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Abstract

Indolent, non-progressive choroidal alterations can be strongly suggestive of neurofibroma-
tosis type 1 (NF1) but are also rarely of unknown aetiology. A 63-year-old man presented for
a routine examination. Comprehensive ophthalmological examination and retinal imaging was
performed. Visual acuity was 20/20. The anterior segment and fundus were unremarkable.
Near-infrared reflectance (NIR) with spectral-domain optical coherence tomography showed
unilateral hyperreflective areas in the left posterior pole, corresponding to choroidal nodules
on enhanced depth imaging and hypofluorescent areas on indocyanine green angiography.
Dermatological evaluation and genetic testing for NF1 were negative. Chest computed tomog-
raphy, liver function, HLA-A29, and angiotensin-converting enzyme level were negative. The
patient has remained in good health and the choroidal alterations have remained non-pro-
gressive for 3 years. Choroidal alterations observed with NIR could be a manifestation of so-
matic mosaicism or a variation of a new unclassified correlated condition that may be better
elucidated in the future, given the use of novel imaging techniques that are currently available
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Introduction

Clinical entities with yellow or white multifocal alterations of the fundus can be due to the
white dot syndrome, various choroidopathies, and multifocal posterior placoid pigment epi-
theliopathy with presumed autoimmune or viral aetiology. Other causes could be neoplastic
and infectious disease such as lymphoma, uveal metastatic lesions, tuberculosis, or sarcoido-
sis. Nevertheless, these conditions usually present with a history of disease and symptomatol-
ogy. Choroidal alterations are currently reported in up to 90% of patients with neurofibroma-
tosis type 1 (NF1) with near-infrared reflectance (NIR) imaging that enables rapid and nonin-
vasive evaluation of the choroid [1-4]. These lesions are undetectable by fundus examination
or fluorescein angiography (FAG), but are visible with indocyanine green angiography (ICG-
A) [5].

There is a paucity of literature on indolent choroidal alterations observed in healthy sub-
jects; two articles reported choroidal alterations in healthy subjects during screening for NF1
[1, 6], and a recent report described 4 patients with indolent, non-progressive choroidal alter-
ations where aetiology could not be established [7].

The present paper is a report on a healthy patient in whom non-progressive indolent cho-
roidal nodules, undetected with fundus examination, were observed with NIR. Although the
aetiology could not be established, this report is aimed to highlight the role and importance of
novel imaging techniques in the armamentarium of ophthalmologists.

Case Presentation

A healthy 63-year-old man presented to our clinic for routine ophthalmological examina-
tion. The history of the patient was positive for noninvasive bladder cancer in 2013, treated
with transurethral resection of bladder tumour (TURBT), followed by intravesical therapy
with Bacillus Calmette-Guérin. The patient underwent regular follow-ups with no recur-
rences. History was negative for any other systemic or ocular diseases and inflammation. Best-
corrected visual acuity was 20/20, and intraocular pressure was 12 mm Hg in both eyes. Slit-
lamp examination was unremarkable, and no Lisch nodules were detected; the pupillary re-
flexes and intraocular pressure were normal. Indirect binocular fundus ophthalmoscopy was
unremarkable, and there were no signs of vitreous inflammation in both eyes (Fig. 1). NIR
images at 815 nm (Spectralis OCT Family Acquisition Module, V 5.1.6.0 Heidelberg Engineer-
ing) revealed rounded hyperreflective bright areas and irregular patchy hyperreflectivity
prevalently of the posterior pole in the left eye (Fig. 2). The NIR images were used to evaluate
the hyperreflective areas on enhanced depth imaging using spectral-domain optical coher-
ence tomography cross-sections, which corresponded to “dome-shaped” and “placoid” hyper-
reflective nodules, typical of NF1 (Fig. 3). There were no alterations of the peripapillary retinal
nerve fiber layer. FAG showed slight staining of the lesions in the late frames, and ICG-A
showed multiple hypofluorescent areas in the late views, corresponding to the choroidal ab-
normalities (Fig. 4). Dermatological examination was negative, there were no family members
with NF1, and there were no NF1 and SPRED1 gene mutations. Computed tomography of the
chest, to rule out tuberculosis and sarcoidosis, was unremarkable. Comprehensive blood tests
including liver function to exclude possible malignancy, HLA-A29, and angiotensin-converting
enzyme, were negative. Orbital and bulbar B scan ultrasound ruled out orbital malignancy.

The patient has remained in good general health and the choroidal alterations have re-
mained non-progressive for 3 years.
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Discussion

In this paper, we present the case of a healthy subject with unilateral multiple, indolent,
non-progressive choroidal alterations with imaging characteristics strongly suggestive of
NF1. However, diagnostic workup was negative for NF1, inflammatory, infective, neoplastic,
and chorioretinal disease.

NIR images enable to study the choroid due to the passage of long-infrared light past mel-
anin and lipofuscin [4]. NIR imaging in the case described herein revealed rounded hyperre-
flective bright areas and irregular patchy hyperreflectivity typical of NF1 in the left eye of the
patient, these corresponded to “dome-shaped” and “placoid” hyperreflective choroidal nod-
ules using enhanced depth imaging [2]. The choroidal alterations corresponded to hypofluo-
rescent areas on ICG-A [5]. Based on the NIH Consensus Development Statement, diagnostic
ophthalmic signs of NF1 include Lisch nodules of the iris surface in over 90% of the patients
and optic pathway gliomas in 15-20% of children before the age of 8 years [8-10]. Parrozzani
etal. [11] showed a feasibility rate of detecting choroidal nodules with NIR in NF1 at 82% with
a sensitivity, specificity, and positive and negative predictive values of 0.60, 0.97, 0.98, and
0.46, respectively. They reported that choroidal abnormalities ranked third among the NIH
criteria for positive predictive value [11]. Other ophthalmic characteristics of NF1 include mi-
crovascular retinal anomalies, choroidal vascular alterations, and retinal nerve fiber layer and
ganglion cell layer-inner plexiform layer thinning [12-15]; however, the patient was negative
for these signs. Only two articles in the literature, when screening for NF1, showed the pres-
ence of choroidal nodules in healthy subjects. Viola et al. [1] found nodules in 82% of 95 pa-
tients with NF1 and 7% of 100 healthy patients. They, however, reported that these were due
to atrophic areas, vitreoretinal reflex, and optical reflectance artefacts in 4 patients and cho-
roidal nevi in 3 patients [1]. Indeed, choroidal nevi are detectable by fundus examination in
the vast majority of cases and Vallabh et al. [16] described NIR imaging hyperreflectivity in a
large cohort of patients. Goktas et al. [6] studied 19 patients with NF1 and 20 control subjects
and found unilateral choroidal alterations in 1 healthy subject.

Genetic conditions may at times manifest with clinical features in a segmental form in
patchy, circumscribed, or linear arrangements, or can be in organs or localised regions [17].
Somatic mosaicism has been suggested as the mechanism for the NF1 gene [18, 19]. In the
general population, the prevalence of segmental NF1 is estimated to be about 0.002% [20].
Segmental manifestations of NF1 can be limited to one segment, one quadrant, or one half of
the body in a symmetrical or asymmetrical fashion [20, 21]. Rare, incomplete, or unilateral
ophthalmic manifestations have been described but, to our knowledge, cases of segmental
NF1 with choroidal nodules have not been previously reported in the literature [20, 21]. In-
terestingly, in considering dermatological conditions, Cassiman et al. [22] have recently de-
scribed the presence of choroidal nodules in Legius syndrome in 18% of 11 patients.

Indolent choroidal alterations have been described in a case of solitary choroidal tuber-
culoma in a patient with no other systemic signs of tuberculosis [23] and in one case of ocular
sarcoidosis without any traceable signs at fundus examination despite hypofluorescence on
ICG-A [24]. Interestingly, Shelsta et al. [7] reported four cases presenting with indolent, yel-
low, or white choroidal lesions visible with fundus examination of unknown aetiology that
remained stable over time. These authors did not report optical coherence tomography
changes in 3 of the patients, whereas enhanced depth imaging in one case was positive for
dome-shaped hyporeflective choroidal alterations, contrasting with the hyperreflective
dome-shaped choroidal nodules, typical of NF1, observed in the case reported herein [7].
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NIR imaging increases the armamentarium of ophthalmologists in the diagnosis, classifi-
cation, and eventual comprehension of physiological and pathological mechanisms in health
and disease. It is reasonable to recommend the acquisition of NIR images of the posterior pole
in all patients. NIR images are an adjunct to fundus examination, as they can provide addi-
tional information on the optic nerve head, retinal vasculature, and reflectivity alterations of
the posterior pole.

Conclusions

The advent of NIR imaging enables noninvasive evaluation of the choroid, but alterations
and their significance, or their association with dermatological diseases is still in an early
phase. The absence of ophthalmoscopic fundus alterations, rounded hyperreflective bright ar-
eas, and irregular patchy hyperreflectivity shown with NIR, and the hyperreflective nature of
the choroidal nodules evidenced by enhanced depth imaging induces us to hypothesise a pos-
sible case of somatic mosaicism or a variation of a new unclassified correlated condition.
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Fig. 1. Fundus photographs of the right and left eye where no remarkable alterations are visible.

Fig. 2. Near-infrared images. The right eye does not show any alterations. The left eye shows rounded hy-
perreflective bright areas and irregular patchy hyperreflectivity of the posterior pole.
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Fig. 3. Enhanced depth imaging spectral-domain optical coherence tomography images. The raster scan
line on the near-infrared image on the left shows dome-shaped and placoid hyperreflective nodules typical

of NF1 in the cross-sectional image.

Fig. 4. ICG-A images in the late phase. The left eye shows multiple hypofluorescent areas.
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