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multimodal imaging and pathogenetic hypothesis 
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A B S T R A C T   

Purpose: Macular retinal pigment epithelium (RPE) hypopigmentation is a recently described very rare condition 
and its pathogenesis is not completely understood. We report the case of a 23-year-old female who presented 
with bilateral whitish, oval-shaped foveal lesions and we speculated about the possible etiopathogenetic origin. 
Observations: A 23-year-old female presented to our consideration for a routine ophthalmology visit. Visual acuity 
was 20/20 in both eyes. The fundus examination revealed a perifoveal choroidal nevus in the right eye and a 
bilateral yellowish, oval-shaped lesion centered on the fovea. Imaging tests (Spectral Domain-Optical Coherence 
Tomography, short wavelength and near-infrared autofluorescence) and functional tests (microperimetry and 
multifocal electroretinogram) were within normal limits, supporting the diagnosis of macular hypopigmentation 
without functional loss. 
Conclusions: A complex dysregulation of both choroidal and RPE with melanin loss may be responsible for this 
condition.   

1. Introduction 

Macular retinal pigment epithelium (RPE) hypopigmentation 
occurring without functional loss is a very rare disorder, described in 
2017 by Boulanger-Scemama et al.1 in three otherwise asymptomatic 
female patients. The most common ocular manifestation of macular RPE 
hypopigmentation is normal visual acuity associated to an unusual 
macular hypopigmentation that presents as a pale, white-yellow, 
oval-circular shaped lesion centered on the fovea. This lesion is vari-
able in size and is usually discovered incidentally on ocular fundus ex-
amination. To the best of our knowledge, no other cases of this 
stationary and asymptomatic condition have been described. Therefore, 
the etiopathogenesis of macular RPE hypopigmentation is still not 
completely understood. The authors hypothesized that these lesions 
were likely the result of a decreased amount of melanin within RPE cells. 
This pathogenic hypothesis is primarily based on fundus auto-
fluorescence (FAF) and optical coherence tomography (OCT) findings. 

FAF is a non-invasive imaging technique that relies on the ability of 
some substances normally present in the retina and in the choroid to act 
as fluorophores, (i.e. emitting light energy when hit by a beam of light of 

a specific wavelength). The two main fluorophores in the retina are 
lipofuscin and melanin. Lipofuscin is produced by degradation of the 
outer photoreceptor segments in the RPE. It is characterized by an 
emission peak at 570–605nm when hit by a wavelength of 488nm. 
Therefore, lipofuscin can be studied in vivo with a short wavelength FAF 
(SW-FAF) (Fig. 3A). Melanin is contained in the melanosomes, arranged 
in the apical portion of RPE cells, just below the photoreceptor layer. It is 
characterized by an emission peak >800nm when stimulated by a 
wavelength of 787nm. Therefore, melanin can be studied in vivo with a 
near-infrared FAF (NIR-FAF). In healthy eyes, NIR-FAF is characterized 
by an area of hyperautofluorescence that is centered on the fovea and 
corresponds to the higher concentration of RPE melanin at this location, 
compared with the surrounding retina. This area of increased auto-
fluorescence at NIR-FAF corresponds to reduced autofluorescence at 
central SW-FAF, as melanin contained in the apical portions of RPE cells 
masks the lipofuscin signal (Fig. 3B). This pattern is reversed in macular 
RPE hypopigmentation in which NIR-FAF shows macular hypoauto-
fluorescence, whereas SW-FAF shows foveal-centered ring of hyper-
autofluorescence as a result of the unmasking of the lipofuscin signal. 

As described by Boulanger-Scemama et al.,1 OCT shows additional 
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distinctive features of this condition. The retina has a normal 
morphology and structure, and no alterations are visible at the RPE 
level. However, the underlying choroid and sclera show a greater 
reflectivity in comparison to the surrounding area. This retrofoveal 
choroidal hyperreflectivity is similar to what is observed in RPE atrophy. 
In fact, an increase in signal backscattering by the choroid suggests loss 
of the normal RPE barrier. However, in macular RPE hypopigmentation 
the outer OCT bands are normally conformed. 

Aim of this report is to describe a further bilateral case of this very 
rare condition, investigated by means of multimodal imaging, such as 
autofluorescence, OCT, microperimetry and multifocal electroretino-
gram and to present some pathogenetic hypothesis. 

2. Case report 

A healthy 23-year-old woman presented to our attention for the first 
time in December 2020 for a routine ophthalmologic examination. 
Ocular history was negative except for a choroidal nevus in the right eye 
that she was keeping controlled with annual fundus examinations. Past 
medical was unremarkable and she was using neither topical nor sys-
temic medication related to retinotoxicity. Family history was negative 
for both inherited and acquired retinal diseases. She presented to our 
clinic with no visual disturbances. 

On exam, visual acuity was 20/20 in both eyes with no refractive 
correction. She did not complain any metamorphopsia on the Amsler 
grid. Anterior segment and intraocular pressure were within normal 
limits in both eyes. Dilated fundus examination and fundus photograph 
(Fig. 1A and B) revealed a flat choroidal nevus located superiorly and 
nasally to the macula, in the right eye. An abnormal macular reflex was 
evident in both eyes associated with discrete alterations in the macular 
pigmentation. These changes presented as a sharply demarcated oval- 
shaped lesion with a major horizontal axis and yellowish in color. 

The patient was then investigated by means of multimodal imaging 
to clarify the nature of these lesions. Infrared reflectance (Fig. 1C and D) 
showed only mild changes with a hyperreflective foveal and parafoveal 
appearance; an hyperreflective signal was evident at the choroidal nevus 
of the right eye (Fig. 1C and D). SW-FAF (Fig. 1E and F) showed a target 

pattern characterized by foveal hypoautofluorescence surrounded by a 
hyperautofluorescent annulus in the parafovea. NIR-FAF (Fig. 1G) 
showed a foveal and parafoveal hypoautofluorescence associated with 
hyperautofluorescence at the choroidal nevus of the right eye; a faint 
parafoveal hypoautofluorescence is also visible in left eye (Fig. 1H). 
Spectral Domain-OCT B-scan centered on the fovea (Fig. 2C) revealed a 
normal-structured retina with a normal outer retinal representation. 
However, a retrofoveal hyperreflectivity of the choroid and sclera was 
present. In addition, in the site of the RPE hypopigmentation, on 
enhanced depth imaging (EDI)-OCT an irregular profile of the chorio- 
scleral junction is visible, showing a focal reduction of the choroidal 
thickness compared to the nearby unaffected retina. En-face OCT 
showed a normal reflectivity of the RPE, without any area of altered 
reflectivity at the site of the lesion (Fig. 2A). 

After the initial evaluation, the patient was also investigated with 
microperimetry and multifocal electroretinogram in order to exclude a 
pre-clinical stage of macular dystrophy; both examinations were found 
to be within normal limits. 

3. Discussion 

We presented a case of bilateral macular RPE hypopigmentation 
without functional loss. To the best of our knowledge only three cases 
have been previously reported by Boulanger-Scemama et al.1 In their 
case series all patients were female and the age of detection was between 
29 and 65 years old. Only in one case the condition was monolateral. 
Because of the multimodal imaging features, especially those of SW-FAF 
and NIR-FAF, the authors proposed that these lesions represent focal 
hypopigmentation of the RPE. 

The RPE is a monolayer of highly pigmented cells distributed along 
the inner aspect of Bruch’s membrane. There are three main types of 
pigment granules in human RPE: 1) melanosomes that are formed dur-
ing embryogenesis; 2) lipofuscin granules that accumulate with 
increasing age; 3) melanolipofuscin granules that are a feature of aged 
RPE. Eumelanin within the RPE has a protective role against radiation 
and oxidative stress.2,3 

On the other hand, the choroid is a dense network of blood vessels 

Fig. 1. Fundus photographs (A, B) show discrete alterations in the macular pigmentation and a choroidal nevus in the right eye (yellow dotted line). The latter is 
more evident in infrared reflectance (C, D) due to its hyper-reflective signal. Short wavelength autofluorescence (E, F) shows an unusual parafoveal hyper-
autofluorescence. Near-infrared autofluorescence of the right eye (G) displays a foveal hypoautofluorescence; a faint hypoautofluorescence is also present in left eye 
(H). (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.) 
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embedded in a collagenous and elastic stroma containing melanocytes, 
fibroblasts, and resident immune cells that supplies the outer retina.4 

The overall autofluorescence intensity in NIR-FAF depends on the 
distribution of melanin in both the RPE and the choroid. Therefore, the 
presence of macular hypoautofluorescence in NIR-FAF itself does not 
allow a conclusive determination of whether the melanin loss is within 
RPE, or within choroid, or within both. 

A useful complement to the NIR-FAF is provided by OCT images. 
Four outer hyper-reflective retinal bands are currently identified: 
external limiting membrane (ELM), the ellipsoid zone (EZ), the inter-
digitation zone (IZ), and the RPE-Bruch’s Membrane (RPE-BrM) bands.5 

The described four hyperreflective bands are also clearly visible in 
subjects with albinism, suggesting that melanosomes are not completely 
responsible for the reflectivity of the RPE-BrM band. However, in albino 
subjects a splitting of the RPE-BrM band is commonly observed, 
resulting in the appearance of a separated BrM band. Since melanosomes 
serve to absorb photons and increase light scattering, when their con-
centration within RPE is reduced, as in albinism, a fifth hyper-reflective 
band appears. In other words, the presence of melanin causes an 

increase in the reflectance of the RPE and a consequent broadening of its 
band preventing the observation of BrM.6 The presence of a fifth band is 
more prevalent in subjects with albinism than in the normal popula-
tion.7 Since the lesions described in our case and in all three cases by 
Boulanger-Scemama et al. are focal, one may expect to observe some 
differences in the reflectivity or thickness of the RPE band between the 
area involved by depigmentation and the surrounding areas. However, 
OCT images do not show a clear separation of the RPE band from the 
BrM band, nor a reduction in the reflectivity of the RPE-BrM band at the 
lesion site. One possibility is that the reduction in melanin concentration 
within the RPE cells is not enough to produce observable changes in the 
OCT bands but is sufficient to result in increased choroidal backscat-
tering. A second possibility is that the RPE is relatively normal, and the 
loss of melanin affects mainly the choroid. This is supported by the 
finding of normal reflectivity of the RPE on both B-scan and en-face 
OCT. This second scenario does not explain the SW-FAF findings. 
Although SW-FAF does not directly show melanin fluorescence, it allows 
to indirectly estimate its reduction. An increase in macular SW-FAF 
autofluorescence may occur due to a pathological increase in 

Fig. 2. En-face face optical coherence tomography (OCT) with both retinal pigment epithelium (RPE) (A) and choroid (B) segmentations do not show noticeable 
differences in the tissue reflectivity between the area involved by depigmentation and the surrounding areas. B-scan OCT (C) shows a normal-structured retina with 
booth a normal outer retinal and retinal pigment epithelium representation. Both a retrofoveal hyperreflectivity (white arrows) of the choroid and sclera and a focal 
reduction of the choroidal thickness at the lesion site are present (yellow arrows). (For interpretation of the references to color in this figure legend, the reader is 
referred to the Web version of this article.) 

Fig. 3. Short wavelength autofluorescence (A) and near-infrared autofluorescence (B) of a healthy control.  
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lipofuscin or due to a reduction in macular melanin pigment, which 
normally masks the lipofuscin signal. Since no deposits of lipofuscin are 
present at b-scan OCT, it is more likely that the increase in auto-
fluorescence is due to a loss of the masking effect of the RPE melanin. 
This hypothesis agrees with what has already been postulated by 
Boulanger-Scemama et al. namely that lesions are in part related to a loss 
of melanin within the RPE. However, one can argue that macular 
SW-FAF did not appear increased because of masking effects by xanto-
phylls and thus we cannot exclude that a loss of choroidal melanin may 
co-occur in this condition. Previous study reported that visualization of 
the choroid on OCT imaging might be affected by pigmented uveal 
melanocytes in the choroid8–10 and that the melanin pigment in the uvea 
might be a major contributor to choroidal morphology than RPE 
pigment.10 

In our case, the hypopigmentation in the right eye is contiguous with 
a choroidal nevus. Pigmented choroidal nevi frequently exhibit a cir-
cular band of depigmentation (also known as a “halo sign”). The genesis 
of the halo is not completely known. It is known to be a predictor of 
choroidal nevus stability with a statistically lower risk of transformation 
into choroidal melanoma. It has also been associated with the presence 
of cutaneous melanoma in some studies. This association could be 
related to the presence of a cytotoxic immune response against mela-
noma antigens which cross-reacts against the melanocyte antigens.11 

Regardless of the mechanism of halo sign formation in the choroidal 
nevus, it appears, at least fundoscopically, similar to the hypo-
pigmentation in our case. 

In previous studies regarding unilateral choroidal melanocytosis, 
EDI-OCT has been employed to assess choroidal changes compared the 
unaffected eye8,9 demonstrating that choroidal melanin might have 
some optical interesting properties influencing choroidal visualization 
and measurements. In the paper of Pellegrini et al. OCT passing through 
choroidal melanocytosis showed increased choroidal thickness, with a 
greater visualization of the choroidal stromal tissue and minimal effect 
on the overlying retina.8 In our report, an irregular profile of the 
chorio-scleral junction is clearly visible in the site of the RPE depig-
mentation, without any significant retinal alterations. Our findings are 
in line with the previous cited, showing that changes in the choroidal 
melanin may be able to influence choroidal visualization on OCT. 

This finding suggests that RPE and choroidal melanin dysregulation 
may coexist in RPE depigmentation. 

4. Conclusion 

We described the multimodal imaging features of a case of macular 
hypopigmentation, the 4th reported so far to our knowledge, associated 
with a choroidal nevus. Our findings support what has already been 
described in the literature about melanin loss at the RPE level. However, 
a more complex dysregulation also involving the choroid may be 
responsible for this finding. Long follow-up of patients will be necessary 
to further enrich our knowledge about the pathogenesis and the clinical 
course of this rare condition. 

Patient consent 

Consent to publish this case report has been obtained from the pa-
tient in writing form. This report does not contain any personal identi-
fying information. 
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