CASE REPORT

Serous Foveal Detachment And Vitelliform Changes
In Isolated Angioid Streaks: Challenges In Long-Term
Management
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ABSTRACT

Purpose: To describe the long-term clinical course and multimodal imaging features of isolated angioid streaks (AS) associated with
pattern dystrophy (PD)-like vitelliform changes and persistent subretinal fluid (SRF), with or without macular neovascularization
(MNV).

Materials and Methods:-This retrospective case series included three patients with isolated AS presenting with vitelliform lesions
and SRF. All patients underwent comprehensive ophthalmic examination and multimodal imaging, including fundus autofluorescence
(FAF), spectral-domain optical coherence tomography (SD-OCT), fluorescein angiography (FA), and optical coherence tomography
angiography (OCTA). Clinical course, imaging findings, treatment responses, and long-term outcomes were evaluated.

Results: Six eyes of three patients were followed for a median follow-up of 7 years. PD-like vitelliform changes and persistent SRF
were observed in all eyes. In three eyes, SRF occurred in the absence of MNV and ended up with prominent atrophy during follow up.
In the remaining three eyes, MNV developed during follow-up and required anti-VEGF therapy, resulting in anatomical improvement.
Notably, progressive outer retinal and retinal pigment epithelium (RPE) atrophy developed over time, regardless of MNV status or
treatment. OCTA played a key role in distinguishing non-neovascular SRF from MNV-related exudation.

Conclusion: SRF in isolated AS may occur independent of MNV and is frequently associated with PD-like vitelliform changes. The
presence of SRF alone should not be considered as an indicator of MNV. Multimodal imaging, particularly OCTA, is critical for
accurate diagnosis and appropriate management. Despite treatment, progressive macular atrophy appears to be the main determinant of
long-term visual outcome in these patients.
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INTRODUCTION retina °. The disease usually remains asymptomatic,

Angioid streaks (AS) were first described by Doyne as
bilateral dark-gray lines under the retina in 1889 '. Knapp
first used the term “angioid streaks” in 1892 because they
resemble branches of vessels 2. Characteristic findings of
the disease are irregular, linear, crack-like dehiscence of
the Bruch membrane, appearing as dark or reddish radial

streaks emanating from the optic disc toward the peripheral

unless it involves the fovea or foveal complications are
developed, which ends up with severe visual impairment
if untreated 2. The crucial foveal complications are
macular neovascularization (MNV) and traumatic Bruch’s
membrane ruptures in the macular area, which necessitate
treatment 2. MNV is the most frequent and vision-

threatening complication of AS, dramatically worsening
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prognosis by causing severe vision loss in many patients,
occurring in up to 86% of cases 2. The mottled aspect of
the temporal retinal midperiphery, called Peau d’orange,
optic nerve head drusen, MNYV, peripheral focal retinal
pigment epithelial atrophy are other well-known fundus

manifestations of the disease *.

AS may be seen as isolated or associated with some systemic
diseases, such as pseudoxanthoma elasticum (PXE), Ehlers-
Danlos syndrome, Paget disease, hemoglobinopathies, or
collagen abnormalities related diseases 3. PXE is the most
common systemic disease associated with AS, accounting
for 50-80% of cases, and AS represents the most
characteristic retinal manifestation of PXE ¢7. In addition
to common retinal findings such as peau d’orange, optic
disc drusen and AS, findings such as pattern dystrophy
(PD)-like vitelliform lesions and subretinal fluid (SRF)
without MNV have also been reported in the course of
PXE #°. While PD-like changes are well described in PXE,
data regarding vitelliform material accumulation or PD-
like changes in isolated AS remain limited '*!'. Moreover,
in this phenotype, accompanying subretinal fluid presents
a diagnostic and management challenge, as distinguishing
vitelliform-related fluid from underlying MNV is often

difficult and carries important therapeutic implications.

This case series aimed to report long-term clinical course
and multimodal imaging characteristics of 3 isolated AS
cases with coexisting vitelliform lesions and persistent

SRF irrespective of the presence of MNV.

CASE PRESENTATIONS

CASE-1

A 54-year-old woman was referred to our department
with a 2-year history of decreased vision in both eyes
in 2018. Her medical history revealed that she had been
diagnosed as age-related macular degeneration (ARMD)

and had received six anti-VEGF injections for both eyes

in other clinics without improvement. Her systemic and
family history was unremarkable. Best corrected visual
acuity (BCVA) was 0.2 in the right eye (RE) and 0.1 in
the left eye (LE).

normal. Fundus examination revealed as dark-reddish

Anterior segment examination was

colored linear lines emanating from the optic disk to
mid-periphery and small yellow deposits in the macular
region. Optic disc—centered fundus autofluorescence
(FAF) images revealed radial hypoautofluorescent streaks
and a patchy hyperautofluorescence along the margins
of the streaks (parastreak phenomenon) extending from
the optic disc to the periphery in both eyes (Figure 1A).
Also, macula-centered FAF images showed limited area
of hypoautofluorescence around the foveal borders and
multiple flecks of increased autofluorescence with a

butterfly PD-like fundus appearance (Figure 1B).

Spectral domain optical coherence tomography (SD-OCT)
imaging of both eyes showed serous foveal detachment
(SFD) involving the fovea with a brush-like hyperreflective
material accumulation in the outer retinal layers in both
eyes and a small hyperreflective elevation caused by the
vitelliform material at the temporal RPE in the RE (Figure
1D, F). She was diagnosed as AS without any associated
systemic findings. Since multimodal imaging including
fundus fluorescein angiography (FA) (Figures 1C) and
optical coherence tomography angiography (OCT-A)
(Figures 1E, G) showed no evidence of MNV, patient was
followed without any treatment. The SFD was supposed
to be associated with the pattern dystrophy. The BCVA
and SRF remained stable during early years of follow-up,
however SRF started to decrease spontaneously in both
eyes with accompanying atrophy of the outer retinal layers
and RPE in 4 years and 7 years follow up in both eyes
(Figures 1 H-S). BCVA was 0.2 in the RE and counting
fingers from 2 meters in the LE at the 7-year follow-up.
Since MNV development was not observed, the patient

was regularly followed without any treatment.
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Figure 1: Baseline fundus autofluorescence (FAF) images of both eyes demonstrate irregular hypoautofluorescent radiations

with hyperautofluorescent borders (white arrows) extending from the optic disc toward the posterior pole (A), as well as a mottled
hypoautofluorescence around the foveal with multiple hyperautofluorescent flecks, indicating butterfly pattern dystrophy—like
appearance in the macula (white dashed arrows) (B). Late-phase fluorescein angiography (FA) images at baseline shows no
evidence of macular neovascularization (MNV) in both eyes (C). Baseline optical coherence tomography (OCT) scans reveal
subfoveal detachment in both eyes (D, F) and optical coherence tomography angiography (OCTA) shows no evidence of MNV
(E, G). OCT scans show spontaneous resolution of subretinal fluid (SRF), accompanied by the development of outer retinal and
retinal pigment epithelium (RPE) atrophy at 2" year (H, J), 4" year (L, N) and 7" year (P, R). OCTA images also demonstrate no
evidence of MNV, images obtained at the 2 year (I, K), 4" year (M, 0) and 7" year (Q, S) with prominent visibility of choroidal

vessels secondary to atrophy.
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CASE 2
A 43-year-old male with a previous history of 6 anti-VEGF

injections for the RE referred to our department for a
decreased vision in his RE in 2013. BCVA was 0.3 in the RE
and 1.0 in the LE. The examination of the anterior segment
was normal. Fundus examination of the RE revealed large
yellowish macular scar, dark-reddish colored AS lines,
peripheral RPE changes, and a small retinal hemorrhage
located at the nasal quadrant. Examination of the LE also
revealed dark-reddish colored AS lines and very small
yellow drusen like deposits located at the fovea (Figure
2A). In FAF, hypofluorescent streaks emanating from optic
disc to periphery and multiple flecks of hyperfluorescence
with a PD-like appearance around the macula was seen
on both eyes, more on the left (Figure 2B). The patient
was diagnosed as AS. There were no associated systemic
findings. On baseline SD-OCT, RE showed typical type
2 MNV lesion with a few intraretinal cysts in the nasal
part of the fovea (Figure 2D). LE, however, showed only
irregularity of outer retinal layer and RPE nasal to the fovea
and perifoveal small drusen-like accumulation (Figure
2F). Late-phase FA examination demonstrated presence
of MNV in the RE (Figure 2E), while no evidence of
MNYV was detected in the LE (Figure 2G). Intravitreal
ranibizumab injection was decided to continue in the RE,
whereas LE was followed without treatment. During 3
years of follow-up, BCVA in the RE remained stable at 0.3

after six ranibizumab injections, and OCT showed no fluid

associated with MNV. At the 3™ year follow up examination
from baseline, RE remained stable without SRF and FA
showed no leakage related to MNV (Figure 2H, 2I).
However, a new-onset SRF developed in the LE without a
decrease in BCVA (Figure 2J). Despite this OCT finding,
no MNV was detected on FA (Figure 2K). Although
follow-up without anti-VEGF treatment was planned for
both eyes based on these findings, a sudden decrease in
vision occurred in the LE sixteen months later, with BCVA
declining from 1.0 to 0.5. While the RE remained stable
(Figure 2L, 2M), OCTA revealed MNV development in
the LE despite reduced SRF on OCT (Figure 2N, 20)
which necessitated intravitreal aflibercept treatment in the
LE. After 10 aflibercept injections over a 6-year follow-up
period, SRF resolved in the LE with regression of MNV
(Figure 2R, 2S). The MNV remained stable in the RE, and
was followed without treatment (Figure 2P, 2Q).

At the last visit, corresponding to 12 years of follow-up
from baseline, BCVA decreased to 0.15 in the RE and 0.2
in the LE. SRF had completely resolved in the LE and the
findings in the RE remained stable, however, marked outer
retinal atrophy with prominent hypertransmission defects
was observed in both eyes (Figure 2T-W). Consistent
with these findings, the foveal atrophic area on FAF
progressively enlarged in both eyes, accompanied by a
marked increase in the number of hyperfluorescent spots

along its borders over time (Figure 2C).
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Figure 2: Baseline color fundus pictures of both eyes reveal dark-reddish colored angioid streaks (white arrows), with a large
yellowish macular MNV scar (white star) in the RE and pigment mottling with small yellow deposits (white dashed arrow) in
the macular region of the LE (A). Baseline FAF images show a limited area of hypoautofiuorescence in the fovea of the RE and
multiple hyperautofluorescent dots, particularly prominent in the LE (B). Baseline SD-OCT scans demonstrate type 2 MNV with
a few intraretinal cysts located in the nasal part of the fovea in the RE (D), accompanied by leakage related to MNV (white
arrow) on FA (E). In the LE, OCT shows irregularity of outer retinal layers (F) without evidence of MNV on FA (G). At the
3-year follow-up, OCT demonstrates that the MNV in the RE has become smaller and appears as scar tissue in the RE following
6 anti-VEGF injections (H), and FA shows no leakage related to MNV (I). In the LE, a new serous foveal detachment is observed
nasal to the fovea (J), with no evidence of MNV on FA (K). Sixteen months later, the RE remains stable on OCT (L) and OCTA
(M). OCT of the LE shows reduced SRF (N), whereas OCTA demonstrates new-onset MNV (0). At the 10-year follow-up, the RE
remains stable (P, Q), while SRF decreased (R) and the MNV has become smaller in the LE following 10 anti-VEGF injections
(S). At the final 12-year follow-up, OCT shows atrophy in retinal layers without SRF and prominent hypertransmission defects in
both eyes (T, V), consistent with regression of MNV on OCTA images (U, W). Correspondingly, FAF shows marked enlargement
of macular atrophy in both eyes compared with baseline (C).
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CASE-3

A 33-year-old man referred to our department for a
decrease in the LE for the last 2 weeks. The systemic and
family history was unremarkable. BCVA was 1.0 on the
RE and 0.8 on the LE. The examination of the anterior
segment was normal. While gray-colored AS emanating
from the optic disk toward the posterior pole were seen on
fundus examination in both eyes, a round, orange colored
vitelliform deposit located in the papillomacular bundle was
present in the RE. Small subretinal hemorrhages located
inferiorly and temporally to the optic disk were also seen in
fundus examination of the LE (Figure 3A). FAF imaging
of the RE showed homogeneous hyperautofluorescence
in the papillomacular bundle corresponding to the round
vitelliform lesion observed on fundus examination. In
addition, characteristic hypoautofluorescent streaks with
surrounding hyperautofluorescent dots extending radially
from the optic disc toward the posterior pole were noted in
both eyes (Figure 3B).

SD-OCT section through the vitelliform lesion showed
quite shallow subretinal hyperreflective material with
SRF in the papillomacular bundle of the RE (Figure 3D).
SD-OCT image of the LE revealed large SRF causing

foveal detachment with subretinal hyperreflective material
corresponding to MNV in the bundle area (Figure 3F).
While FA did not reveal any evidence of MNV in the
RE, fluorescein leakage consistent with type 2 MNV was
detected in the LE (Figure 3C). Ranibizumab treatment
was started for the LE, resulting in a decrease of SRF and
complete resolution of the subretinal hemorrhage after 5
injections, with visual acuity improving to 1.0 (Figure
3J). MNV was clearly visualized on OCTA images after
the shadowing caused by hemorrhage had resolved (Figure
3G, 3K). During these follow-ups, SRF remained stable
in the RE, and OCTA images showed no evidence of
MNV development (Figure 3H, 3I). While planning for
continuation of anti-VEGF treatments in the LE, the patient
was lost to follow-up for 21 months. Upon returning, visual
acuity had decreased from 1.0 to 0.8 in the LE, and OCT
findings revealed increased SRF compared with the previous
visit (Figure 3N). OCTA demonstrated enlargement of
the MNV (Figure 30); therefore, ranibizumab treatment
was planned again for the LE. In the RE, SRF had slightly
increased; however, visual acuity remained stable and
OCTA images showed no evidence of MNV (Figure 3L,
3M).
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Figure-3: Baseline color fundus pictures of both eyes demonstrate gray AS radiating from the optic disc toward the posterior

pole are clearly visible in both eyes (white arrows) (A). Note a round, orange colored vitelliform deposit in the papillomacular
bundle of RE (white dashed arrow) and subretinal hemorrhages in the LE (asterisks) (A). Baseline FAF images indicate
increased hyperautofluorescence corresponding to the vitelliform lesion in the RE (white dashed arrow), accompanied by
hypoautofluorescent AS lines with surrounding hyperautofluorescent dots extending radially from the optic disc toward the
posterior pole in both eyes (white arrows) (B). Late-phase FA images at baseline demonstrate fluorescein leakage consistent with
type 2 MNV in the LE and no evidence of MNV in the RE (C). Baseline OCT scan through the vitelliform lesion in the RE reveals
shallow subretinal hyperreflective material with associated SRF (D), and baseline OCTA shows no evidence of MNV (E). In the
LE, the OCT scan demonstrates a large volume of SRF, with subretinal hyperreflective material on the nasal side corresponding
to MNV (F),; however, MNV is not visualized due to hemorrhage-related shadowing on OCTA (white dashed arrow) (G). After 12
months from the initial examination, OCT imaging shows that the SRF and vitelliform material in the RE remained stable (H),
with no evidence of MNV on OCTA (I). In the LE, OCT demonstrates SRF reduction following five consecutive intravitreal anti-
VEGF injections (J), although MNV still persists (white dashed arrow) (K). After 21 months from the previous visit, OCT shows
a slight increase in SRF in the RE (L), with no MNV on OCTA (M). In contrast, SRF appears markedly increased in the LE (N),
with enlargement of MNV on OCTA (white dashed arrow) (O).
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DISCUSSION

The presented case series have demonstrated the long-term
clinical course in patients with AS associated with PD-like
vitelliform changes and SRF, complicated with or without
MNV. Despite these retinal changes seen in cases, visual
acuity and SRF remained relatively stable over extended
follow-up, suggesting a chronic degenerative process rather
than predominantly exudative course in which macular
atrophy appears to be the main determinant of long-term

visual outcome.

AS is commonly complicated by type 2 MNV during its
course, which represents the leading cause of vision loss in
affected individuals 2. Although FFA remains an important
diagnostic tool, its interpretation may be challenging in the
presence of vitelliform changes due to fluorescein pooling
within SRF 28, In such cases, OCTA has emerged as a
highly effective and often essential modality for accurate
differentiation between vitelliform pathology and true
neovascular activity 2. Chapron et al. demonstrated that
OCTA detected MNV in 87.5% of eyes with AS and
enabled detailed phenotypic classification ', In our series,
MNV in the left eye of Case 3 was clearly visualized on
OCTA and subsequently monitored throughout follow-up.
Importantly, despite the presence of substantial SRF and
suspicious vitelliform changes that could mimic MNV—
particularly in Case 1 and in the right eye of Case 3—no
neovascular signal was detected on OCTA, underscoring
its value as a rapid, noninvasive modality for confidently

excluding MNV and guiding longitudinal follow-up.

PD is a kind of macular pathology associated with
vitelliform material accumulation at the level of RPE
1516 The usual behavior of PD is disappearance of the
vitelliform material within years leaving a subretinal fluid
17.18 Atrophy of the neighboring RPE and photoreceptor cell
layer may accompany this in some of the cases which result
in severe visual loss '!°. This natural course explains why
PD-like changes may be accompanied by persistent SRF
and closely mimic exudative macular disease. Vitelliform
material accumulation in the absence of secondary MNV
is uncommon in AS ', and most of the reported cases have
been associated with PXE, with a reported prevalence
ranging from 10% to 70% °!202!. Zweifel et al. identified
PD-like changes in 46% of PXE eyes, with SRF in 68%;
notably, nearly one-third of these eyes exhibited SRF in the

absence of MNV 2. In contrast, Gliem et al. suggested that
such changes may precede the development of MNV 7. In
our series, prominent PD-like changes were observed on
FAF in Cases 1&2, whereas Case 3 demonstrated marked
vitelliform material in the right eye. These findings highlight
the diagnostic overlap between vitelliform pathology and
MNYV in AS with SRF and underscore the importance of
careful multimodal imaging assessment. It is a diagnostic
challenge since this subretinal fluid may be accompanied
by a MNV or not. Such cases may be misinterpreted as
MNYV and consequently treated with anti-VEGF therapy
without clear benefit, as observed in Cases 1 and 2. Given
the presence of persistent SRF, these cases may also be
misinterpreted as chronic central serous chorioretinopathy
(CSC). Although chronic CSC may present with persistent
subretinal fluid, the clinical and imaging features in
our cases were not consistent with chronic CSC, as
pachychoroid morphology and focal angiographic leakage

were absent, while vitelliform pathology predominated 2.

Another important long-term observation in our series
was the development of progressive macular atrophy,
irrespective of MNV status or prior anti-VEGF treatment.
This finding is similar to the natural course of vitelliform
macular disorders, such as PD (adult onset vitelliform
dystrophy) and Best disease in which gradual resorption of
vitelliform material is often followed by outer retinal and
RPE atrophy 8%, Also, atrophy of the outer retina and RPE
is a common finding in patients with PXE 2*%. Consistent
with previous reports, Schoenberger et al. documented
geographic atrophy in 20% of PXE patients independent
of presence of MNV, while Gliem et al. reported it in
nearly 30% of PXE eyes, with early atrophy consistently
associated with PD-like changes !*%. In line with these
reports, two of our cases (Cases 1 and 2) with more than 5
years of follow-up developed significant macular atrophy
irrespective of the presence of MNV or prior anti-VEGF
therapy.

Various treatment modalities have been used for MNV
treatment secondary to AS, however, anti-VEGF injections
remains to be the most effective treatment 7. Nevertheless,
previous studies have shown that while anti-VEGF treatment
effectively inactivates neovascular lesions, it does not alter
the overall disease course or prevent progressive macular

atrophy 2. In our series, repeated anti-VEGF injections
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administered in the absence of angiographically confirmed
MNV did not improve final visual acuity or prevent retinal
atrophy (Case 1 and 2). Although anti-VEGF therapy
reduced SRF in cases with confirmed MNV (Cases 2 and
3), yet macular atrophy continued to progress.

In conclusion, this case series demonstrates that SRF may
occur in patients with isolated AS independent of MNV
and may be frequently associated with PD-like vitelliform
changes. These findings emphasize that the presence
of SRF alone should not be considered as an indicator
of MNV, and anti-VEGF therapy should be reserved for
cases with angiographically confirmed neovascularization.
Furthermore, PD-like vitelliform changes detected on FAF
appear to be closely linked to progressive macular atrophy,
irrespective of MNV status or prior treatment. OCTA is
very helpful tool to diagnose MNV. Accurate diagnosis
and longitudinal monitoring are therefore essential to avoid

misinterpretation and unnecessary treatment in this patient

population.
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