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ABSTRACT

Purpose: To describe a new retinal phenotype characterized by bilateral, multifocal, subretinal
vitelliform lesions along the vascular arcades and referred to as multifocal vitelliform paravascular
retinopathy or MVPR.

Design: Observational case series.

Methods: Multimodal retinal imaging including color fundus photography, fundus autofluorescence
and cross sectional and en-face optical coherence tomography was performed to evaluate and
characterize the lesions of MVPR.

Results: Thirteen asymptomatic patients aged 10 to 78 [mean 49+24, 49% under 50] were evaluated
for bilateral retinal lesions. Visual acuity was 20/30 or better at initial evaluation in 22 (85%) eyes and
at final follow-up in 14 (70%) of 20 eyes with follow-up. Multifocal small round yellow lesions with
distinct borders were identified along the vascular arcades in all patients. The vitelliform lesions were
brightly hyperautofluorescent and consisted of focal areas of subretinal hyperreflective material on
optical coherence tomography (OCT) that in some cases evolved to hyporeflective spaces with
associated hypoautofluorescence. When performed, electroretinography (ERG) and
electrooculography (EOG) testing were normal and genetic testing was negative for variants in
BEST1 and other genes associated with vitelliform retinopathies.

Conclusions: MVPR may represent a novel entity of vitelliform disorders with a distinct clinical

presentation and phenotype and generally favorable prognosis.



INTRODUCTION

Vitelliform lesions can be associated with a broad spectrum of clinical disorders including
inherited and acquired etiologies. Genetic causes include variants in BEST1, PRPH2 and more rarely
IMPG1/2. Mutations are identified in a minority of vitelliform retinopathies and are typically associated
with earlier onset of disease and worse visual prognosis.t Acquired vitelliform lesions (AVLs) are
associated with a range of etiologies including tractional, paraneoplastic, toxic, exudative, and
degenerative disorders.?*

One proposed unifying pathway in the development of vitelliform lesions across a range of
etiologies is loss of photoreceptor (PR)/retinal pigment epithelium (RPE) apposition and impairment of
RPE phagocytic function?® leading to the accumulation of degenerating shed PR outer segments in the
subretinal space. Trans-differentiation of the RPE and an accrual of RPE organelles, including
lipofuscin and melanolipofuscin granules, contribute to these lesions:+ The subretinal materials show
increased fundus autofluorescence (FAF) and are hyperreflective with optical coherence tomography
(OCT).> The main cause of visual morbidity in eyes with vitelliform lesions, which are most commonly
found within the macula, is the late occurrence of macular atrophy and less commonly, macular
neovascularization.

In this case series of 13 asymptomatic patients, we report a novel phenotype referred to as
multifocal vitelliform paravascular retinopathy (MVPR) that is characterized by bilateral, multifocal,
round or oval vitelliform lesions predominantly scattered along the major vascular arcades and

sparing the fovea.



METHODS

All study-related procedures were performed in accordance with the Declaration of Helsinki,
and the Health Insurance Portability and Accountability Act (HIPAA). Investigational Review Board
(IRB) approval was obtained commensurate with the requirements of each author’s institution. Due to
the retrospective nature of the study, informed consent was not required.

Demographic information, pertinent medical and ocular history, visual acuity at presentation
and follow-up, and all available diagnostic workup and imaging were collected and reviewed
retrospectively. Multimodal retinal imaging was performed and reviewed in each case to best capture
the most characteristic features of this novel retinopathy and included widefield color fundus
photography, widefield FAF and cross sectional and en face OCT. Subfoveal choroidal thickness was
defined as the vertical distance from the hyperreflective line of Bruch’s membrane at the fovea to the
innermost hyperreflective line of the choroidal-scleral interface. Fluorescein angiography (FA) and
indocyanine green angiography (ICGA) were performed in a subset of cases. Full-field
electroretinography (ERG), electrooculography (EOG), and mutational analysis were performed in
certain cases to rule out Best disease and other genetic causes of vitelliform retinopathy including
PRPH2 and IMPG1/2.

Categorical variables were described using frequencies and percentages. Continuous
variables were described using means with standard deviations (SD) or medians with interquartile

ranges (IQR).



RESULTS

This was an observational case series of 26 eyes from 13 patients, with an unusual pattern of
AVLs along the arcades, who were referred for evaluation to various academic centers across the
United States and United Kingdom. The average age of our cohort on initial presentation was 49 (SD
+24) years (49% of our cohort was under 50 years of age) with a range of 10 to 78 years (Table 1).
Eight (62%) of the patients were male. More than half of patients were Black (N=8, 62%); three
patients were White, one was Hispanic, and one was South Asian. Systemic associations included six
(46%) patients with a history of hypertension, three (23%) with hyperlipidemia, two (15%) with type 2
diabetes mellitus (T2DM) without diabetic retinopathy (DR), two (15%) with coronary artery disease
(CAD), one (8%) with Lynch syndrome and colon cancer in remission, one (8%) with fiboromyalgia,
and one (8%) with monoclonal gammopathy of unknown significance (MGUS) and chronic kidney
disease (CKD).

Six (46%) patients denied any systemic medications and all patients denied exposure to
pentosan polysulfate, deferoxamine, phosphodiesterase inhibitors, checkpoint inhibitors, protein
kinase inhibitors, or any other medications known to be associated with vitelliform retinopathy.?6

Follow up imaging was available for 10 (77%) patients. The median follow-up duration was 17
months with a range from 12 to 108 months. None of the patients reported any visual symptoms
attributable to the AVLs at baseline or at final follow-up. Visual acuity was 20/30 or better at initial
evaluation in 22 of 26 eyes (85%) and in 14 of (70%) of 20 eyes at final follow-up. One patient was
diagnosed with “bilateral optic nerve hypoplasia” at two years of age and exhibited stable hand
motion vision from initial evaluation to final follow-up. Another patient showed a decline of vision from
20/30 to 20/40 due to bilateral cataracts after eight years of follow-up. Lastly, one patient presented
with visual acuities of 20/70 and 20/60 in the right and left eyes, respectively, that declined to 20/200
in both eyes at final follow-up, four years later, secondary to bilateral retinal vein occlusion,

keratoconjunctivitis sicca, and advanced glaucoma.



The phenotype of MVPR was unique and consistent in all 13 patients and clearly differentiated
from previously described vitelliform retinopathies with the following characteristic features with
multimodal retinal imaging. With widefield (pseudo-) color fundus photography, the small yellow round
or oval vitelliform lesions were bilateral and asymmetric and scattered along the major vascular
arcades (Figure 1). The subretinal lesions were intensely hyperautofluorescent on FAF and
hyperreflective with cross sectional and en-face OCT. Over time, some of the lesions became
hypoautofluorescent with a corresponding hyporeflective subretinal space on OCT.

Genetic testing performed in six (46%) patients was negative for mutations in BEST1, PRPH2,
and IMPG1/2. One patient had a monoallelic pathogenic mutation in ABCC6. Full-field ERG and EOG
testing in three (23%) patients was within normal limits. ICGA imaging was performed in three (23%)

patients and showed no evidence of choroidal vascular hyperpermeability.

Case 1 (Patient 1 in Table 1)

A 72-year-old asymptomatic Black male with history of T2DM (without DR), HTN, CKD, and
MGUS was noted to have multifocal yellowish subretinal lesions scattered along the vascular arcades
and in the mid-periphery of both eyes (Figure 2A). Vision was 20/25 right eye (OD) and 20/20 left eye
(OS). The lesions were predominantly hyperautofluorescent, with a few lesions along the superior
arcade displaying central hypoautofluorescence (Figure 2B). Cross sectional OCT through the
hyperautofluorescent lesions showed focal areas of subretinal hyperreflective material that remained
stable after six years of follow up (Figure 2C, D), while OCT imaging through the hypoautofluorescent
lesions showed hyporeflective subretinal spaces with residual subretinal hyperreflective material
(Figure 2E). Baseline subfoveal choroidal thickness was 296 pm OD and 292 pum OS. ICGA was not
done in this patient. Genetic testing was negative for BEST1, PRPH2 and IMPG1/2. Seven years
later, the patient remained asymptomatic and the AVLs were largely stable in size, number, and

appearance on clinical exam and FAF.



Case 2 (Patient 9 in Table 1)

An asymptomatic 37-year-old South Asian male was referred for evaluation of bilateral retinal
lesions detected on routine eye exam. The patient denied any ocular or medical history. Vision was
20/20 OU. Widefield color fundus imaging illustrated multifocal vitelliform lesions distributed along the
major vascular arcades and in the mid-periphery with mild vascular tortuosity. The lesions were
predominantly hyperautofluorescent and several lesions illustrated associated central
hypoautofluorescence (Figure 3A). The lesions stained with FA (Figure 3B) and were hypofluorescent
with ICGA (Figure 3C). There was a notable absence of choroidal vascular hyperpermeability in either
eye on ICGA. OCT imaging through the lesions illustrated subretinal hyporeflectivity with residual
hyperreflective material (Figure 3D). An infectious and inflammatory workup (ACE, QuantiFERON-TB
Gold, rapid plasma reagin (RPR) with reflex to RPR and treponemal antibodies, HIV, ANA, and
ANCA) was unremarkable.

At the follow-up visit one year later, visual acuity was 20/20 OU. Prior lesions were less
hyperautofluorescent with associated attenuation of residual hyperreflective material on OCT (Figure

3E). A new hyporeflective subretinal lesion was noted in the left eye on OCT (Figure 3F, G).

Case 3 (Patient 13 in Table 1)

A 56-year-old asymptomatic White male with medically controlled HTN was referred for
evaluation of bilateral retinal lesions. Vision was 20/20 in both eyes (OU). Widefield color fundus
imaging illustrated yellow vitelliform lesions along the major vascular arcades in each eye with mild
vascular tortuosity. The lesions were brightly hyperautofluorescent (Figure 4A). OCT imaging through
the hyperautofluorescent lesions showed subretinal hyperreflective material (Figure 4B-E). Full-field
ERG and EOG testing were normal. No mutations were found upon genetic testing for BEST1,
PRPH2, and IMPG1/2.

At the time of final follow-up two years later, visual acuity was unchanged at 20/20 OU. Some

of the brightly hyperautofluorescent lesions demonstrated progressive hypoautofluorescence with



associated attenuation of the subretinal vitelliform material and the development of RPE atrophy and
complete RPE and outer retinal atrophy (cCRORA) on OCT OD (Figure 4C, E). Baseline subfoveal

choroidal thickness was 420 um OD and 384 pm OS. ICGA was not performed in this patient.



DISCUSSION

The aim of this report was to describe a novel retinal phenotype characterized by bilateral,
round or oval, multifocal vitelliform lesions distributed along the major vascular arcades and sparing
the fovea. In several cases, the retinal vessels displayed mild vascular tortuosity and the vitelliform
lesions were located preferentially within the curves of the overlying retinal vessels. Most lesions
were brightly hyperautofluorescent on FAF and co-localized to a focal area of subretinal
hyperreflective material on OCT. Some lesions presented with hypoautofluorescence on FAF
corresponding to areas of subretinal hyporeflectivity, RPE atrophy, or cRORA on OCT. The lesions
stained on FA and were hypofluorescent on ICGA (likely due to blocking of choroidal fluorescence by
lipofuscin). Additionally, there was no evidence of choroidal vascular hyperpermeability with ICGA.

When performed, ERG and EOG testing were within normal limits. Mutational analysis did not
reveal genetic causes of vitelliform dystrophy such as variants in BEST1, PRPH2, and IMPG1/2.
Monoallelic mutations in ABCC6, detected in one patient in our cohort, can be associated with a
spectrum of retinal alterations including reticular pseudodrusen,” while biallelic ABCC6 mutations are
associated with pseudoxanthoma elasticum but this mutation is unlikely to explain the vitelliform
lesions in this patient. Other causes of acquired vitelliform lesions such as vitreoretinal traction, age-
related macular degeneration (AMD) (i.e. large drusen and subretinal drusenoid deposits), retinal
toxicity, paraneoplastic and autoimmune retinopathy were excluded by multimodal imaging and by
history.

Out of 13 eyes with available measurements, increased subfoveal choroidal thickness on OCT
(greater than = 300 um®) was found in three eyes. Patients with pachychoroid can develop
hyperautofluorescent pachydrusen at the level of the RPE.® The MVPR lesions described in our
series were larger, rounder, more intensely and more uniformly hyperautofluorescent, and without
exception were clustered in the paravascular retina. Pachyvitelliform maculopathy (PVM) is another
recently described entity in elderly patients with pachychoroid without drusen or subretinal drusenoid

deposits (SDD).1° Patients with PVM typically exhibit central foveolar vitelliform lesions that are



predominantly unilateral. None of our cases exhibited foveolar lesions, all were bilateral, and half of
the patients were under 50 years of age. None of the cases in our series were associated with
exudative complications of pachychoroid disease such as serous pigment epithelial detachment
(PED). Additionally, there was no evidence of choroidal hyperpermeability or neovascularization on
ICGA to suggest an exudative process.

All AVLs were distributed along the major vascular arcades which can be a region of increased
vitreoretinal (VR) traction.! However, cross-sectional OCT showed no evidence of focal VR traction
overlying the vitelliform lesions or along the neighboring vessels. Additionally, en-face OCT ruled out
subtle signs of VR traction such as paravascular inner retinal defects in ten (77%) cases.!!

One important pathophysiological mechanism of vitelliform lesion development is impaired
phagocytosis of PR outer segments by RPE cells, resulting in accumulation of modified proteins and
lipids within RPE cells and the subretinal space.® This impairment in RPE phagocytic function may
occur in the setting of genetic mutations (resulting in impaired lipid transport or lipofuscin overload in
the RPE cells), inflammation, cellular senescence (resulting in loss of RPE polarity and RPE atrophy),
and loss of apposition between PRs and RPE cells due to tractional or exudative processes.? The
clinical phenotype of MVPR is distinct from Best disease and other forms of inherited vitelliform
maculopathy, and no patients in this series were found to have potentially pathogenic mutations.
None of the patients in this series exhibited evidence of intraocular inflammation or active malignancy
to suggest a paraneoplastic disease process. The wide age distribution of our population makes it
unlikely that these lesions are the result of RPE senescence. Although there was no evidence of
anteroposterior VR traction identified with OCT, we hypothesize that the paravascular location of the
MVPR lesions and the association with vascular tortuosity may indicate the presence of occult
tangential VR traction.

Vitelliform lesions can remain stable for many years, as was the case with most lesions in this
study. However, some vitelliform lesions can eventually progress to incomplete and complete RPE

and outer retinal atrophy (iRORA, cRORA),* indicative of RPE dysfunction, impairment and decline.



Several lesions in this case series were hyporeflective or frankly atrophic (i.e. IRORA/cCRORA) with
OCT at baseline or at the final follow up visit.> We hypothesize that newly acquired MVPR lesions are
initially hyperautofluorescent and may eventually progress to a more hypoautofluorescent phenotype
as a result of lipofuscin clearance and/or progressive RPE atrophy. None of the patients in this series
reported any visual symptoms or vision loss that could be attributed to the lesions, likely due to the
eccentricity of the lesions from the fovea.

Limitations of this study include the small study size and variable diagnostic workup and follow-
up duration. A total of four patients completed genetic testing and three underwent electrophysiology
testing to rule out Best disease and other genetic etiologies of vitelliform dystrophy. There is no clear
etiology for the localization of the lesions to the major vascular arcades, and although the distribution
is very atypical for classic Best disease, multifocal Best disease or autosomal recessive
bestrophinopathy (ARB) may be a consideration in the other seven (58%) patients who did not
receive genetic or electrophysiological testing. However, the absence of macular findings such as
intraretinal and central subretinal fluid would be exceedingly unusual for ARB.*213 Although two
patients (17%) endorsed a history of cancer, none had active metastatic disease, making
paraneoplastic acute exudative polymorphous vitelliform maculopathy (AEPVM) unlikely. The
relatively inert and stable time course of most MPVR lesions and lack of central macular involvement
is also atypical for AEPVM.1415

In conclusion, this case series highlights a novel phenotype referred to as MVPR and
characterized by asymptomatic paravascular vitelliform lesions that largely spare the fovea. The most
typical vitelliform lesions in MVPR are yellowish in color and brightly hyperautofluorescent. Some
lesions exhibit central hypoautofluorescence. On OCT, most lesions demonstrate subretinal
hyperreflective material suggestive of extracellular lipofuscin accumulation and some lesions can
progress to a focal area of subretinal hyporeflectivity and/or RPE atrophy. Further studies to

characterize the natural history of MVPR within a larger patient cohort are warranted. Future studies



should also aim to confirm the potential association of MVPR with other clinical features including

African American ancestry, vascular tortuosity, and pachychoroidopathy.
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FIGURE LEGENDS

Figure 1. Montage color fundus photography and wide-field fundus autofluorescence (FAF) of all 13
patients included in this case series. Note the consistent characteristic findings of each patient with
MVPR (multifocal vitelliform paravascular retinopathy), namely round, yellow, hyperautofluorescent

vitelliform lesions clustered around the major arcades with or without vascular tortuosity.

Figure 2. 72-year-old black male with multifocal vitelliform paravascular retinopathy (MVPR). (A)
Color fundus photography shows round, yellow multifocal lesions along the vascular arcades and
outside the foveal region. (B) Vitelliform lesions are hyperautofluorescent with wide-field fundus
autofluorescence (FAF). (C-E) Optical coherence tomography (OCT) through the
hyperautofluorescent lesions show corresponding subretinal hyperreflective vitelliform material that
remains stable after six years of follow up. OCT through the hypoautofluorescent lesions show

subretinal hyporeflective spaces.

Figure 3. 37-year-old south Asian male with multifocal vitelliform paravascular retinopathy (MVPR).
(A) Bilateral lesions are predominantly hyperautofluorescent on fundus autofluorescence (FAF), while
some lesions display a hypoautofluorescent center. (B) Fluorescein angiography (FA) of the
vitelliform lesions shows patchy window defects with late staining. (C) Indocyanine green (ICG)
shows corresponding focal areas of hypofluorescence with no evidence of leakage. (D, E) Optical
coherence tomography (OCT) through the lesions shows subretinal hyporeflective spaces with
hyperreflective vitelliform material that is reabsorbed at follow up. (F, G) At follow-up over a year later,

OCT shows a new subretinal lesion within the left eye.

Figure 4. 56-year-old white male with multifocal vitelliform paravascular retinopathy (MVPR). (A)

Bilateral lesions are hyperautofluorescent on fundus autofluorescence (FAF), while few lesions



display hypoautofluorescence. (B-E) After two years of follow-up, some lesions display decreased
autofluorescence. Optical coherence tomography (OCT) through the hyperautofluorescent lesions
show subretinal hyperreflective vitelliform material and OCT through the hypoautofluorescent lesions
show complete retinal pigment epithelium (RPE) and outer retinal atrophy (CRORA). Lesions with loss
of hyperautofluorescence on follow-up show evidence of reabsorption of vitelliform material and new-

onset RPE atrophy and cRORA on OCT.
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Table 1. Clinical history and imaging findings for all patients included.

PMH=past medical history; DM=diabetes mellitus; DR=diabetic retinopathy; MGUS=monoclonal gammopathy of
unknown significance; CKD=chronic kidney disease; HTN=hypertension; HLD=hyperlipidemia; OA=osteoarthritis;
CAD=coronary artery disease; BPH=benign prostatic hyperplasia; HCTZ=hydrochlorothiazide; CEIOL=cataract
extraction with intraocular lens implantation; CRVO=central retinal vein occlusion; BRVO=Dbranch retinal vein occlusion,
POAG=primary open angle glaucoma; ERM=epiretinal membrane; PPV=pars-plana-vitrectomy; MP=membrane peel;
HM=hand motion; FAF=fundus autofluorescence; OCT=optical coherence tomography; RPE=retinal pigment epithelium;
SFCT=subfoveal choroidal thickness; ICGA= indocyanine green angiography; ERG=electroretinography;
EOG=electrooculography; FA=fluorescein angiography; ANA=antinuclear antibody; RF=rheumatoid factor;
ACE=angiotensin converting enzyme; ANCA=antineutrophilic cytoplasmic antibody; ESR=erythrocyte sedimentation
rate; CRP=C=reactive protein; CBC=complete blood count



