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PURPOSE. To describe quantitative characteristics of macular neovascularization (MNV) in
vitelliform macular dystrophy (VMD) patients by means of optical coherence tomography
angiography (OCTA).

METHODS. The study design was a prospective case series. All patients underwent
complete ophthalmologic assessment, optical coherence tomography, and OCTA. The
quantitative OCTA parameters examined included vessel tortuosity and vessel dispersion
of the MNV. The primary outcome was OCTA characterization of MNV in VMD. Secondary
outcomes included the evolution of MNV over the follow-up.

RESULTS. A total of 78 eyes were recruited for the study. MNV was identified in 50 eyes
(64%) at baseline and in 51 eyes (65%) at the end of the follow-up (mean follow-up, 24.7
± 9.7 months). MNV was detected in four out of the 30 eyes classified as stages 2 and 3
(13%), showing exudative manifestations and undergoing ranibizumab treatment, leading
to clinical stabilization. OCTA detected MNV in 46 out of 48 eyes (96%) classified as stages
4 and 5, showing no evidence of exudative manifestation. All of the non-exudative MNVs
were merely observed over the follow-up and received no treatment. At the end of the
follow-up, 47 out of 48 eyes displayed MNV (98%). Non-exudative MNVs remained stable
over the follow-up. Statistically significant differences were found when comparing vessel
tortuosity and vessel dispersion in the two MNV subforms.

CONCLUSIONS. VMD is characterized by two MNV subforms. Exudative MNV is rare and
may develop in the early stages of the disease, in association with bleeding and fluid
formation. Non-exudative MNV develops very commonly in the advanced stage of VMD,
without any exudative manifestation.

Keywords: Best vitelliform macular dystrophy, macular neovascularization, optical coher-
ence tomography angiography

Best vitelliform macular dystrophy (VMD) can show
mutable phenotypic manifestations over its natural

evolution from the initial vitelliform stage toward a grad-
ual reabsorption of vitelliform material and up to atrophic
changes.1–10 Macular neovascularization (MNV) can compli-
cate the course of VMD and may contribute toward a further
deterioration in visual acuity.1,2,11,12 The diagnosis of MNV
complicating VMD is often not straightforward.11 It is gener-
ally based on the biomicroscopic identification of subretinal
fluid and/or retinal or subretinal hemorrhages and on the
detection of dye leakage on fluorescein angiography (FA).
The recent introduction of optical coherence tomography
angiography (OCTA) has refined our understanding of the
vascular network alterations at the level of the retina and
the choriocapillaris in VMD and indicates that MNV is more
frequent than previously thought, especially in the advanced
stages of the disease.12,13 To our knowledge, no study has
explicitly analyzed the quantitative characteristics of MNV
related to VMD in an attempt to define specific subforms.

The purpose of the present study was to delineate the quan-
titative OCTA parameters of MNV secondary to VMD.

METHODS

The design of the study was a prospective case series that
enrolled consecutive patients affected by VMD examined
at the Ophthalmology Department of San Raffaele Hospital
in Milan between January 2015 and June 2017. The proto-
col was approved by the institutional review board, and
the procedures followed the tenets of the Declaration of
Helsinki. Written informed consent was obtained from all
subjects. Inclusion criteria were a clinical diagnosis of VMD
confirmed by identification of mutations in the BEST1 gene,
along with clear media and stable fixation that would allow
precise OCTA examination. The exclusion criterion was the
identification of any other ocular disorder. VMD classifi-
cation included eyes in stage 1 (previtelliform/subclinical,
with no biomicroscopic alterations), stage 2 (vitelliform),
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stage 3 (pseudohypopyon), stage 4 (vitelliruptive/scrambled
egg), and stage 5 (atrophic/cicatricial),1,2 but only patients
in stages 2 to 5 were involved in the study.

Each patient underwent a complete ophthalmic exam-
ination, including best-corrected visual acuity (BCVA)
on standard Early Treatment Diabetic Retinopathy Study
charts, color photography, fluorescein angiography, spectral-
domain optical coherence tomography (SD-OCT) (Spectralis
HRA; Heidelberg Engineering, Heidelberg, Germany), and
OCTA (Swept Source DRI OCT Triton; Topcon Corporation,
Tokyo, Japan). In addition, a subset of patients also under-
went indocyanine green angiography (ICGA), as an ancil-
lary examination. The patients received a follow-up exami-
nation every 6 months, with the opportunity to have addi-
tional visits if necessary.

MNV was identified on OCTA by detecting a neovas-
cular net in the outer retinal en face slab (outer plexi-
form layer to Bruch’s membrane) and in the choriocapil-
laris slab, as assessed by two experienced retina specialists
(A.A., F.B.) employing the 3 × 3-mm scan, which ensured
the highest resolution. MNV was considered exudative when
dye leakage was detected on FA and when subretinal fluid
extending beyond the area of the VMD lesion was found on
OCT, along with the possible presence of retinal/subretinal
hemorrhages.

Automatic segmentations of the superficial capillary
plexus (SCP), deep capillary plexus (DCP) and chorio-
capillaris (CC) were obtained from OCTA acquisitions
(4.5 × 4.5-mm scan centered on the fovea) to calculate
vessel density (VD). Each segmentation was carefully
inspected and, if necessary, manually corrected by two
expert ophthalmologists (M.B.P., A.A.), taking into consider-
ation only high-quality images (Topcon quality index > 80).
All OCTA images were captured by two ophthalmologists
(M.B.P., A.A.) at least twice in order to assess both repro-
ducibility and repeatability. All reconstructions were loaded
in ImageJ software (National Institutes of Health, Bethesda,
MD, USA)14 to calculate VD. The “Adjust threshold” tool was
used in ImageJ to highlight the blood vessels and to reduce
the noise. The method pipeline employed ran as follows:
import .tiff image → adjust → threshold → automatic
threshold → mean thresholding → export binarized image.
After the “mean threshold” image binarization, VD was
calculated to determine the proportion of white pixels
compared to black. The foveal avascular zone was manually
segmented and excluded.

Distinct quantitative OCTA parameters were adopted in
order to analyze the MNV characteristics, including vessel
tortuosity (VT) and vessel dispersion (VDisp), which are
already employed in assessing other pathological condi-
tions.15–18 In short, VT is defined as the ratio of the short-
est pathway to the straight-line length19 and provides infor-
mation about vascular perfusion.20,21 VDisp is defined as a
measure of the space-filling of a given vascular tree22 and
provides information about the vascular network disorga-
nization.23 MNV was extracted from the 3 × 3-mm OCTA
reconstruction, corrected to assess the vertical extension of
the lesion.16

The control group consisted of 40 healthy volunteers
matched for age, sex, axial length, and refractive error. All
of the control subjects underwent an ophthalmologic exam-
ination, complete with SD-OCT and OCTA. Axial length
was measured by means of the IOLMaster 500 (Carl Zeiss
Meditec, Jena, Germany) in both patients and control
subjects, and refractive error was calculated using a Nidek
AR-1 Auto Refractometer (Nidek, Aichi, Japan).

The primary outcome measure was the assessment of
quantitative parameters of MNV secondary to VMD in differ-
ent stages of the disease performed by means of OCTA.
Secondary outcomes included the evolution of the MNV over
the follow-up. The statistical analyses were performed using
unpaired Student’s t-tests (SPSS Statistics; IBM, Armonk, NY,
USA), with statistical significance set at P < 0.05. Differences
between the two groups in BCVA, VD, VT, VDisp, and MNV
size were investigated with a linear mixed model. In the
model, the aforementioned variables were the dependent
variable, the group was the covariate, and the random effects
had a nested design and included the family ID and patient
ID to account for within-family and within-subject correla-
tions. This specific analysis was performed with R 3.3.2 (R
Foundation for Statistical Computing, Vienna, Austria). Inter-
grader agreement was assessed with intraclass correlations,
whereas repeatability and reproducibility were calculated
for each OCTA parameter.

RESULTS

Seventy-eight eyes of 39 patients from 26 families affected
by genetically confirmed VMD were recruited for the study.
The demographic and clinical characteristics of patients and
control subjects are listed in Table 1. In this case series,
both eyes of each patient belonged to the same stage, with
complete phenotypic inter-eye correlation. Overall, mean
follow-up was 24.7 ± 9.7 months (range, 18–48 months).
The control group consisted of 40 healthy subjects, with a
mean age of 36 ± 15 years (Table 1). Mean axial lengths
were 23.10 ± 0.82 mm and 23.00 ± 0.77 mm in patients and
control subjects, respectively.

OCTA identified MNV with subfoveal location in 50 out
of 78 eyes (64%) at baseline and in 51 eyes (65%) at the
end of the follow-up. Table 2 correlates the presence of
MNV according to the specific VMD stage at the moment
of the diagnosis. In order to simplify the statistical analyses
and interpretation of the results, we combined stages 2 and
3 and stages 4 and 5.

MNV was found in four out of 30 eyes (13%) in stages
2 and 3 (three eyes in stage 2 and one eye in stage 3);
in all four eyes, MNV included exudative manifestations,
exhibiting dye leakage on FA, subretinal fluid extending
beyond the area of the vitelliform lesion on structural OCT,
and subretinal hemorrhage (Fig. 1). MNV was found in both
eyes of a single patient and in a single eye of another two
patients and was diagnosed in two eyes after 5 months of
follow-up and in another two cases after 7 and 9 months,
respectively. OCTA quantitative assessment of the MNV
revealed a baseline mean VT value of 9.2 and a baseline
mean VDisp of 51 (Table 3). All four eyes presenting with
exudative MNV underwent intravitreal ranibizumab injec-
tion and achieved a stable lesion with a single treatment. No
further reactivation (no exudative signs) was registered over
a mean follow-up of 39 ± 3.4 months (range, 36–42 months).
At the end of the follow-up period, no statistically signifi-
cant change was registered in either VT or VDisp (Table 3).
Mean visual acuity of the four eyes with exudative MNV
was 0.1 ± 0.1 logMAR (approximately corresponding to
20/25 Snellen equivalent) before the development of
MNV. This value dropped down to 0.75 ± 0.1 logMAR
(20/110 Snellen equivalent) at the onset of the MNV,
improved to 0.2 ± 0.05 logMAR (20/32 Snellen equiv-
alent) after anti-vascular endothelial growth factor
(VEGF) injection, and remained stable over the
follow-up.
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TABLE 1. Demographic and Clinical Characteristics of Patients Affected by VMD and of the Control Subjects
BVMD Stage

Patients 2 3 4 5 Controls
Patients (n) 39 14 2 20 4 40
Eyes (n) 78 26 4 40 8 80
Age (y), mean ± SD 37 ± 18 36 ± 19 36 ± 32 38 ± 16 38 ± 23 36 ± 15
Males, n (%) 23 (59) 8 (57) 2 (100) 10 (50) 3 (75) 45 (56)
LogMAR BCVA, mean ± SD (Snellen equivalent) 0.36 ± 0.31 (20/45) 0.24 ± 0.22 (20(37) 0.26 ± 0.27 (20/36) 0.36 ± 0.29 (20/45) 0.82 ± 0.32 (20/125) 0.0 ± 0.0 (20/20)

TABLE 2. Choroidal Neovascularization and Atrophy at the End of Follow-Up in the Different Stages of VMD

Stage 2 (26 Eyes) Stage 3 (4 Eyes) Stage 4 (40 Eyes) Stage 5 (8 Eyes)

Macular neovascularization, n 3 1 40 7
Atrophy, n 0 0 0 1

With regard to the remaining 48 eyes of the 24 patients
classified as stages 4 and 5, OCTA detected a neovascular
net in the outer retinal en face slab and the choriocapil-
laris slab, consistent with the diagnosis of MNV, in 46 eyes
(96%). No evidence of exudative manifestation was visible
on biomicroscopy, and no leakage was detectable on FA.
ICGA, performed as an ancillary examination in 10 patients,
revealed fine vascular alterations in the early phases, with
staining in the late phases (Fig. 2) that could not be promptly
identified as MNV. Structural SD-OCT revealed fluid within
the limit of the vitelliform lesion in 36 eyes (78%) but failed
to find any subretinal fluid external to the lesion (Fig. 2).
Another eye developed MNV with non-exudative manifes-
tations over the follow-up (Fig. 3). This meant that by the
end of the follow-up 47 out of 48 eyes displayed MNV
(98%). Throughout the follow-up, no evidence of exuda-
tion was identified in any of the 47 eyes, which remained
clinically stable. Quantitative OCTA assessment of the MNV
revealed a mean VT value of 6.8 and a mean VDisp value of
22.9 (Table 3). No statistically significant change was
detected at the end of the follow-up in either VT or VDisp.

Mean visual acuity values for the eyes with non-exudative
MNV were 0.45 ± 0.34 logMAR and 0.45 ± 0.33 logMAR
(approximately corresponding to 20/55 Snellen equivalent)
at baseline and final examinations, respectively. The MNV
in stages 2 and 3 revealed higher values of VT, VDisp,
and size than MNV in stages 4 and 5, the difference being
statistically significant (Table 3). VD calculated in the 3 ×
3-mm area of the SCP, DCP, and CC turned out to be lower
in patients than in the control subjects (Table 4). Intraclass
correlation assessments found an intergrader agreement of
95%. Repeatability and reproducibility were calculated for

each OCTA parameter. Overall, repeatability ranged from
88% to 97%, and reproducibility ranged from 88% to 98%
(Tables 3 and 4).

DISCUSSION

VMD is a very complex inherited disorder, related in most
cases to mutations of the BEST1 gene.2,24 Typically, VMD is
characterized by high phenotypic heterogeneity and vari-
able clinical manifestations.1–11 MNV has been previously
described as a possible complication, especially in the early
stages of VMD.1,2,10–13,25,26 In most cases, exudative mani-
festations due to MNV activity have been treated with anti-
VEGF intravitreal injections, with positive outcomes.11,25,26

The present study, based on OCTA assessment, revealed
that MNV is actually a quite frequent manifestation of VMD,
occurring in about two-thirds of cases overall. In fact, two
different MNV subtypes can be identified: an exudative MNV,
which is typical of early stages (stages 2 and 3), and a non-
exudative MNV, which can be detected in almost all eyes
in the more advanced stages. Our previous cross-sectional
study revealed MNV in 87% of eyes in stages 4 and 5,13 but
the more precise technical equipment employed in associ-
ation with the longitudinal follow-up enabled MNV to be
identified in 96% of eyes in stages 4 and 5 in the present
investigation. MNV has traditionally been identified in VMD
by detecting biomicroscopic evidence of subretinal fluid
and/or macular hemorrhages, in association with dye leak-
age on FA. However, it is practically impossible to detect
non-exudative MNV on either FA or ICGA, due to staining
of the vitelliform deposits.11,27 OCTA can provide a more

TABLE 3. OCT Angiography Quantitative Parameters in Eyes Affected by VMD Complicated by MNV and in Eyes of Control Subjects

MNV Stages P

2 and 3 4 and 5 Controls
(1) (2) (3) 1 vs. 2 1 vs. 3 2 vs. 3 Reproducibility (%) Repeatability (%)

VT
Baseline 9.2 ± 0.6 6.8 ± 0.4 N/A <0.0001 N/A N/A 95 96
Final 8.5 ± 0.5 6.8 ± 0.5 N/A <0.0001 N/A N/A 95 95

VDisp
Baseline 51.1 ± 8.9 23.9 ± 4.4 N/A <0.0001 N/A N/A 89 88
Final 49.2 ± 7.5 23.9 ± 4.4 N/A <0.0001 N/A N/A 90 88

Area (μm2)
Baseline 1088.8 ± 187.2 651.6 ± 188.4 N/A <0.0001 N/A N/A 92 94
Final 1159 ± 245.2 731.7 ± 242.2 N/A 0.0023 N/A N/A 92 94
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FIGURE 1. Exudative MNV in Best VMD. Color fundus (A) and fundus autofluorescence (B) images showed subretinal hemorrhage in stage
2 Best VMD. Structural OCT (C) revealed subretinal exudation, and OCTA (D) delineated the macular neovascularization pattern. After
anti-vascular endothelial growth factor treatment, both color fundus (E) and fundus autofluorescence (F) showed reabsorption of fluid and
blood. Structural OCT (G) revealed no sign of exudation, and OCTA (H) revealed a reduction in the size of the macular neovascularization.

reliable assessment, owing to the absence of dye leakage
and staining.

OCTA quantitative assessment revealed that exudative
MNV in stages 2 and 3 is characterized by higher values
of both VT and VDisp than non-exudative MNV in stages 4
and 5, suggesting a more florid neovascular network with
high perfusion and high vascular disorganization in former
MNV. Interestingly, exudative MNV related to VMD displays
VT and VDisp values similar to those typical of type 2 MNV
secondary to AMD.14

At present, little is known of the pathogenesis of MNV
secondary to VMD, which has been related to retinal
pigment epithelium (RPE) alterations associated with local
hypoperfusion.11–13 The identification of two MNV subforms
with different quantitative parameters may provide some
clues on the possible pathogenesis. The exudative MNV is
characterized by higher VT, higher VDisp, and larger size,
whereas the VD of the three vascular plexa in the 3 × 3-mm
area was similar to that found in the non-exudative MNV.
This might suggest that exudative MNV is associated with a
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FIGURE 2. Non-exudative MNV in Best VMD. Color fundus (A), fundus autofluorescence (B), and OCT (C) showed stage 4 Best vitelliform
macular dystrophy. OCTA (D) revealed MNV. Over the follow-up, color fundus (E), fundus autofluorescence (F), OCT (G), and OCTA (H)
images indicated no changes.

FIGURE 3. Development of MNV in Best VMD over the follow-up. Color fundus (A), fundus autofluorescence (B), and OCT (C) showed stage
2 Best VMD. OCTA (D) showed the absence of MNV. After 1 year, both color fundus (E) and fundus autofluorescence (F) revealed that the
condition had evolved toward stage 4 Best VMD, whereas structural OCT (G) showed exudation and OCTA (H) identified MNV.
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TABLE 4. OCTA Vessel Density Analyses in Eyes Affected by VMD Complicated by MNV and in Eyes of Control Subjects

MNV Stage (%), Mean ± SD P

Stages 2 and 3 Stages 4 and 5 Controls
Vessel Density (1) (2) (3) 1 vs. 2 1 vs. 3 2 vs. 3 Reproducibility (%) Repeatability (%)

SCP
Baseline 0.36 ± 0.03 0.39 ± 0.03 0.047 <0.0001 <0.0001 94 95

0.42 ± 0.01
Final 0.38 ± 0.04 0.40 ± 0.04 0.52 <0.0001 <0.0001 94 96

DCP
Baseline 0.37 ± 0.01 0.38 ± 0.03 0.39 <0.0001 <0.0001 94 95

0.41 ± 0.01
Final 0.38 ± 0.02 0.38 ± 0.03 0.80 <0.0001 <0.0001 93 95

CC
Baseline 0.47 ± 0.04 0.47 ± 0.02 0.62 <0.0001 <0.0001 98 97

0.5 ± 0.01
Final 0.46 ± 0.02 0.46 ± 0.03 0.58 <0.0001 <0.0001 98 97

rapidly growing neovascular network, possibly related to a
cytokine/trophic factor imbalance triggered by the progres-
sive accumulation of vitelliform material and occurring in a
limited number of eyes in the early stage of the disease. On
the other hand, non-exudative MNV, characterized by lower
perfusion and lower vascular disorganization, as shown by
the reduced VT and VDips values, may develop more slowly,
stimulated by the trophic demand of the outer retina that
is due to the increasingly impaired metabolic exchanges
between the RPE and photoreceptor outer segments.

Remarkably, non-exudative MNV can be visualized on
OCTA in the more advanced stages, when the vitelliform
material is progressively removed. Nevertheless, our data do
not enable us to be more precise regarding the emergence
of non-exudative MNV. It is plausible that the neovascular
growth during the advanced stages could be part of a grad-
ual process that may even have its origins in an earlier stage,
but the technical limitations of the diagnostic tools that are
currently available, including FF, ICGA, and OCTA, prevent
us from visualizing an emerging MNV when the vitelliform
material is still dense and abundant. Similarly, it stands to
reason that MNV should tend to evolve toward atrophic
changes in stage 5, becoming no longer detectable over a
long-term follow-up.

Identifying the specific characteristics of MNV may prove
useful in the practical management of VMD. Exudative MNV
shows higher values of VT and VDisp than the non-exudative
subform, both before and after treatment, making identifica-
tion easier even in the advanced stages. Whereas previous
reports have endorsed anti-VEGF treatment for exudative
MNV,11,25,26 the stability displayed by non-exudative MNV
(no exudative manifestations and no substantial changes in
quantitative OCTA vascular parameters) suggests that anti-
VEGF is unnecessary and may even be harmful in non-
exudative MNV, potentially accelerating atrophic changes
with consequent functional deterioration. Moreover, in view
of the prospective new therapies,28 it is essential to be in
possession of a full and accurate picture of the clinical char-
acteristics over the course of VDM so as to be able to identify
the most appropriate approach and time frame.

We acknowledge that this investigation has several limi-
tations, especially in view of the small number of patients
included in the study and the relatively short and uneven
follow-up. In addition, we included both of the eyes of the
same patient in the statistical analyses, creating the basis
for an inherent bias,29 even though the statistical power was
improved by using a linear mixed model to manage the data.

Moreover, the technical shortcomings of the OCTA resolu-
tion may have prevented a very early and indistinct MNV
being detected. It is therefore difficult to pinpoint just when
the MNV detected on OCTA in stages 4 and 5 (when the
vitelliform material gradually fades away) actually begins. It
is theoretically possible for a thin MNV to originate in stages
2 and 3, becoming OCTA detectable later. The quantitative
OCTA parameters adopted in this study were derived from
our experience with other conditions and can be further
improved in the future as technology evolves. We should
also point out that our investigation was based on VMD
cases related to BEST1 mutations and might not prove to
be applicable to all VMD genotypes. VMD is quite a rare
disease, which makes collecting a sufficiently large sample
and establishing a long follow-up a considerable challenge.
This study should therefore be regarded as merely a primary
analysis designed to prompt further research into the iden-
tification and evolution of MNV in VMD.

In conclusion, our study demonstrates that VMD can be
associated with two different MNV subtypes on OCTA. The
initial stages of VMD can be complicated by the onset of
exudative MNV, characterized by high VT and Vdisp on
OCTA, whereas more advanced stages are characterized by
non-exudative MNV, showing lower VT and VDisp. Identi-
fying MNV related to VMD can have direct implications for
the final anatomical and functional prognosis, as well as for
the appropriate therapeutic response, especially in view of
forthcoming treatments.
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