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Abstract 147 

Purpose: To summarize the results of a consensus meeting (Classification of Atrophy Meeting) on 148 

conventional and advanced imaging modalities used to detect and quantify atrophy due to late stage 149 

non-neovascular and neovascular age-related macular degeneration (AMD) and to provide 150 

recommendations on the use of these modalities in natural history studies and interventional clinical 151 

trials. 152 

Design: Systematic debate on the relevance of distinct imaging modalities held in a sequence of 153 

meetings. 154 

Participants: A panel of retina specialists. 155 

Methods: During the Classification of Atrophy Meetings (CAM) a consortium of international experts 156 

evaluated the advantages and disadvantages of various imaging modalities based on the collective 157 

analysis of a large series of clinical cases. A systematic discussion on the role each modality in future 158 

studies in non-neovascular and neovascular AMD was held. 159 

Main Outcome Measures: Advantages and disadvantages of current retinal imaging technologies 160 

and recommendations for their use in advanced AMD trials. 161 

Results: Color fundus photography (CFP), confocal fundus autofluorescence (FAF), confocal near 162 

infrared reflectance and high resolution optical coherence tomography volume scans are valuable to 163 

detect, quantify and monitor progression of atrophy and are recommended at regular intervals 164 

throughout studies, aiming to detect, quantify and monitor progression of atrophy. In studies of non-165 

neovascular AMD (without evident signs of either active or regressed neovascularization at baseline) 166 

CFP may be sufficient at baseline and end of study visit. Herein, fluorescein angiography (FA) may 167 

become necessary to evaluate for neovascularization at any visit during the study. Indocyanine-green 168 

angiography (ICG-A) may be considered at baseline under certain conditions. For studies in patients 169 

with neovascular AMD, increased need for visualization of the vasculature must be taken into 170 

account. Accordingly, these studies will benefit from FA (recommended at baseline and selected 171 

follow-up visits) and ICG-A under certain conditions.  172 

Conclusions: A multimodal imaging approach is recommended in clinical trials for the optimal 173 

detection and measurement of atrophy and its associated features. Specific validation studies will be 174 

necessary to determine the best combination of imaging modalities. These recommendations may 175 

need to be adjusted to the particular focus in individual studies and will be updated as new imaging 176 

technologies become available in the future.  177 
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Introduction 178 

In industrialized countries, late stage age-related macular degeneration (AMD) is the leading cause of 179 

legal blindness in the elderly. 1, 2 It either presents with neovascularization (NV) or geographic 180 

atrophy (GA). 3 Both manifestations are not mutually exclusive; atrophy develops in eyes with NV 181 

effectively treated with intravitreal anti-VEGF injections both, within as well as outside the area of 182 

NV. 4-7 In eyes developing atrophy without initial signs of NV, GA may be complicated by NV over 183 

time. The term “geographic atrophy” has been used with various definitions in the past as recently 184 

reviewed. 8 Herein, we use the term GA for complete retinal pigment epithelium (RPE) and outer 185 

retinal atrophy (complete RORA), excluding any region of presumptive NV. In this sense, GA can be 186 

present in eyes with no evident signs of active or regressed NV (non-neovascular AMD) as well in 187 

eyes with active or regressed NV outside the NV region (neovascular AMD).   188 

The use of intravitreal vascular endothelial growth factor (VEGF) inhibitors has led to an 189 

unprecedented improvement in functional outcomes for patients with neovascular AMD, 190 

significantly reducing the incidence of blindness in the elderly. 9 However, visual outcomes of 191 

neovascular AMD treated with intravitreal anti-VEGF therapy are often limited by the occurrence of 192 

atrophy or fibrosis. 10 Many potential pathogenic factors are thought to cause the formation of 193 

atrophy in eyes with AMD and some pathways are being targeted with pharmacological agents in 194 

clinical development. 11 Currently no approved drugs are available to significantly slow atrophy 195 

progression and its associated vision loss.  196 

Recent advances in retinal imaging technology, including spectral-domain and swept-source optical 197 

coherence tomography (SD-OCT and SS-OCT, respectively), scanning laser ophthalmoscopy (SLO) 198 

modalities, and wide-field imaging, have markedly improved detection of atrophy and the 199 

morphological biomarkers associated with disease progression. Anatomical endpoints have recently 200 

been validated and introduced as primary outcome parameters in interventional clinical trials for 201 

atrophic AMD with acceptance by regulatory authorities. 12-15 SLO-based fundus autofluorescence 202 

imaging together with semi-automated analysis tools and en-face OCT imaging are most commonly 203 

used for the delineation and quantitation of GA areas. 14, 16-18 Correlating the functional 204 

consequences of atrophy is highly relevant to clinical trials and clinical care of the condition. At this 205 

time, spatial resolution of these imaging modalities is far superior to currently available functional 206 

tests such as fundus-controlled perimetry (including so-called “microperimetry” with tracking of eye 207 

movements). 208 

Selection of appropriate imaging modalities is a key factor for studies evaluating the efficacy of drugs 209 

in eyes with advanced AMD. Optimized selection of these modalities may be critical to detect an 210 

efficacy signal and the choice may impact duration and cost of such studies. A major challenge is the 211 
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fast pace of technological development in imaging devices as well as image analysis algorithms with a 212 

concurrent lack of timely validation. Each modality has its strengths and weaknesses. Moreover, the 213 

use of a single imaging modality may not be optimal, and multimodal imaging may be a sensible 214 

approach to obtain the most reliable detection and measurement of atrophy. 19 215 

The Classification of Atrophy Meetings (CAM) were organized to gather an international group of 216 

experts (see appendix 1), including representatives of established reading centers, to evaluate 217 

currently available imaging technologies and to propose consensus recommendations regarding the 218 

modalities to be used in interventional trials and in natural history studies of both non-neovascular 219 

and neovascular AMD, particularly taking into account the need for detection, quantification and 220 

monitoring of atrophy over time. Herein, the results of these consensus meetings are presented. 221 

Methods 222 

The planning committee for the Consensus in Atrophy Meetings (CAM) consisted of three retinal 223 

experts who developed the format for the consensus proceedings. The composition of the consensus 224 

panel was determined on the basis of previous notable scientific contributions to the field. 225 

Individuals were considered to contribute notably to the field if they had previously mad substantial 226 

contribution in AMD and retinal imaging research such as in form of key publications and 227 

involvement in clinical trials. Participants are listed in Appendix 1. During two consensus meetings 228 

(CAM-1 and CAM-2 held in 2015), these experts discussed and evaluated the advantages and 229 

disadvantages of various imaging modalities proposing the optimal combination for use in future 230 

natural history and interventional clinical studies. The formats of both meetings included the 231 

collection and discussion of clinical cases by the participants. A pre-meeting exercise was additionally 232 

distributed in preparation of the meetings aiming to identify strengths and challenges for detection 233 

of atrophy in each imaging modality. Furthermore, a list of imaging modalities currently used in large 234 

scale clinical trials in AMD was prepared for future discussion. During CAM-2 in a first session, cases 235 

and study questions were discussed to provide a common basis for the consensus finding process. 236 

Next, a debate was held on each of the listed imaging modalities. Within the debate it was 237 

questioned which particular advantages and disadvantages existed for each modality and which 238 

acquisition systems and protocols were best used. Furthermore, there was systematic discussion to 239 

the role each modality should play in future studies in non-neovascular and neovascular AMD aiming 240 

to provide a guideline that can serve as a starting point when designing protocols for clinical trials. 241 

Consensus was achieved by discussion. A grading system was used to classify each modality as 1) R = 242 

recommended, 2) O = optional, 3) N = not recommended, or 4) D = at discretion of the sponsor. If no 243 
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consensus was achieved during the debate, then a decision was obtained by majority vote. Results of 244 

the debate were logged.  245 

Results 246 

Color fundus photography 247 

Color fundus photography (CFP) has been the historical standard used for documenting funduscopic 248 

abnormalities and it is still used in current AMD trials. 12, 20, 21 CFP was the basis of studies performed 249 

prior to the advent of many newer forms of imaging. Therefore, the continued use of CFP in future 250 

studies is necessary to ensure comparability with data gathered from the newer modalities and to 251 

allow comparison with past studies. In addition, CFP with its broad spectrum of illumination is the 252 

closest imaging modality to correlate with clinical ophthalmoscopy. With CFP, it is possible to detect 253 

a wide array of phenotypic alterations associated with AMD including drusen, crystalline deposits, 254 

pigmentary changes, lipid, atrophy and fibrosis as well as neovascular findings such as hemorrhages, 255 

fluid and exudate (Fig. 1 A, Fig. 2 A). Yet, compared with other imaging modalities it has relatively 256 

low contrast, which makes identification and quantification of atrophic lesions and other AMD 257 

associated changes challenging. For instance, without previous processing CFP provided a sensitivity 258 

of only 33 – 42% for the detection of reticular pseudodrusen, an important risk factor for fast GA 259 

progression (Fig. 1 A-D). 22, 23 Moreover the use of high intensity and broad spectrum light makes CFP 260 

susceptible to media opacities and in most devices its quality is limited when there is poor mydriasis. 261 

In addition, the bright flash used during image acquisition is uncomfortable for patients. The 262 

sensitivity needed to detect topographical changes at the borders of atrophy regions can be 263 

improved with stereoscopic viewing of CFP. However, stereoscopic image capture requires 264 

experienced and specifically trained personnel as well as good patient cooperation, which limits its 265 

practical use in clinical studies.  266 

CFP was used in the initial definitions of GA, requiring a circular or oval area of depigmentation with 267 

sharply demarcated borders and typically increased visibility of large choroidal vessels within the 268 

atrophic area 24, 25. In 1995, the International Age-Related Maculopathy (ARM) Epidemiological Study 269 

Group agreed on the following criteria: sharp demarcation, hypo- or depigmented appearance, 270 

round or oval shape, increased visibility of the underlying choroidal vessels and a diameter of at least 271 

175 µm measured using a 30° or 35° fundus camera. 26 CFP has also been used to quantify areas of 272 

GA and to monitor expansion over time. 27 However, CFP is limited for this purpose due to difficulties 273 

in precisely delineating lesion boundaries, particularly in eyes with relatively small and multifocal 274 

lesions. Recently, a new white light confocal instrument has become available which can potentially 275 
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increase the contrast of atrophy margins due to its confocality. However, no large studies of the 276 

device are currently available. 277 

Recommendation: CFP remains a valuable option and is recommended to be used while other 278 

imaging modalities are being validated for detection of atrophy. In addition, CFP is still the modality 279 

of choice for detection of several AMD-associated phenotypic changes, particularly hemorrhages and 280 

focal pigmentary changes. For a comprehensive documentation of funduscopic findings non-281 

stereoscopic CFP is recommended to be performed at baseline and at the end of the study in studies 282 

on non-neovascular and neovascular AMD.  283 

Fundus autofluorescence 284 

Fundus autofluorescence (FAF) provides high contrast retinal images particularly valuable for the 285 

detection of atrophic areas. Within atrophic areas, RPE and lipofuscin (containing the major 286 

fluorophores responsible for fundus autofluorescence) are lost. Thus, FAF signal intensities are 287 

severely reduced at the site of atrophy (Fig. 1 B). Blue light excitation FAF is currently the most 288 

commonly used mode for FAF imaging. Absence of the signal is associated with loss of retinal 289 

sensitivity, 28, 29 providing a direct structure-function relationship. Furthermore, the contrast between 290 

intact retina and RPE usually allows for reproducible semi-automated quantification of atrophic 291 

areas. 30 Both these features have led to the acceptance of FAF as an anatomical outcome parameter 292 

for progression of GA in clinical trials 15 by international regulatory agencies. FAF signal 293 

measurements have been and are currently used in interventional clinical trials for GA including the 294 

SEATTLE-study (NCT01802866), GAP (NCT00599846) and GATE-studies (NCT00890097), MAHALO-295 

Study (NCT01229215), Proxima A (NCT02479386) and B (NCT02399072) studies, the Zimura® trial 296 

(NCT02686658) and the CHROMA- (NCT02247479) and SPECTRI-studies (NCT02247531). 297 

In eyes with neovascular AMD correlation between reduced FAF and presence of scotomas may be 298 

less pronounced. Yet, it could be shown that the area of confluent autofluorescence loss in the 299 

central macula is highly correlated to visual acuity, contrast sensitivity, and reading speed in eyes 300 

treated with anti-VEGF agents for neovascular AMD. 7, 31 In addition, FAF has proved useful in the 301 

differential diagnosis of disease entities that cause atrophy, and in classifying GA lesions according to 302 

distinct progression rates. 12, 32-34 303 

Two types of FAF imaging systems are currently available: Flash fundus camera-based systems and 304 

scanning laser ophthalmoscopy systems (SLO), usually equipped with a confocal aperture to filter out 305 

backscattering light from outside the focus plane (i.e. the retina). SLO-based systems have the 306 

advantage of higher contrast and spatial resolution but they cannot be integrated into conventional 307 

fundus cameras, making the acquisition of additional instrumentation necessary. 35 Nonetheless, SLO 308 
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devices are preferred for acquiring FAF images in most studies because of their excellent image 309 

contrast and resolution. Some technical skills are required by clinical sites to consistently obtain high 310 

quality images, and these include uniform illumination, good focus and central alignment of the 311 

camera with the eye to avoid obstruction by the iris. 312 

Fundus autofluorescence imaging with SLO was originally introduced with blue light excitation. Later 313 

on, the use of longer excitation wavelengths (e.g. 532 nm) has become broadly available for SLO. 314 

Using fundus cameras, the use of blue light excitation for autofluorescence imaging is not practical 315 

due to technical limitations. Therefore fundus camera autofluorescence is based on excitation 316 

wavelengths in the green to orange range (510 – 610 nm). The quality of the blue FAF signal is 317 

influenced by several factors including nuclear lens opacities, vitreous floaters and pupil dilation. In 318 

addition, macular pigment blocks blue light leading to a relatively decreased signal intensity at the 319 

fovea. Therefore, when the atrophic border is close to the fovea, identification of the border of 320 

atrophy may be challenging (Fig. 1 D). 36 In addition, optimal contrast between intact and atrophic 321 

RPE can be lost in the presence of certain GA subtypes including the “diffuse-trickling” phenotype 37 322 

or refractile drusen (also called “calcified drusen” or “crystalline deposits” in parallel) 38 at the margin 323 

and within areas of atrophy, which results in some limitation to FAF use alone. In such cases 324 

combined analysis of FAF and near infrared reflectance (NIR) images is typically helpful for 325 

adjudicating the precise measurement of the atrophic lesion. 19 In atrophy associated with 326 

concurrent NV distinction between atrophy and areas of fibrosis may be difficult with FAF alone 39. 327 

Furthermore, hemorrhages or hard exudates may result in decreased FAF signals. Therefore, the 328 

additional use of fluorescein angiography (FA) has been suggested. 39 In addition, a disadvantage of 329 

bright blue excitation light is the discomfort it may cause to the patient. Within atrophic areas, the 330 

FAF signal may not be zero. This may be due to retained RPE cells or fragments and basal laminar 331 

deposits with a low level of 488-nm-excited autofluorescence. 40, 41The combination of FAF and NIR 332 

may help improve demarcation of the atrophic areas confounded by the limitations of using FAF 333 

alone. 334 

Recently, longer wavelength light sources have been integrated with confocal SLO devices (e.g., 335 

green). Longer wavelengths are less sensitive to optical media opacities and macular pigment. 336 

However, few validation studies (for 532 nm fundus cameras or 514 nm SLO systems) are currently 337 

available. 17, 42  338 

Recommendation: In view of its properties and recent validation in various clinical studies, confocal 339 

FAF images may provide valuable information when included in imaging protocols of interventional 340 

and non-interventional trials in non-neovascular AMD, and protocols involving neovascular AMD so 341 

that atrophy development and progression can be detected and monitored.  342 
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Quantitative fundus autofluorescence 343 

Recently, a FAF method has been introduced which incorporates an internal fluorescent reference to 344 

account for variable laser power and detector sensitivity, enabling quantitative fundus 345 

autofluorescence (qAF). Intensity of autofluorescence is calculated against the calibrated reference 346 

standard in the optical pathway. To derive reliable qAF measurements, it is critically important to 347 

obtain high quality images. 43, 44 Key requirements for images suitable for qAF measurement include 348 

uniform signal intensity, fine-tuned focus, central alignment of the camera with the eye to avoid 349 

obstruction by the iris, and exposure within the linearity range of the detector. Lens and vitreous 350 

opacities may limit measurements, as absorption confounds measured FAF intensity levels 351 

originating from the retina and the RPE. Normative studies have shown that qAF levels exhibit a 352 

significant increase with age, that qAF values are higher in females, and that there may be ethnic 353 

differences. For example, as compared with Hispanics, qAF is significantly higher in Whites and lower 354 

in Blacks and Asians, 44 but these variations would have limited impact if looking at individual qAF 355 

change over time. Currently, this novel technology is  increasingly employed in eyes with retinal 356 

dystrophies 45-47 as it appears to be of value for differential diagnosis. 46, 48 More recently, it has been 357 

used to image AMD. 49 Of potential interest is the magnitude of qAF signals outside atrophic areas as 358 

well as within atrophic zones, for instance to study the rather grayish than black atrophy observed in 359 

classical FAF images in some GA subtypes. 37  360 

Recommendation: Overall, this method may be considered to help validating current and generate 361 

novel disease-related hypotheses.  362 

Near infrared reflectance 363 

For near infrared reflectance (NIR) SLO imaging, wavelengths of light at the higher end of the visible 364 

spectrum are used (750 nm to 840 nm in current devices). This causes minimal discomfort to the 365 

patient. There is very little interference and absorption by media opacities, and, importantly, by the 366 

luteal pigment in the macula. Therefore, in contrast to blue-light FAF imaging, visualization of 367 

atrophic areas within the fovea and involvement of the fovea is facilitated (Fig. 1 B). 19 The available 368 

evidence suggests that NIR images allow for the detection of reticular pseudodrusen with the highest 369 

sensitivity. 22, 50-52 Systematic validation studies for the use of NIR alone in atrophic AMD are lacking 370 

and precise sensitivity and specificity need to be determined. NIR imaging originally served as a 371 

guidance modality for OCT, but the NIR image is now available as an independent output image for 372 

most OCT/SLO devices resulting in broad availability. 373 

Recommendation: NIR images provide valuable information complementary to FAF. Their capture 374 

time is short and does not materially affect recording procedure. Therefore NIR images should be 375 

considered whenever FAF images are acquired.  376 
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Multicolor confocal scanning laser ophthalmoscopy  377 

Confocal multicolor images consist of a composite image simultaneously obtained by confocal 378 

scanning lasers from three different wavelengths. 53 It comprises three reflectance images: blue 379 

reflectance (wavelength [ex.]: 488 nm), green reflectance (ex.: 518 nm) and near infrared reflectance 380 

(ex.: 820 nm). These different light wavelengths penetrate the retinal layers at different depths to 381 

reveal details of the respective layer. Blue reflectance highlights details of the inner retina and the 382 

vitreoretinal interface. Green reflectance facilitates visualization of deeper retinal layers, and near 383 

infrared reflectance highlights structures in the outer retina and choroid. 54 In contrast to CFP, 384 

multicolor images are “false-” or “pseudocolor” images comprised of information gathered from 385 

separate wavelengths, and not from the whole visible light spectrum. To-date, only a few studies 386 

using this novel technique are available. 23, 55, 56 In the context of GA, multicolor imaging can be used 387 

to visualize atrophic areas (Fig. 2 C). 54, 55 Due to their optical reflection properties, retinal 388 

hemorrhages and fibrotic changes may also be seen, yet, subtle hemorrhages and pigmentary lesions 389 

may not be distinguished from each other by multicolor imaging alone (Fig. 2 C). Whether the 390 

addition of the two other wavelengths, blue and green, increases or obscures the information 391 

contained in the NIR image, has not been systematically investigated. Furthermore, it may turn out 392 

that visualizing the individual wavelength component images in isolation may have advantages under 393 

certain conditions over a composite. It is possible to acquire multicolor images through non-dilated 394 

pupils covering a field of view of up to 55°. However, when the image is acquired through a non-395 

dilated pupil, the signal quality may be adversely affected, in particular for wavelengths in the blue 396 

spectrum. 397 

Recommendation: Due to the limits of current knowledge, the inclusion of multicolor imaging into 398 

study protocols for atrophic and neovascular AMD should be optional since its specific utility remains 399 

to be demonstrated. 400 

Optical coherence tomography 401 

In contrast to the other imaging modalities currently available in clinical routine, SD-OCT provides in 402 

vivo cross-sectional and en-face visualization of the retina and the RPE. 57 Using the enhanced depth 403 

imaging acquisition technique, additional details can be seen at the level of the choroid. 58 The 404 

anatomic correlates of the single bands and layers identified in an SD-OCT line-scan are now largely 405 

established. 59 In addition, anatomical tracking functions that are implemented in some devices, 406 

allow the alignment of follow-up with baseline images. While a single line-scan (= B-scan) may be 407 

obtained quickly, a dense raster pattern of line-scans (“volume scan” or C-scan) is necessary to 408 

extract “en-face” images that represent macula topography (Fig. 1 E, F and Fig. 2 J, K). The spacing 409 

between scans must be sufficiently small so that pathologic features of interest such as drusen, 410 
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reticular pseudodrusen (Fig. 1 E), and pigment migration into the inner retina, are not missed. 411 

However, it is recognized that the denser the scan spacing, the longer the acquisition time. Hence, 412 

often a compromise is required depending on the particular study questions. For instance, reliable 413 

detection of reticular pseudodrusen, which are significantly associated with fast atrophy progression, 414 

and volume-rendering of outer retinal tubulations would require scans spaced as thin as 11 µm. 60 415 

Also volume-rendering of pathologic structures, like outer retinal tabulation, will require equally 416 

dense scan spacing. 61 However, within the context of longitudinal large scale clinical studies, a less 417 

dense scan (e.g., spacing of 120 µm) is usually preferred. 22 The near infrared laser light used to 418 

acquire SD-OCT images is well tolerated, yet discomfort due to fatigue and tear film desiccation 419 

during prolonged acquisition times is reported by some patients. 420 

Today, SD-OCT is widely available and has been validated to assess and quantify atrophy. 14 It is also 421 

an important tool to grade and monitor NV in AMD, 62, 63 and serves an integral role in several large-422 

scale AMD trials. 64 En-face rendering of the structural OCT may provide an additional mode to 423 

analyze and quantitate areas of atrophy (Fig. 1 F). 424 

Recent studies indicate that distinct morphologic findings identified with SD-OCT scans like splitting 425 

of band 4 (generally accepted to correspond to RPE/Bruch’s membrane complex), presence of outer 426 

retinal tubulations, disruption of the surrounding outer retinal anatomy, 65 or local minimum SD-OCT 427 

signal intensity may predict atrophy progression. 37, 66-68 Additional capabilities of OCT include 428 

quantitation of GA areas and identification of putative precursor lesions. 69-72 While providing depth 429 

encoded images, compared to SLO imaging, the lateral resolution of SD-OCT devices is lower (up to 430 

5 µm in current confocal SLO and 15 µm in current SD-OCT devices). 431 

To accurately grade a volumetric SD-OCT dataset, it is necessary to inspect all individual line-scans 432 

within the volume scan, or to assess several different en-face slabs. Generally, it is more time 433 

consuming and labor intensive to interpret an SD-OCT dataset than to interpret any of the imaging 434 

modalities that produce single en-face images. In addition, if SD-OCT slabs are to be assessed, 435 

sophisticated software solutions are needed to automatically segment the images, a function that is 436 

complicated by the AMD-associated pathology distorting the reflective bands and that needs to be 437 

further addressed by ongoing software improvements. Though substantial advances have been made 438 

in this field errors in automated segmentation occurring in the presence of pathology may require 439 

time-consuming manual adjustment; 73-75 however, for simple viewing of GA, this is rarely necessary. 440 

Currently, various SD-OCT devices are commercially available; however, industry standards 441 

concerning data compatibility (e.g.: Digital Imaging and Communication in Medicine [DICOM]) and 442 

acquisition settings are not generally supported by the manufacturers. This lack of compliance affects 443 
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comparability between examinations obtained with different devices, leads to fragmentation of 444 

imaging databases and limits the possibility of pooling data from different devices. Wherever 445 

possible, similar SD-OCT devices should be used at all study sites. 446 

New developments in OCT imaging include the availability of swept-source OCT (SS-OCT), which 447 

features higher scanning rates and wider scan areas. In current commercially available devices a 448 

more than 40% faster acquisition time can be achieved. Moreover, SS-OCT devices use a longer 449 

wavelength light source, which has better tissue penetration in the axial direction, and produces 450 

more detailed images of the choroid. 76 Thus faster acquisition of large scan volumes is possible. The 451 

addition of eye-tracking functions further facilitates image acquisition in eyes with poorer fixation 452 

stability. Further evaluation of this imaging technology is needed, yet SS-OCT imaging seems at least 453 

as good as SD-OCT with the promise of easier imaging of larger scan areas measuring 454 

12 mm x 12 mm (40° x 40°) on the retina. Thus, commercially available SS-OCT devices may be 455 

considered as an alternative for future clinical studies. 456 

Recommendation: OCT imaging may provide valuable information at each visit in trials of non-457 

neovascular and neovascular AMD. Evidence supports the acquisition of volume scans (SD-OCT or 458 

SS-OCT) covering an area of at least 6 x 6 mm (larger or overlapping scans should be performed 459 

depending on the expected size of GA at the end of the study) and a distance not greater than 460 

120 µm between single line-scans in order to visualize AMD-related pathologies. In devices that allow 461 

for averaging of multiple images, averaging at least 10 line-for noise reduction is recommended. 462 

Variation of scan density and averaging of multiple scans may be considered depending on the study 463 

purpose. 464 

Fluorescein angiography 465 

Fluorescein angiography (FA) has been the gold standard to detect and grade NV. 77, 78 Flash fundus 466 

camera-based and SLO-systems are widely available and have been used in large trials for non-467 

neovascular and neovascular AMD (to rule out NV). 4, 79 Exact lesion boundary demarcation may be 468 

obscured by progressive dye leakage. 62 Yet, validation analyses have shown that reliable 469 

quantification of lesion area is possible in SLO 21, 80 and fundus camera based devices. 81 To 470 

complement FA in this regard, SD-OCT can also be used to track neovascular activity over time (Fig. 2 471 

D-F).  472 

There are disadvantages to FA. It is an invasive method with relatively long examination times to 473 

acquire the late phase FA images. Injection of the dye and the use of bright light may be 474 

uncomfortable for the patient. There is also a risk of allergic reactions to the intravenously injected 475 

dye. 35 476 
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Recommendation: FA is informative at baseline in trials of non-neovascular AMD to exclude the 477 

presence of concurrent NV and should be performed when incident NV is suspected. In neovascular 478 

AMD trials FA should be considered at baseline, selected follow-up visits (approximately every 6 479 

months) and at the end of the study. Imaging should cover the central 30° and a 10 minute late 480 

phase should be included.  481 

Indocyanine green angiography 482 

Indocyanine green angiography (ICG-A) provides additional information regarding the choroidal 483 

vasculature and blood flow. 82 Indocyanine green has much greater binding affinity to plasma 484 

proteins than fluorescein and is associated with minimal leakage from the fenestrated 485 

choriocapillaris allowing more detailed visualization of the choroidal vessels (Fig. 2 G-I). 83 This 486 

additional information obtained with ICG is helpful to detect retinal-choroidal anastomoses and 487 

polypoidal choroidal vasculopathy (PCV). 84, 85 ICG-A has also been suggested for differential diagnosis 488 

of atrophy. For example, “dark atrophy” where no dye accumulation is found beneath the zone of 489 

atrophy is seen in Stargardt disease, but not in AMD in which late staining occurs. 86 490 

Choroidal imaging may be helpful for studying pathological processes involved in AMD and for 491 

differential diagnosis in atrophic and neovascular AMD. 86-88 However, ICG-A is an invasive method 35 492 

and for atrophic AMD, alternative, non-invasive methods are available that are sufficient for 493 

differential diagnosis. Furthermore, acquisition also of late phase images makes ICG-A a 494 

time-consuming procedure. 495 

Recommendation: The consensus committee suggests ICG-A to be included into the study protocol 496 

for clinical studies of neovascular AMD only if deemed necessary by the investigators at the baseline 497 

visit. Decision on whether to include ICG-A or not should particularly take into account regional 498 

qualifications like distinct PCV frequencies. In atrophic AMD, ICG-A may be optionally performed if 499 

doubts remain on the etiology of the atrophy (i.e. differential diagnosis).  500 

Optical coherence tomography angiography 501 

Optical coherence tomography angiography (OCT-A) allows blood flow detection based on motion 502 

contrast. The motion contrast can be derived from phase/Doppler shift and/or a variation in signal 503 

amplitude over time within a voxel due to movement of blood cells. 89-93 A significant advantage of 504 

OCT-A over conventional dye-based angiography is that it is depth-resolved and non-invasive. 94 505 

Isolated analysis of flow in the various choroidal layers has been studied with OCT-A. 95 In the context 506 

of AMD, several investigators have demonstrated that OCT-A can be used for detailed 507 

characterization of NV in AMD (Fig. 2 L). 96-100 Other investigators have noted that a non-exudative 508 

type 1 neovascularization can be detected with OCT-A. 101, 102 OCT-A also enables analysis of different 509 
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choroidal layers inside and at the border of atrophic lesions. 103 Due to the ability to visualize the 510 

choroid and choriocapillaryis, it may be possible to use OCT-A instead ICGA to differentiate the 511 

different types of macular atrophy. 104 As only flow is visualized, no information on vascular wall 512 

integrity comparable to leakage in FA can be obtained. However, structural information is still 513 

maintained in the OCT-A and can show collections of fluid, suggesting leakage is occurring. Also, the 514 

availability of corresponding enface structural OCT images may be useful for revealing con-existing 515 

non-patent vascular structures. 102 To obtain useful OCT-A datasets, it is necessary to acquire dense, 516 

high quality SD-OCT or SS-OCT scans. Therefore, like for conventional OCT devices, OCT-A limitations 517 

include acquisition time and field; however, faster acquisition times with wider fields of view and 518 

deeper choroidal imaging can be performed using SS-OCTA instruments. Motion and retinal vascular 519 

projections are additional limitations of this technology, but these limitations could be resolved in 520 

the future. 105 The full clinical value and optimal application of OCT-A are still being defined, but the 521 

growing information to-date appears promising.  522 

Recommendation: OCT-A may be optionally included in studies on non-neovascular and neovascular 523 

AMD for exploratory purposes.  524 

Wide-field imaging 525 

Wide-field imaging allows much larger areas of the retina to be visualized, when compared with 526 

conventional imaging modalities. The field of view extends to > 100° (values for the angle of view 527 

depending on point of reference and the optics of the individual eye). Commercially available wide-528 

field imaging devices are based on SLO-technology, which, in general, is suitable for acquisition of 529 

FAF, reflectance images as well as both FA and ICG-A. Color images are obtained by using two or 530 

more discrete laser sources for illumination, thus providing a false-color image that may have regions 531 

of artifactually abnormal-looking color depending on the registration of the light sources. Due to the 532 

special optics required to cover such a wide field of view, separate devices can be used. Alternatively, 533 

fields of view of up to 150° can be achieved using a SLO device equipped with a contact lens for FA 534 

and ICG-A. 106 535 

The greater field of view is obtained at the expense of spatial resolution and contrast. The presence 536 

of eye lashes may limit the field of view inferiorly and superiorly, although additional steered images 537 

may be obtained to minimize this problem. Despite these developments, the full extent of the 538 

peripheral retina may not be visible in all subjects.  539 

Previous studies have shown that when the features of the macular region from wide field images 540 

are graded, the results can be similar to those obtained by review of traditional CFP. 107 One 541 

important advantage of this novel technique is the opportunity to observe peripheral abnormalities 542 
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associated with AMD and to monitor these changes over time. 108 This is of particular relevance as 543 

peripheral changes in AMD are to-date incompletely understood. Data on their natural history, 544 

impact on disease progression, and functional implications need to be investigated. 109-112  545 

Recommendation: The use of wide-field imaging is likely to provide a more complete understanding 546 

of the fundus involvement in AMD, and its use should be considered for trials regarding non-547 

neovascular and neovascular AMD for exploratory purposes.  548 

Conclusions 549 

The CAM group carefully evaluated the burgeoning number of imaging modalities and assessed their 550 

potential contributions to clinical studies and interventional trials. The advantages and disadvantages 551 

of each imaging modality are summarized in Table 1. Taking into account the particular needs when 552 

imaging eyes with AMD, the consensus committee provides recommendations which technologies 553 

may be appropriate in studies of non-neovascular and neovascular AMD. These recommendations 554 

should be considered as a starting point when designing imaging protocols for clinical studies but 555 

may require adjustments depending on the exact study purpose. 556 

For research trials in non-neovascular AMD (Table 2), imaging modalities should include CFP, 557 

confocal FAF (blue light excitation) and NIR (three field, 30°) and dense SD-OCT or SS-OCT volume 558 

scans (at least 6 x 6  mm larger depending on area of GA with maximum distance between scans not 559 

greater than 120 µm) at baseline and at the final outcome point. For follow-up visits, CFP may be 560 

considered and may be necessary if evaluating specific phenotypic features that are present and that 561 

are readily captured by this method (e.g. hemorrhages, pigmentary changes). Novel imaging 562 

technologies, namely multicolor imaging, OCT-A, qAF and wide-field imaging are likely to further 563 

contribute to our understanding of disease processes related to AMD, but data are still forthcoming. 564 

Thus, their value is currently of an exploratory nature and inclusion into trial protocols is optional. 565 

Nonetheless, the consensus committee encourages their inclusion in clinical studies to better 566 

determine their usefulness. FA may be required at any visit to detect incident NV.  567 

Recommendations for imaging protocols regarding trials on neovascular AMD (Table 3) consider the 568 

need to identify and assess the vasculature and the more dynamic nature of the underlying 569 

pathological processes. In studies of neovascular AMD, FA and FAF are recommended at baseline, 570 

selected follow-up visits (approx. every 6 months) and at the final outcome point. NIR and CFP 571 

imaging is recommended at visits when FA or FAF is performed to enhance interpretation. ICG-A is 572 

optional at baseline. Decision on whether to include it into the trial protocol also needs to reflect 573 

regional peculiarities in the abundance of single NV subtypes. Whether ICG-A examinations are to be 574 
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carried out at interval visits depends on the type of lesion under observation and may be reasonable 575 

in eyes with retinal-choroidal anastomosis or PCV. SD-OCT or SS-OCT volume scans (6 x 6 mm or 576 

larger with distances between scans not greater than 120 µm) should be performed at every visit. 577 

These recommendations reflect the status of our current knowledge and available imaging 578 

technologies as well as practical considerations. They will need to be updated as new information 579 

becomes available and imaging technology (for instance OCT-A) advances. 580 

581 
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Figures legends 979 

Figure 1: Right eye of a 72 y/o male patient with geographic atrophy (GA) and foveal sparing without 980 

any signs of neovascularization. A) Color fundus photography (CFP) shows multifocal GA, drusen and 981 

pigmentary changes. B) Fundus autofluorescence (FAF) showing well-demarked areas of hypo-982 

autofluorescence corresponding to GA and, hyper-autofluorescent drusen and reticular 983 

pseudodrusen. Of note, despite overall stronger contrast between GA and intact retina when 984 

compared to CFP, demarcation of the foveal border of the atrophy is partially obscured by macular 985 

pigment. C) Near infrared reflectance (NIR) discloses areas of GA and reticular pseudodrusen. In 986 

conjunction with FAF it allows precise demarcation also of the foveal atrophy border. D) Green-light 987 

autofluorescence is less affected by macular pigment and thus allows clear delineation of atrophy 988 

borders also in close proximity to the fovea. E) Corresponding spectral-domain optical coherence 989 

tomography (SD-OCT) scan visualizing cross sectional morphology of the retina. A druse, reticular 990 

pseudodrusen and GA with consecutive choroidal signal enhancement can be observed. Scan 991 

position as indicated by green line in C. F) SD-OCT sub-RPE slab depicting the areas of GA and 992 

allowing for identification of the spared fovea. Position of the scan volume is indicated by the blue 993 

frame in C; distance between single line-scans: 120 µm. 994 

 995 

Figure 2: Multimodal imaging of the left eye of a 69 y/o patient with atrophy in the presence of 996 

neovascular age-related macular degeneration that has been treated with anti-vascular endothelial 997 

growth factor therapy.  A) Color fundus photography, B) fundus autofluorescence, C) Multicolor 998 

imaging, D-F) Fluorescein angiogram, G-I) Indocyanine-green angiography, J-K) Spectral-domain 999 

optical coherence tomography B-scans (positions as indicated in C).  L) OCT-angiography (position as 1000 

indicated in C) showing matured vessels. 1001 
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