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Abstract
Background/objectives To compare the detailed optical coherence tomography (OCT)-based morphological parameters of
pigment epithelial detachment (PED) in eyes presenting with neovascular age-related macular degeneration (nAMD) and
polypoidal choroidal vasculopathy (PCV), and to assess whether these PED-associated parameters influence 1-year visual
outcomes.
Subject/methods We analysed images from a prospective observational study of treatment-naive Asian participants with
nAMD or PCV. An independent reading centre graded baseline morphological features of PED on spectral-domain OCT,
including greatest height, greatest width, greatest volume, morphology (predominantly dome shaped versus peaked), pre-
sence of retinal pigment epithelium (RPE) tear and cholesterol bands. The influence of these baseline features on 12 months
best corrected visual acuity (BCVA) was evaluated.
Results Seventy-eight eyes of 78 participants with PED were studied. In total, 40 (51.3%) participants had nAMD and 38
(48.7%) had PCV. Eyes with PCV, compared with nAMD, had PED of greater height (455.9 µm versus 389.9 µm; P=
0.035) and had higher prevalence of RPE tear (22.9 versus 5.3%; P= 0.041). In the multivariate analysis, only baseline
BCVA was significantly associated with month 12 BCVA, but none of the PED-associated OCT parameters at baseline
influenced month 12 BCVA.
Conclusions Despite the differences in PED height and prevalence of RPE tear between nAMD and PCV, none of these PED
morphological factors on OCT at baseline significantly influenced visual outcome at 12 months.

Introduction

Age-related macular degeneration (AMD) is a major cause
of severe and irreversible visual impairment [1–3]. The
outcome of treatment of AMD has improved with the
introduction of anti-vascular endothelial growth factor
(VEGF) therapy [4, 5]. Favourable anatomical and

functional response up to 2 years have been reported [6, 7].
However, long-term results are variable and significant
heterogeneity has been described. The variability in treat-
ment response can be partially accounted for by differences
in macular morphology [8].

Considerable effort has been expended to identify,
characterise and validate morphological features of sig-
nificant prognostic value and functional importance on
optical coherence tomography (OCT). One of these fea-
tures, pigment epithelial detachment (PED), is observed
frequently in eyes with neovascular AMD (nAMD) and
occurs in up to 80% of such eyes depending on the study
[9–11]. PED is also a very common feature in polypoidal
choroidal vasculopathy (PCV), an AMD variant with a high
prevalence in Asian populations [12].

Previous studies have reported inconsistent results
regarding the relationship between PED and visual out-
comes [13–34]. Whilst some studies have associated
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the presence of PEDs [15–17, 22, 31], or larger PEDs with
less favourable visual outcomes [25, 28, 33], others have
reported no significant relationships [13, 14, 18, 20, 21,
23, 24, 27, 30, 32]. In the VIEW study for example, 80.1%
of eyes had PED at baseline, but resolved in only 38% [17].
Furthermore, the presence of PED at baseline was predictive
of a negative outcome at 48 weeks [17].

Recently, we evaluated the influence of multiple mor-
phological features on visual outcomes in Asian patients
with nAMD and PCV [12]. In that cohort, PED was a
common morphological feature that was present in 85.4 and
91.1% in non-PCV eyes and PCV eyes, respectively [12].
However, the presence of PED at baseline did not sig-
nificantly influence visual acuity at month 12.

To date, although various studies have investigated the
prognostic value of baseline PED, there is limited data on
whether specific PED characteristics influence visual acuity
outcomes. Since PED was highly prevalent in our cohort,
we hypothesised that the detailed individual features of
PED may be important to predict treatment outcome.
Recognising the need to characterise PEDs in nAMD and
PCV, and to not just consider its presence or absence, the
primary aim of this study was to assess whether specific
baseline PED morphological features on OCT would
influence 12-month visual acuity in an Asian population. A
second aim was to determine whether PED morphology
and visual acuity outcomes differ in eyes with nAMD
and PCV.

Methods

Study design and population

This study represents an analysis of clinical and imaging
data acquired from participants with nAMD and PCV who
were recruited prospectively under the Phenotyping Asian
Macular Diseases study, for which the detailed methodol-
ogy was published previously [35]. Briefly, the Phenotyp-
ing Asian Macular Diseases study is an ongoing,
prospective, observational clinical study of treatment-naive
Asian participants in Singapore with exudative maculopathy
signs secondary to typical nAMD or PCV. All patients in
this ongoing study undergo a complete ophthalmic exam-
ination and investigations according to a standardised pro-
tocol. This study is a subgroup analysis of the participants
who presented with PED at baseline from the previous
analysis [12]. Written informed consent was provided by all
participants before participation in the study. The study was
approved by the institutional ethics committee (Protocols
R697/47/2009 and R1338/24/2016) and conformed to the
tenets of the Declaration of Helsinki.

Study assessment

The outcome measure of interest was best corrected visual
acuity (BCVA) at month 12, which was determined with a
Snellen chart and converted to LogMAR equivalent.

Spectral-domain OCT (SD-OCT) images at baseline
prior to treatment were obtained using the Spectralis OCT
(Heidelberg Engineering, Heidelberg, Germany). SD-OCT
raster scans with enhanced depth imaging were acquired on
a 30° × 20° (8.7 mm × 1.9 mm) macular region centred on
the fovea, in the high-speed mode, with a minimum of 25
B-scans per volume scan. Each B-scan was averaged
(Automatic Real-time Tracking (ART) mode) using 7–9
frames, and the distance between consecutive B-scans ran-
ged from 233 to 244 μm.

OCT image grading and definitions

The analysis of qualitative and quantitative morphological
features on SD-OCT scans was performed by trained
readers at the Duke Reading Center. They were masked to
treatment and BCVA, and the grading was performed
according to a pre-specified protocol.

The definition of a PED in this study was a focal ele-
vation of the reflective retinal pigment epithelium (RPE)
band over an optically clear or moderately reflective space,
either higher than 200 µm or wider than 400 µm.

The PED OCT morphological parameters of interest in
this study were greatest height, greatest width, greatest
volume, morphology (predominantly dome shaped versus
peaked), the presence of RPE tear and the presence of
cholesterol bands.

The height and width of the PED at baseline were
measured by two masked readers as the distance between
the inner surface of the Bruch’s membrane and the outer
surface of the RPE using the caliper function on the Spec-
tralis Heidelberg Eye Explorer (HEYEX) image manage-
ment platform (version 1.10.4.0) The volume of the PED
was approximated as the greatest height of the PED × 0.5
(greatest width of the PED).

Peaked PED was defined as a steep sharp peak-like
elevation of the RPE with underlying moderate reflectivity
within the peak [36]. Dome-shaped PED was defined as a
round and smooth contour of the elevation of the RPE [36].
RPE tear was defined as a disruption of the RPE monolayer,
which can vary from a microscopic defect to a large defect
with an irregular contour of the retracted RPE, often with
hyper-reflectivity from duplication of the RPE and
increased signal transmission in the areas with an absence of
the RPE [37, 38]. Cholesterol bands were defined as the
presence of layered hyperreflective lines in the sub-RPE
space [39].
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Treatment

Treatment was determined by the attending retinal specia-
list. Typically, participants were treated with anti-VEGF
therapy when there was subretinal or intraretinal fluid or
haemorrhage associated with active disease. For PCV, in
cases where the polypoidal lesions were small and when
VA was good, anti-VEGF monotherapy was used. Photo-
dynamic therapy (PDT) was given as an adjunct to anti-
VEGF therapy for extensive or subfoveal polypoidal
lesions. Subsequent re-treatment was based on VA, clinical
examination and OCT morphology. A variety of regimens
were used including pro re nata and treat and extend.

Statistical analysis

Statistical analyses were performed using the Stata Statis-
tical Software: Release 15 (StataCorp LLC, College Station,
TX, USA). Continuous variables were summarised using
means and standard deviations (SD), and categorical vari-
ables with counts and percentages. We compared the PED
morphological parameters and BCVA between nAMD and
PCV using the Mann–Whitney U-test for continuous vari-
ables, and Fisher’s exact test for categorical variables.

A univariate linear regression analysis was performed to
determine possible associations between each PED morpho-
logical parameter and month 12 BCVA. We then constructed a
multiple regression model that comprised factors, which were
found to be significantly associated with month 12 BCVA in a
previous study or that were deemed to be clinically important

[12]. This base model included age, gender, cardiovascular
disease, PCV phenotype, number of anti-VEGF injections,
number of PDT treatments, smoking status, baseline BCVA
and central retinal thickness (CRT). Multiple imputation was
performed to address missing variable data, assuming a miss-
ing at random mechanism. We then added the PED morpho-
logical parameters to the base model and assessed changes to
the coefficient of determination (R2) to see if any of the PED
morphological parameters caused additional variation in month
12 BCVA over and above that caused by the base model
factors. A joint Wald test of beta coefficients was also con-
ducted to determine if the PED morphological parameters in
combination improved overall model fit. A P value < 0.05 was
considered statistically significant.

Results

We included 78 eyes of 78 participants with a baseline
PED. In total, 40 (51.3%) participants had nAMD and 38
(48.7%) had PCV.

At baseline, the overall mean age of participants was
70.4 ± 9.1 years. Participants with nAMD were older com-
pared with participants with PCV (74.0 ± 7.5 years versus
66.7 ± 9.3 years, P= 0.001). In total, 34 (43.6%) of the
participants were female. The overall BCVA was 0.79 ±
0.51 LogMAR units, and the overall CRT was 471.2 ±
175.0 µm. Gender, BCVA and CRT were not significantly
different between the nAMD and PCV groups at baseline.
The baseline characteristics are summarised in Table 1.

Table 1 Baseline data.

Mean ± SD or n (%) P

Overall nAMD PCV

n= 78 eyes n= 40 eyes n= 38 eyes

Age (years) 70.4 ± 9.1 74.0 ± 7.5 66.7 ± 9.3 0.001

Female gender 34 (43.6) 16 (40.0) 18 (47.4) 0.648

LogMAR BCVA 0.79 ± 0.51 0.71 ± 0.47 0.87 ± 0.54 0.159

CRT (µm) 471.2 ± 175.0 466.7 ± 162.1 476.4 ± 191.2 0.936

PED parameters

Height (µm) 421.6 ± 510.0 389.9 ± 609.1 455.9 ± 380.6 0.035

Width (µm) 1952.6 ± 1389.3 1858.2 ± 1159.6 2054.7 ± 1611.7 0.931

Volume (×103 µm3) 462.6 ± 601.7 383.6 ± 500.4 545.7 ± 689.7 0.472

Morphologya

Dome-shaped 24 (32.0) 10 (27.0) 14 (36.8) 0.328

Peaked 51 (68.0) 27 (73.0) 24 (63.2) 0.813

RPE tear 10 (13.7) 2 (5.3) 8 (22.9) 0.041

Cholesterol bands 2 (2.6) 2 (5.0) 0 (0.0) 0.494

SD standard deviation, n number.

Statistically significant p < 0.05 values are in bold.
aTotal of 75 eyes.
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PED in nAMD and PCV

The nAMD and PCV PED morphological parameters at
baseline were first compared (see Table 1). Eyes with PCV,
compared with eyes with nAMD, had PEDs of greater
height (455.9 ± 380.6 µm versus 389.9 ± 609.1 µm, P=
0.035) and had higher prevalence of RPE tear (22.9 versus
5.3%, P= 0.041). There were no significant differences
between nAMD and PCV groups for the other PED-related
morphological parameters.

Treatment exposure and BCVA at month 12

The mean number of anti-VEGF injections received from
baseline to month 12 was 5.1 ± 2.9, with no significant dif-
ference in the number between nAMD and PCV groups. The
overall mean number of PDT treatments was 0.3 ± 0.5.
Among the 27 (34.6%) patients who had at least 1 PDT
treatment, the mean number of PDT treatments was 1.4 ± 0.6.

Over 12 months, BCVA improved in the PCV group
(−0.26 ± 0.59 LogMAR units) and worsened slightly in the
nAMD group (0.09 ± 0.37 LogMAR units). The month 12
BCVA for the nAMD and PCV groups was not significantly
different (0.79 ± 0.58 versus 0.62 ± 0.59, P= 0.136).

Association of PED morphological parameters with
month 12 BCVA

In the univariate linear regression analysis (see Table 2),
none of the PED OCT morphological parameters at baseline
significantly influenced month 12 BCVA. Next, in the
multivariate linear regression analysis, we added the PED
morphological parameters to the base model, which com-
prised factors including age, gender, nAMD/PCV diagnosis,
baseline BCVA, baseline CRT and treatment exposure to
determine if the inclusion of PED morphological parameters
would significantly improve the predictive value of the
combined model (see Table 3). Only baseline BCVA (per
line) (Beta= 0.06; P < 0.001) was significantly associated
with month 12 BCVA, with a model R2 of 0.47. None of the

PED OCT morphological parameters at baseline further
influenced month 12 BCVA beyond that of the base model.
The overall model R2 increased marginally to 0.51.

Discussion

The challenges of managing nAMD and PCV underscore
the crucial role of imaging markers in a disease that has a
global burden, increasing prevalence, and which requires
extensive periods of treatment and follow-up. In this
study, we found that eyes with PCV had PEDs of greater
height and had a higher prevalence of RPE tear at baseline
compared with eyes with nAMD. Despite these differ-
ences, none of these PED morphological factors on OCT
at baseline significantly influenced visual outcome at
12 months.

In this study, the difference in height between PEDs in
eyes with PCV and nAMD is consistent with that reported
in previous studies [40, 41]. Also, the increased prevalence
of RPE tear in eyes with PCV may be accounted for by the
greater PED height. The increased risk of RPE tear in the
presence of large PEDs is well recognised and is now
accepted as largely related to the natural history of PED
[42]. In addition to PCV, type 3 neovascularisation is
another lesion subtype that often presents with large PEDs
[43]. Whether there is an increased risk of RPE tear in PEDs
related to PCV specifically has not been demonstrated.

Table 2 Univariate analysis of month 12 BCVA against PED
morphological factors.

PED Parameters on OCT Beta (95% CI) P R2

Height (per SD= 510.0 µm) 0.08 (−0.06, 0.21) 0.25 0.02

Width (per SD= 1389.3 µm) 0.08 (−0.06, 0.21) 0.26 0.02

Volume (per SD= 601.7 × 103 µm3) 0.10 (−0.03, 0.23) 0.15 0.03

Morphology

Dome-shaped −0.22 (−0.50, 0.07) 0.14 0.03

Peaked 0.17 (−0.11, 0.44) 0.23 0.02

RPE tear 0.15 (−0.24, 0.54) 0.46 0.01

Cholesterol bands 0.60 (−0.23, 1.43) 0.15 0.03

CI confidence interval.

Table 3 Multivariate analysis of month 12 BCVA against PED
morphological factors.

Beta (95% CI) P R2

Base model 0.5

Age (per 10 years) 0.08 (−0.05, 0.21) 0.236

Gender female −0.05 (−0.33, 0.23) 0.718

BCVA (per line) 0.06 (0.04, 0.09) <0.001

CRT (per SD= 175.0 µm) 0.08 (−0.05, 0.21) 0.203

Cardiovascular disease 0.30 (−0.08, 0.69) 0.121

Smoker 0.10 (−0.21, 0.40) 0.538

PCV phenotype −0.20 (−0.49, 0.09) 0.170

Number of anti-VEGF injection (per
injection)

−0.00 (−0.04, 0.04) 0.956

Number of PDT treatment (per
treatment)

0.03 (−0.26, 0.32) 0.843

Base model+ PED parameters 0.678 0.5

Height (per SD= 510.0 µm) 0.08 (−0.03, 0.18) 0.173 0.5

Width (per SD= 1389.3 µm) −0.06 (−0.18, 0.07) 0.371 0.5

Volume (per SD= 601.7 × 103 µm3) −0.002 (−0.13, 0.13) 0.981 0.5

Morphology

Dome-shaped 0.04 (−0.21, 0.29) 0.734 0.5

Peaked −0.07 (−0.31, 0.17) 0.541 0.5

RPE tear 0.16 (−0.18, 0.51) 0.353 0.5

Cholesterol bands −0.24 (−1.09, 0.61) 0.575 0.5

CI confidence interval.

Statistically significant p < 0.05 values are in bold.
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Despite these differences in PED characteristics in this
study, BCVA at month 12 was similar between the two
groups. Although the improvement in BCVA was larger in
the PCV group compared with the nAMD group, once we
adjusted for baseline BCVA and age, the difference
becomes insignificant. None of the baseline PED morpho-
logical parameters on OCT further influenced month 12
BCVA beyond that of the base model.

There have been many studies, which have investigated
the relationship between PEDs at baseline and final visual
outcomes and have reported inconsistent relationships
[13–34]. Generally, post-hoc analyses of the major pro-
spective treatment trials had focused solely on the presence
or absence of PED [13–18, 20, 21] In the post-hoc analyses
of the EXCITE [14], MONT BLANC [18] and PRONTO
studies [20, 21], the presence of PED at baseline did not
significantly predict BCVA gains at 12 months. PED height
at baseline was also analysed in the post-hoc analysis of the
HARBOR study, and significant vision gains of 7.9–9.0
letters were achieved regardless of the height [13]. In con-
trast, the post-hoc analyses of the VIEW 1 and 2 studies
suggested that the presence of PED at baseline had a small
negative impact on BCVA [15, 17]. Waldstein et al.
reported 1.88 letters less BCVA improvement from baseline
to week 52 [15]. Schmidt-Erfurth et al. reported a loss of
2.27 and 2.12 letters at 12 and 52 weeks, respectively [17].
Another post hoc analysis of the EXCITE study found that
PED predicted a poor visual outcome only if combined with
intraretinal cysts or subretinal fluid [16].

The studies which had attempted to use quantitative
morphological parameters within the PED like height,
width, area and volume are largely retrospective in nature
[24, 25, 27, 28, 30, 33]. Similarly, a few studies reported
weak to moderate negative correlations between the PED
parameters at baseline and final BCVA [25, 28, 33]. Many
others, however, reported that these parameters have no
predictive value at all [24, 27, 30].

Overall, it is difficult to compare the various studies due
to large study design differences that include the study
population size, type of treatment, re-treatment criteria, type
of OCT devices and choice of PED parameters [13–34].
Notably, the definition of a PED is varied. Some studies,
particularly the prospective trials, have attempted to define a
PED by qualitatively describing the OCT appearance of
PED [13], or by specifying minimum heights or widths
[14–17, 19, 22, 24, 25], relative proportions to the choroidal
neovascularisation lesion on OCT [30], or areas on fundus
fluorescein angiography [26, 29]. Many others did not have
any specific definition for a PED. There may also be a
difference in response depending on whether the PED is
predominantly vascularised or serous. A few studies have
demonstrated worse visual acuity, or less visual acuity
improvement in fibrovascular and vascularised PEDs

compared with serous and avascular PEDs after treatment
[19, 26, 29]. Furthermore, the range of PED prevalence in
these studies is large (18–90%) [13–34]. Most of the pro-
spective treatment trials, except for the HARBOR study,
used time-domain OCT (TD-OCT) [14–18, 20, 21]. Results
of studies which used TD-OCT may not accurately reflect
treatment outcomes in modern care evaluated using SD-
OCT.

There was an unexpectedly high prevalence of eyes with
“peaked PED” in the nAMD group. The morphology
(predominantly dome shaped versus peaked) in PED was
not significantly different between nAMD and PCV in this
study. This finding was unexpected because the presence of
a peaked PED is commonly associated with the presence of
a polypoidal lesion beneath the Bruch’s membrane in PCV
[44]. DeSalvo et al. noticed this feature in 91.9% of the eyes
with PCV, whereas 7.1% of the eyes with occult choroidal
neovascularisation showed this feature [45]. This observa-
tion highlights the limitation of using individual OCT
parameters to differentiate PED in PCV from other entities.
Indocyanine green angiography remains the gold standard
to diagnose PCV and should be performed if available. It is
possible that using higher resolution OCT scans with
reduced interscan spacing and incorporating other OCT
tomographic signs that have been described in PCV may
help improve the sensitivity of OCT.

Hyperreflective bands under PED, thought to represent
cholesterol bands, have recently been recognised as a
potential biomarker for treatment response [39]. This find-
ing is attributed to chronic exudation in type 1 choroidal
neovascularisation and the prevalence reportedly ranges
from 4.2 to 15.6% [39]. In the current study, cholesterol
bands were only observed in two eyes (2.6%) with nAMD,
and in none of the eyes with PCV. We are therefore not able
to conclude the significance of this feature in the current
cohort due to the low prevalence.

The strengths of this study include the use of a stan-
dardised image grading protocol which allowed a detailed
and comprehensive assessment of PED morphological
parameters on OCT that enabled us to compare PED fea-
tures in eyes with nAMD to those with PCV, and to eval-
uate the influence of individual morphological factors on
BCVA, with adjustment made for other covariates in the
baseline model. The limitations of our study include the
relatively small number of cases in the subgroup analysis
and a short follow-up period of 12 months. It will also be
interesting to explore whether other clinically meaningful
end points of visual function such as distortion and micro-
perimetry might give alternative results.

In summary, this study suggests that eyes with PCV
have PEDs of greater height and have higher prevalence of
RPE tear compared with eyes with nAMD. However, the
PED characteristics at baseline have little value in
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prognosticating VA outcome. We believe that this study
represents one of the most comprehensive and detailed
phenotyping projects of PED in Asian nAMD and PCV.
These data will add further to our current understanding of
factors that influence treatment outcomes in the anti-
VEGF era.

Summary

What was known before

● Previous studies have reported inconsistent results
regarding the relationship between PED and visual
outcomes.

● Whilst some studies have associated the presence of PEDs,
or larger PEDs with less favourable visual outcomes,
others have reported no significant relationships.

● There is limited data on whether specific PED
characteristics influence visual acuity outcomes.

What this study adds

● Despite the differences in PED height and prevalence of
RPE tear between nAMD and PCV, none of the
investigated PED morphological factors on OCT at
baseline significantly influenced visual outcome at
12 months.
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