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Purpose: To describe the defining features of incomplete retinal pigment epithelium (RPE) and outer retinal
atrophy (iRORA), a consensus term referring to the OCT-based anatomic changes often identified before the
development of complete RPE and outer retinal atrophy (CRORA) in age-related macular degeneration (AMD). We
provide descriptive OCT and histologic examples of disease progression.

Design: Consensus meeting.

Participants: Panel of retina specialists, including retinal imaging experts, reading center leaders, and retinal
histologists.

Methods: As part of the Classification of Atrophy Meeting (CAM) program, an international group of experts
analyzed and discussed longitudinal multimodal imaging of eyes with AMD. Consensus was reached on a
classification system for OCT-based structural alterations that occurred before the development of atrophy
secondary to AMD. New terms of iRORA and cRORA were defined. This report describes in detail the CAM
consensus on iRORA.

Main Outcome Measures: Defining the term iRORA through OCT imaging and longitudinal cases showing
progression of atrophy, with histologic correlates.

Results: OCT was used in cases of early and intermediate AMD as the base imaging method to identify
cases of iRORA. In the context of drusen, iIRORA is defined on OCT as (1) a region of signal hypertransmission
into the choroid, (2) a corresponding zone of attenuation or disruption of the RPE, and (3) evidence of overlying
photoreceptor degeneration. The term iRORA should not be used when there is an RPE tear. Longitudinal studies
confirmed the concept of progression from iRORA to cRORA.

Conclusions: An international consensus classification for OCT-defined anatomic features of iRORA are
described and examples of longitudinal progression to cRORA are provided. The ability to identify these OCT
changes reproducibly is essential to understand better the natural history of the disease, to identify high-risk
signs of progression, and to study early interventions. Longitudinal data are required to quantify the implied
risk of vision loss associated with these terms. The CAM classification provides initial definitions to enable
these future endeavors, acknowledging that the classification will be refined as new data are
generated. Ophthalmology 2020;127:394-409 © 2019 by the American Academy of Ophthalmology

Supplemental material available at www.aaojournal.org.
[

Geographic atrophy (GA) is a late-stage disease manifesta- or oval area of hypopigmentation or depigmentation in
tion in nonneovascular age-related macular degeneration which choroidal vessels are visible. The size requirement for
(AMD) that progresses to severe central vision loss. GA varies with the different studies, ranging from one

Geographic atrophy has traditionally been defined on color  eighth to one fourth of a disc area (corresponding roughly to
fundus photography (CFP) as a sharply delineated circular 175 pm and 430 um in diameter, respectively) on CFP."

394 © 2019 by the American Academy of Ophthalmology https://doi.org/10.1016/j.0phtha.2019.09.035
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Figure 1. Examples of multimodal imaging features of incomplete retinal pigment epithelium and outer retinal atrophy (iRORA); color fundus photography
(CFP; first column), fundus autofluorescence (FAF; second column), near-infrared reflectance (NIR; third column), and OCT B-scan (fourth column). A, B,
Left maculae of 2 individual cases with large drusen. The first column shows CFP demonstrating drusen and pigmentary changes without evidence of
geographic atrophy. The second column shows FAF imaging demonstrating only small areas of hypoautofluorescence. The third column shows NIR images
illustrating no evidence of atrophy. The fourth column shows OCT B-scans demonstrating subsidence of the inner nuclear layer (large arrow) and outer
plexiform layer. Note the hyporeflective wedge-shaped band within the limits of the Henle fibre layer (B, arrowhead). Note the loss of photoreceptors as
evidenced by outer nuclear layer thinning and loss of external limiting membrane, ellipsoid zone, and interdigitation zone. Subjacent to the area of
photoreceptor loss is a zone of attenuation and disruption of the retinal pigment epithelium (<250 pm). A region of signal hypertransmission into the
choroid is less than 250 pm in continuity (small arrow). This fulfills the criteria for iRORA.

Geographic atrophy was retained as a term for a late stage of
AMD in the 2013 Beckman CFP classification of AMD.’

As a clinical trial end point, the ability to slow GA
expansion using a novel therapy has been approved by
regulatory authorities, in which atrophy can be defined and
quantified by fundus autofluorescence (FAF)." © Recent
trials aiming to slow progression of atrophy were required to
enroll eyes with established regions of GA that could be
measured reliably by a reading center, usually measuring at
least 0.5 to 1.0 disc areas (1.25—2.5 mm?).” ? It is prefer-
able to initiate treatment earlier in the disease process,
before GA is detectable. However, this strategy requires a
clinical trial end point focused on the prevention of GA
onset, rather than the progression of preexisting GA
lesions. "’

Previous studies have identified characteristic fundus
features that are associated with a high risk for progression
to GA. The Age-Related Eye Disease Study determined that
large drusen within the central macula and pigmentary
changes identified on CFP confer risk."' More recently,
multimodal imaging, including OCT, has identified other
macular features that increase the risk of vision loss,
including increased drusen volume, decreased internal
reflectivity of drusen (identified as calcified drusen),
intraretinal hyperreflective foci, and subretinal drusenoid

deposits (also known as reticular pseudodrusen).'” ** In

addition, as drusen regress, the overlying retinal layers un-
dergo characteristic changes in progressing to atrophy that
can be captured on OCT imaging. These changes, referred
to as nascent GA (nGA) in previous reports, include sub-
sidence of the inner nuclear layer (INL) and outer plexiform
layer (OPL), a hyporeflective wedge-shaped band within the
Henle fiber layer (HFL), often accompanied by RPE
disturbance, and increased signal hypertransmission into the
choroid.” *® With the recent advances in OCT angiog-
raphy, more is being learned about other potential bio-
markers of progression risk.””*® Therefore, when clinical
trials are being designed for agents that aim to prevent
atrophy development, it will be important to take these
clinical variables into account. Using these variables will
make it possible to enroll eyes at high risk and thus likely
to progress to atrophy within a clinically relevant timeframe.

To characterize further the anatomic biomarkers that
predict GA development, experts of the Classification of
Atrophy Meeting (CAM) group addressed this topic. This
group was convened to explore the use of multimodal im-
aging and to devise a new consensus nomenclature for the
different stages of AMD, as well as to explore new strategies
to identify and determine our ability to capture early stages
reproducibly using OCT. To determine stages of disease
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Figure 2. Multimodal imaging of an age-related macular degeneration case illustrating progression from incomplete retinal pigment epithelium (RPE) and
outer retinal atrophy (iRORA) to complete RPE and outer retinal atrophy (c(RORA) over 30 months: color fundus photography (CFP; first column), fundus
autofluorescence (FAF; second column), near infrared reflectance (NIR; third column), and OCT B-scan fourth (column). The images are CFP of the left
macula in a case with large drusen and hyperpigmentation, reticular pseudodrusen on FAF, and hyperreflective foci (number sign) on OCT at baseline.
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progression, case examples with longitudinal follow-up
were provided and studied by the group.

In the first 2 CAM reports, the definition of the term GA
in the ophthalmologic literature was reviewed, and
guidelines for the application of various imaging methods
for clinical research in AMD were generated.”” " In the
third CAM report, OCT was recommended as the base
or reference method to identify early atrophic changes,
with other methods used for confirmation. The CAM
group also recommended that the atrophic stages of
AMD should be named according to the affected
anatomic layers on OCT.’' In that report, the term
complete RPE and outer retinal atrophy (cCRORA) was
proposed as an end point for atrophy that occurred in the
presence of drusen and was defined by the following
criteria: (1) a region of hypertransmission of at least 250
Um in diameter, (2) a zone of attenuation or disruption
of the RPE of at least 250 wm in diameter, and (3)
evidence of overlying photoreceptor degeneration, all
occurring in the absence of signs of an RPE tear.”’ The
term incomplete RPE and outer retinal atrophy (iRORA)
was introduced to describe a stage of AMD in which
these OCT signs were present but did not fulfill all the
criteria for cRORA.

In this report, we describe in detail the necessary OCT
features that define iRORA and demonstrate longitudinal
progression from this earlier stage to cRORA with illus-
trated case examples and histologic correlates. We also
provide corresponding images from other methods as they
play a role in validating that the atrophic process has
commenced. These case examples are intended to allow
the AMD clinical and research community, as well as in-
dustry and regulatory bodies, to become familiar with the
advances made in understanding the progression from
drusen to GA in AMD and the proposed OCT nomencla-
ture that is critical for ensuring harmonization when
describing these changes. Progression sequences to atro-
phy from precursor signs other than drusen (e.g., subretinal
drusenoid deposits) do occur, and these will be addressed
in a separate report.

Methods

Classification of Atrophy Meeting Group

An international team of experts in AMD, retinal imaging, and his-
topathology was assembled to develop multimodal definitions of
atrophy in the setting of AMD. The selection of members has been
described elsewhere and included clinician scientists, experts in

retinal imaging, image reading center leaders, clinical trialists, and
histologists (the full list of participants is provided in Appendix 1,
available at www.aaojournal.org).”’  Representatives from
pharmaceutical and imaging device companies attended the
meetings as observers.

Classification of Atrophy Meeting Group
Meetings and Overview of Consensus
Methodology

The CAM Group met on 5 occasions: June 2015, September 2015,
June 2016, February 2018, and January 2019. Classification of
Atrophy Meeting participants contributed longitudinal case studies
that displayed the various OCT features of atrophy to stimulate
open discussion and analysis at each meeting. The pathway to
consensus has been outlined elsewhere.’' In brief, participants
were asked to review image sets and to identify anatomic
features in atrophic areas and in the junctional zone between
normal retina at the margins of atrophy. In longitudinal cases,
CAM participants were asked to determine the time point at
which atrophy was first noted, using each of several imaging
methods independently, including CFP, near infrared reflectance,
FAF, and OCT (cross-sectional and en face). The definitions
described in the CAM report 3 and in this report are intended to
be applied in the setting of AMD, a disease currently defined by
the presence of drusen with or without subretinal drusenoid
deposits. For this report, multimodal imaging of cases that best
demonstrated signs of iRORA and progression to cRORA are
highlighted. In addition, cases without the full complement of
iRORA signs are shown to depict variation in presentation
before the development of cRORA.

Results

Incomplete Retinal Pigment Epithelium and
Outer Retinal Atrophy

The CAM 3 meeting established that nomenclature for the
pathologic process that could be observed as the disease
progressed toward GA would be based on the specific
retinal layers affected (Fig 1). In the context of AMD with
conventional drusen, iRORA is defined on OCT by the
following criteria: (1) a region of signal hypertransmission
into the choroid, (2) a corresponding zone of attenuation
or disruption of the RPE, with or without persistence of
basal laminar deposits, and (3) evidence of overlying
photoreceptor degeneration, that is, subsidence of the INL
and OPL, presence of a hyporeflective wedge in the HFL,
thinning of the outer nuclear layer (ONL), disruption of
the external limiting membrane (ELM), or disintegrity of
the ellipsoid zone (EZ), and when these criteria do not

Disruption of some outer retinal bands and the RPE are present, but no definite hypertransmission is present, so the criteria for iRORA are not met. At 6
months, hypertransmission into the choroid is seen on OCT (small arrow), so iRORA criteria are now met. At 12 months, iRORA is more definitely seen on
the OCT with RPE disruption less than 250-um wide (asterisk), with remaining RPE cells difficult to distinguish from persistent basal laminar deposits
(BLamDs). Subsidence of the inner nuclear layer (INL), outer plexiform (OPL), an external limiting membrane (ELM) descent are present on either side of

the atrophy (large arrow), with corresponding hypertransmission (small arrow). No definite evidence is visible of GA on CFP or atrophy on either FAF or
NIR. At 18 months, the eye progressed to cRORA or GA on CFP (black arrow) and to atrophy on FAF and NIR (white arrow). The OCT illustrates
evidence of photoreceptor loss: subsidence of the INL and OPL, thinning of the ONL, discontinuous ELM descending on the sides of the atrophy,
discontinuity of the ellipsoid zone and interdigitation zone (large arrow), an area of complete RPE disruption (without residual BLamD) of more than 250

Wm (asterisk) showing a bare Bruch’s membrane (arrowhead), and increased hypertransmission of more than 250 pim (small arrow). At 30 months, the initial
atrophic area has changed little compared with that at 18 months, but additional areas of atrophy are becoming apparent on FAF and NIR. The hypo-
reflective space in the choroid at 18 and 30 months has been described as a choroidal cavern (%).

397


http://www.aaojournal.org

Ophthalmology  Volume 127, Number 3, March 2020

N e TS

| 200 um

Figure 3. Multimodal imaging of an age-related macular degeneration case illustrating progression from incomplete retinal pigment epithelium (RPE) and
outer retinal atrophy (IRORA) to complete RPE and outer retinal atrophy (c(RORA) over 48 months: color fundus photography (CFP; first column), fundus
autofluorescence (FAF; second column), near-infrared reflectance (NIR; third column), and OCT B-scan (fourth column). Color fundus photography of the
left macula illustrates large drusen and hyperpigmentation at baseline. Fundus autofluorescence shows areas of hypoautofluorescence and hyper-
autofluorescence. The OCT at baseline shows a large druse, demonstrating hypertransmission into the choroid (small arrow). The external limiting
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Figure 4. Images showing the external limiting membrane (ELM) approaching the druse apex because of photoreceptor shortening. The histologic evidence
supports the clinical imaging in Figures 2 and 3 and illustrates changes in photoreceptor layers above a large druse as the atrophic process begins. A, Ex vivo
imaging of the left eye of an 85-year-old white female donor with geographic atrophy. Areas of absent autofluorescence signal (787 nm) indicate complete
retinal pigment epithelium (RPE) and outer retinal atrophy (cCRORA). Yellow line crosses an area of mottled autofluorescence shown on histologic analysis.
B, C, Submicrometer epoxy sections of osmium tannic acid paraphenylenediamine postfixed tissue stained with toluidine blue, at the plane indicated in (A).
B, Retina, RPE, and basal laminar deposit (BLamD) are artifactually detached from Bruch’s membrane (black arrowheads) at a soft druse and surrounding
basal linear deposit (arrow). C, Framed area is magnified. Intact ELM (green arrowheads) skims close to the druse (d) apex, because photoreceptor outer
segments are absent and inner segments are markedly shortened. Retinal pigment epithelium atop the druse is dysmorphic or absent. Basal laminar deposits
(BLamDs) are thick with sublayers, including basal mounds (asterisk). Ch = choroid; E = early Henle fiber layer; ¢ = Friedman lipid globule; GCL =
ganglion cell layer; HFL = Henle fiber layer; IPL = inner plexiform layer; L = late Henle fiber layer; NFL = nerve fiber layer; ONL = outer nuclear layer;
Sc = sclera. Histologic analysis and figure prepared by J. D. Messinger, DC, from the Project MACULA resource (http://projectmacula.cis.uab.edu/).

meet the definition of cRORA. The term iRORA should not
be used in the presence of an RPE tear. Corroborating signs
on CFP, FAF, and near-infrared reflectance are not required
because they are not always evident (Fig 1).

by all CAM members, then collected and analyzed before
CAM meetings, with these results presented and discussed
as well as many other cases presented during the meetings)
with iRORA confirms that these areas progress and develop

into cRORA over a variable period ranging from months to
years.

Examples of progression in 2 cases, imaged every 6
months, are illustrated in Figures 2 and 3. In both cases,
baseline B-scans reveal eyes with large drusen, in which the
ELM appears to be disrupted over the apex of a druse. The

Progression of Incomplete Retinal Pigment
Epithelium and Outer Retinal Atrophy

Review of longitudinal follow-up of many cases (50 lon-
gitudinal cases were reviewed formally and were assessed

membrane (ELM) is not seen clearly on top of this druse (large arrow), and the RPE appears intact. As such, the criteria for iRORA are not present. At 6
months, little change is evident in CFP, FAF, and NIR, but on OCT, iRORA has developed, with subsidence of the inner nuclear (INL) and outer
plexiform (OPL) layers (large arrow), thinning of the outer nuclear layer (ONL), and subsidence of the ELM, which remains continuous. The ellipsoid zone
(EZ) and RPE are discontinuous (asterisk), and increased hypertransmission into the choroid is present (small arrow). At 18 months, although little change
is present on the CFP, now a hypoautofluorescent area is apparent on FAF (small arrow). On OCT, a definite descent and disruption of the ELM on either
side of the atrophic area are evident, and in the midst of the atrophic area, OPL and INL subsidence (large arrow), further disruption of RPE, and possible
basal laminar deposits remain on Bruch’s membrane (BrM). At 30 months, cRORA and atrophy on the FAF are evident, whereas CFP does not demonstrate
geographic atrophy (GA). OCT harbors evidence of photoreceptor loss; subsidence of the INL and OPL, thinning of the ONL, discontinuous ELM
descending on both sides of the atrophic area, discontinuity of the EZ and interdigitation zone (IZ; large arrow), an area of complete RPE disruption
(asterisk) without residual BLamD of more than 250 pm in width and showing a bare BrM (arrowhead), and hypertransmission of more than 250 pm (small
arrow). At 48 months, GA is identified on CFP (black arrow), an enlarged area of atrophy on FAF is apparent, and atrophy is noted on the NIR image
(white arrow). On OCT, the subsiding OPL within the atrophic area approaches BrM (large arrow).
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Figure 5. Images showing the evolution and clinicopathologic correlation of druse-associated atrophy. Time points of clinical images are shown as months
before the death of this 90-year-old white woman. A—E, En face imaging showing developing atrophic spots (orange and yellow arrowheads). F—K, OCT B-
scans through the orange (F—H) and yellow (I—K) atrophic spots, respectively. Upper and lower arrowheads in (G) and (H) and in (I) and (J) indicate
hyperreflectivity corresponding to gliosis and hypertransmission into the choroid, respectively. L—N, Histologic sections through yellow and orange atrophic
spots. In atrophic areas, retina is attached to posterior tissues. Outside atrophic areas, artifactual bacillary layer detachment is present. The HFL, in areas of
minimal photoreceptor degeneration (asterisk in L), is pale-stained and ordered. In areas of photoreceptor loss, the Henle fiber layer (HFL) is stained
medium gray, with disordered fibers and evidence of Miiller cell bodies (orange and yellow arrowheads) signifying gliosis. Green arrowheads indicate external
limiting membrane (ELM). Black arrowheads indicate Bruch’s membrane. L, M, Histologic sections 60 im apart through the orange atrophic spot. In (L) is
a base-down triangle of gliosis (upper arrowhead) and an area of absent outer nuclear layer (ONL) bounded by 2 ELM descents. The prior presence of a druse
is indicated by calcific nodules under a blue-stained line of persistent basal laminar deposit (BlamD; L lower arrowhead). M, The curved arrowhead indicates
where processes from the HFL enter under the BLamD. N, O, Two histologic sections 30 [tm apart through the yellow atrophic spot. In the center are 2
drusen (D) with absent retinal pigment epithelium (RPE) and containing large calcific nodules. Through an interruption in the BLamD, gliotic processes
enter from the HFL (N, yellow curved arrow). In the HFL are presumed Miiller cell bodies (N and O, yellow arrowheads). N, There is a small druse (d) on
the left side with continuous RPE and ELM. O, The ELM has descended onto the druse apex, which is covered with persistent BLamD. The RPE is absent.
Ch = choroid; FAF = fundus autofluorescence (excitation wavelengths, 488, 535—585, and 532 nm in (A), (C), and (D), respectively); GCL = ganglion
cell layer; INL = inner nuclear layer; IPL = inner plexiform layer; IS/OS = inner and outer segments; NFL = nerve fiber layer; NIR = near-infrared
reflectance; OPL = outer plexiform layer; RGB = color photograph. Prepared by J. D. Messinger, DC, and L. Chen, MD, PhD.
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Figure 6. Photomicrograph showing the descent of the external limiting membrane (ELM; green arrowheads) toward Bruch’s membrane in an 87-year-old
white male donor. The histologic results support the clinical imaging in Figures 2 and 3, bottom row. The ELM descends in 2 curved lines on either side of a
narrow isthmus of atrophy typically seen in incomplete retinal pigment epithelium and outer retinal atrophy. The outer nuclear layer (ONL), Henle fiber
layer (HFL), outer plexiform layer (OPL), and inner nuclear layer (INL) subside in parallel to the ELM, creating a funnel. The ONL is discontinuous, and
the HFL is disordered. Where these ELM descents curve, surviving cone photoreceptors lack outer segments and have short inner segments. Black ar-
rowheads indicate Bruch’s membrane (pink asterisks, basal laminar deposit). ChC = choriocapillaris; GCL = ganglion cell layer; ILM = inner limiting
membrane; IPL = inner plexiform layer; NFL = nerve fiber layer. Prepared by M. Li, MD, PhD, and J. D. Messinger, DC, from the Project MACULA age-
related macular degeneration histopathology resource (http://projectmacula.cis.uab.edu/).

druse in Figure 2 is associated with hyperreflective foci at its
apex, with increasing hypertransmission before the
development of iRORA at 6 and 12 months, with
subsequent progression to cRORA at 18 months. In
Figure 3, the druse at baseline already is associated with
hypertransmission of the signal into the choroid and
progresses to iRORA at 6 months, with an obvious
hyporeflective wedge within the HFL. At 30 months of
follow-up, cRORA is established.

Histologic Correlate of Incomplete Retinal
Pigment Epithelium and Outer Retinal Atrophy

Figures 4, 5, and 6 present histologic results that support the
clinical imaging in Figures 1, 2, and 3. Figure 4 illustrates a
large druse in a donor eye with GA where photoreceptor
outer segments are absent and inner segments are
markedly shortened, and thus, the ELM approaches the
druse apex. At the druse apex, RPE is dysmorphic or
absent. These histologic findings correlate with the clinical
appearance of photoreceptor loss, seen as degradation and
thinning of photoreceptor-attributable bands (HFL—ONL,
ELM, EZ, and 1Z) in Figures 1, 2, and 3. Figure 5 shows
histologic results of drusen-associated atrophy (Fig 5L—0)
and clinical imaging documenting the development of at-
rophy over almost 7 years (Fig 5F—K). The appearance of
hypertransmission on OCT preceded (Fig 5G) or
accompanied (Fig 5J) atrophy on FAF imaging (Fig
5A,C,D). By histologic analysis (Fig 5L,M), the ONL and
RPE are absent in an area that is delimited on both sides
by 2 ELM descents. Within the area of atrophy,
tombstone markers of a prior druse are persistent basal

laminar  deposits overlying calcific nodules. In
Figure 5N,O, an atrophic spot on each druse apex
includes photoreceptor degeneration (i.e., absent inner and
outer segments). A profound finding on histologic analysis
is significant gliosis associated with each atrophic area
(Fig 5M—0). This may be recognizable on OCT by
increased reflectivity of the normally hyporeflective HFL.
Figure 6 provides a high-magnification view of the ELM
descending toward Bruch’s membrane in 2 curved lines
bounding a narrow isthmus of atrophy. The HFL, OPL, and
INL subside between the 2 ELM descents, creating a funnel.
Hyporeflective wedges in the HFL have been correlated
histologically to parallel Henle fibers without cellular infil-
tration that are permissive to transmitted light on the same
axis.”” The ONL descends in parallel with the ELM and is
absent in the atrophic area. Along the ELM descents, the
remaining cone photoreceptors are oriented horizontally,
lack outer segments, and have short inner segments.

Variability in the Sequence of Anatomic
Changes Seen in Early Atrophy

With OCT imaging, cases of early atrophy may be identified
where some iRORA signs are absent and cases in which the
near-infrared reflectance, FAF, and CFP images do not al-
ways corroborate these signs of atrophy. This variability
may be important in representing different phenotypes with
different natural histories and disease severity (Figs 7—9). In
Figure 7, OCT imaging illustrates loss of the outer retina
and increasing disruption of the RPE layer, followed by
loss of the RPE layer and increasing hypoautofluorescence
on FAF imaging. However, the extent of
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Figure 7. Multimodal imaging of an age-related macular degeneration case illustrating retinal pigment epithelium loss without choroidal hypertransmission
over 24 months: color fundus photography (CFP; first column), fundus autofluorescence (FAF; second column), near-infrared reflectance (NIR; third
column), and OCT B-scan (fourth column). The right macula of a case demonstrating large drusen and pigmentary abnormalities is shown on CFP. At
baseline, the FAF demonstrates a mottled hypoautofluorescent and hyperautofluorescent signal. The NIR also presents a mottled reflectance. The OCT
demonstrates minimal subsidence of the inner nuclear layer and outer plexiform layer but obvious hyporeflective wedges in the Henle fiber layer (large
arrows). Retinal pigment epithelium (RPE) attenuation (asterisk) without obvious hypertransmission into the choroid is evident. At 12 and 24 months,
although increasing hypoautofluorescence is present on FAF imaging and progressive loss of the RPE (asterisk) and a bare Bruch’s membrane, minimal

hypertransmission into the choroid is evident on the OCT, where greater hypertransmission would be expected to accompany the RPE loss. At no point in
this illustration were all the criteria met for incomplete RPE and outer retinal atrophy.

hypertransmission into the choroid, which should depend on
the disruption of the RPE layer, does not appear
commensurate with the baring of Bruch’s membrane. As
such, at no time in this example would the definition of
iRORA be met. Figure 8 at baseline demonstrates a
collapsing druse with outer retinal loss, attenuation of the
RPE, and hypertransmission, and therefore meets the
definition of iRORA. However, at 6 months, the RPE
appears intact in the same area as the collapsed druse,
appearing  similar to adjacent RPE. Significant
hypertransmission into the choroid can be appreciated,
despite the apparent relatively intact RPE layer. Given the
intact RPE, at this later time point, iRORA criteria are not
met.

In Figure 9, a case of AMD is presented with a druse
displaying hypertransmission at baseline. Loss of some
outer retinal layers is apparent, but the RPE is preserved,
thus not fulfilling all criteria for iRORA. At 6 months, the
druse appears nonreflective, but the overlying RPE remains
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intact (with basal laminar deposits), yet there is
hypertransmission of the signal into the choroid. All criteria
for iRORA are still not met. Over time, the druse contour
persists, and there is internal reflectivity within the druse,
with persistent and striking hypertransmission (24 months).
At 24 months, the RPE is attenuated, and as such, iRORA
now is present. Despite the hypertransmission, there is no
obvious hypofluorescence on the FAF image (second
column), although the luteal pigment could hinder
recognition of this change. Color fundus photography-
defined GA also is not identified.

Incomplete Retinal Pigment Epithelium and
Outer Retinal Atrophy Screening

Although the CAM group focused primarily on the analysis of
single individual OCT B-scans to define characteristic features
of iRORA, en face sub-RPE OCT slabs may be used as a
screening tool to detect choroidal hypertransmission
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Figure 8. Multimodal imaging of an age-related macular degeneration (AMD) case illustrating choroidal hypertransmission despite apparent presence of the
retinal pigment epithelium (RPE): color fundus photography (CFP; first column), fundus autofluorescence (FAF; second column), near-infrared reflectance
(NIR; third column), and OCT B-scan (fourth column). The left macula of a case of intermediate AMD illustrating large drusen and pigment disturbance,
including one area of hypopigmentation (black arrow) not obvious on FAF but seen as a circumscribed area on NIR. At baseline, the OCT demonstrates a
large druse with hyperreflective foci (number sign) at the druse apex and hypertransmission into the choroid (small arrow) in a so-called bar code
appearance. The RPE is attenuated. There is no subsidence of the inner nuclear layer and outer plexiform layer (OPL), although the outer nuclear layer
(ONL) is thinned and the external limiting membrane (ELM) and ellipsoid zone are discontinuous. At baseline, all criteria for incomplete RPE and outer
retinal atrophy (iRORA) have been met. At 6 months, the druse has regressed, and 2 hyporeflective wedges in the Henle fiber layer, subsidence of the OPL
and ONL, and a descent of the ELM bounding both sides of the atrophy (large arrows) are present. However, the RPE now appears to remain intact,
although hypertransmission clearly is present (small arrow). As such, at this time point, all the criteria for iRORA are not met. Because the CFP image has a
corresponding area of hypopigmentation, one explanation for this RPE appearance is preferential loss of melanosomes from the RPE that reduces (but does

not eliminate) backscatter.

associated with iRORA, which then could be confirmed with
the corresponding B-scans. The specificity and sensitivity of en
face imaging as a screening tool remains to be determined (Figs
10and 11). %33 InFi gure 10, a case with large drusen is shown
in Figure 10A, B, in which a custom slab en face structural
swept-source OCT image illustrates bright areas correspond-
ing to the hypertransmission signal. These areas are associated
with loss of photoreceptor attributable bands (although diffi-
cult to appreciate directly beneath the fovea). Because no clear
RPE attenuation or disruption is visible, the criteria foriRORA
have not been meet. Six months later, in Figure 10D, a small
disruption in the RPE is seen, and iRORA criteria are meet.
In Figure 11, the case illustrates drusen with baseline en face
structural images that initially display a dark area that
corresponds to anterior pigment migration over a druse (Fig
11D). With time, the follow-up en face structural image
shows a bright area (Fig 11B) that corresponds to the druse
associated with a subtle hypertransmission signal into the
choroid, subsidence of the INL and OPL, and attenuation of
the RPE, fulfilling all the criteria for iRORA in Figure 11 E, F.

Discussion

A consensus nomenclature and definition for atrophy based on
OCT imaging was proposed by the CAM Group. The terms
iRORA and cRORA are defined, both in this and our prior
report,”’ to describe the evolution of atrophy in AMD. For
iRORA to be present, 3 OCT features are required to be
present and vertically aligned: signs of photoreceptor
degeneration, RPE attenuation or disruption, and increased
signal transmission into the choroid. If the areas of RPE
change and hypertransmission each have a diameter of at
least 250 wm on the OCT B-scan, in addition to evidence of
photoreceptor loss, then they qualify as cRORA. A
minimum size limit for iRORA was not proposed, and the
ability of reading centers to identify the constellation of
iRORA signs reproducibly is not yet known. The aim of this
article is to provide criteria and nomenclature for cell loss as
seen on OCT. As discussed next, it is now imperative to
determine how reliably specific features of iRORA can be
graded and their usefulness in predicting progression.
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Figure 9. Multimodal imaging of an age-related macular degeneration case illustrating marked choroidal hypertransmission despite relatively intact retinal
pigment epithelium (RPE) and persistence of the druse contour: color fundus photography (CFP; first column), fundus autofluorescence (FAF; second
column), near-infrared reflectance (NIR; third column), and OCT B-scan (fourth column). The left macula of a case illustrating large drusen on CFP with
some hypopigmentation at baseline (black arrow). Fundus autofluorescence and NIR do not demonstrate areas of hypoautofluorescence on FAF or reduced
NIR, respectively. On OCT at baseline, a druse displays hypertransmission into the choroid (bar code appearance, white arrow). There is no subsidence of
the the inner nuclear layer or outer plexiform layer, and the RPE is preserved, thus not fulfilling all criteria for iRORA. At 6 months, the druse has reduced in
size and appears hyporeflective, but the overlying RPE remains intact above it, yet there is hypertransmission of the signal into the choroid (small arrow). All
the criteria for incomplete RPE and outer retinal atrophy (IRORA) are still not met. Over time, the druse contour and marked hypertransmission persist
(small arrow), and internal reflectivity partially fills the druse. The RPE is now becoming attenuated, although still with potentially residual basal laminar
deposit. At 24 months, all the criteria for iRORA have been met. Despite the hypertransmission, no obvious hypoautofluorescence is present on FAF,
although this area is masked by luteal pigment. No hyporeflective areas are seen on NIR, nor is there any corresponding geographic atrophy on CFP.

Using case examples with longitudinal follow-up in eyes
with drusen (Figs 2 and 3), we provide evidence that the
features of iRORA predict development of cRORA. These
case studies demonstrate the spectrum of OCT signs that
indicate photoreceptor degeneration, RPE disruption or
attenuation, and hypertransmission of the signal into the
choroid. Reproducibility for identifying iRORA is crucial
and undoubtedly will improve as clinicians and reading
centers become more familiar with the OCT findings as well
as with advances in OCT technology and adoption of arti-
ficial intelligence algorithms as they become available.

The CAM group believed that the term GA, well
entrenched in the AMD nomenclature, but with several
current CFP definitions, should remain and continue to be
used as a term applied to the subset of cRORA occurring in
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the absence of current or past macular neovascularization.
Similarly, the term nGA should be used more broadly when
iRORA is present in the absence of current or prior macular
neovascularization, signifying that progression toward GA
has begun.”*** This is a slight modification from its original
OCT description, which required subsidence of the INL and
OPL or a hyporeflective wedge-shaped band within the HFL
as evidence of photoreceptor loss, and although usual to see
RPE chanige and hypertransmission, they were not
mandatory.”**

It is recognized that even before all 3 criteria of iRORA
are present (photoreceptor and RPE degradation with
hypertransmission), there will be OCT scans in which some,
but not all, signs are present. These eyes should be
considered as having risk factors for the progression to
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Figure 10. Screening for incomplete retinal pigment epithelium (RPE) and outer retinal atrophy (iRORA) using an en face slab with boundaries beneath
the RPE to detect hypertransmission into the choroid using swept-source (SS) OCT imaging: 6 x 6-mm SS OCT angiography images of a right eye with large
drusen, with (A) and (B) depicting the eye at baseline and (C) and (D) showing progression after 6 months. A, En face structure image using custom sub-
RPE slab depicted by the purple boundary lines in (B), and the bright area (yellow arrow) corresponds to the area of hypertransmission shown in (B). B,
Swept-source OCT B-scan showing a large druse with hypertransmission (yellow arrow). The boundary lines for the sub-RPE slab are shown beneath the
RPE. Loss of the photoreceptor-attributable bands is evident, but the RPE remains intact, and as such, criteria for iRORA have not been met. C, Six months
later, an en face structure image using the same custom sub-RPE slab depicted in panel (A) but with a brighter area (blue arrow) corresponding to the area of

hypertransmission shown in (D). D, Swept-source OCT B-scan showing the collapse of the large druse with hypertransmission (lower blue arrow), disruption
of the outer retinal layers (upper blue arrow), and a small disruption in the RPE can be seen. All criteria for iRORA have been reached.

iRORA but have not yet reached iRORA. They are added to
a constellation of other OCT signs, such as intraretinal
hyperreflective foci, heterogeneous internal reflectivity of
drusen, and subretinal drusenoid deposits, that may be
considered as high-risk OCT biomarkers for pro-
gression.'””** These risk factors for progression to iRORA
will be explored in planned future publications by the CAM
Group. The importance attributed to the degradation of each
layer or band will become more evident as longitudinal
studies accrue detailed grading on each of these changes. As
such, the relative weight placed on each individual layer or
zone’s degradation as a predictor of progression to vision
loss will become more apparent. Currently, detection of
these signs involves the inspection of single OCT B-scans
but can be facilitated by screening with en face OCT im-
aging to detect the choroidal hypertransmission signal
(Figs 10 and 11).** It is the hope of the CAM Group that
researchers will apply these definitions and determine the
progression rates from iRORA to cRORA and the
robustness of en face screening and assess the relative
contribution of iRORA components as predictive
biomarkers of progression.

With greater knowledge of individual signs and their
association with disease progression, it will be possible to
inform artificial intelligence algorithms to develop robust
models to predict progression. Determining the rate of
progression from iRORA to cRORA will be important in-
formation when considering the design of new interven-
tional studies to prevent the development of atrophy.
Thereafter, a possible way to show efficacy of a therapeutic
intervention to slow or halt progression from iRORA to
cRORA in clinical trials is to demonstrate alteration of this
progression trajectory. The Food and Drug Administration
has suggested that the onset of atrophy, if able to be
measured precisely and reproducibility, could be acceptable
as a trial end point.” In a recent intervention trial of
subthreshold laser in participants with bilateral large
drusen, progression to nGA was used as an outcome
measure, providing initial support for nGA as a surrogate
end point for GA.™

Photoreceptor cells contribute to multiple bands of
alternating reflectivity in OCT images: OPL (synaptic ter-
minals), HFL (axonal fibers), ONL (cell bodies), ELM
(junctions with Miiller glia), EZ (outer part of photoreceptor
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Figure 11. Screening for incomplete retinal pigment epithelium (RPE) and outer retinal atrophy (iRORA) using an en face slab with boundaries beneath
the RPE to detect both hypotransmission and hypertransmission into the choroid using swept-source (SS) OCT imaging: 6 x6-mm SS OCT angiography
images in an eye with large drusen, with (A) and (D) representing the baseline visit, (B) and (E) represent the 12-month follow-up visit, and (C) and (F)
representing the 20-month follow-up visit, where iRORA is evident (red arrow). A, En face structural image using a custom slab (purple lines) showing a
hyporeflective area (yellow arrow) corresponding to pigment migration (hyperreflective foci) over the druse in (D, yellow arrow). B—F, En face structure
images using a custom slab showing a hyperreflective area (B, blue arrow and C, red arrow), which respectively corresponds to drusen (E, blue arrow) with
hypertransmission (F, white arrow), subsidence of the inner nuclear layer (INL) and outer plexiform layer (OPL), and a faint wedge-shaped band in the
Henle fiber layer (red arrow). In (E), subtle hypertransmission into the choroid, subsidence of the INL and OPL, and attenuation of the RPE are present,

fulfilling all the criteria for iRORA, and again in (F), iRORA is present, and the druse has regressed completely.

inner segments), outer segments, and IZ (interface of outer
segments with RPE apical processes). Miiller glia also
participate in the first 4 of these bands. Clinically, we infer
photoreceptor health based on the integrity of these bands.
An important question is whether changes or disruption in
any of these bands indicate an irreversible commitment to
photoreceptor cell degeneration or whether therapies still
can rescue them. In surgically repaired macular holes, it is
possible to see reversal of some preoperative interruption in
the ELM and EZ. The re-establishment of a continuous EZ
and ELM band in the postoPerative phase correlates with
visual acuity improvement,”’® in which the extent of
preoperative EZ and ELM interruption may be a
determining factor in the gain of visual acuity.”’ Whether
this amelioration in the morphologic changes in the ELM
and EZ anatomic features could occur in the context of
evolving atrophic AMD is not known.

Another important consideration in the study of atrophy
is the intense gliosis of Miiller cells that accompanies
photoreceptor degeneration and loss. Recent histologic
studies of GA have highlighted the role of Miiller cells in
dyslamination of the combined HFL and ONL (i.e., loss of
clear laminar boundaries), formation of the ELM descent
and glial scars, and Miiller cell persistence after photore-
ceptor depletion, all of which complicate the task of
quantifying photoreceptor abundance and health.”® *° The
ELM descent occurs in advance of degeneration in the
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RPE—Bruch’s membrane complex, a process that is hy-
pothesized as Miiller cells barricading the surviving pho-
toreceptors from factors present in the damaged atrophic
zone.”! Herein, we show that the ELM descends on top of
individual druse along with RPE loss (Fig 5). Because of
the precise arrangement of cells that comprise the
normally hyporeflective HFL and ONL, it may be
possible to recognize reflectivity changes accompanying
gliosis in this layer on OCT (Fig 5). Exploring HFL and
ONL intensity as a predictor of atrophy expansion thus
may have merit.*”

Limitations of our study include the case-based nature of
our analysis that may have biased our conclusions. The
overall rate of transition from iRORA to cRORA and the
proportion of eyes in which this transition occurs is not yet
known and requires large prospective studies. However, the
purpose of this report, which builds on the CAM 3 report,”’
is to establish a framework around which researchers can
move forward to fill in these critical knowledge gaps. We
also recognize that the constellation of anatomic signs that
we describe are not an absolute, all-or-none phenomena;
cases of atrophy can occur through other pathways.”’ In
many cases of drusen-associated atrophy, we believe the
anatomic changes follow the described pathway. Our
strength is that a group of experts came to a consensus for
signs that we hypothesize indicate that the path to atrophy
has begun, with an increased risk of vision loss resulting
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from late AMD. The Food and Drug Administration has
indicated that it looks to the scientific community for
consensus as to when a significant biomarker of disease
progression has been reached.” Creating a path forward to
allow further definition of this risk through well-designed
clinical studies is essential to satisfy the regulatory author-
ities and to keep industry collaborators engaged in AMD
research, ultimately leading to the development of new
AMD therapeutics.

In conclusion, an international consensus classification
system and criteria for OCT-defined anatomic changes that
occur before GA has been advanced, with iRORA described
both clinically and pathologically and case examples of
longitudinal progression to cRORA provided. Future studies
are needed to determine our ability to identify these signs
reproducibly and to provide the progression rates from
iRORA to cRORA, facilitating their use as robust outcome
measures applicable in the design of clinical trials. Although
there is still much to learn about the longitudinal history of
AMD based on natural history studies and histopathologic
features, the proposed consensus nomenclature will find
application in studies such as the large European MACU-
STAR program.** Consideration of these features will be
essential for designing interventional trials for treatments
that aim to slow progression, because they are potential
confounders.
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Appendix 1.
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