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PURPOSE. To evaluate geographic atrophy (GA) progression in eyes with dry AMD and to
determine factors related to GA expansion, notably reticular pseudodrusen (RPD), also
known as subretinal drusenoid deposits (SDD) or reticular macular disease (RMD).
METHODS. This was a retrospective cohort study of patients with dry AMD who were
diagnosed with GA in at least one eye and were imaged with sequential fundus
autofluorescence (FAF) and/or near infrared reflectance (NIR-R) imaging. Images were
analyzed for the presence of GA within the macular region. Geographic atrophy progression
was measured in the fields of a modified Wisconsin grid and spatially correlated with RPD.
Factors also evaluated for association with GA progression included initial GA size and
pattern.
RESULTS. The study sample included 126 eyes of 92 patients, with an average follow up of 20.4
months (SD ¼ 11.7). At baseline, 93.6% of eyes had RPD, and the average GA area was 2.8
mm2 (SD ¼ 2.9). The average GA progression rate was 0.8 mm2/y (SD ¼ 0.6), with a
statistically significant difference between the unilobular and multilobular phenotype groups
(0.3 mm2/y vs. 0.9 mm2/y, P ¼ 0.02). Patients in the lower 50th percentile of initial GA area
had a lower progression rate than patients in the upper 50th percentile (0.6 mm2/y vs. 1.1
mm2/y, P < 0.001). Geographic atrophy progression was more frequent in fields with RPD
than in those without RPD (74.2% vs. 41.7%, P < 0.001).
CONCLUSIONS. The high correlation between the presence of RPD (also known as SDD or RMD)
and the presence of GA, and the expansion of GA into areas with these lesions suggest that
they are an early manifestation of the process leading to GA.
Keywords: geographic atrophy, age-related macular degeneration, reticular macular disease,
reticular pseudodrusen, subretinal drusenoid deposits, autofluorescence, infrared

A

ge-related macular degeneration is the leading cause of
central vision loss among adults in industrialized countries.1,2 Age-related macular degeneration can be divided into
early and late stages. The late stage of AMD can be further
categorized as neovascular or dry (nonneovascular). While
geographic atrophy (GA) may occur in both the neovascular
and dry forms of AMD,3 it is better characterized in the dry
form. Proposed etiologic mechanisms for the development of
GA include ischemia, senescence, oxidative and photo-oxidative damage, and inflammation, either directly or through
apoptotic mechanisms.4–6 Antioxidant vitamin therapy is the
only treatment option currently available for early AMD, but,
according to later analyses of the Age-Related Eye Disease Study,
it shows no beneficial effect on GA progression rate.7 There is
still no proven effective treatment for atrophy. Thus, the
investigation of clinical factors related to the development and
growth of atrophic lesions in an effort to stop or retard this

process is vital to expediting the search for treatment of AMDrelated atrophy.
The most important histopathologic feature associated with
atrophy is death of affected RPE cells.8 When these cells die, all
of their contents disappear, resulting in the characteristic GA
pattern identifiable in various imaging modalities. In color
fundus photography, GA is specifically attributed to the
disappearance of melanin from RPE cells, resulting in a distinct
area of decreased pigmentation and improved visualization of
underlying choroidal vessels.9 Visualization of underlying
choroidal vessels is also possible when using near infrared
reflectance (NIR-R) images, in which GA is characterized by
areas of hyperreflectance that are observed as brighter areas.
The presentation of GA in fundus autofluorescence (FAF)
images is attributed to the disappearance of lipofuscin from
RPE cells. The autofluorescence normally emitted by RPE
lipofuscin upon stimulation is consequently absent, resulting in
areas of hypoautofluorescence or absent autofluorescence,
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FIGURE 1. From left to right, the classical presentation of reticular pseudodrusen is shown in different imaging modalities: yellow or light
interlacing networks ranging from 125 to 250 lm in width are seen in color fundus photography and red-free imaging, respectively.
Hypoautofluorescent lesions against a background of elevated autofluorescence are observed in autofluorescence imaging. Hyporeflectant lesions
against a background of hyperreflectance are seen in infrared imaging.

which are seen as darker areas.10–15 Geographic atrophy also
includes loss of the choriocapillaris, and the determination of
its pathophysiology is very complex.
Reticular pseudodrusen (RPD) were first described in
patients with AMD in 1990 as a peculiar yellowish pattern in
the macular region (Fig. 1). They were also called ‘‘les
pseudodrusen bleus’’ because of their enhanced visibility with
the use of blue light.16 Since then, numerous imaging
modalities have been used to investigate this pattern. Using
color fundus photographs, an ill-defined network of broad,
interlacing yellowish lesions occurring mainly in the outer
macula was identified. These lesions were considered a
separate entity (a type of drusen referred to as ‘‘reticular
drusen’’) in the Wisconsin Age-Related Maculopathy Grading
System.17 In 1995, a histopathologic analysis of RPD was
published by Arnold et al.15 This study demonstrated a
significant loss of the middle choroidal layer of small vessels
and increased spacing between the large choroidal veins and
led to a new etiologic hypothesis for RPD: a fibrotic
replacement of the choroidal stroma and loss of vascularity
are responsible for the development of RPD, which may be a
marker for choroidal ischemia.15
Improved imaging and visualization of RPD have been
possible due to advances in imaging technology, particularly
scanning laser ophthalmoscopy (SLO). Unlike soft drusen,
these lesions have been observed to be hypofluorescent in the
mid-to-late phases of indocyanine green angiography (ICGA)18
and to correspond to a well-defined reticular pattern visualized
with FAF imaging.19 The term ‘‘reticular macular disease’’
(RMD) was introduced in 2009 and was defined to include RPD
identified in color fundus photography, a reticular pattern seen
in SLO imaging, or both.20 The characteristic appearances of
RPD in different imaging modalities are shown in Figure 1.21
In 2010, Zweifel et al.22 proposed an anatomic theory to
explain the appearance of RPD in advanced retinal imaging
that was different than the vascular theories previously
proposed. Using spectral domain optical coherence tomography (SD-OCT), they identified deposits of drusenoid material
between the RPE and inner segment/outer segment junction,
which they named ‘‘subretinal drusenoid deposits’’ (SDD).
These SD-OCT findings were correlated with histopathology.22
In 2012, Querques et al.23 reported that, on ICGA, reticular
patterns were hypofluorescent and not overlying the large
choroidal vessels and that iso/hyperfluorescent areas adjacent
to reticular patterns corresponded on SD-OCT to subretinal
deposits. They also reported that the choroidal thickness in a
group with RPD was reduced compared with that in a control
group. As a conclusion of their study, they hypothesized that
derangement of the RPE because of underlying atrophy and
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fibrosis of the choroid could lead to the accumulation of
photoreceptor outer segments above the RPE, creating
subretinal deposits.23 Since 2010, results have been presented
to support both suspected etiologies for RPD, the presence of
subretinal deposits and choroidal changes, as well as a
combination of both mechanisms occurring simultaneously.
RPD are a known risk factor in age-related maculopathy,15,24
which is often seen in conjunction with GA. In FAF imaging,
RPD appear as a pattern of hypoautofluorescent lesions against
a background of elevated autofluorescence.15,20,24–26 In NIR-R
imaging, RPD appear as hyporeflectant lesions against a
background of hyperreflectance.24
This study was performed to evaluate GA progression as
evidenced by FAF and NIR-R images in eyes with dry AMD and
to determine factors related to GA expansion, among which
we highlighted RPD.

METHODS
This was a retrospective cohort study in which subjects were
selected from the patient population of a private group retina
practice and from Columbia University Medical Center, both
located in New York, New York. The study was approved by
the Western Institutional Review Board, Olympia, Washington,
and by the Columbia University institutional review board. The
study adhered to the Health Insurance Portability and
Accountability Act of 1996 and followed the tenets of the
Declaration of Helsinki. An informed consent waiver was
granted to allow retrospective analysis from both practices.
Inclusion criteria were a diagnosis of GA in at least one eye
and a minimum of two sessions of FAF and/or NIR-R imaging at
least 6 months apart within the study interval (January 2005 to
October 2010). Exclusion criteria were media opacity that
resulted in poor image quality, photographic artifacts, or
history of choroidal neovascularization, macular thermal laser
photocoagulation, retinal vascular occlusion, retinal detachment, vitreoretinal or glaucoma surgery, RPE tear, macular
hole, central serous chorioretinopathy, or high myopia
(spherical equivalent greater than 6 diopters [D]). The
baseline and final visit for each studied eye were respectively
defined as the first and last visit with NIR-R and/or FAF images
available within the study interval.
Each patient had undergone a minimum of two comprehensive ophthalmologic examinations by a retina specialist. As
standard of care, the examination included evaluation of bestcorrected visual acuity and acquisition of fundus (NIR-R and/or
FAF) images using a confocal SLO (Heidelberg Retina Angiograph 2; Heidelberg Engineering, Heidelberg, Germany).
Imaging in both modalities was performed using a 308 field
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FIGURE 2. Typical NIR-R images of eyes with multilobular (left) and unilobular (right) GA. Images correspond to different patients.

of view at a resolution of 1536 pixels squared. Fundus
autofluorescence images were obtained employing an optically
pumped solid-state laser with an excitation wavelength of 488
nm and a barrier filter of 495 nm, and the standard acquisition
protocol was followed. Fundus autofluorescence images
encompassed the entire macular area (including at least a
portion of the optic disc). Nine single images were averaged to
produce a single frame with improved signal-to-noise ratio.
Focus of the retinal image in the infrared reflection mode at an
excitation wavelength of 820 nm was obtained for acquisition
of at least nine single 308 NIR-R images. Demographic data (age
and sex) and medical history, including hypertension, diabetes,
and smoking (current smoker, past smoker, or never smoked),
were collected for each patient. Each subject’s visual acuity,
refraction, and lens status (phakic, pseudophakic, or aphakic)
were noted.
Geographic atrophy areas were identified on NIR-R as
hyperreflective, well-delineated regions with increased visualization of choroidal vessels, and on FAF as regions with
decreased or absent autofluorescence. Geographic atrophy
was defined as a lesion measuring at least 300 lm in greatest
linear diameter within the macula. Images acquired at baseline
and final visit were selected for analysis. Serial images for each
patient were registered,27 and GA was measured in both NIR-R
and FAF images using custom semiautomated software written
in Matlab (Mathworks, Natick, MA).28,29 Manual revision of the
measured GA area was executed as needed. All measurements
were performed independently by two graders (MM and SBo).
In cases where there was a difference greater than 15%
between measurements obtained by the two observers,
arbitration through open adjudication was performed. In the
few cases in which agreement was not achieved, a resolution
was established by a third expert grader who evaluated the
images (SBe). An average of the measurements of the two
observers was used for statistical analysis. Areas of peripapillary atrophy were not classified as GA and accordingly were
not included in GA measurements. In images that showed two
or more distinct GA areas each measuring 300 lm or greater,
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each distinct area was measured and summed to generate the
total GA area.
The calculated total area of GA was divided by the total
image area (in mm2) to give the percentage of GA in each
image. The progression of GA from baseline to final visit was
evaluated by calculating the GA growth rate per year, using the
following formula:
GA growth rate ðmm2 =yÞ
GA size at final visit  GA size at baseline
¼ 123
months of follow up

ð1Þ

Each baseline image was also assessed for the presence or
absence of RPD, which was identified as a pattern measuring at
least 2-disc diameters of hypoautofluorescent lesions against a
background of elevated autofluorescence in FAF images or
hyporeflectant lesions against a background of hyperreflectance in NIR-R images. A modified Wisconsin grid was
superimposed upon each baseline image, and the presence
or absence of RPD was determined in five macular fields
(superior, inferior, temporal, nasal, and central). The same
modified Wisconsin grid was also superimposed upon each
baseline and final visit image to determine the presence or
absence of GA in all five macular fields. The images were then
analyzed for GA growth; if there was an increase in GA area in a
given field between baseline and final visit images, that field
was categorized as a field of GA growth. In seven eyes, RPD
status and GA growth were indeterminable in the central field
because GA occupied that entire field at baseline; thus, central
fields from these seven eyes were excluded from analysis. A
correlation between fields of GA growth and the initial
presence or absence of RPD in those fields was established.
Two GA phenotypic patterns, unilobular and multilobular,
were defined as follows: unilobular GA was defined as a single
(generally near-circular) area of atrophy, and multilobular GA
was defined as two or more lobules of atrophy (Fig. 2). The FAF
gray levels seen in lobules of multilobular cases were not
required to be identical. These phenotypic patterns and initial
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FIGURE 3. Baseline NIR-R images. An eye with RPD is shown on the left. White arrows point to RPD areas. A white square box is magnified below,
showing the RPD pattern. An eye without RPD is shown on the right. The GA growth rate is shown at the bottom of each case.

GA lesion size were also analyzed for association with GA
progression.

Statistical Analysis
Data was analyzed with descriptive statistics and inferential
statistics. The v2 test was used to compare categorical
outcomes, and the Student t-test was used to contrast
quantitative variables. Statistical analysis was performed using
Microsoft Excel 2011, version 14.0.0 (Microsoft, Redmond,
WA). A P value less than 0.05 was considered statistically
significant.

RESULTS
A total of 126 eyes of 92 patients were studied, of whom 69
(75.0%) were female. At baseline, subjects’ ages ranged from 59
to 96 years, with a mean age of 81.9 years (SD ¼ 6.7). The mean
duration of follow up was 20.4 months (SD ¼ 11.7). Among the
126 eyes, 118 eyes (93.6%) presented with RPD at baseline. At
baseline, the average measured area of GA was 2.8 mm2 (SD ¼
2.9). 97.5% of the eyes with RPD showed GA progression,
which ranged from 0 to 2.9 mm2/y. Eighty-seven and half
percent of the eyes without RPD had GA progression, which
ranged from 0 to 2.6 mm2/y. The mean measured GA
progression rate for all the eyes included in this study was

Downloaded from iovs.arvojournals.org on 05/20/2022

0.8 mm2/y (SD ¼ 0.6), with a statistically significant difference
between the unilobular and multilobular groups (0.3 mm2/y vs.
0.9 mm2/y, P ¼ 0.02). Most eyes with unilobular GA did not
have RPD, while most eyes with multilobular GA did have RPD
(28.6% with RPD vs. 97.5% with RPD, respectively). Figure 3
shows progression rates in an eye with RPD and an eye
without RPD. Figure 4 exemplifies an eye with unilobular GA
without RPD, as well as an eye with multilobular GA with
concomitant RPD. Patients in the lower 50th percentile of
initial measured GA area had a lower GA progression rate than
patients in the upper 50th percentile (0.6 mm2/y vs. 1.1 mm2/
y, P < 0.001). The studied eyes had a mean initial lesion size of
4.4 and 4.0 mm2 in the multilobular and unilobular GA groups,
respectively (P ¼ 0.14). Sex did not prove to be a significant
factor in GA progression rate (0.9 mm2/y for females and 0.7
mm2/y for males, P ¼ 0.28). Likewise, age did not prove to be a
significant factor in GA progression, as patients in the lower
50th percentile of age had a progression rate similar to that of
patients in the upper 50th percentile (0.9 mm2/y and 0.8 mm2/
y, respectively, P ¼ 0.13). As illustrated in Figure 5,
superimposition of a modified Wisconsin grid on baseline
NIR-R and/or FAF images and determination of the presence or
absence of RPD in each of the five macular fields showed RPD
in the central field in 106 eyes (84.1%), in the superior field in
103 eyes (81.7%), in the temporal field in 83 eyes (65.9%), in
the inferior field in 84 eyes (66.7%), and in the nasal field in 83
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FIGURE 4. (A) Near infrared reflectance images of an eye with unilobular GA without RPD. (B) Near infrared reflectance images of an eye with
multilobular GA, with lobules merging and RPD surrounding the atrophic area. Top row, ungraded images. Bottom row, graded images with areas of
GA highlighted in green. The GA progression rate is shown at the bottom of each case.

eyes (65.9%). The Table summarizes the extent of RPD in the
study sample, showing the total number of eyes without RPD
(8, or 6.3%) and with RPD in one macular field (7, or 5.6%),
two macular fields (14, or 11.1%), three macular fields (21, or
16.7%), four macular fields (26, or 20.6%), and five macular
fields (50, or 39.7%).
For the quantitative correlation between RPD and GA
growth, the five macular fields in each of the 126 included eyes
contributed a total of 630 fields. A total of seven fields were
deemed ungradable for RPD status and GA growth because GA
occupied that entire field at baseline. Of the 623 gradable fields
at baseline, 345 showed RPD, and 278 did not show RPD.
Among those with RPD, 256 (74.2%) showed subsequent GA
progression (i.e., increase in GA area between baseline and
final images), and among those without RPD, 116 (41.7%)
showed GA progression, corresponding to a statistically
significant difference (P < 0.001).

DISCUSSION
The results of this study support a previously undescribed
strong spatiotemporal association between RPD and GA
progression in eyes with dry AMD. A previous detailed analysis
of RPD, also known as subretinal drusenoid deposits or
reticular macular disease, by Schmitz-Valckenberg et al.30 has
demonstrated that the presence of SDD on SD-OCT and the
reticular pattern on NIR-R SLO are essentially equivalent. Thus,
the main conclusions of the present study suggest a strong
spatiotemporal association between SDD as seen with SD-OCT
and GA progression, which should be kept in mind throughout
the discussion.
The role of RPD in the progression of AMD generally is an
important scientific question in the ophthalmic literature.20,24,25,31 In this study, GA progressed significantly more
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often in areas previously manifesting these lesions than in areas
that did not. One reason for this strong correlation could be a
common underlying pathophysiology that initially causes the
reticular pattern and subsequently drives the development of
atrophy. Arnold et al.15 related the presence of reticular drusen
to abnormalities in the inner choroid. A relationship between
AMD in general and concomitant degenerative changes in the
choriocapillaris has also been demonstrated by Hayreh.32,33
Blood flow studies in vivo performed by different scientists
have shown impairment of choroidal circulation in AMD.32–36
However, an association is still not proof of cause and effect.
Indeed, GA can be a cause of choroidal atrophy (rather than a
result). On the other hand, an elegant and recent 2-lesion 2compartment model suggests that SDD lesions are a sign of
RPE lipid recycling pathways resulting in a lipid and protein
spill into the subretinal space, with ensuing photoreceptor
damage and ultimately GA.37 Hence, there is highly suggestive
evidence for both anatomic theories. Recently, Querques et
al.23 have suggested that these may be complementary
theories, hypothesizing that derangement of the RPE because
of underlying atrophy and fibrosis of the choroid could lead to
the accumulation of photoreceptor outer segments above the
RPE, creating subretinal deposits.

Potential Relevance of GA Progression in Eyes
With RPD
Both forms of late-stage AMD, neovascular and atrophic, have
been associated with RPD.24,38,39 The neovascular form has
several treatment options currently available. Unfortunately, no
efficacious treatment is available for the dry form, which
means that it is important to study its possible causes and find
future therapeutic targets. The strong relationship between GA
and RPD shown herein suggests a similar etiology; therefore,
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FIGURE 5. The top row shows examples of the modified Wisconsin grid superimposed on an autofluorescence image (left) and an (NIR-R) image
(right) of an eye with multilobular GA and evident RPD. The considered fields of the grid are represented as C (central), N (nasal), S (superior), T
(temporal), and I (inferior). The grid at the bottom shows the percentage of studied eyes that showed RPD in each field.

understanding the pathophysiology of RPD could be crucial to
understanding and treating GA. An understanding of RPD
could be within reach, despite the current controversy about
the anatomy of the lesions themselves.22,23,37,38,40

GA Progression Rates
GA progression rates were found to be higher in eyes with a
multilobular atrophic pattern (versus a unilobular pattern) or
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with larger initial lesion size. The multilobular atrophic pattern
may reflect more widespread disease that leads in turn to a
higher GA growth rate.31–33,41 The faster progression rate in
eyes with larger initial lesion size is consistent with other
studies. However, the overall average GA progression rate of
0.8 mm2/y found in this study was lower than in other reports,
with rates ranging from 1.22 to 1.78 mm2/y.30,42–45 This may
be due to the smaller initial average GA size of 2.8 mm2 in our
study.42,43,45
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TABLE. Quantification of Eyes With Reticular Pseudodrusen in 0 to 5
Macular Fields of a Modified Wisconsin Grid
Number of Fields
With RPD
RPD extent
0
1
2
3
4
5
Total

Number of
Eyes

Percentage of the
Study Sample

8
7
14
21
26
50
126

6.3
5.6
11.1
16.7
20.6
39.7
100

Technological Advances in Identifying RPD and GA
Technological advances, particularly SLO imaging, may explain
the much stronger association between RPD and GA found in
this study than in past studies, which relied mainly on color
fundus photographs for detection of RPD.18 Previous studies,
such as the report by Klein et al.,24 have noted the same reason
for improved detection of RPD. In addition, improved SLO
image quality over time may have further improved recognition
of RPD.30

Limitations and Strengths of the Study
The limitations of this study include its retrospective design.
Prospective studies are indicated. Also, the study was not
designed to analyze a possible correlation between GA and soft
drusen. The eyes studied herein already had established GA
and were not evaluated for the presence of pre-existing soft
drusen. A longer natural history study, beginning with early
AMD and including both soft drusen and RPD, would be of
interest to compare and contrast these two paths to geographic
atrophy. Another limitation was that image analysis was
restricted to FAF and NIR-R modalities. However, as noted
before, SDD on SD-OCT and the reticular pattern on NIR-R SLO
are essentially equivalent.30
The strengths of this study include the large number of
eyes, each having had a minimum of 6 months of follow up; the
sensitivity of SLO imaging for RPD detection; and the semiautomated software used for GA quantification.
To the best of the authors’ knowledge, this is the first study
to report a strong spatiotemporal association between RPD and
GA progression in the setting of dry AMD. Future prospective
studies of RPD could help validate this observation. The
correlation between these lesions and GA progression in dry
AMD suggests that they are an early manifestation of the
process leading to atrophy.
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