Clinical features of
the congenital
vitreoretinopathies

Abstract

The inherited vitreoretinal degenerations or
vitreoretinopathies are characterized by
congenital and acquired disorders of the eye
including early onset cataract, anomalies of the
vitreous manifesting as optically empty
vitreous, course fibrils, and membranes, and
retinal detachment. These diseases include
Stickler syndrome types I (STL1) and II
(STL2), usually caused by mutations in
COL2A1 and COL11A1 respectively. Wagner
syndrome (WGN1) is associated with
mutations in versican (CSPG2) and snowflake
vitreoretinal degeneration (SVD) with a
mutation in a potassium channel (KCNJ13).
The cataract is often cortical and may be
wedge-shaped, but does not distinguish
between the different syndromes. The
congenital vitreous defect is usually
characterized as fibrillar degeneration (STL2,
WGNT1, and SVD) or as a vestigial membrane
just behind the lens (STL1). Peripheral
chorioretinal atrophy with nyctalopia is
prominent in WGNT1. Intraretinal crystals may
be visible in the periphery using a contact lens
in SVD and corneal guttae, a flat appearance to
the optic nerve head and mild atrophy of the
peripheral retinal pigment epithelium are also
common features. Other vitreoretinal
degenerations including a number of
chondrodysplasias in addition to STL1 and
STL2, enhanced S-cone syndrome caused by
mutations in NR2E3, and autosomal dominant
vitreoretinochoroidopathy caused by mutations
in VMD?2 are discussed. Patients with
unexplained early onset cataract or retinal
detachment should be carefully evaluated for
vitreoretinal degeneration. Theses diseases
share overlapping clinical features with
common complex traits affecting the eye
(myopia, corneal endothelial dystrophy, lattice
degeneration), and may provide insight into the
mechanisms of common eye diseases.
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Introduction

Knowledge of the inherited vitreoretinopathies
or vitreoretinal degeneration has expanded
greatly over the past few years in conjunction
with the identification of the disease genes for
all of the classic syndromes. At the same time,
numerous families with autosomal dominant
and autosomal recessive vitreoretinal
degeneration and a much greater number of
singleton cases have yet to have the molecular
bases of their diseases defined. Even so, recent
genetic and clinical advances enable a
reassessment of the essential criteria that define
this group of conditions. For the purposes of
this review, an inherited vitreoretinopathy is
defined as a condition in which the major
features are the presence of congenital
abnormalities of the vitreous with severe
degeneration or maldevelopment, early onset
progressive cataract, and an increased
predisposition to rhegmatogenous retinal
detachment. Chondrodysplasias with
vitreoretinal degeneration including Stickler
syndrome, the chromosome 5q retinopathies
including Wagner syndrome, snowflake
vitreoretinal degeneration (SVD), and
autosomal dominant vitreoretinochoroidopathy
(ADVIRC) are reviewed. Enhanced S-cone
syndrome (ESCS) is discussed to distinguish it
from the presentation of these
vitreoretinopathies. Lattice degeneration,
X-linked juvenile retinoschisis, and the
hereditary neovascular vitreoretinopathies are
not discussed. A detailed review of all of these
conditions is available.!

Overview of examination and management

The detailed examination of a single patient
with vitreoretinal degeneration will often
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narrow the differential diagnosis, but may not be
sufficient to identify the specific disorder or underlying
genetic basis. Because many of the named syndromes are
autosomal dominant, examination of other family
members will often identify additional affected members
and be sufficient to make an accurate diagnosis.
Unfortunately, other family members are often not
examined due to the physician’s failure to recognize the
hereditary nature of the disease or resistance from the
family for financial or other reasons. As a result, the
family does not receive the correct diagnosis, education,
and follow-up important for the recognition and
management of retinal detachment and cataract. The
recent report of the efficacy of peripheral cryopexy for
prevention of blindness and retinal detachment in the
most common inherited vitreoretinopathy (Stickler
syndrome type I, STL1) makes accurate diagnosis of
relatives a key part of the management plan.?

The dismal prognosis prior to the development of
closed cataract and vitrectomy techniques was due to the
lack of vitreous support during surgery. Cataract surgery
is difficult in these patients for this same reason, and
should be performed by talented surgeons with
experience with these patients or with vitrectomized eyes
that behave similarly. Glaucoma can occur, usually after
cataract surgery, and should be monitored and treated
using established methods. Prophylactic cryopexy is
performed by some groups, while peripheral laser
retinopexy is favoured by others. Although a
randomized trial has yet to be published comparing the
two methods, the recent report using cryopexy is the
most comprehensive study to date.” The authors
reported that the cryopexy was performed on the
anterior retina, adjacent to the ora, to prevent the giant
retinal tears that complicate STL1. Posterior retinal
detachments are also common and managed with
advanced vitreoretinal techniques including vitrectomy,
completion of posterior vitreous detachment, release of
peripheral traction, perflourocarbon-mediated retinal re-
attachment, scleral buckle, laser retinopexy, and
tamponade with gas or silicone oil.

The remainder of this article reviews the common
features of the vitreoretinal degenerations and highlights
those features that can be used to distinguish them from
each other clinically. An overview is presented in Table 1.

Stickler syndrome and other chondrodysplasias
associated with vitreoretinal degeneration

Key features

The combination of (1) mid-face hypoplasia and small
chin; (2) bifid uvula, submucous, or frank cleft palate; (3)
congenital abnormalities of the vitreous; (4) cataract; and
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(5) a high rate of retinal detachment characterize the
Stickler syndromes with ocular involvement (Figure 1).
STL1 arises due to mutations in COL2A1, while type 2
disease (STL2) arises from mutations in COL11A1. Most
patients have STL1. Prophylactic therapy reduces the rate
of retinal detachment making the identification of
patients and their affected family members important.”

Clinical features

The systemic features of STL1, STL2, and the non-ocular
form STL3 (COL11A2 mutations) are highly variable and
do not distinguish between the three forms or even
affected and unaffected family members in some cases.’
The ocular manifestations of STL1 and STL2 are highly
penetrant and the eye examination is essential in making
the diagnosis in some patients. Further, the eye
examination enables patients with COL2A1 mutations to
be distinguished from those with COL11A1 mutations.
The COL2A1 patients have distinctive vitreous
appearance in which a folded membrane is present
behind the lens, behind which is advanced degeneration
of the vitreous (membranous or type I vitreous).” The
COL11A2 patients have a fibrillar and beaded appearance
to the vitreous (fibrillar or type II vitreous).* Because the
collagen genes are large and difficult to screen for
mutations, the eye examination plays an important role
not only in making the diagnosis, but also in directing
genetic testing to COL2A1 (membranous vitreous) or
COL11A1 (fibrillar vitreous).®

Other ocular features are characteristic of Stickler
syndrome, but not diagnostic. The cataract is often
described as comma or wedge-shaped and can present in
childhood. Glaucoma has been observed, but does not
appear to be common in the absence of prior ocular
surgery. Radial perivascular chorioretinal degeneration is
commonly seen in adults.® This condition is different
from radial lattice degeneration that is also observed.”
Circumferential lattice degeneration is often observed.
The lattice degenerations have vitreous condensations
overlying the atrophic retina, that is absent in radial
perivascular chorioretinal degeneration. The optic nerve
is normal. Rhegmatogenous retinal detachment occurs in
over 50% of patients with Stickler syndrome. The retinal
breaks are often anterior giant retinal tears or posterior
breaks.

In addition to the genotype-phenotype correlation
seen with the vitreous appearance, families with
predominantly ocular Stickler syndrome are associated
with mutations in exon 2 of COL2A1.% In these families,
systemic features are uncommon.”'® Families with
COL2A1 without detectable systemic features have been
reported."
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Figure 1 Clinical features of Stickler syndrome type I (STL1)
and II (STL2). (a) Mid-face hypoplasia and micrognathia typical
of STL in a child with a premature stop codon mutation in exon
13 of COL2A1 reported by Faber et al.*” (b, c) The membranous
vitreous phenotype of STL1 (b) and the beaded phenotype of
type II disease (c) reported by Richards et al.® (d) Radial
perivascular pigmentary chorioretinal degeneration in an STL1
patient reported by Vu et al” All images are used with
permission of the publisher.
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Related chondrodysplasias with mutations in COL2A1
and COL11A1 may also present with vitreoretinal
degeneration. These include Kniest dysplasia (autosomal
dominant, short trunk dwarfism) and phalangeal
epiphysial dysplasia with brachydactyly (autosomal
dominant, normal stature) from COL2AI mutations.
Marshall syndrome arises due to mutations in COL11A1
and is distinguished by early and severe hearing loss
with more pronounced facial abnormalities including
severe mid-face hypoplasia, short nose, and anteverted
nares." Splicing mutations of 54 bp exons of COL11A1
appear to cause Marshall syndrome.'® Knobloch
syndrome is an autosomal recessive condition
characterized by vitreoretinal degeneration and
congenital occipital encephalocele that arises from
mutations in COL18A1.'¢

12,13

Pathophysiology and management

The ocular complications most commonly arise due to
reduced dosage (haploinsufficiency) of COL2A1 through
nonsense mutations. Cataract should be managed with
phacoemulsification and closed fluidics due to the lack of
vitreous support. Prophylactic cryotherapy was recently
reported to markedly reduce the risk of retinal
detachment in a retrospective study as mentioned
above.> Anterior retinal treatment that is contiguous or
dense in nature should be offered to affected members of
families around the age of 2 years. A correct diagnosis is
essential when offering prophylactic therapy, increasing
the importance of genetic testing and referral of new
cases to clinicians with expertise with these conditions.
Recently, autosomal recessive mutations in COL9AI were
reported to cause a Stickler-like condition."”

Although the description of the ophthalmic findings
did not appear to be classic for Stickler syndrome, this
report does raise the possibility that the risk for an
additional affected child could be much higher in rare
cases than would be expected for a new autosomal
dominant disease.

Enhanced S-cone syndrome and Goldmann-Favre
vitreotapetoretinal degeneration

Key features

Mutations in a retinal nuclear receptor (NR2E3) involved
in suppressing cone proliferation during retinal
development lead to a group of diseases usually referred
to as ESCS."® The classic presentation is nyctalopia with
cystoid macular abnormalities, pigmentary degeneration
along the arcades, or clumped peripheral retinal
pigmentation (Figure 2). The electroretinogram (ERG)
shows absent rod-isolated responses under dark
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Figure 2 Clinical features of enhanced S-cone syndrome (ESCS).
(a) Typical fundus appearance of a patient with a mutation in NR2E3
causing ESCS. Note the grouped pigment and relative sparing of the
macula reported by Nakamura et al.*® (b, c) Macular cysts typical of
ESCS as reported by Wright ef al* using optical coherence
tomography (b) and loss of normal retinal laminae as reported by
Jacobson et al (c).** (d) Enhanced S-cone electroretinogram (ERG) as
reported by Wright et al> The rod-isolated response (B, DA) is
reduced or absent while the combined rod—cone response in dark
adaptation (W, DA) and the cone response in light adaptation (W,

LA) show similar broadened, delayed, and largely negative
responses. All images are used with permission of the publisher.

8=

adaptation, while rod and cone dark-and light-adapted
waveforms are similar with delayed and broadened
responses.'? Very rare cases present with vitreoretinal
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degeneration, and these are referred to as Goldmann—
Favre. Thus, ESCS may best be categorized as a retinal
degeneration with macular and retinal degeneration,
rather than a vitreoretinal degeneration.

Clinical features

The classic presentation of ESCS is cystoid macular
changes with pigmentary retinal degeneration along the
arcades or in the periphery. Vitreous degeneration,
peripheral retinoschisis, and cataract are absent. More
advanced cases can show a diffuse retinal degeneration
with the formation of pigmentary clumps and present
with autosomal dominant retinitis pigmentosa.® The
most severe manifestation of mutations in NR2E3 is a
vitreoretinal degenerations with fibrillar degeneration of
the vitreous, early onset cataract, and diffuse retinal
degeneration with retinoschisis and peripheral clumped
retinal pigmentation.”' The ERG findings described in
the previous paragraph are shared between the various
presentations of NR2E3 mutations. In addition, S-cone
isolated responses are greater than normal, except in
advanced cases when the ERG may be extinguished. This
ESCS phenotype is associated with NR2E3 mutations in
95% or more of cases.”

Pathophysiology and management

In the presence of the cone rod homeobox protein (CRX),
NR2E3 binds to opsin promoters to promote
transcription of rhodopsin while repressing cone opsin
expression. In the absence of NR2E3, it is thought that
CRX and NRL leave immature rods with the option of
developing into S cones or degenerating.”® Degeneration
of the retina may lead to loss of retinal lamination on
optical coherence tomography.>* The classic ESCS fundus
may arise because the regions along and just outside the
arcades normally have the greatest density of rods and
thus are most susceptible to degeneration from cone-like
ESCS photoreceptors.*

Autosomal dominant vitreoretinochoroidopathy
Key features

Autosomal dominant vitreoretinochoroidopathy was
first reported in 1982 by Kaufman et al.*® The condition
arises due to mutations in the gene for Best disease
(VMD2).>® The characteristic feature is a peripheral
annular pigmentary dystrophy of the retina (Figure 3).
The light rise of the electrooculogram is decreased giving
a reduced Arden ratio.”

Eye



Inherited vitreoretinopathies
AO Edwards

[e)]

In-frame deletion

Figure 3 Autosomal dominant vitreoretinochoroidopathy (ADVIRC). (a) Classic fundus appearance for ADVIRC as first reported by
Kaufman ef al in 1982. Note the peripheral pigmentary band of retinal degeneration and the hypopigmented zone between relatively
normal and degenerated retina.” (b) Yardley et al*® proposed that missense mutations without altered splicing lead to Best disease,
while those with altered splicing that gives rise to protein products with in-frame deletions lead to ADVIRC. Note that heterozygous
patients with autosomal dominant ADVIRC are predicted to produce the wild-type protein, the missense protein, and one or more
proteins with in-frame deletions. All images are used with permission of the publisher.

Clinical features

The peripheral annular pigmentary dystrophy of the
retina is a band of chorioretinal atrophy extending from
the ora serrata to a variable degree posteriorly. The
posterior margin is typically anterior to the equator and
shows a distinct border between the anterior degenerated
retina and typically normal posterior retina. A
hypopigmented border may be present. Fibrillar vitreous
degeneration with vitreous cells may be present.
Neovascularization of the optic disc or posterior retinal
surface has been described in several patients and
vitreous haemorrhage may occur. Macular oedema may
be present. Some families exhibit congenital anterior
segment abnormalities including nanophthalmus,
microcornea, angle closure glaucoma, and congenital
cataract.”® Lattice degeneration and radial perivascular
retinal degeneration have not been observed,

although cataract and rarely retinal detachment may

be present. Although central visual function is usually
good, some patients may experience vision loss
associated with central depression of the multifocal
ERG.?® Full-field ERGs may be normal or reduced to a
variable degree. The histopathology for two patients has
been reported showing intraretinal migration of the
retinal pigment epithelium and deposition of
extracellular matrix.*

Pathophysiology and management
Yardley et al*® showed that single base pair sequence
variants that create both missense mutations and
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alternatively spliced messages give rise to ADVIRC.
These mutations lead to mutated VMD?2 protein products
with both amino-acid mutations and one or more in-
frame deletions. Alternatively, spliced products were not
observed with mutations in VMD2 that give rise to Best
disease. The frequent occurrence of choroidal
neovascularization in Best disease relative to other
macular dystrophies and the occurrence of retinal
neovascularization in ADVIRC suggest that Best disease
patients with neovascularization might have alternative
splicing. The author has successfully used intravitreally
delivered anti-vascular endothelial growth factor
antibodies in the management of the neovascular
complications of ADVIRC. Patients have been reported
in which retinal photocoagulation was applied to treat
retinal neovascularization, but the success of therapy is
unclear.®

The chromosome 5q retinopathies: Wagner syndrome,
Jansen syndrome, erosive vitreoretinopathy, and
related families

Key features

Wagner first reported this condition in a Swiss family in
1938.%' Mutations in a chondroitin sulphate proteoglycan
(CSPG2) that binds to hyaluronan in the vitreous were
first reported by Miyamoto in 2005.>* Wagner syndrome
is distinguished by a congenitally optically empty
vitreous with pre-retinal vitreous condensations.*
Pseudoexotropia and progressive chorioretinal
degeneration are typical findings (Figure 4).%>%*



Figure 4 Wagner syndrome (WGNT1). (a) Pseudostrabismus in
a patient reported by Meredith et al, a finding typical of Wagner
syndrome noted by Maumenee in 1982 in the original Wagner
family and recently by Miyamoto et al.****%” (b) Pre-retinal
membranes and chorioretinal atrophy in a patient with Wagner
syndrome due to a splicing mutation in versican (CSPG2)
reported by Meredith et al*” All images are used with
permission of the publisher.

Clinical features

Patients with Wagner syndrome present early in life with
pseudostrabismus from congenital temporal
displacement of the fovea and an optically empty central
vitreous cavity with pre-retinal membranes extending
from the posterior pole towards the periphery.** Some
authors have described fibrillary vitreous condensations.
Congenital abnormalities such as microphthalmia,
ectopia lentis, iris atrophy, persistent hyperplastic
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primary vitreous, and tractional retinal detachment were
reported in some families.?® Initially the vision is usually
normal, but progressive chorioretinal atrophy often
starting in the periphery leads to severe loss of vision.*
The rate of retinal detachment varies from a few percent
to 75% in some pedigrees.***® Nyctalopia can be present
early in life and final dark adaptation thresholds were
elevated in some reported patients. The ERG may be
normal early in life or shows reduction in the scotopic
b-wave; diffuse cone-rod loss ensues as chorioretinal
atrophy develops.* The visual field can show a ring
scotoma or advanced loss as the chorioretinal atrophy
progresses and the ERG can become extinguished.

Pathophysiology and management

Sequence variants in versican (CSPG2) have been
reported for the original Wagner family, a Japanese
family, three Dutch families, and a British family.>*>*"*
These sequence variants occurred at or near the
3'-acceptor splice site of intron 7. The mutations result in
a 40-fold or greater increase in the relative abundance of
the CSPG2 splice variants without exon 8, a 10-fold or
greater increase in forms without exon 7 or exon 8, and a
modest reduction in variants with exon 8. Even when a
mutation cannot be identified, the abnormal splicing can
be detected in patients with Wagner syndrome,
demonstrating that an undetected intronic variant is
probably causing the disease.®® These two exons (7 and 8)
contain the glycosaminoglycan attachment sites that
support chondroitin sulphate side chain aggregation. The
glycoprotein binds hyaluronate and link protein to form
large aggregates that support vitreous integrity. At
present, it is unknown if the altered protein isoforms that
may arise due to abnormal splicing can account for the
variability in phenotype expression or the congenital and
acquired features of the disease. Cataract and retinal
detachment in Wagner syndrome patients are managed
using standard approaches as discussed above.

Snowflake vitreoretinal degeneration
Key features

This condition was originally described by Hirose et al in
1974.%° Lee et al*! and Jiao et al*? re-examined the family
and localized the mutation to chromosome 2q36,
confirming that SVD is a distinct disease. The condition
arises due to a mutation in KCNJ13 disrupting the
selective transport of potassium through the channe
Although the term Snowflake has been used in some
reports of other families, at this time they do not appear
to be the same condition by clinical criteria or genetic
evaluation.' The key distinguishing features are fibrillar

1.43

L9

Eye



Inherited vitreoretinopathies
AO Edwards

[ee)

Figure 5 Snowflake vitreoretinal degeneration (SVD). A fun-
dus photograph of a patient in the original Snowflake family
first published by Hirose et al and re-assessed by Lee et al.***!
Note the flat dysmorphic optic nerve head, sheathing of vessels
on the optic nerve head, fibrillar degeneration of the vitreous,
and peripheral chorioretinal atrophy. All images are used with
permission of the publisher.

degeneration of the vitreous, optic nerve dysmorphism,
peripheral areas of retinal pigment epithelial
degeneration, corneal guttae, and retinal crystals
(Figure 5).

Clinical features

Snowflake vitreoretinal degeneration has the classical
features of the vitreoretinal degeneration including
optically empty vitreous, early onset cataract, and
perivascular retinal degeneration. There is a low rate of
retinal detachment, occurring in 20% of family
members.*! The vitreous degeneration is fibrillar to a
variable extent; the bands of condensed vitreous fibrils
may obscure fundus details and peripheral
condensations of vitreous on the retinal surface can be
observed. Lattice degeneration (radial or circumferential)
was not observed. The average spherical equivalent was
—2.90 dioptres indicating moderate myopia. Corneal
abnormalities have not been reported in the VRDs,
except for SVD in which corneal guttae identical in
appearance to Fuchs endothelial corneal dystrophy were
observed in the original family.*' The condition received
its name from the minute inner retinal crystals that can
be seen using a contact lens in some patients.*® Other
distinguishing features include a dysmorphic optic nerve
head that appears flat and often without a cup.
Parapapillary vascular sheathing and atrophy, as well as
waxy pallor may be present. Peripheral retinal pigment
epithelium degeneration in equatorial location may be
present. The vision is usually good, even though
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psychophysical testing shows elevated dark adaptation
and reduction of the scotopic b-wave in dim white
light.**

Pathophysiology and management

The mutation in KCNJ13 demonstrates that classical
vitreoretinal degeneration can arise from mutation in
genes that are not structural components of the vitreous.
The alteration in potassium transport provides a
mechanism for the electrophysiological abnormalities
seen in these patients, but further study is required for a
precise explanation. The localization of Kir7.1 (the
protein product of KCNJ13) to the retinal pigment
epithelium and internal limiting membranes suggests
that the mutation could alter development of the vitreous
through altering Muller cell function. At this time, no
specific management is available.

Autosomal recessively inherited vitreoretinal
dystrophy

Sarra et al*® reported an autosomal recessive inherited

vitreoretinopathy showing ocular phenotypic overlap
with Knobloch and Wagner syndromes. Macular atrophy,
fibrillar vitreous degeneration, ectopia lentis and
cataract, diffuse peripheral retinal degeneration, and
high myopia with retinal tears and detachment.
However, no systemic features were observed and
linkage analysis was not consistent with known

disease loci. The condition was linked to chromosome
22q13.%¢
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