acceptability curve.

accuracy reported in Appendix 1). As for the single index tests, the specificity of each of the combination
tests was also adjusted to account for the lack of independence across multiple observations within
individuals to 0.9915 and 0.9673, respectively. The results are provided in Table 51. Under the base-case
model specification, the OCT or fundus clinical evaluation combination resulted in a very small gain in
QALYs compared with OCT alone. However, the increased costs resulted in the ICER being above the
accepted thresholds for cost-effectiveness compared with OCT alone. The combination of all other tests,
excluding OCT, resulted in higher costs and lower QALYs than OCT alone and the combination of OCT
or fundus clinical evaluation.

TABLE 51 Cost-effectiveness results with selected test combinations

Strategy

Cost (£)

Incremental
costs (£)

QALYs

Incremental
QALYs

ICER (£)

Base-case model specification, with all positive tests confirmed by FFA
OCT

19,406

5.830

Fundus clinical evaluation

19,649

243

5.787

–0.044

–5560a

Test combination (OCT or fundus
clinical evaluation)

19,729

323

5.833

0.002

137,711

Amsler

19,752

23

5.736

–0.097

–233a

Self-reported vision

20,199

470

5.630

–0.202

–2320a

Test combination (all tests except OCT)

20,203

473

5.806

–0.027

–17,557a

Visual acuity

20,445

716

5.600

–0.233

–3076a

a Absolutely dominated.
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Discussion
The cost-effectiveness modelling reported in this chapter indicates that, of the five index monitoring tests,
OCT results in the greatest QALYs for patients at the lowest cost to health-care and social care services over
the lifetime of the simulated cohort. The increased costs that are associated with earlier detection and
treatment initiation are more than compensated for by the reduction in the costs associated with severe
visual impairment over the lifetime of the modelled cohort. This finding holds unless the costs associated
with severe visual loss are removed; a significant proportion of patients who convert to nAMD are modelled
to remain stable and not require treatment beyond 10 years post conversion to nAMD; post-conversion/
pre-treatment acuity losses are substantially reduced; treating ophthalmologists wait for visual acuity to drop
to ≤ 70 letters before initiating treatment; or no confirmatory FFA is assumed after OCT positive results to
confirm the diagnosis prior to treatment initiation. Although OCT is no longer cost-saving in these scenarios,
the ICER remains broadly favourable against cost-effectiveness thresholds typically applied in the UK NHS.

Strengths and limitations
The modelling reported in this chapter has several strengths. By adopting an individual simulation approach,
individual visual acuity could be modelled as a continuous variable, which increased the sensitivity of the
model to capture the impact of changes in visual acuity on health-related quality of life. Key inputs around
time to conversion to nAMD and diagnostic accuracy were informed by the prospective EDNA study data,
which supports the internal and external validity of the model findings. Furthermore, pre-detection testing
costs and post-detection treatment costs were also based on the resource use that was reported by EDNA
study participating centres and pragmatic NHS-based trials, ensuring generalisability of costs across the
NHS. Finally, post-treatment visual acuity changes were carefully informed by a range of sources applicable
to NHS routine practice and capture the expected differences in visual acuity trajectories by the degree of
visual loss in the second eye prior to treatment initiation, ensuring that expected visual acuity gains from
early identification and treatment were accurately captured.
All of the modelled strategies assumed a confirmatory FFA after a positive index test and before
treatment. For this reason, the OCT strategy reflects the current NICE diagnosis guidelines to offer
OCT to ‘people with suspected late AMD (wet active)’ and FFA to confirm diagnosis if OCT does not
exclude neovascular disease.11 Discussions within the EDNA project team revealed that clinical practice
might vary towards initiating treatment based on OCT results without a confirmatory FFA. A scenario
reflecting this was modelled. Although a strategy with OCT and without confirmatory FFA would be
cost-effective at the usual UK cost-effectiveness thresholds,112 this strategy is no longer cost-saving.
These results suggest that it may be more cost-effective to first confirm the diagnosis of nAMD in an
OCT positive case using FFA, rather than initiating treatment for all OCT positive cases immediately.
This is because of the chance of inappropriately treating small numbers of false positive patients with
expensive anti-VEGF drugs for some considerable time. However, it may be that clinical judgement can
be applied in practice to efficiently circumvent the need for FFA in some OCT positive cases without
risking inappropriate overtreatment of false positive patients.
With respect to limitations, there is a paucity of available data on the rate of visual acuity loss in the
immediate period following conversion to nAMD. Although the EDNA study was able to provide a
reasonable estimate of the proportion expected to lose ≥ 10 letters within 3–6 months of conversion
to nAMD, the increasing tendency to treat patients early (prior to significant vision loss) and limited
observations on the few patients who experienced delayed treatment results in a degree of uncertainty
around this important parameter. However, more conservative extrapolations were explored and the
ICER for OCT remained favourable under these. It would take a relatively large proportion of nAMD
cases to remain stable without treatment to undermine the cost-effectiveness of an OCT monitoring
and immediate treatment strategy. Nevertheless, the rate of visual acuity deterioration in the immediate
period following conversion to asymptomatic nAMD, prior to initiation of treatment, is one of the
most important parameters in the economic model. This could benefit from further analysis of routine
observational cohort data, where a significant proportion of early identified patients have undergone a
period of monitoring prior to treatment initiation.
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To ensure that the impact of visual loss in the EDNA study eye (second eye) was not underestimated,
the second eye was assumed to represent the better seeing eye over the model time horizon. Although
this will probably hold true for the majority of patients, there will be some patients whose visual acuity
in the second eye drops below that of the first eye. Thus, the model may slightly overestimate the
health-related quality-of-life benefits and cost savings of early detection and treatment. Given that a
relatively small proportion of patients lost ≥ 10 letters prior to detection of nAMD in the EDNA study,
there is remaining uncertainty relating to the sensitivity of the different diagnostic tests following
substantial visual acuity loss owing to nAMD. Therefore, several assumptions were required to model
the expected time to diagnosis for such patients. This included an assumption that the visual acuity
test would detect all patients at the next monitoring visit if visual acuity dropped ≥ 10 letters from
baseline (the trigger for the test as used in EDNA). This is a favourable assumption for the visual
acuity strategy because it assumes that no such cases would be missed as a result of measurement
error. Despite this, the model suggests that the visual acuity strategy results in the longest delay from
conversion to detection and treatment and that it generates the lowest QALYs of all the strategies.
A further assumption related to the rates of self-presentation between scheduled monitoring visits in
the event of significant visual loss occurring. For the base case, it was assumed that anyone with a
drop in visual acuity of > 30 letters would present immediately, while 50% of those with a drop in
visual acuity of 10–30 letters would also present immediately. However, the model findings were not
found to be particularly sensitive to assuming that the remaining 50% of the latter group also present
more rapidly. Nevertheless, the degree of visual loss that has occurred when nAMD in the second
eye is identified by changes in visual acuity, or subjective tests of visual function, remains an area of
uncertainty that could benefit from further data collection. Again, the analysis of existing observational
data sets could help to inform this parameter. Finally, there were limited data available to inform the
rates of treatment discontinuation for stable disease and long-term rates of treatment re-initiation
with contemporary anti-VEGF maintenance regimens.

Comparison with other studies
We are not aware of any other studies that have explicitly assessed the cost-effectiveness of
alternative diagnostic monitoring strategies for nAMD in the second eye of patients being treated
for nAMD in the first eye. A previous health technology assessment assessing the cost-effectiveness
of OCT for the diagnosis and/or treatment monitoring of individuals with nAMD reported a high
degree of uncertainty related to the optimal use of OCT in the nAMD monitoring pathway.111 This
was because of identified uncertainty around the diagnostic accuracy of OCT. The current study has
provided robust evidence for the high diagnostic accuracy of OCT as a monitoring test for the early
detection of nAMD in the second eye, and consequently provides evidence that when coupled with
early treatment it is likely to offer a highly cost-effective strategy in this context.
With respect to treatment, many studies have evaluated the cost-effectiveness of anti-VEGF injections,
which are widely accepted as a cost-effective use of NHS resources under agreed confidential patient
access schemes. However, the majority of studies have assessed the cost-effectiveness of treating
symptomatic individuals with visual acuity of 70 letters or below. We are aware of only one study that
has assessed the cost-effectiveness of immediate ranibizumab treatment in patients with visual acuity
better than 70 letters at detection compared with waiting for visual acuity to drop below 70 letters.114
Using data from the nAMD UK database on patients with visual acuity above 70 letters at detection,
Butt et al.114 were able to estimate time to dropping below 70 letters without treatment and transition
probabilities between visual acuity states for treated patients. Owing to the rapid decline in visual acuity
in the early period after conversion to nAMD, their modelling predicted that immediate treatment
would maintain better visual acuity and offer a cost-effective use of NHS resources in the short to
medium term (2–10 years). Our results are consistent with respect to the finding that early detection
with OCT followed by immediate treatment offers a highly cost-effective approach compared with
relying on a drop in visual acuity to detect and treat nAMD in the second eye. With a 25-year horizon
and the inclusion of costs associated with severe visual impairment (not included in the modelling
reported by Butt et al.114) we found that this strategy dominated the other alternatives assessed.
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Policy implications
The data and modelling reported in this chapter strongly suggest that the use of OCT, compared
with other available diagnostic tests, can lead to substantial reductions in the time to diagnosis and
treatment of nAMD in the second eye of patients being treated for nAMD in their first eye. The early
initiation of treatment in the second eye, based on FFA-confirmed OCT-positive findings, can be
expected to maintain better visual acuity and health-related quality of life over time than the less
sensitive monitoring strategies. Moreover, our modelling suggests that this strategy may be cost-saving
in the long term compared with less-sensitive monitoring strategies that result in greater visual acuity
loss occurring before treatment is initiated.
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Chapter 8 Discussion

T

he EDNA study was a prospective longitudinal study of participants with a study eye free of nAMD
at baseline and a confirmed diagnosis of nAMD in the fellow eye. Five easily performed, commonly
used, non-invasive tests (self-reported vision and Amsler) and clinic-based tests (visual acuity, fundus
clinical examination by slit-lamp biomicroscopy and spectral-domain OCT) consisting of measures of
function and morphology were nominated as the index tests and were tested against the reference
standard of FFA. Based on the detection on FFA of conversion to nAMD in the EDNA study eye, we
have shown conclusively that spectral-domain OCT was found to exhibit high sensitivity and specificity
compared with the reference standard of FFA. All other tests did not perform at the same level of
sensitivity and specificity and were, therefore, unsuitable as replacements for FFA. Importantly, in the
EDNA study data were collected during routine care with minimal study-specific requirements and, thus,
the findings from this pragmatic study design are clearly applicable findings for routine clinical practice.

Principal findings
Diagnostic accuracy
The primary reference standard was the diagnosis of the onset of nAMD in the study eye based on
interpretation of the FFA by the clinician at the clinical site. Against this reference standard, the
sensitivity of OCT in the detection of new-onset nAMD was 91.7% (95% CI 85.2% to 95.6%) and the
specificity was 87.8% (95% CI 83.8% to 90.9%). Two alternative reference standards that we prespecified
were (1) the inclusion of an additional set of patients who did not have a FFA but for whom the clinician
made the diagnosis based on any other available modality, and (2) a parallel determination of nAMD
confirmed at a specialised reading centre. In this latter reference standard, no other information apart
from images were available to the graders and, therefore, no associated cues, such as clinical history,
could be used. We also tested the sensitivity and specificity of the index tests in three specified periods
of follow-up: (1) the entire length of the study, (2) index tests limited to the last 6 months of follow-up
and (3) limited to the last visit.
Regardless of the reference standards and the time periods over which index tests results were used,
OCT had the highest sensitivity (82–92%) and was consistently and significantly superior to all other
index tests. Although OCT performed extremely well for specificity with a range of 88–96%, fundus
clinical examination and self-reported vision reached comparable levels. However, neither of these
two tests performed well for sensitivity, which was significantly lower and not at an acceptable level
(lower than 60% for fundus clinical examination and 10% for self-reported vision).
We also examined the sensitivity and specificity of pair-wise combinations of OCT with each of the other
index tests. When either test was positive, sensitivity increased for most, with a best performance of
96% for the combination of OCT and visual acuity. However, specificity decreased for all combinations
except for OCT combined with fundus clinical examination. This was not surprising given that the index
tests apart from OCT were affected by a large number of false positives. When both of the pair-wise
combinations of tests were positive, sensitivity was markedly reduced for all combinations compared
with OCT by itself. With this approach, specificity was seen to increase for all combinations. We conclude
from the analysis of combinations of index tests that OCT alone is sufficiently sensitive and specific
for the detection of new-onset nAMD. The combination of all alternative tests against OCT further
emphasised the value of OCT in a monitoring setting over the other tests.
Because the nAMD phenotype results in different morphological changes in the retinal tissue
compartments, there can be differential impact on function. Notably, the RAP phenotype results in
fluid pockets within the retina and, therefore, is more likely to result in distortion and worsening
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function as soon as nAMD develops. Therefore, we prespecified a subgroup analysis comparing CNV
with the RAP subtype. OCT achieved 100% sensitivity in the detection of participants who developed
RAP nAMD. However, none of the other index tests showed the same sensitivity or better specificity
for RAP. Additional planned sensitivity analyses using two different reference standards for conversion
to nAMD – (1) based on clinical examination without a FFA and (2) reading centre determination – also
yielded results that were highly similar to that observed in the main analysis.

Patient-reported tests (Amsler/self-reported vision)
Although OCT allows for a non-invasive appreciation of macular morphology, it requires appropriate
instrumentation and technical expertise for acquisition and expert clinical opinion for interpretation.
Therefore, we also included two index tests that are easily self-performed, that reflect retinal function
and are widely used in practice. Participants undertook the Amsler test to determine the onset of
distortion and, using a questionnaire, reported any reduction in vision in the EDNA study eye.28,31 It
was notable that neither of these tests achieved even moderate levels of sensitivity or specificity. To
some extent, the finding that the Amsler test was insensitive to new-onset neovascularisation is not
surprising. Despite ongoing use by the optometric community and ophthalmologists, the inadequacy of
the Amsler test for detecting onset of nAMD is extensively recorded in the literature, with sensitivities
as low as 34%.115 A systematic review and meta-analysis evaluating the diagnostic accuracy of the
Amsler chart produced a pooled sensitivity of 78% (96% CI 64% to 87%).116 The Amsler tests’ failure is
likely because of perceptual completion, a well-recognised visual phenomenon in which surrounding
features provide sufficient contextual information that the scotoma or blind spot is ‘filled in’ in the
absence of neural input.117
We were surprised at the poor sensitivity of self-reported symptoms of visual change as a marker
for the onset of nAMD in the EDNA study eye. The definition of a positive test was a self-reported
recognition that vision in the study eye was ‘much worse’ since the previous visit. We anticipated that
the better functional status of the study eye than the fellow eye would have resulted in a greater
awareness of the onset of distortion owing to nAMD. Changing the definition to include a status of
either ‘worse’ or ‘much worse’ increased sensitivity only from 4.2% to 15.3%. Our finding of a poor
sensitivity for self-reported vision change even in the better seeing eye is, therefore, of interest
because studies investigating patient-reported outcomes during AMD treatments have consistently
observed greater concordance with disease severity in the better seeing eye than that of the worse
seeing eye.118 Our data are at variance with the results from the Age-related Eye Disease Study
(AREDS),119 which evaluated the responsiveness of the National Eye Institute Visual Function
Questionnaire (NEI-VFQ) to progression to advanced AMD.25 The overall score was responsive
(t = 14.0; p < 0.001) and showed moderate discrimination (AUC 0.74), and the subscales most sensitive
to progression to either nAMD or geographic atrophy included general vision (AUC 0.65), near activities
(AUC 0.73) and driving (AUC 0.72). One possible explanation is that, similar to the insensitivity of the
Amsler in the detection of nAMD onset, fluid accumulation and leakage, which is more likely to be
associated with metamorphopsia, is counteracted by perceptual filling-in rather than photoreceptor
loss. However, it is also possible that the wording of our question was suboptimal for ascertaining vision
changes. Our findings suggest that, although patient-reported outcomes are important in intervention
trials to assess improvements in vision-related quality of life, they should not be used as tools for the
detection of progression to nAMD. In this context, our findings also highlight the importance of regular
eye examinations in the most at-risk age groups because relying on detection based on self-reported
symptoms will almost certainly result in a lower detection rate and presentation at a more advanced
stage of the disease.

Visual acuity
Visual acuity is another easily performed test and reflects central macular function. A visual acuity
drop of 10 letters, representing a fall of two lines on the ETDRS chart, has been recognised as a
clinically important change in function; in the EDNA study this was selected as the trigger for a FFA.
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However, the change in visual acuity in the EDNA study eye proved to be a poor marker for conversion
to nAMD. visual acuity measurements were available at frequent time intervals in EDNA participants
because fellow eyes were on active treatment for nAMD, which necessitated regular visits to clinics for
assessment and intravitreal injections. Changes in visual acuity can occur because of medial opacities
(cataract) and/or from the development of focal areas of outer retinal atrophy in the macular tissues.
Degeneration of drusen leaving behind focal patches of atrophy is a recognised component of the
pathogenetic pathways leading to nAMD. In fact, we observed that around half of all EDNA study eyes
were graded as exhibiting foci of macular atrophy at the time of conversion to nAMD. This type of atrophy
may be accompanied by imperceptible slow reduction in visual acuity, which is not recognised by the
patient. It is also of note that the area of the neural sub-retina serving high-contrast distance visual acuity
is small (< 1 °) and in some cases the location of the neovascularisation falls outside and in such cases
visual acuity may be unaffected.120 Changing the definition of a positive visual acuity test to a drop of
15 and 30 letters did not alter the sensitivity or specificity of the test.

Morphology
We performed detailed imaging in the EDNA study participants at initial presentation. Thus, we were
able to compare visual acuity and morphological features of the nAMD lesion in the first eye with
those at detection of nAMD in the EDNA study eye. We expected that first-presenting eyes would
have only moderate impairment of vision and that the nAMD lesions would not be advanced because
(1) we selected participants only at their very first presentation with nAMD and (2) of the increasing
awareness of AMD in the UK population with the introduction of anti-VEGF treatments, which, in
turn, resulted in a recognition at the primary-care level of urgent referral pathways into specialist
retinal clinics.1,121,122 In EDNA study eyes at nAMD detection, the average visual acuity was 74 letters
compared with 54 letters in corresponding fellow eyes at initial presentation. Furthermore, first-eye
lesions even at initial presentation often had severe exudative features. Comparing the features of
nAMD lesions in study eyes at conversion with the features of fellow eyes at initial presentation,
central subfield thickness was on average 150 µm less, lesions were half to one-third smaller and
more likely to be juxta foveal or extra foveal, explaining the large differences in visual acuity between
these groups. In addition, and of note, was the presence of atrophy in the macula in some 10% of eyes
indicating that neural cell loss had already occurred. However, there was a low frequency of fibrosis in
the nAMD lesion confirming that our selection criteria eliminated patients with long-standing disease.
A high proportion of advanced nAMD lesions develop fibrosis and macular atrophy despite anti-VEGF
therapy and, therefore, treating them while smaller, and prior to involvement of the fovea, may indeed
prevent permanent foveal damage.10,23 Vision lost to nAMD cannot be restored to normal levels even
with intensive anti-VEGF therapy, as shown by studies that have examined large repositories of data
collected in the real world.9
The foregoing observations highlight key novel points justifying the need for early diagnosis and
treatment of nAMD. Data from electronic medical records show that presenting visual acuity is a
predictor of final visual acuity. Early diagnosis results in an average acuity that can be as much as
20 letters better than that of even a marginally later diagnosis. The institution of treatment at a stage
when neither fibrosis nor atrophy has supervened and when lesions are small and less exudative can
allow the preservation of visual acuity at good levels.14

Prediction model
There were 145 conversions to nAMD (using secondary reference standard 1) out of 489 participants
in the EDNA study, with the data available on their outcome used to develop the prediction model.
Over the median follow-up duration of 34 months, we observed an approximate conversion rate of
30%. This rate was in keeping with the expected conversion rates observed in previous reports. For
example, the risk of conversion to nAMD in the unaffected eye in individuals with unilateral nAMD is
around 10% in the first year and some 50% by 5 years.68
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The predictors that were significant and used in the final model included lower visual acuity, cigarette
smoking, family history of AMD, thin choroid, retinal thinning, presence of retinal pigmentary
abnormalities, higher category of the most frequent or maximum size of drusen, and presence of
nodular drusen or both nodular and reticular pseudodrusen. Age was not observed as a significant
predictor. The mean age of this cohort was 77 years, which is no different from most other studies
on nAMD. It is notable that age has not been shown to be a consistent risk factor. The availability of
longitudinal data sets from clinical trials that have enrolled patients with nAMD has been exploited and
used in secondary analyses as these repositories are generally robust with high quality information from
both eyes. An analysis of the Harbor study, which analysed risk factors for the development of nAMD
in fellow eyes of patients with nAMD in the first eye only, did not include age in the final model.69,70 By
contrast, a recent analysis of the VIEW (VEGF trap-eye: investigation of efficacy and safety in wet AMD)
1 and 2 studies showed that increasing age, female sex and lesion size in the nAMD eye were among the
predictors of conversion to nAMD in unaffected fellow eyes.71
It has been recognised for many years that the presence of nAMD in the first eye is by itself a strong
risk factor. The simplified AREDS scale used only macular phenotype to predict progression from the
non-neovascular stage to nAMD. In this scale, 2 points were assigned if one eye had nAMD and
additional points could be given if the fellow eye had large drusen (1 point) and retinal pigmentary
irregularities (1 point), underscoring the strength of nAMD in one eye as a key risk factor.73 It was
shown that having nAMD in one eye carries a two- to three-fold greater risk for conversion to nAMD
than that of a state of bilateral intermediate AMD.73
The progression from unilateral to bilateral nAMD in the AREDS cohort was seen in 35.4% of patients
over 5 years if the fellow eye had additional risk factors of the presence of large drusen and/or
pigment abnormalities. This figure increased to 76.8% at 10 years. Therefore, large drusen and RPE
abnormalities are considered strong risk factors for conversion to nAMD.75–79 Where information from
OCT was available, hyper-reflective foci and drusen were the strongest contributors to predictive
models.70,80 Ferrara et al.117 compared 40 patients who did not progress from unilateral to bilateral
nAMD with another 40 patients who did progress. These patients were matched on an AMD baseline
grade and follow-up interval and the comparison showed that OCT features, including total retinal
thickness, pigmentary hyper-reflective material, nascent geographic atrophy and choroidal vessel
abnormalities, were independently associated with progression to either form of advanced AMD
(geographic atrophy or nAMD).117 Given that both forms of advanced AMD were included in this
small study, it is difficult to decipher the specific risks of nAMD. For Submacular Surgery Trials
participants who had a FFA-confirmed absence of nAMD in one eye at baseline, drusen size, focal
hyperpigmentation and non-foveal geographic atrophy were significantly and independently related to
progression to nAMD within the 2-year follow-up.123 No non-ocular characteristic (age, sex, history of
hypertension or smoking) or ocular feature of the nAMD eye at baseline were predictive of progression
to nAMD. An artificial intelligence approach to OCT feature analysis highlighted drusen volume and
presence of hyper-reflective foci as significant predictors of progression to nAMD using spectral-domain
OCT images from the HARBOR study.124 Although reticular pseudodrusen are known risk factors for
nAMD, they ranked only 11th out of 15 OCT risk features for conversion to nAMD in the fellow eye
of the HARBOR participants when the model was developed using machine learning.70 This may be
because providing the ground truth for reticular pseudodrusen is challenging and they can disappear
over time but the eye will retain the high risk for conversion to nAMD.
The ocular predictors in our model included nodular drusen with or without reticular pseudodrusen.
The presence of nodular drusen in fellow eyes increased the risk of conversion to nAMD by six-fold
compared with the absence of drusen, whereas the combination of nodular drusen and reticular
pseudodrusen almost doubled this risk, highlighting that the presence of both drusen types was the
strongest predictor for conversion. In a small study that observed 83 patients over a mean follow-up
time of 2.8 years, Nathoo et al.115 showed that drusen load (area and volume) was associated with
progression to nAMD.
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Decreasing visual acuity was also a predictor in our model, in keeping with previous studies.78,81 When
considering non-ocular risk factors, our models contained smoking status and family history of AMD.
We did not have data on genetic risk. Seddon et al.72 included a combination of demographic, genetic
and environmental factors, and macular phenotype on colour photographs to develop and validate
a model to predict progressors compared with non-progressors in the AREDS cohort. However,
progressors were defined as both bilateral early or intermediate AMD and those with advanced
AMD in one eye at baseline who progressed to advanced AMD.

Health economic analysis
The results of the base-case economic analysis show that OCT is expected to generate the greatest
number of QALYs per patient (OCT, 5.830; fundus, 5.787; Amsler chart, 5.736, self-reported vision,
5.630; and visual acuity, 5.600) for the lowest health-care and social care costs (OCT, £19,406; fundus,
£19,649; Amsler chart, £19,751; self-reported vision, £20,198; and visual acuity, £20,444) over the
lifetime of the simulated cohort. The increased treatment costs associated with earlier detection with
OCT were more than offset by the reductions in costs associated with severe visual impairment,
compared with less-sensitive tests that resulted in greater visual acuity loss prior to detection and
treatment. OCT was found to dominate the other tests or to have an ICER below accepted costeffectiveness thresholds across the range of scenarios analyses explored. The probabilistic sensitivity
analysis indicated a high probability of OCT being cost-effective across a range of cost-effectiveness
thresholds typically applied by NHS decision-making bodies.

Patient perspectives of monitoring and diagnosis of neovascular age-related
macular degeneration
Three patient representatives within our steering committee who had nAMD and experience of being
monitored for disease in the second eye fed back their opinions and perspectives on the diagnosis of
and monitoring for nAMD. Throughout the study, they highlighted a number of concerns and
suggestions from a patient perspective.
Of particular concern was the poor performance of the patient-reported index tests (Amsler, visual acuity
and patient-reported vision), especially considering that all three patient partners felt that self-monitoring
had been very important to detect changes in their own eyesight. A highlighted challenge for patients
(with and without nAMD) is how to monitor their vision consistently and the need for patient tools to
support consistent self-monitoring so that it can be effective. Our PPI partners regularly highlighted
a need for better education for the public on self-awareness of their eye health and understanding
the importance of self-monitoring within the health-care setting. Considering the average age of the
participants (aged > 70 years), the difficulties that some older people face in doing routine tasks and/or
in following processes, and the possibility that vision change may be perceived to be just because of
old age, may in some way explain the poor performance of the patient-reported index test results. A
further challenge for patients is to understand which changes in vision are significant, especially because
vision may be variable. Any well-meaning feedback from clinical teams reassuring the patient that their
perceived deterioration is not clinically significant may reduce the incentive for the patient to monitor
and report further deterioration. Further research to identify patient tools to help with self-monitoring
and awareness in those patients not being routinely monitored was felt to be of benefit.

Strengths and limitations
Diagnostic study
A number of strengths can be highlighted for the diagnostic study. The EDNA study was a large,
multicentre, prospective, comparative, diagnostic accuracy study that evaluated routinely used
diagnostic tests in a monitoring setting under standard of care. The benefit of the large sample size is
reflected in the precision with which sensitivity and specificity were estimated, and the large number
of centres gives confidence in the generalisability of findings to the NHS.
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It was a strength that the interpretation of the index tests was undertaken by investigators who were
unaware of the results of the reference standard. The compliance with conducting index and reference
standard tests in accordance with the study protocol was extremely high.
We used a reference standard that represents standard care, that is FFA interpreted by an expert
clinician. We also explored the performance of the index tests using a reading centre to interpret the
FFA results as an enhanced reference standard. It was notable that the discordance between the
clinician diagnosis of nAMD and the reading centre diagnosis of nAMD was extremely low.
Among the limitations, we recognise that the population enrolled in the EDNA study consisted of
subjects at high risk of developing nAMD in the second eye because they presented with nAMD in one
eye, and precluded patients with moderate or poor vision from inclusion in the cohort. Furthermore,
we did not have a cohort of older patients with bilateral large drusen in whom the diagnosis might
have been confounded with other common exudative maculopathies, such as diabetic macular
oedema and vein occlusions. Therefore, the diagnostic performance reported here is pertinent to
the characteristics of the included cohort and may be different in an unselected population without
any history of nAMD.
The constraints of clinical practice, including variations in monitoring practice between sites, variable
gaps for individuals between visits and study-specific methodology (utilisation of non-triggered
18 month and ‘exit’ FFAs), all affected the ability to estimate the survival curve (time to conversion)
accurately. In particular, estimated survival beyond 30 months should be interpreted cautiously.
Although we do not know what the true conversion point of patients is, only that they converted
at some point between FFA results, the sensitivity analyses did not change test conclusions.
We were not able to rigorously assess the reading centre OCT assessment owing to the concurrent
use of the FFA assessment in the reading centre. This would have helped inform about the inherent
differences between OCT and FFA compared with differences between one-off individual assessment
(i.e. clinical site vs. reading centre).

Health economic modelling
The modelling has several strengths. By adopting an individual simulation approach, this allowed for
individual visual acuity to be modelled as a continuous variable, increasing the sensitivity of the model
to capture the impact of changes in visual acuity on health-related quality of life. Key inputs around
time to conversion and diagnostic accuracy were informed by the prospective EDNA study cohort,
which supports the internal and external validity of the model findings. Furthermore, pre-detection
testing costs and post-detection treatment costs were also based on resource use reported by EDNA
participating centres and pragmatic NHS-based trials, ensuring generalisability of costs across the
NHS. Finally, post-treatment visual acuity changes were also carefully informed by a range of sources
applicable to NHS routine practice and capture expected differences in visual acuity trajectories by the
degree of visual loss in the second eye prior to treatment initiation, ensuring that expected visual
acuity gains from early identification and treatment were accurately captured.
With respect to limitations, there is a paucity of available data on the rate of visual acuity loss in the
immediate period following conversion to nAMD. Although the EDNA study was able to provide a
reasonable estimate of the proportion expected to lose ≥ 10 letters within 3–6 months of conversion,
the increasing tendency to treat early (prior to significant vision loss) and limited observations on
the few patients who experienced delayed treatment results in a degree of uncertainty around
this important parameter. However, more conservative extrapolations were explored and the ICER
for OCT remained favourable under these. It would take a relatively large proportion of nAMD
cases to remain stable without treatment to undermine the cost-effectiveness of an OCT/immediate
treatment strategy.
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Prognostic model
The EDNA study enabled us to develop a predictive model of developing nAMD in the study eye
because the EDNA study provided a well-standardised longitudinal cohort with a large number of
potential risk factors ascertained using the standardised EDNA data capture forms. There were enough
conversions to nAMD in the EDNA study to develop a prediction model. We used candidate predictors
that are easily obtainable in routine ophthalmic practice and we had few missing data on predictors.
The misclassification of ocular predictors is unlikely because the retinal images were graded by
investigators at the study site, as well as by graders in the reading centre.
There were a number of limitations to this modelling work. The model applies only to second eyes of
participants with nAMD in their first eye and, therefore, it is a selected population and the findings
should be interpreted in that light. In particular, the lack of prognostic value of age is probably because
of the effect of focusing on people who already have nAMD in one eye. Other variables not readily
collected might have resulted in a better prognostic model. However, the known strong markers are
all included in the model. A higher discriminatory performance had been anticipated because what
we believed were important characteristics in the ocular environment were included. However, we
did not have information on the genetic profile of participants, and the carriage of well-characterised
genetic polymorphisms is known to be important in increasing risk and rapidity of progression of
nAMD. This and additional OCT parameters of the fellow nAMD eyes may merit further investigation
as candidate predictors; intraretinal fluid at baseline has been shown to be a predictor of conversion
of unaffected eyes to nAMD. The c-statistic (discriminative ability) was only 0.66, so the performance
does not suggest that this model would have clinical application at this point without further
improvement. However, this model adds to the growing literature on risk predictions for conversion
in the second eye and the predictors used in this model have been included in most models but
not together.
We did not include genetic markers in our model; however, family history of AMD is a predictor in our
model and may be an easier predictor to apply in clinical practice than genetic make-up. Including
genetic risk in prediction models in nAMD remains a challenge owing to its multifactorial aetiology
and gene–environment interactions.74 Despite this, family history, our closest surrogate to genetic risk,
remained significant in our final model. Blood samples collected during this study will enable the
exploration of the predictive ability of genetic markers in the future. For example, a recent study
involving a collaboration between DeepMind (DeepMind, London, UK) and Moorfields Eye Hospital
has used deep learning to predict the conversion to nAMD from OCT within a 6-month window, with
sensitivity of 80% at 55% specificity and sensitivity of 34% at 90% sensitivity. Higher conversion rates
were seen in patients with larger drusen volume, FPED and hyper-reflective foci.125

Implications for health care
The EDNA study results show that OCT is the most accurate diagnostic tool to assess early nAMD in
the fellow eye of people with unilateral AMD. It also shows that, compared with OCT, visual function
measures have low accuracy in detecting early nAMD and these included a drop of visual acuity by
10 letters, patients’ own perception of visual deterioration and a positive Amsler test. The EDNA study
has shown that there is no evidence to support the use of the Amsler test as a monitoring test in
the second eye of patients with nAMD in the first eye who are managed in hospital eye services.
The Amsler test may still have some value in detecting the onset of nAMD in older populations who
are at risk of developing this condition and who are not being managed in hospital eye care services.
It was also notable that self-reported visual function and clinic-measured visual acuity showed poor
sensitivity in detecting the onset of nAMD. Our findings, therefore, call into question the current
reliance of community-based monitoring systems, such as those commonly used in optometric practices.
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In addition, our findings also have implications for the way that we monitor nAMD patients while they
are in follow-up for treatment of the first eye. Many clinics do not regularly monitor the second eye
with OCT at every visit for a number of reasons, but not because of lack of capacity. The time taken to
capture a typical macular OCT scan once the patient has had an explanation of the procedure and is
positioned for image capture is approximately 2–3 minutes per eye. Clinicians who were consulted
during the EDNA investigator meeting stated that the marginal cost of conducting an OCT in the
second eye might be negligible because to do otherwise requires the technician to take time to ensure
that they are scanning the correct eye. In addition, all 18 out of the 24 NHS participating centres that
responded to our costing survey reported that they routinely used OCT to monitor the treated eye,
as well as the at-risk second eye. Although it is routine practice to use OCT to guide treatment
decisions in the treated eye, the monitoring frequency in the second eye is governed by the monitoring
frequency in the treated eye. In the economic modelling, we included a monitoring frequency in line
with the average observed frequency of monitoring in the EDNA study, which was in accordance with
local clinical practice and reduced over the monitoring period.
However, a variety of different clinical care pathways and strategies have been instituted in different
clinical sites (personal communications from study PIs to study team) to streamline and improve
patient throughput, which then could result in reduced OCT monitoring of both eyes. For example, for
patients who present with nAMD in one eye and who are commenced on treatment, the drug label in
some instances recommends a review with OCT at completion of the loading phase and then at 1 year.
This care pathway could result in patients not receiving an OCT in either their first eye or their at-risk
eye for up to 9 months. The alternative strategy of the treat-and-extend protocol for those with
nAMD in one eye could also result in the patient not having to attend for intervals that might exceed
3–4 months. In addition, if patients are discharged into the community after failed treatment in the
first eye, the second eye may be monitored only at very long intervals. Finally, clinical sites have
reduced direct patient contact to a minimum owing to concerns about COVID-19, which results in
reduced monitoring of the at-risk eye.
The EDNA study shows that if second eyes are also monitored with OCT at every clinic visit that the
patients attends for treatment, earlier nAMD will be identified. The study also suggests that if regular
monitoring is carried out by OCT in the fellow eyes and early nAMD is identified, treatment can be
initiated before visual acuity deteriorates, which enables the second eye to be maintained at good
levels of visual acuity compared with the first eye, which usually present with poorer visual acuity
when the patient is already symptomatic.
The findings of the EDNA study are of relevance globally and especially in the UK given that the
monitoring strategy outlined in the NICE guidelines places high reliance on self-reporting of change in
visual function, which has been shown in the EDNA study to have low sensitivity and only moderate
specificity.11 Because the risk of progression to nAMD in the unaffected fellow eye of a patient with
nAMD in one eye may be as high as 50% within 5 years of diagnosis, the use of OCT as a monitoring
tool has considerable potential for cost savings.72 Treatment for nAMD imposes a significant burden for
patients, their carers and hospital facilities, and a diagnostic test of such high sensitivity and specificity
has important implications in terms of acceptability to patients and can help streamline care pathways
and reduce the impact on hospital intravitreal injection services. In terms of diagnostic accuracy,
based on our findings presented here, a revised strategy to monitor such patients with OCT should be
considered. Our study did not enrol participants with bilateral early AMD who would be expected to
have good vision in both eyes and a low risk of between 1% and 5% over 5 years of conversion to
nAMD.72 In people with bilateral early AMD, screening for conversion to nAMD would be inappropriate
and probably not cost-effective. Furthermore, to consider recommendations based on EDNA study
findings in this category of bilateral early AMD patients who are normally routinely seen annually in
the community by optometrists would be inappropriate.
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The health economic data and modelling strongly suggest that the use of OCT, compared with other
available diagnostic tests, can lead to substantial reductions in the time to diagnosis and treatment of
nAMD in the second eye of patients being treated for nAMD in their first eye. The early initiation of
treatment in the second eye, based on FFA-confirmed OCT positive findings, can be expected to
maintain better visual acuity and health-related quality of life over time than that of less-sensitive
monitoring strategies. Moreover, our modelling suggests that this strategy may be cost-saving in the
longer term compared with less sensitive monitoring strategies that result in greater visual acuity loss
occurring before treatment is initiated.

Recommendations for research
1. The feasibility of using OCT for the diagnosis and management of nAMD in a primary care or home
monitoring setting should be investigated. Given the clear findings in this study of OCT successfully
identifying nAMD in the second eye, different models of providing care should be developed and
tested. The use of OCT as a monitoring device in a community setting will pose a number of
challenges. This is because to detect the onset of nAMD promptly it is likely that the susceptible
population will have to be screened at a rate similar to that achieved in the EDNA study, that is
ranging from every 1.5 months during the first 6 months to every 3.3 months by month 36.
Therefore, any study that is specifically designed to address early detection will have to use
technology available in the patient’s own home. Devices for OCT home monitoring are currently
undergoing testing and have shown promise. However, there are multiple potential obstacles,
including transmission of the OCT images either to the retina clinician or to a monitoring hub.
2. Further development of the risk prediction model, including exploration of morphological
biomarkers and additional imaging characteristics, should be undertaken to assess if model
performance can be improved. Spectral-domain OCT images are of high resolution and allow
an assessment of the integrity of the outer retinal layers, and the data can also be subjected to
artificial intelligence analysis.
3. Longer-term visual outcomes and subsequent treatment strategies for patients with nAMD need to
be assessed. The current lack of longer-term data leads to uncertainty in health economic modelling
comparisons. This could be achieved using existing patient cohorts.
4. The role of artificial intelligence algorithms for improving the diagnosis and monitoring of nAMD
should be explored. New imaging technologies are already being developed using artificial
intelligence methods for identifying nAMD. The new technologies need to be assessed using
rigorously collected patient cohorts.
5. The performance of diagnostic tests for AMD should be assessed in people aged ≥ 70 years who do
not have nAMD in either eye and, therefore, who have a risk of developing nAMD in both eyes.

Conclusion
The EDNA study has clearly and rigorously demonstrated that OCT is the most accurate diagnostic
tool to assess early nAMD in the second eye of people with unilateral AMD. Health economic
modelling also strongly suggests that the use of OCT can lead to substantial reductions in the time to
diagnosis and treatment of nAMD in the second eye and lead to cost savings. In addition, the EDNA
study has identified clear risk factors for the development of nAMD in the second eye, which should
be tested further.
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Appendix 1 Supplementary statistical
analysis tables

T

his appendix contains supplementary tables to the analyses provided in Chapter 4. The statistical
analysis plan contains the details of each analysis (see Report Supplementary Material 2).

Supplementary results for the main analysis
Table 52 shows the mean number of clinic visits and index tests undertaken during the 36-month
follow-up period for the 87 participants excluded from the main analysis.

Post hoc combination of index tests in the primary analysis
The following tables present the results of post hoc analyses combining test results. Two combinations
of tests were considered:
l
l

combination A – Amsler, fundus clinical examination, visual acuity and self-reported vision test results
combination B – Amsler, self-reported vision and visual acuity.

In both combinations, a positive result from any of the included index tests leads to a positive combined
test result and only if all index tests were negative would the combined test result be negative. These
combinations were conducted both for the main analysis, utilising all test results in the monitoring
period (Table 53), and separately, utilising the last visit test results only (Table 54).

Varying the primary reference standard test result when the fundus
fluorescein angiography was inconclusive
The impact of including the inconclusive FFA results is shown in Tables 55 (inconclusive FFAs were classified
as positive) and 56 (inconclusive FFAs were classified as negative). Compared with the main analysis, which
excluded inconclusive FFAs, the sensitivity and specificity for the index tests remained similar.

TABLE 52 Number of visits/tests carried out per participant over the 3-year period for the 87 participants excluded from
the main analysis (including patients with missing or inconclusive clinician FFA)
Visit/test

Mean (SD); n

Minimum–maximum

P25–P75

Clinic visits

10.4 (7.6); 87

1–28

4–17

Amsler

7.4 (6.9); 87

0–25

2–11

Fundus clinical examination

8.7 (6.9); 87

0–27

3–15

OCT

8.9 (7.0); 87

1–27

3–13

Self-reported vision

8.9 (6.7); 87

0–26

3–12

10.2 (7.5); 87

1–27

3–17

Index tests

Visual acuity
P25, percentile 25; P75, percentile 75.
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TABLE 53 Post hoc analysis of combining test results: main analysis

Sensitivity (%)
(95% CI)

True positives
(n)/participants
with nAMD (n)

Specificity (%)
(95% CI)

True negatives
(n)/participants
without nAMD (n)

Fundus or self-reported
vision or Amsler or
visual acuity

72.2 (62.5 to 80.1)

70/97

55.6 (49.7 to 61.3)

154/277

Self-reported vision or
Amsler or visual acuity

50.0 (40.3 to 59.7)

49/98

57.0 (51.2 to 62.7)

158/277

Combination

Reproduced with permission from Sivaprasad et al.52 This is an Open Access article distributed in accordance with the terms
of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon
this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
The table includes minor additions and formatting changes to the original table.

TABLE 54 Post hoc analysis of combining test results from the last visit only

Sensitivity (%)
(95% CI)

True positives
(n)/participants
with nAMD (n)

Specificity (%)
(95% CI)

True negatives
(n)/participants
without nAMD (n)

Fundus or self-reported
vision or Amsler or
visual acuity

63.9 (54.0 to 72.8)

62/97

85.9 (81.2 to 89.6)

231/269

Self-reported vision or
Amsler or visual acuity

39.8 (30.7 to 49.7)

39/98

86.2 (81.6 to 89.9)

232/269

Combination

TABLE 55 Index test sensitivity and specificity (with 95% CIs) analysis (inconclusive FFA results were considered positive)
True positives
(n)/participants
with nAMD (n)

Specificity (%)
(95% CI)

True negatives
(n)/participants
without nAMD (n)

Index test

Sensitivity (%)
(95% CI)

Amsler

31.7 (23.6 to 41.2)

33/104

81.4 (76.4 to 85.5)

227/279

Fundus clinical
examination

52.8 (44.1 to 61.2)

67/127

97.6 (95.3 to 98.9)

327/335

OCT

92.2 (86.1 to 95.9)

118/128

87.8 (83.8 to 90.9)

294/335

4.0 (1.5 to 9.2)

5/126

97.0 (94.6 to 98.5)

327/337

29.7 (22.4 to 38.1)

38/128

66.6 (61.3 to 71.4)

223/335

Self-reported vision
Visual acuity

TABLE 56 Index test sensitivity and specificity (with 95% CIs) analysis (inconclusive FFA results were considered negative)
True positives
(n)/participants
with nAMD (n)

Specificity (%)
(95% CI)

True negatives
(n)/participants
without nAMD (n)

Index test

Sensitivity (%)
(95% CI)

Amsler

33.7 (25.1 to 43.5)

33/98

81.8 (76.8 to 85.8)

233/285

Fundus clinical
examination

53.8 (44.8 to 62.5)

64/119

96.8 (94.3 to 98.3)

332/343

OCT

91.7 (85.2 to 95.6)

110/120

85.7 (81.6 to 89.0)

294/343

4.2 (1.6 to 9.8)

5/118

97.1 (94.7 to 98.5)

335/345

30.0 (22.5 to 38.7)

36/120

66.8 (61.6 to 71.5)

229/343

Self-reported vision
Visual acuity
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Results using secondary reference standard 1
Table 57 presents index test sensitivity and specificity with 95% CIs for analysis A7 (see Report
Supplementary Material 2). The results are similar to the ones found in the main analysis. OCT has the
best sensitivity with 92.5%, followed by fundus clinical examination (54.9%); all the other index tests
have a sensitivity of < 50%. Fundus clinical examination has the highest specificity (97.7%), followed by
self-reported vision (96.5%) and OCT (88.3%).
Likelihood ratios (with 95% CIs) showed evidence to be able to rule in the presence of nAMD for all
tests, except for self-reported vision and visual acuity, which include 1.0 in their confidence intervals
for positive likelihood ratio, and rule out the presence of nAMD for OCT (confidence intervals for
negative likelihood ratio did not include 1.0). Diagnostic odds ratios (DORs) varied from 1.0 (visual
acuity) to 93.1 (OCT) (Table 58).

Paired comparisons of sensitivity and specificity between index tests:
analysis A7
Table 59 shows the paired differences (with 95% CIs) in sensitivity and specificity for detecting nAMD
between pairs of index tests along with the corresponding McNemar’s test p-values for analysis A7.
There was evidence that the sensitivity of all of the tests differed from each other, except for Amsler
and fundus clinical examination, Amsler and visual acuity, and fundus clinical examination and visual
acuity. Statistically significant differences in sensitivity between index tests varied from –34.5% (visual
acuity vs. self-reported vision) to 96.6% (OCT vs. self-reported vision). There was evidence that the
specificity of all of the tests differed from each other, except for fundus clinical examination compared
with self-reported vision. Statistically significant differences in specificity between index tests varied
from –17.6% (Amsler vs. self-reported vision) to 34.4% (fundus clinical examination vs. visual acuity).

TABLE 57 Index tests sensitivity and specificity (with 95% CIs): analysis A7
True positives
(n)/participants
with nAMD (n)

Specificity (%)
(95% CI)

True negatives
(n)/participants
without nAMD (n)

Index test

Sensitivity (%)
(95% CI)

Amsler

33.0 (25.1 to 42.1)

38/115

81.0 (76.0 to 85.1)

230/284

Fundus clinical examination

54.5 (46.4 to 62.5)

78/143

97.7 (95.4 to 98.9)

335/343

OCT

92.4 (86.8 to 95.8)

134/145

88.3 (84.5 to 91.3)

303/343

3.5 (1.3 to 8.1)

5/143

96.5 (94.0 to 98.1)

334/346

31.7 (24.7 to 39.7)

46/145

63.8 (58.6 to 68.8)

219/343

Self-reported vision
Visual acuity

TABLE 58 Likelihood positive and negative ratios and diagnostic odds ratios (with 95% CIs): analysis A7

Index test
Amsler

Likelihood positive
ratio (95% CI)

Likelihood negative
ratio (95% CI)

DOR (95% CI)
2.1 (< 0.01 to > 100)

1.7 (1.3 to 2.4)

0.8 (0.7 to 1.0)

23.7 (18.2 to 30.9)

0.5 (0.2 to 0.9)

50.9 (1.4 to > 100)

OCT

7.9 (4.4 to 14.2)

0.1 (0.1 to 0.1)

91.8 (4.4 to > 100)

Self-reported vision

1.0 (0.4 to 2.4)

1.0 (0.6 to 1.7)

1.0 (< 0.01 to > 100)

Visual acuity

0.9 (0.7 to 1.2)

1.1 (1.0 to 1.2)

0.8 (< 0.01 to > 100)

Fundus clinical examination
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TABLE 59 Comparison between tests: analysis A7
Difference (%) in sensitivity
(95% CI); p-valuea

Comparison

Difference (%) in specificity
(95% CI); p-valuea

OCT vs. Amsler

66.7 (38.8 to 81.9); < 0.001

OCT vs. fundus clinical examination

39.3 (18.0 to 57.5); < 0.001

–9.3 (–13.3 to –5.7); < 0.001

OCT vs. self-reported vision

96.6 (78.5 to 99.4); < 0.001

–8.2 (–12.3 to –4.2); < 0.001

OCT vs. visual acuity

62.1 (36.6 to 77.6); < 0.001

25.1 (19.2 to 30.7); < 0.001

Amsler vs. fundus clinical examination
Amsler vs. self-reported vision
Amsler vs. visual acuity

–25.0 (–42.9 to –3.3); 0.06

–17.0 (–22.0 to –12.3); < 0.001

30.0 (7.7 to 51.9); 0.03

–17.6 (–22.7 to –12.9); < 0.001

0.0 (–29.1 to 29.1); 1.00

Fundus clinical examination vs. self-reported vision

57.1 (35.4 to 73.5); < 0.001

Fundus clinical examination vs. visual acuity

25.0 (–1.2 to 46.9); 0.12

Self-reported vision vs. visual acuity

8.1 (2.5 to 13.8); 0.01

–34.5 (–52.7 to –15.8); < 0.001

14.8 (7.8 to 21.7); < 0.001
1.2 (–1.5 to 3.9); 0.48
34.4 (28.9 to 39.8); < 0.001
33.2 (28.1 to 38.4); < 0.001

a The p-value is calculated using McNemar’s test; differences are the first test minus the second, i.e. OCT vs. Amsler is
the OCT value minus the Amsler value.

Results using secondary reference standard 2
Table 60 presents the sensitivity and specificity (with 95% CIs for analysis) for the index tests’
detection of nAMD conversion (according to the reading centre’s assessment of FFA) for analysis A4.
Results are similar to the main analysis. OCT has the best sensitivity with 85.7%, followed by fundus
clinical examination with 50.0%; the other three index tests have a sensitivity < 50%. Self-reported
vision has the highest specificity (97.1%), followed by fundus clinical examination (95.6%), OCT (83.5%),
Amsler (81.0%) and visual acuity (66.2%).
Likelihood ratios (with 95% CIs) showed evidence to be able to rule in the presence of nAMD for all
tests, except self-reported vision and visual acuity (CIs for positive likelihood ratio include 1.0), and rule
out the presence of nAMD for OCT and fundus clinical examination (confidence intervals for negative
likelihood ratio did not include 1.0). DORs varied from 0.8 (visual acuity) to 30 (OCT) (Table 61).

Paired comparisons of sensitivity and specificity between index tests:
analysis A4
Table 62 shows the paired differences (with 95% CIs) in sensitivity and specificity between index test
pairs along with the corresponding McNemar’s test p-values for analysis A4. There was evidence that
the sensitivity of all index tests differed from each other, except for Amsler compared with visual acuity.

TABLE 60 Index tests sensitivity and specificity (with 95% CIs): analysis A4
True positives
(n)/participants
with nAMD (n)

Specificity (%)
(95% CI)

True negatives
(n)/participants
without nAMD (n)

Index test

Sensitivity (%)
(95% CI)

Amsler

31.6 (23.1 to 41.5)

30/95

81.0 (76.0 to 85.1)

230/284

Fundus clinical examination

50.0 (41.1 to 58.9)

59/118

95.6 (92.8 to 97.4)

325/340

OCT

85.7 (78.2 to 91.0)

102/119

83.5 (79.2 to 87.1)

284/340

3.4 (1.1 to 8.7)

4/117

97.1 (94.6 to 98.5)

331/341

27.7 (20.5 to 36.4)

33/119

66.2 (61.0 to 71.0)

225/340

Self-reported vision
Visual acuity
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TABLE 61 Likelihood positive and negative ratios and DORs (with 95% CIs): analysis A4

Index test

Likelihood positive
ratio (95% CI)

Amsler

Likelihood negative
ratio (95% CI)

DOR (95% CI)
2.0 (< 0.01 to > 100)

1.7 (1.2 to 2.4)

0.8 (0.7 to 1.0)

11.4 (8.5 to 15.2)

0.5 (0.3 to 0.8)

21.7 (0.5 to > 100)

OCT

5.2 (3.2 to 8.3)

0.2 (0.1 to 0.2)

30.3 (1.2 to > 100)

Self-reported vision

1.2 (0.4 to 3.1)

1.0 (0.5 to 1.8)

1.2 (< 0.01 to > 100)

Visual acuity

0.8 (0.6 to 1.2)

1.1 (1.0 to 1.2)

0.8 (< 0.01 to > 100)

Fundus clinical examination

TABLE 62 Comparison between tests: analysis A4

Comparison

Difference (%) in sensitivity
(95% CI); p-valuea

Difference (%) in specificity
(95% CI); p-valuea

OCT vs. Amsler

56.3 (43.6 to 66.1); < 0.001

OCT vs. fundus clinical examination

35.6 (25.8 to 44.5); < 0.001

–12.1 (–16.4 to –8.0); < 0.001

OCT vs. self-reported vision

82.2 (73.3 to 87.8); < 0.001

–13.5 (–18.1 to –9.2); < 0.001

OCT vs. visual acuity

58.0 (46.5 to 67.0); < 0.001

17.4 (11.1 to 23.5); < 0.001

Amsler vs. fundus clinical examination
Amsler vs. self-reported vision
Amsler vs. visual acuity

–16.8 (–29.3 to –3.6); 0.02
27.4 (17.0 to 37.5); < 0.001
7.4 (–5.5 to 19.9); 0.34

2.5 (–3.4 to 8.4); 0.48

–14.8 (–20.0 to –9.8); < 0.001
–17.6 (–22.6 to –13.0); < 0.001
11.3 (4.4 to 18.1); < 0.001

Fundus clinical examination vs. self-reported vision

47.0 (37.4 to 55.9); < 0.001

–1.5 (–4.5 to 1.5); 0.40

Fundus clinical examination vs. visual acuity

22.9 (11.1 to 33.8); < 0.001

29.4 (23.9 to 34.9); < 0.001

–23.7 (–32.5 to –15.1); < 0.001

30.9 (25.8 to 36.0); < 0.001

Self-reported vision vs. visual acuity

a p-value is calculated using McNemar’s test; differences are the first test minus the second, i.e. OCT vs. Amsler is the
OCT value minus the Amsler value

Statistically significant differences in sensitivity between index tests varied from –16.8% (Amsler vs.
fundus clinical examination) to 82.2% (OCT vs. self-reported vision) in magnitude. OCT had the highest
sensitivity of the tests, followed by fundus clinical examination, with self-reported vision having the
lowest sensitivity. There was evidence that the specificity of all tests differed from each other, except
for OCT compared with Amsler and fundus clinical examination compared with self-reported vision.
Statistically significant differences in specificity between index tests varied from –11.3% (Amsler vs.
self-reported vision) to 29.4% (fundus clinical examination vs. visual acuity) in magnitude. Fundus clinical
examination and self-reported vision tests had the highest specificities, with visual acuity having the
lowest specificity.

Summarised index tests over the last 6-month follow-up period: analysis A5
Table 63 presents the sensitivity and specificity (with 95% CIs) for the index tests' detection of nAMD
conversion for analysis A5. Results are similar to the ones found in the main analysis. OCT has the best
sensitivity of 84.0%; all of the other index tests have a sensitivity of < 50%. Self-reported vision has
the highest specificity (97.9%), followed by fundus clinical examination (97.4%) and OCT (89.7%).
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TABLE 63 Index tests sensitivity and specificity (with 95% CIs): analysis A5
True positives
(n)/participants
with nAMD (n)

Specificity (%)
(95% CI)

True negatives
(n)/participants
without nAMD (n)

Index test

Sensitivity (%)
(95% CI)

Amsler

26.0 (18.3 to 35.7)

25/96

92.1 (88.2 to 94.7)

255/277

Fundus clinical examination

49.2 (40.3 to 58.1)

58/118

97.4 (95.0 to 98.7)

331/340

OCT

84.0 (76.3 to 89.6)

100/119

89.7 (86.0 to 92.5)

305/340

3.4 (1.0 to 8.7)

4/118

97.9 (95.7 to 99.1)

332/339

25.2 (18.2 to 33.7)

30/119

83.5 (79.2 to 87.1)

284/340

Self-reported vision
Visual acuity

Likelihood ratios (with 95% CIs) showed evidence to be able to rule in the presence of nAMD for all
tests, except self-reported vision and visual acuity (CIs for positive likelihood ratio include 1.0), and
rule out the presence of nAMD for OCT (confidence intervals for negative likelihood ratio did not
include 1.0). DORs varied from 1.6 (self-reported vision) to 45.7 (OCT) (Table 64).

Paired comparisons of sensitivity and specificity between index tests:
analysis A5
Table 65 shows the paired difference (with 95% CIs) in sensitivity and specificity between pairs of
index tests along with the corresponding McNemar’s test p-values for analysis A5. There was evidence
that the sensitivity of all of the tests differed from each other, except for Amsler compared with visual
acuity. The statistically significant differences in sensitivity between index tests varied from –21.1%
(Amsler vs. fundus clinical examination) to 80.5% (OCT vs. self-reported vision) in magnitude. There
was evidence that the specificity of all tests differed from each other, except for OCT compared with
Amsler and fundus clinical examination compared with self-reported vision. The statistically significant
differences in specificity between index tests varied from –8.3% (OCT vs. Amsler) to 14.5% (self-reported
vision vs. visual acuity) in magnitude.

Index test results based on the last visit available
Table 66 presents the sensitivity and specificity of the index tests (with 95% CIs) for detecting nAMD
conversion for analysis A6. Results are similar to those from the main analysis. OCT has the highest
observed sensitivity of 81.5%; all of the other index tests have a sensitivity of < 50%. Self-reported
vision has the highest specificity (98.8%), followed by fundus clinical examination (97.9%), Amsler
(92.7%), OCT (91.4%) and visual acuity (88.2%).

TABLE 64 Likelihood positive and negative ratios and DORs (with 95% CIs): analysis A5

Index test
Amsler

Likelihood positive
ratio (95% CI)

Likelihood negative
ratio (95% CI)

DOR (95% CI)
4.1 (< 0.01 to > 100)

3.3 (2.2 to 4.9)

0.8 (0.6 to 1.2)

18.9 (14.1 to 25.4)

0.5 (0.3 to 1.0)

36.3 (0.9 to > 100)

OCT

8.2 (5.2 to 12.7)

0.2 (0.1 to 0.2)

45.7 (2.0 to > 100)

Self-reported vision

1.6 (0.6 to 4.3)

1.0 (0.5 to 2.0)

1.6 (< 0.01 to > 100)

Visual acuity

1.5 (1.1 to 2.2)

0.9 (0.7 to 1.1)

1.7 (< 0.01 to > 100)

Fundus clinical examination
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TABLE 65 Comparison between tests: analysis A5
Difference in sensitivity (%)
(95% CI); p-valuea

Comparison

Difference in specificity (%)
(95% CI); p-valuea

OCT vs. Amsler

59.4 (47.6 to 68.3); < 0.001

–2.9 (–7.6 to 1.7); 0.27

OCT vs. fundus clinical examination

34.7 (25.0 to 43.6); < 0.001

–7.6 (–11.2 to –4.5); < 0.001

OCT vs. self-reported vision

80.5 (71.4 to 86.4); < 0.001

–8.3 (–12.2 to –4.7); < 0.001

OCT vs. visual acuity

58.8 (47.1 to 68.0); < 0.001

Amsler vs. fundus clinical examination

6.2 (1.2 to 11.2); 0.02

–21.1 (–33.2 to –7.9); < 0.001

–5.4 (–9.4 to –1.9); < 0.001

22.1 (12.2 to 32.1); < 0.001

–6.9 (–10.7 to –3.6); < 0.001

Amsler vs. self-reported vision
Amsler vs. visual acuity

5.3 (–6.8 to 17.1); 0.49

4.7 (–0.0 to 9.5); 0.07

Fundus clinical examination vs. self-reported vision

46.2 (36.6 to 55.0); < 0.001

–0.6 (–3.1 to 1.8); 0.79

Fundus clinical examination vs. visual acuity

24.6 (13.1 to 35.1); < 0.001

13.8 (9.7 to 18.3); < 0.001

–21.2 (–29.8 to –12.9); < 0.001

14.5 (10.6 to 18.8); < 0.001

Self-reported vision vs. visual acuity

a The p-value is calculated using McNemar’s test; differences are the first test minus the second test, i.e. OCT vs.
Amsler is the OCT value minus the Amsler value.

TABLE 66 Index test sensitivity and specificity (with 95% CIs): analysis A6

Index test

Sensitivity (%)
(95% CI)

True positives
(n)/participants
with nAMD (n)

Specificity (%)
(95% CI)

True negatives
(n)/participants
without nAMD (n)

Amsler

24.4 (16.7 to 34.3)

22/90

92.7 (89.0 to 95.3)

255/275

Fundus clinical examination

46.2 (37.4 to 55.2)

54/117

97.9 (95.7 to 99.1)

332/339

OCT

81.5 (73.5 to 87.5)

97/119

91.4 (87.9 to 94.0)

308/337

3.6 (1.1 to 9.1)

4/112

98.8 (96.9 to 99.6)

332/336

24.6 (17.7 to 33.1)

29/118

88.2 (84.3 to 91.2)

299/339

Self-reported vision
Visual acuity

Likelihood ratios (with 95% CIs) showed evidence to be able to rule in the presence of nAMD for
all tests (CIs for positive likelihood ratio exclude 1.0), and rule out the presence of nAMD for OCT
(CIs for negative likelihood ratio did not include 1.0). DORs varied from 2.4 (visual acuity) to 46.8
(OCT) (Table 67).

TABLE 67 Likelihood positive and negative ratios and DORs (with 95% CIs): analysis A6

Index test
Amsler

Likelihood positive
ratio (95% CI)

Likelihood negative
ratio (95% CI)

DOR (95% CI)
4.1 (< 0.01 to > 100)

3.3 (2.2 to 5.1)

0.8 (0.6 to 1.2)

22.0 (16.4 to 29.6)

0.6 (0.3 to 1.1)

40.0 (0.9 to > 100)

OCT

9.5 (6.3 to 14.3)

0.2 (0.1 to 0.3)

46.8 (2.0 to > 100)

Self-reported vision

3.0 (1.1 to 8.0)

1.0 (0.4 to 2.6)

3.1 (< 0.01 to > 100)

Visual acuity

2.1 (1.5 to 3.0)

0.9 (0.7 to 1.1)

2.4 (< 0.01 to > 100)

Fundus clinical examination
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Paired comparisons of sensitivity and specificity between index tests:
analysis A6
Table 68 shows the paired differences (with 95% CIs) in sensitivity and specificity for detecting nAMD
between pairs of index tests along with the corresponding McNemar’s test p-values for analysis A6.
There was evidence that the sensitivity of all tests differed from each other, except for Amsler
compared with visual acuity. The statistically significant differences in sensitivity between index tests
varied from –17.9% (self-reported vision vs. visual acuity) to 77.7% (OCT vs. self-reported vision) in
magnitude. There was evidence that the specificity of all of the tests differed from each other, except
for OCT compared with Amsler and fundus clinical examination compared with self-reported vision.
Statistically significant differences in specificity between index tests varied from –5.1% (Amsler vs.
fundus clinical examination) to 10.8% (self-reported vision vs. visual acuity) in magnitude.

TABLE 68 Comparison between tests: analysis A6

Comparison

Difference in sensitivity
(95% CI); p-valuea

Difference in specificity
(95% CI); p-valuea

OCT vs. Amsler

57.8 (45.0 to 67.4); < 0.001

–2.2 (–6.7 to 2.1); 0.39

OCT vs. fundus clinical examination

35.0 (25.2 to 43.9); < 0.001

–6.5 (–9.9 to –3.7); < 0.001

OCT vs. self-reported vision

77.7 (68.1 to 84.1); < 0.001

–7.5 (–11.2 to –4.3); < 0.001

OCT vs. visual acuity

56.8 (45.0 to 66.0); < 0.001

Amsler vs. fundus clinical examination
Amsler vs. self-reported vision
Amsler vs. visual acuity

–19.1 (–31.4 to –5.9); 0.01
22.5 (12.9 to 32.5); < 0.001
6.7 (–4.7 to 18.0); 0.33

3.3 (–1.4 to 8.0); 0.21
–5.1 (–8.9 to –1.7); < 0.001
–6.6 (–10.3 to –3.4); < 0.001
1.1 (–3.2 to 5.4); 0.73

Fundus clinical examination vs. self-reported vision

43.2 (33.5 to 52.4); < 0.001

Fundus clinical examination vs. visual acuity

22.2 (10.2 to 33.4); < 0.001

9.8 (6.1 to 13.7); < 0.001

–17.9 (–26.5 to –9.7); < 0.001

10.8 (7.3 to 14.7); < 0.001

Self-reported vision vs. visual acuity

–0.9 (–3.2 to 1.2); 0.55

a The p-value is calculated using McNemar’s test; differences are the first test minus the second, i.e. OCT vs. Amsler is
the OCT value minus the Amsler value.
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Appendix 2 Standards for the reporting of
diagnostic accuracy studies flow diagrams
for the main diagnostic accuracy analysis

T

he following flow diagrams (Figures 29–33) detail how the participants were included/excluded for
the sensitivity and specificity calculations for each index test in the main analysis in Chapter 4.

EDNA study participants
(n = 552)
Participants with no follow-up data
(n = 9)
Participants with positive Amsler
test at baseline
(n = 90)
No follow-up FFA available
(n = 67)
Participants with at least one follow-up FFA
(n = 386)
Index test is missing
(n = 2)

Positive last FFA
(n = 98)

Negative last FFA
(n = 279)

Index test is positive
(n = 33)

Index test is positive
(n = 52)

Index test is negative
(n = 65)

Index test is negative
(n = 227)

Inconclusive FFA
(n = 7)

FIGURE 29 Flow of participants for the Amsler index test (main analysis A1; primary reference standard: FFA
determination of conversion to nAMD at the clinical site, index test results cover entire period of follow-up).
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EDNA study participants
(n = 552)
Participants with no follow-up data
(n = 9)
Participants with no
follow-up FFA
(n = 79)
Participants with at least one
follow-up FFA
(n = 464)
Index test is missing
(n = 2)

Inconclusive FFA
(n = 8)

Negative last FFA
(n = 335)

Positive last FFA
(n = 119)

Index test is positive
(n = 64)

Index test is positive
(n = 8)

Index test is negative
(n = 55)

Index test is negative
(n = 327)

FIGURE 30 Flow of participants for the FFA index test (main analysis A1; primary reference standard: fundus fluorescein
angiography determination of conversion to nAMD at the clinical site, index test results cover entire period of follow-up).

EDNA study participants
(n = 552)
Participants with no follow-up data
(n = 9)
Participants with no follow-up FFA
(n = 79)
Participants with at least one follow-up FFA
(n = 464)
Index test is missing
(n = 1)

Positive last FFA
(n = 120)

Negative last FFA
(n = 335)

Index test is positive
(n = 110)

Index test is positive
(n = 41)

Index test is negative
(n = 10)

Index test is negative
(n = 294)

Inconclusive FFA
(n = 8)

FIGURE 31 Flow of participants for the OCT index test (main analysis A1; primary reference standard: FFA
determination of conversion to nAMD at the clinical site, index test results cover entire period of follow-up).
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EDNA study participants
(n = 552)
Participants with no follow-up data
(n = 9)
Participants with no follow-up FFA
(n = 79)
Participants with at least one follow-up FFA
(n = 464)
Index test is missing
(n = 1)

Positive last FFA
(n = 118)

Negative last FFA
(n = 337)

Index test is positive
(n = 5)

Index test is positive
(n = 10)

Index test is negative
(n = 113)

Index test is negative
(n = 327)

Inconclusive FFA
(n = 8)

FIGURE 32 Flow of participants for the self-reported vision index test (main analysis A1; primary reference standard:
FFA determination of conversion to nAMD at the clinical site, index test results cover entire period of follow-up).

EDNA study participants
(n = 552)
Participants with no follow-up data
(n = 9)
Participants with no follow-up FFA
(n = 79)
Participants with at least one follow-up FFA
(n = 464)
Index test is missing
(n = 1)

Positive last FFA
(n = 120)

Negative last FFA
(n = 335)

Index test is positive
(n = 36)

Index test is positive
(n = 113)

Index test is negative
(n = 84)

Index test is negative
(n = 222)

Inconclusive FFA
(n = 8)

FIGURE 33 Flow of participants for the visual acuity index test (main analysis A1; primary reference standard: FFA
determination of conversion to nAMD at the clinical site, index test results cover entire period of follow-up).
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Appendix 3 Supplementary tables for
prognostic modelling

C

ategorical variables were transformed into binary variables to calculate their correlation. Table 69
presents a clear legend and details on how the transformation was carried out. Tables 70 and 71
show the correlation between candidate predictors included in the prognostic modelling (see Table 32).

TABLE 69 Legend for correlation matrix shown in Tables 70 and 71

Candidate predictor (see Table 32)

Label in correlation matrix
(see Tables 70 and 71)

Smoking history (current smoker vs. not)

Smoker

Hypertension

Hypertension

Cardiovascular disease

Cardio

Diabetes

Diabetes

Nutritional supplements

Supplements

Family history of AMD

AMD history

Body mass index

BMI

Sex

Sex

Age

Age

Cataract present (present vs. not)

Cataract

Visual acuity (study eye)

Visual acuity

CNV subtype (fellow eye)

CNV type

EZ disruption (study eye)

EZ

ELM disruption (study eye)

ELM

Choroid thinning (study eye) (normal vs. not normal)

Choroid

Retinal thinning (study eye)

Retinal

Presence of pigmentary abnormalities in the fundus (study eye)

Pigmentary

Most frequent size of drusen (µm) (study eye) (< 63 vs. > 125)

Freq Size

Maximum size of drusen (µm) (study eye) (< 63 vs. > 125)

Max Size

Drusen type (study eye) (none vs. any type)

Drusen

Total lesion area of nAMD at detection (mm2) (fellow eye)

Lesion area
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TABLE 70 Correlation matrix (Spearman) for the candidate predictors in the prediction model (see Table 32). Categorical
variables were transformed into binary to calculate their correlation; Table 69 presents more details on how the
transformation was carried out

Predictors

AMD
Smoker Hypertension Cardio Diabetes Supplements History BMI

Sex

Age

1.00

–0.12

–0.05

0.05

–0.10

–0.06

0.02

Hypertension

–0.12

1.00

0.18

0.15

0.07

–0.07

0.21 –0.02

0.17

0.00

Cardio

–0.05

0.18

1.00

0.08

–0.12

–0.07

0.16 –0.07

0.13

0.04

0.05

0.15

0.08

1.00

–0.10

0.03

0.18 –0.04 –0.11

0.07

Supplements

–0.10

0.07

–0.12

–0.10

1.00

0.16

–0.10

0.15

AMD history

–0.06

–0.07

–0.07

0.03

0.16

1.00

–0.03

0.06 –0.07 –0.00

BMI

0.02

0.21

0.16

0.18

–0.10

–0.03

Sex

0.03

–0.02

–0.07

–0.04

0.15

0.06

–0.06

1.00

0.02 –0.04

Age

–0.25

0.17

0.13

–0.11

0.02

–0.07

–0.17

0.02

1.00 –0.10

Cataract

0.06

0.00

0.04

0.07

–0.02

–0.00

Visual acuity

0.05

–0.03

–0.08

–0.04

0.02

0.01

0.06 –0.05 –0.30 –0.05

CNV type

0.12

–0.07

0.01

0.03

–0.05

0.01

–0.00 –0.04 –0.06 –0.07

EZ

–0.03

0.01

–0.03

–0.01

0.03

0.03

0.02

0.05

0.17

0.04

ELM

–0.04

0.05

–0.01

–0.06

0.04

0.03

0.06

0.08

0.17

0.05

Choroid

0.06

0.04

–0.03

–0.06

–0.07

0.02

Retinal

–0.07

0.03

–0.00

0.08

–0.01

–0.00

0.04

0.01

0.10

Pigmentary

–0.01

0.07

0.08

–0.08

0.04

–0.02

0.04

0.01

0.10 –0.06

Freq size

0.03

–0.03

0.06

0.05

–0.15

–0.10

0.02 –0.07 –0.09 –0.05

Maximum size

0.00

–0.05

0.02

0.05

–0.04

–0.12

0.04 –0.07 –0.12 –0.00

Drusen

0.06

–0.03

–0.04

–0.05

0.05

–0.03

–0.02

0.05

0.13

0.04

0.04

0.02

Smoker

Diabetes

Lesion area

0.03 –0.25

Cataract
0.06

0.02 –0.02

1.00 –0.06 –0.17

0.04 –0.04 –0.10

0.04

1.00

–0.01 –0.01 –0.18 –0.01

–0.06 –0.02
0.09

0.03

0.10

0.01

0.01

0.00

0.01

TABLE 71 Correlation matrix (Spearman) for the candidate predictors in the prediction model (see Table 32).
Continuation of Table 70

Predictors

Visual
acuity

CNV
type

EZ

ELM

Freq
Choroid Retinal Pigmentary size

Maximum
size

Lesion
Drusen area

Visual acuity

1.00

0.07 –0.20 –0.24

0.15

–0.12

–0.08

0.12

0.15

–0.02

–0.01

CNV type

0.07

1.00 –0.11 –0.20 –0.04

–0.03

–0.15

0.14

0.11

0.00

0.17

EZ

–0.20

–0.11

1.00

0.77 –0.15

0.44

0.34

–0.27 –0.31

–0.01

0.09

ELM

–0.24

–0.20

0.77

1.00 –0.14

0.52

0.29

–0.21 –0.29

–0.11

0.12

1.00

–0.08

–0.05

0.08

0.04

–0.07

–0.04 –0.15 –0.14

Choroid

0.15

0.05

Retinal

–0.12

–0.03

0.44

0.52 –0.08

1.00

0.19

–0.10 –0.15

–0.05

0.06

Pigmentary

–0.08

–0.15

0.34

0.29 –0.05

0.19

1.00

–0.29 –0.28

0.07

0.06

Freq Size

0.12

0.14 –0.27 –0.21

0.05

–0.10

–0.29

1.00

0.58

–0.16

–0.17

Max Size

0.15

0.11 –0.31 –0.29

0.08

–0.15

–0.28

0.58

1.00

–0.19

–0.12

Drusen

–0.02

0.00 –0.01 –0.11

0.04

–0.05

0.07

–0.16 –0.19

1.00

–0.08

Lesion area

–0.01

0.17

0.12 –0.07

0.06

0.06

–0.17 –0.12

–0.08

1.00

0.09
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Appendix 4 Health economics costing tables
Health economics: monitoring costs prior to conversion to neovascular
age-related macular degeneration
The frequency of monitoring the EDNA study eye is dictated by the treatment and monitoring strategy
of the first eye already diagnosed with nAMD. Therefore, marginal costs of assessing the EDNA study
eye were calculated as the additional resources and staff time required to assess two eyes rather than
just one during a monitoring appointment (assuming each test would already be performed as part of the
monitoring process for the first eye). To quantify this, participating centres were asked to return a survey
that requested information regarding their standard practice and how they conduct the index tests.

Survey
The survey asked centres questions regarding their determination of a positive pathology of nAMD,
the bands of staff who conduct and interpret the five index tests used in EDNA, the time required to
conduct and interpret these tests, and whether or not any of the tests require a second member of
staff. Fundus clinical evaluation was split into slit-lamp biomicroscopy and photography. Further
questions regarding the equipment used and the respective file size of digital images produced were
also sent to the imaging departments of the centres.
The framing of the questions used to determine the marginal timings of the second eye asked the
centres how much time they would save if they assessed only the first eye that had already been
diagnosed with nAMD. This was to ensure that centres responded with only the extra time required to
test the second eye and not, for example, the time to seat the patient.

Timings
Tables 72 and 73 detail the average timing in minutes for each index test calculated from the returned
surveys. The timings of each test were used to determine the cost of staff time for conducting and
interpreting the test. If the centre reported that more than one staff member was responsible for
conducting or interpreting that test, we assumed that they conducted that test 1/n of the time, where
n is the number of staff that the centre reports.
TABLE 72 Survey-based estimates of the time (minutes) required to conduct each test in the first (nAMD) treated eye
and in the EDNA study eye: OCT and fundus clinical evaluation

OCT
Conduct
Statistics

Interpret

Fundus clinical evaluation:
slit lamp

Fundus clinical evaluation:
photography

Conduct

Conduct

Interpret

Interpret

nAMD EDNA nAMD EDNA nAMD EDNA nAMD EDNA nAMD EDNA nAMD EDNA

Mean (minutes)

8.94

2.67

5.44

2.03

7.31

2.71

5.22

1.81

7.27

3.65

4.65

1.97

Standard deviation
(minutes)

5.01

1.46

2.62

1.09

3.03

1.76

2.56

1.16

5.24

2.96

2.52

1.34

Median (minutes)

7.50

2.50

5.00

2.00

7.50

2.25

5.00

2.00

6.00

2.29

4.50

1.75

IQR (minutes)

4.75

1.75

2.00

1.00

5.25

2.50

2.63

1.00

4.75

3.50

2.00

1.24

N

18

15

17

15

16

12

16

13

11

10

10

9

IQR, interquartile range.
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TABLE 73 Survey-based estimates of the time (minutes) required to conduct each test in the first (nAMD) treated eye
and in the EDNA study eye: Amsler, self-reported vision and visual acuity
Amsler
Conduct

Interpret

Self-reported vision

Visual acuity

Conduct

Conduct

Interpret

Interpret

Statistics

nAMD EDNA nAMD EDNA nAMD EDNA nAMD EDNA nAMD EDNA nAMD EDNA

Mean (minutes)

4.29

2.00

2.33

1.00

3.53

2.14

2.88

1.45

7.64

3.34

3.00

1.82

Standard deviation
(minutes)

2.93

1.64

0.82

0.45

3.36

1.44

2.48

1.29

2.71

1.74

3.00

1.71

Median (minutes)

4.00

1.82

2.00

1.00

2.00

1.50

2.00

1.00

7.50

3.00

2.00

1.00

IQR (minutes)

2.50

1.25

0.17

0.00

2.38

1.25

1.00

0.13

5.00

3.00

2.00

1.00

N

7

6

6

5

16

7

16

10

18

16

17

11

IQR, interquartile range.

If a centre responded with a range of minutes, the central value was taken; for example, 5–7 minutes
was recorded as 6 minutes. If a centre did not respond, the mean time of staff used across other
centres was applied. This is why row ‘N’ from Tables 71 and 72 varies between tests. Some centres did
not respond when asked the time saved if they assessed only one eye, often their reason was because
it was standard care to assess both in a monitoring appointment.

Staff cost
The estimated staffing costs for each test are summarised in Tables 74 and 75. The hourly cost applied
to staff time was taken from the PSSRU Unit costs of Health and Social Care 2019.106 The cost per hour
includes salary, employer pension contributions, national insurance and staff overheads. The length in
minutes of the test does not acknowledge the additional time required per hour of patient contact
for staff; therefore, a multiplier of 2.44 was applied to the cost per hour of hospital-based nurses.126
Optometrists were considered the same as band 7 hospital-based nurses and ophthalmologists
were considered as ‘consultant medical’ doctors from the PSSRU 2019.106 However, the same
multiplier to account for additional staff time required per hour of patient contact was not applied to
ophthalmologists. An alternative multiplier of 1.43 was used; this was calculated using the consultant
ophthalmologist guidance job plan, whereby an ophthalmologist on a standard 10 programmed activity
(PA) contract would have a maximum of seven patient-facing direct clinical care (DCC) sessions.127
Therefore, for every seven DCC sessions, three sessions were non-patient facing, leading to each hour
of patient contact equalling 1.43 hours of consultant ophthalmologist’s time.

TABLE 74 Descriptive statistics of the staffing cost of conducting and interpreting each test in the first (nAMD) eye and
the EDNA study eye: OCT and fundus clinical evaluation

OCT
Conduct
Statistics

Interpret

Fundus clinical evaluation:
slit lamp

Fundus clinical evaluation:
photography

Conduct

Conduct

Interpret

Interpret

nAMD EDNA nAMD EDNA nAMD EDNA nAMD EDNA nAMD EDNA nAMD EDNA

Mean (£)

9.27

4.55

8.29

4.91

11.26

6.34

8.00

4.78

7.40

6.88

6.45

4.90

Standard deviation (£)

6.93

2.99

4.85

2.63

4.93

3.73

5.09

2.90

5.59

5.93

4.44

3.18

Median (£)

7.02

3.65

7.51

4.69

12.08

6.31

7.25

4.83

5.51

4.93

6.29

4.49

IQR (£)

6.79

3.79

3.84

1.33

8.55

5.00

5.77

2.77

6.63

6.38

2.78

2.81

N

18

18

18

IQR, interquartile range.

136
NIHR Journals Library www.journalslibrary.nihr.ac.uk

18

17

17
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11
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TABLE 75 Descriptive statistics of the staffing cost of conducting and interpreting each test in the first (nAMD) eye and
the EDNA study eye: Amsler, self-reported vision and visual acuity
Amsler
Conduct

Interpret

Self-reported vision

Visual acuity

Conduct

Conduct

Interpret

Interpret

Statistics

nAMD EDNA nAMD EDNA nAMD EDNA nAMD EDNA nAMD EDNA nAMD EDNA

Mean (£)

4.22

3.59

2.66

2.54

4.74

4.08

3.33

3.00

6.78

5.36

3.43

2.78

Standard deviation (£) 1.99

2.10

1.10

1.07

5.48

4.55

3.16

2.73

4.06

4.15

3.23

2.82

Median (£)

4.51

2.59

2.42

2.42

2.42

2.24

2.24

2.16

5.45

3.46

2.42

2.31

IQR (£)

2.31

2.52

0.92

0.51

2.92

1.77

1.12

0.98

6.79

5.09

2.50

1.51

N

7

7

7

7

17

17

17

17

18

18

18

18

IQR, interquartile range.

Assistant cost
Assistant costs were applied dependent on whether or not a centre detailed them as being required
for either conducting or interpreting the test. As the question specified whether or not an additional
staff member was required to carry out the test, all assistant costs were applied to the time taken
to conduct the test. However, if the centre responded that the second member of staff was an
ophthalmologist, then we assumed that this would be for test interpretation because all centres who
did so also specified that it was for ‘equivocal cases’ or ‘at times’. For these cases, we applied the cost
at 20% of the time taken to interpret the results. For all other bands of staff where the centre
described the use of the staff member intermittently, the cost was applied at 50% to the time taken
to conduct the test. Only four centres reported the need for an assistant during an OCT examination,
of which just two used assistants every time. For the only centre that reported the need for an
assistant during a fundus clinical evaluation, the use was for an ophthalmologist in the case of an
equivocal diagnosis. No centres reported the need for an assistant during an Amsler chart test. Three
centres reported the need for an assistant to assess self-reported vision and visual acuity; of these,
one centre used an ophthalmologist for unexplained visual decline.

Equipment cost
All equipment costs per patient were calculated using equivalent annual costs divided by the centre’s
reported throughput of patients per year for that index test (including other patients not participating
in the EDNA study). Where this was not disclosed, a throughput of 10,000 patients per year was
assumed. The total cost was applied to each eye as a function of the proportion of the total time to
conduct the test. The whole equipment cost was not simply placed on the eye already diagnosed
with nAMD, as the patient required extra time with the equipment to assess the EDNA study eye.
Table 76 provides the estimated average equipment costs for each eye. Further detail of how these
costs are calculated for each index test are provided below. We assumed zero equipment cost for the
Amsler chart assessment and the patient’s subjective assessment of vision. The costs exclude VAT.

Optical coherence tomography
The technician surveys returned detailed the equipment used for each test: whether they were purchased
or hired, the patient throughput and the expected useful lifespan of the machine. These were used
to calculate the centres respective equivalent annual cost (EAC), factoring in depreciation at 3.5%.
Missing information was rectified using data provided by the companies that manufacture the machines.
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TABLE 76 Average equipment costs applied to each index test
Fundus clinical evaluation
OCT

Slit lamp

Statistics

EDNA

nAMD

Mean (£)

0.88

Standard deviation (£)

Photography

Visual acuity

EDNA

nAMD

EDNA

nAMD

EDNA

nAMD

1.90

0.14

0.26

0.58

0.68

0.02

0.03

0.39

0.92

0.07

0.11

0.27

0.24

0.01

0.01

Median (£)

0.82

1.85

0.14

0.25

0.53

0.63

0.02

0.02

IQR (£)

0.53

0.73

0.11

0.13

0.15

0.19

0.00

0.00

6

6

6

6

2

2

N

11

11

IQR, interquartile range.

For those centres known to use Heidelberg technology, information from the company was used to
inform the EAC. This information included the cost of additional modules, useful lifespan and cost of a
maintenance contract. Where discrepancies were found between company and centre responses, the
centre’s response was favoured. If a centre did not use a Heidelberg machine and no other information on
costings was provided by the centre, these centres did not have a cost for their machinery and the mean
cost from all other centres was used.
The EAC was divided by the patient throughput per year and the cost was shared between the two
eyes by the proportion of total conducting time dedicated to each eye.
Maintenance costs were reported as a cost per year by the centres, so were applied by dividing by
the patient throughput per year. If the centre did not specify their maintenance contract and had a
Heidelberg machine, information from Heidelberg was directly used to apply a suitable estimate for
the make and model used.

Fundus clinical evaluation
In total, 17 out of the 18 responding centres reported using some form of fundus examination in
a standard monitoring appointment for nAMD. Over half of the centres (n = 11) used slit-lamp
biomicroscopy exclusively for fundus clinical evaluation, whereas just three centres used only
photography and a further three centres used both. Some models of OCT machines are capable of
capturing images of the fundus; therefore, it may be of little significance to a centre to also take an
image of the fundus given that all centres report the use of an OCT. This frequency of use of the
different methods of fundus clinical evaluation is detailed in Table 77.
Costs relating to the specific make and models of equipment were imputed from other centres
responses where a centre did not provide this information. These values did not inform the mean costs
used where a centre did not respond at all. The EAC was shared between eyes by their proportion of
total time to conduct the test.

TABLE 77 The frequency of centres using the two forms of fundus clinical evaluation
Fundus clinical evaluation used?

Frequency (n)

Slit lamp only

11

Photography only

3

Both

3

None

1
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Where the centre did not specify their maintenance contract and reported a ‘Haag–Streit’ slit lamp
(Clement Clarke International Ltd, London, UK), maintenance costs were incorporated into the EAC
because a maintenance contract can be purchased with the machine direct from the company, which
covers 10 years. Therefore, we assumed that the useful lifespan of the machine is 10 years if the
centre did not specify the expected lifespan of their machine.
The cost per year of a maintenance contract for fundus clinical evaluation by photography was imputed
using other centre’s responses where they reported using the same equipment

Amsler
The cost of an Amsler chart was assumed to be negligible. Furthermore, of the 18 centres that
responded to the survey, just one of the five centres that use the Amsler chart to monitor patients
with nAMD did so in the outpatient clinic.

Visual acuity
Information on the visual acuity equipment used by the centres was limited; only six responses to this
section were received. Of the six centres that responded, there were missing values for the make and
model, maintenance cost and purchase price. Therefore, the equipment cost of ETDRS letter charts
for non-responsive centres was imputed from the two centres that did provide full information.
No maintenance contract cost was applied to the visual acuity equipment.

Information technology cost
The OCT and fundus photography both produce files that are kept on the centre’s servers for at least
6 years. Therefore, the server capacity allocated to patients with nAMD in one eye should be at least
doubled to allow for the additional images taken to monitor the EDNA study eye. Advice from the
University of Aberdeen IT department recommends that, over the long term, the server capacity should
be at least doubled to allow for this because servers should always have ‘free space’, aside from what is
required. We assumed a total file size per visit of 74.1MB for a comprehensive OCT examination and
20MB for a fundus clinical evaluation by photography for a patient diagnosed with nAMD. The estimate
of the file size of an OCT examination was provided by Heidelberg, while the size of a fundus photography
image was inferred through centre responses to the technician surveys. Therefore, these file costs are not
representative of an ophthalmic centre’s cost but should be acknowledged as a guide, as other models of
OCT machine may produce different file sizes, take more or less images and IT costs are unknown for all
centres in the EDNA study.
Centre responses cited a variety of storage lengths for patient data: between 6 years and indefinitely.
For our purposes, we assumed a storage length of 10 years to be appropriate where the data are
accessible. It is possible to then archive the data, which is significantly cheaper but significantly more
difficult to access. The recommendation by the University of Aberdeen IT department was to increase
the capacity at the beginning of the time period. Therefore, the additional storage space required for
the additional OCT images of 37.05MB for an assumed 10,000 patients kept for 10 years is 5TB,
where the most data in this new server at any one time is 3.705TB, leaving a reserve capacity of
1.295TB. This information was used to calculate an EAC, which was divided by the centre’s throughput
and applied to the EDNA study eye only. Table 78 gives a summary of the IT costs applied to the cost
per index test. Caution is encouraged because these costs are not representative of an ophthalmic
centre’s cost of file storage but that of the University of Aberdeen, which is not a medical establishment.
These costs were not applied to the eye diagnosed with nAMD because the EDNA study eye is the
driver of this file expansion. It is assumed that the centre already has measures in place for file storage
of the nAMD eye included in the overheads, which are discussed in the next section.
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TABLE 78 Summary statistics of the IT cost applied to each centre

Statistics

OCT

Fundus clinical evaluation:
photography

Mean (£)

0.33

0.25

Standard deviation (£)

0.11

0.17

Median (£)

0.30

0.18

IQR (£)

0.05

0.02

IQR, interquartile range.

Total testing costs
Table 79 provides a summary of the estimate testing costs for the first (nAMD) eye and the second
(EDNA) eye per patient, inclusive of staff costs (incorporating overheads), equipment and IT storage.

Additional overheads scenario
Overheads were applied as part of the staff cost multipliers (see Tables 73 and 78). However, given
that the staff cost multipliers do not account for all of the capital overheads associated with use of
clinic consulting and treatment space, we assessed the impact of uplifting the test cost estimates to
account for these further overheads. The uplift factor was calculated using the ISD Scotland Health
Service Specialty Costs (November 2019) for ophthalmology consultant outpatient appointments.128
The average total allocated cost per attendance was £41 and the total direct cost per attendance was
£135. Allocated costs per attendance included administration, uniforms, property maintenance, utilities,
rent and rates, furniture and depreciation. Direct costs per attendance included all staff and laboratory
costs. A multiplier of 1.30 [= (135 + 41)/135] was calculated to acknowledge the allocated costs for
every £1 spent on direct costs during an average consultant-led ophthalmology appointment in Scotland.
This was then multiplied by the whole centre staff and assistant costs for only those index tests that
centres reported using for a standard monitoring appointment for nAMD. This gave additional overhead
costs for each monitoring appointment (Table 80).

TABLE 79 Total index test costs applied in the model base case
Fundus clinical evaluation
OCT

Slit lamp

Photography

Self-reported
vision

Amsler

Visual acuity

Statistics

EDNA nAMD EDNA nAMD EDNA nAMD EDNA nAMD EDNA nAMD EDNA nAMD

Mean (£)

10.68 19.45

10.64 18.44

6.88

7.08

8.07

8.15 10.23

7.33

3.05

2.92

6.68

7.35

6.32

6.50

5.19 10.14

6.32

Median (£)

9.71 17.83

9.91 20.24

10.04 12.11

4.83

7.10

5.05

5.33

6.26

7.34

IQR (£)

6.38 11.76

6.56 13.23

10.60

9.72

3.21

3.40

3.57

4.80

5.36

6.21

5

3

3

18

18

14

IQR, interquartile range.
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14

7.11

6.13

Standard deviation (£)

N

8.85

11.79 13.70

5

15

15

18

18
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TABLE 80 Summary statistics of overheads applied to a centre’s monitoring
appointment for nAMD
Statistics

Whole centre overheads

Mean (£)

28.11

Standard deviation (£)

13.14

Median (£)

25.56

IQR (£)

9.32

n

18

IQR, interquartile range.

The cost of overheads was then shared between the index tests by their proportion of the total test time
that the patient spends at each centre for their appointment. Tables 81 and 82 give summary statistics of
overheads by each index test. The n fluctuates between tests because a centre must have reported the
use of that test to monitor nAMD for the multiplier of overheads to be applied to that test.
Given that this approach may ‘double count’ the equipment, IT costs and staffing overheads, which were
calculated separately and included in the cost estimates in Table 79, the uplifted test costs in Table 83
were applied in a scenario analysis as an upper limit of the estimated marginal cost of each test.
TABLE 81 Summary statistics of additional overheads applied to each index test: OCT and fundus clinical evaluation

OCT
Conduct
Statistics

Interpret

Fundus clinical evaluation:
slit lamp

Fundus clinical evaluation:
photography

Conduct

Conduct

Interpret

Interpret

EDNA nAMD EDNA nAMD EDNA nAMD EDNA nAMD EDNA nAMD EDNA nAMD

Mean (£)

1.87

3.79

1.32

2.19

1.59

2.97

1.15

2.19

2.02

1.90

1.52

1.61

Standard deviation (£)

1.09

2.49

0.79

1.23

1.01

1.44

0.71

1.71

1.14

0.94

1.01

0.73

Median (£)

1.59

3.02

1.19

2.06

1.48

3.04

1.11

1.78

1.84

1.81

1.47

1.55

IQR (£)

1.64

2.34

0.53

1.22

1.30

1.94

0.75

2.19

1.89

0.63

1.09

1.11

5

5

5

5

n

18

18

18

18

14

14

14

14

IQR, interquartile range.

TABLE 82 Summary statistics of additional overheads applied to each index test: Amsler, self-reported vision and
visual acuity
Amsler
Conduct

Interpret

Self-reported vision

Visual acuity

Conduct

Conduct

Interpret

Interpret

Statistics

EDNA nAMD EDNA nAMD EDNA nAMD EDNA nAMD EDNA nAMD EDNA nAMD

Mean (£)

0.95

0.95

0.67

0.67

1.04

1.22

0.93

0.90

2.15

2.76

0.91

1.07

Standard deviation (£) 0.89

0.89

0.12

0.12

1.07

1.43

0.93

0.93

1.18

1.09

1.07

1.10

Median (£)

0.54

0.54

0.69

0.69

0.58

0.62

0.60

0.64

1.71

2.66

0.58

0.64

IQR (£)

0.81

0.81

0.12

0.12

0.57

0.58

0.45

0.31

2.14

1.58

0.36

0.84

n

3

3

3

3

15

15

15

15

18

18

18

18

IQR, interquartile range.
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TABLE 83 Total index test costs inclusive of additional overheads, applied in scenario analysis
Fundus clinical evaluation
OCT

Slit lamp

Photography

Self-reported
vision

Amsler

Visual acuity

Statistics

EDNA nAMD EDNA nAMD EDNA nAMD EDNA nAMD EDNA nAMD EDNA nAMD

Mean (£)

13.27

24.29

13.22

24.65

18.34

18.12

9.64

9.64

8.54

9.21

10.42

13.24

6.18

11.87

6.45

10.52

9.77

7.13

5.84

5.84

6.98

7.90

7.06

7.44

12.39

21.96

12.49

26.13

16.92

20.38

6.82

6.82

5.62

5.53

9.10

10.56

7.72

14.62

7.53

16.83

14.73

8.78

5.30

5.30

5.08

5.24

7.28

6.30

5

3

3

Standard deviation (£)
Median (£)
IQR (£)
n

18

18

14

IQR, interquartile range.
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