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Retro mode illumination for detecting and quantifying the area
of geographic atrophy in non-neovascular age-related macular
degeneration
Giulia Corradetti1,2,3, Iksoo Byon1,4, Federico Corvi1,5, Mariano Cozzi5, Giovanni Staurenghi5 and SriniVas R. Sadda1,3✉

© The Author(s), under exclusive licence to The Royal College of Ophthalmologists 2021

PURPOSE: To evaluate the ability of retro mode illumination imaging for quantifying atrophy compared to confocal color fundus
photography (c-CFP), green light fundus autofluorescence (G-FAF), blue light fundus autofluorescence (B-FAF) using the scanning
laser ophthalmoscope (SLO) Mirante device by Nidek (Nidek Co., Ltd, Gamogori, Japan).
METHODS: Eyes with clinical evidence of geographic atrophy (GA) associated with non-neovascular age-related macular
degeneration, evaluated at the Doheny Eye Centers-UCLA and Hospital Sacco Milan, were included in this prospective, cross-
sectional study. All eyes were imaged with multiple retinal imaging modalities using the SLO Nidek Mirante device: c-CFP, G-FAF,
B-FAF, retro mode illumination deviated-right (RMDR), and deviated-left (RMDL). Masked graders measured the GA lesion on each
modality and inter-modality and inter-grader repeatability were assessed.
RESULTS: The mean (SD) area of GA measured 9.76 (3.82) mm2, 9.75 (3.91) mm2, 9.76 (3.92) mm2, 9.82 (3.87) mm2, and 9.81 (3.86)
mm2 using c-CFP, G-FAF, B-FAF, RMDR, and RMDL, respectively (p= 0.2). Inter-modality correlation was high (Pearson’s r > 0.9 and
p < 0.0001). Agreement between graders was excellent for all modalities.
CONCLUSIONS: Retro mode imaging demonstrated good agreement for measuring GA compared to other imaging modalities,
with a high level of repeatability. Given that retro mode imaging uses infrared light and is comfortable, it may prove to be a useful
tool for the assessment of GA in the clinic.
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INTRODUCTION
Age-related macular degeneration (AMD) is a leading cause of
vision loss and blindness worldwide in developed nations [1].
Geographic atrophy (GA) is considered to be the late stage of the
non-neovascular form of the disease [2]. GA is characterized by a
well-demarcated area of loss of the retinal pigment epithelium
(RPE), overlying photoreceptors, and underlying choriocapillaris
(CC) and is most commonly monitored using flash color fundus
photography (f-CFP) or fundus autofluorescence (FAF) [3–5].
Quantification of GA by FAF has been introduced as a primary
outcome parameter in clinical trials for non-neovascular AMD for
regulatory approval [3, 6–9]. The major contributor to the
autofluorescence from the posterior segment of the eye is
lipofuscin, a material that accumulates within RPE cells. Thus,
lipofuscin can provide insight into the integrity of RPE, and the
loss of the lipofuscin signal can suggest loss or dysfunction of the
RPE or their overlying photoreceptors [10]. Compared with f-CFP
where the borders of the GA lesion may be difficult to identify in
some cases in the absence of good stereopsis, the high contrast of
FAF imaging allows the GA lesion to be delineated reliably. FAF
imaging, however, is not without disadvantages. One of the

limitations, particularly when blue-light FAF is used, is that the
central macular luteal pigment absorbs blue light resulting in
hypofluorescence centrally which may make a determination of
foveal involvement by the GA lesion difficult [11]. Another
disadvantage of FAF is the intense short-wavelength light may
be uncomfortable for patients and there are theoretical concerns
for retinal toxicity with blue light exposure [12–17]. GA lesions are
also well-seen on optical coherence tomography (OCT), which has
the additional advantage that the specific layers involved by the
atrophic process can be directly visualized. Recently, the
Classification of AMD Meetings (CAM) group proposed a
consensus definition for atrophy on OCT, termed complete RPE
and outer retinal atrophy (cRORA) based on a constellation
features: (1) a region of hyper transmission of ≥250 in diameter, (2)
a zone of continuous attenuation or disruption of the RPE of ≥250
µm in diameter, (3) evidence of overlying photoreceptor
degeneration, and (4) absence of scrolled RPE or other signs of
an RPE tear [18]. Although the CAM proposed that OCT could be
used as the base or reference modality to identify atrophy, they
recommended that a multimodal imaging approach may provide
the most complete assessment of the atrophic lesion [3]. The
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information from the various imaging modalities may be
complementary. For example, the FAF patterns surrounding the
GA lesion may predict the rate of progression or enlargement of
the atrophy. In this study, we evaluate a newer imaging modality,
retro mode illumination imaging, which provides greater contrast
for identifying fundus lesions at different depths. In this analysis,
we specifically compare the ability and reliability of retro mode
illumination for quantifying atrophy compared to c-CFP, B-FAF,
and G-FAF.

METHODS
This is a prospective, observational, cross-sectional, multicentre study. The
study adhered to the tenets of the Declaration of Helsinki and Health
Insurance Portability and Accountability Act and was approved by the
UCLA Institutional Review Board (IRB Ocular Imaging Study) and by the
Luigi Sacco Hospital Ethics Committee in Milan.

Subjects enrollment
Consecutive patients over the age of 55 with a clinical diagnosis of non-
neovascular late-stage AMD [19] with evidence of subfoveal geographic
atrophy in one or both eyes who were evaluated between March 2019 and
January 2020 at the retina clinics of the Doheny UCLA - Eye Center and the
Luigi Sacco Hospital - Milan were considered eligible for this study.
Geographic atrophy was recognized as a well-demarcated area of
depigmentation associated with visible underlying choroidal vessels on
fundus ophthalmoscopy and confirmed by the presence of cRORA [18]
(OCT Spectralis Heidelberg; Germany) as defined in CAM Report 3. Eyes
with any history of anti-vascular endothelial growth factors (VEGF)
injections or evidence of macular atrophy associated with macular

neovascularization were excluded. We also excluded eyes with clinically
significant media opacity or any other evidence of retinal disease. Written
informed consent was obtained from all subjects prior to enrollment. All
patients underwent a complete ophthalmological examination, including
best-correct visual acuity (BCVA), slit-lamp biomicroscopy, and dilated
ophthalmoscopy. BCVA was expressed using the logarithmic scale of the
minimum angle of resolution (logMAR), but was measured using the
Snellen chart.

Imaging
All eyes included in the study were imaged using the SLO Mirante device
(Mirante, Nidek Co., Ltd, Gamagori, Japan) with five different modalities:
confocal color fundus photography (c-CFP), green light fundus autofluor-
escence (G-FAF), blue light fundus autofluorescence (B-FAF), retro mode
illumination deviated right (RMDR) and retro mode illumination deviated
left (RMDL). (Fig. 1)
Confocal SLO Mirante color fundus images are obtained using three

different laser wavelengths (red, 670 nm; blue, 488 nm; green, 532 nm)
coupled to a specific dedicated sensor for each wavelength. The resultant
true color SLO fundus image is acquired at a resolution of 1536 × 1536
pixels (averaged 3x).
Green-light fundus autofluorescence and blue-light fundus autofluores-

cence are generated using excitation wavelengths of 488 nm and 532 nm,
respectively, at a resolution of 1024 × 1024 pixels (averaged 60x). Retro
mode illumination is a relatively novel imaging modality in which the
typical central confocal aperture of an SLO device is substituted by a
laterally deviated circular aperture, which may be deviated-right (DR) or
deviated-left (DL). The scattered light going through the lateral (right or
left) aperture generates a shadow, enhancing the contrast for deeper
structures such as the RPE, producing a pseudo-three-dimensional image
[20–23]. Retro mode illumination uses near-infrared wavelength (790 nm)

Fig. 1 Composite of multimodal imaging in three subjects (one for each line) with late-stage age-related macular degeneration and
evidence of geographic atrophy included in this study. All SLO modalities clearly show geographic atrophy involving the foveal center. The
confocal SLO true color (red, green, and blue lasers) fundus photographs (A, B, C) highlights the central area of geographic atrophy as a region
of depigmentation with increased visibility of the choroidal vessels. The fundus region involved by the atrophic changes is outlined by well-
demarcated borders, which are sometimes more difficult to discern with standard flash photographs. Blue-light (D, E, F) and green-light
autofluorescence (G, H, I) nicely show the central hypoautofluorescent patch with high contrast due to loss of RPE cells associated with GA.
For each subject, retro mode illumination images were acquired using the deviated-right (J, K, L) and deviated-left mode (M, N, O). In retro
mode illumination, the geographic atrophy lesions are represented by pseudo-three-dimensional circular patches with homogenous
reflectivity and evident underlying hyperreflective choroidal vessels. [GA geographic atrophy, SLO scanning laser ophthalmoscopy, RPE retinal
pigment epithelium].
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light to generate a monochromatic image and is acquired at a resolution of
1536 × 1536 pixels (averaged 50x). On retro mode illumination, GA lesions
manifest as well-demarcated regions, which appear depressed as a result
of the pseudo-three-dimensional contrast and also show evidence of
choroidal vessels (hypo-reflective signal) within the bed of atrophy (Fig. 2).
All images from all modalities were acquired with the same field of view of
89°. Images with poor quality or demonstrating atrophy which extended
beyond the borders of the image were not included in the final analysis.

Grading protocol
Images were exported from the SLO Mirante device and imported into
Image J for quantitative analysis. Experienced, independent, and masked
retina specialist graders (GC, IB) independently delineated the borders of
the area of geographic atrophy using Image J. Different modalities from
the same eye were analysed and annotated on different days to minimize
“recall bias” from one imaging modality when grading another imaging
modality of the same eye. For each GA lesion, outlined the total area
expressed in mm2 was automatically computed using ImageJ.

Statistical analysis
The statistical analyses were performed using SPSS software v.26.0 (IBM
Corp, Armonk, New York, USA). Descriptive statistics were used to assess
the frequencies for categorical variables and compute the mean (SD) for
continuous variables. The Shapiro–Wilk test was used to assess the
normality of sample distribution for the continuous variables. One-way
ANOVA analysis for repeated measures was computed to determine the
inter-modality variability in the measurements of GA areas (mm2).
Bland–Altman plots were used to illustrate the limits of agreement among
all ten possible pairwise comparisons in the measurements of the area of
GA for the different modalities. Likewise, Pearson’s r analysis was
calculated to assess the correlation among all different imaging modalities
to determine whether measurement variability was dependent on the
imaging modality. For each imaging modality (c-CFP, G-FAF, B-FAF, RMDR,
RMDL), the absolute inter-grader difference, the coefficient of variation
(CV), and the two-way random absolute agreement intraclass correlation
coefficient (ICC) were calculated. In addition, differences in the measure-
ments of the area of GA between the two graders were plotted using
Bland–Altman graphs. Statistical significance was set at a p value <0.05.

RESULTS
Forty eyes of forty subjects (27 female, 67.5%) with AMD and
clinical evidence of GA were enrolled in the study. Mean ± SD age
of the enrolled subjects was 78.07 ± 7.4 (range 65–91 years). Mean
BCVA ± SD measured 0.59 ± 0.18 logMAR (Snellen range 20/40–20/
100). Twenty-seven eyes showed a unifocal pattern of GA as
defined by FAF (67.5%). Table 1 shows demographics data and
clinical features of the eyes included in the analysis.

Fig. 2 Case of geographic atrophy and drusen associated with
age-related macular degeneration in a 89-year old subject imaged
using retro mode deviated-right illumination imaging by SLO
Nidek Mirante device. The retro mode illumination imaging
produces a monochromatic image. The geographic atrophy lesion
(within the green dotted line) is clearly highlighted and character-
ized by pseudo-three dimensional lesion with homogenous
reflectivity and well-defined borders. The atrophic changes allow
the visualization of the underlying choroidal vessels (white arrow).
[SLO scanning laser ophthalmoscopy].

Table 1. Demographics and clinical data of subjects included in the
analysis.

Demographics and clinical data

Subjects enrolled, n 40

OD, n (%) 25 (62.5)

Age, mean (SD); range 78.07 (7.4); 65–91

Gender, F (%) 27 (67.5)

BCVA logMAR, mean (SD) 0.59 (0.18)

BCVA Snellen range 20/40–20/100

Pattern of GA lesions; n (%) Multifocal 13 (32.5)
Unifocal 27 (67.5)

n Number, OD Right eye, SD Standard deviation, F female, BCVA Best
Corrected Visual Acuity, GA Geographic atrophy.

Fig. 3 Bland–Altman plots assessing the inter-modalities agreement in the measurements of the area of geographic atrophy measured
on SLO Mirante device using five different modalities. The composite illustrates the ten possible pairwise inter-modalities comparisons. The
red line indicates the mean difference between the different modalities, the green dashed line indicates the upper and lower limit of
agreement and the black dashed line indicates the zero difference in the measurements of the GA area using different modalities available on
the SLO Mirante device. [c-CFP confocal color fundus photography, GA geographic atrophy, G-FAF green-light fundus autofluorescence, B-FAF
blue-light autofluorescence, RMDR retro mode deviated-light, RMDL retro mode deviated-left, SLO Scanning Laser Ophthalmoscopy].
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Inter-modality GA area measurements
The mean (SD) area of GA measured 9.76 (3.89) mm2, 9.75 (3.91)
mm2, 9.76 (3.92) mm2, 9.82 (3.87) mm2, 9.81 (3.86) mm2 using c-
CFP, G-FAF, B-FAF, RMDR and RMDL, respectively. A one-way
repeated measures ANOVA was conducted to determine whether
there was a statistically significant difference in the GA area
measurements among the five different imaging modalities. The
data were normally distributed for each modality, as assessed by
Shapiro–Wilk test (p > 0.05). No statistically significant differences
were detected among the five different imaging modalities in the
measurements of GA area, F(4, 1.471)= 1.47, p= 0.2 according to
the one-way repeated measures ANOVA. Figure 3 shows the
agreement between modalities plotted using the Bland–Altman
analysis of the ten possible pairwise comparisons and demon-
strates a high level of consistency. Furthermore, the Pearson’s r
analysis revealed a high correlation between mean GA area
measurements among the different imaging modalities with r >
0.90 (p < 0.0001) for all ten possible pairwise comparisons.

Inter-grader agreement
The mean absolute inter-reader difference in GA area measure-
ments was 0.06 (p= 0.47) for c-CFP, 0.05 (p= 0.54) for G-FAF, 0.06
(p= 0.52) for B-FAF, 0.06 (p= 0.59) for RMDR, and 0.1 (p= 0.41) for
RMDL. The mean intraclass correlation coefficient (ICC) for
absolute measurements was 0.98 (95% CI 0.97–0.99; p < 0.0001)
for c-CFP, 0.99 (95% CI 0.98–0.99; p < 0.0001) for G-FAF, 0.98 (95%
CI 0.97–0.99; <0.0001) for B-FAF, 0.98 (95% CI 0.96–0.99; p <
0.0001) for RMDR and 0.98 (95% CI 0.96–0.99; p < 0.005) for RMDL.
Similarly, the CV demonstrated a high degree of consistency in GA
area measurements across all modalities (0.04 for c-CFP, 0.03 for G-
FAF, 0.04 for B-FAF, 0.05 for RMDR, and 0.05 for RMDL). The inter-
grader agreement results are shown in Table 2. For each modality,
Bland–Altman plots were used to illustrate the trend in GA area
measurement differences between graders (Fig. 4).

DISCUSSION
In this study, we compared five different SLO retinal imaging
modalities for their ability to quantify the area of GA in eyes with
non-neovascular AMD and observed no statistically significant
difference between modalities (one-way repeated measures
ANOVA: F(4, 1.471)= 1.47, p= 0.2). Furthermore, the mean
difference in measured area between modalities ranged between
0.05 and 0.1 mm2 and they were highly correlated (r > 0.9 and p <
0.0001). In addition, all modalities demonstrated a very high level
of agreement between graders for measuring GA lesion area
(Table 2, Fig. 4). In most ongoing clinical trials, the quantification of
GA area has been performed using a confocal SLO blue-light FAF
(excitation wavelength of 488 nm, emission bandwidth of
500–700 nm) [24–26]. The death of RPE and photoreceptors in
GA is associated with loss of lipofuscin and consequently appears
on blue-light FAF as an area with extinguished autofluorescence
[26, 27]. The high contrast between the atrophic and the
perilesional retinal tissue allows a highly precise and accurate
measurement of the GA area. With advances in retinal imaging,
researchers have investigated the use of various imaging
modalities for the measurement of GA lesions in eyes with AMD.
In 2012, Khanifar et al. [28] compared measurements of GA

areas on both f-CFP and FAF images and described a high intra-
observer agreement between f-CFP and FAF, suggesting that both
imaging modalities provide similar measurements of GA area. In
fact, in most cases, the difference in measurements between the
two modalities was close to zero, with a higher coefficient of
variation for f-CFP [28]. The inter-grader repeatability was also
high. Domalpally et al. quantified the area of GA lesions using
color photographs and corresponding fundus autofluorescence,
using a larger cohort (Age-related Eye Disease Study 2–AREDS2
ancillary study) and found that the GA area measurements in Ta
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fundus stereoscopic color photography and fundus autofluores-
cence were similar across all visits (mean difference 0.5 mm2) [29].
In our study, we observed a similar finding with no statistically
significant difference in GA measurements across the various
imaging modalities (one-way repeated measures ANOVA: F(4,
1.471)= 1.47, p= 0.2). In contrast, the GAP study (Geographic
Atrophy Progression Study) reported significant differences in the
measurements of GA areas between CFP and B-FAF although the
measurements were highly correlated [7]. However, in the GAP
study, the FAF annotations were performed by a semi-automated
algorithm, whereas in our analysis all GA lesions were manually
segmented. Wong et al. [30] described excellent agreement
between GA areas, as quantified by standard CFP and FAF
(Spearman correlation, r= 0.986), although slightly yet statistically
significant larger areas were measured on FAF. Several groups
have also evaluated the potential of en face spectral-domain
optical coherence tomography (SD-OCT) for assessment of GA
area [31–34]. Yehoshua et al. observed no statistically significant
difference in average GA area measurements when comparing en
face SD-OCT images to FAF images [31]. SD-OCT offers the
additional advantage of cross-sectional B-scans images which
allows the layers impacted by the atrophy to study precisely. More
recently, Cleland et al. demonstrated that GA area measurements
using SD-OCT B-scans, based on the CAM cRORA criteria, are
reproducible [35]. They also noted that when GA is measured on
en face OCT based on the presence of choroidal hypertransmis-
sion, the lesion measured larger than c-CFP, infrared, or FAF,
though the differences were not statistically significant. To our
knowledge, ours is the first study to evaluate retro mode imaging
for the assessment of atrophy in AMD. In retro mode imaging, the
scattered light is blocked centrally and passes through a lateral
aperture (deviated-right or deviated-left), which creates a shadow
that effectively yields a pseudo-three-dimensional image [20–22].
In our study, the area of GA measured by retro mode was
numerically larger compared to other modalities, though the
differences were small and not statistically significant.

Furthermore, the inter-grader reproducibility for GA measure-
ments by retro mode was very high, and numerically similar
compared to all other modalities. It should be noted that the inter-
grader reproducibility for all modalities in this study was high,
which may be a reflection of the fact that poor-quality images
were excluded from the analysis. Recently, Cozzi et al. [23]
investigated the capability of retro mode imaging for the
detection of drusen and suggested that this technology may be
able to detect subtle drusen with higher sensitivity and specificity
compared to other retinal imaging modalities. In the present
study, the area of GA measured by retro mode was similar to other
modalities (no statistically significant difference), but was numeri-
cally larger. It is possible that retro mode imaging may be more
sensitive for the detection of subtle atrophic changes that are not
apparent on FAF or CFP. However, this will require further
evaluation in larger studies that are powered to detect small
differences, as well as the use of pixel-overlap analyses to
specifically evaluate discrepant regions. Retro mode illumination
offers some important advantages over other imaging modalities
for GA. Patients do not experience the discomfort that is
commonly reported from the intense flash associated with CFP
or the blue/green-light FAF imaging. Also, unlike blue-light FAF
(the current clinical trials gold standard for GA assessment), retro
mode is not impacted by the presence of luteal pigment which
can confound the assessment of the fovea. In addition, the longer
wavelength (790 nm) allows better penetration and potentially
better quality in situations of media opacity. Although it was not
specifically evaluated in this study, retro mode may be superior to
conventional infrared reflectance (IR) imaging, as the pseudo-3-D
effect makes the borders of depressed lesions easier to identify.
However, this hypothesis needs to be evaluated in a future study.
One limitation of retro mode imaging is that in eyes with
significant media opacity or poor fixation, the quality of the image
may not be uniform across the entire field of view, and shadow
artifacts may be observed in the periphery. As the GA lesions are
often centrally positioned, this is usually not problematic in most

Fig. 4 Bland–Altman plots showing the inter-graders agreement in the measurement of GA atrophy using the five different modalities
on SLO Nidek Mirante device. Grader 1 and Grader 2 showed a high degree of concordance in outlining the area of GA in eyes with non-
neovascular age-related macular degeneration using c-CFP, G-FAF, B-FAF, RMDR and RMDL. [GA geographic atrophy, SLO Scanning Laser
Ophthalmoscopy, c-CFP confocal color fundus photography, G-FAF green-light fundus autofluorescence, B-FAF blue-light fundus
autofluorescence, RMDR retro mode illumination deviated-right, RMDL retro mode illumination deviated-left].
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cases, but maybe an issue in eyes with very large lesions. Our
study has several limitations that should be taken into considera-
tion when evaluating our findings. First, the sample size was
relatively small and the majority of lesions were unifocal. Thus, we
cannot extrapolate our observations to specific lesion phenotypes
that were not evaluated in large numbers in our analysis.
However, this is a pilot study to assess the feasibility for retro
mode in this application, and the high level of inter-grader
reliability is a promising finding. Second, we only included eyes
with atrophy associated with non-neovascular AMD, excluding all
other forms of macular atrophy. Third, we did not compare OCT
measurements of atrophy in this analysis, primarily because dense
OCT B-scan volumes were not obtained. This can be a topic of
future analysis. Our study also has strengths, including the use of
experienced, masked, and independent graders, a standardized
grading protocol, and a prospective design. In summary, retro
mode imaging showed good agreement with other planar
imaging modalities for assessment of GA area, and a high level
of reproducibility. As retro mode imaging has some potential
advantages over these other modalities, its feasibility for use in
clinical practice and clinical trials of GA warrants further
evaluation.

Summary
What was known before

● In most ongoing clinical trials, the quantification of GA area
has been performed using a confocal SLO blue-light FAF. The
death of RPE and photoreceptors in GA is associated with loss
of lipofuscin and consequently appears on blue-light FAF as
an area with extinguished autofluorescence. The high contrast
between the atrophic and the perilesional retinal tissue allows
a highly precise and accurate measurement of the GA area.

What this study adds

● To our knowledge, ours is the first study to evaluate retro
mode imaging for the assessment of atrophy in AMD. Retro
mode imaging showed good agreement with other planar
imaging modalities for assessment of GA area, and a high level
of reproducibility.
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