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Abstract

Background/Objectives: To analyze retino-choroidal tomographic biomarkers of polypoidal choroidal
vasculopathy (PCV) and correlate them with the disease activity.

Subjects/Methods: A total of 250 eyes with polypoidal choroidal vasculopathy (PCV) were included in
this multicentric, retrospective, cross-sectional study. At baseline, all patients underwent multimodal
imaging, including indocyanine green angiography to identify branching vascular networks (BVN) and
polypoidal lesions. OCT-angiography was used to assess the detectability of BVN and polyps, while
structural OCT volume scans were evaluated for features suggestive of PCV. All imaging variables were
correlated with disease activity, defined by the presence of subretinal or intraretinal fluid. In eyes with
retinal fluid, the topographic correspondence between OCT-A-detected polyps and fluid was further
analyzed.

Results: Retinal fluid was present in 195 eyes (78%). Polyp visualization on OCT-A was significantly more
frequent in eyes with retinal fluid compared with non-exudative eyes (86% vs 25%, p<0.001), whereas
BVN detection showed a weaker association (100% vs 83%, p=0.044). Structural OCT features were not
significantly associated with retinal fluid.

On logistic regression analysis, polyp detection on OCT-A was strongly associated with the presence of
retinal fluid (OR 18.5, p<0.001). ROC analysis showed good diagnostic accuracy of polyp visualization on
OCT-A for identifying disease activity (AUC=0.805).

Conclusions: Visualization of polyps and BVN on OCT-A is associated with disease activity in PCV. In
particular, polyp detection on OCT-A is strongly related to the presence of exudative disease and may
represent a lesion-specific biomarker of disease activity, providing complementary information to
structural OCT findings.

INTRODUCTION

Polypoidal choroidal vasculopathy (PCV) was first described in 1990 by Yannuzzi et al as a vascular
disease of the choroid that led to hemorrhagic and exudative macular degeneration.” Currently, PCV is
considered a subtype of neovascular AMD characterized by a particular type 1 neovascularization called

branching vascular network (BVN) and aneurysmal dilations referred to as polyps.? PCV can be clinically
classified in two subtypes: quiescent and active PCV. Quiescent PCV is characterized by the presence of
the typical PCV lesions in the absence of intraretinal or subretinal fluid, and does not require treatment.
Active or exudative PCV is characterized by the presence of intraretinal or subretinal fluid due to the

exudation of the polyps and/or BVNs.3*

The gold standard to diagnose PCV is indocyanine green angiography (ICGA) that allows the detection of
the typical BVN with single or multiple nodular hyperfluorescent lesions at their margins, called polyps.®
However, ICGA is an invasive technique that is not routinely available. Spectral-domain optical coherence
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tomography (OCT) is a non-invasive technique that provides specific findings such as sharply peaked
pigment epithelium detachment (PED), notched or multilobulated PED, and hyperreflective ring

underneath the PED, and represents an important tool for the diagnosis and follow-up of PCV patients.®

OCT-Angiography (OCT-A) as a non-invasive imaging modality can be used to identify the BVN and
polypoidal lesions, to study the spatial relationships between the neovascular tissue and the retinal

layers and to monitor the temporal changes of the lesions along with the treatment. &’

Several studies have reported that, although OCT-A is effective in detecting BVN, polyps visualization
remains challenging: the polyp detection rate with OCT-A varies from 40% to 92%. 68° Moreover, the
polyp appearance on en-face OCT-A is described as variable: the majority of the cases appear as
hypointense roundish structures, while the remaining ones as hyperintense roundish lesions surrounded
by a hypointense halo.™®

Recently, Kim et al showed that OCT-A imaging can be comparable to ICGA for the diagnosis of
treatment-naive PCV, and might be better in correctly identifying both polypoidal lesions and BVNs in

treatment-naive PCV. 1’

In our study we investigated both the polyps and BVN visualization through OCT-A and the relationship
between their visualization on OCT-A and the disease activity (presence/absence of exudation).
Moreover, we examined the topographic correspondence between polypoidal lesions and retinal fluid
localization.

MATERIALS/SUBJECTS AND METHODS

This multicenter, retrospective, cross-sectional study included patients with polypoidal choroidal
vasculopathy (PCV) evaluated at the Department of Ophthalmology, Azienda Ospedaliero-Universitaria
delle Marche, Ancona, Italy; the Eye Clinic, Santa Maria della Misericordia Hospital, Perugia, Italy; the
IRCCS—-Fondazione Bietti, Rome, Italy, between November 2020 and July 2025. This study was driven in
accordance with the tenets of the Declaration of Helsinki and with approval of the local ethics
committee (CERM, Ancona, Italy). For all patients, PCV was diagnosed by means of ICGA showing the
typical BVN associated with polypoidal dilations and confirmed by a senior retinal specialist (ML).
Exclusion criteria were: high myopia (> 6 diopters), intraocular inflammation, severe media opacity,
presence of hemorrhage, diabetic retinopathy, and the presence of any other concomitant retinal or
choroidal disorders. All patients records included best-corrected visual acuity (BCVA), fundus
examination, fluorescein angiography and ICGA (Spectralis HRA + OCT; Heidelberg Engineering,
Heidelberg, Germany), spectral-domain OCT (Spectralis HRA + OCT; Heidelberg Engineering, Germany)
and OCT-A (Spectralis HRA + OCT, Heidelberg Engineering, Heidelberg, Germany). The macular OCT-A
was assessed in all patients with a scanning area of 10 x 10° (2.9x2.9 mm approximately), centered on
the entire BVNs. OCT-A settings included a high-resolution mode with an A-scan rate of 85 kHz and the
Automated Real Time (ART) mode of 4 averaged images The mean quality index was 30 dB.
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ICGA images were analyzed in order to locate the BVN and the polypoidal lesions.

Subsequently OCT-A images were evaluated to assess whether BVN and polyps were detectable or not.
In the en-face visualization of OCT-angiograms, an automatic segmentation algorithm was first used to
detect the BVNs and the polypoidal lesions. In case of significant errors of the segmentation strategies,
the boundaries were then manually adjusted in order to allow the appropriate visualization of the
polypoidal lesions and BVNSs. A polypoidal lesion was defined as an hyperintense roundish lesion
surrounded by a hypointense halo with the aspect of a densely or loosely tangled vascular structures at
the margins of BVNs.212

The presence or absence of the following morphological features, suggestive of PCV, was investigated
on structural-OCT: notched/multilobulated PED, sharply peaked PED, hyperreflective ring underneath
PED, double-layer sign.2® Furthermore, the presence or absence of subretinal or intraretinal fluid (and
their localization with respect to the polyps) and subretinal fibrosis were recorded. The height of the
serous retinal detachment, the maximum height of the PED and the choroidal thickness were measured
with the in-built caliper tool of the Heyex Software Version 1.11.2.0. (Heidelberg Engineering, Heidelberg,
Germany). All the reported variables were related to the status of the disease (active/quiescent), defined
by the presence of subretinal or intraretinal fluid.

In active PCVs, we analyzed if there was a topographic correspondence between the polypoidal lesion
detectable on OCT-A and the fluid accumulation. All the images were analyzed by an experienced retinal
specialist per center (ML, AM, MP).

The quantitative data are reported in tables with mean and SD, while qualitative ones are reported with
frequency graphs or tables. The statistical test for the analysis of the frequency tables of dichotomous
data was the Fisher exact test. The comparison of quantitative variables was performed by the non-
parametric Mann-Whitney test.

The logistic regression and odds-ratio have been computed to determine the potential correlation
between presence or absence of polypoidal lesion at OCT-A and the disease activity (presence or
absence of retinal fluid). The significance level was set at p < 0.05. The analysis was done with software
IBM SPSS V. 25.0.0.

RESULTS

Two-hundred-fifty eyes from 230 patients with PCV were enrolled. All subjects were Caucasian (138
females, 60%) with a mean age of 72 = 7 years). Ninety eyes were treatment-naive, while 160 received a
previous intravitreal treatment (IVT) with anti-VEGF, with a mean of 13.6 + 2.8 intravitreal injections per
year.

Disease activity, defined by the presence of intraretinal fluid or subretinal fluid, was identified in 195 eyes
(78%). Among these, subretinal fluid was present in 154 eyes (79%), intraretinal fluid in 27 eyes (14%),
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while 14 eyes presented both subretinal and intraretinal fluid (7%). The percentages of the different
characteristics investigated on structural-OCT and on OCT-A are reported in Table 1. The percentages of
the qualitative variables examined in the two groups (presence vs absence of retinal fluid) are reported in
Table 2.

Table 1

Demographic data and imaging characteristics
investigated

General data

Total eyes 250
Patients, n (%) 230
Female 138 (60%)
Male 92 (40%)
Age, mean 727
Treatment naive eyes 90 (36%)
Eyes with previous IVT 160 (64%)
OCT data

Disease activity/fluid 195 (78%)
SRF 154 (79%)
IRF 27 (14%)
SRF + IRF 14 (7%)
Double-layer sign 240 (96%)
Subretinal fibrosis 38 (15%)
Notched/multilobulated PED 90 (36%)
Sharply peaked PED 55 (22%)
Hyperreflective ring underneath PED 33 (13%)
OCT-A data

BVN 233 (93%)
Polyp 145 (58%)

Table 1: This table summarizes the demographic data and main structural OCT and OCT-angiography
(OCT-A) features of the enrolled eyes. Disease activity was defined by the presence of subretinal fluid
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(SRF), intraretinal fluid (IRF), or both on structural OCT. Percentages are calculated on the total number
of eyes unless otherwise specified.

Percentages of qualitative variT:tt)lfszinvestigated in the two groups
fluid/no fluid

FLUID P

NO YES
Polyp on OCT-A 25% 86% 0.0001
BVN on OCT-A 83% 100% 0.0444
Double-layer sign 100% 95% 0.9999
Subretinal fibrosis 17% 14% 0.9999
Notched/multilobulated PED 50% 33% 0.3189
Sharply peaked PED 25% 21% 0.7116
Hyperreflective ring underneath PED  25% 9% 0.1676

Table 2: Percentages of qualitative OCT and OCT-angiography (OCT-A) variables are reported in eyes with
and without retinal fluid. Comparisons between groups were performed using Fisher’s exact test.
Statistically significant p-values are reported.

The presence of fluid (both intraretinal or subretinal), related to all the dichotomous variables used,
showed dependence with the polypoidal lesions visualization on OCT-A (p =0.0001) and BVN
visualization on OCT-A (p = 0.0444) (Fig. 1 and Fig. 2).

There are no statistically significant differences for the choroidal thickness and the PED height
compared with the presence or absence of retinal fluid. The Table 3 shows the values of these variables
and of the height of subretinal fluid (present only in the group with fluid presence).

Values of quantitative variables-ls-?tt;(li?e?éi in the two groups fluid/no fluid
Fluid NO (n=55) Fluid YES (n=195) p-value
Mean + SD Mean t SD
Choroidal thickness (um) 281.1+85.6 246.6 +78.3 0.2332
PED height (um) 139.7+101.9 148.7+139.0 0.8705
Subretinal fluid height (um) 110.6 +97.7
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Table 3: Mean values + standard deviation of quantitative OCT parameters in eyes without retinal fluid
and in eyes with retinal fluid. Subretinal fluid height was calculated only in eyes with fluid.

The ROC curve shows that having the polyp detectable on OCT-A is a good index (AUC = 0.805) to
indicate the presence of disease activity (Fig. 3).

Among patients with polypoidal lesions visible on OCT-A and with the presence of fluid (195 patients),
185 patients (95%) had perilesional fluid, and only 10 patients (5%) did not have fluid localized in
proximity of the polypoidal lesion.

DISCUSSION

The major findings of current study underlined the close relationship between the polypoidal lesions and
BVN visualizations on OCT-A and the status of the disease. Indeed a significant correlation between the
presence of intra/subretinal fluid and the clear visualization of these lesions on OCT-A is shown.

Even if ICGA still remain the gold standard for the identification of PCV, several structural-OCT features
are reported as highly suggestive of PCV.%>®1314 The most commonly described features in PCV include
the flat PED, often described as “double-layer sign” and a thickened choroid.? Chaikitmongol et al
identified signs with a high sensitivity and specificity for the diagnosis of PCV without the use of ICGA,
especially when at least 2 out of 4 signs are present, including a notched or hemorrhagic PED detected
using fundus photography or OCT and a sharply peaked PED or a hyperreflective ring underneath PED
detected using structural-OCT.® In terms of activity PCV can be classified into quiescent, exudative, or
hemorrhagic subtypes.? Recently it has been demonstrated that the conversion from non-exudative to
exudative forms, characterized by intra/subretinal fluid, has been noted in nearly half of the non-
exudative PCV cases in 5 years. The progressive “protrusion” of polypoidal lesions on OCT examination
may be a significant biomarker for predicting the near-term onset of exudation.® From an
angiographical point of view, the role of OCT-A in replacing ICGA for the diagnosis of PCV is still
uncertain. '® Some authors report that OCT-A might be even more sensitive than ICGA for the detection
of BVNs, nevertheless the identification of polypoidal lesions remains difficult. 817 The polyps detection
rate on OCT-angiograms ranges from 40% to 92%.5-811.18.19 pifferent reasons have been used to explain
the potential limitation of OCT-A in revealing polypoidal lesions. Some authors attributed it to the small
size of the polyps which is insufficient to create enough flow signal for OCT-A detection.®1116.20 The
blood flow speed within the polyps has also been considered as a potential influencing factor for polyp’s

visualization.2122

Fukuyama et al. studied the blood-flow speed through the polypoidal lesions by analyzing the time of dye
infiltration into the choroidal arteries and polypoidal lesions on ICGA showing that the polyps filling time

of ICG dye is not associated with the polyp’s visualization on OCT-A. 23 Conversely the elapsed time from
the choroid to the polyp was significantly longer in polyps that were not detectable on OCT-A.%3 This

Page 7/14



might mean that slower or reduced blood influxes into polypoidal lesions may impede the visualization
of flow signals on OCT-A. 22 The signal attenuation from PED, scars or blood and incorrect volume
segmentation have also been proposed as negative contributors to polyp detection on OCT-A.16:24.25

In the current study, we analyzed the exudative activity of PCV lesions and their OCT and OCT-A
characteristics. To the best of our knowledge this is the first study aiming to evaluate a potential
correlation between specific imaging findings and the exudative status of PCV.

The recruited eyes were divided in two groups: those with exudative PCV and those with non-exudative
PCV. The qualitative structural-OCT features did not show statistical differences between the 2 groups.
Based on this finding, we can conclude that double layer sign, notched/multilobulated PED, sharp-peaked
PED, subretinal fibrosis and hyperreflective ring lesion underneath the PED are specific tomographic
biomarkers for the diagnosis of PCV but do not provide any information related to the disease activity.

The quantitative variables as well, like choroidal thickness or PED height, did not show statistically
significant differences between the two groups. Therefore, choroidal thickness does not appear as a
useful biomarker for evaluating disease activity, since exudation mostly relies on the integrity of the
outer blood-retinal barrier rather than on specific structural choroidal features. Furthermore, PED height
is not related to disease activity, probably because in patients with active PCV there is an impairment of

the outer blood-retinal barrier such as to cause a passage of fluid directly under the retina.??

Polypoidal lesions were detectable on OCT-A in 86% of the eyes in the exudative group compared to the
25% of eyes in the non-exudative group. BVNs were visible in all the eyes with fluid (100%), and in the
83% of eyes without fluid. A statistically significant relationship was found between the presence of
retinal fluid and polyp and BVN detection on OCT-A.

Furthermore, the results of the logistic regression model showed that patients with polyps visible on
OCT-A have a high probability to have sub or intra-retinal fluid (OR 18.5). This means that patients that
have polyps detectable on OCT-A have a risk of 18.5 times higher to show exudative PCV lesions. This
result suggests that the disease activity, and then the exudation of the lesion, is a factor correlated to the
polyp and the BVN visualization on OCT-A. A possible explanation of our result could be that the flow
characteristics are different between exudative and non-exudative polyps. It is reasonable that, when the
disease is quiescent, the blood flow speed within the BVN is lower, under the detection threshold of OCT-
A. Conversely and when the disease is active there are flow changes within the polyp with a flow speed
change, that leads to the polyp detection on OCT-A.

Moreover, the ROC curve shows that having the polyp detectable on OCT-A is a good index (AUC = 0.805)
to indicate the presence of disease activity. Based on this findings, the polyp visualization on OCT-A
appears to be closely associated with disease activity in PCV.

In eyes with exudative disease, the intra or subretinal fluid was topographically localized in 95% of cases
in proximity of the polypoidal lesion. This strong spatial correspondence suggests that the polyp, rather
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than the BVN, may represent the primary exudative component of the PCV lesion.

Although structural OCT remains the reference modality for detecting exudation, our results indicate that
polyp visualization on OCT-A may represent a lesion-specific biomarker of disease activity, providing
complementary information to the established structural OCT biomarkers. In this context, OCT-A may
contribute to a comprehensive assessment of PCV activity by identifying its perfusion status and the
vascular origin of exudation.

The main limitations of this study include its retrospective nature and the absence of longitudinal
assessment that might strengthen a potential predictive role of our findings. Larger prospective
longitudinal studies are warranted to determine whether changes in polyp visibility on OCT-A precede the
onset of exudation and may therefore serve as an early indicator of disease activation.
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Figure 1

The polyp visualization on OCT-A in the two groups: fluid vs non-fluid.
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Figure 2

The Branching Vascular Network (BVN) visualization in the two groups: fluid vs non-fluid
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Figure 3

The receiver operating characteristic (ROC) curve shows that the polyp detection on OCT-A is a good
index (AUC= 0.805) to indicate the presence of disease activity.
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