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Clinical spectrum of blunted foveal contour
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Abstract: Foveal hypoplasia is the absence of a foveal depression and the presence of the
ganglion cell layer in the foveola. A spectrum of clinical characteristics, including normal or
variably decreased visual acuity, has been described in patients with blunted foveal contours.
Multiple systemic and ophthalmologic conditions including albinism, aniridia, nanophthalmos,
prematurity, and fovea plana have been associated with this anomaly. This article illustrates
select clinical conditions characterized by a blunted foveal contour. Given the heterogeneity of
findings, a thorough medical history and detailed physical and ocular examinations are usually
sufficient for the clinician to make the correct diagnosis.
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Introduction

Foveal hypoplasia (FH) is the absence of a foveal
depression and the presence of the ganglion cell
layer (GCL) in the foveola.!»? In 1913, blunted
foveal contour was first reported in patients with
albinism, who typically had poor visual acuity
(VA) and nystagmus. However, spectral domain
optical coherence tomography (SD-OCT) has
expanded the definition of FH and has revealed
more patients with blunted foveal contour than
were previously recognized clinically.?*

Currently, there is a spectrum of clinical character-
istics, including normal or variably decreased VA,
described among patients with a blunted foveal
contour.>~® Multiple systemic and ophthalmologic
conditions including albinism, aniridia, nanoph-
thalmos, prematurity, and fovea plana have also
been associated with this anomaly.!-3:5:7,10-12

This article illustrates various clinical findings
associated with a blunted foveal contour in the
adult and pediatric population.

The development of the fovea

Foveal development starts between weeks 14 and
22 of gestation and may extend until 13 years of
age.®13-15 Foveal maturation is characterized by
three chronological processes: (1) the inward dis-
placement of inner retinal layers, (2) cone

photoreceptor specialization, and (3) outward
migration of cone photoreceptors.%10

By weeks 20 to 22 of gestation, the fovea is identi-
fied by the presence of a single layer of cones in
the outer nuclear layer (ONL).# Starting at week
25 of gestation, the outward displacement of the
ganglion cell, inner plexiform, and inner nuclear
layers (INLs) begin to form the foveal pit.* By
weeks 28 and 29 of gestation, the foveal pit is
more prominent, marked by a growth in length of
the cone inner segments and the fibers of Henle,
as well as a thinning of the INL.1* At 5 to 8 days
postpartum, the foveal pit has increased in depth
due to the continued lateral displacement of the
GCL and INL.4 After birth, cone inward dis-
placement occurs causing the pit to become wider
and shallower and the foveal ONL to become
thicker.# The pit appears complete by 13 to 15
months of age with a single layer of neurons in the
center.* Cone density continues to increase
between 15 months and 13 years of age.*

Disruption in any of the stages of foveal develop-
ment may result in FH.!® However, the mecha-
nisms leading to foveal differentiation are not
completely understood.!” Although subjects born
prematurely may have an arrest in the centrifugal
displacement of the inner retinal layers, subjects
born at term may also display a blunted foveal
contour.”!® These findings are typically bilateral
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and symmetric, but unilateral cases have been
recently reported with OCT.?1119-21 SD-OCT
has been an important tool to improve under-
standing of retinal development.16

Clinical characteristics of patients with a
blunted foveal contour

Recent findings

Grading of FH and SD-OCT findings. The current
structural grading system for FH is based on
foveal development and SD-OCT findings.? The
characteristic feature of FH on SD-OCT is the
persistence of the inner retinal layers at the foveal
center.? FH can be divided into typical FH and
atypical FH.15

Atypical FH is characterized by a disruption of
the ellipsoid zone, a sign of photoreceptor degen-
eration.>!5 This is shown on SD-OCT as a shal-
low pit with decreased retinal and ONL thickness
and deeper foveal depth.3

Typical FH is divided in four grades. Grade 1 FH
is characterized developmentally by having partial
centrifugal displacement of the inner retinal layers,
as well as the presence of cone photoreceptor spe-
cialization and centripetal migration of cone pho-
toreceptors.? This is depicted on SD-OCT as a
shallow pit with the presence of outer segment
(OS) lengthening and ONL widening, respect-
fully.3:15> Grade 2 FH has all the features associated
with Grade 1, except that centrifugal displacement
of the inner retinal layers fails to occur.3:15 SD-OCT
shows no pit formation for Grade 2 FH.? Grade 3
FH has all the characteristics of Grade 2, except
that cone photoreceptor specialization does not
occur.?1> SD-OCT depicts absence of OS length-
ening for Grade 3 FH.?!5> Grade 4 FH has all the
features of Grade 3, but the absence of centripetal
migration of cone photoreceptors.?!> On SD-OCT,
there is no ONL widening on Grade 4 FH.315
Grading of FH gives an indication of the stage at
which foveal development was arrested and may
be used to predict VA.3:15:16

Grading of FH and VA. The persistence of inner
retinal layers at the foveal center in patients with a
blunted foveal depression does not preclude excel-
lent VA. Central VA is impacted mostly by foveal
photoreceptor differentiation independent of the
foveal depression.®%18 On SD-OCT, the presence
of photoreceptor elongation and outer nuclear

segment widening has been reported as the most
predictive factor for preserved visual function.®*
Grade 1 FH has been associated with better VA,
whereas grades 2, 3, and 4 have been correlated
with progressively poorer VA.%16 Furthermore,
patients with atypical FH usually have worse visual
prognosis as compared with those with typical FH
due to photoreceptor degeneration.?

FH and other imaging studies. Several other
tomographic, angiographic, and autofluorescence
patterns have been used to further describe
patients with FH.2%23 FH is characterized on fun-
dus autofluorescence (FAF) by variable degrees
of reduced foveal attenuation of autofluores-
cence.?? Fundus fluorescein angiography (FFA)
may show absence of foveal avascular zone in
patients with FH.23 However, FAF and FFA pat-
terns seem less sensitive to make the diagnosis.?3
OCT angiography (OCT-A) has been used to fur-
ther characterize the organization of the retinal
capillary plexuses in patients with FH.22 FH is
characterized on OCT-A by the absence of a
foveal avascular zone, but preserved fusion of
both the superficial and deep capillary plexuses
around the foveal center.22 Furthermore, Ramto-
hul and Freund?* recently described a novel con-
centric macularring (CMR) sign on ultra-widefield
(UWF) retinal images to detect FH. They con-
cluded that this CMR sign, present in all their
patients with FH, may support the diagnosis of
FH, especially in patients in whom OCT cannot
be performed.?*

Disorders associated with a blunted foveal con-
tour. Atypical FH has been associated with pho-
toreceptor dysfunction syndromes such as
achromatopsia and other cone-rod dystro-
phies.?!> Albinism, PAX6 mutations, SLC38A48
mutations, retinopathy of prematurity (ROP),
optic nerve hypoplasia, and isolated cases have
been more commonly associated to typical FH.315
Furthermore, Ramtohul and Freund?* recently
discovered previously unreported diagnoses asso-
ciated with FH including neurofibromatosis type
1 and alternating hemiplegia of childhood with
ATPI1A3 mutation. Ramtohul and Freund?* also
recently found a novel paracentral acute middle
maculopathy lesion associated with Grade 3 FH.
They hypothesized that the underdeveloped vas-
cular anatomy at the fovea may be related to the
atypical occurrence of ellipsoid zone/interdigita-
tion zone disruption in this eye with central acute
middle maculopathy.24
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Figure 1. Spectral-domain optical coherence tomography (SD-OCT) and fundus photography of a 75-year-old
male with oculocutaneous albinism, nystagmus, bilateral pseudophakia, and a best corrected visual acuity of
20/100 in each eye. SD-0OCT of the (a, c, and €] right and (b, d, and f) left eyes shows blunted foveal contours.
(g) Fundus photography of the right eye shows a blunted foveal reflex and decreased pigment. (h] Fundus
photography of the left eye shows similar findings plus a macular staphyloma.

All these new findings highlight the fact that FH
is still a topic of ongoing research. This article
describes select clinical entities that have been
associated with a blunted foveal contour.

Albinism. Albinism is a genetic disorder charac-
terized by reduced or absent melanin synthesis
that may affect the eyes, skin, and hair.25 Patients
could have fair skin and white-, yellow-, or red-
colored hair.2¢ Qcular albinism is usually caused
by an X-linked mutation in G protein-coupled
receptor 143 (GPR143), which affects the growth
of melanosomes.?” However, oculocutaneous
albinism 1is typically caused by autosomal reces-
sive mutations in zyrosinase (T'YR), OCAZ2 melano-
somal transmembrane protein (OCA2), tryrosinase
related protein 1 (TYRP1), and solute carrier family
45 member 2 (SLC45A2), which affect the produc-
tion of melanin.2® Several visual pathway altera-
tions, including an increased number of nerve
fibers at the optic chiasm and changes in cortical
structures, have been described among patients

with albinism.?8:29 Furthermore, ocular and ocu-
locutaneous variants of albinism have been asso-
ciated with decreased VA, usually worse than
20/200, iris transillumination, and nystagmus.$32>
Most patients with albinism have FH.!> Most
patients with albinism present with Grade 2 or
worse of FH, and have poor BCVA.3!5> Fundo-
scopic findings include a variable degree of retinal
pigment epithelial hypopigmentation, a blunted
foveal contour, and prominent visualization of the
choroidal vasculature.l»2 Clinical examples are
shown in Figures 1 and 2.

Aniridia. Aniridia is caused by an autosomal
dominant mutation in paired box 6 (PAX6), which
affects the embryonic development of many
organs, including the iris.30 Various phenotypes
are reported, ranging from hypoplasia to com-
plete aplasia of the iris.3!:32 Aniridia has been
associated with decreased VA, strabismus, nystag-
mus, and limbal stem cell deficiency.2%31 Most
patients with aniridia have FH.33 The foveal
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Figure 2. Spectral-domain optical coherence tomography (SD-OCT), fundus photography, and anterior
segment photography of a 57-year-old female with ocular albinism, nystagmus, bilateral nuclear sclerosis,
and a best corrected visual acuity of 20/40 in the right eye and 20/60 in the left eye. SD-OCT of the (a) right and
(b) left eyes shows blunted foveal contours. Fundus photography of (c]) right and (d) left eyes shows a blunted
foveal reflex and decreased foveal pigment. Anterior segment photography of (e) right and (f] left eyes shows

hypopigmentation of the iris.

Figure 3. Spectral-domain optical coherence tomography (SD-0CT)

and anterior segment photography of a 29-year-old male with aniridia,
nystagmus, bilateral limbal stem cell deficiency, and pseudophakia, and
a best corrected visual acuity of 20/400 in the right eye and 20/200 in the
left eye. SD-OCT of (a) right and (b) left eyes is technically suboptimal due
to nystagmus and inability to fixate, but shows blunted foveal contours.
Anterior segment photography of the (c) right and (d) left eyes shows
aniridia, corneal neovascularization, and decentered in-the-bag posterior
chamber intraocular lenses.

structure can be variable in patients with PAX6
mutations, with FH ranging from grades 1 to
4.3:15:33 Clinical examples are shown in Figures
3 and 4.

Nanophthalmos. Nanophthalmos is a condition
in which a halt in the development of the eye
causes an anatomically small eye with preserved
structural organization.?435 Nanophthalmos is
usually inherited in an autosomal dominant or
recessive pattern, but sporadic cases have been
described.3> Nanophthalmos has been associated
with mutations in transmembrane protein 98
(TMEM?9S8), protease serine 56 (PRSS56), Crumbs
homologue 1 (CRBI), membrane-type frizzled-
related protein (MFRP), and bestrophin 1 (BESTT1),
which affect the growth of the eye and several
ocular structures, including the retina and
sclera.3> Nanophthalmos is characterized by
decreased axial length, hyperopia, increased lens/
eye volume ratio, angle-closure glaucoma, and
diminished VA, usually worse than 20/40.10:34.35
Some of the fundoscopic findings described
include retinal cysts, absent or primitive foveal
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Figure 4. Spectral-domain optical coherence tomography (SD-OCT]) of a 69-year-old male with mild aniridia,
and a best corrected visual acuity of 20/30 in the right eye and 20/40 in the left eye. SD-OCT of the (a) right and

(b) left eyes shows blunted foveal contours.

Figure 5. Spectral-domain optical coherence tomography (SD-OCT) and fundus photography of an 8-year-old
female with nanophthlamos, bilateral bullous retinoschisis, and a best corrected visual acuity of 20/50 in the
right eye and 20/40 in the left eye. SD-OCT of the (a) right and (b) left eyes shows blunted foveal contours. (c)
Fundus photography of the right eye shows a blunted foveal reflex, a subretinal neovascular membrane, and
optic disc drusen. (d) Fundus photography of the left eye shows a blunted foveal reflex and optic disc drusen.

avascular zone, retinal detachment, macular
hypoplasia, retinoschisis, optic disk drusen,
increased choroidal thickness, uveal effusion, and
pigmentary retinal dystrophy.193435 A clinical
example is shown in Figure 5.

History of prematurity. ROP is a disorder that
affects the maturation of the retinal vasculature
causing delayed and anomalous vascularization in
premature infants.30-38 Higher incidences of stra-
bismus, cataracts, glaucoma, retinal detachment,
macular ectopia, and decreased VA have been
described.®36-38 Patients with a history of prema-
turity, with or without a diagnosis of ROP, and
with or without macular ectopia, may show a
characteristic blunting of the foveal contour.

Patients born prematurely may have retention of
the inner retinal layers at the foveal center with
ONL widening and photoreceptor elongation,
which is typically asymptomatic with normal or
near-normal VA.%181939 Clinical examples are
shown in Figures 6 and 7.

Fovea plana. The term ‘isolated foveal hypoplasia’
has been used to describe patients with the absence
of other ocular diseases, low VA, nystagmus, and
typical ophthalmic and angiographic findings such
as abnormal maculofoveal reflexes, unclear defini-
tion of the maculofoveal area, and capillaries run-
ning abnormally close to the presumed macular
area.!® However, a blunted foveal contour has also
been described among patients with excellent VA
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Figure 6. Spectral-domain optical coherence tomography (SD-OCT) and fundus photography of a 34-year-old
female with a history of prematurity and a best corrected visual acuity of 20/20 bilaterally. SD-OCT of the (a)
right and (b) left eyes shows a blunted foveal contour. (c] Fundus photography of the right eye shows a blunted
foveal reflex and macular ectopia. (d) Fundus photography of left eye shows similar findings plus temporal

vessel straightening.

Figure 7. Spectral-domain optical coherence tomography (SD-OCT) and fundus photography of a 14-year-old
female with history of bilateral aggressive posterior retinopathy of prematurity treated with laser, cerebral
infarction, strabismus, and a best corrected visual acuity of 20/30 in the right eye and 20/50 in the left eye.
SD-0CT of (a) right and (b) left eyes shows blunted foveal contours. Fundus photography of (c) right and (d) left
eyes shows blunted foveal reflex, temporal vessel straightening, and retinal laser ablation.

and otherwise normal ophthalmic and systemic
examinations.”>1%20 In 2008, Marmor et al.8 intro-
duced the term ‘fovea plana’ to describe eyes
showing a blunted foveal contour with normal
visual function, and used the term ‘foveal hypopla-
sia’ for those patients with visual impairment.?2

SD-OCT of patients with fovea plana may also
show retention of the inner retinal layers at the
foveal center with ONL widening and photore-
ceptor elongation. Fovea plana remains a diagno-
sis of exclusion. A clinical example is shown in
Figure 8.
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Figure 8. Spectral-domain optical coherence tomography (SD-0CT) and fundus photography of a 16-year-old
male with autism and a best corrected visual acuity of 20/20 bilaterally. SD-OCT of (a) right and (b] left eyes
shows blunted foveal countours. Fundus photography of (c) right and (d) left eyes shows blunted foveal reflexes.

Conclusion

A blunted foveal contour is associated with multi-
ple etiologies including albinism, aniridia, nano-
phthalmos, prematurity, and fovea plana among
others.8 VA may vary depending on the devel-
opment of the foveal photoreceptors and struc-
tural grading of FH. Nystagmus may also be
present but may not preclude excellent VA. Given
the heterogeneity of findings in patients with a
blunted foveal contour, a thorough medical his-
tory and detailed physical and ocular examina-
tions are typically sufficient to establish the
correct diagnosis.
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