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Purpose: To investigate alterations of superficial and deep retinal vascular densities, as
well as of choroidal thickness, in patients affected by adult-onset foveomacular vitelliform
dystrophy (AOFVD).

Methods: A total of 22 eyes (15 patients) affected by AOFVD were recruited in the study.
Furthermore, 20 eyes of 20 healthy subjects and 20 eyes of 18 patients affected by
intermediate dry age-related macular degeneration (AMD) were enrolled. All patients
underwent a complete ophthalmologic examination, including optical coherence tomog-
raphy angiography. Outcome measures were superficial vessel density, deep vessel
density, and choroidal thickness.

Results: Parafoveal superficial vessel density was increased in patients with AOFVD
compared with the AMD group (50.6 ± 4.3% and 46.3 ± 4.3%, respectively, P = 0.016).
Parafoveal deep vessel density was 57.9 ± 6.4% in patients with AOFVD, 52.2 ± 3.8% in
patients with AMD, and 52.7 ± 6.0% in healthy controls (P = 0.006 and P = 0.035, respec-
tively, after comparison with the AOFVD group).

Conclusion: We demonstrated that both superficial and deep vessel densities were
significantly increased in patients with AOFVD, after the comparison with intermediate
patients with AMD. These findings suggest that the pathogenic mechanisms in AOFVD are
different from those in AMD and that optical coherence tomography angiography could be
useful in differentiate early stages of these two diseases.
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Adult-onset foveomacular vitelliform dystrophy
(AOFVD) is a clinically heterogeneous maculop-

athy first described by Gass1 in 1974. The disease
typically manifests between the fourth and sixth dec-
ades of life, showing subfoveal (SF) bilateral, asym-
metric, yellowish deposits.1 Several clinicopathologic
studies in AOFVD eyes showed these deposits being
composed by lipofuscin pigments derived from pho-
toreceptor and retinal pigment epithelium (RPE) cell
damage.2,3 Nevertheless, AOFVD is clinically miscel-
laneous because SF lesions show heterogeneity in
appearance.4–6 Then, AOFVD may mimic other con-
ditions, the latter aspect leading to AOFVD being

often misdiagnosed as age-related macular degenera-
tion (AMD). Moreover, AOFVD can be complicated,
as well as AMD, by choroidal neovascularization and
geographic atrophy.
Optical coherence tomography angiography (OC-

TA) has been developed to study retinal and choroidal
microvasculature without needing for the dye injection
and has let us to study both the superficial and the deep
retinal vascular plexuses.7,8

In this study, we used an OCTA system based on
a spectral domain optical coherence tomography
(SD-OCT) device using a split-spectrum amplitude
decorrelation angiography algorithm. The main aim
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of this study was to investigate superficial and
deep retinal vascular densities, as well as choroidal
thickness, in AOFVD eyes. Moreover, we compared
the latter parameters between AOFVD and AMD
eyes.

METHODS

Study Participants

We prospectively enrolled 22 eyes (15 patients)
affected by AOFVD who consecutively presented to
the University Gabriele D’Annunzio Department of
Ophthalmology, between April 2015 and February
2016. University Gabriele D’Annunzio institutional
review board approved this study and all patients gave
informed consent to the use of their data.
The diagnosis of AOFVD was based on 1) age$50

years; 2) macular yellowish deposits on fundus exam-
ination; 3) fundus autofluorescence images showing
hyper-autofluorescent spots; 4) fluorescein angiogra-
phy exhibiting late staining, without leakage; 5) in-
docianin green angiography without any sign of
choroidal neovascularization. We enrolled only pa-
tients affected by either the vitelliform (characterized
by hyper-reflective material located between the pho-
toreceptor layer and the RPE) or the pseudohypopyon
(in which a partial reabsorption of the vitelliform
material occurred) or the vitelliruptive stage. More-
over, patients in the atrophic/fibrotic stage were not
enrolled.
Moreover, 20 eyes (18 patients) affected by

intermediate AMD were recruited, to compare
AOFVD and AMD eyes. The staging was based on
the clinical AMD classification proposed by Ferris FL
et al in 20139 as follows: persons with medium dru-
sen (63–125 mm), but without pigmentary abnormal-
ities, should be considered to have “early AMD”;
persons with large drusen (.125 mm) or with pig-
mentary abnormalities associated with at least
medium drusen should be considered to have “inter-
mediate AMD.” No patients affected by late AMD
(neovascular AMD or geographic atrophy) were con-

sidered for the analysis. Staging was determined by
two independent investigators in a blind manner and
any discrepancies were resolved by consensus
between these two observers.
Only patients with a best-corrected visual acuity of

at least 0.5 logMAR (Snellen acuity of 20/63) were
recruited.
Exclusion criteria for both AOFVD and AMD eyes

were evidence or history of neovascularization, pres-
ence of geographic atrophy, previous ocular surgery
(included anti-vascular endothelial growth factor
therapy), any maculopathy secondary to causes other
than both AOFVD and AMD (including the presence
of an epiretinal membrane or vitreomacular traction
syndrome), refractive error greater than three dioptres
(because it has been known that high myopia affect
choroidal thickness10), and significant media opacities.
All patients underwent a complete ophthalmologic

examination which included measurement of best-
corrected visual acuity, intraocular pressure, fundus
examination, fundus autofluorescence, fluorescein
angiography, and OCTA.
A healthy control group homogenous for age and

sex (20 eyes of 20 patients) was also included in the
current analysis. All control subjects also underwent
a complete ophthalmologic examination, including
best-corrected visual acuity, intraocular pressure, fun-
dus examination, and OCTA.
Therefore, to avoid the circadian choroidal changes

could influence our results,11 all the tests were done
during the morning. Finally, because it has been
shown that cigarette smoking leading to a significant
increase in choroidal thickness up to 1 hour after,12 all
the subjects were advised not to smoke 1 hour before
the examination.
Outcome measures included: 1) foveal superficial

vessel density; 2) parafoveal superficial vessel den-
sity; 3) foveal deep vessel density; 4) parafoveal
deep vessel density; 5) SF choroidal thickness; 6)
foveal macular thickness; and 7) parafoveal macular
thickness.

Procedures

Spectral domain optical coherence tomography
angiography with XR Avanti. XR Avanti AngioVue
OCTA (Optovue Inc, Fremont, CA) is a device with
a high-speed of 70,000 axial scans per second, using
a light source of 840 nm, and an axial resolution of
5 mm. The AngioVue OCTA system based on split-
spectrum amplitude decorrelation angiography algo-
rithm (Version: 2015.100.0.35) uses blood flow as
intrinsic contrast.13 In addition, the SD-OCT tool
was able to acquire the standard structural OCT
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scans typically used by commercially available
devices.
Before imaging, each subject’s pupil was dilated

with a combination of 0.5% tropicamide and 10%
phenylephrine. Study participants underwent SD-
OCT imaging following a protocol that included
AngioVue OCT 3D volume set of 3 mm · 3 mm,
consisting of 304 pixels · 304 pixels in the transverse
dimension. An internal fixation light was used to cen-
ter the scanning area. The OCT signal position and
quality were optimized by means of the “Auto All”
function which performs in sequence with 1) the
“Auto Z” function to find the best position for obtain-
ing the retina OCT image; 2) the “Auto F” function to
find the best focus for the particular subject’s refrac-
tion; and 3) the “Auto P” function to find the best
polarization match for the particular subject’s ocular
polarization.
One FastX (horizontal raster) set and one FastY

(vertical raster) set were performed for each acquisi-
tion scan. Each set took approximately 3 seconds to
complete. The software then performed the motion
correction technology to remove saccades and minor
loss of fixation. Scans with low quality (i.e., if the
subject blinked or if there were many motion artifacts
in the data set) were excluded and repeated until good
quality was achieved. Three scans for each patient
were captured, then the best one for quality (without
significant motion artifacts and with a signal strength
index .60) was considered for the analysis.
Vascular layer segmentation and vessel

density analysis. Vascular retinal layers were visual-
ized and segmented as previously described.14–17 To

evaluate the superficial retinal plexus, we used a layer
thickness of 60 mm from the inner limiting mem-
brane, to include all the vessels of this plexus.
Furthermore, to visualize the deep retinal plexus, we
used a 30-mm thick layer 30 mm from the inner plex-
iform layer, for the purpose of visualizing the plexus
in its entirely. We decided to use a fixed-thickness
slab though the inner retinal layers are not anatomi-
cally damaged in our patients, as well as to increase
the objectivity in the evaluation, as previously
shown.16,17 Two investigators checked the segmenta-
tion quality before testing vessel density and were
able to finely adjust the slab positioning to ensure
a correct visualization of both the superficial and the
deep vascular plexuses.
Objective quantification of vessel density was

evaluated for each eye using the split-spectrum
amplitude decorrelation angiography software. Quan-
titative analysis was performed on the OCTA en face
image using the AngioVue software. The vessel
density was defined as the percentage area occupied
by vessels in a circle region of interest centered on the
center of the foveal avascular zone (FAZ) and with
a diameter of 2.5 mm (Figures 1–3). The AngioVue
software automatically split the region of interest into
two fields: 1) the foveal area, a central circle with
a diameter of 1 mm; and 2) the parafoveal area that
constitutes the remaining part inside the region of
interest.
The AngioVue software automatically outputs the

vessel density percentage inside the foveal area
(foveal vessel density) and the parafoveal area (paraf-
oveal vessel density).

Fig. 1. Optical coherence
tomography angiography (OCTA)
from an enrolled adult-onset
foveomacular vitelliform de-
generation patient. A. Optical
coherence tomography angiog-
raphy macula 3 · 3 scan show-
ing the superficial vascular
plexus. The superficial vascular
plexus flow density was defined
as the percentage area occupied
by vessels in a circle region of
interest centered on the center of
the foveal avascular zone and
with a diameter of 2.5 mm. The
AngioVue software automati-
cally split the region of interest,
as well as the superficial vascular
plexus flow density evaluation,
into two fields: 1) the foveal area
(F), a central circle with a diam-
eter of 1 mm; and 2) the paraf-
oveal area (PF) that constitutes

the remaining part inside the region of interest. The PF superficial vascular plexus vessel density data were analyzed; (B) OCT B-scan showing the slab set
to evaluate the superficial retinal plexus; (C) OCTA macula 3 · 3 scan showing the deep vascular plexus; and (D) OCT B-scan showing the slab set to
evaluate the deep retinal plexus.
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The vessel density is calculated using the formula
previously described18 as follows:

Vessel density ¼
Ð
V � dA
Ð
dA

where V is one when the OCTA value is above a back-
ground threshold and zero otherwise. A is the area of
interest.
Moreover, the software outputted the mean macular

thickness in the foveal (foveal macular thickness) and
in the parafoveal (parafoveal macular thickness)
regions.

Choroidal thickness. Cross-sectional SD-OCT
(10 mm scan length, 3 mm scan depth) of macular
region was performed using the XR Avanti SD-OCT.

The obtained scan provides visualization of structures
from deep choroid well into the vitreous, in a single B-
scan. The images were shown and measured with the
XR Avanti software. The choroid was manually
measured in the SF location by a trained investigator
(E.B.) from the outer portion of the hyper-reflective
line corresponding to the RPE to the inner surface of
the sclera.

Statistical analysis. Statistical calculations were
performed using Statistical Package for Social Scien-
ces (version 20.0; SPSS Inc, Chicago, IL). The
difference among the three groups was generated by
conducting ANOVA analysis followed by Scheffe
post hoc test.
The chosen level of statistical significance was

P , 0.05.

Fig. 2. Optical coherence
tomography angiography (OCTA)
from an enrolled age-related
macular degeneration patient. A.
Optical coherence tomography
angiography macula 3 · 3 scan
showing the superficial vascular
plexus; (C) OCTA macula 3 · 3
scan showing the deep vascular
plexus; and (D) OCT B-scan
showing the slab set to evaluate
the deep retinal plexus. Parafoveal
area (PF).

Fig. 3. Optical coherence
tomography angiography (OCTA)
from a healthy control. A. Optical
coherence tomography angiogra-
phy macula 3 · 3 scan showing
the superficial vascular plexus;
(B) OCT B-scan showing the slab
set to evaluate the superficial ret-
inal plexus; (C) OCTA macula
3 · 3 scan showing the deep
vascular plexus; and (D) OCT
B-scan showing the slab set to
evaluate the deep retinal plexus.
Parafoveal area (PF).
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RESULTS

Demographic data of patients and healthy subjects
and best-corrected visual acuity are reported in
the Table 1. Two eyes of two patients with AOFVD
had to be excluded from the analysis because of the
software inability to perform a vessel plexus correct
segmentation.

Macular Thickness Analysis

Foveal macular thickness was 282.6 ± 46.5 mm in
patients with AOFVD, 233.2 ± 35.5 mm in patients
with AMD, and 261.8 ± 19.2 mm in healthy controls
(P = 0.001 and P = 0.317, respectively, after compar-
ison with the AOFVD group) (Table 2).
Parafoveal macular thickness was 328.6 ± 15.4 mm

in the AOFVD group and resulted significantly thicker
after the comparison with the AMD group (289.5 ±
36.2 mm, P = 0.001). Nevertheless, no difference was
found between the AOFVD and the control group
(330.8 ± 22.0 mm, P = 0.979) (Table 2).

Vessel Density Analysis

Foveal superficial vessel density did not result
different in the AOFVD group (30.7 ± 3.7%) after
the comparison with both the AMD group (32.4 ±
2.7%, P = 0.284) and the control group (32.7 ±
4.7%, P = 0.197) (Table 2).
Foveal deep vessel density was 28.0 ± 2.3% in pa-

tients with AOFVD, 29.1 ± 3.3% in patients with AMD,
and 29.5 ± 7.7% in healthy controls (P = 0.142 and
P = 0.080, respectively, after comparison with the
AOFVD group) (Table 2).
Parafoveal superficial vessel density was increased

in patients with AOFVD compared with that in the
AMD group (50.6 ± 4.3% and 46.3 ± 4.3%, respec-
tively, P = 0.016). Moreover, parafoveal superficial
vessel density was 50.4 ± 6.1% in healthy controls
(P = 0.953 in the comparison with the AOFVD group)
(Table 2).

Parafoveal deep vessel density was 57.9 ± 6.4% in
patients with AOFVD, 52.2 ± 3.8% in patients with
AMD, and 52.7 ± 6.0% in healthy controls (P = 0.006
and P = 0.035, respectively, after comparison with the
AOFVD group) (Table 2).

Noise Analysis

Decorrelation can also be generated by bulk
motion (causing noise). To be sure that noise did
not influence the analysis, as already shown,19,20 we
tested vessel density in the FAZ area. Indeed,
because there is no retinal circulation in the FAZ,
this method is an assessment of background motion
noise. FAZ vessel density was 0.0 ± 0.0% in patients
with AMD, 0.0 ± 0.0% in patients with AOFVD, and
0.0 ± 0.0% in healthy controls. After comparisons,
no difference in FAZ vessel density was found
among the groups (P . 0.05 for all the comparisons),
the latter aspect suggesting noise not influencing
results.

Choroidal Thickness Analysis

Subfoveal choroidal thickness was 334.6 ± 73.9 mm
in patients with AOFVD and resulted significantly
thicker in comparison with both patients with AMD
(215.7 ± 63.6 mm, P = 0.001) and healthy subjects
(285.1 ± 77.8 mm, P = 0.024) (Table 2).

Discussion

In this prospective study, we investigated retinal and
choroidal vessel changes in patients affected by
AOFVD. Overall, we found that these patients show
an alteration both in the retinal and in the choroidal
vasculatures.
Recently, Coscas F et al21 showed that SF choroi-

dal thickness is thicker in AOFVD eyes, after com-
parison with both healthy and late stage AMD eyes.
Indeed, the increased choroidal thickness has been
hypothesized to contribute to the development of
AOFVD and is thought to be secondary to an

Table 1. Characteristics of Analyzed Patients

Patients With AOFVD
(n = 14)

Patients With AMD
(n = 18)

Healthy Subjects
(n = 20)

Number of eyes 20 20 20
Age, years 64.6 ± 7.6 66.5 ± 7.5 65.4 ± 9.1
Gender, n
Male 8 10 8
Female 6 8 12

BCVA (LogMAR) (Snellen equivalent) 0.1 ± 0.1 (�20/25) 0.1 ± 0.1 (�20/25) 0.0 ± 0.0 (20/20)

BCVA, best-corrected visual acuity (logMAR [logarithm of the minimum angle of resolution]); n, number of patients.
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increased circulation and vascular dilatation.21

Our results confirmed that choroidal thickness is
increased in AOFVD eyes compared with both
healthy and AMD eyes. Furthermore, we first showed
that choroidal thickness is thicker in AOFVD than in
AMD, also considering only eyes affected by inter-
mediate AMD. The latter feature could be useful in
the early differential diagnosis between the two
diseases.
Introduction of OCTA has allowed to image

accurately two layers of the retinal vasculature
without the needing of the dye injection.7,8 We used
this new useful imaging tool to study both the super-
ficial and the deep vascular layers in patients with
AOFVD.
Our group recently showed that the superficial

vascular plexus is damaged among patients affected
by intermediate AMD.20 Inasmuch as systemic
hypertension,22 dietary fat intake,23,24 and history
of coronary, carotid, and peripheral vascular dis-
ease25 are risk factors as for vascular damage as for
AMD, we hypothesized that a retinal and choroidal
vessel damage could contribute to the AMD
pathogenesis.

In this current, study we demonstrated that both
superficial and deep vessel densities are significantly
increased in patients with AOFVD, after the compar-
ison with patients with AMD. These findings suggest
that the pathogenic mechanisms in AOFVD are
different from those in AMD and that OCTA could
be useful to differentiate early stages of these two
diseases.
Recently, Querques et al26 evaluated patients

affected by AOFVD by means of OCTA. In the latter
study, 22 AOFVD eyes were enrolled and a compari-
son with healthy eyes was performed: the authors con-
cluded that a general vascular rarefaction characterized
AOFVD eyes. Nevertheless, our results are in contrast
with those of Querques et al.26 Indeed, we showed that
1) there is no difference in superficial vessel density
between AOFVD and healthy eyes; and 2) the deep
vessel density was higher in AOFVD eyes. Possible
explanations for these differences could be: 1) the dif-
ferent patients’ selection (indeed Querques et al con-
sidered also AOFVD eyes affected by vitelliruptive
stage or complicated by choroidal neovascularization);
2) our assessment concerned the vessel density rather
than the morphologic vessel features.

Table 2. Retinal Vessel Density and Choroidal Thickness in Patients and Controls

Patients With
AOFVD

Patients With
AMD

Healthy
Subjects

ANOVA

P

Post hoc Test P

Patients
With AOFVD
vs. Patients
With AMD

Patients
With AOFVD
vs. Healthy
Controls

Patients
With AMD
vs. Healthy
Controls

Foveal macular
thickness, mm

282.64 ± 46.50 233.17 ± 35.48 261.83 ± 19.21 0.001 0.001 0.317 0.077

Parafoveal
macular
thickness, mm

328.64 ± 15.40 289.52 ± 36.21 330.83 ± 21.99 ,0.0001 0.001 0.979 0.001

Foveal
superficial
vessel
density, %

30.7 ± 3.7 32.4 ± 2.7 32.7 ± 4.7 0.134 0.284 0.197 1.0

Parafoveal
superficial
vessel
density, %

50.6 ± 4.3 46.3 ± 4.3 50.4 ± 6.1 0.009 0.016 0.953 0.045

Foveal deep
vessel
density, %

28.0 ± 2.3 29.1 ± 3.3 29.5 ± 7.7 0.080 0.142 0.080 0.926

Parafoveal deep
vessel
density, %

57.9 ± 6.4 52.2 ± 3.8 52.7 ± 6.0 0.006 0.006 0.035 0.971

Subfoveal
choroidal
thickness, mm

334.6 ± 73.9 215.7 ± 63.6 285.1 ± 77.8 ,0.0001 0.001 0.024 0.016

Values were compared by one-way analysis of variance (ANOVA) followed by Scheffe post hoc test.
Bold values are statistically significant.
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Histology and electron microscopy revealed that
photoreceptors seem to be the first cells affected in
AOFVD.27,28 The photoreceptor damage, followed by
an excessive outer segment shedding, leads to the for-
mation of subretinal deposits of photoreceptor debris.
The debris accumulation initially over-activates and
finally harms the RPE.29 Indeed, several authors dem-
onstrated vitelliform deposits are composed primarily
of extracellular photoreceptor debris and RPE-derived
material.27 Furthermore, progression of AOFVD is
characterized by reabsorption of this vitelliform mate-
rial followed by fluid accumulation and RPE disrup-
tion.30,31 The migration of inflammatory cells,
associated with vasodilatation, was also observed by
Kaur et al32 in retinas of adults rats: an activation of
retinal microglial cells and a vasodilatation were aimed
to remove debris. Then, we speculated that an increas-
ing in deep vessel density, in eyes affected by early
stages of AOFVD, could be part of an inflammatory
response aimed to reabsorb vitelliform material.
Another possible explanation is that the vitelliform
material could lead to a vessels’ displacement toward
the parafoveal area. Querques et al26 have speculated
that this displacement could follow the progressive
accumulation of vitelliform material forcing the blood
vessels away.
Our study has several limitations. The series

presented here is relatively small. However, one
should look at the current series in consideration of:
1) the rarity of the AOFVD disease; and 2) the strict
inclusion criteria for patients and control group, as
well as similarity of groups about the meaningful
characteristics such as age (which is known to affect
the choroid measurements). Furthermore, another
major limitation is that we used two different
methods to study retinal and choroidal vessels.
However, the OCTA choriocapillaris loss seen in
patients with AOFVD and AMD should be inter-
preted with caution because as vitelliform lesion as
drusen could lead to an attenuation artifact deceiving
the evaluation. Finally, the vitelliform lesion could
affect the vessel density test by influencing the
segmentation. In order to reduce the latter limitation
and not analyze images with segmentation errors, in
the current paper two investigators checked the
segmentation. Moreover, we finely adjust the slab
position, although we did not change the slab shape
on the OCT B-scan.
In conclusion, we provide the first fully integrated

study of retinal and choroidal blood supply in patients
with AOFVD, and we showed that both choroid and
retinal vessels were modified in these patients, after
comparison with both patients with AMD and healthy
subjects. This study raises many questions and

prompts further investigation including the evaluation
of a possible prognostic role of OCTA in predicting
evolution of AOFVD to the atrophic stage.

Key words: adult-onset foveomacular vitelliform
dystrophy, age-related macular degeneration, vessel
density, choroidal thickness, optical coherence tomog-
raphy angiography.
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12. Ulaş F, Çelik F, Do�gan Ü, Çelebi S. Effect of smoking on
choroidal thickness in healthy smokers. Curr Eye Res 2014;
39:504–511.

13. Jia Y, Tan O, Tokayer J, et al. Split-spectrum amplitude-
decorrelation angiography with optical coherence tomography.
Opt Express 2012;20:4710–4725.

14. Huang Y, Zhang Q, Thorell MR, et al. Swept-source OCT
angiography of the retinal vasculature using intensity
differentiation-based optical microangiography algorithms.
Ophthalmic Surg Lasers Imaging Retina 2014;45:382–389.

15. Moult E, Choi W, Waheed NK, et al. Ultrahigh-speed swept-
source OCT angiography in exudative AMD. Ophthalmic Surg
Lasers Imaging Retina 2014;45:496–505.

16. Toto L, Borrelli E, Mastropasqua R, et al. Association between
outer retinal alterations and microvascular changes in interme-
diate stage age-related macular degeneration: an optical coher-
ence tomography angiography study. Br J Ophthalmol 2016.
Epub ahead of print. doi: 10.1136/bjophthalmol-2016-309160.

OCTA IN AOFVD � TOTO ET AL 7

Copyright ª by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.



17. Mastropasqua L, Toto L, Borrelli E, et al. Optical coherence
tomography angiography assessment of vascular effects occur-
ring after aflibercept intravitreal injections in treatment-naive
patients with wet AMD. Retina 2017;37:247–256.

18. Jia Y, Morrison JC, Tokayer J, et al. Quantitative OCT angi-
ography of optic nerve head blood flow. Biomed Opt Express
2012;3:3127.

19. Wei E, Jia Y, Tan O, et al. Parafoveal retinal vascular response
to pattern visual stimulation assessed with OCT angiography.
PLoS One 2013;8:e81343.

20. Toto L, Borrelli E, Di Antonio L, et al. Retinal vascular plex-
uses’ changes in dry age-related macular degeneration, evalu-
ated by means of optical coherence tomography angiography.
Retina 2016;36:1566–1572.

21. Coscas F, Puche N, Coscas G, et al. Comparison of macular
choroidal thickness in adult onset foveomacular vitelliform
dystrophy and age-related macular degeneration. Invest Oph-
thalmol Vis Sci 2014;55:64–69.

22. Hyman L, Schachat AP, He Q, Leske MC. Hypertension, car-
diovascular disease, and age-related macular degeneration.
Age-related macular degeneration risk factors study group.
Arch Ophthalmol 2000;118:351–358.

23. Mares-Perlman JA, Brady WE, Klein R, et al. Dietary fat and
age-related maculopathy. Arch Ophthalmol 1995;113:743–748.

24. Zerbib J, Delcourt C, Puche N, et al. Risk factors for exudative
age-related macular degeneration in a large French case-control
study. Graefes Arch Clin Exp Ophthalmol 2014;252:899–907.

25. Vingerling JR, Dielemans I, Bots ML, et al. Age-related mac-
ular degeneration is associated with atherosclerosis. The Rot-
terdam Study. Am J Epidemiol 1995;142:404–409.

26. Querques G, Zambrowski O, Corvi F, et al. Optical coher-
ence tomography angiography in adult-onset foveomacular
vitelliform dystrophy. Br J Ophthalmol 2016. Epub ahead of
print.

27. Arnold JJ, Sarks JP, Killingsworth MC, et al. Adult vitelliform
macular degeneration: a clinicopathological study. Eye (Lond)
2003;17:717–726.

28. Chowers I, Tiosano L, Audo I, et al. Adult-onset foveomacular
vitelliform dystrophy: a fresh perspective. Prog Retin Eye Res
2015;47:64–85.

29. Sanyal S, Hawkins RK. Development and degeneration of
retina in rds mutant mice: altered disc shedding pattern in the
heterozygotes and its relation to ocular pigmentation. Curr Eye
Res 1989;8:1093–1101.

30. Querques G, Forte R, Querques L, et al. Natural course of
adult-onset foveomacular vitelliform dystrophy: a spectral-
domain optical coherence tomography analysis. Am J Ophthal-
mol 2011;152:304–313.

31. Dubovy SR, Hairston RJ, Schatz H, et al. Adult-onset foveo-
macular pigment epithelial dystrophy: clinicopathologic corre-
lation of three cases. Retina 2000;20:638–649.

32. Kaur C, Sivakumar V, Foulds WS. Early response of neurons
and glial cells to hypoxia in the retina. Invest Ophthalmol Vis
Sci 2006;47:1126–1141.

8 RETINA, THE JOURNAL OF RETINAL AND VITREOUS DISEASES � 2017 � VOLUME 0 � NUMBER 0

Copyright ª by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.


