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e PURPOSE: To characterize early outer retinal changes
at the site of origin of subretinal fluid (SRF) in central
serous chorioretinopathy (CSCR). To investigate their
pathophysiologic and clinical significance.

e DESIGN: Retrospective, nonconcurrent, multicenter
cohort study.

e SUBJECTS: A total of 87 eyes of 87 patients with pri-
mary or recurrent CSCR (episode duration <4 months)
and one or more fluorescein angiographic leaks.

e METHODS: In a series of cases of recently active CSCR,
we analyzed changes occurring in the retina and sub-
retinal space at the site of fluorescein leaks, taking into
account similar finding already reported in the litera-
ture. Following the distinction of two basic findings de-
finable as outer retinal erosion (ORE) and outer reti-
nal pinching (ORP), we investigated associated clinical
and morphological patterns. Volumetric quantification of
SRF and pigment epithelial detachment (PED) was per-
formed using artificial intelligence-enhanced algorithms
(Discovery, RetinAl). Three-dimensional configurations
of SRF volumes performed using custom scripts (MAT-
LAB, MathWorks) provided complementary visualiza-
tion of the retinal changes. Sixty patients had available
follow-up of median 19 months. In these patients, time-
to-event analysis with stratified log-rank test was per-
formed to evaluate the development of foveal atrophy and
posterior cystoid retinal degeneration (PCRD).
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e MAIN OUTCOME MEASURES: SRF and PED volume.
Development of foveal atrophy and PCRD.

o RESULTS: The cohort was divided according to the pres-
ence of ORE (43/87) and ORP (44/87) findings. ORP
cases showed more frequent history of steroid use (40.9%
vs 18.6%, P = .011), significantly higher SRF volumes
(median 1763 vs 720 nL, P = .0005), more frequent
PEDs (77.3% vs 46.9%, P = .027), and higher PED
volumes (median 14.5 vs O nL, P = .0002). PCRD de-
veloped exclusively in ORP+ cases (7/28 eyes), with a
median time to occurrence of 225 days, with no event in
the ORE+ group (0/32 eyes). PCRD had an incidence
of O versus 15.4 events per 100 person-years in ORE+
and ORP+ groups, and was associated with lower best-
corrected visual acuity at the event (median = 0.3 vs 0.1
logMAR). No case developed foveal atrophy during the
follow-up.

e CONCLUSIONS: ORE and ORP are two distinct disease
pathways in CSCR. ORP cases, characterized by focal
retinal pigment epithelium photoreceptor adherence and
high-volume SRE show significant risk of transition to-
ward PCRD and limited visual loss. (Am ] Ophthal-
mol 2026;286: 12-28. © 2026 Elsevier Inc. All rights
are reserved, including those for text and data mining, Al
training, and similar technologies.)

ENTRAL SEROUS CHORIORETINOPATHY (CSCR) IS
an idiopathic macular disorder characterized by a
serous neurosensory retinal detachment where fluid
originates from the choroid and reaches the subretinal space
through a barrier defect of the retinal pigment epithelium
(RPE). Its pathogenesis is not yet well defined and recog-
nizes multiple risk factors that ultimately delineate a con-
dition of choroidal overperfusion and choroidal veins di-
lation.'” Although the literature of the last years has in-
creasingly turned its attention to the posterior ocular com-
partments, the choroid and the sclera,*® investigation of
outer retinal alterations remains essential to understand the
severity of the clinical condition, to predict disease progres-
sion, and ultimately to plan therapeutic strategies.
The study of outer retinal and photoreceptor layer al-
terations has emerged as a significant focus in CSCR
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research since the introduction of optical coherence tomog-
raphy (OCT). Several studies documented the progressive
changes occurring in the photoreceptor layer in chronic
CSCR resulting in foveal atrophy and loss of visual acu-
ity.”® Cystoid macular degeneration,’ later termed “pos-
terior cystoid retinal degeneration” (PCRD), %! was also
recognized as a complication not spontaneously resolving
and associated with visual loss in advanced cases of dis-
ease.!”

Numerous investigators have described early outer reti-
nal modifications in CSCR, with particular emphasis on
morphological features at the site of leaking points or
pigment epithelium detachments (PEDs)."” However, a
widely recognized classification of these findings and their
prognostic significance have not been established. Vari-
ous structural changes reported at the leakage sites in-
clude loss of the outer photoreceptor layer,'*! suggesting
disc erosion and displacement, and changes involving outer
retina and RPE, described as “sagging,”"’ “dragging,”'® “dip-
ping,”'1%17 with serous PED or subretinal fibrin,'® and
"hyporeflective subretinal lucency”!”
terial. Moreover, pathophysiology of these initial morpho-
logical changes and their relationship with subsequent dis-
ease evolution remain incompletely understood, limiting
the ability in early stages to predict disease progression and
contextually to make reliable therapeutic decisions.

We have designed a retrospective nonconcurrent study
to systematically characterize early morphological patterns
of CSCR and to investigate possible distinct disease tra-
jectories linked to these patterns. The identification of pe-
culiar morphological manifestations at the site of leaking
points could provide biomarkers to identify the critical ar-
eas of chorioretinal exudation and potentially offer treat-
ment guidance without the need for invasive imaging. In
this investigation, we focused the attention on the possible
correlation of early structural findings with the appearance
of foveal atrophy and PCRD, as well as with the visual out-
come. The study concerns the evolution of retinal lesions
in patients who received an adequate treatment or obser-
vation during the follow-up period in centers that used to
have a similar approach in managing the disease.

within fibrinous ma-

METHODS

In this multicenter, retrospective, nonconcurrent cohort
study, we collected clinical records of patients diagnosed
with CSCR between January 2019 and December 2024,
corresponding to the baseline visit and, when applicable, to
the follow-up visits, including those after half-dose photo-
dynamic therapy (HD-PDT).”° Patients were enrolled from
3 centers: Jules-Gonin Eye Hospital (University of Lau-
sanne, Switzerland), IRCCS Hospital San Martino (Uni-
versity of Genoa, Italy), and Fondazione Italiana Macula
ETS (Genoa, Italy). The study received approval from the
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local Ethics Committee (CERVD: 2017—00493) and was
performed in accordance with the principles outlined in the
Declaration of Helsinki for research involving human sub-
jects.

We included patients who at the first study visit had new
symptoms within the last 4 months and were diagnosed
with primary or recurrent simple CSCR according to the
multimodal imaging-based classification (total area of RPE
alterations <2 disc areas),”’ with the presence of serous
macular detachment and detectable focal dye leakage from
the RPE on fluorescein angiography (FA). The exclusion
of complex cases from the study was only functional to ex-
clude advanced cases where early alterations of the outer
retina at the site of leaking points might not be apprecia-
ble. From this perspective, the definition of simple CSCR
was not applied with rigidity and arbitrarily extended to
multifocal cases to be able to evaluate whether different
outer retinal changes could be found at the site of differ-
ent leaks in a same episode of CSCR. Diagnosis was also
established based on pachychoroid detected with OCT??
and choroidal vascular hyperpermeability detected with in-
docyanine green angiography (ICGA).?’ Patients with the
following conditions were excluded from the study: (1) any
other chorioretinal or optic nerve disorder (ie, age-related
macular degeneration); (2) relevant optic media opacities
or insufficient fixation to allow high-quality imaging; (3)
intraretinal fluid (IRF) or bullous CSCR phenotype at base-
line; (4) annular RPE lesions or catenary forms typical of
chronic CSCR;** (5) flat irregular PED with type 1 macu-
lar neovascularization detected by OCT angiography;”’ and
(6) foveal atrophy at baseline according to a central foveal
thickness cutoff equal <120 um.’® In bilateral cases, only
the eye with more recent symptoms was considered for the
investigation. In all cases, treatment had followed the fol-
lowing criterion: HD-PDT guided by fluorescein and ICG
angiography when spontaneous resolution had not occurred
within 4 to 6 months, with a longer wait in case of subreti-
nal fibrin.

e DATA COLLECTION: Clinical and demographic data
were retrieved by independent readers for each institu-
tion (P.C., S.M., and EC.P.). In addition to demographic
records, we recorded the history of steroid use from the 6
months preceding the onset of the disease episode, then
whether it was the first episode, and, in case of recurrence,
the time interval since the last episode had occurred. From
the clinical records, we also recorded best-corrected visual
acuity (BCVA) using logMAR conversion and intraocu-
lar pressure (Goldmann tonometry). All patients had un-
dergone structural OCT and OCT angiography (Spectralis
HRA+OCT; Heidelberg Engineering) with a dense volu-
metric acquisition (30°x20° or 20°x20° field, 97 sections,
with automatic real-time function and enhanced depth
imaging) mapping the entire subretinal fluid (SRF) volume.
Radial OCT scans were analyzed to evaluate foveal involve-
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ment and the relationship between the leakage sites and the
central macula.

All patients had FA and ICGA available in the medi-
cal records (Spectralis HRA+OCT; Heidelberg Engineer-
ing) and OCT scans passing through the fluorescein angio-
graphic leaking points. The OCT software enables direct
multimodal cross-referencing of FA guide and correspond-
ing OCT with closely spaced B-scans, ensuring accurate
spatial localization.

* FA GRADING: Fluorescein leaks were classified accord-
ing to the classic textbook of Shatz, Burton, Yannuzzi, and
Rabb’? by independent graders (P.E and J.C.). Leaks be-
gin as small “pinpoint” areas of hyperfluorescence at the
level of the RPE in the arteriovenous phase.”’” Throughout
the angiogram, fluorescein partially pools the space under
the neurosensory retina in two patterns: (1) upward from
a break in the RPE, forming a “mushroom,” “umbrella,” or
“smokestack” appearance; (2) gradually increasing concen-
trically to form a spot resembling an “ink blot” with fuzzy
margins. In cases of blot-type leaks, the leakage displays
variable intensity, ranging from unusually “profuse” leaks
to less pronounced amounts of fluorescence. Therefore, FA
patterns were graded as “smokestack” or “blot-type” and ad-
ditionally as “unifocal” or “multifocal,” with a subclassifica-
tion of “profuse” for unusually intense leaks, using qualita-
tive grading.

e OCT GRADING: All multimodal images were subse-
quently graded by the same independent graders (P.E. and
J.C.). In addition to the presence of serous PED, which rep-
resents a well-established possible location of leak site,'*>*8
graders conducted comprehensive morphological analysis
of outer retinal structures on OCT B-scans passing through
FA-confirmed focal leaks.

The evaluation protocol documented structural abnor-
malities of the outer retina in the macular area with serous
detachment. Graders particularly assessed the continuity
and integrity of the outer photoreceptor layer at the site
of the leaking point of the RPE, with documentation of fo-
cal interruptions along an otherwise thickened outer pho-
toreceptor layer. Graders also evaluated the localization and
extent of subretinal fibrin,'**” which was defined as hyper-
reflective material above the RPE. Morphological changes
of the outer retina and RPE in correspondence with the fib-
rinous deposits were evaluated. Analysis of these morpho-
logical features across the entire cohort revealed two dis-
tinct outer retinal configurations at leakage sites, which are
subsequently defined and characterized in the “Results” sec-
tion.

Records of all cases related to the follow-up visits were
analyzed, and the date of any appearance of foveal atrophy*°
or PCRD,'° defined by the presence of optically empty
spaces of IRF at the posterior pole or other structural reti-
nal changes, was recorded. An additional blinded grader
(EC.P.) was involved in case of inter-graders’ discordance.
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* RENDERING OF SRF VOLUME: Three-dimensional recon-
struction and rendering of SRF volume were performed us-
ing custom scripts (S.H.) developed in MATLAB (v. 2024b;
MathWorks). The OCT volumetric scan and correspond-
ing segmentation boundaries—internal limiting membrane
(ILM) and Bruch’s membrane—were exported in “.raw” for-
mat. Preprocessing included A-scan—wise intensity normal-
ization to standardize brightness levels across all B-scans.
The retinal region was defined as the area between the in-
ternal limiting membrane and Bruch’s membrane in each
scan. A binary mask was then applied, with a threshold
set at 0.1% of the maximum intensity within the retinal
area. The threshold was empirically determined to optimize
sensitivity to low-intensity SRF signals while minimizing
noise artifacts. Voxels located within the retinal bound-
aries but excluded by the mask were identified as SRF vol-
ume. For volumetric rendering, the spatial coordinates of
the SRF voxels were mapped to the original OCT coordi-
nate space. These coordinates were subsequently triangu-
lated into tetrahedra using the MyRobustCrust algorithm.
The SRF volume was visualized by rendering the isosurface
of the resulting tetrahedral mesh, enabling systematic anal-
ysis of distinct SRF morphological configurations. Two in-
dependent graders (P.E and ].C.) performed comprehensive
evaluation of SRF volume maps to identify and classify mor-
phological characteristics that would subsequently inform
the primary study findings.

e ARTIFICIAL INTELLIGENCE-ENHANCED FLUID QUAN-
TIFICATION: After anonymization, OCT volumes were an-
alyzed using the Discovery platform (Discovery OCT Fluid
and Biomarker Detector, RetinAl AG) providing auto-
mated quantification of retinal and choroidal layers thick-
ness and volumes. This software is based on a convolutional
neural network architecture and was trained in a super-
vised manner.”® Specifically, the artificial intelligence (AI)-
assisted volumetric analysis provides quantification of SRF
and PED volumes measured in nanoliters, in analogy to
previous studies.’’*’> When an error in automated thick-
ness or volume was present, manual editing was performed

(C.M.E).

o STATISTICAL ANALYSIS: Statistical analyses were per-
formed using R software (version 4.3.3). Column graphs
and survival curves were created using GraphPad Prism soft-
ware (version 10.0.0). Main outcome measures were (1) Al-
enhanced volumetric quantification of SRF and PED be-
tween morphological groups identified in the study; and (2)
development of adverse anatomic outcomes (foveal atro-
phy and PCRD) during the follow-up window. Quantifica-
tion of SRF and PED volumes was the primary outcome,
whereas follow-up analysis was considered exploratory and
hypothesis-generating.

Continuous variables are presented as median and in-
terquartile range (IQR), and nonparametric tests were ap-
plied. The Mann—Whitney U test was used for continuous
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variables, and categorical variables were compared using
the chi-square test. Time-to-event analysis used Kaplan—
Meier estimators with the log-rank test for comparative
analysis between morphological groups identified during
the study, with observation censored at the date of onset
of PCRD or foveal atrophy, or upon the last follow-up for
unaffected eyes. For descriptive purposes, patients who de-
veloped these events continued to be observed throughout
the available follow-up period, with documentation of ad-
ditional treatments and final visual acuity. Event-free sur-
vival probabilities with 95% Cls were calculated at land-
mark time points of 6, 12, and 24 months. The ratio be-
tween the number of adverse events and the total observa-
tion time was used as an estimate of the incidence rate per
100 person-years. For stratified analyses by treatment status,
patients were categorized based on whether they received
HD-PDT or observation during the follow-up period, and
event rates were calculated for each subgroup. P values <
.05 were considered statistically significant.

RESULTS

e IDENTIFICATION OF TWO DISTINCT OUTER RETINAL
PATTERNS: B-scan OCT and 3-dimensional rendering
analysis of SRF volume revealed two distinct mutually ex-
clusive morphological configurations of the outer retinal
changes at the leakage sites.

e Outer Retinal Erosion (ORE): This pattern was char-
acterized by a notch-shaped erosion, or a broader loss
of tissue, along an otherwise thickened outer photore-
ceptor layer within the macular detachment, creating
a "tooth loss" appearance. The volume of SRF in cases
with ORE displays a conventional dome configuration.

e Outer Retinal Pinching (ORP): this pattern was de-
fined by the presence of focal adherence or hyperreflec-
tive connecting material, presumed to be fibrin, between
the RPE and the outer photoreceptor layer within the
serous macular detachment. Traction on both sides of
the subretinal space creates a characteristic “pinching”
effect on the outer retina and the RPE, mainly apprecia-
ble on the retinal side. Consequently, the volume of SRF
displays an eccentric toroidal or doughnut-like configu-
ration.

The cohort was divided between these two patterns, with
ORE identified in 43 cases (49.4%) and ORP in 44 cases
(50.6%). Representative examples of the multimodal imag-
ing and corresponding OCT morphological features are il-
lustrated in Figure 1. The characteristic differences in SRF
volume configuration between ORE and ORP patterns are
visualized through 3-dimensional rendering in Figure 2.

¢ DEMOGRAPHICAL AND CLINICAL FEATURES: The Study
cohort comprised 87 eyes of 87 patients with a predominant
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male representation of 74.7%. The median age of patients
was 46 years with an IQR of 41 to 51 years and a total range
spanning from 30 to 76 years. First episodes accounted for
29 of 87 cases (33.3%), and 58 of 87 (66.6%) were recur-
rences. Recurrent cases had a median time from first episode
of 2 years (IQR, 1-4; min-max: 1-13). Steroid-related cases
represented 26 of 87 (29.9%) of the sample. Comprehen-
sive demographics and baseline characteristics are detailed
in Table 1.

e PATTERN-SPECIFIC MORPHOLOGICAL CHARACTERIS-
TICS: Among ORE cases, a notch-shaped erosion of the
outer segments of photoreceptors (Figure 3, A) was present
in 32 cases representing 74.4% of this group, whereas a
broader erosion (Figure 3, B) was observed in 11 cases rep-
resenting 25.6%. These lesions were differentiated by pho-
toreceptor atrophy due to long-lasting SRF for the clear de-
marcation of the tissue loss in the context of a thickened
outer photoreceptor layer. Thinning of the outer nuclear
layer could be seen in correspondence with the outer seg-
ment loss.

The focal subretinal adherence characteristic of ORP
cases demonstrated several distinct morphological presen-
tations. The area of adherence and traction corresponded
with a subretinal fibrin bridge with occasional hyporeflec-
tive subretinal lucency, or, less frequently, to a “clepsydra”
appearance, in which the posterior displacement of the
outer retina without interposition of fibrin was juxtaposed
with a pointed serous RPE detachment. A fibrin bridge be-
tween the outer retina and RPE (Figure 3, D) was identi-
fied in 38 cases representing 86.3% of the ORP group, indi-
cating the peculiar role of fibrinous material in establishing
retinal-RPE adherence and traction. A concurrent hypore-
flective lucency (Figure 3, E) was evident in 13 cases rep-
resenting 29.5% of the ORP group and was observed in all
cases in the subretinal compartment within areas of massive
fibrin deposition above the RPE plane. Six of the ORP cases
(13.6%) presented with a clepsydra appearance (Figure 3,
C).

e ORE VERSUS ORP COMPARISON: Comparative analysis
between ORE (n = 43) and ORP (n = 44) groups re-
vealed significant morphological and volumetric differ-
ences (Table 2). The groups were well matched regard-
ing demographic and clinical parameters, with no sig-
nificant differences in age (median: 46.0 vs 45.5 years,
P = .677), proportion of first episodes (32.6% vs 34.1%,
P = .877), or baseline BCVA (median: 0.1 vs 0.2 logMAR,
P = .777). The prevalence of steroid-related episodes
(18.6% vs 40.9%, P = .011) was markedly higher in the
ORP group.

The proportion of cases with detectable PED was sig-
nificantly higher in the ORP group (77.3% vs 46.9%,
P = .027). In contrast, volumetric measurements revealed
profound differences between patterns. ORP cases exhib-
ited significantly higher median SRF volumes (1763 nL
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Outer Retinal Erosion (ORE)

Outer Retinal Pinching (ORP)

CFP FA 55° (10:00 min)

ICGA 55° (10:00 min)

OCT (B-Scan at focal leak site) FAF

FIGURE 1. Representative examples of the multimodal imaging and corresponding optical coherence tomography (OCT) patterns
of the outer retina. A and B. Outer retinal erosion (ORE) cases showing focal notch-shaped erosion (A) or broader (B) photore-
ceptor thinning overlying pigment epithelium detachment (PED) (blue arrowheads) with mild fluorescein angiography (FA) leakage
and focal hyper-autofluorescence due to window effect from photoreceptor layer thinning. C. Outer retinal pinching (ORP; orange
arrowhead) case with smoke-stack FA leak and clepsydra sign (ie, posterior displacement of the outer retina without clear interpo-
sition of fibrin). D. ORP case with blot-type leak, ring-shaped subretinal exudates, fibrin bridge, and hyporeflective lucency. The
leak intensity is more pronounced on indocyanine green angiogram, congruous with greater degree of vascular hyperpermeability.
Fundus autofluorescence reveals a focal area of nonfluorescence corresponding to the site of the retinal pigment epithelium (RPE)

barrier defect.

[IQR, 957-3288] vs 720 nL [IQR, 395-1197], P = .0005)
compared with ORE cases. Likewise, median PED vol-
umes were substantially greater in ORP cases compared
with ORE cases (14.5 nL [IQR, 4-41] vs O nL [IQR, 0-4],
P = .0002). The volumetric differences of SRF and PED
between ORE and ORP cases are graphically represented
in Figure 4, A and B.

Subgroup analysis restricted to unifocal leaks (n = 38
per group) confirmed significant volumetric differences be-
tween the two patterns. Median SRF volume was 715 nL
(IQR, 361-1287) in ORE versus 1668 nL (IQR, 673-3093)
in ORP (Mann—Whitney U test, P = .0013). Median PED
volume was O nL (IQR, 0-4) in ORE versus 12.5 nL (IQR,
2-32) in ORP (P = .00019). Multifocal cases (ORE n = 5,
ORP n = 6) showed median SRF volumes of 481 nL and
1205 nL, respectively, indicating that multifocality per se
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was not associated with higher total fluid volumes. Repre-
sentative examples from the subgroup analysis restricted to
unifocal leaks with volumes near group medians are shown

in Figure 4, C and D.

¢ ANGIOGRAPHIC AND AUTOFLUORESCENCE FEATURES:
FA pattern analysis showed blot-type leaks in 76 of 87 pa-
tients (87.4%) and smoke-stack leaks in 11 of 87 patients
(12.6%). Profuse leak intensity was observed in 16 of 87
patients (18.3%). No significant differences were observed
in fluorescein leak type between the ORE and ORP groups,
with blot-type leaks predominating in both groups (88.4%
vs 86.4%, P = .774) and similar distribution of smoke-stack
pattern (11.6% vs 13.6%). Smokestack leaks characterized
cases with the clepsydra sign in the ORP group and broader
erosion in the ORE group (Table 2).
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FIGURE 2. Three-dimensional rendering of subretinal fluid (SRF) volume configurations demonstrating two distinct morphological
outer retinal patterns in central serous chorioretinopathy (CSCR). A and B. ORE cases show conventional dome or conical SRF
volume configuration characterized by focal erosion of the outer photoreceptor layer while maintaining separation between retinal
and RPE layers within the serous neuroretinal detachment. C and D. ORP cases exhibit characteristic toroidal or doughnut-shaped
SRF morphology resulting from focal contact and adherence between the RPE and outer photoreceptor layer, creating a distinctive
"pinching" effect that constrains SRF flow around a focal adherence point. ORE = outer retinal erosion.

TABLE 1. Demographics and Baseline Characteristics of 87 Eyes of 87

Patients
Variable N/Total (%)
Male gender 65 (74.7%)
Steroid correlation 6 (29.9%)
Episode: First onset 9 (33.3%)
Episode: Recurrence (66 6%)
FA Pattern
Blot-type leak 6 (87.4%)
Smoke-stack leak 11 (12.6%)
Multifocal leaks 2 (13.7%)
Profuse intensity 6 (18.3%)
OCT-Associated Features
ORE - Tooth Loss Sign 3 (49.4%)
Focal notch 2 (36.8%)
Broader erosion 11 (12.6%)
ORP 4 (50.6%)
Fibrin bridge 8 (43.7%)
Hyporeflective lucency 3 (14.9%)
Clepsydra sign 6 (6.9%)
Continuous Variables Median (IQR) [min-max]
Age, years 46 (41-51) [30-76]
Symptoms onset, years (in 58 recurrent cases) 2 (1-4) [1-13]

FA = fluorescein angiography; IQR = interquartile range; OCT = optical
coherence tomography; ORE = outer retinal erosion; ORP = outer retinal
pinching.
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Broader Erosion

Outer Retinal Erosion (ORE)

Clepsydra Sign

Fibrin Bridge

Hyporeflective Lucency

Outer Retinal Pinching (ORP)

FIGURE 3. Representative examples of OCT morphological grading adopted in the study. Blue arrowheads indicate ORE patterns;
orange arrowheads indicate ORP patterns. A. Notch-shaped erosion: discrete interruption along an otherwise thickened outer
photoreceptor layer. B. Broader erosion: broader confluent thinning of the outer photoreceptor layer. C. Clepsydra sign: posterior
displacement of the outer retina indicating subclinical fibrinous adhesion. D. Subretinal fibrin bridge: well-defined proteinaceous
material bridging the RPE and outer photoreceptor layer. E. Hyporeflective subretinal lucency: hyporeflective area within fibrinous

deposits above the plane of the RPE.

TABLE 2. Comparison Between Outer Retinal Erosion and Outer Retinal Pinching Groups

Variable ORE (N = 43) ORP (N = 44) P Value
First episode, n (%) 14 (32.6%) 15 (34.1%) .877
Steroid correlation, n (%) 8 (18.6%) 18 (40.9%) .011*
PED presence, n (%) 20 (46.9%) 34 (77.3%) .027*
Leak type on FA, n (%) 774
- Blot-type 38 (88.4%) 38 (84.6%)
- Some-stack 5 (11.6%) 6 (13.6%)
Leak number of FA, n (%) .306
Unifocal 37 (86.0%) 38 (86.4%)
Multifocal 6 (14.0%) 6 (13.6%)
Profuse intensity, n (%) 3 (6.9%) 13 (29.5%) .003*
Age, years 46 (42-52) 45.5 (41-50) 677
BCVA (logMAR) 0.1 (0-0.3) 0.2 (0.1-0.3) 777
IOP (mmHg) 13 (10-14) 13 (11-14) .966
SRF volume (nL) 720 (395-1197) 1763 (957-3288) .0005*
PED volume (nL) 0 (0-4) 14.5 (4-41) .0002*

Continuous variables were analyzed using Mann—-Whitney U test. Categorical variables were analyzed using chi-square test.
BCVA = best-corrected visual acuity; FA = fluorescence angiography; IOP = intraocular pressure; ORE = outer retinal erosion; ORP = outer
retinal pinching; PED = pigment epithelial detachment; SRF = subretinal fluid.

Leaks were predominantly unifocal in both groups
(86.0% vs 86.4%), with comparable multifocal presenta-
tion (14.0% vs 13.6%, P = .306). However, profuse leak in-
tensity was significantly more frequent in ORP cases (6.9%
vs 29.5%, P = .003), aligning with quantitative volumetric
quantification.

In cases with multifocal FA leaks, ORE and ORP were
not present in the same eyes. Each leakage site within
individual patients demonstrated the same morphological
pattern on OCT either exclusively ORE or exclusively
ORP; an example is shown in Figure 5. In multifocal ORE
cases, the photoreceptor’s displacement was not equally
pronounced at all fluorescein leak sites; this heterogeneity
is consistent with the concept that not all angiographically
detected leaks contribute equally to SRF accumulation.’

18 AMERICAN JOURNAL OF OPHTHALMOLOGY

On FAE in case of ORE, the zonal loss of photoreceptors
outer segments was slightly hyperfluorescent (Figure 1) due
to the increased transmission of the RPE autofluorescence
signal of the underlying RPE (G. Staurenghi, personal com-
munication). Instead, in case of ORP, FAF usually revealed
a focal area of nonfluorescence corresponding to the site of
the RPE barrier defect,’* more obvious in cases of profuse
leakage.

e FOLLOW-UP EVALUATION: Sixty patients, 32 with ORE
and 28 with ORP, had available follow-up records of a me-
dian of 19 months. No crossover between ORE and ORP
patterns was observed during the follow-up period. Thirty-
two of these patients (53.3%) were treated with PDT dur-
ing the observation period, including 19 (59.4%) from the
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volumes, reflecting the association between ORP pattern and more profound choroidal hyperpermeability. C and D. Representative
examples from the subgroup analysis restricted to unifocal leaks with volumes near group medians. B-scans show the segmentation
boundaries with corresponding SRF and PED volume maps. Note in ORP case (orange arrowhead): toroidal SRF configuration with
the adherence site as epicenter of subretinal exudation. ORE = outer retinal erosion; ORP = outer retinal pinching.

ORE group and 13 (46.6%) from the ORP group. HD-PDT
was performed at a median of 41 days (IQR, 21-78) from
baseline evaluation. Treatment resulted in complete SRF
reabsorption in all cases of both groups; however, 7 eyes
with ORP developed PCRD (Table 3). Final foveal atrophy
was not detected in any case. Consequently, time-to-event
analysis using Kaplan—-Meier estimators demonstrated sig-
nificantly higher IRF-free survival in ORE compared with
ORP patients, as presented in Figure 6 and Table 4. The 24-
month landmark IRF-free survival rate was 100% for ORE
patients versus 72.1% for ORP patients (95% CI, 56.3-
89.2), with log-rank test confirming statistical significance
(chi-square = 7.95, P = .005). All 7 IRF events occurred
exclusively in the ORP group (n = 28), with none observed
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in the ORE group (n = 32) during the entire observation
period.

Among the 7 patients who developed PCRD, the me-
dian time to IRF development was 225 days (IQR, 183-
295) from baseline for all events. Five of these cases were
untreated, and two had received HD-PDT approximately 3
months earlier. In the latter, PCRD was detected at the first
follow-up visit after treatment, approximately 9 months af-
ter baseline in 1 month and 3 months after baseline in the
other. In the two patients in whom PCRD developed after
treatment, the PDT spots corresponded spatially to the sub-
sequent PCRD development. Among untreated patients,
the median time to IRF development was 237 days (IQR,
186-304). The stratified log-rank test, which accounts for
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Outer Retinal Pinching (ORP)

Outer Retinal Erosion (ORE)

FIGURE 5. Multifocal leakage patterns demonstrating outer retinal morphological consistency within individual patients. Top rows:
ORP case with multifocal leaks (ID2). A. Color fundus photography (CFP) reveals multifocal ring-shaped exudates and translucent
areas corresponding to fibrin deposition, with turbid SRE B. FA shows multiple active blot-type leaks (profuse specification). C. Late-
phase indocyanine green angiography (ICGA) demonstrates intense hyperpermeability and dye coalescence through the leak sites. I-
VI. Corresponding OCT B-scans reveal multifocal hyporeflective subretinal lucency at the RPE plane, with ORP pattern thus present
simultaneously at all leakage sites (orange arrowhead). Bottom rows: ORE case with multifocal leaks. D. CFP shows multifocal
neurosensory retinal detachments without visible fibrin deposition. E. FA demonstrates multifocal leaks with modest intensity. F.
Late-phase ICGA shows mild hyperpermeability, heterogeneous among the leak points identified on FA. I-IV. Corresponding OCT
B-scans demonstrate multiple notch-shaped ORE areas (blue arrowheads); ORE features are not equally pronounced at all points
since not all angiographically detected leaks contribute equally to SRF accumulation.

treatment status as a stratification factor, confirmed a sig-
nificant difference in IRF-free survival between the ORE
and ORP groups (chi-square = 8.96, P = .003). This find-
ing suggests that the observed survival difference between
morphological patterns persists even after accounting for
treatment effect. Incidence rate analysis revealed O events
per 100 person-years in the ORE group compared with 15.4
events per 100 person-years in the ORP group. In the 7 cases

20 AMERICAN JOURNAL OF OPHTHALMOLOGY

complicated with PCRD, IRF was associated with serous
detachment of the adjacent neuroepithelium that involved
the fovea in 4 cases.

* FEATURES OF CASES DEVELOPING PCRD: All 7 patients
who developed IRF were recurrent CSCR cases, with blot-
type leakage on FA and presence of subretinal fibrin. De-
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TABLE 3. Posterior Cystoid Retinal Degeneration—Free Survival Analysis According to Kaplan—Meier Estimates in 60 Eyes of 60

Patients With Available Follow-up and Treatment With Half-dose Photodynamic Therapy

Events

ORE (N = 32)

ORP (N = 28)

Overall (N = 60)

Median follow-up, days (IQR)
PCRD development, n (%)
Median time to event, d (IQR)
Log-rank test, chi-square

P value

Treatment Information

Treated patients, n (%)

Median time to HD-PDT, days (IQR)
PCRD in untreated patients, n (%)
PCRD in treated patients, n (%)

Stratified log-rank by treatment, chi-square

P value

PCRD-free Survival Landmark Analysis

6-months (95% Cl)
12-months (95% CI)
24-months (95% ClI)

Incidence rate (per 100 person-y)

766 (440-1206)
0 (0.0%)
Not reached

19 (59.4%)
31 (21-113)
0/13 (0.0%)
0/19 (0.0%)

100%

100%

100%
0.0

489 (254-780)
7 (25.0%)
225 (183-295)

13 (46.4%)
32 (22-48)
5/15 (33.3%)
2/13 (15.4%)

96.4% (76.5-99.5%)

77.3% (61.0-91.8%)

72.1% (56.3-89.2%)
15.4

570 (308-1028)
7 (1.7%)
8.96
.003*

32 (53.3%)
41 (21-78)
5/29 (17.9%)
2/31 (6.3%)
795
.005*

98.3% (88.8-99.8%)

89.3% (79.9-96.3%)

89.5% (77.8-95.1%)
5.8

HD-PDT = half-dose photodynamic therapy; IQR = interquartile range; ORE = outer retinal erosion; ORP = outer retinal pinching;

PCRD = posterior cystoid retinal degeneration.
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FIGURE 6. Kaplan—-Meier survival curves for intraretinal fluid
(IRF) development in the phenotype of posterior cystoid reti-
nal degeneration (PCRD) stratified by ORE and ORP cases.
All IRF events occurred in ORP group (7/28 patients) with
median time to development of 225 days, whereas no events
were observed in ORE cases (0/32 patients). Log-rank test P
value = .003. ORE = outer retinal erosion; ORP = outer reti-
nal pinching.

tailed individual patient characteristics are reported in
Table 4.

In all PCRD cases, cystoid cavities corresponded to the
area of previous ORP and were predominantly located in
the outer nuclear layer. Cysts of smaller size were also
present in the inner nuclear layer. The largest optically
empty cavities were directly adjacent to the retinal-RPE
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adhesion site and arranged with other smaller cysts in a
connected pattern. Foveal involvement by cystic cavities
(within central 1.50 mm) was observed in 2 of 7 cases.
All cases demonstrated interruption of the external limiting
membrane and atrophy of the RPE in the area of chorioreti-
nal adherence. In the same area, fundus autofluorescence
showed hypo or absent fluorescence. The topographic dis-
tribution of PCRD cases was variously located at the poste-
rior pole, as illustrated in Figure 7. Representative examples
of follow-up evaluations of ORE and ORP cases are shown
in Figure 8.

Among ORP cases, patients who developed IRF demon-
strated significantly worse visual acuity at PCRD onset com-
pared with those without IRF development, with a median
logMAR BCVA of 0.3 (IQR, 0.1-0.4) versus 0.1 (IQR, 0.0-
0.1), respectively (P = .003).

Extended follow-up of PCRD cases (median, 2.3 years;
range, 0.5-6.3 years) showed visual stabilization or improve-
ment in 6 of 7 cases, with persistent intraretinal fluid in 6
cases and complete SRF resolution in 5 cases at final eval-
uation. PDT treatments were required in 6 cases. Foveal
involvement by persistent intraretinal fluid occurred in 2
cases, and no patient developed foveal atrophy during the
extended follow-up period (Table 4).

DISCUSSION

This study describes two distinct early patterns of retinal
changes that can be observed at the site of origin of SRF
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TABLE 4. Clinical and Imaging Features of Seven Outer Retinal Pinching Patients Who Developed Posterior Cystoid Retinal Degeneration

ADOTOWIVHLIHAQ 40 TYNINO[ NVIIIIWY

ID Genderand  Steroid Localization ~ FA Leak Type Fibrin SRF Volume  PED Volume  PCRD After PCRD Development Baseline PCRD Detection ~ Further Additional  Final BCVA
Age (y) Correlation (X, y; um) Bridge (nL) (nL) HD-PDT (mo) BCVA (logMAR)  BCVA (logMAR) Follow-up (y) Treatments  (logMAR)
ID1 M, 75 No Extra-foveal Blot-type Present 706 6 No 6.6 0 0 6.3 2 HD-PDT 0.2
(-735, 826)
1D2 M, 35 Yes Foveal Blot-type Present 1137 26 No 6 0.2 0.4 0.8 1 HD-PDT 0.4
(-601, 404) Multifocal + Lucency
ID3 M, 65 No Extra-foveal Blot-type Present 913 24 No 75 0 0.1 2.3 1 HD-PDT 0.1
(97, 2128)
ID4 M, 35 Yes Foveal Blot-type Present 223 13 No 16.0 04 0.5 2.1 2 HD-PDT 0.1
(479, 544)
ID5 F, 56 Yes Extra-foveal Blot-type Present 673 16 No 9.0 0.1 0.2 0.5 - 0.2
(-1034, 711)
ID6 M, 44 No Extra-foveal Blot-type Present 3833 7 Yes 9.8 0 0.3 41 2 HD-PDT 0
(2847, 2341)
ID7 M, 59 Yes Extra-foveal Blot-type Present 2652 50 Yes 3.3 0.1 0.3 3.2 2 HD-PDT 0.1
(2540, 1239) + Lucency

All cases were recurrent episodes displaying blot-type leak on fluorescein angiogram and ORP on OCT at baseline.
BCVA = best-corrected visual acuity; FA = fluorescein angiography; ID = patient identifier; HD-PDT = half-dose photodynamic therapy; PCRD = posterior cystoid retinal degeneration;
PED = pigment epithelium detachment; SRF = subretinal fluid.
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FIGURE 7. Topographic localization of PCRD cases in relation to fovea center and half-dose photodynamic therapy (HD-PDT)
treatment status. Bilateral fundus map demonstrates spatial localization of 7 PCRD cases (gray diamonds) across the posterior pole,
with 2 cases receiving half-dose PDT treatment (green squares). All PCRD cases developed exclusively in patients with ORP group,
with variable distance from foveal center.

Untreated Untreated

Untreated Untreated

Treated Treated

Baseline OCT: ORE+ Follow-up OCT: Uneventful Baseline OCT: O Follow-up OCT: PCRD

FIGURE 8. Example cases of follow-up evaluation in ORE cases and ORP untreated and treated cases at IRF development (ID1,
ID4 and ID7). A to C. ORE cases with “tooth loss sign” demonstrating favorable anatomic outcomes. The residual focal thinning of
the outer nuclear layer after SRF resolution likely represents photoreceptor misalignment and erosion resulting from the mechanical
action of fluid flow during the active phase. D to E. ORP cases showing baseline focal adherence progressing to intraretinal cyst
formation. Strong spatial correlation is observed between the original pinching sites and subsequent cystoid cavity development,
with ID7 receiving half-dose PDT treatment. The anatomic progression demonstrates how focal chorioretinal adherence facilitates
direct communication between choroidal and intraretinal compartments, leading to permanent barrier loss and PCRD development.
OCT = optical coherence tomography; ORE = outer retinal erosion; ORP = outer retinal pinching.
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in CSCR: ORE and ORP. They seem to be correlated with
different pathophysiological aspects regarding the amount
and content of the leaking fluid. Our observations suggest
that these patterns remain independent over time and can
represent a foundation for possible different trajectories in
the disease progression.

In ORE, the external segments of photoreceptors un-
dergo a focal process of erosion’ along an otherwise thick-
ened outer photoreceptor layer. This local loss of stacked
discs of photoreceptors, which we defined as “tooth loss
sign,” is likely produced by the mechanical insult of fluid
flow coming from the RPE defect on the opposite side. The
erosion can be a limited notch or a broader defect, depend-
ing on the leakage duration and recurrence. In any case, it
is different from the larger and poorly demarcated attenua-
tion of the outer retina, with possible foveal atrophy, result-
ing from the chronic persistence of SRE In our follow-up
window, no case developed foveal atrophy because of the
limited persistence of the serous retinal detachment after
spontaneous resolution or PDT.

Conversely, ORP is characterized by a focal adherence
between the outer retina and the RPE within the macular
detachment. This scenario is typical of CSCR with fibri-
nous exudation, profuse leakage intensity, and high volume
of SRE In all instances, a more or less detectable bridge of
hyperreflective material connects the RPE plane with the
outer retinal surface, creating a characteristic "pinching"
effect on both sides, often better appreciable on the retinal
side. Even when hyperreflective material is not distinctly vi-
sualized, the presence of focal pinching suggests subclinical
fibrin deposits are responsible for the mechanical adherence
between outer retina and RPE.

The typical presentation of CSCR, as depicted in text-
book images and prevalent in medical imaging databases,
characteristically displays SRF with a triangular configura-
tion on B-scan OCT. These geometric characteristics have
engendered significant scientific interest, with researchers
focusing on various morphological parameters, including
the angle formed between the SRF apex and its lateral
legs (“Fuji Sign””), as well as height-to-width ratios that
serve as surrogate markers for differentiation between flat-
ter and more dome-shaped SRF morphologies.”® Three-
dimensional rendering of serous retinal detachment config-
uration has been investigated primarily in relation to spon-
taneous resolution patterns or gravitational inferior shifting
of fluid.”’

In the present study, we used external Al-based software
to provide enhanced quantification of SRF and PED vol-
umes and developed an internal algorithm to visualize the
3-dimensional configuration of macular detachment. We
observed a significant association of ORP with greater vol-
umes of SRF and PED independently by the presence of uni-
focal or multifocal leaks (Table 2). In relation to the shape
of the macular detachment, cases with ORE were charac-
terized by the conventional dome shape with a more or less
pronounced peak corresponding to the photoreceptor ero-
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sion site, whereas cases with ORP had a toroidal configura-
tion (Figure 2). In the latter, the distinctive morphology
facilitates the identification and topographic localization
of the critical zone of SRF origin and the site of a poten-
tial communication between the choroid and intraretinal
compartments. The evolution toward PCRD only seen in
cases with these characteristics suggests that the focal area
of ORP, once an adherent atrophic-fibrous scar has estab-
lished, constitutes a site of lack of barriers (RPE and retinal
external limiting membrane) that allows direct passage of
fluid from the interstitial choroidal tissue into the retina.
Our analysis revealed that the presence of a fibrin bridge
between the RPE and the outer photoreceptor layer was
the predominant finding associated with ORP, observed in
86.3% of cases. Conversely, subretinal fibrin was not de-
tected in any ORE case, resulting in a key distinguishing
feature between the two groups. Even in the 6 of 44 eyes
with ORP in which subretinal hyperreflective material was
not distinctly visualized on OCT, we can infer the presence
of fibrin because there was a focal contact and bilateral trac-
tion between the outer retinal surface and the RPE (“clep-
sydra sign”), which is reasonably due to the strong adhe-
sive properties of the fibrin proteins. Therefore, subretinal
fibrin!>17:29:3941 (3]so defined in the reference literature
as white subretinal exudation,**’ fibrinous or fibrin-like
subretinal hyperreflective material’®**~7) is a crucial OCT
biomarker in the proposed classification scheme. Addition-
ally, hyporeflective lucency'”*®* (also previously defined
as translucent shadow,’ “vacuole sign,””° pellucid core,*’
or “dark spot”**°!=>% within subretinal fibrin) was present
in a subset of patients within well-defined and large fibrin
deposits on the plane of the RPE. Our observations confirm,
as already proposed, that the hyporeflective lucency is asso-
ciated with profound subretinal exudation and represents a
specific biomarker for localization of the leaking site.**
The presence of fibrinous exudate in the subretinal space
of patients with CSCR has been demonstrated histologi-
cally in both human specimens’® and experimental intra-
venous adrenaline-induced primate models of CSCR,”’ and
carries significant pathophysiological implications. It indi-
cates a particularly marked increase of choroidal vascular
permeability associated with wide breakdown of the outer
blood-retinal barrier. Such permeability must be sufficient
to permit extravasation of large fibrinogen molecules (340
kDa) across the compromised choriocapillaris endothelium
and the RPE. These considerations align with our quan-
titative findings of significantly greater SRF and PED vol-
umes (Figure 4), and clinical association of atypically pro-
fuse leaks (Table 2) in ORP cases compared with ORE cases.
In cases with multifocal leaks, all leaks in the same eye,
also if numerous, were associated with the same subretinal
pattern, ORE or ORP. This suggests a different pathophysi-
ological basis of the exudative process for the ORE and ORP
cases. Our findings also revealed that ORP cases were signif-
icantly more often steroid related than ORE cases (40.9%
vs 18.6%, P = .011), strengthening the need for a careful
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investigation of possible exposure to steroids in the clinical
history of these patients. This observation aligns with re-
ports by Uyama and associates’® linking corticosteroid ad-
ministration to severe exudative forms of CSCR and with
the experimental observation of inhibition of RPE repair
processes by steroids.’’

The evidence of subretinal pinching and fibrin, indicat-
ing pronounced choroidal permeability, should additionally
put on notice for a possible exaggerated response to PDT
due to excessive accumulation of verteporfin in the exuda-
tion area. This heightened response can potentially lead to
or accelerate a chorioretinal adhesive scarring, which fur-
ther promotes intraretinal changes. In the 2 cases where
development of PCRD was observed just after PDT, this
mechanism could be called into question. A potential ex-
aggerated response of fibrinous chorioretinal lesions to PDT
was first reported by Yannuzzi,”® who noted the biochemical
similarity between verteporfin and ICG molecules in their
ability to bind to fibrin. Subsequent reports by Liang and as-
sociates” have indicated a higher safety profile for half-dose
versus full-dose PDT in cases with documented subretinal
fibrin deposition, suggesting that lower treatment parame-
ters may mitigate risks while maintaining therapeutic effi-
cacy.

Ultimately, in CSCR with ORP, the management of the
disease can be more difficult than in cases with ORE be-
cause the frequent presence of steroid intake as a risk factor
leads to taking its suspension as the first therapeutic mea-
sure, postponing other treatments. Furthermore, the pres-
ence of fibrin makes one hesitant in the decision to undergo
PDT, leading to proceed with longer periods of observation.
This behavior may have played a role in the evolution to-
ward PCRD and uncontrolled exudation in our 5 untreated
ORP cases that developed PCRD with a median time to
event of 7.5 months (IQR, 6.3-12.5).

Nonvasogenic infiltration of fluid into the retina at the
posterior pole, defined as PCRD, is considered to be an end-
stage manifestation of CSCR implying a condition of ad-
vanced permanent breakdown of the outer blood-retinal
barrier and dysfunctionality of the retinal external limit-
ing membrane.”” %" Therefore, there has been sustained
interest in understanding the mechanisms of IRF forma-
tion in CSCR.®! In a previous study focusing on cases
with established PCRD,'! the presence of patches/bands
of subretinal fibrosis was significantly associated with cys-
toid degeneration, suggesting that adherence between the
choroid and retina could facilitate fluid passage from the
choroid to the intraretinal space. Once a direct communi-
cation between choroid and retina is established, intrareti-
nal cysts become highly responsive to changes in their dif-
ferential pressure with the interstitial choroidal compart-
ment. This phenomenon was clinically demonstrated in a
case of CSCR with stable PCRD where ocular contusion in-
duced choroidal congestion and rapid exacerbation of the
cystoid lesion volume.®” Furthermore, the recent recogni-
tion of a significant role of low intraocular pressure and high
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ocular perfusion pressure in the pathophysiology of CSCR?
suggests that hemodynamic parameters may also influence
the amount of the intraretinal fluid in CSCR with estab-
lished PCRD.

The current study enriches PCRD description by cap-
turing the transition between the initial leak causing SRF
accumulation and the subsequent development of IRF in
primary and recurrent CSCR phenotypes, thereby provid-
ing insight into the early pathophysiological mechanisms
that precede permanent retinal cystoid changes. Our time-
to-event analysis demonstrated a dichotomy in disease pro-
gression between the two initial morphological patterns be-
cause this transition occurred exclusively in ORP cases. In-
terestingly, all cases that developed PCRD (Table 4) pre-
sented with blot-type leakage, recurrent episodes, and the
presence of subretinal fibrin, with hyporeflective lucency
evident in a subset of 2 of 7 cases, with a median time to
IRF development of 7.5 months from baseline (IQR, 6.1-
9.8 months). Therefore, the PCRD complication does not
seem due to the chronicity of serous detachment, but rather
it seems to strictly correlate with the establishment of a
communication between the choroidal and retinal intersti-
tial spaces through an adherent chorioretinal lesion where
the integrity of the RPE barrier is compromised.®>®* Qur
extended follow-up data demonstrate that although PDT
treatment in PCRD cases secondary to ORP may show ini-
tial suboptimal responses with incomplete resolution, ap-
propriate therapeutic management can mitigate the visual
impact of this complication.

Foveal atrophy did not develop in any case in this study.
This severe macular damage is the consequence of a long-
standing persistence of SRF in the central macula and is
associated with severe visual loss.”>° The overall favor-
able anatomic and visual outcome of ORE cases (Figure 8)
observed in our follow-up cohort demonstrates that CSCR
with this finding, when diagnosed early and managed appro-
priately, can be considered a non—vision-threatening con-
dition in which visual function can be entirely preserved.
An equally good anatomic prognosis is not a given for all
cases of CSCR seen in early stages when ORP is present,
despite the adequacy of the therapeutic management and
follow-up that can be provided. The potential for PCRD
development should be carefully considered in these cases,
as well as the potential risk of an exaggerated response to
PDT for the presence of fibrin. In these patients, alterna-
tive treatments should be considered. Nevertheless, PCRD
development appears to occur in only a limited subset of pa-
tients with ORP and does not seem to result in severe visual
loss.

Of note, our study underlines the strong spatial correla-
tion between fluorescein angiographic leaks and early struc-
tural outer retinal alterations. In early cases of CSCR, ORE
and ORP findings could serve as reliable biomarkers for
identifying treatment targets, potentially reducing the need
for invasive angiographic procedures in the management of

CSCR. Moreover, the presence of high-volume SRF should
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prompt clinicians to suspect an ORP leak pattern and guide
a thorough examination of the entire SRF extent to iden-
tify the critical area of fluid origin and possible fibrin depo-
sition. On the other side, when we decide to apply PDT in
cases of chronic CSCR with intraretinal and subretinal ex-
udation, the chorioretinal adherence and cyst topography
can be used as late biomarkers to identify the site of origin
of fluid without resorting to invasive methods.

Regarding the limitations of the study, we acknowledge
that our results on SRF volumes may be affected by the
timing of presentation of the active episode, even if it was
less than 4 months for all cases. Other limitations of this
study include its nonconcurrent nature, the relatively small
number of patients with longitudinal data, and the variable
follow-up durations, making long-term outcomes difficult
to assess uniformly across all patients. The exclusive occur-
rence of PCRD in the ORP group precluded the application
of proportional hazards modeling to quantify adjusted risk
estimates due to the complete outcome separation. Larger
studies are needed to confirm our results and to discern the
prognostic value of ORE and ORP patterns with reference
to the possible advanced anatomic and functional outcomes
in CSCR.

In conclusion, our study delineates a two-pattern classifi-
cation of early morphological changes in CSCR: ORE and
ORP. They reflect fundamentally distinct pathophysiologic
conditions that produce a different quantity and quality of
leaking fluid, and predispose to divergent disease trajecto-
ries. Specifically, ORP cases, marked by higher SRF vol-
umes and fibrinous exudation, exclusively seem to be able

to develop PCRD in a medium-term follow-up, despite PDT
treatment or maybe even as a consequence of it. ORE and
ORP detected by OCT in early active cases of CSCR may
be considered as signature biomarkers of the site of RPE
leakage and used as a guide for treatment planning without
invasive examinations.
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