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Purpose: To analyze and classify neurofibromatosis Type 1 (NF1)-related retinal vascular
abnormalities (RVAs), their natural history and correlation with disease severity, in a large
cohort of patients.

Methods: This was an observational longitudinal study with prospective enrollment. Four
hundred and seventy-three patients affected by NF1 and 150 age-matched healthy
subjects were consecutively enrolled. Retinal vascular abnormalities were detected by
means of near-infrared reflectance and studied by optical coherence tomography
angiography. The superficial vascular plexus and the deep vascular complex (DVC) were
quantitatively and qualitatively analyzed.

Results: We identified RVAs in 82 of 473 (17%) NF1 patients, but in none of the 150
healthy subjects. A comparison revealed that NF1 patients with RVAs showed a higher
number of NF1 diagnostic criteria (4.3 ± 1.5 vs. 3.9 ±1.5, respectively; P = 0.02) than patients
without RVAs. Three different RVA types were identified on optical coherence tomography
angiography: macrovascular angiomatosis of the sole superficial vascular plexus; macro-
vascular angiomatosis of the superficial vascular plexus combined with microvascular angio-
matosis of the deep vascular complex; and combined macrovascular angiomatosis of both
superficial vascular plexus and deep vascular complex. The prospective analysis of optical
coherence tomography angiography images showed no significant longitudinal evolution of
RVAs (mean follow-up: 3.7 ± 2.8 years). A single patient developed a de novo single RVA, and
two RVAs showed detectable changes during follow-up.

Conclusion: In NF1 patients, RVAs are a characteristic sign that correlates with a more
severe systemic disease expression, usually remaining stable during time. Optical
coherence tomography angiography allows for the identification of different RVAs
subtypes.

RETINA 41:979–986, 2021

Neurofibromatosis Type 1 (NF1) is among the most
common genetic disorders in humans, with an

incidence of approximately one in 3,000 to 4,000 indi-
viduals worldwide. It is characterized by multiple cuta-
neous café-au-lait spots, iris hamartomas, inguinal and
axillary freckling, neurofibromas, osseous lesions, and
optic pathway glioma (OPG).1,2 Diagnostic criteria for

NF1 were established by the National Institutes of
Health (NIH) Consensus Development Conference in
1988. The genetic analysis clarifies the diagnosis of
NF1 in some uncertain cases and in individuals con-
templating prenatal diagnosis; however, the disease in
characterized by a wide variability of manifestations.
Recently, several additional clinical features specifi-
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cally related to NF1 have been identified, including:
nonocular manifestations such as mixed vascular ha-
martomas, anemic nevi, unidentified bright objects on
brain magnetic resonance imaging, the NF1-related
typical neuropsychological phenotype, and ocular
manifestations such as choroidal patches and retinal
vascular abnormalities (RVAs).2–9

Large vessel abnormalities are a well-recognized
manifestation of NF1. Aneurysms or stenoses of the
aortic, renal, and mesenteric arteries are the most
common vascular lesions; however, more recently RVAs
have been reported as highly associated to NF1.10 The
existence of RVAs associated with NF1 was first re-
ported in 2002 by Muci-Mendoza et al, 11 who observed
small, tortuous second- or third-order retinal venules with
a characteristic “corkscrew” appearance. They are well
detectable using near-infrared reflectance (IR) and fluo-
rescein angiography, without evidence of leakage, stain-
ing, or neovascularization.
A wide range of RVA prevalence data (6% to 38%)

have been reported and patterns varying from “simple
tortuosity” to “corkscrew conformation” have been
described.9,12,13 Unfortunately, these patterns were
not analyzed considering the vascular anatomy of the
normal retina, such as the presence and locations of
these alterations and their relations with the normal
retinal plexuses.9,12,13 Their congenital nature has also
been investigated, and their possible dynamic changes
during follow-up, with contrasting results.11,14

The aim of this study was to analyze and classify the
morphologic and clinical characteristics of NF1-
related RVAs, and to evaluate their natural history
and correlation with systemic disease severity in a
large cohort of patients affected by NF1.

Methods

This was an observational longitudinal study with
prospective enrollment, compliant with the tenets of the

Declaration of Helsinki. Patients were recruited from
those referred to the Ophthalmology Department of the
University of Padova, Italy, between December 2015
and July 2019. Informed consent was obtained from each
subject or from the subject’s legal guardian. Each patient
underwent a thorough genetic, dermatologic, and oph-
thalmologic assessment aimed at detecting and/or con-
firming the presence or absence of each NIH diagnostic
criterion.2,9 Briefly, café-au-lait spots, axillary or inguinal
freckling, and cutaneous neurofibromas were assessed.
Both parents of pediatric patients were examined to eval-
uate the familial incidence. The presence of distinctive
osseous lesions was clinically examined in each patient.
A full ophthalmologic evaluation, including fundus
examination by indirect ophthalmoscopy, was performed
at baseline and during follow-up.15 The presence of
Lisch nodules as a diagnostic criterion was defined as
the presence of at least two Lisch nodules (NIH criteria)
and assessed using biomicroscopy.5,9 The presence of
NF1-related choroidal patches and RVAs was evaluated
using Spectralis HRA + OCT (Heidelberg Engineering,
Heidelberg, Germany) in IR modality, after pupil dilata-
tion.5,9 Two 50° IR images centered onto the fovea and
the optic disc (respectively) were obtained and then ana-
lyzed. Two independent experienced observers investi-
gated the presence of RVAs, defined as small, tortuous
retinal vessels with a “spiral/corkscrew” appearance vis-
ible in IR modality.9 The same observers carefully ana-
lyzed the same IR images for the presence of choroidal
patches, defined as hyperreflective choroidal spots, as
described in one previous paper focused on choroidal
abnormalities in NF1 patients.5 Retinal nerve fiber layer
assessment was also performed by OCT, as previously
reported.6 Patients with visual acuity inferior to age-
based normative data, strabismus without refractive
errors, absence of stereopsis, proptosis, pathologic pupil-
lary reflex, and those with reduced retinal nerve fiber
layer thickness were clinically classified as suspect for
OPG and underwent brain magnetic resonance imaging,
using standard procedures. Only those patients with OPG
confirmed by brain magnetic resonance imaging were
classified as OPG affected.6

Inclusion criteria were patients diagnosed with NF1
according to the classic NIH criteria. Exclusion criteria
included history of any ophthalmologic disease that
could affect the retinal and choroidal anatomy and
physiology (e.g., uveitis and ocular vasculopathies,
diabetic retinopathy, hypertensive retinopathy, reti-
nopathy of prematurity, maculopathy, and congenital
ocular malformations) or that could impair adequate
fundus visualization (e.g., congenital cataract or other
media opacities). One hundred and 50 gender-, race-,
and age-matched healthy subjects were enrolled as a
control group.
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Optical Coherence Tomography
Angiography Evaluation

For patients studied by optical coherence tomogra-
phy angiography (OCTA), Spectralis HRA + OCT
(Heidelberg Engineering) was used for acquisition of
3- · 3-mm and 6- · 6-mm analysis cubes centered on
each RVA lesion previously identified at IR imaging,
using the in-built follow-up modality. The en-face
images of the superficial vascular plexus (SVP) and
deep vascular complex (DVC) were examined and
classified for vascular involvement (SVP, DVC or
both).16 Then, RVAs were further characterized by
their morphology, according to our new classification,
expanding on the existing classification by Moramarco
et al 17: the presence of a single or multiple visible and
well-defined vessels with a diameter comparable to
retinal arterioles and venules (.15 m) was defined as
“macrovascular angiomatosis pattern,” whereas the
presence of an abnormal vascular network composed
of multiple small and poorly defined vessels with a
diameter similar to the retinal capillaries (,15 m)
was defined as “microvascular angiomatosis pattern.” 18

Furthermore, OCTA images were longitudinally eval-
uated by comparing the RVAs at baseline and at each
follow-up examination by two masked examiners, to
detect any morphological changes. The quantitative
analysis of the OCTA images was performed using
the open-source software Image-J (Ver 1.52.a National
Institutes of Health, Bethesda, MD) and its plug-in
NeuronJ (ver 1.3.4). The command “enhance local
contrast” was applied to each image to more precisely
visualize RVAs. The path of each RVAs in the SVP
was then traced using the “Wand (tracing) tool” com-
mand with manually set tolerance. Baseline and
follow-up images were processed at the same time
for the SVP and DVC, using the “Stack” command.
The quantitative analysis of the processed images was
performed according to the following sequential oper-
ations: binarization with preset, nonadaptive threshold;
fractal analysis of the binarized image; skeletoniza-
tion; fractal analysis of the skeletonized image. To
quantitatively evaluate each image, the following
parameters were analyzed: vessel area density, vessel
length fraction, vessel diameter index, fractal dimen-
sion of the binarized image (Dbin), fractal dimension
of the skeletonized image (Dsk), and geometric tortu-
osity index. These parameters were automatically ana-
lyzed by the software, as previously described.19,20

Statistical Analysis

The description of the analyzed population was
performed according to the usual methods of descriptive

statistics: frequency distribution and percentages, mean,
and SD. The comparison of variables between groups
(patients with at least one RVA in at least one eye
[Group 1] versus patients without RVAs [Group 2]) was
performed through chi-square test for qualitative vari-
ables (e.g., sex, family history of NF1) and Wilcoxon
rank sums test for quantitative variables (e.g., age,
number of visits performed, follow-up duration). To
evaluate the association between NF1 diagnostic criteria
and RVAs, inferential analysis was performed at uni-
variate level through chi-square test applied to contin-
gency tables and through logistic regression to account
for patient age. A multiple logistic regression was then
evaluated including all NF1 diagnostic criteria. Finally,
odds ratio (OR) and relative confidence interval were
calculated to determine the minimum number of positive
diagnostic criteria that could allow differentiation
between groups of patients (with RVAs vs. without
RVAs). Comparison among quantitative RVA parame-
ters (vessel area density, vessel length fraction, vessel
diameter index, Dbin, and Dsk) and tortuosity between
baseline and follow-up was performed using Student’s t-
test for coupled datapoints. For vascular tortuosity, this
analysis was only performed regarding the SVP. The
interexaminer agreement was evaluated using Cohen’s
Kappa coefficient.
The software SAS v.9.4 was used on a personal

computer for all analyses. The significance level of the
tests was set at 0.05 except where otherwise specified.

Results

Four hundred seventy-three patients affected by NF1
according to NIH diagnostic criteria were included in this
study, with a mean age of 17.8 ± 14.4 years and a mean
follow-up of 3.7 ± 2.8 years. Of these, 82 (17%) had at
least one RVA in at least one eye (Group 1); no RVA
was detected in the remaining 391 (83%) patients (Group
2). Demographic and clinical characteristics of the two
groups are reported in Table 1. No RVA was detected in
control group (healthy subject).
Choroidal patches were detected in 46 Group 1 and

210 Group 2 patients, thus showing a similar preva-
lence in both groups (56% and 54%, respectively). The
univariate analysis showed a significant association
between the presence of RVAs (Group 1) and axillary
or inguinal freckling (P = 0.01) and Lisch nodules
(P , 0.01) (Table 1). The multivariate analysis con-
firmed the independent association between RVAs and
the presence of axillary or inguinal freckling, but not
with Lisch nodules (see Table, Supplemental Digital
Content 1, http://links.lww.com/IAE/B306, reporting
the multiple logistic regression).
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Group 1 patients were characterized by a greater
number of diagnostic criteria per patient compared
with Group 2 (4.3 ± 1.5 vs. 3.9 ±1.5, respectively; P =
0.02) (Figure 1) (see also Table, Supplemental Dig-
ital Content 2, http://links.lww.com/IAE/B307, re-
porting the number of diagnostic criteria per patient
in Group 1 and 2). The cut-off number of diagnostic
criteria for predicting the presence of RVAs was $5
(P , 0.01, OR = 1.89, CI 1.17–3.06).

Retinal vascular abnormalities Characteristics

One hundred twelve RVAs were identified in 82
patients (17%). In 14 patients (17%), more than one
RVA was detected, and in 10 patients (12%) RVAs
were documented in both eyes. Of the 14 patients with
multiple RVAs, nine patients (11%) had two RVAs,

four patients (5%) 3, whereas one patient (1%) had 4.
Three patients (4%) had multiple and bilateral RVAs.
Retinal vascular abnormalities involved vessels per-
taining to the superior temporal vascular arcade in
54% of cases, to the inferior temporal vascular arcade
in 44%, and to the nasal arcades in 3%. Fifty-three
RVAs (47%) were located in the macular area. The
interexaminer agreement in the detection of RVAs was
1.0 (complete agreement). During follow-up, a single
patient (1%) developed a de novo single RVA (Figure
2, A–D) and two RVAs (2%) of two patients showed
detectable changes at 1-year follow-up: namely, new
vascular branches and a more complex and tortuous
vascular pattern (Figure 2, E and F).
Eighty-one RVAs of 75 patients (92%) were studied

by OCTA. In seven patients (9%) this examination
was not possible because of lack of cooperation. On

Table 1. Demographic and Clinical Characteristics of Group 1 (Patients With RVAs) and Group 2 (Patients With No RVAs)

Group 1 Group 2 P*

Patients, N (%) 82 (17) 391 (83) NA
Age, years, mean ± SD 18.6 ± 14.5 17.7 ± 14.4 0.65
Sex, N (%) F 40 (49) F 205 (52) 0.55

M 42 (51) M 186 (48)
Familiarity, N (%) 31 (38) 152 (39) 0.86
Café au lait spots, N (%) 81 (99) 371 (95) 0.26
Axillary or inguinal freckling, N (%) 71 (87) 286 (73) 0.01
Neurofibromas, N (%) 47 (57) 180 (46) 0.06
Lisch nodules, N (%) 55 (67) 197 (50) ,0.01
OPG, N (%) 19 (23) 68 (17) 0.22
Bony dysplasia, N (%) 5 (6) 27 (7) 0.76
Choroidal patches, N (%) 46 (56) 210 (54) 0.69

Significant P-value in bold.
*Univariate analysis.
N, number of patients; F, female; M, male; OPG, optic pathway glioma; NA, not applicable.

Fig. 1. Graphic distribution of
number of diagnostic criteria per
patient in the two different
groups: patients with and with-
out RVAs.
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OCTA analysis, 21 RVAs (26%) were characterized
by a “corkscrew-like” retinal venous abnormality, hav-
ing the main vessel diameter . 15 m, involving only
the SVP, with no alteration at DVC, and classified as
“macrovascular angiomatosis of the sole SVP” or
Type 1 RVAs (Table 2) (Figure 3, A–D).
In 60 RVAs (74%), an abnormality of the DVC was

documented. Of these, 56 (93%) cases were charac-
terized by a corkscrew macrovascular abnormality in
the SVP having the main vessel diameter.15 m (mac-

rovascular angiomatosis of the SVP), combined to an
area of abnormal vascular network in the DVC com-
posed of multiple small and poorly defined vessels
with a diameter ,15 m (microvascular angiomatosis
of the DVC). This RVA type was classified as “macro-
vascular angiomatosis of the SVP combined with
microvascular angiomatosis of the DVC,” or Type 2
RVA (Table 2) (Figure 3, E–H). In four cases (7%), a
corkscrew macrovascular abnormality having the main
vessel diameter .15 m was present both in the SVP

Fig. 2. Near-IR images of two
patients affected by neurofibro-
matosis 1, showing (A–D) one
retinal vascular abnormality
(RVA) developed de novo in 1-
year follow-up and (E and F)
one RVA with increased ana-
tomical complexity at 1-year
follow-up examination (F),
compared to baseline (E).

Table 2. Retinal Vascular Abnormalities Classification

Name Classification Vascular Characteristics Prevalence (%)

Macrovascular angiomatosis of the
sole SVP (Figure. 3, A–D)

Type 1 Retinal venous abnormality having
the main vessel diameter .15 m,
involving only the SVP

26

Macrovascular angiomatosis of the
SVP combined to microvascular
angiomatosis of the DVC
(Figure 3, E–H)

Type 2 Retinal venous abnormality having
the main vessel diameter .15 m,
involving the SVP combined to an
area of abnormal vascular
network in the DVC composed of
multiple small and poorly defined
vessels with a diameter ,15 m

69

Combined macrovascular
angiomatosis of both SVP
and DVC (Figure 3, I–L)

Type 3 Retinal vascular abnormality having
the main vessel diameter .15 m,
involving both plexuses

5
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and in the DVC. This RVA was classified as “com-
bined macrovascular angiomatosis of both SVP and
DVC” or Type 3 RVA (Table 2) (Figure 3, I–L). In
patients with multiple RVAs, the same type of RVA
was detected. The interexaminer agreement in the clas-
sification of RVAs was 0.97. No statistically signifi-
cant difference was found in any of the considered
OCTA vascular quantitative parameters between base-
line and follow-up in RVAs, for both the involved

vascular networks in a mean follow-up of 3.7 ± 2.8
years (see Table, Supplemental Digital Content 3,
http://links.lww.com/IAE/B308, showing the variation
of vascular parameters at follow-up).

Discussion

Neurofibromatosis Type 1 is an autosomal dominant
disease caused by a mutation in the NF-1 tumor
suppressor gene.1,21 The occurrence of NF1-related vas-
cular abnormalities involving retinal vessels has been
recently described. However, data about prevalence
and correlation with other diagnostic criteria, time of
onset, evolution, location, and clinical significance are
still controversial. Moreover, most of these studies are
characterized by small populations.9,12,13,22,23 We exam-
ined RVAs in a large population of NF1 patients and we
found no correlation between RVAs and familiarity, café
au lait spots, OPGs, and NF1-related choroidal lesions.
Previous reports on smaller populations suggested a cor-
relation between RVAs and choroidal patches, hypothet-
ically because of angiogenic factors produced by
Schwann cells, ganglion cells, and melanocytes present
inside the choroidal lesions.13,22,23 However, RVAs are
usually intraretinal and characterized by absence of leak-
age at fluorescein angiography, differently from retinal
neoangiogenic processes.9,17,23 The prevalence of both
RVAs and choroidal patches in our large population
and the absence of correlation between them suggest that
they are independent from each other. In this study the
choroid was examined by means of IR imaging, cur-
rently the best recognized imaging modality to visualize
NF1-related choroidal nodules.9,17 However, further
studies are needed to confirm this result, comparing other
imaging modalities, such as enhanced-depth imaging
(EDI) OCT. Conversely, RVAs showed a positive asso-
ciation with the presence of Lisch nodules and axillary
inguinal freckling, the last one confirmed also by multi-
variate analysis in this study. These associations have
never been previously reported, and are difficult to be
explained by a pathophysiologic point of view. An ongo-
ing study on specific NF1 mutations related to this spe-
cific disease phenotype is underway. However, of
primary interest is the higher prevalence of RVAs in
patients with five or more diagnostic criteria. Although
the presence of RVAs does not appear itself as a negative
prognostic indicator in visual function and clinical com-
plications, it may be the sign of a higher ocular and
systemic disease complexity.9,11,17

Conflicting results have been reported in prevalence
of RVAs in literature, with values ranging from 6% to
38%.9,11,13,17 This wide range of prevalence may be
because of different patients’ mean age, and to the

Fig. 3. Optical coherence tomography angiography imaging of RVAs
Type 1, 2 and 3 (A, B, E, F, I, J) and the corresponding segmentation
slabs (C, D, G, H, K, L). Type 1 (A–D) RVA is characterized by a
retinal venous abnormality having the main vessel diameter .15 m
involving only the SVP (A), with no DVC alteration (B). Type 2 (E–H)
RVA is characterized by a retinal venous abnormality having the main
vessel diameter .15 m involving the SVP (E), combined to an area of
abnormal vascular network in the DVC composed of multiple small and
poorly defined vessels with a diameter,15 m (F). Type 3 RVA (I–L) is
characterized by a retinal venous abnormality having the main vessel
diameter .15 m involving both the SVP (I) and the DVC (J).
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evolving definition of RVAs.9,17 Moramarco et al 17

have recently reported a prevalence of RVAs of 31%
in a population composed of 334 consecutive patients
with a mean age of 32.5 years. In that study, three
different vascular patterns of RVAs were described:
the simple tortuosity 1), the more complex corkscrew
2) and the moya moya-like configuration 3).17 Unfor-
tunately, the proposed classification was purely
descriptive, based only on RVAs macroscopic appear-
ance in the near-infrared fundus images, without any
correlation with their anatomic location in the retinal
plexuses or dimension of the involved vessels. In our
opinion, this descriptive classification caused an over-
estimation of the prevalence of RVA in NF1 patients,
mainly considering that in Type 1) RVA (simple tor-
tuosity), also the diffuse retinal vascular tortuosity
(commonly detectable in NF1 patients but also in
healthy young children) has been included as RVA.
In our opinion, even if RVAs may be easily detected at
IR imaging, only a focal and well-defined abnormality
with specific OCTA characteristics may be considered
NF1-related RVAs. We found RVAs in 17% of NF1
patients, without correlation with patients’ age, even if
the high SD (17.8 ± 14.4 years) may limit our conclu-
sions. To obtain the best detection, all patients have
been studied with 50° IR imaging centered onto the
fovea and optic disc, and then each lesion was studied
with OCTA. On OCTA, RVAs have already proved to
be characterized by a well-defined tortuous venule
forming an anastomotic plexus with a parallel nearby
arteriole. In 75% of cases, the en-face image of the
DVC reveals the presence of a locally crowded and
congested capillary network—under or adjacent to the
superficial abnormal venule—connected to both the
arteriole and the anomalous venule.9 We identified
three distinct morphologic types of RVAs with dif-
ferent clinical characteristics (reported in Table 2).
Type 1 is characterized by a retinal venous abnormal-
ity with the main vessel diameter .15 m, involving
only the SVP (Figure 3, A–D); Type 2 RVA by the
presence of a retinal venous abnormality with the
main vessel diameter .15 m and involving the
SVP, combined to an area of abnormal vascular net-
work in the DVC composed of multiple small and
poorly defined vessels with a diameter ,15 m (Figure
3, E–H). Conversely, Type 3 is characterized by the
presence of a retinal vascular abnormality with the
main vessel diameter .15 m and involving both plex-
uses (Figure 3, I–L). This classification allows for a
full characterization of RVAs morphology and may
be used by future studies to better understand the
behavior of different RVAs types and their possible
different correlation with other ocular and nonocular
NF1-related features.

The quantitative analysis of the vascular parameters
in both plexuses, performed on OCTA, showed the
stability of the morphologic characteristics of RVAs.
However, differently from previous studies, we iden-
tified at IR imaging, the development of one de novo
RVA in a single patient and the morphologic evolution
of two RVAs in two patients (Figure 2).11,13,14 All
these three last patients were children (mean age 5.2
years). These data suggest that RVAs may maintain a
long-term morphological stability after their appear-
ance, with probably some exceptions only in the pedi-
atric age. This is consistent with the behavior of other
systemic NF1-related vascular abnormalities, such as
aneurysms or stenoses of the aortic, renal, and mesen-
teric arteries, known to be acquired and develop in
early infancy.24 Thus, the pathogenetic mechanism
for the development of RVAs seems to be secondary
to the disease itself and not to other lesions, such as
choroidal patches, as previously suggested.13,22 The
pathophysiology of RVA formation is unknown. One
hypothesis is that NF1 gene encodes neurofibromin, a
tumor suppressor protein that is widely expressed in
the vascular endothelium, and deficiency in neurofi-
bromin in NF1 may cause proliferation, degeneration,
and healing within the vessel wall, leading to vessel
remodeling in patients with NF1.10,21 Therefore, in
fully differentiated and stable vascular-like structures,
the silencing of the NF1 gene may result in the appear-
ance of abnormal vascular structures.25 Moreover,
neurofibromin acts as a negative regulator of the vas-
cular endothelial growth factor signaling in endothelial
cells. Inactivating mutations in the NF1 gene confer a
proliferative phenotype to endothelial cells and impair
their ability to turn-off extracellular cues leading to an
impaired vascularization.26

The significance of RVAs with and without DVC
involvement (26% of all RVAs) is unclear. It could be
an intrinsic characteristic of a single lesion or patient,
or secondary to the time of onset and persistence of the
abnormality, possibly leading to a congestion of the
DVC because of flow alterations in the SVP. Future
studies using OCTA may clarify this aspect. Our study
allowed us to identify relevant characteristics of RVAs
in a large population of NF1 affected patients, in both
retinal plexuses involvement and long-term behavior.
One limitation of our study is the absence of

correlation between RVAs and systemic vascular
abnormalities. At present, the role of routine vascular
screening is not clear in NF1 patients because
clinically significant lesions are relatively uncommon
(2%) and periodic vascular assessment cannot be
recommended to all NF1 patients. However, the
evaluation of RVAs in NF1 patients does not require
any additional significant burden to the normal
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ophthalmological evaluation required in these patients.
Therefore, future studies could evaluate a possible
correlation between RVAs and systemic vasculopathy
to possibly establish a correct screening protocol and
follow-up. A second limitation may be the IR
cumulative field used to detect RVAs (two 50° IR
images centered on the fovea and optic disc, respec-
tively). All patients were also studied by indirect oph-
thalmoscopy without finding more RVAs.
Notwithstanding, we cannot exclude that using more
peripheral IR images may add tiny peripheral RVAs.
Finally, we have not compared RVAs OCTA analysis
with a standard vascular imaging modality, such as
fluorescein angiography. However, fluorescein angi-
ography has been already reported not to add signifi-
cant information for the characterization of RVAs.9,23

In conclusion, RVAs are a characteristic sign of
NF1 that may be useful as an indicator of ocular and
systemic disease complexity and tend to remain stable
during time. Their morphology is complex and OCTA
seems to be a useful tool for their comprehensive
characterization.

Key words: confocal scanning laser ophthalmos-
copy, near-infrared reflectance, neurofibromatosis,
neurofibromin, NF1 gene, optical coherence tomogra-
phy angiography, optic pathway glioma, phakomato-
sis, retinal vascular abnormalities, vascular plexuses.
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