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PURPOSE. The purpose of this study was to investigate factors associated with drusenoid
pigment epithelium detachment (dPED) growth rate, incidence of dPED collapse, and
retinal pigment epithelium (RPE) atrophy enlargement rate following dPED collapse and
their impact on visual acuity (VA).

METHODS. This was a retrospective longitudinal study on 44 eyes. Serial spectral-domain
optical coherence tomography (SD-OCT) and fundus autofluorescence (AF) imaging were
performed. Qualitative features and quantitative dPED-related metrics were assessed.
The surface-to-volume ratio (S/V) was computed to evaluate dPED shape irregularity. AF
imaging was utilized to measure RPE atrophy area in eyes experiencing dPED collapse.
Regression models were used to analyze associations among VA, dPED growth rate, and
RPE atrophy enlargement rate. Cox regression was used to identify risk factors for dPED
collapse.

RESULTS. Significant correlations were observed between dPED area, surface, and volume
(P < 0.05 for all pairs). The dPED metrics were inversely correlated with the S/V. Inci-
dence of dPED collapse was 22 per 100 eye-years over a mean follow-up of 59 ± 41
months. Eyes experiencing collapsed dPED had worse baseline VA (P < 0.001). RPE
hypertransmission (hazard ratio [HR] = 3.68, P = 0.004) and hyper-reflective foci (HR
= 3.45, P = 0.02) were risk factors for dPED collapse; a higher S/V ratio was protective
(HR = 0.78, P = 0.03). A faster rate of RPE atrophy enlargement was associated with a
faster rate of dPED volume increase (r = 0.47, P = 0.02) and worse VA over time (P =
0.02).

CONCLUSIONS. Risk stratification in patients with dPED can be aided by identifying risk
factors for dPED collapse. Identifying factors associated with RPE atrophy enlargement
may have implications for treatment decision making.

Keywords: drusenoid pigment epithelium detachment (dPED), intermediate age-related
macular degeneration (iAMD), visual acuity (VA), retinal pigment epithelium (RPE) atro-
phy

Drusenoid pigment epithelial detachments (dPED) occur
when drusenoid material accumulates between the

basal lamina (BL) of the retinal pigment epithelium (RPE)
and the inner collagenous layer of Bruch’s membrane
(BrM).1 These detachments exhibit a characteristic dome-
shaped appearance and are typically hyper-reflective on
spectral-domain optical coherence tomography (SD-OCT).

The prevalence of dPED is estimated to be approximately
8%, and it is considered a diagnostic criterion for interme-
diate age-related macular degeneration (iAMD).2–4 Patients
with dPED often experience worse vision compared to those
without dPED and have an increased risk of progressing
to late AMD.2–4 The life cycle of dPED involves a slow
phase of volume growth, followed by rapid collapse and
re-absorption of the drusenoid material,5,6 which can ulti-

mately lead to the development of RPE atrophy or choroidal
neovascularization (CNV).4

The size of dPED, its rate of growth, and the likelihood
of progression to RPE atrophy can vary significantly among
patients with iAMD.7 SD-OCT has identified several risk
factors for late AMD in eyes with dPED, including intraretinal
hyper-reflective foci (HRF), defects in photoreceptors and
RPE, and acquired vitelliform lesions (AVLs).8,9 Addition-
ally, morphometric parameters of dPED, such as maximum
height, total volume, and largest width, have been found
to play a significant role in the development of RPE atro-
phy.6,10 However, it remains unclear whether the combina-
tion of these metrics and their dynamic changes contribute
to the likelihood of dPED re-absorption and the dynamics
of RPE atrophy growth.
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With the availability of new treatments for halting the
progression of late AMD,11,12 it is crucial to identify biomark-
ers that can predict the risk of progression to RPE atro-
phy and faster RPE atrophy expansion. Therefore, this
study aimed to investigate the associations between the
dynamic properties of dPED and the risk of dPED collapse
and RPE atrophy development. Additionally, we aimed to
explore the factors associated with the rate of RPE atrophy
expansion following dPED collapse. Understanding these
dynamic changes in dPED may have important implications
for predicting long-term visual and morphological outcomes
and could serve as prognostic factors.

METHODS

Study Design and Participants

This longitudinal, retrospective study included patients with
iAMD who were seen at the San Raffaele Scientific Institute
in Milan, Italy, between April 2011 and March 2023. The
study was conducted in accordance with the principles of
the Declaration of Helsinki, and written informed consent
was waived by the local institutional review board (IRB).

Patients aged 50 years and older diagnosed with iAMD
were identified from the outpatient clinic. Only patients
with foveal dPED measuring at least 350 μm2,13 in diame-
ter were consecutively enrolled in the study. The baseline
visit was the first recorded visit in the electronic medical
chart, and all subsequent visits were reviewed. Eyes with
CNV, serous, hemorrhagic, or fibrovascular PED, other reti-
nal comorbidities, or opacities of the optic media affecting
imaging quality were excluded from the analysis. Patients
receiving any ocular treatment (injections, laser, or photo-
biomodulation) were also excluded. There was no specified
minimum follow-up duration.

Demographics and ophthalmic history data were
collected at the first visit. At each encounter, refracted visual
acuity (VA) was performed. All eyes underwent blue-light
fundus autofluorescence (BAF) of the central 30 degrees and
a horizontal 19-raster SD-OCT scan covering an area of 20
× 15 degrees using eye tracking, an enhanced depth imag-
ing modality, and a follow-up mode (Spectralis HRA+OCT;
Heidelberg Engineering, Heidelberg, Germany). Additional
imaging was performed at the discretion of the physician.

SD-OCT scans were evaluated at baseline and the visit
immediately prior to dPED collapse. The dPED collapse was
defined as a reduction of 50% or more in its height.14 For
eyes that did not experience dPED collapse, the analysis
was repeated at the last available visit. SD-OCT scans were
analyzed by two trained ophthalmology residents (authors
M.M. and A.A.) masked regarding the final event under the
supervision of a retina specialist (author M.V.C.). A two-way
mixed-effect (i.e. the selected raters were the only raters of
interest), average measurement model was used to calculate
the intraclass correlation coefficient (ICC) as a measure of
agreement (Supplementary Table S1).15

Qualitative SD-OCT Measurements

The SD-OCT scans were assessed for the presence of subreti-
nal fluid, AVL, intraretinal HRF, and RPE hypertransmission,
and reticular pseudodrusen. AVL was defined as subreti-
nal material hyper-reflective on SD-OCT and hyperaut-
ofluorescent on BAF. HRF were defined as discrete, well-
circumscribed, punctate lesions with equal or greater reflec-

tivity than RPE. The RPE hypertransmission was labeled
as an area of RPE attenuation or disruption and choroidal
hypertransmission with overlying photoreceptor degenera-
tion.13,16 Reticular pseudodrusen were defined as discrete
accumulations of hyper-reflective material above the RPE.17

The dPED content was classified as homogeneous if it exhib-
ited an internally uniform ground-glass reflectivity.18

Quantitative SD-OCT Measurements

SD-OCT raster scans were exported as JPEG and imported
into ImageJ software for analysis (National Institutes of
Health, Bethesda, MD, USA). The dPED maximum height
was measured as the longest distance between the RPE and
the BrM. Subfoveal choroidal thickness was determined as
the distance between BrM and the sclero-choroidal junction
beneath the fovea, with a scale of 1 pixel to 1 micron applied.
The dPED area, surface, and volume were calculated using
the Cavalieri principle of stereological analysis:9

k∑

1

BrM length (scan n) × d (1)

k∑

1

RPE length (scan n) × d (2)

k∑

1

dPED Area (scan n) × d (3)

Taking “d” as the distance between two B-scans (240 μm)
and “k” as the identification number of the SD-OCT B-scan.
In particular, the dPED area (1) was measured as dPED
projection on the BrM; the dPED surface (2) as the length of
the RPE above the dPED, and the dPED volume (3) as total
area between the RPE and the BrM on each SD-OCT slab
(Supplementary Fig. S1).

The surface-to-volume ratio (S/V) was computed by divid-
ing the surface area of the dPED by its volume, and it was
expressed in L−1 (inverse length, μm−1).19 When examining
a given volume of an object, the S/V is minimal for a perfect
sphere and increases as the object becomes more irregular.

Quantitative BAF Measurements

In eyes that experienced dPED collapse, the area of RPE atro-
phy was measured on BAF imaging using semi-automatic
software RegionFinder. Areas with BAF signal similar to the
optic nerve head or retinal blood vessels were measured at
each follow-up visit.20 The margins of RPE atrophy were
confirmed using near-infrared imaging co-registered with
SD-OCT. No minimum lesion size was set. In eyes where
CNV developed after dPED collapse, measurements were
performed until the onset of CNV, at which point the follow-
up was truncated.

Statistical Analysis

Statistical calculations were performed using the open-
source programming language R. Continuous variables were
summarized as mean ± standard deviation (SD) or median
and interquartile range (IQR), whereas categorical variables
were summarized as absolute and relative prevalence.

Downloaded from iovs.arvojournals.org on 12/10/2025



Risk Factors for dPED Collapse and RPE Atrophy IOVS | December 2023 | Vol. 64 | No. 15 | Article 38 | 3

Three longitudinal outcomes were defined for analysis:

1) The dPED dynamics, including changes in dPED
volume and its morphologic features. The McNemar
test was applied for qualitative variables, whereas
linear models were used for quantitative variables.
Discrepancies between eyes with dPED collapse and
those without dPED collapse were examined using
linear or logistic regression models. The interaction
among dPED metrics, time, and covariates was inter-
preted as the rate of change.

2) Incidence of dPED collapse, was calculated using the
Kaplan-Meier survival estimator. Eyes in which the
event did not occur were censored at the last visit.
A multivariable Cox regression analysis was used for
identifying risk factors associated with dPED collapse,
including baseline dPED volume as a controlling
factor. Hazard ratios (HRs) and confidence intervals
(CIs) were provided.

3) The rate of RPE atrophy expansion after dPED
collapse, was determined by regressing the square-
root transformed RPE atrophy area against time.20

Quantitative associations were examined using Pearson
correlations for univariable analyses. The impact of dPED
characteristics on VA was studied with regression models,
with VA values transformed into a continuous LogMAR
scale. This analysis included time as a covariate, along-
side both quantitative and qualitative factors. The fixed-
effect estimate captured the mean effect at the present-
ing visit. The interaction term between time and group
status (dPED collapse versus no dPED collapse) provided
insights into the rate of change. Subsequently, pairwise
comparisons were conducted among marginal means for
different follow-up durations, with adjustments for multiple
comparisons.

In the VA analysis, the focus was initially on the follow-
up period from baseline to the dPED collapse event, exclud-
ing post-collapse data. To scrutinize changes in the rate of
vision decline before and after dPED collapse, a linear spline
model was applied to the entire dataset, introducing a knot
at the median time of dPED collapse. A noticeable shift in
slope in this model denoted a substantial alteration in the
rate of vision decline. Missing data were handled using the
makeX package, which replaced missing observations with
the mean from the available data. For dummy categorical
variables, the package used the mean proportions for each
level. A significance threshold of P < 0.05 was set for all
statistical analyses.

RESULTS

This longitudinal study included 44 eyes from 34 patients
with dPED. The clinical and demographic characteristics of
the patients are presented in Table 1.

dPED Characteristics at Baseline

Significant correlations were observed among dPED area,
surface, and volume (P < 0.05 for all pairs). Furthermore,
the dPED area (r = −0.32, P = 0.005) and dPED surface
(r = −0.28, P = 0.07) showed an inverse correlation with
age, suggesting that older patients tended to have smaller
dPEDs. The dPED metrics were inversely correlated with the
S/V, with the strongest association found between S/V and

dPED maximum height (r = −0.72, P < 0.001; Supplemen-
tary Fig. S2). This indicates that taller dPEDs had a smaller
surface area than flatter and more irregular dPEDs for a
given volume (Fig. 1).

VA at presentation was associated with the dPED area
(P = 0.01) and dPED surface (P = 0.01), but not with
the dPED maximum height (P = 0.3). Eyes presenting with
associated AVL demonstrated poorer VA compared to those
without AVL (P = 0.002). Similarly, eyes exhibiting RPE
hypertransmission showed worse presenting vision (P =
0.04; Supplementary Table S2).

TABLE 1. Baseline Demographic and Clinical Characteristics of
Included Patients With Drusenoid Pigment Epithelium Detachment
(dPED)

Overall (N = 44)

Age (y)
Mean (SD) 68 (6.88)
Median [min, max] 70 [56, 80]

Gender
Male 12 (27%)
Female 32 (73%)

VA (LogMAR)
Mean (SD) 0.34 (0.31)
Median [min, max] 0.26 [0, 1.30]

dPED area (mm2)
Mean (SD) 5.60 (3.46)
Median [min, max] 5.63 [0.46, 14]

dPED surface (mm2)
Mean (SD) 6.15 (3.64)
Median [min, max] 6.13 [0.55, 15]

dPED volume (mm3)
Mean (SD) 1.34 (1.25)
Median [min, max] 0.79 [0.05, 4.45]

S/V (μm−1)
Mean (SD) 7.20 (4.69)
Median [min, max] 5.97 [2.08, 25]

dPED maximum height (μm)
Mean (SD) 315 (139)
Median [min, max] 310 [63, 698]

Choroidal thickness (μm)
Mean (SD) 267 (79)
Median [min, max] 259 [113, 472]

HRF*

No 14 (32%)
Yes 29 (66%)

Homogeneous content*

No 16 (36%)
Yes 27 (62%)

Subretinal fluid*

No 31 (71%)
Yes 12 (27%)

RPE hypertransmission*

No 28 (64%)
Yes 15 (34%)

AVL*

No 31 (71%)
Yes 12 (27%)

RPD
No 32 (74%)
Yes 11 (26%)

Follow-up duration (mo) 59 ± 41

VA, visual acuity; S/V, surface/volume ratio; HRF, hyper-reflective
foci; AVL, acquired vitelliform lesions; RPD, reticular pseudodrusen.

* Indicates variables with missing data.
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FIGURE 1. Comparison of graphic modeling and B-scan optical coherence tomography (OCT) images depicting drusenoid pigment epithelial
detachment (dPED) with varying surface-to-volume ratios (S/V ratio). (A) Graphic modeling and B-scan OCT reveal a regular domed shape
dPED with a low S/V ratio, measured using the Cavalieri principle. (B) Graphic modeling and B-scan OCT demonstrate an irregular dPED
with a high S/V ratio, measured using the Cavalieri principle.

dPED Dynamics and Vision Changes

A total of 29 eyes (66%) experienced dPED collapse over
an average follow-up of 58.9 ± 41.3 months (range = 3–
139 months; Fig. 2, Supplementary Fig. S3A). The incidence
rate of dPED collapse was 22 per 100 eye-years (95% CI =
14 to 32), with a median time from baseline to event of 39
months (95% CI = 25 to 63). Median follow-up period for
eyes that did not undergo dPED collapse was 33 months.
This duration did not exhibit a significant difference when
compared to the median time to the event of eyes that did
experience dPED collapse (P = 0.75). Subsequently, 28 eyes
(64%) developed RPE atrophy after dPED collapse, and 3
eyes (7%) progressed to CNV.

In eyes experiencing dPED collapse, there were note-
worthy increases over time in dPED area (P = 0.03),
dPED surface (P = 0.02), and dPED volume (P = 0.006;
Supplementary Table S3). Conversely, smaller changes were
observed in eyes with dPED that did not collapse. Notably, in
eyes with dPED collapse, the dPED area, surface, and volume
exhibited a more rapid rate of increase (interaction termwith
time, P < 0.001; Supplementary Fig. S4A).

For eyes with dPED collapse, the proportion of eyes
with HRF (P = 0.04) and RPE hypertransmission (P =
0.02) significantly increased, whereas the proportion of eyes
with homogeneous dPED content decreased (P = 0.04).
Conversely, no significant changes were noted in eyes where
dPED did not collapse.

Before dPED collapse, there were no significant changes
in VA (P > 0.05 in both groups), and the two groups had
similar rates of visual change (P = 0.2). However, eyes with
dPED collapse had significantly worse vision since baseline
(P = 0.001) and experienced significant visual drop at dPED
collapse (P < 0.001; Fig. 3A). Afterward, VA tended to stabi-
lize.

Risk Factors for dPED Collapse

In a multivariable Cox regression analysis, the presence of
RPE hypertransmission (HR = 3.68, 95% CI = 1.52 to 8.92,
P = 0.004) and HRF (HR = 3.45, 95% CI = 1.20 to 9.97, P
= 0.02) were identified as the main risk factors for dPED

collapse (Table 2). A higher S/V was a significant protective
factor for dPED collapse (HR = 0.78, 95% CI = 0.63 to 0.97,
P = 0.03; see Supplementary Fig. S3B–D).

Rate of RPE Atrophy Enlargement after dPED
Collapse

The square-root rate of RPE atrophy growth after dPED
collapse was determined as 0.42 ± 0.26 mm/year (see
Supplementary Fig. S4B). RPE atrophy enlargement occurred
at a faster rate in eyes with higher dPED area (r = 0.60, P
< 0.001), surface (r = 0.59, P < 0.001), and volume (r =
0.57, P = 0.005). A faster rate of RPE atrophy enlargement
was associated with a faster rate of dPED volume increase
(r = 0.47, P = 0.02) and worse VA over time (P = 0.02; see
Fig. 3B).

DISCUSSION

The present study aimed to investigate the clinical charac-
teristics of patients with dPED, focusing on the rate of dPED
growth, the incidence of dPED collapse, and their impact
on VA. Additionally, we explored the rate of RPE atrophy
enlargement after dPED collapse, providing insights into the
factors associated with progression to late AMD in eyes with
high-risk iAMD.

The Age-Related Eye Disease Study (AREDS) hypothe-
sized that patients with dPED may represent a distinct subset
of individuals with iAMD, characterized by younger age,
worse vision, and a higher risk of progressing to late AMD
compared to eyes with only drusen or pigmentary changes.2

The advancements in SD-OCT resolution have allowed for
the identification of dPED characteristics associated with
both visual and anatomic prognosis, such as dPED volume,
area, and maximum height.3 In our study, we found a signif-
icant association among VA and dPED area, surface, and
dPED volume but not with dPED maximum height, indi-
cating that the horizontal extent of the dPED had a greater
impact on VA than its vertical extent. Further studies utilizing
high-density SD-OCT macular maps and using techniques
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FIGURE 2. Longitudinal changes in a patient with drusenoid
pigment epithelium detachment (dPED) and subsequent retinal
pigment epithelium (RPE) atrophy expansion after dPED collapse.
(A). Combined fundus infrared reflectance (IR) and structural opti-
cal coherence tomography (OCT) display the presence of a dPED
with subretinal hyper-reflective vitelliform material above it. (B)
Combined fundus IR and structural OCT exhibit the disappear-
ance of subretinal hyperreflective vitelliform material above the
dPED. (C) Combined fundus IR and structural OCT demonstrate the
collapse of the dPED, accompanied by RPE and outer retina atrophy.
(D) Combined fundus IR and structural OCT highlight the progres-
sion of RPE and outer retina atrophy following dPED collapse. (E)
Blue-light fundus autofluorescence (BAF) reveals a circular area of
hypo-autofluorescence, corresponding to RPE atrophy after dPED
collapse. Surrounding the circular hypo-autofluorescent area, irreg-
ular hyper-autofluorescence can be observed. (F) BAF demonstrates
a larger area of hypo-autofluorescence, indicating RPE atrophy
progression.

such as the Cavalieri method are required to validate our
observations.

The presence of AVL and RPE hypertransmission was
associated with worse presenting vision. AVL results
from the accumulation of lipofuscin, melanolipofuscin,
melanosomes, and outer segment debris in the subretinal
space and has been regarded as a nonspecific sign of RPE
distress.21 Similarly, appearance of AVL was reported to
precede the dPED collapse, but authors did not investigate
VA changes.6 On the other hand, the presence and extent
of RPE atrophy have been shown to correlate linearly with
visual function.22 These associations underscore the clini-
cal significance of morphological dPED characteristics as

prognostic indicators in patients with iAMD. We observed
an inverse correlation between age and dPED area and
surface, suggesting that older patients tended to present with
smaller dPEDs. This association between age and dPED size
implies potential age-related mechanisms in the pathogene-
sis of dPED, possibly involving a progressively slower rate
of drusenoid material accumulation over time. Conversely, it
might indicate that patients with larger dPEDs had already
experienced collapse at a younger age. In fact, the detec-
tion of dPED is relatively rare after 80 years of age.2,4 Inter-
estingly, older age was also associated with a slower rate
of dPED volume change, reinforcing the hypothesis that
drusenoid material deposition may vary with time.

Regarding dPED collapse, a substantial proportion of
eyes (66%) experienced this event during the follow-up
period. The estimated incidence rate of dPED collapse
was 22 per 100 eye-years, consistent with recent natural
history studies.4 In the assessment and comparison of dPED
collapse incidence rate, it is of utmost importance to have
similar follow-up periods and similar methodology, which
otherwise could bring out major discrepancies. Eyes that
experienced dPED collapse exhibited worse baseline VA
and demonstrated a significant VA decline when the event
occurred, underscoring the critical impact of this event on
vision. Our findings also revealed that, in the later stages,
when more than half of the cohort of eyes experienced dPED
collapse, the rate of visual decline stabilized, highlighting
the clinical implications of dPED collapse in determining
the long-term prognosis of patients with iAMD.7,9

Our multivariable analysis identified the presence of HRF
as a significant risk factor for dPED collapse, consistent with
a previous study, suggesting that RPE disintegration is a crit-
ical factor heralding dPED re-absorption and RPE atrophy
formation.18 Additionally, the presence of RPE hypertrans-
mission increased the risk of dPED collapse. A recent study
using en face OCT images demonstrated that hypertrans-
mission RPE defects could serve as a standalone precursor
sign for future geographic atrophy formation.23 Our results
align with the hypothesis that RPE hypertransmission could
represent a point of no return for RPE disruption and indi-
cate near-term disease progression.

Until now, studies have focused on the volume of PEDs
and volume growth rate, without taking into account their
shape.3,6,10 In this study, we introduced the concept of S/V
as a significant protective factor against dPED collapse. S/V
represents the amount of surface area per unit volume. For
a given volume, a sphere has the smallest surface area and
the smallest S/V, whereas objects with angled or irregular
shapes have larger surface areas.19 The concept of S/V is
widely used in science to explain processes, such as oxygen
or particle diffusion across cell membranes and thermal
conduction.24 It can also be applied to biophysics, where
a wider surface and larger base of a 3D object provide
a broader support area, lowers the center of gravity, and
increases the moment of force required to topple it, resulting
in greater stability.25 Our study found that higher S/V values
were associated with a slower rate of dPED volume change,
suggesting that taller and straighter dPED lesions tended to
grow faster than flatter irregular lesions. Presumably, this is
connected to a greater separation distance from the underly-
ing choroid, which is the main source of nourishment for the
RPE.26

Finally, we investigated the expansion rate of RPE atro-
phy, a common sequela following drusen re-absorption.2

Although previous studies focused on the risk of advanced
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FIGURE 3. Longitudinal changes of visual acuity (VA) based on drusenoid pigment epithelium detachment (dPED) collapse and the rate
of retinal pigment epithelium (RPE) atrophy expansion. (A) Line plot displays the longitudinal changes in VA for eyes with dPED, strat-
ified based on whether they experienced dPED collapse or not. A vertical line indicates 39 months (the median time of dPED collapse).
(B) Scatter plot demonstrates the association between VA and the rate of square-root of RPE atrophy expansion.

TABLE 2. Risk Factors for Drusenoid Pigment Epithelium (dPED) Collapse Over Follow-Up on Univariable Analysis

Univariable Multivariable

HR (95% CI) P Value HR (95% CI) P Value

Age (for 1-y) 0.98 (0.92–1.04) 0.4
Gender (ref: male) 1.51 (0.61–3.72) 0.4
Baseline VA (for 1 LogMAR) 1.60 (0.66–3.88) 0.3
dPED area (for 1 mm2) 1.12 (1.00–1.35) 0.04*

dPED surface (for 1 mm2) 1.12 (1.01–1.25) 0.04*

dPED volume (for 1 mm3) 1.40 (1.02–1.93) 0.04*

Rate of dPED volume increase (cube root, for 1 mm/mo) 1.15 (1.00–1.25) 0.6
S/V (for 1 μm−1) 0.88 (0.80–0.98) 0.02* 0.78 (0.63–0.97) 0.03
dPED maximum height (for 1 μm) 1.00 (0.99–1.004) 0.5
SCT (for 1 μm) 1.00 (0.99–1.01) 0.9
HRF (ref: no) 2.57 (1.47–2.03) 0.04* 3.45 (1.20–9.97) 0.02
Homogeneous content (ref: no) 0.53 (0.25–1.13) 0.09
Subretinal fluid (ref: no) 1.04 (0.39–2.83) 0.9
RPE hypertransmission (ref: no) 3.51 (1.59–7.73) 0.002* 3.68 (1.52–8.92) 0.004
AVL (ref: no) 1.14 (0.52–2.48) 0.9

VA, visual acuity; S/V, surface/volume ratio; SCT, subfoveal choroidal thickness; HRF, hyperreflective foci; AVL, acquired vitelliform lesions.
Hazard ratio (HR) and 95% confidence interval (CI) are reported for each variable.
* P < 0.05.

AMD progression, they did not explore the rate of RPE atro-
phy expansion and potentially structural risk factors associ-
ated with the dPED.2,10 Investigating the expansion rate of
RPE atrophy helps identify patients at higher risk of blind-
ness from late AMD, similar to previous studies focused
on geographic atrophy progression.27 We observed that the
rate of RPE expansion was relatively higher than previ-
ously reported.27 This discrepancy could be attributed to
the inclusion of only patients with larger dPED, suggest-
ing that these patients may have started with larger lesions.
Conversely, our study may provide evidence of a higher risk
of RPE atrophy enlargement in patients with dPED. Recent
research identified dPED volume as an independent risk
factor for transitioning to late AMD.28 We found a signifi-
cant association between RPE atrophy enlargement and the
rate of dPED volume change, indicating that faster dPED
growth was also a predictor of faster RPE atrophy enlarge-
ment after collapse. A faster rate of RPE atrophy enlargement
was also associated with worse VA, emphasizing the clinical
relevance of RPE atrophy and its progression in terms of

visual impairment and the need for early treatment in fast
progressors.

Overall, our study provides insights into the clinical
characteristics, dynamics, and prognostic factors of dPED.
The correlation among dPED morphological parameters,
the association of age with dPED size, and the impact
of dPED collapse on VA highlight the complex nature of
dPED. The identification of risk factors for dPED collapse,
such as RPE hypertransmission and HRF, and the protec-
tive effect of a higher S/V ratio can aid in risk stratification.
Furthermore, the evidence of RPE atrophy enlargement after
dPED collapse underscores the importance of monitoring
and managing this secondary manifestation.

In this study, we leveraged all available follow-up data
without imposing specific time intervals or predefined end
points. To mitigate potential biases arising from variations
in follow-up durations and ensure the robustness of our
findings, we used Cox regression analysis. This statistical
approach allowed us to account for differences in follow-up
times and potential heterogeneity among the study partici-
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pants. Despite these valuable strengths, our study has limi-
tations. Additionally, multivariable Cox regression analysis
included baseline dPED volume to mitigate potential selec-
tion bias, because patients with larger drusen and worse
vision are more prone to be referred to the study center. The
retrospective design and relatively small sample size may
limit the generalizability of the results. The lack of additional
multimodal imaging modalities, such as OCT angiography,
or specific imaging reconstruction techniques, such as en
face imaging, may have prevented additional information on
dPED natural history. The high collinearity between dPED
measures precluded from the use of multiple variable adjust-
ments in regression analyses. Finally, the focus on dPED
characteristics when assessing factors associated with RPE
atrophy enlargement may introduce potential biases. Future
studies with larger sample sizes, prospective designs, and
more comprehensive evaluations are warranted to corrobo-
rate our findings.
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