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Abstract
This paper reviews the published literature on a group of developmental disorders of the retina and retinal pigment
epithelium which result in focal abnormalities in one or both eyes. They are often asymptomatic, found on routine
examination and are generally non-progressive. Some are associated with other systemic abnormalities.

Introduction

Disordered development of the retina and retinal pigment
epithelium may result in diffuse retinal abnormalities or
focal lesions in one or both eyes. This review will concern
itself with focal lesions; these are often asymptomatic as
they generally spare the fovea and are commonly identified
on routine fundus examination. Most occur as isolated
ocular abnormalities but some may be associated with other
systemic disorders. Lesions in the former group are only
very rarely familial. It is important to recognise which
lesions have no systemic associations to prevent unneces-
sary investigations. These disorders were last reviewed in
this journal in 1989 when Donald Gass published his Doyne
Lecture [1]; he had carefully characterised many of these

conditions. Since then, advances in retinal imaging have
provided further insights and this paper aims to review
current knowledge of this interesting group of disorders.

Solitary congenital hypertrophy of the
retinal pigment epithelium (CHRPE)

The term ‘congenital hypertrophy of retinal pigment epi-
thelium’ or CHRPE was first coined by Buettner in 1975 to
describe a solitary flat, pigmented, round lesion with shar-
ply demarcated margins at the level of retinal pigment
epithelium (RPE) (Fig. 1a, b) [2, 3]. There is often a ring of
hypopigmentation just within the margins of the lesion,
producing a halo or double ring appearance (Fig. 1a) [1, 2]
and there may be hypo- or non-pigmented patches within
the lesion, termed lacunae (Fig. 1b). These are of variable
sizes, sometimes covering almost the entirety of the lesion
[3, 4]. CHRPEs are generally seen in one eye of otherwise
normal patients [1, 3], but rarely may be bilateral [4]. They
are more commonly seen in the temporal fundus [3, 4], and
more likely to occur in the peripheral retina rather than
centrally [2, 3]. It is thought to be a congenital lesion, and
has been observed in newborns [5].

On histopathology, the lesions are composed of a single
layer of hypertrophic RPE cells containing large pigment
granules lying on a thickened Bruch’s membrane; there is
variable loss of overlying photoreceptors [2, 5]. The
hypopigmented ring surrounding some of the lesions are
less hyperpigmented hypertrophied RPE cells, while lacu-
nae represent areas where RPE and retinal photoreceptors
are absent and only glial cells remain [2]. Ultraviolet
fluorescence microscopy of a CHRPE found incidentally in
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an eye enucleated for melanoma showed a lack of lipofuscin
within the CHRPE, suggesting its cells lack capacity to
phagocytose photoreceptor outer segments, likely causing
photoreceptor degeneration with consequent localised loss
of retinal sensitivity [6].

CHRPE is not uncommon, with prevalence reported to
be about 1.2% from a study from one optometry practice
[3]. Solitary CHRPE is typically diagnosed incidentally on
routine ophthalmologic examination and patients are typi-
cally asymptomatic upon diagnosis. CHRPE may rarely
cause vision loss when it is complicated by choroidal neo-
vascularization [7].

Even though patients are unaware of scotomas, visual
field defects can be demonstrated upon visual field testing,
evolving from relative scotomas in young patients to
absolute scotomas in older patients [1, 2]. Overlying retinal
vascular abnormalities including vessel sheathing, capillary
nonperfusion, and microaneurysmal capillary dilations have
also been observed [8], and may also contribute to visual
field loss over time.

On imaging, CHRPE lesions are hypoautofluorescent
relative to surrounding normal RPE on fundus auto-
fluorescence imaging [9]. Fluorescein angiography shows
hypofluorescence in pigmented portion of the lesion, and
hyperfluorescence in hypo- or non-pigmented areas [1]. In
addition, retinal vascular abnormalities overlying CHRPE
may be evident on fluorescein angiography [8]. Optical
coherence tomography (OCT) through CHRPE lesions
demonstrate thickened hyperreflective RPE with overlying
absent or thinning of outer retinal layers and photoreceptor
loss [10]. Lesions are universally flat, and RPE is absent in
lesions that were considered entirely lacunae, associated
with increased optical transmission, while in non-lacunae
parts of the lesion, the RPE is thickened.

Solitary CHRPE is generally considered a stable, non-
progressive lesion. However, the majority of CHRPE
lesions have been shown to undergo flat slow enlargement
over time [11]. The lacunae in CHRPE evolve and enlarge
slowly as well, accounting for much of the change in lesion
size [4].

Solitary CHRPE are thought to have no malignant
potential. However, rarely, an elevated lesion may develop
from a CHRPE and this may be associated with prominent
feeder vessels and intraretinal exudation causing vision loss
due to cystoid macular oedema [12–14]. In one case,
pathology demonstrated features consistent with adeno-
carcinoma [13], while in the other cases, no pathology was
available and they were presumed to be RPE adenomas
based on morphology and OCT findings [12, 14].

Solitary CHRPE is not associated with ocular or systemic
conditions. Specifically, patients with solitary CHRPE are
not at greater risk of developing colon cancer [15]. How-
ever, CHRPE lesions present in patients with syndromic
findings have been reported [5, 16], but no definitive
associations found.

Solitary CHRPE is managed by periodic observation.
Flat enlargement is possible but very slow and should not
affect vision. However, if the lesion starts to grow in
thickness, forming a nodule, or develop feeder vessels with
exudation, a referral to ocular oncology specialist is
warranted.

Congenital grouped pigmentation of the
retinal pigment epithelium (‘bear tracks’)

Congenital grouped pigmentation of the retinal pigment
epithelium (CGP-RPE) is a condition characterised by
multiple, small, flat, well-demarcated pigmented lesions of
the RPE (Fig. 2a, b). This condition was first recognised by
Mauthner in 1868 [17], and the term ‘grouped pigmentation
of the retina’ was first used by Niels Hoëg in 1911 [18].

The size of the pigmented spots varies from point like
specks to up to several disc diameters in size, often larger in
the periphery and smaller centrally (Fig. 2a, b) [19],
resembling animal footprints, hence also known as ‘bear
tracks’. The group may be composed of 2–30 individual
spots, usually 4–10. The colour of the pigmented spots also
varies—the smallest central spots are usually black, and the
largest more peripheral spots grey (Fig. 2a) [19]. The

Fig. 1 Congenital hypertrophy
of the retinal pigment
epithelium (CHRPE). a A
solitary flat, pigmented, round
CHRPE lesion with a ring of
hypopigmentation within the
margins. b An example of
lacunae, a hypopigmented,
punched-out patch within
another CHRPE lesion.
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borders of the spots are always sharply defined. The lesions
tend to only occupy one quadrant of the retina, with the
apex of the sector toward the optic disc, spreading out
toward the periphery (Fig. 2b) [1, 19]. The macula is rarely
involved [1].

Similar to solitary CHRPE lesions, histologically, each
pigmented lesion represents increased concentration of
pigment granules in otherwise normal RPE cells [20].
However, unlike CHRPE, most pigment granules retained
the normal ellipsoidal shape, without significant hyper-
trophy and hyperplasia of the RPE cells [21]. This histo-
logical dissimilarity establishes CGP-RPE as a distinct
entity from CHRPE. In addition, the overlying photo-
receptors are normal on histology [20].

CGP-RPE is uncommon; the prevalence has been esti-
mated to be around 0.12% in a general ophthalmic popu-
lation [22], but the exact prevalence is unknown. It is
considered to be congenital, largely non-hereditary, and
stationary [1, 19]. However, familial cases have been
described [22]. While the majority occur in one eye, it may
be present in both eyes of the same patient [23]. Diagnosis
is largely made incidentally since these lesions are not
associated with any visual symptoms. Indeed, on psycho-
physical testing, patients are found to have normal visual
acuity, visual fields, colour vision and dark adaptation. The
electroretinogram and electrooculogram are also normal
[23]. Furthermore, no consistent ocular or systemic asso-
ciations have been established.

Many hypotheses have been proposed to explain the
hallmark sectorial distribution of CGP-RPE lesions. Meyer
et al. digitally mapped the pattern location of CGP-RPE
lesions from published fundus photos, and found that the
lesion pattern is similar to cutaneous sectorial pigmentations
[24]. They postulated that the sectorial distribution may
reflect the pattern of RPE cell migration during embry-
ogenesis, analogous to cutaneous lines of Blaschko and that

CGP-RPE may be caused by a somatic mutation in an early
RPE progenitor cell [24].

While a diagnosis of CGP-RPE can be made solely based
on characteristic funduscopic findings, imaging studies can
be helpful in atypical cases to rule out other diagnoses. On
fundus autofluorescence, CGP-RPE lesions usually show
uniform hypo-autofluorescence, likely from pigment gran-
ules blocking fluorescent signal from lipofuscin [25].
However, occasionally, the lesions can appear hyper-
autofluorescent in some areas, mixed with hypo-
autofluorescence in other parts [25]. On fluorescein angio-
graphy, the lesions appear hypofluorescent without asso-
ciated leakage [26]. On OCT, CGP-RPE lesions have been
found to show no appreciable change in some cases, or RPE
thickening and associated elevation of the overlying ellip-
soid zone in others [25].

CGP-RPE requires no treatment or further workup. In
particular, CGP-RPE is not associated with familial ade-
nomatous polyposis (FAP) or an increased risk of intestinal
cancer [15]; hence, no colonoscopy or genetic workup are
indicated. The condition should be observed and the prog-
nosis is excellent.

Grouped congenital albinotic spots of the
retinal pigment epithelium (‘polar bear
tracks’)

A variant of CGP-RPE is congenital albinotic spots of the
RPE (CASRPE), also known as ‘polar bear tracks’. This
condition is characterised by well-circumscribed, chalky
white lesions of the same size, shape and distribution as
CGP-RPE (Fig. 3a, c) [1]. The lesions occur in one or both
eyes, and just like in CGP-RPE, albinotic lesions are more
numerous and larger in size in the peripheral retina.
Sometimes, melanotic or partially melanotic spots may

Fig. 2 Congenital grouped pigmentation of the retinal pigment
epithelium (CGP-RPE). a The lesions are smaller centrally and
enlarge in size toward the periphery, resembling animal footprints. b

The lesions tend to occur in one sector of the retina, with apex of the
sector toward the optic nerve, and tend to be black in the centre and
become lighter in colour towards the periphery.

Congenital focal abnormalities of the retina and retinal pigment epithelium 1975



accompany albinotic ones with concurrent appearance of
‘bear tracks’ and ‘polar bear tracks’ [1, 26].

Even though no histology of grouped congenital albi-
notic spots has been described, the lesions are thought to
represent RPE cells filled with white material, possibly
representing an abnormal precursor of melanin, rather than
enlarged melanin granules as in CGP-RPE [1]. This is a rare
condition, and only a few case reports have been published
[23, 27–29].

Just like CGP-RPE, albinotic spots are currently con-
sidered congenital, largely non-hereditary, and non-
progressive [27]. However, there was one report of 4
family members with the condition, suggesting that a
familial form exists [30]. Interestingly, CGP-RPE and
albinotic spots have been reported to occur in the same
family, suggesting not only a familial pattern, but also close
association with the pathogenesis of CGP-RPE. In one
Japanese family, one sister was found to have CGP-RPE in
both eyes, while the other sister had albinotic spots bilat-
erally [23]. In another family of Japanese descent, the
mother had albinotic spots in both eyes, while the daughter
had both CGP-RPE and albinotic spots [31].

Patients are typically asymptomatic, and have normal
visual acuity, visual field, colour vision, and no changes on
electroretinography and electrooculography [1, 23, 28].
There are two cases of albinotic spots associated with vision
loss: one with choroidal neovascularization [1], and one
with an atrophic macular lesion [29]; these are likely to be
incidental associations. Rare systemic associations have

been described but these are likely to be chance associations
or retinal phenocopies.

Fundus autofluorescence imaging of albinotic spots has
been reported to show reduced autofluorescence (Fig. 3b)
[27]. Some patients with typical albinotic spots may show
widespread patchy hyperautofluorescence corresponding to
the lesions; this in our experience is a more common pattern
(Fig. 3d). Fluorescein angiography demonstrates early and
stable hyperfluorescence of the spots without leakage
[1, 27]. Indocyanine green angiography (ICGA) of the
lesions demonstrated variable fluorescent behaviour
amongst the different spots—some remained hypo-
fluorescent throughout the whole study, some appeared
hyperfluorescent throughout all stages [28], while others
demonstrated early hypofluorescence, followed by pro-
gressive hyperfluorescence in intermediate and late phases
[29]. The authors hypothesised that the difference in beha-
viour on ICGA represented different stages of the disease
[29]. However, to date, the natural history of albinotic spots
remains unclear.

OCT of hypoautofluorescent lesions showed disrupted
ellipsoid zone and increased signal backscattering from the
choroid [27], suggesting possible early photoreceptor
damage and loss of normal RPE barrier. This is in contrast
to the histological finding of CGP-RPE which showed
normal photoreceptor layer overlying areas of increased
pigment granules in otherwise normal RPE cells [20].
However, no histology study of albinotic spots has been
reported.

Fig. 3 Grouped congenital
albinotic spots of the retinal
pigment epithelium. a
Widespread patchy chalky white
lesions of the left eye in one
patient. b Fundus
autofluorescence in the same eye
shows that albinotic spots appear
hypoautofluorescent. c Diffuse
albinotic spots of the left eye in a
different patient. d In the same
patient, albinotic spots
demonstrates
hyperautofluorescence on
fundus autofluorescence.
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RPE lesions associated with familial
adenomatous polypopsis

FAP is an autosomal dominant condition characterised by
numerous adenomatous colonic polyps in youth that
inevitably progress to become adenocarcinoma of the colon
[32]. This is caused by mutations in the tumour suppressor
adenomatous polyposis coli (APC) gene. Gardner syndrome
is a variant of FAP disease with extracolonic manifestations,
such as osteoma, desmoid tumour, subcutaneous fibromas
and others [33]. Ophthalmic manifestations include epi-
dermoid inclusion cysts of the eyelids [33], orbital osteoma,
and multiple pigmented fundus lesions that resemble
CHRPE (Fig. 4a, b).

Blair and Trempe first reported their observation that
multiple pigmented fundus lesions similar to CHRPE were
associated with FAP and Gardner syndrome in 1980 [34].
Since then, many investigations have corroborated the
observation; these pigmented fundus lesions are very pre-
valent in FAP, present in more than 75% of patients, with
expressivity dependent on the individual’s APC mutation
[35].

The RPE lesions are congenital; they have been observed
in newborns and even premature infants [36]. They do not
cause symptoms unless the macula is involved. Enlarge-
ment of lesions over time has been described in rare cases,
but most are stable. Visual field scotomas corresponding to
the location of lesions have been reported [37]. Electro-
retinogram and electrooculogram studies were reported to
be normal [37]. Fluorescein angiography shows hypo-
fluorescence in hyperpigmented locations due to blockage,
and hyperfluorescence in hypopigmented areas due to
window defect [37]. Some studies have shown normal ret-
inal vasculature overlying the lesions, while others have
observed retinal vascular changes overlying and surround-
ing the lesions, including capillary non-perfusion, capillary
microaneurysms, attenuation of vessels and others [38]. In
addition, it was reported that a significant number, about

10%, of the lesions were not seen on ophthalmoscopy and
could only be detected by angiography [38].

Because of the lesions’ similarity to CHRPE clinically,
they have frequently been referred to as CHRPE associated
with FAP. However, there is clear histopathology evidence
demonstrating cellular hypertrophy, hyperplasia and even
rarely retinal invasion and formation of a minute
mushroom-shaped tumour, consistent with hamartomatous
malformation rather than simple hypertrophy [39, 40].
Furthermore, multiple authors have confirmed the general-
ised defect in melanogenesis, with evidence of abnormal
presence of macromelanosomes in RPE cells, pigment
inclusions in the basement membrane of the RPE [39, 40].

The term pigmented ocular fundus lesions of FAP has
been used to clearly distinguish from solitary CHRPE
lesions and grouped congenital CHRPE, neither of which
are associated with adenomatous polyps or colorectal can-
cers [15]. Unlike solitary CHRPE, fundus lesions associated
with FAP are multiple and bilateral, and tend to have irre-
gular borders (Fig. 4a, b) [15]. The number of lesions per
eye is variable but appears to be consistent within a family
of affected patients [41]. Unlike congenital grouped
CHRPE, FAP associated fundus lesions are more likely to
be bilateral, and have a random distribution in the fundus,
rather than occupy a sector of the fundus as commonly
observed in grouped pigmentation (Fig. 2b) [15].

The mutated gene responsible for FAP is the tumour
suppressor gene APC located on chromosome 5q21-q22,
which was identified in 1991 [42, 43]; since then, hundreds
of different mutations have been identified. Mutations in
FAP are likely responsible for dysfunctional ocular mela-
nogenesis observed on histology. The expression of fundus
lesions is at least partially determined by the length of
truncated protein product [35], as well as the location of
mutation. Mutations in the exons 1–8 of the APC gene are
not associated with fundus pigmented lesions, while those
in exons 10–15, or between codons 463 and 1387, are
associated with fundus pigmented lesions [44]. However,

Fig. 4 RPE lesions associated
with familial adenomatous
polyposis (FAP). a, b RPE
lesions with irregular border and
variable pigmentation in two
different patients with FAP.

Congenital focal abnormalities of the retina and retinal pigment epithelium 1977



the mutation location was not able to predict the fundus
phenotype 100% of the time, indicating that it is not the
only factor responsible for the presence and number of
retinal lesions in FAP [45].

For families with positive fundus findings, the presence
of characteristic lesions can be predictive and serve as an
early clinical marker for the development of polyps. Tra-
boulsi et al. in a large series of 16 families with Gardner’s
syndrome showed that the presence of four or more pig-
mented lesions between the two eyes was a both sensitive
(70–80%) and specific (>90%) clinical marker for Gard-
ner’s syndrome [46]. However, about 20–30% of FAP and
Gardner families do not have fundus lesions [41, 47].
Therefore, while a positive retinal examination can be
predictive for FAP, a negative examination cannot rule out
the disease, unless other affected family members are
known to have multiple RPE lesions. A negative fundus
examination is therefore of little value in the setting of
suspected de novo FAP. As a result, retinal examination is
now rarely used as a predictive indicator in families with
FAP, being replaced by more specific molecular genetic
testing.

Of note, multiple bilateral fundus RPE lesions are not
associated with other types of gastrointestinal polyposis,

such as familial polyposis coli, hereditary nonpolyposis
colorectal cancer, and Peutz-Jeghers syndrome. It is specific
to FAP.

Torpedo maculopathy

In 1989, Roseman and Gass described a ‘solitary, sharply
circumscribed … placoid’ lesion with a wedge-shaped ‘tail’
in the macula’ of an asymptomatic 12-year-old boy with 20/
20 vision. They called the lesion a ‘hypopigmented naevus
of the RPE’ [48]. In 1993, the term ‘torpedo maculopathy‘
was first introduced by Dr. Mark Daily to describe this
congenital lesion that localises to the temporal fovea with a
tip or tail pointing towards the central macula, resembling a
torpedo (Fig. 5a) [49]. Since then, many case reports have
been published describing this unique and immediately
recognisable condition.

The lesions may be bilateral, and can be hypopigmented
or contain melanotic components. They measure about 2–3
mm horizontally and 1 mm vertically, universally located in
the macula, straddling the horizontal raphe (Fig. 5a) [50].
Lesions are oval with a characteristic point aimed toward
the foveola, but the temporal aspect may have a ‘frayed tail’

Fig. 5 Torpedo maculopathy. a
A typical lesion is present in the
temporal macula of the left eye
straddling the horizontal raphe,
with a tail pointing towards the
fovea. b Fundus
autofluorescence of the same
lesion demonstrates a mostly
hypoautofluorescent lesion with
a rim of hyperautofluorescence
along the inferior margin. c
Optical coherence tomography
through the lesion demonstrates
a subretinal cleft with elevation
of the neurosensory retina.
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or a rounded margin. Torpedo maculopathy should be dis-
tinguished from congenital pigmented lesions associated
with Gardner’s syndrome, which also characteristically
have an oval shape with ‘fish-tail’ at one or both ends. But
unlike torpedo lesions, Gardner’s syndrome-associated RPE
lesions manifest a random distribution in the fundus, are
multiple per eye, usually bilateral, smaller and more irre-
gular in shape, and are associated with a positive family
history of intestinal polyps and cancer.

Torpedo maculopathy is a congenital condition, non-
hereditary, and believed to be non-progressive. However,
most case reports to date have a short follow-up period.
Recently, a study reviewed the findings of published cases
of torpedo lesions and found that older patients tend to have
more retinal attenuation and excavation and were more
likely to have visual field defects and loss of retinal sensi-
tivity compared with younger patients, suggesting that this
condition may be progressive [51]. Unfortunately, there is a
lack of longitudinal follow up studies to confirm this
hypothesis.

Patients are typically asymptomatic, with normal visual
acuity, colour vision, and normal electroretinogram and
electrooculogram [52, 53]. Rarely, when the lesion is
associated with retinal excavation that encroaches the fovea,
visual acuity can be affected [54]. One case report described
vision loss due to choroidal neovascularization associated
with a torpedo lesion that responded well to bevacizumab

injections [55]. Visual field and microperimetry testing
show variable results. Some patients have no visual field
defects, while others, in particular those with more promi-
nent retinal structural changes in the lesion, had scotoma
corresponding to the site of the lesion [54]. No clear ocular
or systemic associations have been established. No familial
cases of torpedo maculopathy have been reported.

The aetiology of torpedo maculopathy is currently only
speculative. The consistent location and size of this condi-
tion implies a congenital defect that occurred at a specific
time-point during foetal ocular development [50]. There are
a number of competing hypotheses about the mechanism of
the developmental defect [50, 56] but this is currently
unknown.

No histology studies of this lesion have been described to
date, and detailed characterisation so far largely depends on
multimodal imaging. Fundus autofluorescence almost
always shows decreased or absent autofluorescence, which
occasionally could be surrounded by a rim of increased
autofluorescence (Fig. 5b). Fluorescein angiography studies
show transmission hyperfluorescence without leakage [52].
This likely represents atrophy of the RPE at the lesion site.

OCT findings of torpedo maculopathy can be variable
and demonstrates a spectrum of abnormalities. The RPE
appears attenuated and thin with increased signal trans-
mission to the choroid causing hyperreflectivity of the
choroid [53, 57]. The overlying retina can be normal in

Fig. 6 Congenital simple
hamartoma of the RPE. a A
focal, well-circumscribed, jet-
black lesion just temporal to the
fovea in the left eye. b Fundus
autofluorescence of the same
lesion demonstrates
hypoautofluorescence from
heavy pigmentation in the
lesion. c Optical coherence
tomography shows prominent
hyperreflectivity in the area of
the lesion with abrupt and
complete posterior optical
shadowing.
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young patients, but in older patients is frequently thin and
attenuated, with disruption of outer retinal layers, parti-
cularly in areas with RPE loss [57]. Many are accom-
panied by a variably sized subretinal cleft with elevation
of the neurosensory retina (Fig. 5c). In some cases, the
lesions are found to be deeply excavated with degenera-
tion of retinal layers within the lesion, and when present,
they are associated with overlying loss of retinal sensi-
tivity [51].

More recently, OCT angiography has been employed to
further characterise the torpedo lesions. In areas of retinal
cleft, there is reported hyporeflectivity and a loss of deep
retinal capillary network and choroidal vessels, with
decreased flow in the cleft but increased flow in choroidal
vessels surrounding the cleft [57].

Congenital simple hamartoma of the RPE

First recognised by Laqua in 1981, congenital simple
hamartoma of the RPE is a rare benign pigmented lesion
[58]. Gass described its unique characteristics in 1989 as a
‘focal, nodular, jet black’ lesion that involves the full
thickness of the retina and ‘spills onto the inner retinal
surface in an umbrella fashion’ (Fig. 6a) [1]. It is well cir-
cumscribed, <1 mm in diameter and 1–2.5 mm in thickness,
frequently located in the macular area, and may be asso-
ciated with subtle feeding arterioles and draining venules
[59] and/or vitreomacular adhesion at the margin in many
cases [60].

Congenital simple hamartoma of the RPE is usually
asymptomatic and in most cases is detected incidentally

Fig. 7 Combined hamartoma
of the retina and RPE. a, b
Two eyes of the same infant
with a family history of
neurofibromatosis 2 (NF2)
showing evidence of bilateral
combined hamartomas,
indicating that the infant also has
NF2. c An ill-defined, lightly
pigmented, elevated mass
located in the macula associated
with epiretinal membrane and
vascular tortuosity. d Late phase
fluorescein angiogram of the
same lesion demonstrates
diffuse late punctate leakage
within the lesion. e Optical
coherence tomography through
the lesion shows a diffusely
thickened retina with intraretinal
fluid and disorganisation of the
inner and outer retinal
architecture.
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later in life. It is assumed to be congenital, although no
cases have been reported in infants. It is also thought to be
stationary. Even though mild radial retinal traction is
commonly noted in congenital simple hamartoma of the
RPE, most patients have normal visual acuity unless the
fovea is involved in the lesion itself or the lesion is asso-
ciated with foveal traction. Secondary ERM formation and
severe vitreomacular traction causing vision impairment has
been reported [61]. In this case the hamartoma was removed
surgically via a pars plana approach and histopathology
showed a nodular proliferation of hyperplastic RPE cells,
and these RPE cells also demonstrated fibrous metaplasia
[61]. The exact histopathology of congenital simple
hamartoma of the RPE has not yet been established.

Other rare complications include retinal haemorrhages
[60], macular exudates and macular oedema which in one
case improved with intravitreal anti-VEGF treatment [62].
Full thickness macular holes have also been reported [63].

RPE hamartomas have a characteristic appearance on
retinal imaging. Fundus autofluorescence demonstrates a
blockage of autofluorescence at the site of heavy pigmen-
tation resulting in hypoautofluorescence of the lesion
(Fig. 6b). Fluorescein angiography may show a feeding
artery entering the lesion and a draining vein exiting, with
hypofluorescence throughout the angiography and occa-
sionally may show hyperfluorescence without leakage in
late frames [64].

OCT shows elevated retina with prominent surface
hyperreflectivity with abrupt and complete optical sha-
dowing posteriorly (Fig. 6c) [59]. The surrounding RPE and
retina has normal anatomy. More recently, reports with
OCT angiography showed variable vasculature findings:
one report identified the presence of intrinsic vasculature at
the level of inner and outer capillary plexus, with vessels
occupying the full thickness of the lesion [65], and another
report noted a radial microvascular arrangement [64].

Given its benign natural history, most lesions require
only periodic observation. Rarely, in cases with foveal
involvement or foveal traction leading to vision decline,
surgical or medical interventions can be considered when
appropriate.

Combined hamartoma of the retina and
retinal pigment epithelium

Combined hamartoma of retina and retinal pigment epi-
thelium was first described by Gass in 1973 in a series of
seven patients [66], and in 1984, Schachat further described
this entity in 60 cases reported by members of the Macula
Society [67]. It is typically an ill-defined, grey-white, ele-
vated mass located in the posterior pole involving the retina,
RPE and overlying vitreous to varying degrees, frequently

associated with vascular tortuosity and vitreoretinal inter-
face changes (Fig. 7a–c) [66–68]. Prior to a better under-
standing of this benign lesion in the 1970s to 1980s, eyes
were sometimes enucleated for suspected malignancy.

Combined hamartoma of retina and RPE is rare. It
typically presents in childhood, most commonly with
decreased visual acuity and/or strabismus [68]. The lesion is
presumed to be congenital; the youngest patient reported
was a two-week old infant [68]. It is mostly unilateral, but
can be bilateral particularly when associated with neurofi-
bromatosis type 2 (Fig. 7a, b). In the majority of patients, it
is sporadic, but familial cases have been reported and most
commonly associated with neurofibromatosis. Combined
hamartoma of the retina and RPE is a well-characterised
association of neurofibromatosis, but other reports of asso-
ciations with brachio-otic syndrome, orbital fibrosis, Gorlin
syndrome and a few others may represent incidental find-
ings rather than true syndromic associations.

Progressive vision loss due to tractional distortion of the
fovea from retinal gliosis and vitreoretinal interface changes
is common [67, 68]. Patients can experience decreased
visual acuity and metamorphopsia from foveal traction and
macular dragging or from vitreous haemorrhage associated
with retinal neovascularization [69]. Choroidal neovascu-
larization is another uncommon cause of vision loss.

Fluorescein angiography shows early hypofluorescence
from blockage of choroidal vessels by RPE proliferation,
abnormal vasculature with increased calibre, arter-
iovenous communication, and diffuse late staining or
leakage (Fig. 7d) [67]. On OCT, the lesion shows a dis-
ruption of inner neurosensory retina and variable degree
of involvement of outer retina (Fig. 7e) [70]. There is
prominent vitreoretinal traction on enhanced depth ima-
ging OCT, with ‘mini-peaks’ that arise from dis-
organisation of inner retinal layers, resembling a sawtooth
shape, as well as ‘maxi-peaks’ that arise from retinal folds
involving the entire thickness of the retina [71]. OCT
angiography is able to better characterise the vascular
abnormalities within combined hamartoma [70], and may
be helpful in the early diagnosis of associated choroidal
neovascularization.

On histopathology, combined hamartoma manifests as an
elevated mass containing disorganised retinal tissue with
vascular changes and secondary membrane formation from
glial elements and proliferating RPE [72]. The lesion is not
stationary, and enlargement and evolution of mass over time
is well documented. When combined hamartoma is asso-
ciated with progressive vision loss due to retinal traction,
surgery may be considered; spontaneous resolution of
traction may occur, but is rare. Pars plana vitrectomy and
membrane peel has been reported to improve vision in some
cases, despite some recurrences [73]. However, when the
lesion involves the full thickness retina, vitrectomy with
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membrane peel is generally unhelpful. Recently a new
classification system based on location, fundus findings
regarding traction or retinal detachment, and OCT findings,
has been proposed that would assist in determining follow
up in interval and decision making for possible surgical
intervention [74].

Retinal astrocytic hamartoma

Retinal astrocytic hamartoma (RAH) is a rare, benign glial
tumour, best known for its association with tuberous
sclerosis complex (TSC), but it may also occur as an iso-
lated disorder [75]. Among patients with TSC, about one
third to half of patients have RAH [75, 76]. TSC or
Bournville disease is a multisystem autosomal dominant
disorder caused by TSC1/TSC2 gene mutations that lead to

dis-inhibition of the mammalian target of rapamycin
(mTOR), a key regulator of cell proliferation and tumour
growth [77]. This then results in the many phenotypic
features of TSC.

RAH has a wide range of clinical appearances, ranging
from a faint, flat, translucent or semi-translucent, non-
calcified intraretinal lesion (inferior lesion in Fig. 8a) to a
large yellow-grey, calcified, multinodular mulberry-like
tumour (Fig. 8a–c). All tumours localise in the nerve fibre
layer but can also involve other retinal layers [78]. There
is a predilection for the posterior pole in the fundus
(Fig. 8a–c). In cases associated with TSC, it manifests as
bilateral, multifocal lesions (Fig. 8a, b). Patients with
retinal findings are more likely to have TSC2 mutation,
and have concomitant systemic manifestations including
subependymal glial cell astrocytomas, renal angiomyoli-
pomas, cognitive impairment and epilepsy [76].

Fig. 8 Retinal astrocytic
hamartoma. a, b are fundus
photos of a patient with TSC
with bilateral lesions. c A
solitary elevated mass with
internal calcification in the
fundus of the right eye in a
patient without a diagnosis of
TSC. d Fundus autofluorescence
of the same lesion demonstrates
hyperautofluorescence in areas
of internal calcification. e
Optical coherence tomography
scanning through the lesion
demonstrates an abrupt
transition from normal retina to
an elevated mass with
disorganisation of the inner
retina and internal moth-eaten
empty spaces that correlate with
intratumoral calcification, in
addition to complete posterior
shadowing.
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Most recently, RAH lesions in patients with TSC have
been classified into four groups based on both clinical
appearance and OCT findings [79]: Type 1 RAH is a round
shaped, relatively flat, semitransparent, glistening retinal
mass within the retinal nerve fibre layer, without dis-
turbance of the underlying retina or RPE; it has a gradual
transition from normal retina to tumour. Type 2 RAH is a
slightly elevated lesion with mild traction on the tumour
surface, with some degree of retinal disorganisation, as well
as abrupt transition from normal retina to tumour (Fig. 8a).
Type 3 RAH is a calcified mushroom lesion with internal
‘moth-eaten’ optically empty spaces representing intratu-
moral calcification (Fig. 8a–c); it has a gradual transition
between the tumour and surrounding normal retina. Type 4
RAH is an elevated, dome-shaped, optically empty tumour,
with a large single cavity within the mass and optical sha-
dowing posterior to the tumour. Interestingly, each type of
lesion has different systemic TSC correlations. Patients with
type 2 lesions are more likely to have a greater number of
cutaneous fibrous plaques; those with type 3 lesions are
more likely to have subependymal giant-cell astrocytomas;
while those with type 4 lesions have a higher incidence of
pulmonary lymphangiomyomatosis [79].

On histopathology, RAH shows variability as well. The
small astrocytic hamartoma (type 1) is confined to the nerve
fibre layer of the retina. The more aggressive tumours (types
3 and 4) appear very similar on pathology to subependymal
giant cell astrocytoma of TSC; tumours show extensive
necrosis and calcification [80]. On immunohistochemistry,
cells show a mixed glioneuronal phenotype, showing
positive immunoreactivity to neuron-specific enolase and
glial fibrillary acidic protein [80].

RAH can be diagnosed clinically based on appearance on
examination and retinal imaging. Fundus autofluorescence
can be variable depending on the type of RAH lesion pre-
sent. It can demonstrate hyperautofluorescence from inter-
nal calcification (Fig. 8d). OCT findings depend on the
types of lesion, but characteristically shows a gradual or
abrupt transition (Fig. 8e) from normal retina to a hyper-
reflective mass with thickening in retinal nerve fibre layer,
with varying degrees of retinal disorganisation, or moth-
eaten spaces that correlate with intratumoral calcification
(Fig. 8e), and posterior shadowing [78, 79].

Retinal hamartomas are generally asymptomatic, and
isolated cases that are extramacular are often diagnosed later
in life. Usually retinal hamartomas show little or no growth
[81], but rarely can grow aggressively causing severe ocular
complications [80]. Vision loss from RAH can be due to
vitreous haemorrhage, retinal neovascularization, retinal
detachment, subretinal haemorrhage, neovascular glau-
coma, macular oedema or even rarely a mass effect block-
ing the visual axis. A number of different treatment
modalities have been tried.

Intravitreal anti-VEGF agents have been used to treat
macular oedema and neovascularization and photodynamic
therapy has been shown to induce regression of vascularised,
aggressive RAH [82]. More recently, systemic mTOR
inhibitors, including both sirolimus and everolimus, have
been found to control or decrease the thickness of RAH
lesions with excellent patient adherence and mild adverse
effects in small series of patients [83, 84]. In one particular
case, exudative retinal detachment associated with RAH
that had failed intravitreal anti-VEGF and laser treatment,
responded well to oral everolimus treatment with resolution
of retinal detachment at the end of 4 months [84].

Other syndromic disorders with
characteristic congenital focal lesions of
retina and RPE

Aicardi syndrome

Aicardi syndrome was first described by Aicardi et al. in
1965 [85]. It is a systemic syndrome characterised by a triad
of agenesis or dysgenesis of the corpus callosum, infantile
spasm, and chorioretinal lacunae [85, 86]. Vertebral and rib
malformations are common [87]. There are often complex
developmental abnormalities of the brain including micro-
cephaly, cortical polymicrogyria and periventricular het-
erotopia [88, 89]. Infantile spasms are usually the earliest
clinical manifestation of Aicardi syndrome, generally
apparent between 3 and 6 months of age. The vast majority
of cases are female, but it has been reported in XXY male
infants.

Ophthalmologic findings are also variable and include
microphthalmos (Fig. 9a, b), persistent pupillary membrane
(Fig. 9c), developmental abnormalities of the optic nerve
(Fig. 9d), characteristic chorioretinal lacunae (Fig. 9d, e),
retinal detachment (Fig. 9f), anomalous retinal vessels
[90, 91].

Chorioretinal lacunae can be unilateral or bilateral. They
present as round, flat, well-circumscribed, ‘punched out’
lesions of the retina, mostly in the posterior pole, hypo-
pigmented, usually yellow or white in colour (Fig. 9d).
They vary in size from half to three times the disc diameter,
and are not known to change in size over time. OCT ima-
ging shows an outer retinal cavity filled with subretinal fluid
with absent RPE and thinning or absence of choroid
(Fig. 9e). In a single published case, OCT showed intrar-
etinal cysts and detachment of the neurosensory retina
overlying the lacunae [92].

On histopathology, lacunae represent excavation of the
RPE through the choroid to the bare sclera, consisting of
full thickness defects of the RPE and choroid, with intact
but abnormal overlying retina [93].
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Aicardi syndrome is very rare with a reported incidence
of around 1 in 110,000 live births [91, 94]. The aetiology
remains unknown. Even though the cases are sporadic, it is
thought to have a genetic basis but no causative gene has
been identified. It is only seen in females or 47, XXY
karyotype males suggesting that this is an X-linked domi-
nant disorder with embryonic lethality in males. The precise
genetic cause remains elusive despite the advent of next
generation sequencing.

Microcephaly chorioretinopathy syndrome
KIF11 disease (MIM 152950)

First described by Feingold and Bartoshesky in 1992,
microcephaly with or without chorioretinopathy, lymphe-
dema or mental retardation (MCLMR) is a rare autosomal
dominant condition. It was previously thought to be a dis-
tinct clinical entity from chorioretinal dysplasia,

microcephaly and mental retardation syndrome (CDMMR)
[95]. However, recently, there is evidence of significant
clinical and molecular overlap to suggest that CDMMR and
MCLMR are allelic disorders, constituting a distinct con-
genital microcephaly syndrome with wide clinical spectrum
[96]. In particular, mutations in KIF11, a gene that encodes
a homotetramer kinesin motor EG5, were identified to be
the pathogenic for a significant proportion of cases within
the spectrum of MCLMR and CDMMR [96, 97]. Incom-
plete penetrance is relatively common with KIF11 muta-
tions with some family members carrying a KIF11 mutation
having normal head circumference and eye examination
[97].

The retinal phenotype may be very variable. Typical
findings include bilateral chorioretinopathy with focal
atrophy, vessel attenuation and pigment clumping usually
outside the macula (Fig. 10a–c). The retinal changes are
thought to be congenital and stationary or slowly pro-
gressive; one patient was followed for 9 years without

Fig. 9 Aicardi syndrome. a
Normal-sized right eye of a
patient with Aicardi syndrome.
b Microphthalmic left eye in the
same patient. c Left eye
demonstrates persistent pupillary
membrane. d Right eye
demonstrates optic nerve
coloboma and multiple well-
circumscribed, round
chorioretinal lesions in the
posterior pole, consistent with
chorioretinal lacunae. One large
lacunae beneath the optic disc
appears to have subretinal fluid,
confirmed on OCT. e Optical
coherence tomography reveals
an outer retinal cavity filled with
subretinal fluid over one of the
lacunae. f Left eye shows a
complete funnel retinal
detachment.
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significant progression [98]. Some patients with KIF11
mutations may develop atrophic changes of the macula, as
demonstrated on OCT and hypoautofluorescence on FAF
[99]. The peripheral retina in most patients shows mild
diffuse RPE disturbance with or without focal atrophy. Full
field electroretinogram typically demonstrates generalised
subnormal and delayed rod and cone function, and pattern
electroretinogram demonstrates macular dysfunction.

More recently, heterozygous KIF11 mutations have been
reported to be associated with microcephaly and retino-
vascular abnormalities similar to those seen in familial
exudative vitreoretinopathy, further expanding the clinical
spectrum associated with KIF11 mutations [99, 100].
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