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Abstract

Purpose: To develop consensus terminology and criteria for defining atrophy based on OCT 

findings in the setting of age-related macular degeneration (AMD).

Design: Consensus meeting.

Participants: Panel of retina specialists, image reading center experts, retinal histologists, and 

optics engineers.

Methods: As part of the Classification of Atrophy Meetings (CAM) program, an international 

group of experts surveyed the existing literature, performed a masked analysis of longitudinal 

multimodal imaging for a series of eyes with AMD, and reviewed the results of this analysis to 

define areas of agreement and disagreement. Through consensus discussions at 3 meetings over 

12 months, a classification system based on OCT was proposed for atrophy secondary to AMD. 

Specific criteria were defined to establish the presence of atrophy.

Main Outcome Measures: A consensus classification system for atrophy and OCT-based 

criteria to identify atrophy.

Results: OCT was proposed as the reference standard or base imaging method to diagnose 

and stage atrophy. Other methods, including fundus autofluorescence, near-infrared reflectance, 

and color imaging, provided complementary and confirmatory information. Recognizing that 

photoreceptor atrophy can occur without retinal pigment epithelium (RPE) atrophy and that 

atrophy can undergo an evolution of different stages, 4 terms and histologic candidates were 
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proposed: complete RPE and outer retinal atrophy (cRORA), incomplete RPE and outer retinal 

atrophy, complete outer retinal atrophy, and incomplete outer retinal atrophy. Specific OCT criteria 

to diagnose cRORA were proposed: (1) a region of hypertransmission of at least 250 μm in 

diameter, (2) a zone of attenuation or disruption of the RPE of at least 250 μm in diameter, (3) 

evidence of overlying photoreceptor degeneration, and (4) absence of scrolled RPE or other signs 

of an RPE tear.

Conclusions: A classification system and criteria for OCT-defined atrophy in the setting of 

AMD has been proposed based on an international consensus. This classification is a more 

complete representation of changes that occur in AMD than can be detected using color fundus 

photography alone. Longitudinal information is required to validate the implied risk of vision loss 

associated with these terms. This system will enable such future studies to be undertaken using 

consistent definitions.

Geographic atrophy (GA) is a well-established end-stage manifestation of age-related 

macular degeneration (AMD).1,2 Gass3 originally described “geographic areas of atrophy” 

in the context of “senile macular choroidal degeneration” in 1970.4 As early as 

the 19th century, various other terms were used in the literature, including macular 
heredodegeneration, choroidal sclerosis, and senile macular disease. These terms were 

applied to inflammatory as well as monogenic conditions such as Stargardt disease or central 

areolar choroidal dystrophy.5–9 With the initiation of clinical studies of AMD, systems to 

classify the phenotypic features of AMD were refined.1,10–15 In 1995, the International 

Age-Related Maculopathy Epidemiological Study Group defined various clinical lesions 

associated with AMD and developed a grading system for disease severity.15 The system 

was categorical or semiquantitative and required the examiner or grader to determine the 

extent of specific findings (e.g., depigmentation, increased pigment, drusen, GA) relative to 

standardized reference circles of defined sizes. This method was used in part because of the 

limitations of the main imaging method available at the time, film-based flash color fundus 

photography (CFP).

However, these early classifications systems did establish specific CFP definitions for AMD 

lesions that continue to be used in studies decades later. Geographic atrophy was defined as 

any sharply delineated roughly round or oval area of hypopigmentation or depigmentation 

with increased visibility of the underlying choroidal vessels and of at least 175 μm in 

diameter on 30° or 35° CFP images.15 However, the borders of GA are not identified 

easily on monoscopic images, and high-quality stereoscopic photography often is needed 

to improve lesion boundary discrimination. Furthermore, stereoscopic images are difficult 

to obtain consistently in the context of large clinical studies, and this may explain the 

recent transition to fundus autofluorescence (FAF) imaging as the primary method to detect, 

monitor, and quantify atrophic lesions.16,17

By blue- or green-light fundus FAF, areas of GA appear as well-demarcated areas of 

decreased signal intensity.18 The high-contrast discrimination of atrophic versus nonatrophic 

areas by FAF has provided a reproducible method for semiautomated image analysis and 

accurate quantification of lesion area, and this method has been adopted in various clinical 

trials.19,20 One disadvantage of blue-light FAF to identify GA lesions is that the central 

Sadda et al. Page 3

Ophthalmology. Author manuscript; available in PMC 2024 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



macular luteal pigment also absorbs the blue excitation light, which makes it difficult to 

assess foveal involvement if FAF images are used in isolation.21 This limitation can be 

overcome by using green excitation light for FAF imaging, provided that confocal optics are 

used.22,23 More commonly, blue-light FAF is performed in conjunction with near-infrared 

reflectance, which is not affected by luteal pigment and therefore allows assessment of 

foveal involvement. Nonconfocal systems are prone to pseudoautofluorescence phenomena 

that are caused by absorption and generation of long-wavelength reflectance light by the 

natural lens that subsequently is scattered inside the vitreous cavity.24

OCT has become an essential imaging technology to evaluate the macula.25–31 The high 

axial resolution of current Fourier-domain OCT devices (both spectral-domain OCT and 

swept-source OCT) allow atrophy to be studied in 3 dimensions, and the involvement and 

tissue loss of specific retinal layers can be assessed quantitatively. Moreover, conventional 

B-scan viewing of OCT images can be combined with en face viewing of the volumetric 

OCT scans so that the borders of atrophy, which vary somewhat by layer, can be identified 

easily and the enlargement rates measured, as with FAF imaging. Modern high-resolution 

OCT affords us an opportunity to identify the early stages of the atrophic process, before 

lesions are clinically visible or detected as atrophy by CFP or FAF. In addition, the depth-

resolved nature of OCT imaging allows us to evaluate tissue layer by layer, which is 

important because the severity of cellular loss in atrophic disease may vary among layers. 

This technology offers the possibility of a classification system that is based on OCT-defined 

changes in the various layers of the retina and choroid as atrophy evolves. Furthermore, 

OCT can identify precursor features, an example of which is nascent GA.32 Finally, a new 

classification system will allow harmonization of the findings provided by different imaging 

methods.

Although enlargement of atrophy as determined by CFP or FAF currently is the only 

regulatory agency-approved main anatomic end point for therapeutic trials, the use of OCT 

could allow for the identification of robust precursor end points that would facilitate and 

allow earlier and more precise estimation of tissue loss.33 Consequently, it is possible 

that clinical trials could be more efficient and briefer. Therefore, consensus definitions 

for precursor and end-stage atrophy are essential for the construction of a more granular 

classification system to enable acceptance and use of these novel future end points.

In the context of the construction of a consensus classification system, several considerations 

are key. For example, more than 1 OCT-defined pathway can lead to atrophy in the 

context of AMD. In a longitudinal study of eyes with reticular pseudodrusen (RPD), 

which manifest as subretinal drusenoid deposits on OCT, Spaide34 observed that progressive 

loss of photoreceptors associated with outer retinal thinning could occur with a preserved 

RPE layer. In eyes receiving antiangiogenic therapy for neovascular AMD, progressive 

photoreceptor and RPE atrophy are common over the course of long-term treatment.35–39 

Should these additional forms of atrophy in the setting of AMD be termed geographic 
atrophy? If not, in this era of multimodal imaging, how might these various manifestations 

of atrophy associated with AMD be assessed, defined, and classified?
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To address these issues and to understand and classify atrophic AMD better based on 

the multimodal imaging techniques now widely available, we assembled an international 

consensus group of experts in AMD and retinal imaging to review existing data and to 

propose a consensus definition and nomenclature for OCT-defined atrophy in the setting of 

AMD. This consensus group previously standardized the OCT nomenclature of anatomic 

landmarks and published guidelines for the use of various imaging methods to be used in 

clinical trials of AMD.40,41 In the present consensus effort, we borrowed methodology and 

terminology from those reports.

Methods

Formation of the Classification of Atrophy Meeting Group

An international team of experts in AMD and AMD imaging research was assembled 

to address the problem of developing multimodal definitions of atrophy in the setting of 

AMD. The initial selection of Classification of Atrophy Meetings (CAM) group members 

was performed by the 3 CAM chairs (S.R.S., G.S., and F.G.H.). Criteria for selection 

included a history of relevant publications (in AMD pathogenesis and histopathology, 

imaging technologies, image interpretation and analysis in AMD, and AMD clinical trials); 

recent AMD and imaging research contributions; a track record of success in previous 

collaborative, consensus efforts; and availability to attend the CAM meetings. The CAM 

group included clinicians, image reading center leaders, clinical trialists, histologists, and 

optical engineers (the full list of participants is provided in Appendix 1, available at 

www.aaojournal.org). Industry leaders from pharmaceutical and imaging companies were 

invited and allowed to attend the meetings as observers, but did not actively participate in the 

consensus development.

Classification of Atrophy Meetings and Overview of Consensus Methodology

The CAM group met on 3 occasions: June 2015, September 2015, and June 2016. To 

collect background information on atrophic AMD for discussion with the group, the CAM 

cochairs surveyed and distilled the pre-existing literature (PubMed search, using the search 

terms atrophy and macular degeneration and classification). Before each CAM meeting, 

CAM participants contributed to premeeting exercises for the purpose of identifying areas of 

agreement and disagreement in advance of the group meeting. Clinical vignettes comprising 

a multimodal imaging dataset (color fundus photograph, OCT, FAF, infrared reflectance) 

of eyes at different stages of early to intermediate to late AMD, as defined in part by 

the Beckman classification, were constructed.1 Images for these exercises were contributed 

by CAM participants, who were asked to provide examples documented with multimodal 

longitudinal imaging that reflected the spectrum of atrophy that they encountered in their 

clinical experiences. These cases then were assembled by the CAM co-organizers (G.S., 

S.R.S.) for grading by all participants. Participants were asked to review the image sets 

and to identify features of interest that were specified in the accompanying instructions 

in atrophic areas and the junctional zone with normal retina at the margins of atrophy. 

In addition, in cases where longitudinal data were available, participants were asked to 

determine the time point at which atrophy was first noted in the images.
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An example of 1 of the exercise cases is shown in Figure 1. Participants were asked 

to indicate the presence or absence of atrophy using each of the different imaging 

methods, namely, CFP, fluorescein angiography, near-infrared reflectance, blue-light FAF, 

and spectral-domain OCT (en face and cross-sectional) independently. Subsequently, they 

also defined the margins of the area of atrophy on each of the various imaging methods. 

Exercises before the meeting were completed and returned to the meeting co-organizers, 

who aggregated the results for presentation at the group meetings.

The format of the meetings included initial short overview lectures by individual 

participants summarizing the relevant literature to provide background and context for 

further discussions. Lecture topics included previous definitions of atrophy, histopathologic 

correlations of atrophy, and longitudinal natural history data on AMD lesions such as drusen 

and RPD or subretinal drusenoid deposits. These lectures were followed by presentation 

of the premeeting exercise results, which were used as a starting point for subsequent 

consensus discussion. The most important a priori goal for this CAM consensus effort was 

to define criteria for the presence of atrophy using any of the available imaging methods, as 

well as to determine reproducible OCT criteria for the grading and classification of atrophy. 

Accordingly, most of the discussion was directed to this topic. Of note, the definitions 

described in this report are intended to be applied in the setting of AMD, a disease 

associated with aging and clinically defined by the presence of medium or large drusen 

with or without pigmentary alterations and with or without RPD.

Results

What Is Atrophy in the Context of Age-Related Macular Degeneration?

In general use, atrophy means a shrinking or withering, particularly because of poor 

nutrition or disuse. In the context of AMD, the term atrophy means either loss of tissue 

(typically) or the irreversible attenuation of tissue.

Selection of a Base Imaging Method to Define Atrophy

Given the wide availability of multiple imaging methods to evaluate the fundus, it seems 

reasonable to incorporate information from multiple imaging sources to confirm the 

presence of atrophy. However, in such a multimodal system, we believed that it would 

be prudent to establish a starting point or base method and that other methods would be 

used to confirm the determination. The CAM participants discussed the relative merits of 

each of these imaging methods, and their advantages and disadvantages were summarized in 

CAM report 2.41 The consensus recommendation of the CAM group was that OCT should 

serve as the reference method for defining different atrophy phenotypes and stages. Several 

factors were cited for the selection of OCT: (1) visualization of specific layers affected by 

the disease process, (2) wide availability of this technology, (3) ease of acquisition even 

by unskilled operators, and (4) patient comfort. However, the CAM group recognized that 

OCT alone may not be sufficient in many cases, for reasons such as limited scan field (at 

least with current technology), better axial compared with lateral resolution for planimetric 

(en face) assessment of atrophy (compared with confocal scanning laser ophthalmoscopy 

with superior lateral resolution), and partial nonspecificity of choroidal hypertransmission 
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of OCT signal in relation to atrophy detection. In addition, other imaging methods such as 

blue-light FAF may provide information over and above OCT, including prescient abnormal 

FAF signals that could predict future atrophy development. Thus, it was believed that a 

multimodal approach would be valuable, such that other imaging methods would be used to 

corroborate or support OCT-based observations.

General Principles to Establish Atrophy Nomenclature

With the selection of OCT as the reference method, the CAM group recognized an 

opportunity to define atrophy based on the specific retinal layers that are involved. 

Longitudinal studies have demonstrated that outer retinal atrophy, without RPE atrophy, can 

be observed in eyes with subretinal drusenoid deposits, which are the manifestation of RPD 

on OCT.25,34 However, the CAM participants agreed that loss of the RPE was associated 

with overlying thinning or loss of the outer retina in all cases. In addition, the CAM group 

recognized that the development of atrophy was a gradual complex process that evolved 

from earlier stages to an end stage.30,32

To address these considerations, the CAM group recommended 4 terms to describe atrophy 

in the context of AMD (Table 1): (1) complete RPE and outer retinal atrophy (cRORA), 

(2) incomplete RPE and outer retinal atrophy (iRORA), (3) complete outer retinal atrophy, 

and (4) incomplete outer retinal atrophy. These terms may be applied to describe atrophy 

in the presence or absence of choroidal neovascularization (CNV). Because the term GA 
has been firmly embedded in the literature for the past several decades, the CAM group 

proposed to retain the term and to restrict its use to atrophy in the absence of CNV (present 

or previous, recognizing that evidence of previous CNV may not be present in some eyes), 

as evident on CFP. Thus, GA would be considered a subset of the more comprehensive 

term cRORA, with cRORA encompassing macular atrophy both with and without associated 

CNV. Nascent GA was suggested to be retained as the term to describe iRORA in the 

absence of CNV as evident on OCT.32 The CAM group recognized that atrophy may be 

present in an eye with CNV, but remote (i.e., not colocalized or immediately adjacent) 

from the prior or present location of the CNV. Such a lesion also would be considered 

GA in the proposed classification. Subsequent sections of this report describe specific 

features or criteria for atrophy and in particular cRORA. Consensus criteria, definitions, 

illustrations, and suggested histologic correlates for cRORA, iRORA, complete outer retinal 

atrophy, and incomplete outer retinal atrophy are shown in Figure 2. These entities will be 

described in more detail in future CAM reports. For reference, the appearance of normal 

retinal layers on OCT and histologic analysis are shown in Figures S1 and S2 (available at 

www.aaojoumal.org), respectively.

Lexicon for Atrophy Features Visible on OCT (OCT Anatomic Biomarkers of Atrophy)

Through the premeeting exercises, participants were asked to provide labels to findings 

visible on OCT B-scans passing through regions of potential atrophy. Figure 3 provides 

an example of a premeeting exercise B-scan with consensus labels for various features 

shown. A commonly described OCT feature associated with atrophy is the presence of 

increased transmission of signal below the level of the RPE and into the choroid resulting 

from loss of scatter or attenuation from overlying RPE and neurosensory retina. A variety 
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of terms were proposed by CAM participants from the premeeting exercises including sub-
RPE illumination, choroidal hyperreflectivity, and hypertransmission. Through discussion, 

CAM participants agreed that the term hypertransmission was the preferred term 

because it conveyed the cause for the observed phenomenon and acknowledged that 

the hypertransmission may not always penetrate to the underlying choroid in eyes with 

tall pigment epithelial detachments (PEDs). Another common feature was a persistent 

hyperreflective line within the bed of atrophy, but significantly thinner than the adjacent 

RPE—Bruch’s membrane band. This line was termed persistent basal laminar deposit 
in early pathologic studies and recently was shown to be visible on OCT.12,45–47 

Histopathologic analysis demonstrated that a few dissociated RPE cells are also present 

in regions of persistent basal laminar deposit, as well as subducted RPE, shed RPE granules, 

processes of Müller cells, and avascular fibrosis.

Minimum OCT Criteria for Presence of Complete Retinal Pigment Epithelium and Outer 
Retinal Atrophy

A set of longitudinal cases with multimodal imaging that featured progression from 

intermediate AMD to late AMD was the primary tool used to establish criteria for cRORA, 

as illustrated in Figure 1. As noted above, participants were asked to assess for the 

development of atrophy on the OCT B-scans and to use other methods as needed to assist 

in questionable cases. Because each CAM participant designated (in a masked fashion) the 

time point or visit for initial identification of cRORA for each case, it was possible to 

establish the earliest time point when most participants believed cRORA was present (Fig 

3). In many cases, a relatively long interval was noted between the time point at which at 

least 1 CAM participant and the time point at which all participants finally indicated that 

cRORA had first developed. Such a long interval indicated that individual CAM participants 

used different criteria or features when establishing the presence of atrophy. To progress 

toward a consensus, images from the time point for each case at which at least 60% 

of participants deemed atrophy was present were aggregated. The cutoff point of 60% 

was chosen arbitrarily because it was intended simply to generate a basis for subsequent 

discussion. However, aggregating the OCT images from these time points across all cases 

(Figs 4, 5) allowed the common features or minimum criteria for atrophy to be determined 

more easily.

Classification of Atrophy Meetings Consensus OCT Definition for Complete Retinal 
Pigment Epithelium and Outer Retinal Atrophy

After review and discussion of these cases, the CAM group proposed a set of 3 inclusive and 

1 exclusive criteria to establish the presence of cRORA on OCT. All criteria are required to 

designate a lesion as cRORA. The inclusive criteria are: (1) region of hypertransmission of 

at least 250 μm in diameter in any lateral dimension, (2) zone of attenuation or disruption 

of the RPE of at least 250 μm in diameter, and (3) evidence of overlying photoreceptor 

degeneration. Features of photoreceptor degeneration include all of the following: loss of 

the interdigitation zone, ellipsoid zone, and external limiting membrane and thinning of the 

outer nuclear layer. The key exclusion criteria are the presence of scrolled RPE or other 

signs of an RPE tear, because areas of RPE and eventual photoreceptor loss resulting from 

an RPE tear were not judged to constitute cRORA.
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Confirmatory Classification of Atrophy Meetings Criteria for Complete Retinal Pigment 
Epithelium and Outer Retinal Atrophy on Planar Imaging Methods

Although the CAM group designated OCT as the reference method to define cRORA, it 

recognized that in clinical practice, many patients will show questionable or borderline 

features. In such cases, the CAM group proposes that information from other imaging 

methods (color imaging, FAF, near-infrared reflectance, multicolor imaging) should be used 

to assist the OCT interpretation whenever available. Because there are well-established 

definitions of GA in the literature for color photographs and for atrophy on FAF imaging, 

the CAM group agreed that only minor modifications (based on new size criteria from OCT) 

were needed. These criteria are summarized in Table 2 and are used as an adjunct to OCT 

for confirmatory purposes.

Discussion

Through the CAM program, a consensus nomenclature and definition for atrophy based 

on OCT imaging was proposed. The intention of the program was to develop a system 

that could be used by practitioners for assessing and counseling their patients with AMD. 

Using OCT findings to define the earliest anatomic changes that portend the future 

development of atrophy are highly relevant for interventions applied early in the disease 

process and certainly will accelerate interventional clinical trials aiming to slow progression 

to atrophy.2,48,49 Indeed, this desire was a key rationale for the CAM group to define both 

complete and incomplete RORA (iRORA, to be described further in future reports). These 

areas of iRORA are presumed to represent changes that portend development of cRORA. 

Although one might expect to have a dense scotoma if it were possible to test only the 

area of cRORA, one might expect that areas of iRORA would retain some degree of retinal 

sensitivity (relative scotoma). Loss of fine discriminant acuity with retention of local light 

perception is functionally detrimental to visual function in any case, and may occur on a 

background of impaired rod-mediated vision early in the disease process. Ultimately, we 

may find that it is more effective to intervene at the iRORA stage to alter the natural course 

of progression to atrophy than to wait for cRORA to develop. Indeed, the rate of progression 

from iRORA to cRORA may prove to be a useful outcome measure in future trials. This of 

course will require validation in longitudinal studies.

However, this CAM report focuses on criteria for what one might term end-stage atrophy, 

the time point associated with irreversible changes associated with an eventual development 

of a dense scotoma. The complete loss of photoreceptors and RPE, as defined in cRORA, 

is a reproducible measure that will be critical for clinical trials aimed to prevent atrophy. 

With regard to the OCT criteria for cRORA, the CAM group focused on extracting criteria 

from the OCT B-scans. The possibility of using en face OCT slabs alone was discussed 

at length, because hypertransmission is well seen on OCT slabs through the choroid. In 

fact, commercial OCT algorithms exist to quantify these regions of hypertransmission on 

OCT images as a potential surrogate for atrophy. However, hypertransmission alone was 

not deemed to be a sufficient criterion to define cRORA, although it was acknowledged 

potentially to serve as a rapid and convenient screening tool for the identification of potential 

areas of cRORA. The CAM participants noted that in some cases, hypertransmission 
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could be present with a depigmented but otherwise intact RPE band and without definite 

photoreceptor degeneration. Thus, although hypertransmission on en face OCT may be 

useful for identifying potential candidate regions of cRORA, these regions would need to be 

confirmed by inspection of the relevant B-scans to ensure that the other criteria for cRORA 

also are present. The CAM group also agreed that other imaging methods, such as FAF, are 

of benefit in confirming the presence of atrophy on OCT in more uncertain cases. However, 

further analyses to correlate FAF changes spatially to the 4 different categories of atrophy 

are still required. At this stage, it remains unclear whether severely reduced FAF (which has 

been used to define atrophy in many clinical trials) would be correlated exclusively with a 

single category of OCT-defined atrophy or if certain variations might be present.

Another point of considerable discussion was the size requirement of 250 μm needed to 

define cRORA. Several CAM participants suggested a smaller threshold of 125 μm, because 

this represented the minimum size of a large druse, and the collapse of large drusen is 

known to be associated with the development of atrophy. Review of minimum size criteria 

used by reading centers to denote atrophy on non-OCT imaging methods revealed a wide 

range of sizes from a minimum of 175 μm for FAF imaging to 433 μm (AREDS 2 circle 

12) for CFP.19,50 Limited unpublished existing reading center criteria were available to the 

group and suggested that lesions at least 250 μm in diameter could be graded reliably on 

OCT. In the absence of better data, the CAM group believed that the most reasonable and 

conservative cutoff to use at present was a 250-μm extent to define cRORA. The group 

acknowledged that this size threshold may need to be revised as reading centers and research 

groups adopted the definition and evaluate its repeatability in large datasets.

In a previous report from the CAM group, we reviewed the origins and the basis for the term 

GA.4 Based on that review, it was unclear how the term geographic was chosen and whether 

this was the best term to describe atrophy. Replacement of the term GA with the proposed 

CAM-derived term cRORA therefore was considered to unify the AMD lexicon, but the 

CAM group believed strongly that the term GA was too firmly entrenched in the literature 

and clinical care to be dismissed. Rather, we propose that GA be retained and its use limited 

to atrophy in AMD, in the absence of CNV and evident on CFP, just as it has been to date 

(although GA clearly is a subset of cRORA as defined on OCT). In the presence of CNV 

(present or prior), only the more general term cRORA should be used when observed on 

OCT, and the term macular atrophy should be used when observed clinically or on CFP.

In summary, the CAM group has proposed an extended classification for AMD based on 

OCT changes that signify the evolution of the atrophic process. We introduce 4 new terms—

cRORA, iRORA, complete outer retinal atrophy, and incomplete outer retinal atrophy—and 

specific OCT criteria for cRORA are elaborated in this report. We present the definitions 

and terminology of this classification system because the adoption by the international 

community of a common nomenclature with increased granularity has many advantages. 

Doing so will permit pooling of data from longitudinal studies and clinical trials to define 

better risk factors for progression and the best therapeutic strategies. We believe that this 

report is particularly timely because there are a large number of ongoing prospective studies 

pertinent to this topic. Feedback from such longitudinal studies will allow further refinement 

and optimization of these definitions and estimates of long-term risk of vision loss to be 
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established. Ultimately, validation is needed to make these structural end points acceptable 

to regulatory authorities.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations and Acronyms:

AMD age-related macular degeneration

CAM Classification of Atrophy Meetings

CFP color fundus photography
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cRORA complete retinal pigment epithelium and outer retinal atrophy

FAF fundus autofluorescence

GA geographic atrophy

iRORA incomplete retinal pigment epithelium and outer retinal atrophy

RPD reticular pseudodrusen

RPE retinal pigment epithelium
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Figure 1. 
Example of a premeeting exercise distributed to the Classification of Atrophy Meetings 

participants. From this longitudinal multimodal imaging dataset, participants were asked 

to define the earliest time point at which complete atrophy and complete retinal pigment 

epithelium and outer retinal atrophy were present.
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Figure 2. 
Exemplar OCT B-scans and representative corresponding histologic images demonstrating 

the 4 terms for atrophy defined by the Classification of Atrophy Meetings. Rows 1 and 

2 show B-scans of each atrophy phenotype, without and with annotations, respectively. 

Rows 3 and 4 show histologic images of different eyes (i.e., not those in the B-scans) 

at medium and high magnification, respectively. Nomenclature and annotations are given 

below. OCT scans and photomicrographs of normal retinas are available in Figures S1 and 

S2 (available at www.aaojoumal.org), respectively; methods for histologic examination and 

photomicroscopy are in Figure S2 (available at www.aaojoumal.org). A, Images obtained 

from an 83-year-old white woman. A1, A2, Complete retinal pigment epithelium (RPE) 

and outer retinal atrophy (cRORA) is defined by a zone of homogeneous choroidal 

hypertransmission and absence of the RPE band measuring 250 μm or more with overlying 

outer retinal thinning and loss of photoreceptors (PR). No signs of an RPE tear are evident. 

Terminations of the external limiting membrane (ELM), ellipsoid zone (EZ), and RPE 

are indicated. A3, A4, In a region of fovea and parafovea measuring 1 mm or more in 

diameter, RPE cells are absent, with some dissociated RPE cells remaining.42 Complete loss 

of photoreceptors is shown, that is, the outer nuclear layer (ONL), ELM, inner segment 

(IS), and outer segment (OS) are not apparent. The Henle fiber layer (HFL) in the atrophic 

zone consists primarily of Muller cell fibers that do not make an ELM among themselves. 

B, Images obtained from an 87-year-old white man. B1, B2, For incomplete RPE and 

outer retinal atrophy (iRORA), some hypertransmission is evident but is discontinuous; 

the RPE band is present but irregular or interrupted. Interrupted ELM and EZ evidences 

photoreceptor degeneration. The inner nuclear layer (INL) and outer plexiform layer (OPL) 

exhibit subsidence. Criteria for cRORA are not met. B3, B4, The ELM descends in 2 curved 
lines (green arrowheads). The ONL, HFL, OPL, and INL subside in parallel to the ELM, 

creating a funnel. The RPE layer is interrupted. The IS are short, and the OS are absent near 

the ELM descent. C, Images from an 88-year-old-white woman. C1, C2, Complete outer 
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retinal atrophy (cORA) is defined by continuous nonvisibility of the EZ and interdigitation 

zone (IZ) and severe thinning of the outer retina, in the setting of an intact RPE band. 

Hypertransmission associated with RPE degeneration is intermittent. C3, C4, The RPE layer 

largely is intact, although individual cells are dysmorphic. The OS and IS are completely 

absent. The ONL is thin or interrupted, with several clumps of RPE-derived material, and 

the ELM is intact. The HFL contains fibers of Müller cells and some photoreceptors. D, 

Images from an 85-year-old white woman. D1, D2. Incomplete outer retinal atrophy (iORA) 

demonstrating continuous ELM and detectable EZ disruption in the setting of regressing 

subretinal drusenoid deposits (SDD), with detectable thinning of the outer retina, an intact 

RPE band, and no hypertransmission. D3, D4, The RPE layer largely is intact, although 

individual cells are dysmorphic. Some isolated subretinal drusenoid deposits (Regressing 

SDD) are present above the RPE, but OS and IS remain.43 The ONL is depopulated 

with intact ELM and pale-staining reactive Muller processes between the photoreceptor 

nuclei. Photoreceptors span layers OPL, HFL, ONL, IS, and OS. Muller cells span the 

internal limiting membrane (ILM) to ELM. In naming the OPL and HFL, we use the OCT 

designations40 while recognizing that a commonly used neurobiological nomenclature44 

divides the OPL into 2 sublayers (photoreceptor synaptic terminals and bipolar or horizontal 

cell dendrites) and combines these with the HFL into 1 “OPL.” White arrowheads = 

calcified Bruch’s membrane; pink arrowheads = basal mounds; X = artifactual wrinkle; 

black arrowheads = Bruch’s membrane; green arrowheads = ELM. BLamD = basal laminar 

deposit; ChC = choriocapillaris; GCL = ganglion cell layer; IPL = inner plexiform layer; 

NFL = nerve fiber layer. Figure prepared by M. Li and J. D. Messinger.
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Figure 3. 
Example of a premeeting exercise distributed to the Classification of Atrophy Meetings 

(CAM) participants. Arrows were used to mark specific features on images (in this case 

an OCT B-scan) for which participants were asked to provide specific terms or labels. 

Consensus labels for 4 specific features after discussions at CAM are shown in this 

illustration. Note the thinning of the outer retina over the persistent basal laminar deposit 

band.45,46
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Figure 4. 
Cumulative frequency of Classification of Atrophy Meetings (CAM) participants indicating 

that the complete retinal pigment epithelium (RPE) and outer retinal atrophy (cRORA) had 

been achieved for 6 patients with multimodal imaging. For each patient, each row represents 

1 visit or time point, with the baseline visit at the top and the final visit at the bottom. The 

length of the bar indicates the percentage of CAM participants who deemed the cRORA 

end point was present on the OCT images for that visit. Note for patient 2, only 6 months 

elapsed between when at least 1 CAM participant determined that cRORA was present and 

the vast majority believed that it was present. In other patients, the interval was considerably 

longer, highlighting initial disagreement among participants regarding the criteria used for 

establishing presence of atrophy on OCT.
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Figure 5. 
Montage of the OCT images for the 6 patients shown in Figure 4 at the first time point 

at which at least 60% of Classification of Atrophy Meetings participants determined that 

complete retinal pigment epithelium (RPE) and outer retinal atrophy (cRORA) was present. 

Patients 2 and 5 most clearly illustrate the typical features of cRORA, with choroidal 

hypertransmission and attenuation of the RPE band with thinning of the overlying retina in a 

region exceeding 250 μm in diameter.
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Table 1.

Classification of Atrophy Meetings Consensus Classification of Atrophy Associated with Age-Related 

Macular Degeneration

Term Abbreviation

Complete RPE and outer retinal atrophy cRORA

Incomplete RPE and outer retinal atrophy iRORA

Complete outer retinal atrophy cORA

Incomplete outer retinal atrophy iORA

RPE = retinal pigment epithelium.
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