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Abstract

Purpose

To analyze the individual value and the contribution of color fundus photography (CFP) and

optical coherence tomography (OCT) in the screening of age-related macular degeneration

(AMD) of an unselected population.

Methods

CFP and OCT images of 15957 eyes of 8069 subjects older than 55 years, obtained during

a population-based screening for AMD using a single diagnostic non-mydriatic imaging

device, were analyzed by a blinded examiner. The two techniques were preliminary evalu-

ated considering the dichotomous parameter "gradable/ungradable", then gradable images

were classified. CFP were graded according to the standardized classification of AMD

lesions. OCT images were also categorized considering the presence of signs of early/inter-

mediate AMD, late AMD, or other retinal diseases. Another blinded operator re-graded 1978

randomly selected images (for both CFP and OCT), to assess test reproducibility.

Results

Of the 15957 eyes, 8356 CFP (52.4%) and 15594 (97.7%) OCT scans were gradable. More-

over, most of the eyes with ungradable CFP (7339, 96.6%) were gradable at OCT. AMD

signs were revealed in 7.4% of gradable CFP and in 10.4% of gradable OCT images. More-

over, at OCT, AMD signs were found in 1110 (6.9%) eyes whose CFP were ungradable or

without AMD (847 and 263 eyes, respectively). The inter-operator agreement was good for

the gradable versus ungradable parameter, and optimal for the AMD grading parameter of

CFP. The agreement was optimal for all OCT parameters.

Conclusions

OCT provided gradable images in almost all examined eyes, compared to limited CFP effi-

ciency. Moreover, OCT images allowed to detect more AMD eyes compared to gradable
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photos. OCT imaging appears to significantly improve the power of AMD screening in a gen-

eral, unselected population, compared to CFP alone.

Introduction

Age-related macular degeneration (AMD) is the most common cause of visual impairment

and blindness in developed countries, particularly in people older than 55 years [1,2]. A world-

wide prevalence of 8.7% has been reported, increasing to 17.6% in people older than 70 and to

25% in people older than 80 years [1,2]. Moreover, the estimates for people with European

ancestry resulted higher compared with the global estimates and these numbers are expected

to increase to 15% by 2050, mainly because of population ageing [2].

In the early phases of AMD visual symptoms may be absent or mild, thus unnoticed by the

patient. Conversely, the late phases of AMD (i.e. geographic atrophy and neovascular AMD)

are characterized by a significant central visual loss, causing a relevant limitation of daily life

activities. The introduction of anti-vascular endothelial growth factor (VEGF) intravitreal

therapy has notably improved the visual prognosis for patients affected by neovascular AMD,

mainly providing a limitation of macular lesions and the maintenance of a relatively good

visual acuity [3,4]. However, patients often refer to physician when the disease has already

caused significant and irreversible macular damage and vision loss. Therefore, the early identi-

fication of patients at risk is extremely important [5]. Nevertheless, we still lack an efficient

screening program because of the absence of recognized, sensible diagnostic tools and a stan-

dardized follow-up program [1,6]. Color fundus photography (CFP) is currently the gold stan-

dard for AMD screening and allows the detection and grading of this disease [4,7,8]. However,

CFP analysis may be sometimes difficult because of poor image quality (media opacities, pupil

size and other technical conditions, such as technical ophthalmic imaging expertise, in particu-

lar) limiting the grading of AMD lesions [7,9].

A more efficient diagnostic protocol might significantly modify our attitude toward a wide-

spread screening program allowing the early and correct diagnosis and management of this

disease. Moreover, some studies have been planned to test new drugs for both treating or slow-

ing down the progression of dry AMD [10]. Along with the progression of the therapeutic

research, the application of a verified screening program may allow the early detection of treat-

able AMD lesions.

Optical coherence tomography (OCT) is one of the most recently developed retinal imaging

modalities, providing a high-quality, cross-sectional analysis of the retina, retinal pigment epi-

thelium, and choroid with depth-resolved segmentation and histology-like resolution. OCT

has become widely used in the clinical management of retinal diseases, such as AMD, as well

as in research clinical trials to assess the fine morphologic retinal changes, both quantitatively

and qualitatively [7].

The aim of this study was to analyze the contribution of OCT added to CFP in the screening

of AMD in a general, unselected population.

Methods

This was an observational study approved by the local institutional ethics committee (Ethics

Committee for Clinical Practice of the Azienda Ospedaliera di Padova. Number: Prot 2522P/

AOP/2014) and following the tenets of the Declaration of Helsinki. All CFP and OCT images

collected during a population-based screening for AMD, conducted between 2014 and 2015
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under the patronage of the Italian Section of the International Agency for the Prevention of

Blindness (IAPB), were retrospectively analyzed. The screening involved a total of 8069 sub-

jects older than 55 years, who voluntarily underwent fundus photography and Spectral

Domain OCT examination. Both investigations were simultaneously obtained with a single

non-mydriatic device (Topcon 3D OCT-1 Maestro, Topcon Europe Medical BV. Capelle an

den IJssel. The Netherlands, version 8.20), on a hi-tech mobile unit. A single 5 figures identifi-

cation code (ID) was assigned to each subject. A single fifty degrees non-mydriatic CFP cen-

tered onto the fovea was obtained for each eye, and then analyzed. The OCT analysis was

performed on a single horizontal, 6 mm linear scan with fixation center onto the fovea, in both

eyes. A non-sequential analysis of all images of the 8069 subjects was performed by one grader

(operator 1), for a total of 15957 images for both fundus photos and OCT scans, respectively.

All CFP and OCT images were anonymously and independently analyzed to prevent the influ-

ence of one imaging analysis on the other. Moreover, the both CFP and OCT images of 1978

eyes from 1000 randomly selected patients (22 contributing with only one eye) were separately

graded by another blinded operator, to assess test reproducibility (operator 2).

Database and images grading

For each image the dichotomous parameter "gradable/ungradable" was firstly recorded, for

both CFP and OCT scan separately. Then, grading was separately performed for CFP and

OCT scans, for each gradable image. CFP were graded according to the Clinical Classification

System: score 0 was assigned to normal (no abnormality) findings, 1 to normal ageing changes,

2 to early AMD (i.e. medium size drusen), 3 to intermediate AMD (i.e. large drusen and/or

pigmentary changes) and 4 to late AMD (i.e. neovascular AMD signs and geographic atrophy)

(Fig 1) [4]. Moreover, score 5 was assigned in case of detection of other retinal diseases except

AMD. OCT gradable images were categorized according to the following OCT score: 0 for no

abnormal findings, 1 for chorioretinal changes related to early/intermediate AMD (i.e. retinal

pigment epithelium abnormalities, drusen), 2 for late AMD (i.e. neovascular AMD signs and

geographic atrophy) and 3 for other retinal diseases, except AMD (Fig 2) [11–15].

Fig 1. Fundus photo grading. Examples of fundus photos grading: photos graded as score 0 (A), score 1 (B), score 2

(C), score 3 (D) and score 4 (E).

https://doi.org/10.1371/journal.pone.0237352.g001
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Statistical analysis

The evaluation of CFP and OCT scans analysis performed by the operator 1 and the compari-

son between CFP and OCT scans were performed in terms of similarities and differences,

strengths and weaknesses of one compared to the other. This analysis was performed using

predominantly descriptive methods: absolute and relative frequency tables (percentage) for the

descriptions of the individual examination types and contingency tables for the comparison

between examination types. The validation of the analysis was performed on images evaluated

by operators 1 and 2, and was carried out using contingency tables and the coefficient of agree-

ment (AC1) according to Gwet, and its 95% confidence interval [16]. The inter-operator agree-

ment of CFP concerned: gradable versus ungradable photos, presence or absence of AMD and

AMD grading. For OCT images the same evaluation was performed considering the above

mentioned score. Interpretation of agreement was graded as: 0–0.3 = no agreement, 0.3–

0.5 = weak agreement, 0.5–0.6 = moderate agreement, 0.6–0.8 = good agreement, 0.8–1.0 =

strong agreement.

Fig 2. Optical coherence tomography grading. Examples of optical coherence tomography scans grading: images

graded as score 0 (A), score 1 (B) and score 2 (C).

https://doi.org/10.1371/journal.pone.0237352.g002
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Results

CFP and OCT images of 15957 eyes were randomly and independently evaluated by operator

1. Among these, 8356 CFP (52.4%) and 15594 OCT images (97.7%) were gradable. Gradable

OCT images were obtained in 96.6% of eyes (7339) with ungradable CFP, and in 98.8% (8255)

of eyes with gradable CFP. The main reasons for ungradable CFP (7601) were: poor quality

due to media opacities and eye movements artifacts in 2303 (30.3%); defocus in 2235 (29, 4%);

insufficient pupil size in 2113 (27.8%); poor field definition in 950 (12.5%). The main reasons

for ungradable OCT images (363) were: poor signal due to media opacities and eye movements

artifacts in 210 (58%) and lack of foveal centration in 153 (42%).

Among gradable CFP, no signs of AMD (i.e. grade 0 and 1) were detected in 6839 (81.8%)

eyes: 6281 and 558 for grade 0 and grade 1, respectively. AMD was detected in 617 (7.4%) eyes:

3.9% early AMD (grade 2), 2.3% intermediate AMD (grade 3) and 1.2% late AMD (grade 4).

In 10.8% other retinal diseases were detected (900 images, grade 5).

Among gradable OCT images, no signs of AMD (i.e. grade 0) were detected in 12622

(80.9%) eyes. AMD was detected in 1615 (10.4%) OCT images, including 282 (1.8%) late

AMD (grade 2). In 8.7% eyes other retinal diseases were detected (1357 images, grade 3).

The comparison between the two imaging modalities is reported in Table 1. In particular,

signs of AMD were identified on OCT in 1110 (6.9%) eyes where CFP were considered

ungradable (847 eyes) or without signs of AMD (263 eyes). Conversely, CFP identified clinical

signs of AMD in 157 (1.0%) eyes apparently free of AMD signs on OCT scans (Table 1). AMD

was detected in 1789 eyes (12.4%), considering both gradable CFP and OCT images.

Inter-operator agreement

A total of 1978 CPF and OCT images were analyzed by operator 2, too. Regarding CFP, a good

inter-operator agreement was calculated for the dichotomous parameter “gradable versus

ungradable” (AC1 = 0.63). A strong agreement was calculated for both parameters “presence

of AMD” (AC1 = 0.96) and “AMD grading” (AC1 = 0.85) (Table 2).

As regards OCT assessment, a strong inter-operator agreement was calculated for all

parameters: “gradable versus ungradable” (AC1 = 0.98), “presence of AMD” (AC1 = 0.92) and

“AMD grading” (AC1 = 0.93) (Table 3).

Discussion

AMD may cause significant visual impairment due to the involvement of the macular region,

up to the development of the total loss of central vision, even though the initial stages of the

disease may be completely asymptomatic [3]. Due to the important impact on patients’ quality

of life, the relevant economic burden and the limited availability of long term effective thera-

peutic options, the relevance of an effective screening protocol for detecting and grading AMD

Table 1. Comparison between color fundus photography and optical coherence tomography.

CFP assessment, no. (%)

No AMD (0, 1) AMD (2, 3, 4) Other diseases (5) Ungradable Total

OCT assessment, no. (%) No AMD (0) 6414 (40.2%) 157 (1.0%) 171 (1.1%) 5880 (36.8%) 12622 (79.1%)

AMD (1, 2) 263 (1.6%) 443 (2.8%) 62 (0.4%) 847 (5.3%) 1615 (10.1%)

Other diseases (3) 96 (0.6%) 15 (0.09%) 634 (4.0%) 612 (3.8%) 1357 (8.5%)

Ungradable 66 (0.4%) 2 (0.01%) 33 (0.2%) 262 (1.6%) 363 (2.3%)

Total 6839 (42.9%) 617 (3.9%) 900 (5.6%) 7601 (47.6%) 15957

No. = number; AMD = age-related macular degeneration; CFP = color fundus photography; OCT = optical coherence tomography.

https://doi.org/10.1371/journal.pone.0237352.t001
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is mandatory [1,2,17–20]. CFP has been the gold standard for detecting early and late AMD,

and has been shown to have a high sensitivity and specificity compared to fundus examination

[7,8,21]. However, a main issue of this imaging modality is image quality, particularly when

non mydriatic cameras are used in large screening settings. Keel et al., in order to develop a

deep-learning algorithm for detecting wet AMD, analyzed 56113 fundus photos, and discarded

44.3% of them, considered ungradable [22]. We also found that in 47.6% of eyes CFP were

ungradable for detecting and grading AMD. CFP grading may be probably improved by pupil

dilatation, which, however, requires a specialized ophthalmic outpatient setting, limiting the

number of the screened population. Therefore, we analyzed the individual value and the possi-

ble contribution of OCT to CFP in the screening of AMD in a general, unselected population.

This approach has already been suggested, but still not extensively quantified [23]. Leuschen

et al, evaluating Age-Related Eye Disease Study 2 (AREDS2) patients with OCT, reported only

2% of ungradable images [24]. In our study, OCT provided gradable images in a significantly

greater number of cases compared to CFP: 15594 out of 15957 versus 8356 out of 15957,

respectively. This discrepancy may be due to the fact that the acquisition of CFP is more

affected by extrinsic factors than OCT, mainly due to the technologic limitations of the proce-

dure. The better compliance of OCT versus CFP in older people may also be considered. Le

Tien et al. already reported the relevance of age in obtaining gradable non mydriatic CFP: in

their study, hospitalized patients older than 70 years allowed gradable CFP in 43% of eyes com-

pared to 90.9% of eyes of a younger group of asymptomatic patients, older than 55 years [25].

De Bats et al. studied the role of non-mydriatic CFP as a screening tool for AMD, analyzing

1363 images. Compared to our results, the Authors reported only 20% of ungradable CFP [26].

This difference may be justified by the exclusion, by De Bats et al, of all non-collaborative

patients and the smaller sample size. Zapata et al also reported a small percentage of ungrad-

able CFP (586 of 50384: 1.2%) obtained during a screening program, but the Authors refer this

result to the images selection performed by the examiners [27].

In our screening setting, OCT provided gradable images in 96.6% of eyes ungradable at

CFP, confirming the general data of 97.7% of gradable OCT images in the whole population.

Thus, adding a single linear high-resolution OCT scan through the fovea proved to

Table 2. Inter-operator agreement on fundus photos analysis.

Parameter Operator 1 vs. Operator 2 Gwet’s AC1

No. − − ++ − + + − AC1 ASE 95% CL

Gradable vs ungradable images, no. (%) 1978 705 (35.6) 960 (48.5) 31 (1.6) 282 (14.3) 0.625 0.020 0.587–0.664

Presence of AMD, no. (%) 819 741 (90.5) 45 (5.5) 26 (3.2) 7 (0.8) 0.956 0.008 0.910–0.971

Grading 819 0.853 0.014 0.852–0.881

No. = number; − = negative evaluation; + = positive evaluation; AC = agreement coefficient; ASE = asymptotic standard error; 95% CL = 95% confidence limits.

AMD = age-related macular degeneration.

https://doi.org/10.1371/journal.pone.0237352.t002

Table 3. Inter-operator agreement on OCT analysis.

Parameter Operator 1 vs Operator 2 Gwet’s AC1

No. − − ++ − + + − AC1 ASE 95% CL

Gradable vs ungradable images, no. (%) 1978 33 1.7% 1916 96.9% 19 0.9% 10 0.5% 0.984 0.003 0.976–0.990

Presence of AMD, no. (%) 1737 1527 88% 108 6.2% 96 5.5% 6 0.3% 0.917 0.008 0.901–0.934

Grading 1737 0.929 0.007 0.916–0.942

No. = number; − = negative evaluation; + = positive evaluation; AC = agreement coefficient; ASE = asymptotic standard error; 95% CL = 95% confidence limits;

OCT = optical coherence tomography; AMD = age-related macular degeneration.

https://doi.org/10.1371/journal.pone.0237352.t003
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significantly improve AMD detection and grading compared to CFP alone in a general, unse-

lected population. More precisely, 847 eyes classified as ungradable by CFP (5.3% of total images)

had AMD signs at OCT. OCT has already proved to detect AMD features in a significant number

of eyes overlooked by CFP, but not yet in a screening setting [28]. Moreover, in our study, AMD

was also detected, by OCT, in 263 eyes, classified without AMD by CFP (1.6% of total eyes).

Therefore, 6.9% of the total sample was diagnosed as AMD affected eye by OCT alone.

The presence of AMD among our gradable eyes (12.4%) was substantially similar to that

reported by the most recent metanalysis involving European people (range:12.3–18.5%). A

higher rate of late AMD was found in our population (1.8% vs 0.50–0.75%), due to OCT, not

yet used in the majority of epidemiologic AMD studies [1,2,29]. These data confirm previous

studies, as the one by Leuschen et al, that found signs of advanced AMD at OCT in 16.8% of

313 eyes scored as intermediate AMD at CFP [24]. The grading system used in this study does

not include a further characterization of AMD grades, (i.e. geographic atrophy versus fibrotic

scar in late AMD, type and location of neovascularization). However, this kind of analysis was

beyond the aim of this study, that was specifically designed for a screening setting, to identify,

with a high sensitivity, patients requiring a subsequent referral for specialistic management.

One limitation of our approach may be the analysis of a single OCT scan, not identifying

lesions located outside this slab. This approach may have limited the diagnostic yield offered

by a full scan OCT [28]. Notwithstanding, shortening the time of examination may contribute

to patient’s compliance and better fixation in a large screening setting, improving the quality

of OCT imaging. Moreover, the simultaneous recording of CFP and high quality OCT may

also contribute to shorten the time of image acquisition. According to our results, the addition

of this OCT scan is able to significantly increase the screening power of CFP, moreover it

involves the more relevant area of the macula, both in terms of frequency of disease involve-

ment and functional relevance. In this study, CFP added to linear OCT is important to allow

the visualization of the entire macular area, detecting some AMD cases undetectable at OCT

(157 of 15957 cases: 1%). The ability of OCT and CFP to detect and quantify different AMD

features, such as small and large drusen and hyperpigmentation, has already been reported

[9,30]. Therefore, even if OCT is superior to CFP in AMD detection, as clearly demonstrated

by our data, the two techniques may be defined complementary [7,9,30].

In the future, with the standardization and validation of deep learning software, the evalua-

tion of more than one imaging modality in the same eye will contribute to an integrated multi-

modal imaging classification to improve screening protocols of major retinal binding

conditions, such as AMD [8,31]. Moreover, both CFP and OCT have already proved to be

appropriate for telemedicine-based screening and management [7,26,32]. To validate our

approach, the inter-operator reproducibility was also assessed in a relevant number of images.

The results clearly show the high level of reproducibility of both CFP and OCT scans in AMD

screening, confirming the value for future software-based approaches.

This study confirms that the screening of AMD should be based at least on the complemen-

tary use of two imaging modalities: CFP and OCT. The use of OCT in the screening of AMD

should be considered mandatory and currently complementary to CFP due to its high yield,

reduced costs and simple accessibility. Further studies are necessary to evaluate the best OCT

scan pattern and a more detailed score for AMD screening.

Acknowledgments

The authors thank Fabiano Cavarzeran, Department of Ophthalmology, University of Padova,

for the statistical elaboration of the data. The authors thank all patients who voluntarily partici-

pated into this study, and the technicians who acquired retinal images.

PLOS ONE The contribution of OCT and fundus photo in AMD screening

PLOS ONE | https://doi.org/10.1371/journal.pone.0237352 August 14, 2020 7 / 10

https://doi.org/10.1371/journal.pone.0237352


Author Contributions

Conceptualization: Edoardo Midena, Elisabetta Pilotto.

Data curation: Luisa Frizziero, Tommaso Torresin, Paolo Boscolo Todaro, Giacomo Miglio-

nico, Elisabetta Pilotto.

Formal analysis: Tommaso Torresin, Paolo Boscolo Todaro, Elisabetta Pilotto.

Investigation: Giacomo Miglionico.

Methodology: Edoardo Midena.

Project administration: Edoardo Midena, Elisabetta Pilotto.

Supervision: Edoardo Midena, Elisabetta Pilotto.

Validation: Edoardo Midena, Elisabetta Pilotto.

Visualization: Luisa Frizziero.

Writing – original draft: Luisa Frizziero, Tommaso Torresin.

Writing – review & editing: Edoardo Midena, Elisabetta Pilotto.

References
1. Wong WL, Su X, Li X, Cheung CMG, Klein R, Cheng C, et al. Global prevalence of age-related macular

degeneration and disease burden projection for 2020 and 2040: a systematic review and meta-analysis.

Lancet Glob Health. 2014; 2(2):e106–e116. https://doi.org/10.1016/S2214-109X(13)70145-1 PMID:

25104651

2. Li JQ, Welchowski T, Schmid M, Mauschitz MM, Holz FG, Finger RP. Prevalence and incidence of age-

related macular degeneration in Europe: a systematic review and meta-analysis [published online

ahead of print, 2019 Nov 11]. Br J Ophthalmol. 2019;bjophthalmol-2019-314422. https://doi.org/10.

1136/bjophthalmol-2019-314422 PMID: 31712255

3. Miller JW. Age-related macular degeneration revisited—piecing the puzzle: the LXIX Edward Jackson

memorial lecture [published correction appears in Am J Ophthalmol. 2018 Nov;195:249]. Am J Ophthal-

mol. 2013; 155(1):1–35.e13. https://doi.org/10.1016/j.ajo.2012.10.018 PMID: 23245386

4. Ferris FL 3rd, Wilkinson CP, Bird A, Chakravarthy U, Chew E, Csaky K, et al. Clinical classification of

age-related macular degeneration. Ophthalmology. 2013; 120(4):844–851. https://doi.org/10.1016/j.

ophtha.2012.10.036 PMID: 23332590

5. Age-Related Eye Disease Study Research Group, SanGiovanni JP, Chew EY, Clemons TE, Ferris FL

III, et al. The relationship of dietary carotenoid and vitamin A, E, and C intake with age-related macular

degeneration in a case-control study: AREDS Report No. 22. Arch Ophthalmol. 2007;125(9):1225–

1232.

6. Maberley DA, Isbister C, Mackenzie P, Aralar A. An evaluation of photographic screening for neovascu-

lar age-related macular degeneration. Eye (Lond). 2005; 19(6):611–616. https://doi.org/10.1038/sj.eye.

6701584 PMID: 15184945

7. Kanagasingam Y, Bhuiyan A, Abràmoff MD, Smith RT, Goldschmidt L, Wong TY. Progress on retinal

image analysis for age related macular degeneration. Prog Retin Eye Res. 2014; 38:20–42. https://doi.

org/10.1016/j.preteyeres.2013.10.002 PMID: 24211245

8. Pirbhai A, Sheidow T, Hooper P. Prospective evaluation of digital non-stereo color fundus photography

as a screening tool in age-related macular degeneration. Am J Ophthalmol. 2005; 139(3):455–461.

https://doi.org/10.1016/j.ajo.2004.09.077 PMID: 15767053

9. Jain N, Farsiu S, Khanifar AA, Bearelly S, Smith RT, Izatt JA, et al. Quantitative comparison of drusen

segmented on SD-OCT versus drusen delineated on color fundus photographs. Invest Ophthalmol Vis

Sci. 2010; 51(10):4875–4883. https://doi.org/10.1167/iovs.09-4962 PMID: 20393117

10. K Kandasamy R, Wickremasinghe S, Guymer R. New Treatment Modalities for Geographic Atrophy.

Asia Pac J Ophthalmol (Phila). 2017; 6(6):508–513. https://doi.org/10.22608/APO.2017262 PMID:

28905539

11. Motozawa N, An G, Takagi S, Kitahata S, Mandai M, et al. Optical Coherence Tomography-Based

Deep-Learning Models for Classifying Normal and Age-Related Macular Degeneration and Exudative

PLOS ONE The contribution of OCT and fundus photo in AMD screening

PLOS ONE | https://doi.org/10.1371/journal.pone.0237352 August 14, 2020 8 / 10

https://doi.org/10.1016/S2214-109X%2813%2970145-1
http://www.ncbi.nlm.nih.gov/pubmed/25104651
https://doi.org/10.1136/bjophthalmol-2019-314422
https://doi.org/10.1136/bjophthalmol-2019-314422
http://www.ncbi.nlm.nih.gov/pubmed/31712255
https://doi.org/10.1016/j.ajo.2012.10.018
http://www.ncbi.nlm.nih.gov/pubmed/23245386
https://doi.org/10.1016/j.ophtha.2012.10.036
https://doi.org/10.1016/j.ophtha.2012.10.036
http://www.ncbi.nlm.nih.gov/pubmed/23332590
https://doi.org/10.1038/sj.eye.6701584
https://doi.org/10.1038/sj.eye.6701584
http://www.ncbi.nlm.nih.gov/pubmed/15184945
https://doi.org/10.1016/j.preteyeres.2013.10.002
https://doi.org/10.1016/j.preteyeres.2013.10.002
http://www.ncbi.nlm.nih.gov/pubmed/24211245
https://doi.org/10.1016/j.ajo.2004.09.077
http://www.ncbi.nlm.nih.gov/pubmed/15767053
https://doi.org/10.1167/iovs.09-4962
http://www.ncbi.nlm.nih.gov/pubmed/20393117
https://doi.org/10.22608/APO.2017262
http://www.ncbi.nlm.nih.gov/pubmed/28905539
https://doi.org/10.1371/journal.pone.0237352


and Non-Exudative Age-Related Macular Degeneration Changes. Ophthalmol Ther. 2019; 8(4):527–

539. https://doi.org/10.1007/s40123-019-00207-y PMID: 31407214

12. Stevenson W, Prospero Ponce CM, Agarwal DR, Gelman R, Christoforidis JB. Epiretinal membrane:

optical coherence tomography-based diagnosis and classification. Clin Ophthalmol. 2016; 10:527–534.

Published 2016 Mar 29. https://doi.org/10.2147/OPTH.S97722 PMID: 27099458

13. Schmidt-Erfurth U, Klimscha S, Waldstein SM, BogunovićH. A view of the current and future role of

optical coherence tomography in the management of age-related macular degeneration. Eye (Lond).

2017; 31(1):26–44. https://doi.org/10.1038/eye.2016.227 PMID: 27886184

14. Sadda SR, Guymer R, Holz FG, Schmitz-Valckenberg S, Curcio CA, Bird AC, et al. Consensus Defini-

tion for Atrophy Associated with Age-Related Macular Degeneration on OCT: Classification of Atrophy

Report 3 [published correction appears in Ophthalmology. 2019 Jan; 126(1):177]. Ophthalmology.

2018; 125(4):537–548. https://doi.org/10.1016/j.ophtha.2017.09.028 PMID: 29103793

15. Lei J, Balasubramanian S, Abdelfattah NS, Nittala MG, Sadda SR. Proposal of a simple optical coher-

ence tomography-based scoring system for progression of age-related macular degeneration. Graefes

Arch Clin Exp Ophthalmol. 2017; 255(8):1551–1558. https://doi.org/10.1007/s00417-017-3693-y

PMID: 28534244

16. Gwet KL. Computing inter-rater reliability and its variance in the presence of high agreement. Br J Math

Stat Psychol. 2008; 61(Pt 1):29–48. https://doi.org/10.1348/000711006X126600 PMID: 18482474

17. Brody BL, Gamst AC, Williams RA, Smith AR, Lau PW, Dolnak D, et al. Depression, visual acuity,

comorbidity, and disability associated with age-related macular degeneration. Ophthalmology. 2001;

108(10):1893–1901. https://doi.org/10.1016/s0161-6420(01)00754-0 PMID: 11581068

18. Gopinath B, Liew G, Burlutsky G, Mitchell P. Age-related macular degeneration and 5-year incidence of

impaired activities of daily living. Maturitas. 2014; 77(3):263–266. https://doi.org/10.1016/j.maturitas.

2013.12.001 PMID: 24388736

19. Mitchell J, Bradley C. Quality of life in age-related macular degeneration: a review of the literature.

Health Qual Life Outcomes. 2006; 4:97. Published 2006 Dec 21. https://doi.org/10.1186/1477-7525-4-

97 PMID: 17184527

20. Rein DB, Saaddine JB, Wittenborn JS, Wirth KE, Hoerger TJ, Venkat Narayan KMet al. Cost-effective-

ness of vitamin therapy for age-related macular degeneration. Ophthalmology. 2007; 114(7):1319–

1326. https://doi.org/10.1016/j.ophtha.2006.10.041 PMID: 17320962

21. Bennett TJ, Barry CJ. Ophthalmic imaging today: an ophthalmic photographer’s viewpoint—a review.

Clin Exp Ophthalmol. 2009; 37(1):2–13. https://doi.org/10.1111/j.1442-9071.2008.01812.x PMID:

18947332

22. Keel S, Li Z, Scheetz J, Robman L, Phung J, Makeyeva G, et al. Development and validation of a deep-

learning algorithm for the detection of neovascular age-related macular degeneration from colour fun-

dus photographs. Clin Exp Ophthalmol. 2019; 47(8):1009–1018. https://doi.org/10.1111/ceo.13575

PMID: 31215760

23. Krasnik V, Stefanickova J, Popov I, Valaskova J, Saxena S, Kruzliak P. Prevalence of Age-Related

Macular Degeneration in Slovakia and Associated Risk Factors: A Mobile Clinic-Based Cross-Sectional

Epidemiological Survey. Semin Ophthalmol. 2018; 33(4):506–511. https://doi.org/10.1080/08820538.

2017.1316861 PMID: 28524715

24. Leuschen JN, Schuman SG, Winter KP, McCall MN, Wong WT, Chew Ey, et al. Spectral-domain optical

coherence tomography characteristics of intermediate age-related macular degeneration. Ophthalmol-

ogy. 2013; 120(1):140–150. https://doi.org/10.1016/j.ophtha.2012.07.004 PMID: 22968145
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