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Summary

Clinical characteristics

NDP-related retinopathies typically involve bilateral and symmetric fibrovascular changes of the retina that are
evident at birth and usually progress through childhood or adolescence to cause varying degrees of visual
impairment. The spectrum of NDP-related retinopathies appears to be a continuum with considerable overlap,
ranging from Norrie disease, NDP-related persistent fetal vasculature, NDP-related familial exudative
vitreoretinopathy, NDP-related advanced retinopathy of prematurity, and NDP-related Coats disease. The eye
findings of Norrie disease, the first described and best characterized of these disorders, are typically bilateral
grayish-yellow, glistening, elevated retrolental masses composed of immature retinal cells usually visible through
clear lenses; foveal development is always incomplete. In addition, Norrie disease is the only NDP-related
retinopathy with associated extraocular findings, which can variably include cognitive disability, mental health
and behavior disorders, seizures, sensorineural hearing loss, and peripheral vascular disease.

Rarely, females who are heterozygous for an NDP pathogenic variant have clinical manifestations including
retinal and extraocular features that may vary between other family members heterozygous for the same NDP
pathogenic variant.

Diagnosis/testing

The diagnosis of an NDP-related retinopathy, an X-linked disorder, is established in a male proband with
suggestive clinical findings by identification on molecular genetic testing of a hemizygous pathogenic variant in
NDP; and in a female proband with suggestive clinical findings by identification of a heterozygous pathogenic
variant in NDP.
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Management

Treatment of manifestations: Based on a child's ocular findings, pediatric ophthalmologists and pediatric
vitreoretinal surgeons individualize management to reduce increased intraocular pressure to decrease the risk of
glaucoma; treat refractive errors and/or strabismus to optimize vision and ocular alignment; and discuss risks
and benefits of possible vision-saving surgical intervention. Other issues are addressed by multidisciplinary
specialists, typically: low-vision specialists, neurologists, pediatricians, developmental pediatricians, pediatric
sleep specialists, mental health specialists, physiatrists, occupational and physical therapists, audiologists, and
speech-language pathologists.

Surveillance: Routine monitoring of: ophthalmologic manifestations and low vision needs; hearing;
developmental progress and educational needs; neurologic and mental health manifestations; peripheral
vascular disease; and response to treatment.

Agents/circumstances to avoid: Situations that could exacerbate hearing loss such as loud noises and use of
listening devices that amplify sound.

Evaluation of relatives at risk: Clarify the genetic status of apparently asymptomatic older and younger at-risk
female relatives so that those with the familial NDP pathogenic have the option to undergo fluorescein
angiography to detect peripheral retinal vascular changes that may require close monitoring and/or prophylactic
laser photocoagulation to decrease the risk of neovascularization and vitreoretinal traction.

Genetic counseling

NDP-related retinopathies are inherited in an X-linked manner. The majority of affected males have the disorder
as the result of an NDP pathogenic variant inherited from their mother. If the mother of the proband has an
NDP pathogenic variant (i.e., is a carrier), the chance of transmitting it in each pregnancy is 50%: males who
inherit the pathogenic variant will be affected; females who inherit the pathogenic variant will be heterozygous
and may rarely have clinical manifestations. Affected males transmit the NDP pathogenic variant to all of their
daughters and none of their sons. Once the NDP pathogenic variant has been identified in an affected family
member, testing for females at risk of being carriers and prenatal and preimplantation genetic testing are
possible.

GeneReview Scope
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o Norrie disease (classic Norrie disease ocular phenotype with or without extraocular findings)
o NDP-related persistent fetal vasculature (PFV)

o NDP-related familial exudative vitreoretinopathy (FEVR)

o NDP-related advanced retinopathy of prematurity (ROP)

o NDP-related Coats disease

For synonyms and outdated names see Nomenclature.
1. For other genetic causes of these phenotypes see Differential Diagnosis

Diagnosis

Suggestive Findings

An NDP-related retinopathy should be suspected in a male infant with the following ocular findings and family
history.
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Ocular findings. The following spectrum of typically bilateral and symmetric fibrovascular changes of the retina
are evident at birth and usually progress through childhood or adolescence to cause varying degrees of visual
impairment:

« Norrie disease
o Retrolental grayish-yellow fibrovascular masses composed of immature retinal cells
(pseudogliomas) secondary to retinal vascular dysgenesis
o Retinal detachment
o Cataract
o Infantile blindness
o NDP-related persistent fetal vasculature (PFV; formerly referred to as persistent hyperplastic primary
vitreous [PHPV]). Fibrotic white stalk with hyaloid vessel remnants extending from optic disc to posterior
lens capsule with or without cataract
o NDP-related bilateral familial exudative vitreoretinopathy (FEVR). Peripheral retinal avascularity with
or without congenital retinal folds, temporal dragging of the macula, retinal neovascularization, and
fibrovascular scarring at the ora serrata
o NDP-related advanced retinopathy of prematurity (ROP). Fibrovascular proliferation, end-stage
retrolental fibroplasia, retinal detachment secondary to vitreoretinal traction, and retinal
neovascularization
o NDP-related Coats disease. Unilateral retinal telangiectasia, exudation with or without retinal
detachment, and subretinal fibrosis

Family history is consistent with X-linked inheritance (e.g., no male-to-male transmission). Absence of a known
family history does not preclude the diagnosis (see Genetic Counseling).

Establishing the Diagnosis

The diagnosis of an NDP-related retinopathy is established in a male proband with suggestive clinical findings
by identification of a hemizygous pathogenic (or likely pathogenic) variant in NDP on molecular genetic testing,
and in a female proband with suggestive findings and a heterozygous pathogenic (or likely pathogenic) variant
in NDP identified by molecular genetic testing (see Table 1).

Note: (1) Per ACMG/AMP variant interpretation guidelines, the terms "pathogenic variants” and "likely
pathogenic variants” are synonymous in a clinical setting, meaning that both are considered diagnostic and both
can be used for clinical decision making [Richards et al 2015]. Reference to "pathogenic variants” in this section
is understood to include any likely pathogenic variants. (2) Identification of a hemizygous NDP variant of
uncertain significance does not establish or rule out the diagnosis of an NDP-related retinopathy.

Molecular genetic testing approaches can include a combination of gene-targeted testing (single-gene testing,
multigene panel) and comprehensive genomic testing (exome sequencing, genome sequencing) with
consideration of chromosome microarray to establish breakpoints in the event of a whole-gene deletion.

Gene-targeted testing requires that the clinician determine which gene(s) are likely involved (see Option 1),
whereas genomic testing does not (see Option 2).

Option 1

When the phenotypic findings and family history suggest the diagnosis of an NDP-related retinopathy,
molecular genetic testing approaches can include single-gene testing or use of a multigene panel:
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« Single-gene testing. Sequence analysis of NDP is performed first to detect small intragenic deletions/
insertions and missense, nonsense, and splice site variants. Note: Depending on the sequencing method
used, single-exon, multiexon, or whole-gene deletions/duplications may not be detected.

If no variant is detected by the sequencing method used, the next step is to perform gene-targeted
deletion/duplication analysis to detect exon and whole-gene deletions or duplications.

« A multigene panel that includes NDP and other genes associated with overlapping ocular phenotypes (see
Differential Diagnosis) is most likely to identify the genetic cause of the condition while limiting
identification of variants of uncertain significance and pathogenic variants in genes that do not explain the
underlying phenotype. Note: (1) The genes included in the panel and the diagnostic sensitivity of the
testing used for each gene vary by laboratory and are likely to change over time. (2) Some multigene
panels may include genes not associated with the condition discussed in this GeneReview. (3) In some
laboratories, panel options may include a custom laboratory-designed panel and/or custom phenotype-
focused exome analysis that includes genes specified by the clinician. (4) Methods used in a panel may
include sequence analysis, deletion/duplication analysis, and/or other non-sequencing-based tests.

For an introduction to multigene panels click here. More detailed information for clinicians ordering
genetic tests can be found here.

Option 2

Comprehensive genomic testing does not require the clinician to determine which gene(s) are likely involved.
Exome sequencing is most commonly used; genome sequencing is becoming more available. Note: Unlike
exome sequencing, genome sequencing can identify variants outside of the coding region. Although most
confirmed pathogenic variants identified by genome sequencing are within exons [Taylor et al 2015], a
pathogenic variant has been detected in the noncoding region of NDP [Daich Varela et al 2023].

For an introduction to comprehensive genomic testing click here. More detailed information for clinicians
ordering genomic testing can be found here.

Table 1. Molecular Genetic Testing Used in NDP-Related Retinopathies

Proportion of Probands with a Pathogenic

1
Gene Method Variant 2 Detectable by Method
Sequence analysis 2 ~80% 4>
NDp Gene-targeted deletion/duplication 0% 4
analysis © ’

1. See Table A. Genes and Databases for chromosome locus and protein.

2. See Molecular Genetics for information on variants detected in this gene.

3. Sequence analysis detects variants that are benign, likely benign, of uncertain significance, likely pathogenic, or pathogenic. Variants
may include small intragenic deletions/insertions and missense, nonsense, and splice site variants; typically, exon or whole-gene
deletions/duplications are not detected. For issues to consider in interpretation of sequence analysis results, click here.

4. Schuback et al [1995], Royer et al [2003], Smith et al [2012]

5. A noncoding variant in an untranslated region outside of the exon and splice junction regions typically included in standard
sequencing has been observed in NDP [Daich Varela et al 2023].

6. Gene-targeted deletion/duplication analysis detects intragenic deletions or duplications. Methods used may include a range of
techniques such as quantitative PCR, long-range PCR, multiplex ligation-dependent probe amplification (MLPA), and a gene-targeted
microarray designed to detect single-exon deletions or duplications.


https://www.ncbi.nlm.nih.gov/books/n/gene/app5/#app5.Multigene_Panels
https://www.ncbi.nlm.nih.gov/books/n/gene/app5/#app5.Multigene_Panels_FAQs
https://www.ncbi.nlm.nih.gov/books/n/gene/app5/#app5.Comprehensive_Genomic_Testing
https://www.ncbi.nlm.nih.gov/books/n/gene/app5/#app5.Comprehensive_Genomic_Testing_1
https://www.ncbi.nlm.nih.gov/books/n/gene/app2/

NDP-Related Retinopathies 5

Clinical Characteristics

Clinical Description

NDP-related ocular phenotypes typically involve bilateral and symmetric fibrovascular changes of the retina that
are evident at birth and usually progress through childhood or adolescence to cause varying degrees of visual
impairment. The NDP-related ocular phenotypes appear to be a continuum with considerable overlap: Norrie
disease, NDP-related persistent fetal vasculature (PFV), NDP-related familial exudative vitreoretinopathy
(FEVR), NDP-related advanced retinopathy of prematurity (ROP), and NDP-related Coats disease [Black et al
1999, Dickinson et al 2006] (Table 2).

Table 2. NDP-Related Retinopathies: Ocular Phenotypes
Phenotype Ocular Findings / Age Progression / Age Vision

Cataract, posterior synechiae (iris-to-
Grayish-yellow fibrovascular masses  lens adhesions), anterior synechiae

of immature retinal cells (iris-to-cornea adhesions), iris atrophy,
L ("pseudoglioma") behind lens (i.e., shallowing of anterior chamber, corneal Severely impaired or
Norrie disease . . e . .
retrolental), bilateral total retinal opacification, band keratopathy;, absent light perception
detachments (frequent) / shrinking of globe secondary to loss of
0-3 mos intraocular pressure (phthisis bulbi) /

3 mos to 8-10 yrs

Fibrotic white stalk w/hyaloid vessel
remnants extending from optic disc
NDP-related PFV 1 to posterior lens capsule (unilateral or

Cataract, growth restriction of globe,
vitreoretinal traction, retinal exudation,
retinal detachment, secondary

Varying impairment;
amblyopia common if left

bilateral) / untreated
1 , phthisis bulbi
Birth glaucoma, phthisis bulbi
Peripheral retinal avascularity = Retinal ischemia & neovascularization,
congenital retinal folds, temporal retinal detachment (tractional &/or Mild-to-severe
NDP-related FEVR 2 macular dragging, fibrovascular exudative; may be unilateral), impairment
scarring at ora serrata / subretinal exudation or hemorrhage / P
Birth <20 yrs
Retinal neovascularization,
traretinal fib 1
NDP-related advanced <~ rjare m,a rovascuiar Partial (Stage 4) or complete (Stage 5)  Mildly impaired-to-absent
ROP 3 proliferation, end-stage retrolental retinal detachment light perception
fibroplasia, vitreoretinal traction / ghtpercep
Premature birth
P i lar leakage, inal
NDP-related Coats Unilateral retinal telangiectasia, FOBTEOSIVE vascuiat feaage subretina N
disease 4 exudation exudation & fibrosis, retinal Normal to impaired

detachment (often exudative)

FEVR = familial exudative vitreoretinopathy; PFV = persistent fetal vasculature; ROP = retinopathy of prematurity

1. Shastry [2009]

2. NDP pathogenic variants are commonly identified in clinically diagnosed X-linked familial exudative vitreoretinopathy [Nikopoulos
et al 2010, Yang et al 2012, Han et al 2020].

3. In rare cases NDP pathogenic variants have been identified in those with an advanced retinopathy of prematurity phenotype
[Hiraoka et al 2010, Li et al 2020].

4. In a family with an NDP pathogenic variant, a female heterozygote had a mosaic phenotype (Coats disease), and her sons had classic
ocular findings of Norrie disease [Black et al 1999]. This has been the only report published to date of Coats disease and an NDP
pathogenic variant.
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Norrie Disease

Ocular findings. The ocular findings in Norrie disease are the first described and best characterized eye findings
of the NDP-related retinopathies.

In newborns and infants, the classic finding is a grayish-yellow, glistening, elevated retrolental mass composed of
immature retinal cells that is usually visible through a clear lens in both eyes. These masses are referred to as
"pseudogliomas” because they resemble tumors such as retinoblastoma. There is retinal dysplasia and incomplete
foveal development in all cases. Partial or complete retinal detachments are often present at birth in both eyes. If
not present at birth, retinal detachments may evolve over the first few months of life.

Nystagmus is common secondary to profound, bilateral vision loss [Smith et al 2012].

The irides, anterior chambers, and corneal diameter may be abnormal in size and appearance as a result of
anterior segment dysgenesis.

The size of the globe may be normal, smaller (microphthalmia), or enlarged (buphthalmos).

Intraocular pressure is often normal at birth but can become elevated (i.e., secondary glaucoma) as a result of
malformations of the anterior chamber and angle resulting in impaired outflow through the trabecular
meshwork. Other consequences of impaired outflow include buphthalmos, pain, and further progression of
vision loss.

From infancy through childhood, progressive changes typically include opacification of the lens (cataract) and
cornea, atrophy or hypoplasia of the iris with adhesions forming between the lens and the iris (posterior
synechiae) and between the iris and the cornea (anterior synechiae), and shallowing of the anterior chamber.
Hemorrhagic necrosis of the undifferentiated retinal masses can occur.

These changes are followed by corneal opacification (e.g., band keratopathy), loss of intraocular pressure
(hypotony), and shrinkage of the globe (phthisis bulbi) usually within the first decade of life. In the end stage of
the Norrie disease ocular phenotype, the corneas appear milky and opacified, and the globes appear small and
sunken in the orbits [Drenser et al 2007].

The majority of affected males lose all light perception during the first year of life.
Extraocular findings

 Cognitive disability. In a large series, 14 of 51 of males with the Norrie disease phenotype had
developmental delay / intellectual disability [Smith et al 2012].

« Mental health and behavior. While most affected individuals are cognitively normal and develop healthy
relationships, nearly all report a period of depression coincident with the onset of hearing loss. For
individuals who are blind, becoming deaf-blind results in increased social isolation. Autism spectrum
disorder has been reported in one third of affected individuals. Emotional lability has been reported in up
to one fourth of affected individuals. In one large series, only one individual was reported with mental
illness [Smith et al 2012].

« Seizures have been reported in 16 of 56 individuals with Norrie disease. Spontaneous resolution of
seizures was reported in 50% [Smith et al 2012].

 Auditory findings. Hearing initially waxes and wanes, followed by slow deterioration over time. By the
late teenage years, 42 of 56 males with Norrie disease in one report had hearing loss, with an increase to
80%-90% by their late 20s (Figure 1) [Smith et al 2012].
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In a report of six affected males, onset of hearing loss ranged between ages three and 35 years [Bryant et al
2022]. Audiograms showed significant fluctuation: one individual had an abnormal audiogram at age
eight years, a normal audiogram at age nine years, and subsequently abnormal audiograms at age 10 years
and thereafter.

Speech discrimination is relatively well preserved even when the threshold hearing loss is severe [Halpin
et al 2005, Halpin & Sims 2008]. Ear fullness ("stuffiness") and tinnitus were also reported [Smith et al
2012].

Hearing loss typically progresses over time. Three individuals whose hearing loss progressed over time
reported significantly improved quality of life after cochlear implantation [Smith et al 2012, Bryant et al
2022].

o Peripheral vascular disease (Figure 2) includes the following [Michaelides et al 2004, Smith et al 2012]:

o Varicosities in the lower extremities followed by development of stasis ulcers have been reported in
nearly half of all affected males more than 16 years old.
o Erectile dysfunction has been reported in 14 of 20 adults.

o Intra- and interfamilial phenotypic variability has been noted in the Norrie disease retinal phenotype
[Wu et al 2007] and its extraocular manifestations [Khan et al 2004, Allen et al 2006]. Although variable
intellectual disability was noted in one of two brothers [Zhang et al 2013], in other reports of multiple
brothers with Norrie disease all had intellectual disability [Arai et al 2014].

« Life span may be shortened by general risks associated with intellectual disability, blindness, and/or
hearing loss, such as increased risk of trauma, complications related to a seizure disorder, and peripheral
vascular disease.

NDP-Related Persistent Fetal Vasculature (PFV)

Formerly referred to as persistent hyperplastic primary vitreous (PHPV), PFV is characterized by a fibrotic white
stalk with hyaloid vessel remnants extending from the optic disc to the posterior lens capsule. NDP-related PFV
may be unilateral or bilateral. The retina may be in folds or detached as a result of vitreoretinal traction from the
stalk. The lens may or may not be clear.

If a stalk persists without surgical intervention, restricted growth of the globe through childhood can lead to
further vitreoretinal traction, retinal exudation, retinal detachment, secondary glaucoma, and/or phthisis bulbi.
The anterior segment, pars plana, and vitreous base are often malformed with anteriorization of retinal tissue
past the ora serrata, which increases the complexity of surgical procedures. Although progression to complete
retinal detachment has been described, it is not clear if such progression always occurs [Wu et al 2007].

NDP-Related X-Linked Familial Exudative Vitreoretinopathy (FEVR)

NDP-related X-linked FEVR is characterized by premature arrest of vascularization of the retina resulting in
peripheral retina avascularity of both eyes. This avascular zone may be the only retinal finding; however, when
more severe, congenital falciform retinal folds are present, and the macula may be dragged temporally, leading to
macula displacement (i.e., macular ectopia) [Shute & McLoone 2022, Yang et al 2022].

Peripheral retinal ischemia may lead to retinal or extraretinal neovascularization. Such eye findings may
progress to retinal detachment either through increasing traction on the retina from progressive fibrovascular
changes in the temporal retinal periphery or through exudation of serous fluid by the fragile capillaries in the
abnormal peripheral retinal vasculature. Retinal detachment can be accompanied by a decrease in central visual
acuity as a result of macular involvement. Stage 5 total retinal detachments may be indistinguishable from the
Norrie disease ocular phenotype; however, NDP-related FEVR is typically nonsyndromic (not associated with,
e.g., hearing loss, intellectual disability, seizures).
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Figure 1. Hearing loss by age group in a subset of affected males enrolled in the Norrie Disease Registry (n=56) [Smith et al 2012]
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Figure 2. Peripheral vascular disease by age group in a subset of affected males enrolled in the Norrie Disease Registry (n=56) [Smith et
al 2012]

Variable expressivity of NDP-related FEVR includes asymmetry of ophthalmologic findings and/or intrafamilial
variability among families with the same NDP pathogenic variant.

NDP-Related Advanced Retinopathy of Prematurity (ROP)
NDP-related advanced ROP (Stage 4B/5) involves retinal changes similar to those found in NDP-related FEVR.

Pathogenic variants in NDP were identified in four of 16 premature infants with advanced ROP that resembled
the Norrie disease ocular phenotype [Hiraoka et al 2001]. A study of 17 infants with advanced ROP identified
one infant with an NDP pathogenic variant in the 5' UTR [Hiraoka et al 2010]. More recently, three of nine
infants with atypical ROP had hemizygous pathogenic NDP variants; the remainder had pathogenic variants in
other genes associated with FEVR [Li et al 2020].
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NDP-Related Coats Disease

NDP-related Coats disease is an exudative proliferative vasculopathy with onset usually in infancy or childhood,
and typically before age 20 years. Retinal vascular changes include telangiectasias, venous and capillary fusiform
dilatation, and microaneurysms. Subretinal lipid exudate and retinal hemorrhage are observed, usually in the
macula and/or superotemporal regions. Exudative retinal detachment and decreased retinal capillary perfusion
may occur. Other complications can include iridocyclitis, cataract, and/or neovascular glaucoma. One woman
with NDP-related Coats disease had a son with the Norrie disease ocular phenotype [Black et al 1999].

Heterozygous Females

Clinical manifestations in heterozygous females are rare and usually presumed to be secondary to non-random
(unfavorable) X-chromosome inactivation. NDP-related ocular manifestations in heterozygous females have
included:

 Retinal detachment, peripheral retinal avascularity, neovascularization, exudation, and high hyperopia
[Lin et al 2010, Parzefall et al 2014], and associated vision loss [Yamada et al 2001];
 Extraocular findings that include mild sensorineural hearing loss [Halpin et al 2005].

Phenotypic expression has also been reported in two women with an X-autosome translocation [Meire et al
1998].

Intrafamilial variability may be observed among heterozygous female family members. In one family segregating
an NDP pathogenic variant, the maternal grandmother had Norrie disease with bilateral congenital blindness
and progressive hearing loss, whereas a daughter heterozygous for the same NDP pathogenic variant was
unaffected [Shastry et al 1999].

Genotype-Phenotype Correlations
The Norrie disease ocular phenotype, especially at birth, is more severe than that of NDP-related FEVR.

» NDP variants affecting the cysteine knot domain of the norrin protein result in Norrie disease ocular
phenotypes and, possibly, phenotypic expression in heterozygous females [Wu et al 2007, Lin et al 2010,
Parzefall et al 2014].

« In contrast, males with non-cysteine variants (which do not affect the tertiary structure of the protein)
usually have the less severe ocular findings more consistent with NDP-related FEVR, including avascular
peripheral retina, abnormal retinal vasculature, and subretinal exudation [Wu et al 2007].

Nomenclature

The term "Norrie disease” used in the literature typically refers to the classic Norrie disease ocular phenotype
occurring with or without extraocular features.

Outdated names for Norrie disease include Anderson-Warburg syndrome, atrophia bulborum hereditarian,
Episkopi blindness, Norrie-Warburg syndrome, and pseudoglioma congenita.

Persistent fetal vasculature (PFV) was formerly referred to as persistent hyperplastic primary vitreous (PHPV).

NDP-related familial exudative vitreoretinopathy may also be referred to as X-linked familial exudative
vitreoretinopathy.

Prevalence

No incidence or prevalence figures for NDP-related retinopathies are available.
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In one academic institution with a large pediatric retina practice, 109 individuals with vitreoretinopathies were
enrolled in a three-year prospective study. Eleven of the 109 individuals had NDP pathogenic variants: five with
NDP-related Norrie disease, one with bilateral NDP-related PFV, four with NDP-related FEVR, and one with
NDP-related advanced ROP [Wu et al 2007].

Norrie disease has been reported in many populations, including northern and central European, American of
European descent, African American, French Canadian, Hispanic, Chinese, Iranian [Talebi et al 2018], Indian
[Ghosh et al 2012, Sudha et al 2018], and Japanese.

Genetically Related (Allelic) Disorders

No phenotypes other than those discussed in this GeneReview are known to be associated with intragenic
germline pathogenic variants in NDP.

Xp11.3 contiguous gene deletions

« Deletions extending beyond NDP are associated with phenotypes more severe than those of intragenic
NDP pathogenic variants [Suarez-Merino et al 2001, Wu et al 2007].

o Deletions including NDP as well as MAOA, MAOB, and EFHC2 may be associated with more complex
and variable phenotypes ranging from isolated ocular features of congenital blindness and leukocoria to
syndromic findings including intellectual disability, epilepsy, and microcephaly [Sims et al 1989,
Rodriguez-Revenga et al 2007, Smith et al 2012, Jia et al 2017, Bortolato et al 2018].

Differential Diagnosis
Table 3. Genes of Interest in the Differential Diagnosis of NDP-Related Retinopathies
Gene(s) Disorder MOI Overlapping Clinical Feature(s) Comment

Autosomal recessive PFV . L
ATOH7 (OMIM 221900) AR PFV To be considered in diffdx of PFV

Cataract, synechiae, retinal

. neovascularization, vitreoretinal  Significant uveitis is a hallmark finding in
Autosomal dominant

neovascular inflammator traction, fibrovascular ADNIV (not seen in ND). There are no
CAPN5 . . y AD  proliferation, vitreous findings at birth in ADNIV: early signs can
vitreoretinopathy (ADNIV) . . .
hemorrhage, tractional retinal be detected in adolescents, but most persons

(OMIM 193235) detachment, phthisis, & loss of w/ADNIV present as adults.

light perception in late stages

CTNNBI-related NDD is assoc w/mild-to-
profound cognitive impairment in all
Assoc w/exudative persons. Other common findings: truncal
vitreoretinopathy in some persons hypotonia, peripheral spasticity, dystonia,
behavioral issues, microcephaly, & refractive
errors & strabismus.

CTNNBI-related
CTNNBI neurodevelopmental disorder AD
(NDD) !

CTNNBI
FZD4 . . . .1
LRP5 Nonsyndromic FEVR (OMIM AD FEVR, retinal detachment, retinal Genes should be incl in targeted panel for
2 ips
TSPANI2 PS133780) AR # vascular abnormalities FEVR.
ZNF408
Microcephaly-lymphedema- KIF11 pathogenic Variants. can cause
KIF11 chorioretinopathy (OMIM AD FEVR nonsyndromic ocular findings or be assoc

w/microcephaly, peripheral lymphedema,

152
52950) DD, & brain anomalies.


https://omim.org/entry/221900
https://omim.org/entry/193235
https://www.ncbi.nlm.nih.gov/books/n/gene/ctnnb1-ndd/
https://www.ncbi.nlm.nih.gov/books/n/gene/ctnnb1-ndd/
https://omim.org/phenotypicSeries/PS133780
https://omim.org/entry/152950
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Table 3. continued from previous page.

Gene(s) Disorder MOI Overlapping Clinical Feature(s) Comment
Pseudoglioma, FEVR; common to
LRP5 Osteoporosis pseudoglioma AR have severe exudative Low bone density & fractures are not typical
syndrome (OMIM 259770) vitreoretinopathy & congenital in ND.
blindness
RB must be considered in diffdx of ND, esp
in setting of unilateral pseudoglioma.
Leukocoria. pseudoslioma Fundoscopic exam by retina specialist &/or
RBI Retinoblastoma (RB) AD P & ’ ocular oncologist can distinguish between

cataract, strabismus RB & ND. Ultrasonography & head CT

imaging show highly reflective foci in RB,
consistent w/calcium deposits.

AD = autosomal dominant; AR = autosomal recessive; DD = developmental delay; diffdx = differential diagnosis; MOI = mode of
inheritance; FEVR = familial exudative vitreoretinopathy; ND = Norrie disease; PFV = persistent fetal vasculature

1. Dixon et al [2016], Coussa et al [2020]

2. Inheritance is autosomal dominant with the exception of LRP5-related FEVR, which can be inherited in an autosomal dominant or
autosomal recessive manner (OMIM 601813).

Retinopathy of prematurity (ROP). The retinal findings in the Norrie disease ocular phenotype can mimic
persistent fetal vasculature (PFV) and ROP. ROP - previously described as retrolental fibroplasia — typically
occurs in infants with prematurity and low birth weight. Although ROP is still a leading cause of preventable
childhood blindness worldwide, improved oxygen supplementation protocols in preterm neonates have resulted
in a decreased incidence of ROP. Thus, bilateral advanced ROP with or without hearing loss in a preterm child
should raise suspicion of a possible genetic component.

Management

No clinical practice guidelines for NDP-related retinopathies have been published.

Evaluations Following Initial Diagnosis

To establish the extent of disease and needs in an individual diagnosed with an NDP-related retinopathy, the
evaluations summarized in Table 4 (if not performed as part of the evaluation that led to the diagnosis) are
recommended.

Table 4. Recommended Evaluations Following Initial Diagnosis in Individuals with NDP-Related Retinopathies
System/Concern  Evaluation Comment

Constitutional ~ Height, weight, head circumference ~ Perform at time of clinic eval.


https://omim.org/entry/259770
https://www.ncbi.nlm.nih.gov/books/n/gene/retinoblastoma/
https://omim.org/entry/601813
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Table 4. continued from previous page.

System/Concern

Ophthalmologic
involvement

Neurologic !

Development !

Psychiatric/
Behavioral 1

Musculoskeletal/
ADL!

Hearing 1

Peripheral
vascular
disease !

Genetic

counseling

Family support
& resources

Evaluation

By pediatric ophthalmologist

By retina specialist &/or ophthalmic
geneticist

Need for early educational
intervention for low vision &/or low
vision clinic

Neurologic eval

Developmental assessment

Mental health eval by pediatrician
&/or developmental pediatrician

Orthopedics / physical medicine &
rehab / PT & OT eval

Audiologic eval

History & physical findings for
peripheral vascular disease after age
15 yrs

By genetics professionals 2

By genetics professionals 2 or primary
care

GeneReviews®

Comment

Assess best corrected visual acuity, abnormal ocular movement &
alignment (strabismus), intraocular pressure, refractive error.

Usually referred by pediatric ophthalmologist if concern for retinal
pathology on initial eye exam:

o Perform ultrasonography to identify retinal detachment when
media opacities are present.

o Perform fluorescein angiography of fundus to identify areas of
avascularity &/or vascular abnormalities.

+ Assess need for intervention (e.g., surgery, laser, intravitreal
injection).

Refer to early intervention low vision services in infancy, esp when visual
impairment is severe.

¢ Brain MRI
o Consider EEG if seizures are a concern.

o Motor, adaptive, cognitive, & speech-language eval
« Eval for early intervention / special education

« Screen all children (regardless of age) for sleep disturbances, as
infants w/no light perception may need consultation w/sleep
specialist & possible systemic treatment.

o For persons >12 mos: screen for behavior concerns incl ADHD,
anxiety, &/or findings suggestive of ASD.

Incl assessment of:

« Gross motor & fine motor skills

o Mobility, ADL, & need for adaptive devices

o Need for PT (to improve gross motor skills) &/or OT (to improve
fine motor skills)

Assess for hearing loss & need for early intervention program.

« Skin exam for evidence of peripheral vascular-related changes
o In adult males, history of erectile dysfunction

To inform affected persons & their families re nature, MOI, &
implications of NDP-related retinopathies to facilitate medical & personal
decision making

o Referral to online resources and support organizations
o Referral to state services for the blind or deaf-blind

o Ongoing coordinated care through specialized clinics
o Social services

3

ADHD = attention-deficit/hyperactivity disorder; ADL = activities of daily living; ASD = autism spectrum disorder; MOI = mode of
inheritance; OT = occupational therapy; PT = physical therapy

1. Applies for all males with the Norrie disease ocular phenotype and any person with an NDP-related retinopathy who has extraocular
manifestations needing further evaluation

2. Medical geneticist, certified genetic counselor, certified advanced genetic nurse

3. Sowden et al [2020]
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Treatment of Manifestations

Ocular Manifestations

Pediatric ophthalmologists and pediatric vitreoretinal surgeons must individualize management based on a
child's ocular development and anatomy. Early intervention, ideally at the time of diagnosis, can be vision
saving.

 Reduction of the intraocular pressure to decrease the risk of glaucoma may require use of topical or
systemic agents.

« A pediatric ophthalmologist should manage refractive errors and/or strabismus to optimize vision and
ocular alignment.

« A pediatric vitreoretinal surgeon, when appropriate, should discuss risks and benefits of surgical
intervention. Operating on a less developed eye, especially one with retinal dysplasia and/or other
abnormalities, leaves minimal room for error. Advanced vitreoretinopathy with significant retinal
dysplasia may be too severe to merit surgical intervention.

The following information represents additional management recommendations, albeit generalized, for the
ocular manifestations of the NDP-related retinopathies.

Norrie disease. Because the majority of individuals with Norrie disease have complete retinal detachment at
birth, surgical interventions may not help preserve sight. As untreated eyes often progress to phthisis with no
light perception, some vitreoretinal surgeons and parents may choose to proceed with surgery in young children
with the goal to maintain eye size and/or appearance or to preserve visual function, even if limited to light
perception.

Individuals with Norrie disease who do not have complete retinal detachment may benefit from surgery and/or
laser therapy per the following reports:

« Laser ablation of the avascular retina in both eyes of a two-day-old infant after planned delivery at 34
weeks' gestation (following exclusion of retinal detachment by fetal ultrasonography at 28 and 33 weeks'
gestation) revealed complete attachment of the retinas in both eyes at age ten months [Sisk et al 2014].

Following successful prophylactic laser photocoagulation at birth at 37 weeks' gestation, Teller visual
acuity testing at age 23 months revealed age-appropriate vision of 20/100 [Chow et al 2010].

Thus, families may wish to consider the option of preterm genetic testing, and retinal laser treatment of an
affected male immediately after birth with the intent to preserve vision.

« Inaretrospective review of medical records in a tertiary care pediatric retinal clinical practice
(1988-2008), seven of 14 male infants with the Norrie disease ocular phenotype who underwent
vitrectomy by age 12 months (median 4.5 months) had documented maintenance of light perception in at
least one eye [Walsh et al 2010].

« When translimbal iridectomy, lensectomy, capsulectomy, and vitrectomy are indicated, it is recommended
that extreme caution be used to avoid intraoperative traction. When there is a total retinal detachment
(Stage 5), the lens and capsule should be removed to eliminate a scaffold for anterior proliferation and to
avoid iatrogenic breaks.

« Early simultaneous intervention in both eyes is feasible and safe for children with bilateral vitreoretinal
involvement in order to avoid a second anesthesia [Yonekawa et al 2016].

In the progressive stage of the ocular findings of Norrie disease, development of increased intraocular pressure
may require medications and/or surgical intervention.
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Rarely, enucleation is required to control pain in a blind eye caused by hypotony/phthisis.

NDP-related persistent fetal vasculature (PFV). The PFV (formerly referred to as persistent hyperplastic
primary vitreous [PHPV]) stalk between the retina and the lens restricts growth of the globe, often requiring
surgical intervention to sever this connection. The complexity of this surgical procedure is increased when
anteriorization of retinal tissue past the ora serrata has caused malformation of the anterior segment, pars plana,
and vitreous base. Thus, the surgeon has to distinguish the PFV stalk from any retinal fold(s), as cutting the
retinal tissue posteriorly can lead to proliferative vitreoretinopathy and/or retinal detachment.

NDP-related familial exudative vitreoretinopathy (FEVR)

« Prophylactic laser photocoagulation of avascular peripheral retina at the time of diagnosis can decrease
the production of vascular endothelial growth factor (VEGF) and decrease the risk of neovascularization
and vitreoretinal traction.

« Early careful surgical dissection of tractional tissues can potentially result in good anatomic outcomes
with FEVR-associated retinal detachment.

NDP-related advanced retinopathy of prematurity (ROP)

« Management is similar to that for NDP-related FEVR with prophylactic laser photocoagulation of
avascular peripheral retina and surgical dissection of tractional tissues when vitreoretinal traction (usually
temporally) is significant.

« Severing transvitreal traction vectors should guide surgical management of extrafoveal retinal detachment
(Stage 4A), subtotal foveal-involving retinal detachment (Stage 4B), and total retinal detachment (Stage 5).

 Because children born preterm have an increased prevalence of all refractive errors (especially myopia,
and especially after laser treatment), these should be diagnosed and managed promptly to decrease the
risk of amblyopia.

NDP-related Coats disease

« Laser photocoagulation (directed to telangiectatic vessels, microaneurysms, and avascular areas of
peripheral retina) may be warranted when there is significant subretinal exudation and/or hemorrhage
that affects the macula.

« Anti-VEGF agents (e.g., bevacizumab) have been increasingly used to control the exudative process in
Coats disease.

Extraocular Manifestations

Treatment involves a multidisciplinary team, typically including low-vision services, neurologists, pediatricians,
developmental pediatricians, pediatric sleep specialists, mental health specialists, physiatrists, occupational and
physical therapists, audiologists, and speech-language pathologists (Table 5).

Table 5. Treatment of Manifestations in Individuals with NDP-Related Retinopathies
Manifestation/Concern Treatment Considerations/Other

+ Children: through early intervention programs
&/or school district

Low vision Low vision services . . b
Wy Wy M o Adults: low vision clinic &/or community vision
services / OT / mobility services
« Many ASMs may be effective; none has been
Seizures Standardized treatment w/ASM by experienced demonstrated effective specifically for this
neurologist disorder.

« Education of parents/caregivers !
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Table 5. continued from previous page.
Manifestation/Concern Treatment Considerations/Other

Developmental delay / See Developmental Delay / Intellectual
Intellectual disability Disability Management Issues.

o An empiric trial of psychotropic medications
may be warranted; however, no data are available
for this disorder.

o Referral to sleep specialist may benefit persons
w/profound vision impairment.

Psychiatric/ Supportive intervention to maximize educational
Behavioral opportunities

In infants: consider need for positioning & mobility

Musculoskeletal/ ADL  Physical medicine & rehab / PT & OT devices, disability parking placards.

Sensorineural hearing Treatment depends on degree of hearing Speech & hearing services through early intervention or
loss impairment & age of onset. 2 school district, audiology
Peripheral vascular . ) -
ertp Per peripheral vascular disease specialist
disease

Erectile dysfunction  Per treating urologist

o Ensure appropriate social work

involvement to connect families w/local « Ongoing assessment of need for palliative care
Family/Community resources, respite, & support. involvement &/or home nursing

Coordinate care to manage multiple » Consider involvement in adaptive sports or

subspecialty appointments, equipment, Special Olympics.

medications, & supplies.

ADL = activities of daily living; ASM = anti-seizure medication; OT = occupational therapy; PT = physical therapy

1. Education of parents/caregivers regarding common seizure presentations is appropriate. For information on non-medical
interventions and coping strategies for children diagnosed with epilepsy, see Epilepsy Foundation Toolbox.

2. See Hereditary Hearing Loss and Deafness Overview for details about treatment options.

Developmental Delay / Intellectual Disability Management Issues

The following information represents typical management recommendations for individuals with developmental
delay / intellectual disability in the United States; standard recommendations may vary from country to country.

Ages 0-3 years. Referral to an early intervention program is recommended for access to occupational, physical,
speech, and feeding therapy as well as special educators and low vision education specialists. In the US, early
intervention is a federally funded program available in all states that provides in-home services to target
individual therapy needs.

Ages 3-5 years. In the US, developmental preschool through the local public school district is recommended.
Before placement, an evaluation is made to determine needed services and therapies, and an individualized
education plan (IEP) is developed for those who qualify based on established motor, language, social, or
cognitive delay. The early intervention program typically assists with this transition. Developmental preschool is
center based; for children too medically unstable to attend, home-based services are provided.

All ages. Consultation with a developmental pediatrician is recommended to ensure the involvement of
appropriate community, state, and educational agencies (US) and to support parents in maximizing quality of
life. Some issues to consider.

« IEP services:
o An IEP provides specially designed instruction and related services to children who qualify.
o IEP services will be reviewed annually to determine whether any changes are needed.


https://www.epilepsy.com/tools-resources/forms-resources#Epilepsy-Foundation-Toolbox
https://www.ncbi.nlm.nih.gov/books/n/gene/deafness-overview/
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Special education law requires that children participating in an IEP be in the least restrictive
environment feasible at school and included in general education as much as possible, when and
where appropriate.

Vision and hearing consultants should be a part of the child's IEP team to support access to
academic material.

PT, OT, and speech services will be provided in the IEP to the extent that the need affects the child's
access to academic material. Beyond that, private supportive therapies based on the affected
individual's needs may be considered. Specific recommendations regarding type of therapy can be
made by a developmental pediatrician.

As a child enters the teen years, a transition plan should be discussed and incorporated in the IEP.
For those receiving IEP services, the public school district is required to provide services until age
21.

o A 504 plan (Section 504: a US federal statute that prohibits discrimination based on disability) can be
considered for those who require accommodations or modifications such as front-of-class seating,
assistive technology devices, classroom scribes, extra time between classes, modified assignments, and
enlarged text.

« Developmental Disabilities Administration (DDA) enrollment is recommended. DDA is a US public
agency that provides services and support to qualified individuals. Eligibility differs by state but is typically
determined by diagnosis and/or associated cognitive/adaptive disabilities.

o Families with limited income and resources may also qualify for supplemental security income (SSI) for
their child with a disability.

» State deaf-blind services:

o

In addition to the educational services in the US discussed above, state-level federally funded
programs are mandated to provide services for individuals from birth to age 21 years with combined
hearing and vision issues (nationaldb.org). Of note, the designation "deaf-blind," used to qualify
individuals with combined vision and hearing loss for these services, does not imply total hearing
loss or total vision loss.

State deaf-blind services typically provide information and training to families, technical assistance
to schools and early intervention programs, and assistance with IEPs and transitions.

Sleep Issues

Abnormal sleep patterns may develop in individuals with no light perception and abnormal circadian
rhythmicity. Frequent early morning waking and daytime sleeping can be mitigated with strict daily schedules
and medications (e.g., melatonin), often managed by a pediatric sleep specialist or developmental pediatrician
[Davitt et al 1997].

Surveillance

Table 6. Recommended Surveillance for Individuals with NDP-Related Retinopathies

System/Concern  Evaluation Frequency
. Visual acuity, ocular alignment, measurement of In infancy: 1x/mo & per treating ophthalmologist (as
Ophthalmologic . . . .
involvement intraocular pressure & refractive error, dilated fundus frequency may be 1 or 2x/wk if concerns about
exam imminent progression)

Assess response to medications &/or changes in seizure

Seizures type At each visit & per family concerns
Development Monitor developmental progress & educational needs. At each visit
Psychiatric/ Behavioral assessment for evidence of ASD, anxiety,

Behavioral ADHD, &/or depression

At each visit & per family concerns


https://nationaldb.org
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Table 6. continued from previous page.

System/Concern  Evaluation Frequency
Musculoskeletal/ Physical medicine, OT/PT assessment of mobility, self- At each visit
ADL help skills
o For those w/known hearing loss: per treating
Sensorineural audiologist
. Audiogram incl assessment of speech discrimination  For those w/o known hearing loss: prior to
hearing loss
onset of language, frequent eval; thereafter,
every 6 mos
Peripheral Eval by primary care provider Annually after age 16 yrs
vascular disease YP Y P Y ge oy
Erectile By patient histor
dysfunction YP Y
Assess family need for social work support (e.g., At each visit
Family/ palliative/respite care, home nursing, other local
Community resources) & care coordination or follow-up genetic

counseling if new questions arise (e.g., family planning).

ADHD = attention-deficit/hyperactivity disorder; ADL = activities of daily living; ASD = autism spectrum disorder; OT = occupational
therapy; PT = physical therapy

Agents/Circumstances to Avoid

Given the risk of hearing loss, the following are recommended:

« Avoidance of exposure to loud noises
« Use of hearing protection in noisy environments or when using noisy equipment
« Minimal use of ear buds and other listening devices

Evaluation of Relatives at Risk

It is appropriate to clarify the genetic status of apparently asymptomatic older and younger at-risk female
relatives of an affected individual. Females who are heterozygous for the familial NDP pathogenic variant have
the option to undergo fluorescein angiography for detection of peripheral retinal vascular changes and avascular
regions that may require close monitoring and/or prophylactic laser photocoagulation to decrease production of
vascular endothelial growth factor and decrease the risk of neovascularization and vitreoretinal traction.

See Genetic Counseling for issues related to testing of at-risk relatives for genetic counseling purposes

Therapies Under Investigation

Search ClinicalTrials.gov in the US and EU Clinical Trials Register in Europe for access to information on
clinical studies for a wide range of diseases and conditions. Note: There may not be clinical trials for this
disorder.

Genetic Counseling

Genetic counseling is the process of providing individuals and families with information on the nature, mode(s) of
inheritance, and implications of genetic disorders to help them make informed medical and personal decisions. The
following section deals with genetic risk assessment and the use of family history and genetic testing to clarify genetic
status for family members; it is not meant to address all personal, cultural, or ethical issues that may arise or to
substitute for consultation with a genetics professional. —ED.


https://clinicaltrials.gov/
https://www.clinicaltrialsregister.eu/ctr-search/search
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Mode of Inheritance

NDP-related retinopathies are inherited in an X-linked manner.

Risk to Family Members

Parents of a male proband

The father of an affected male will not have the disorder nor will he be hemizygous for the NDP
pathogenic variant; therefore, he does not require further evaluation/testing.
The majority of affected males have the disorder as the result of an NDP pathogenic variant inherited from
their mother. The heterozygous mother of a proband will typically not have clinical manifestations of the
disorder (see Heterozygous Females).
In a family with more than one affected individual, the mother of an affected male is an obligate
heterozygote. If a woman has more than one affected child and no other affected relatives, and if the NDP
pathogenic variant cannot be detected in her leukocyte DNA, she most likely has germline mosaicism.
If a male is the only affected family member (i.e., a simplex case):

o The mother may be a heterozygote;

o The affected male may have a de novo NDP pathogenic variant, in which case the mother is not a

heterozygote (de novo NDP pathogenic variants are rare);

o The mother may have somatic/germline mosaicism.
Molecular genetic testing of the mother is recommended to confirm her genetic status, allow reliable
recurrence risk assessment, and clarify her risk for NDP-related retinal disease (see Evaluation of Relatives
at Risk).

Sibs of a male proband. The risk to sibs depends on the genetic status of the mother:

If the mother of the proband has an NDP pathogenic variant, the chance of transmitting it in each
pregnancy is 50%:

o Males who inherit the pathogenic variant will be affected. (Note: Intrafamilial phenotypic variability
may be observed in the retinal phenotype and extraocular manifestations of the disorder; see
Clinical Characteristics.)

o Females who inherit the pathogenic variant will be heterozygotes. Clinical findings in heterozygous
females are rare and are usually presumed to be secondary to non-random (unfavorable) X-
chromosome inactivation.

Expression in heterozygous females can include retinal and extraocular features and may vary
between heterozygous female family members (see Heterozygous Females). In one family
segregating an NDP pathogenic variant, the maternal grandmother had Norrie disease with bilateral
congenital blindness and progressive hearing loss, whereas an unaffected daughter was heterozygous
for the same NDP pathogenic variant [Shastry et al 1999].

If the proband represents a simplex case and if the NDP pathogenic variant cannot be detected in the
leukocyte DNA of the mother, the risk to sibs is greater than that of the general population because of the
possibility of maternal germline mosaicism.

Offspring of a male proband. Affected males transmit the NDP pathogenic variant to all of their daughters and
none of their sons.

Other family members. The maternal aunts and maternal cousins of a male proband may be at risk of having an
NDP pathogenic variant.
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Heterozygote Detection

In rare instances, females heterozygous for an NDP pathogenic variant may have retinal and extraocular features
(see Heterozygous Females). It is appropriate to clarify the genetic status of apparently asymptomatic older and
younger at-risk female relatives of an affected individual in order to identify as early as possible those who would
benefit from prompt initiation of treatment and preventive measures (see Management, Evaluation of Relatives
at Risk).

Molecular genetic testing to identify female heterozygotes is most informative if the NDP pathogenic variant has
been identified in an affected family member.

Related Genetic Counseling Issues

See Management, Evaluation of Relatives at Risk for information on evaluating at-risk relatives for the purpose
of early diagnosis and treatment.

Family planning

o The optimal time for determination of genetic risk and discussion of the availability of prenatal/
preimplantation genetic testing is before pregnancy.

« Itisappropriate to offer genetic counseling (including discussion of potential risks to offspring and
reproductive options) to young adults who are affected, are heterozygous, or are at risk of being
heterozygous.

Prenatal Testing and Preimplantation Genetic Testing

Molecular genetic testing. Once the NDP pathogenic variant has been identified in an affected family member,
prenatal testing for a pregnancy at increased risk and preimplantation genetic testing for NDP-related
retinopathies is possible.

Ultrasound imaging. While ultrasound imaging of an affected fetus is typically normal in the first two
trimesters, ultrasound imaging may allow for detection of ophthalmic features related to the Norrie disease
ocular phenotype during the third trimester of pregnancy. This has been described in a male fetus at 34 weeks
exhibiting bilateral retinal detachment, with an affected sib previously diagnosed [Redmond et al 1993];in a
male fetus at 36 weeks 5 days exhibiting bilateral massive vitreous cavity opacities and retinal detachment, with a
previous normal ultrasound at 31 weeks 4 days and an affected sib [Wu et al 2017]; and in a pregnancy with a
negative family history of Norrie disease with ultrasound showing bilateral intraocular hyperechogenic opacities
behind the lenses at 31 weeks 5 days [Dubucs et al 2019].

Consideration of prompt ophthalmologic management after birth can provide the greatest opportunity for
anatomic success of retinal repair [Shima et al 2009, Chow et al 2010, Walsh et al 2010]. Because retinal
detachment may occur in the late third trimester, preterm induction of labor may be considered for prophylactic
surgery [Chow et al 2010].

Differences in perspective may exist among medical professionals and within families regarding the use of
prenatal testing. While most centers would consider use of prenatal testing to be a personal decision, discussion
of these issues may be helpful.

Resources

GeneReviews staff has selected the following disease-specific and/or umbrella support organizations and/or registries
for the benefit of individuals with this disorder and their families. GeneReviews is not responsible for the
information provided by other organizations. For information on selection criteria, click here.


https://www.ncbi.nlm.nih.gov/books/n/gene/app4/
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MedlinePlus

Norrie disease

Norrie Disease Foundation
PO Box 12476

Colchester CO1 9RB
United Kingdom

www.norriedisease.org.uk

American Council of the Blind (ACB)

2200 Wilson Boulevard

Suite 650

Arlington VA 22201

Phone: 800-424-8666 (toll-free); 202-467-5081
Fax: 202-467-5085

Email: info@acb.org

www.acb.org

American Society for Deaf Children
Phone: 800-942-2732 (ASDC)
Email: info@deafchildren.org
deafchildren.org

Family Connect

For parents of children who are blind or visually impaired.
Phone: 800-232-5463

Email: connectcenter@aph.org

www.familyconnect.org

Genetic and Rare Diseases Information Center (GARD)
Phone: 888-205-2311

Norrie disease

National Association of the Deaf

Phone: 301-587-1788 (Purple/ZVRS); 301-328-1443 (Sorenson); 301-338-6380 (Convo)
Fax: 301-587-1791

Email: nad.info@nad.org

nad.org

National Federation of the Blind
Phone: 410-659-9314
Email: nfb@ntb.org

www.ntb.org

GeneReviews
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https://medlineplus.gov/genetics/condition/norrie-disease/
https://norriedisease.org.uk/
http://www.acb.org
https://deafchildren.org/
https://familyconnect.org/
https://rarediseases.info.nih.gov/diseases/7224/norrie-disease
https://www.nad.org
http://www.nfb.org
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o Unique: Understanding Rare Chromosome and Gene Disorders

United Kingdom
Phone: +44 (0) 1883 723356
Email: info@rarechromo.org

rarechromo.org

» Norrie Disease Registry
Massachusetts General Hospital
185 Cambridge Street
CRP Building North, 5th Floor, Suite 5300
Boston MA 02114
Phone: 617-726-5718
Fax: 617-724-9620

Email: ksims@mgh.harvard.edu
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Information in the Molecular Genetics and OMIM tables may differ from that elsewhere in the GeneReview: tables

may contain more recent information. —ED.

Table A. NDP-Related Retinopathies: Genes and Databases

Gene Chromosome Locus Protein Locus-Specific
Databases
NDP Xpll.3 Norrin NDP database

Data are compiled from the following standard references: gene from HGNC; chromosome locus from OMIM; protein from UniProt.

For a description of databases (Locus Specific, HGMD, ClinVar) to which links are provided, click here.

Table B. OMIM Entries for NDP-Related Retinopathies (View All in OMIM)
300216 COATS DISEASE
300658 NORRIN CYSTINE KNOT GROWTH FACTOR NDP; NDP
305390 EXUDATIVE VITREORETINOPATHY 2, X-LINKED; EVR2
310600 NORRIE DISEASE; ND

Molecular Pathogenesis

NDP encodes norrin, a secreted protein with a cysteine-knot motif (highly conserved in many growth factors),
which is expressed widely in brain astrocytes and cerebellar Bergmann glia [Ye et al 2011]. Norrin is a high-
affinity ligand for frizzled-4, resulting in activation of the canonic Wnt pathway. The Wnt pathway regulates
retinal angiogenesis. NDP loss-of-function variants impair retinal angiogenesis by either abolishing gene
function or altering frizzled-4 binding [Xu et al 2004, Rattner et al 2014].

NDP pathogenic missense variants often affect one of the many cysteine residues immediately adjacent to a
cysteine. These cysteine residues are presumed important for the maintenance of protein structure. The norrin
protein has a highly conserved cysteine-knot motif (exon 3). The cysteine knot (active domain) provides the


http://www.rarechromo.org
https://www.ncbi.nlm.nih.gov/gene/4693
https://www.ncbi.nlm.nih.gov/genome/gdv/?context=gene&acc=4693
http://www.uniprot.org/uniprot/Q00604
http://databases.lovd.nl/shared/genes/NDP
http://www.hgmd.cf.ac.uk/ac/gene.php?gene=NDP
https://www.ncbi.nlm.nih.gov/clinvar/?term=NDP[gene]
http://www.genenames.org/index.html
http://www.omim.org/
http://www.uniprot.org/
https://www.ncbi.nlm.nih.gov/books/n/gene/app1/
https://www.ncbi.nlm.nih.gov/omim/300216,300658,305390,310600
https://www.ncbi.nlm.nih.gov/omim/300216
https://www.ncbi.nlm.nih.gov/omim/300658
https://www.ncbi.nlm.nih.gov/omim/305390
https://www.ncbi.nlm.nih.gov/omim/310600
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structural conformation required for receptor binding for activation of the Wnt receptor--catenin signal
transduction pathway [Wu et al 2007].

Norrin is critical in central nervous system vascular development, as it is required for:

» Angiogenesis in the eye, ear, and brain;
« Maintenance of the blood-brain barrier and the blood-retinal barrier;
« Neuro-protective properties for retinal neurons.

It has been shown that norrin protects against oxidative damage of retinal cells, and pathogenic NDP variants
worsen the severity of retinopathy of prematurity in premature infants.

Audiologic and animal model data suggest that the pathology resides in the cochlea (specifically, the stria
vascularis) and that retrocochlear and brain auditory system function is normal [Rehm et al 2002, Bryant et al
2022]. A recent study demonstrated that norrin controls a network of transcriptional regulators required for
maturation and maintenance of cochlear hair cells, and overexpression of Ndp rescued hair cells and cochlear
function in Ndp knockout mice [Hayashi et al 2021].

The role of norrin in intellectual disability is unknown [McNeill et al 2013].

Mechanism of disease causation. Loss of function

Table 7. NDP-Related Retinopathies: Gene-Specific Laboratory Considerations
Gene Special Consideration

A noncoding variant has been detected in NDP that would therefore not be detected by standard exome sequencing [Daich

NDP Varela et al 2023].
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