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Abstract

Background To qualitatively and quantitatively evaluate the features of treatment-naive flat irregular pigment epithelial
detachment (FIPED)-associated choroidal neovascularization (CNV) in chronic central serous chorioretinopathy (CSC)
using swept-source (SS) optical coherence tomography angiography (OCTA) before and after half-dose photodynamic
therapy (PDT).

Methods Retrospective case series. The multimodal imaging data of the eyes with FIPED-associated CNV in chronic CSC
were reviewed. The features of FIPED-associated CNVs were evaluated by SS-OCTA.

Results Records of twenty-one patients (21 eyes) were reviewed. The mean age was 56.62 + 6.87 years. After half-dose
PDT, all patients have improved best spectacle-corrected visual acuity from 0.49 at baseline to 0.25 at 6-month visit, and
subfoveal choroidal thickness decreased with subretinal fluids absorbed. By OCTA, the features of CNV at baseline included
long filamentous linear vessels (21/21), branching into other large mature vessels with rare anastomoses (21/21); and/or a
‘dead tree’ appearance at the vessel’s termini (20/21); and no perilesional hypointense halo (21/21). Compared to those at
baseline, the mean vessel density of CNV showed no significant change at 1-,3-,6-month follow-up, while the mean area of
CNV was significantly larger at the 6-month follow-up (p = 0.013).

Conclusions OCT angiography allows to qualitatively and quantitatively evaluate CNV in chronic CSC. The features of
FIPED-associated CNV on OCTA illustrated its quiescent characteristic and further guided therapy. Half-dose PDT showed
favorable effects on chronic CSC complicated with FIPED-associated CNV.

Introduction

Central serous chorioretinopathy (CSC) is a common dis-
ease associated with a pachychoroid-driven spectrum of
diseases, including choroidal thickening and large choroidal
vessel dilation. Choroidal neovascularization (CNV) in
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cases of chronic CSC is an independent risk factor for
poorer visual outcome, with an incidence of around 2-24%
based on dye angiography [1, 2]. Mrejen et al. reported that
24% of CSC eyes (52/217) complicated with CNV had type
1 CNV [2].

Most recent studies have explored the association
between long-standing CSC and type 1 CNV [1, 3, 4].
Although the exact mechanism has not been thoroughly
investigated, it is theorized to be similar to the process of
age-related macular degeneration (AMD) [5]. The char-
acteristics of CNVs in CSC eyes have been poorly under-
stood due to the limitations of conventional retinal imaging.
However, the advent of optical coherence tomography
angiography (OCTA) allows us to investigate the incidence
and nature of type I CNV in CSC eyes before and after
treatment more precisely. Recently, the visualization of flat
irregular pigment epithelial detachment (FIPED)-associated
CNV in CSC patients was assessed by OCTA in several
studies with diverse results [1, 6, 7]. In our previous study,
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the use of OCTA, compared with indocyanine green
angiography (ICGA), has increased the detection rate of
CNV in eyes with chronic CSC [8].

Because an increasing number of eyes with chronic CSC
present with FIPED-associated CNV and the treatment
protocols are controversial, it has become imperative to
analyze the changes of FIPED-associated CNV in eyes with
chronic CSC. Few studies have demonstrated the sequential
changes of FIPED-associated CNV in patients with chronic
CSC after treatment. In this study, we attempted to identify
and analyze the characteristics of FIPED-associated CNV in
CSC eyes before and after half-dose photodynamic therapy
(PDT) using swept-source OCTA (SS-OCTA), to provide a
theoretical basis for the appropriate therapy.

Methods
Patients and examinations

We performed a retrospective study of consecutive partici-
pants who were diagnosed with chronic CSC with FIPED-
associated CNV and underwent complete examinations at
baseline and at 1-month, 3-month and 6-month visits
between September 2018 and April 2020 at the outpatient
clinic of the Eye & ENT Hospital of Fudan University,
Shanghai, China. The Institutional Review Board of the Eye
and ENT Hospital of Fudan University approved the study.
All procedures were performed in compliance with the
principles of the Declaration of Helsinki. Written informed
consent was obtained from the participants.

At baseline, each patient underwent a comprehensive
ophthalmological examination, including the measurement
of best spectacle-corrected visual acuity (in Snellen visual
acuity ratios), manifest refraction (NIDEK RT-5100,
NIDEK, Tokyo, Japan), fundus photography (Topcon
TRC50LX; Topcon, Tokyo, Japan), fundus auto-
fluorescence (AF; Heidelberg Engineering, Heidelberg,
Germany), fluorescein  angiography (FA; Topcon
TRC501X), ICGA (Heidelberg Engineering), SS-OCTA
(PLEX Elite 9000; Carl Zeiss Meditec, Dublin, CA), and
spectral domain optical coherence tomography (SD-OCT;
Heidelberg Engineering).

All patients were followed-up for revaluation at 1, 3, and
6 months after half-dose PDT with best spectacle-corrected
visual acuity, manifest refraction, SD-OCT, and SS-OCTA
examinations.

Chronic CSC was defined as visual acuity symptoms
with persistent serous retinal detachment for at least
6 months. The clinical criteria for a diagnosis of chronic
CSC with FIPED-associated CNV were confirmed with FA,
ICGA, SD-OCT, and SS-OCTA, and included: (1) onset of
visual symptoms with persistent serous retinal detachment
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for >6 months; (2) increased choroidal thickness and dilated
choroidal vessels (detected with enhanced-depth imaging
OCT); (3) retinal pigment epithelial (RPE) changes visible
as granular patches on FA; (4) choroidal vascular hyper-
permeability and dilation on ICGA; and (5) presence of
FIPED-associated CNV, defined as a flat irregular elevation
of the RPE with moderately reflective materials between the
RPE and Bruch’s membrane on SD-OCT, and (6) the pre-
sence of CNV between RPE and Bruch’s membrane on SS-
OCTA. All eyes received half-dose PDT and were followed
up at 1, 3, and 6 months post treatment. Patients with any of
the following were excluded from the study: spherical
equivalent >2 diopters (D); diagnosis of amblyopia, ani-
sometropia, or cataract; history of other ophthalmic diseases
or ocular trauma; or history of intravitreal injection or PDT
therapy.

During half-dose PDT, patients received an intravenous
infusion of 3 mg/m? verteporfin (Visudyne; Novartis AG,
Biilach, Switzerland) delivered over a period of 10 min.
And the 689-nm laser (Opal photoactivator; Lumenis,
Yokneam, Israel) with an intensity of 50 J/cm? was applied
at 15 min from the commencement of infusion for 83 s. The
areas of choroidal dilation and hyperperfusion associated
with clinical findings as observed in ICGA were spotted and
targeted by two experienced specialists (WL, GZX) as
previously reported [9].

The subfoveal choroidal thickness (SFCT) was measured
with enhanced-depth imaging scans as the axial distance
from the outer border of RPE to the sclerachoroidal inter-
face [10]. The maximum vessel diameter (MVD) under
FIPED was measured in Haller’s layer. The en face area of
FIPED-associated CNV were calculated with manual border
tracing and vessel density were measured using the analysis
tools in the Fiji distribution (http://fiji.sc), as previously
described [11]. All images were obtained by two well-
trained independent operators (JLG, WYT).

Two independent observers (JLG, WYT) assessed the
OCT and SS-OCTA data for each eye and controlled the
corrected SS-OCTA segmentation of the 21 eyes before
reporting the data.

Statistical analyses

Best spectacle-corrected visual acuity values were con-
verted into the logarithm of the minimum angle of resolu-
tion (logMAR) values for statistical analysis. Quantitative
variables (age, BCVA, duration of onset, SFCT, and MVD)
were evaluated at baseline with a one-sample 7 test. The best
spectacle-corrected visual acuity, SFCT and MVD on OCT
as well as en face area and vessel density of FIPED-
associated CNV on OCTA between baseline and 1, 3, or
6 months after half-dose PDT were compared with a paired-
samples ¢ test. Significance was defined as P <0.05. The
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intraclass correlation coefficient (ICC; 95% confidence
interval [CI]) was used to test the interobserver reproduci-
bility between the two observers in the measurement of the
FIPED-associated CNV area. All statistical analyses were
performed with IBM SPSS Statistics v19 (SPSS, Chicago,
IL, USA).

Results

Data from 157 individuals with a diagnosis of chronic CSC
were analyzed. Among these patients, 35 patients (22.3%)
was complicated with FIPED-associated CNV. A total of 21
eyes of 21 consecutive subjects (eight females and thirteen
males; mean age 56.62+6.87 years, range 42-72 years)
with FIPED-associated CNV complicating CSC met the
inclusion criteria for this study. In our cohort, 81% (17/21)
of eyes showed a late-phase staining neovascular plaque on
ICGA. All patients had a favorable clinical response to half-
dose PDT and no severe complications were detected. The
demographic and clinical data of patients with chronic CSC
are presented in Table 1. The mean best spectacle-corrected
visual acuity improved from 0.49 at baseline to 0.25 at 6-
month visit. The mean spherical equivalent was —0.02 +
0.94 diopters (D) (range, +1.50 to —1.25 D). SFCT and
MVD decreased after half-dose PDT (Table 2).

Among these 21 patients, the features of CNV on OCTA
at baseline included long filamentous linear vessels,
branching into other large-caliber vessels, with rare ana-
stomoses; and/or a ‘dead tree’ appearance at the vessels’
termini; and no halo (Fig. 1). In the 21 eyes, the CNV shape
on OCTA was regarded as circular in five eyes and irregular
in 16 eyes. The CNV core was not visible in 16 eyes. The

Table 1 Demographic and clinical data of patients with chronic central
serous chorioretinopathy with FIPED-associated CNV.

Number of Patients/Eyes 21
Age (range), years 56.62 £ 6.87 (42-72)
Sex, male/female 13/8

7.71 £4.30 (6-24)
20/63 (20/25-20/200)

Duration of onset (range), months

Baseline Snellen refracted vision (range)

Spherical equivalent (range), D —0.02+0.94

(+1.50~—1.25)
SFCT (um) 423.57+117.30
MVD (um) 388.10+115.83
IRF, n (%) 2 (9.5%)
Pachydrusen 1 (4.8%)
Position of CNV (subfoveal/juxtafoveal/ 10/2/9

extrafoveal), n

FIPED flat irregular pigment epithelial detachment, CNV choriodal
neovascularization, SFCT subfoveal choriodal thickness, BCVA best-
corrected visual acuity, MVD maximum vessel diameter, IRF
intraretinal fluid.

CNV margin was considered well defined in all eyes. All
eyes presented with large CNV margin loops, except for
two eyes displaying small loops. The OCTA features of
patients with FIPED-associated CNV are shown in Fig. 2.
Characteristics of FIPED-associated CNV are presented in
Table 3. The vessel flow areas were 1.16+0.87 mmz,
1.23+0.85mm? 1.48+0.87mm’ and 1.91%0.97 mm?
before therapy and at follow-up at 1, 3, and 6 months after
PDT, respectively. The vessel densities were 46.18 +
3.66%, 44.62+3.47%, 44.45 +3.07%, and 43.90 +£5.07%
before treatment and at follow-up at 1, 3, and 6 months after
PDT, respectively. The mean area of CNV was significantly
larger at the 6-month follow-up than that at baseline (P =
0.013). The vessel densities of CNV did not differ sig-
nificantly between baseline and the 1-month (P =0.163),
3-month (P =0.103), or 6-month (P =0.102) follow-up.
Subretinal fluid (SRF) was resolved at 6 months after
therapy in all 21 eyes.

Discussion

We retrospectively investigated the microstructural char-
acteristics of FIPED-associated CNV in 21 treatment-naive
eyes with chronic CSC using SS-OCTA. These included
long filamentous linear vessels, branching into other large
mature vessels, with rare anastomoses; a ‘dead tree’
appearance at the vessels’ termini; and no halo in the
choriocapillary layer. These observed features of FIPED-
associated CNV were similar to the characteristics of
quiescent CNV, as described in AMD [12].

Quiescent type I CNV in AMD patients is defined as an
irregular elevation of the RPE with moderately reflective
materials in the sub-RPE space, without intraretinal or
subretinal fluid on SD-OCT, neovascular network on ICGA,
and late-phase ill-defined hyperfluorescent lesion without
late-phase leakage on FA [12, 13]. However, differentiating
the activity of CNV complicating CSC has been challenging
with traditional multimodal imaging because SRF may
result from either choroidal hyperperfusion or active CNV,
or both. A novel revolutionary technique, OCTA, greatly
improved the detection rate of FIPED-associated CNV
complicating CSC [14]. More importantly, OCTA imaging
allows both the qualitative and quantitative evaluation of the
microvasculature in detail, including the size, morphology
and caliber of blood vessels. Bousquet et al. reported the
features of CNV complicating CSC by OCTA imaging that
52.4% (11/21) of these CNVs had peripheral anastomosis,
62% (13/21) had large vessels, and 23.8% (5/21) had
characteristics of active CNV [6]. Bousquet et al. also
described large-caliber vessels with a paucity of capillaries
within the lesions [6]. Different from previous studies, in
our series of 21 treatment-naive CNV complicating CSC
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Table 2 Characteristics of variables measured in patients with FIPED-associated choroidal neovascularization in chronic central serous
chorioretinopathy at baseline and at 1-month, 3-month, and 6-month after half-dose photodynamic therapy.

Parameters At baseline At I-month after PDT At 3-month after PDT At 6-month after PDT p;* p* P;*

BCVA LogMAR (Snellen) 0.49+0.28 0.48 £0.29 0.33+0.23 0.25+0.21 0.909 0.052 0.004
SFCT (um) 423.53+131.82 385.38+118.97 357.57+98.83 325.71 £93.56 0.385 0.05 0.005
MVD under FIPED (um)  388.10+115.83 358.43 +103.56 330.38 +95.12 300.62 £ 85.97 0.387 0.085 0.008
Areas of CNV (mm?) 1.16 +0.87 1.23+0.85 1.48 £0.87 1.91+0.97 0.798 0.254 0.013
Density of CNV (%) 46.18 £3.66 44.62£3.47 44.45+3.07 43.90 £5.07 0.163 0.103 0.102

BCVA best-corrected visual acuity, CNV choroidal neovascularization, FIPED flat irregular pigment epithelial detachment, LogMAR logarithms of
the minimum angle of resolution, MVD maximum vessel diameter, PDT photodynamic therapy, SFCT subfoveal choriodal thickness.

“Analyzed by paired ¢ test.
p1: Comparing baseline to 1-month post PDT measurements.
p2: Comparing baseline to 3-month post PDT measurements.

p3: Comparing baseline to 6-month post PDT measurements.

Fig. 1 Features of flat irregular pigment epithelium detachment
(FIPED)-associated choroidal neovascularization (CNV) in
chronic central serous chorioretinopathy detected with OCT
angiography (OCTA) at baseline. A OCTA shows well-defined
small CNV with peripheral anastomosis (blue arrow). The corre-
sponding cross-section OCTA shows FIPED with overlying subretinal
fluid. OCT B-scan centered on FIPED shows its hyperreflective

eyes, the appearance of FIPED-associated CNV included
long filamentous linear vessels (21/21) branching into other
large-caliber vessels (21/21), with rare anastomoses (21/21);
a ‘dead tree’ appearance at the vessels’ termini (20/21) by
OCTA; and no halo (21/21). The discrepancy was supposed
to derive from the fact that Bousquet et al. included CSC
patients with a history of PDT or anti-VEGF treatment
while we only included treatment-naive CSC patients.
Previous PDT or anti-VEGF treatment might have exerted
effects on the activity of CNV. Furthermore, Chen et al.
reported that the clinical course of CNV complicating CSC
was stable during a three-year follow-up [15]. The current
study demonstrated that the FIPED-associated CNV kept
stable without SRF recurrence in the follow-up. Given on
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material (green arrow). B OCTA shows well-defined CNV with large
and small loops (yellow arrow). C OCTA shows CNV with large
trunks (red arrow) and large loops (blue arrow). D OCTA shows CNV
with large trunks (red arrow) and large and small loops (yellow arrow).
The corresponding OCT B-scan shows FIPED with overlying sub-
retinal fluid (red asterisk) and intraretinal fluid (blue asterisk).

the structural features on OCTA and the inactive manifes-
tation after half-dose PDT, we suspect that the FIPED-
associated CNV complicating CSC is inclined to be
quiescent CNV.

The pathogenesis of FIPED-associated CNV complicat-
ing CSC has been unclear. One possible explanation is that
the anatomical and physiological changes originating from
CSC, such as choroidal hyperperfusion, vascular dilation,
and succedent RPE abnormalities, increase the levels of
vascular endothelial growth factor (VEGF) in the sub-RPE
compartment [2]. The thickened SFCT and the larger cali-
ber of choroidal vessel underneath the FIPED-associated
CNV in our study also support this hypothesis. A second
explanation is that FIPED-associated CNV plays a
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Fig. 2 Morphological changes in flat irregular pigment epithelial
detachment (FIPED)-associated choroidal neovascularization
(CNV) in two eyes with central serous chorioretinopathy (CSC) at
baseline and at 1-month, 3-month, 6-month after half-dose pho-
todynamic therapy (PDT). Circular shape of CNV (A) is described
by optical coherence tomography angiography (OCTA) and corre-
sponds to hyperreflective, flat irregular pigment epithelial detachment

compensatory role in chronic CSC. The long-term ischemic
outer retina that results from long-term SRF may be com-
pensated by the growth of the CNV which may provide
oxygen and nutrients to the outer retina [16]. It may also
preserve visual acuity by protecting against the advent or
progression of geographic atrophy [17]. Sacconi et al.
recently demonstrated that the VD of the CNV complicating
chronic CSC did not change after treatment (half-fluence
PDT or intravitreal injection of aflibercept), which different
from the response to treatment in active CNV in wet AMD.
They suggested that arteriogenesis is the main driving force
of CNV in CSC [18]. Consistent with this, our results also
demonstrated that the VD did not change significantly after
half-dose PDT with time. Combined with the features of
FIPED-associated CNV detected with OCTA, we also
suggest that arteriogenesis, rather than angiogenesis, con-
tributes to the pathogenesis of the FIPED-associated CNV
in chronic CSC, which differs from the pathogenesis of
active CNV in wet AMD.

(B) on OCT B-scan at baseline. Subretinal fluid was resolved at
1 month (C, D) and 3 months (E, F) after half-dose PDT. Area of CNV
increased 6 months after therapy (G, H). Notably, in the eye (I-P) at 6-
month follow up, one emerging polyp (yellow arrow) was observed
originating from the terminal of enlarged CNV on OCTA (O) corre-
sponding to elevation of RPE with rich vessel flow signal on cross-
section OCTA (P).

The common therapeutic modality for CSC complicated
by active type I CNV is intravitreal anti-VEGF injection
[19]. This so-called active CNV is different from FIPED-
associated CNV which seems to be a poor response to
intravitreal anti-VEGF injection because it is a weakly
aggressive form of CNV. Serra et al. suspected that arter-
iogenesis, which is characterized by the dilation of pre-
existing channels and not by high VEGF dependence,
explains the lack of effect of intravitreal aflibercept on the
vessel density [20]. In this study, SRF rapidly resolved in all
patients with the improvement of choroidal dilation after
half-dose PDT while the persistence of FIPED-associated
CNV. In our previous study, FIPED-associated CNV could
keep stable for as long as 4 year after half-dose PDT [8].
Thus we suspected SRF might result from choroidal
hyperperfusion due to chronic CSC other than CNV activ-
ity. If so, half-dose PDT seems a more reasonable therapy
for chronic CSC complicated with FIPED-associated CNV,
except when CNV activity become evident. In addition,
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Table 3 Optical coherence

tomography angiography Patient no. Shape Core Anastomoses Margin loops Branching Halo

featur.es of patier}ts with FIPED- 1 FLV \Y% Rare LL+SL Large and capillary vessel -

associated choroidal

neovascularization complicating 2 FLV NV Rare LL Large vessel -

chronic central serous 3 FLV NV Rare LL Large vessel -

chorioretinopathy. 4 FLV NV Rare LL+SL Large vessel -
5 FLV NV Rare LL Large vessel -
6 FLV v Rare LL Large vessel -
7 FLV v Rare LL Large vessel -
8 FLV NV Rare LL Large vessel -
9 FLV NV Rare LL Large vessel -
10 FLV NV Rare LL Large vessel -
11 FLV NV Rare LL Large vessel -
12 FLV NV Rare LL Large vessel -
13 FLV NV Rare LL Large vessel -
14 FLV NV Rare LL Large vessel -
15 FLV NV Rare LL Large vessel -
16 FLV A" Rare LL Large vessel -
17 FLV \Y Rare LL Large vessel -
18 FLV NV Rare LL Large vessel -
19 FLV NV Rare LL Large vessel -
20 FLV NV Rare LL Large vessel -
21 FLV NV Rare LL Large vessel -

FLYV filamentous linear vessels, V visible, NV not visible, WD well defined, LL large loops, SL small loops.

because half-dose PDT can improve choroidal congestion
and choroidal hyperpermeability in chronic CSC, we further
speculate that half-dose PDT therapy may not only suppress
CNV to become active, but also prevent the arising of new
CNV in the long term.

Our data also show that the area of CNV had changed
negligibly at 1 month after treatment, which differs from the
findings of Sacconi et al, who demonstrated that the area of
CNV decreased significantly in the PDT group [18]. This
discrepancy is possibly attributable to the treatment-naive
eyes in our cohort, whereas the patients in Sacconi’s study
had a history of treatment which possibly affected the
activity of CNV. It is interesting that the area of CNV had
become larger at 6 months, but without signs of activity.
Although the exact reason is unclear, we suspect that the
larger size of CNV may be attributable to its compensatory
role. Further research is required. To the best of our
knowledge, no previous study has reported the sequential
(1-, 3-, and 6-month) changes in FIPED-associated CNV
complicating chronic CSC after treatment.

It is noteworthy that in our series, one emerging polyp
was observed originating from the terminal of enlarged
CNV on SS-OCTA in one of the 21 patients at the 6-month
follow-up, without any detectable fluid. Polypoidal vascu-
lopathy (PCV) can be secondary to long-standing CSC,
especially chronic CSC associated with occult CNV
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[21, 22]. It has been postulated that CSC and PCV share a
common and convergent pathogenesis involving a
pachychoroid-driven process associated with choroidal
congestion and choroidal hyperpermeability [23]. The
improved detection and monitor of transformation between
pachychoroid neovasculopathy diseases has important
recognition and treatment implications.

A limitation of this study was the relatively small number
of patients. A longitudinal assessment of FIPED-associated
CNV after half-dose PDT treatment is still required. OCTA
can now be used for the noninvasive detection of FIPED-
associated CNV, facilitating appropriate individualized
treatment decisions during follow-up.

In conclusion, we have described the OCTA features of
treatment-naive FIPED-associated CNV  complicating
chronic CSC: long filamentous linear vessels, branching
into other large-caliber vessels, with rare or absent anasto-
moses; a ‘dead tree’ appearance at the vessels’ termini; and
no halo. After half-dose PDT, SRF resolved with the
improvement of choroidal dilation but the persistence of
FIPED-associated CNV. The area of FIPED-associated
CNV complicating chronic CSC had the tendency of
enlargement during the 6-month follow-up after half-dose
PDT. There were no significant differences in VD of CNV
during the follow-up. On the basis of these results, FIPED-
associated CNV complicating chronic CSC was supposed to
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be quiescent CN'V. Half-dose PDT showed favorable effects
on chronic CSC complicating with FIPED-associated CNV.

Summary
What was known before

e The activity and therapy of FIPED-associated CNV
complicating CSC has remained controversy.

What this study adds

e Subretinal fluid was arised from the choroidal hyper-
perfusion other than FIPED- associated CNV in our
cases. The features of CNV complicating CSC was
evaluated by OCTA at baseline and at 1-,3-,6-month
after therapy.
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