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PURPOSE. We sought to determine whether information revealed from the reflectance,
autofluorescence, and absorption properties of RPE cells situated posterior to reticular
pseudodrusen (RPD) could provide insight into the origins and structure of RPD.

METHODS. RPD were studied qualitatively by near-infrared fundus autofluorescence (NIR-AF),
short-wavelength fundus autofluorescence (SW-AF), and infrared reflectance (IR-R) images,
and the presentation was compared to horizontal and en face spectral domain optical
coherence tomographic (SD-OCT) images. Images were acquired from 23 patients (39 eyes)
diagnosed with RPD (mean age 80.7 6 7.1 [SD]; 16 female; 4 Hispanics, 19 non-Hispanic
whites).

RESULTS. In SW-AF, NIR-AF, and IR-R images, fundus RPD were recognized as interlacing
networks of small scale variations in IR-R and fluorescence (SW-AF, NIR-AF) intensities.
Darkened foci of RPD colocalized in SW-AF and NIR-AF images, and in SD-OCT images
corresponded to disturbances of the interdigitation (IZ) and ellipsoid (EZ) zones and to more
pronounced hyperreflective lesions traversing photoreceptor-attributable bands in SD-OCT
images. Qualitative assessment of the outer nuclear layer (ONL) revealed thinning as RPD
extended radially from the outer to inner retina. In en face OCT, hyperreflective areas in the
EZ band correlated topographically with hyporeflective foci at the level of the RPE.

CONCLUSIONS. The hyperreflective lesions corresponding to RPD in SD-OCT scans are likely
indicative of degenerating photoreceptor cells. The darkened foci at positions of RPD in NIR-
AF and en face OCT images indicate changes in the RPE monolayer with the reduced NIR-AF
and en face OCT signal suggesting a reduction in melanin that could be accounted for by RPE
thinning.

Keywords: age-related macular degeneration, AMD, bisretinoid, fundus autofluorescence,
lipofuscin, reticular pseudodrusen, spectral-domain optical coherence tomography, scanning
laser ophthalmoscope

Fundus features that are indicative of vision-threatening age-
related macular degeneration (AMD) include soft drusen

and pigmentary abnormalities. In high resolution images of
intermediate and advanced AMD, reticular pseudodrusen
(RPD,1 also referred to as subretinal drusenoid deposits
[SDD]2) constitute an additional lesion that also is observed
frequently. While not readily detectable in color fundus images,
RPD, when present, are prominently displayed in near-infrared
reflectance (IR-R) and short wavelength autofluorescent (SW-
AF) fundus images and by confocal scanning laser ophthalmos-
copy (cSLO).3–6 In fundus images RPD manifest as interlacing
networks of small scale variations in IR-R and SW-AF
intensities.4–6 RPD patterns consist of interconnected bands
of hypoautofluorescence or hyporeflectance that assume a
reticular pattern (ribbon-like subtype); alternatively, the dark-
ened lesions can present as confluent rounded or oval forms,
some of which have a bright central dot and, thus, form target-
like configurations.2,7–10

RPD are reported to be most obvious in the superior
perifovea, the area of retina having the greatest density of
rods11 and highest levels of RPE lipofuscin.12,13 The presence

of RPD is associated strongly with impaired dark adaptation14

and reduced scotopic sensitivity measured by microperime-
try15 and with delays in implicit times of multifocal electroret-
inography (mfERG).16 RPD almost always are present
bilaterally.2,3,17,18 The presence of RPD in the fundus coincides
with features of AMD, such as large sub-RPE drusen and
pigmentary changes, and the association is highest with geo-
graphic atrophy (GA).19 Indeed, the progression of GA was
more frequent in fundus areas exhibiting RPD compared to
those areas free of RPD.20 Moreover, AMD and RPD share
susceptibility factors that include increasing age, smoking, and
known risk genotypes.19

The morphologic correlates of RPD have been debated. Some
investigators have attributed RPD to disease-related structural
variants within the choroidal vasculature.9,21,22 Other investiga-
tors have demonstrated, using spectral domain–optical coher-
ence tomography (SD-OCT) images, that these lesions are located
in the outer retina. In SD-OCT scans, RPD are described typically
as accumulations within the subretinal space.2,23 They have been
attributed to unphagocytosed outer segments or debris buildup
from RPE8,24,25 and the cause of degeneration of overlying
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photoreceptor cells.26 In SD-OCT scans, RPD correspond to well-
defined conical or triangular hyperreflective deposits on the
apical side (toward the cornea) of the RPE monolayer,24 as
opposed to conventional drusen that form on the basal/scleral
side of the RPE. The material itself, for the most part, has a
molecular composition different than sub-RPE drusen.8,27

Precise phenotyping is essential to the appropriate selec-
tion of patients for clinical studies aimed at evaluating
treatment efficacy. Several studies have emphasized the
importance of defining RPD using multimodal imaging that
includes cSLO and SD-OCT modalities.15,18,28 We also applied
the modalities of near-infrared fundus autofluorescence (NIR-
AF) and en face SD-OCT to the study of RPD. NIR-AF is a fundus
imaging modality with a signal that derives primarily from RPE
melanin29 and that, to our knowledge, has not been applied
previously to probe the intraretinal correlates of RPD. We
determined whether information revealed from the reflec-
tance, autofluorescence, and absorption properties of RPE
cells situated posterior to an RPD lesion could provide insight
into the origins and structure of RPD.

METHODS

Patients

We studied 23 patients recruited prospectively at Columbia
University with a clinical diagnosis of RPD. Patient ages
ranged from 55.4 to 89.7 years. The patients underwent a
complete ophthalmic examination including evaluation of
best-corrected visual acuity. Clinical and demographic data
are presented in the Table. AMD was classified according to
the 5-stage image-based criteria established by the Beckman
Initiative for Macular Research30 (Table). Patients were
included in the study if reticular pseudodrusen were
determined to be present in an eye when detected by IR-R,
NIR-AF, SW-AF, and SD-OCT images.

All procedures adhered to the tenets of the Declaration of
Helsinki and written informed consent was obtained from all
patients after full explanation of the procedures. The study was
performed with the approval of the institutional review board
of Columbia University, and all patients were enrolled in
accordance with the tenets set out in the Declaration of
Helsinki. Informed consent was obtained before enrollment.

SW-AF Imaging

SW-AF images (308 3 308 field, 488 nm excitation) were
acquired using a scanning laser ophthalmoscope (cSLO;
Spectralis HRAþOCT; Heidelberg Engineering, Heidelberg,
Germany) in the high-resolution mode (8.9 frames/sec; 9–12
frames/sec; up to 100 frames, automatic real-time tracking).
Pupils were dilated to at least 7 mm with topical 1%
tropicamide and 2.5% phenylephrine. The fundus was exposed
for 20 to 30 seconds to bleach rhodopsin during focus and
alignment; detector sensitivity was adjusted to prevent gray
level (GL) saturation (<175) and frames were aligned and
saved in nonnormalized mode.

NIR-AF Imaging

NIR-AF images (308 3 308 field, 787 nm excitation, >830 nm
emission) were acquired with the HRA2-SLO (Heidelberg
Engineering) using the indocyanine-green angiography mode
(787 nm excitation) and a sensitivity of 96. To obtain high-
quality images the eye-tracking function was used, and 100
single frames were averaged and saved in normalized mode.
Images were registered using i2kRetina software (DualAlign
LLC, Clifton Park, NY USA).

SD-OCT Imaging

SD-OCT images were acquired with the Spectralis (Heidelberg
Engineering) as horizontal 9 3 9 mm scans (870 nm; 7 microM

TABLE. Summary of Demographic and Clinical Findings

Patient Age Sex Race/Ethnicity

BCVA logMAR *BIMR Classification

OD OS OD OS

1 55.4 F Hispanic 0.00 0.00 0 0

2 83.8 M White 0.88 0.54 4 4

3 76.8 F White 0.10 0.00 3 3

4 79.2 F White 0.00 0.18 3 3

5 83.9 F White 0.20 1.30 3 4

6 78.6 F White 0.30 0.10 3 3

7 88.6 M White 0.70 0.10 4 3

8 84.6 F Hispanic 0.39 0.39 4 4

9 81.7 F White 0.10 0.20 0 0

10 74.9 F White 0.10 0.20 3 3

11 79.6 F Hispanic 0.39 0.10 3 2

12 79.9 F White 1.30 0.10 4 4

13 80.3 F White 0.10 0.88 4 4

14 85.8 F White 0.39 0.88 3 2

15 80.6 F White 0.10 0.39 3 3

16 86.9 M White 0.00 0.18 2 4

17 72.4 F Hispanic 0.00 0.00 4 4

18 89.1 M White 0.54 0.10 4 3

19 80.2 F White 0.10 0.47 3 3

20 84.5 M White 0.00 0.00 3 3

21 80.4 F White 0.87 0.30 4 3

22 80 M White 1.3 0.1 2 2

23 89.7 M White 0.2 0.2 0 0

* Grading according to clinical classification of Beckman Initiative for Macular Research.
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axial resolution) through the macula acquired in high-
resolution mode with averaging of 100 single scans. The scans
were registered automatically to a simultaneously acquired IR-R
(820 nm) fundus image, which was later used for point-to-point
correlation with other fundus images. Nomenclature used to
identify reflectivity bands in SD-OCT images were as pub-
lished.31 Increased signal transmission posterior to RPD in SD-
OCT scans was defined as an RPD-associated column of
hyperreflectivity projecting into the choroid. The width of this
increased transmission corresponded approximately to the
width of the RPD as viewed along the RPE/Bruch’s reflectivity
layer.

Images also were acquired on a high definition OCT (HD-
OCT Cirrus Model 5000; Carl Zeiss Meditec, Dublin, CA) as
angiography (6 3 6 or 3 3 3 mm scanning area) or macular
cube volume scans (6 3 6 mm; 5123 128 scans; 5 microM axial
resolution; 840 nm). The scans were captured together with a
near infrared fundus image (750 nm). Using HD-OCT software
(version 9.5.0.8211; Carl Zeiss Meditec) en face maps (C-scans)
were generated at the level of the ellipsoid zone (offset �45,
thickness 21 lm) and RPE-Bruch’s membrane (offset 0,
thickness 21 lm).

Outer Retinal Reflectivity Analysis

OCT layer reflectivity, or local pixel gray level values, were
analyzed on single horizontal and volumetric B scans from the
Spectralis HRAþOCT using the open-source analysis software
Fiji.32 Reflectivity profiles along the entire width of the B scan
were generated by segmenting the full length of the RPE layer
while cross-layer profiles were generated from straight lines
positioned perpendicularly with respect to the RPE band.

RESULTS

SW-AF, NIR-AF, IR-R, and SD-OCT images were analyzed in 39
eyes of 23 patients aged 55.4 to 89.7 years (mean age, 80.7 6
7.1 SD years; Table); the advanced age of the cohort was
consistent with previous studies reporting that cohorts of RPD
patients tend to be older than non-RPD AMD groups.4,7,20,33,34

There were 16 women and 4 patients self-identified as
Hispanic, while the rest were white. RPD were identified in
all patients (39 eyes). Classical sub-RPE drusen were present in
33/39 eyes and 15 eyes presented with late AMD (neovascular
and/or GA; category 4; Beckman Initiative for Macular
Research30).

As previously reported, RPD patterning in SW-AF images
(39/39 eyes) took the form of repeating units of hypoauto-
fluorescence visualized as interlacing ribbons or circular to
oval darkened foci surrounded by brighter annuli (Figs. 1A,
2A). Matching gray scale variations were observed in the NIR-
AF images; signals in the latter images were derived largely

from RPE melanin. The darkened foci of the RPD lesion and the
brighter annuli colocalized in SW-AF and NIR-AF images (Figs.
1B, 2B). Because of what appeared to be better contrast, RPD
could be visualized more readily in the NIR-AF images. As
shown in Figure 1, the NIR-AF signal in the central fundus of
healthy eyes is considerably elevated as has been described
previously29 (Fig. 1C). The fundus patterning associated with
RPD generally extended into this area of high NIR-AF emission,
noticeably altering its contours (Figs. 1B, 2B). In some eyes (for
instance P4; 13/39 eyes) exhibiting RPD, the NIR-AF signal
emanating from the fovea and perifovea was reduced (Figs. 1B,
2B). In contrast to the brighter NIR-AF pattern in healthy eyes,
the normal SW-AF signal in the central macula is reduced due
to the presence of macular pigment extending to an
eccentricity of 68 to 88 from the fovea (maximum absorbance,
460 nm).35 In SW-AF images, few RPD were visible inside the
spatial limits of this area and the RPD did not alter the
distribution of macular pigment (Figs. 1A, 2A). Thus, NIR-AF
imaging was advantageous for the detection of RPD in foveal
and perifoveal retina.

Reticular pseudodrusen also were identified as hyporeflec-
tant aberrations in IR-R images (Fig. 2C), as described
previously.2–6,10 In IR-R images, RPD could be more discernible
centrally perhaps at least in part due to the higher melanin
optical density.36

In SD-OCT images, the hypo-AF foci identified as RPD in
NIR-AF images corresponded to hyperreflective changes. In
some cases, these changes were characterized by a diffuse
hyperreflectivity of the interdigitation zone (IZ) and subtle
undulations that altered the contour of the ellipsoid zone (EZ)
band (39/39 eyes; Figs. 2E, 3C),2,10,37–39 consistent with Stage
2 of a previously described grading scheme.2 These aberrations
corresponded to darkened foci in SW-AF and NIR-AF images. In
other cases (34/39 eyes), RPD observed in NIR-AF and SW-AF
fundus images corresponded to hyperreflective foci in SD-OCT
images that traversed photoreceptor-attributable bands and
extended through the EZ (Stage 3 in the report of Zweifel et
al.2; Figs. 2E, 3A, 3B). As hyperreflective deposits, these
aberrations tended to interrupt the EZ and external limiting
membrane (ELM) rather than displace these bands and the EZ
and ELM were continuous on either side of the RPD (34/39
eyes; Figs. 2E, 3). Radial extension of the hyperreflective
deposits as far as the outer nuclear layer (ONL)–attributable
band was readily visible due to the contrast with the
hyporeflectivity of the latter (Fig. 2E). ONL thinning, judged
qualitatively, was observed (34/39 eyes) when the hyper-
reflective lesion extended through IZ- and EZ-attributable
bands. In the case of some RPD (10 eyes), increased
transmission of signal was observed on the choroidal side of
the RPD (Figs. 3A, 3B). Bright spots were visible within some
darkened foci of SW-AF, NIR-AF, and IR-R images when the peak
of the pyramidal- or barrel-shaped deposit projected through

FIGURE 1. Representative fundus images of P9 exhibiting reticular pseudodrusen (A, B). Images of reticular pseudodrusen were acquired as SW-AF
(A) and NIR-AF (B). Examples of corresponding areas in (A) and (B) are shown in red rectangles for comparison. NIR-AF in a healthy eye (C).
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the EZ (16/39 eyes). These are the target lesions described
previously in IR-R images.7,15,39,40

En face (coronal) OCT imaging (32/39 eyes) at the selected
depth of the EZ revealed multiple small round hyperreflective
abnormalities (Fig 2D) that colocalized with RPD lesions
observed in SW-AF, NIR-AF, and IR-R images. B-scan and en face
structural images were acquired with the Zeiss HD-OCT Model
5000 instrument from 19 patients (32/39 eyes) with RPD (Fig.

4). The hyperreflective foci at the EZ level corresponded to
foci of diminished reflectivity in images positioned at the RPE
(Fig. 4).

We measured reflectivity intensities within the RPE/Bruch’s
attributable SD-OCT layer in 18 patients (18 eyes) exhibiting
RPD disease; patients with macular atrophy and/or choroidal
neovascular disease were excluded. Scans exhibiting excessive
signal noise or nonuniformity of reflectance throughout the

FIGURE 2. Multimodal imaging of reticular pseudodrusen in P4. RPD colocalize as darkened foci in SW-AF (A), NIR-AF (B), and IR-R (C) images
acquired with Spectralis (SW-AF, IR-R) and HRA2 (Heidelberg Engineering). In en face SD-OCT images acquired with Zeiss Cirrus (coronal) at the
level of EZ. (D) RPD present as multiple reflective circles exhibiting borders of reduced reflectivity (dark). Examples of corresponding lesions are
indicated by black, blue, and white arrows. Magnified insets are shown for (A–D). The foveal hyperreflective spot in the IR-R image (C) is a normal
‘‘umbo.’’36 (E) Reticular pseudodrusen as revealed in a horizontal SD-OCT image. Horizontal axis of the SD-OCT scan in (E) is indicated by green

line in the IR-R image. RPD can present as intermittent thickening of the IZ and EZ bands (green arrows).

FIGURE 3. Representative SD-OCT images of RPD. Horizontal axes of the SD-OCT scans are indicated by green lines in the IR-R images. RPD
present with hyperreflective interiors (green arrowheads; [A, B]) as opposed to the moderate reflectivity of classical drusen (white asterisks; [A]).
Transmission into the choroid is a feature of some RPD (red asterisks in [A, B]) but not all (green arrowheads without red asterisk in [A]). Patient 7
(A), Patient 3 (B). RPD can present as intermittent thickening of the IZ and EZ bands (green bracket in [C]); Patient 1 (C). RPD also can present as
sharp pyramidal lesions breaking through IZ and EZ bands (green bracket in [D]); Patient 23.
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length of the scan due to axial tilt, media obstruction, or
excessive vessel shadowing were excluded from analysis.
Reflectivities recorded along the axes of the horizontal scans
(Fig. 5, white traces) revealed downward deflections (reduced
reflectivity) corresponding to RPD visible in the SD-OCT
images. Reductions in reflectivity were less pronounced when
RPE presented as shallow undulations and were broader at
their base and more pronounced when the RPD were
conically-shaped (e.g., P3). A second set of reflectivity profiles
generated at right angles (coronal plane; Fig. 5, insets, and blue
and red traces) showed that reductions in RPE/Bruch’s
membrane reflectivities were greater in association with RPD
(Fig. 5, inset, red traces, and red vertical dotted lines) as
compared to immediately adjacent regions (blue traces and
blue dotted vertical lines). En face OCT images (Fig. 5, right
panels) illustrated the colocalization of reflectivity reductions
in RPE/Bruch’s membrane and the EZ layer.

As can be seen in Figure 6, in all eyes exhibiting RPD lesions
in SW-AF images, similar lesions were visible in NIR-AF and IR-R
images and corresponding reflectivity changes were detected
at the selected depths of the EZ and RPE in en face OCT
images. In all patients, moreover, RPD visible in the fundus
corresponded to alterations in horizontal SD-OCT scans that
presented as corrugations of the IZ and EZ bands or prominent
hyperreflective conical-shaped aberrations in photoreceptor-
attributable SD-OCT bands (Figs. 2, 3).

DISCUSSION

The NIR-AF signal emanates primarily from RPE melanin
although there also is a minor contribution from choroidal
melanocytes.29,41–43 SW-AF, on the other hand, is emitted by
the fluorescent bisretinoids of RPE lipofuscin that originate in
photoreceptor cells and accumulate in RPE after phagocytic
transfer.44 We found that NIR-AF imaging enabled detection of
RPD in central areas of the macula where macular pigment
obscures visibility in SW-AF images. NIR-AF imaging for the
detection of RPD was, in some cases, superior to SW-AF and IR-

R because of the increased contrast afforded by NIR-AF.45 A
limitation of our study was that, although the SW-AF and SD-
OCT findings were consistent with earlier work, not all
patients were tested at the same time interval after disease
onset and the patients were not followed longitudinally.

We observed that in NIR-AF and SW-AF images, RPD are
relatively hypoautofluorescent, the darkened foci in SW-AF
images colocalizing with similarly darkened foci in NIR-AF
images (Figs. 1, 2). The reduced NIR-AF at positions of RPD is
unlikely to be due to absorption by tissue anterior to the RPD,
since the latter is negligible at wavelengths of 600 to 1300
nm.46 We also have given consideration to the hyperreflectivity
of the RPD lesion (as visualized in the photoreceptor-
attributable SD-OCT bands) and whether the scattering could
reduce NIR light transmission, and thereby account for the
reduction of NIR-AF and IR-R (Figs.1, 2) originating in the RPE
monolayer. However, the light that is reflected by the RPD is
only a minor portion of NIR light that is delivered for OCT
imaging. Moreover, reduced transmission into the choroid
(viewed as a darkened column extending posterior to RPE/
Bruch’s membrane) is not observed in association with RPD
and in some cases transmission is increased (Fig. 3).
Additionally, if the darkened RPD foci in NIR-AF and IR-R
fundus images were caused by scattering and reduced
transmission through the lesion visible in photoreceptor cell
attributable SD-OCT bands, one might expect the extent of
darkening to vary with the stage of the RPD lesion (for
instance, shallow corrugations versus conical lesions) in SD-
OCT scans, but this is not observed. Fundus flecks in recessive
Stargardt disease also present as hyperreflective lesions in
photoreceptor-attributable OCT layers, and have an appear-
ance that is strikingly similar to RPD.47 Yet, the hyper-
reflectivity visible by SD-OCT imaging does not appear to
determine lesion presentation in NIR-AF images. Specifically,
flecks correspond to foci of absent NIR-AF in fundus images47

while RPD in SD-OCT scans colocalize with NIR-AF that is
reduced but not absent. For these reasons, we expect that the
autofluorescence and reflectivity originating in RPE posterior

FIGURE 4. En face OCT images generated using the HD-OCT Zeiss Cirrus 5000. (A) En face OCT images (C-scan, 3 mm 3 3 mm) in healthy eye (A)
and RPD (Patient 4; B) at the level of the EZ and RPE. Angiography cube. En face images show changes in reflectivity corresponding to RPD lesions.
(B) EZ slab demonstrates round lesions with darker edges and brighter hyperreflective center (examples are indicated by red dotted rectangles).
RPE slab shows darker areas of reduced reflectivity at corresponding positions (red dotted rectangles). (C) OCT B-scan, corresponding to the en
face images (B). Horizontal axis of B-scan is shown as green lines in EZ and RPE images (B). In the B-scan are two adjacent RPD lesions (green

arrows) which also can be observed in the en face EZ and RPE slabs (green arrows; [B]). The purple dotted lines in the OCT B-scans (C) indicate
the segmentation lines used to define EZ (upper) and RPE (lower) slabs in (B).
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to the RPD, are a sign of changes in the RPE and are not
imposed by the hyperreflectivity of the RPD.

RPD detected in the fundus by NIR-AF, SW-AF, and IR-R
imaging corresponded, in horizontal SD-OCT scans, to changes
in the contour and reflectivity of EZ in some cases and to
conical hyperreflective lesions anterior to the RPE/Bruch’s
membrane band in other cases. These lesions also could
extend radially through the EZ photoreceptor-attributable SD-
OCT band and become associated with visible ONL thinning. It
has been pointed out that the periodicity of the triangular-
shaped reflectivity deposits prominently visible in horizontal
SD-OCT scans (Figs. 2, 3) cannot explain the RPD patterning
observed in fundus images.27 On the other hand, these lesions
together with early-stage RPD presenting as undulations of
outer retina2,37 (Figs. 2, 3) do have sufficient regularity to

account for the RPD network.

In NIR reflectance fundus images, RPD present as darkened
lesions. With C-scan reconstruction of the OCT images, and
alignment to the plane of the EZ and RPE, hyperreflective
ovoid or round areas at the level of the EZ in en face SD-OCT
were aligned spatially with hyporreflective ovoid or round foci
viewed in the RPE band. As discussed above, the lesions in en
face images of RPE cannot be attributed to optical shadowing
(interception of light by an opaque substance) since light in
the NIR range (700–1400 nm) is absorbed only weakly by
biological tissues. cSLO images produced using 870 nm light
are primarily determined by reflected light.48 RPE melanin is a
reflector36,49,50 and major contributor to the intensity of the
RPE/Bruch’s band in SD-OCT.51 Thus, it is reasonable to
suggest that the reduced reflectivity in the en face OCT images
positioned within the boundaries of the RPE is due to a
reduction in RPE melanin reflectivity. This interpretation is
consistent with the reduced melanin associated–NIR-AF signal

FIGURE 5. Reflectivity profiles generated from outer layers of retina. Left: RPE /Bruch’s membrane reflectivity profile (white trace) extracted from
OCT B-scans (Spectralis HRAþOCT). P4, P7, and P3. Below each SD-OCT B-scan the RPE-Bruch’s membrane reflectivity profile is plotted as a white

trace. Insets present magnified views of areas of SD-OCT scan indicated by a white bracket below the full scan. The corresponding coronal
reflectivity profiles (horizontal red and blue traces) at positions on the expanded OCT scan are shown for reflectivities under the apical tip of RPD
(red trace, red vertical dashed line) and adjacent to the RPD (blue trace and blue vertical dashed line). RPE reflectivity associated with RPD is
reduced. Right: en face OCT images (HD-OCT Cirrus 5000) at levels of EZ and RPE in the same patients. Changes in reflectivity correspond to RPD
lesions.
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associated with RPD in fundus images. The presence of
increased transmission of optical signals posterior to the RPE,
in the case of some RPD24 (Fig. 3) is indicative of more
advanced RPE disease.

We suggest that the RPD lesions observed in the photore-
ceptor-attributable layers of SD-OCT scans denote photorecep-
tor cells that are undergoing a degenerative process that begins
in outer segments and progresses radially. These photoreceptor
cells may be degenerating secondary to RPE changes. Imaging
by SW-AF and NIR-AF, together with en face OCT, indicates that
the configurations recognized as RPD are associated with
periodic abnormalities in the RPE monolayer. Perhaps the
reticular patterning can be accounted for by cellular reorgani-
zation undertaken to fill gaps in the RPE monolayer left by cell
loss. Under such a process, RPE cell drop-out would be the

nidus of RPD organization. Remodeling of the RPE layer,
through processes of cell migration and spreading and
concomitant thinning, could account for the reduced signal
originating in RPE: reduced melanin signal detected as NIR-AF;
reduced reflectivity observed in en face OCT images and
diminished SW-AF. This premise is consistent with the
irregularities in the shape and size of RPE observed in
association with RPD in histologic material.24 Perhaps when
the ability of the RPE cells to compensate for the loss of
neighbors is exhausted, atrophic areas form. Herein would be
an explanation for the association between RPD disease and
GA. Considerable remodeling of the RPE monolayer has been
reported in normal aging with an increase in large RPE cells
being indicative of compensation for cell loss.52 RPE changes
with the possibility of accompanying cell dysfunction and a

FIGURE 6. Compilation of fundus images illustrating patterns of reticular pseudodrusen visible with en face OCT at the level of EZ and RPE (Zeiss
Cirrus 5000). Also shown are NIR-AF, SW-AF, and IR-R images obtained with the Heidelberg Spectralis and Heidelberg HRA2 (Heidelberg
Engineering). P, patient. All patients presented with a phenotype consisting of predominantly pseudodrusen.
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loss of trophic support for the choriocapillaris also could
explain the reduced choroidal thickness that has been reported
in association with RPD.53–55
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