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1   |   INTRODUCTION

Retinal astrocytic hamartoma (RAH) is a benign glial 
tumor that may be present in patients with tuberous scle-
rosis (TS),1 a genetic phakomatosis caused by the mutation 
of the tumor suppressor genes TSC1 or TSC2, affecting 
~1 in 6000 people.2–4 Although TS is typically identified 
by the Vogt triad (facial angiofibroma, mental retarda-
tion, and intractable epilepsy), less than 40% of affected 

patients exhibit all three features, necessitating a careful 
ophthalmic examination.5

Ocular involvement in TS can manifest in several forms, 
such as hypopigmented iris spots, RAHs, and retinal pig-
ment epithelial depigmentation spots. Among these, RAH 
is the most well-known, representing a benign intraocular 
tumor that appears as a yellow-gray mass, either sessile or 
slightly elevated, within the nerve fiber layer of the ret-
ina.5 In diagnosing TS, two major criteria or one major 
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Key Clinical Message
Retinal astrocytic hamartoma (RAH) is a benign glial tumor that may be present 
in patients with tuberous sclerosis (TS), contributing to the diagnosis of this syn-
drome. While hamartomas identified through indirect ophthalmoscopy are often 
large enough to affect vessels and optic disc anatomy, RAH not detected in previ-
ous fundoscopies may become apparent in optical coherence tomography (OCT). 
The purpose of this report was to describe and characterize RAH with OCT with 
swept-source technology (OCT-SS), aiming to establish a more comprehensive 
classification for these hamartomas due to their diverse presentations. Fundus 
examination of a 11-year-old girl revealed retinal tumors in both eyes. OCT-SS 
confirmed the diagnosis of TS, revealing dome-shaped hyperreflective masses at 
different stages of evolution. Lesion 1: maximum thickness (MT) of 336 μm and 
ganglion cell layer disorganization. Lesion 2: MT of 438 μm and preserved outer 
plexiform layer. Lesion 3: posterior shadow, MT of 1478 μm and complete rupture 
of retinal anatomy. Lesion 4: MT of 342 μm and preserved retinal anatomy. OCT 
is a noninvasive method which assists the diagnosis of subclinical lesions and 
clinical characterization of TS patients.
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and two minor criteria are required, with RAH being one 
of the major criteria.6,7

Hamartomas identified through indirect ophthalmos-
copy are often of a sufficient size to alter vessels and optic 
disc anatomy. However, RAHs that were not detected in pre-
vious fundoscopic examinations may become visible when 
using OCT. The use of OCT revealed the prevalence of RAH 
in 80% of patients with TS,6 which highlights the clinical 
relevance of a noninvasive diagnostic method of subclinical 
lesions and clinical characterization of patients with TS.6

OCT was originally introduced in 1991 and has since 
been employed for in  vivo imaging of retina. The high 
speed and the long wavelength (∼1050 nm) of OCT with 
swept-source technology (OCT-SS) offer significantly im-
proved spatial resolution, a larger field of view, enhanced 
tissue penetration, and superior sensitivity roll-off perfor-
mance. These attributes provide both detailed qualitative 
and quantitative information about the retinal structure 
and vasculature, proving to be fundamental for the diag-
nosis and monitoring of several diseases.4

In previous studies, the imaging features of RAH were 
described using time-domain OCT; however, the low res-
olution of this technique limited definitive descriptions of 
certain features.5 To overcome this limitation, our study 
used higher resolution OCT-SS, which enabled more de-
tailed visualization of each tumor.

It was noted that hamartomas exhibit an initial involve-
ment of the inner retina layers, and as they grow and calcify, 
they progress toward the outer layers. To enhance the clas-
sification of retinal hamartomas, further descriptive stud-
ies focusing on OCT aspects are essential, due to their high 
prevalence in patients with TS. The purpose of this report 
was to describe and characterize retinal hamartomas at dif-
ferent stages of evolution using OCT-SS of a patient with TS.

2   |   CASE PRESENTATION

A 11-year-old female patient underwent a slit-lamp bi-
omicroscopic examination that showed no abnormalities 

in both eyes. However, during the fundus examina-
tion, bilateral retinal tumors were observed: six in the 
right eye (RE) (Figure  1) and five in the left eye (LE) 
(Figure 1B).

In the RE, there were two lesions located inferotem-
porally, two superotemporally, one inferonasally, and 
one superiorly. The inferotemporal lesion appeared 
yellow, elevated, with central calcification, and with a 
translucent area on the periphery, which is consistent 
with the typical description of transitional hamartomas, 
also known as type III astrocytic hamartomas. The other 
five lesions located at the arcade level displayed a yel-
low/gray-color, translucency, imprecise limits, no calci-
fications, and with obscuration of retinal vasculature. 
These features correspond to astrocytic type I hamarto-
mas or flat hamartomas.

In the LE, all tumors were found at the arcade level, 
consisting of two lesions located superotemporally, one in-
ferotemporally, and two in the temporal periphery. All these 
tumors were classified as type I astrocytic hamartomas. 
Neither eye showed any evidence of retinal detachment, le-
sions affecting the optic disc or involvement of the macula.

The OCT examination confirmed the diagnosis of TS, 
revealing dome-shaped hyperreflective masses in both 
eyes at different stages of evolution. In the RE, three dif-
ferent spectra of lesions were observed, all exhibiting a 
gradual transition to the normal retina.

Lesion 1, at an earlier stage, had a maximum thickness 
(MT) of 336 μm, with preserved inner nuclear and inner 
plexiform layers. However, there was disorganization of 
the ganglion cell layer (Figure 2). Lesion 2, with a MT of 
438 μm, showed disruption in the normal structure of the 
retinal layers, and there was disorganization in the gan-
glion cell, inner nuclear, and inner plexiform layers, with 
the outer plexiform layer apparently preserved (Figure 2). 
However, the following OCT scan showed the hamartoma 
causing a compressive effect in the neurossensorial retina 
with thinning of all retinal layers including the outer nu-
clear layer. A thickened inner nuclear layer can also be 
observed (Figure 3).

F I G U R E  1   (A and B) Fundus 
photography showing six lesions in the 
right eye (A) and five in the left eye (B).
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Lesion 3, categorized as transitional, appeared as a hy-
perreflective dome-shaped proliferation with a posterior 
shadow. It had a MT of 1478 μm and showed “moth-eaten” 
empty optical spaces, with an apparent complete rupture 
of the retinal anatomy (Figure  2B). In the LE, Lesion 4 
was observed with a MT of 342 μm preserving the retinal 
anatomy and located at the level of the retinal nerve fiber 
layer (RNFL), making it possible to identify the ganglion 
cell layer, different from Lesion 1 (Figure 2C). OCT scan 
also shows a retinal vessel inside the hamartoma, causing 
a shadow effect (Figure 4).

During the 1-year follow-up, the RAHs remained stable 
in the OCT examination, and the patient maintained a vi-
sual acuity of 1.0 in both eyes. She will continue follow-up 
with her ophthalmologist.

3   |   DISCUSSION

The hamartomas present themselves in a heterogeneous 
way, which had led to their classification in three groups. 

Type 1 hamartomas are relatively flat, translucent, gray-
white lesions without calcifications. Type 2 hamartomas 
are elevated, multinodular, calcified, opaque and have a 
characteristic “blackberry” shaped. Finally, type 3 hamar-
tomas represent transitional lesions, displaying features 
that combine characteristics of both type 1 and type 2 
hamartomas. Type 1 injury has been described as the most 
common, occurring in up to 70% of cases, followed by type 
2 (55%) and type 3 (9%).8 However, studies in different 
populations have shown variations in the prevalence of 
each type.7,8 For instance, Zhang et al. reported a higher 
prevalence of type 1 RAH (94%) in Chinese patients, while 
type 2 and type 3 were less common.7 Such discrepancies 
suggest that ethnicity may play a significant role in the 
development of RAHs.7 Furthermore, Zhan et al. showed 
that these lesions can coexist, as they found more than one 
type of RAH in 17.4% of TS patients.9

To further refine the classification of RAHs based on 
OCT findings, Pichi et  al. proposed a new classification 
system, which includes: type I, a flat lesion within the 
RNFL without retinal traction; type II, a mildly elevated 

F I G U R E  2   (A–C) OCT showing 
Lesion 1 (blue arrow), MT of 336 μm, 
preserved inner nuclear and inner 
plexiform layers and disorganization 
of the ganglion cell layer (A). Lesion 2 
(orange arrow), MT of 438 μm, disruption 
in the normal structure of the retinal 
layers with disorganization of the 
ganglion cell, inner nuclear and inner 
plexiform layers (A). Lesion 3 (yellow 
arrow), a hyperreflective dome-shaped 
proliferation with posterior shadow, 
MT of 1478 μm, presented “moth-eaten” 
empty optical spaces, with an apparent 
complete rupture of the retinal anatomy 
(B). Lesion 4 (green arrow), MT of 342 μm, 
preserved the retinal anatomy, located at 
the level of the RNFL, making it possible 
to identify the ganglion cell layer (C).
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hyperreflective lesion (height < 500 μm) with retinal trac-
tion and internal retinal disorganization; type III, an ele-
vated retinal mass (height > 500 μm), mushroom shaped, 
with internal retinal calcification with “moth-eaten” ap-
pearance; and finally, type IV, an elevated (height > 500 μm) 
dome-shaped, non-calcified retinal mass with an optically 
empty cavity.5

Mutolo et al. introduced a new subcategory of ham-
artomas (type IIb), in addition to type IIa lesions, which 
were described by Pichi et al. as type II. Type IIb lesions 
are characterized by an elevated retinal mass (>500 μm) 
above the RNFL with or without retinal adhesion or 
traction on the tumor surface. They are associated with 

a intratumorally heterogeneous appearance, which may 
vary from a solid appearance to the presence of intrale-
sional small empty spaces or cysts, and the presence of 
segmented vascular calcifications. The involvement of 
the inner retinal layer, outer retinal layer, and full reti-
nal thickness may occur, with or without posterior opti-
cal shadowing.6

In our report, four different spectra of lesions were ob-
served in the OCT. According to Pichi et al.,5 the lesions can 
be categorized as type I (lesion 4), type II—corresponding 
to type IIa in the Mutolo et al.6 classification—and type III 
(Lesions 2 and 3, respectively). However, one of the injuries 
did not fit this classification (Lesion 1). Lesion 1 exhibited 

F I G U R E  3   OCT scans and fundus photography showing Lesion 2. Top: the OCT scan passing in the temporal limit of the hamartoma. 
Note the inner retinal layers preserved and the irregular inner nuclear layer (red arrow). Middle: the hamartoma caused a compressive effect 
in the neurosensorial retina with thinning of all retinal layers including the outer nuclear layer. Bottom: OCT scan passing in the nasal limit 
of the hamartoma. Note the thickened inner nuclear layer (red arrow).
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type IIa features, but had a MT of <500 μm. Another chal-
lenge for classification was the involvement of the retinal 
layers. Even though Lesion 2 was classified as type IIa, it 
showed different involvement of the retinal layers com-
pared to Lesion 1, which was also classified as type IIa. The 
difficulty found in classification has also been reported by 
Kato et al. and Mutolo et al., which reinforces the need for 
more descriptive studies of OCT aspects.6,10

Zhang et al demonstrated that more than half of type 
1 RAHs are located in the temporal retina, often near the 
end of the arcades.7 In our report, 66.6% of the lesions in 
the RE and 100% of the lesions in the LE were found in 
the temporal region. On the other hand, calcified RAHs, 
especially type 2, are more commonly found in the peri-
papillary region. This distribution pattern could be related 
to the observation of greater retinal vascular diameters in 
the temporal retina, indicating a higher blood supply com-
pared to the nasal region, which may explain the higher 
incidence of RAHs in this the temporal area.9,11

The use of OCT in demonstrating the microstruc-
ture of RAHs is not only useful for detecting small or 
semi-transparent lesions that might be easy to miss 
during examination, but also helps the differentiation 
of RAH from retinoblastoma, combined retinal ham-
artoma and choroidal tumors.1,8 Furthermore, some 

authors have suggested that translucent tumors may 
evolve over time into multinodular lesions with cystic, 
hyaline or calcified changes, as if type 2 tumors repre-
sent a late stage of the lesions.12 Therefore, OCT may 
also facilitate the follow-up of RAHs and aid in tracking 
their progression.6,12

4   |   CONCLUSION

This study utilized OCT-SS to describe four distinct 
spectra of hamartomas, providing a more comprehen-
sive evaluation of these lesions. The observation that 
hamartomas initially affect the inner retinal layers and 
progress to the outer layers as they grow and calcify was 
highlighted. OCT proved to be a valuable noninvasive 
tool for diagnosing subclinical lesions and contribut-
ing to the clinical characterization of patients with TS. 
However, due to the heterogeneity of these lesions and 
their high prevalence in patients with TS, further de-
scriptive studies focusing on OCT aspects are essential 
to achieve a better classification of retinal hamartomas. 
Such research will ultimately contribute to improving 
our understanding of these tumors and optimizing their 
diagnosis and management.

F I G U R E  4   OCT scan and fundus photography of Lesion 4. Top: an initial lesion with preserved ganglion cell layer, inner plexiform 
layer, and inner nuclear layer. Bottom: the same initial lesion with retinal nerve fiber layer involvement. Note a retinal vessel inside the 
hamartoma (red arrow) causing a shadow effect in the OCT. The vessel is not visible in the fundus photography due to the lesion.
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