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Purpose: To describe the unusual case of inflammatory CRB1-associated retinal dystrophy that initially presented
with self-resolving opsoclonus.

Observations: We report the case of a now 2-year-old female who developed opsoclonus without myoclonus at the
age of 4 months. An extensive workup for neuroblastoma and other systemic diseases was unremarkable, and all
unusual eye movements self-resolved at age 10 months. Twenty-one months after initial presentation, she began
having reduced visual behaviors, and comprehensive ophthalmic exam at that time revealed recurrent saccadic
intrusions as well as severe, chronic retinal inflammation and dystrophic changes. An extensive infectious and
inflammatory workup was negative. Genetic sequencing revealed two variants in CRB1: a heterozygous missense
mutation and a heterozygous novel deletion involving exon 12. The patient was treated with monthly infliximab
and methylprednisolone infusions with improvement in her optic disc and macular capillary leakage. The pa-
tient’s 8-month-old sister also harbored the same variants in CRB1 and had early signs of retinal dystrophy and
peripheral vascular leakage on exam.

Conclusion: Saccadic intrusions may be the first sign of a retinal dystrophy, and infants and children with this
presentation should undergo a complete eye exam. We further highlight the link between CRB1-associated retinal
dystrophy and inflammation, and how systemic steroids and tumor necrosis factor alpha (TNF-«) inhibitors may
be effective therapies. Finally, we report a novel deletion in CRB1 that is likely highly penetrant.

1. Introduction the case of a 4 month old who presented initially with opsoclonus
without myoclonus and was later diagnosed with CRB1-associated
Opsoclonus is characterized by rapid, involuntary, multidirectional retinal dystrophy.
conjugate eye movements with horizontal, vertical, and torsional di-
rections.! Opsoclonus, which can sometimes present as part of

opsoclonus-myoclonus (OM), is associated with a variety of diseases

2. Case report

including paraneoplastic syndromes, infections, or toxic-metabolic de-
rangements.’ In children, opsoclonus alone or OM is most frequently
linked to neuroblastoma. In fact, over 50% of children with OM have
underlying paraneoplastic neuroblastic tumors (neuroblastoma, gan-
glioneuroblastoma, and ganglioneuroma).” Other etiologies include
viral infections (HIV, CMV, VZV, and hepatitis C among others) and
systemic inflammatory conditions like sarcoidosis or multiple scle-
rosis.> * There have been no prior reports in the literature of opsoclonus
being associated with an inherited retinal dystrophy. Here we describe

The patient is a 4 month old female with an unremarkable birth and
family history who presented with acute onset opsoclonus. She devel-
oped episodes of abnormal eye movements occurring every few minutes
two weeks after a viral upper respiratory infection and on the same day
that she received routine 4 month old vaccines. These vaccines consisted
of the second of three doses of diphtheria/tetanus/pertussis (DTaP),
H. influenzae type b (Hib), polio (IPV), pneumococcal disease (PCV13),
and rotavirus (RV). The eye movements were episodic, conjugate, and
rapid in all directions, consistent with opsoclonus (Video 1).
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A full workup including labs (VMA/HVA, CMP, CRP, and CBC)! and
extensive imaging (abdominal ultrasound, full body magnetic resonance
imaging (MRI), and MIBG?) was unremarkable. Over the next six
months, the abnormal eye movements continued, but the episodes were
less frequent and there was a transition to more purely vertical nys-
tagmoid movement of the eyes with less frequent multidirectional
chaotic movement as seen on review of parent videos comparing the eye
movements at presentation and on video electroencephalogram (EEG) at
10 months of age. She was followed closely by oncology and neurology,
undergoing regular screenings for neuroblastoma and seizures. No
formal eye exam by an ophthalmologist occurred at this time due to
normal visual behavior between these episodes and the temporal asso-
ciation of the viral illness and start of the eye movements. The opso-
clonus and vertical nystagmoid movements resolved completely at ten
months of age. The self-resolution of symptoms appeared most consis-
tent with a viral-associated opsoclonus syndrome.

The patient continued to develop normally without any other health
issues. At 25 months of age, she exhibited diminished visual behavior
and recurrence of abnormal eye movements, most noticeably when she
fixated on a particular object. There were no abnormal movements
elsewhere in the body and no other systemic symptoms. A repeat neu-
roblastoma workup was negative and brain and spinal MRI was unre-
markable. At this time, the patient was seen for her first eye examination
by a neuro-ophthalmologist, who noted that her new eye movements
were consistent with saccadic intrusions rather than opsoclonus or
nystagmus. Her visual acuity (as measured by Teller Acuity) was 20/190
bilaterally and there was no relative afferent pupillary defect. Fundu-
scopic exam revealed bilateral elevated optic nerves that were waxy and
diffusely pale, parafoveal yellow discoloration and pigmented deposits,
and peppered retinal pigment epithelium (RPE) changes in the periph-
eral retina concerning for a retinal dystrophy.

A full eye examination under anesthesia (EUA) by a pediatric retinal
specialist found 1+ non-pigmented cell in the anterior vitreous bilater-
ally with no other anterior segment findings. There was mild pallid
edema of both optic nerves. In both eyes, there was macular atrophy,
punctate RPE changes peripherally, and attenuation of the retinal
vasculature with vascular sheathing (Fig. 1). Optical coherence tomog-
raphy (OCT) in both eyes showed elevation of the optic disc without
drusen as well as diffuse outer retina and RPE loss, with prominent
central atrophy resulting in full-thickness macular holes (Fig. 2). Fluo-
rescein angiography (FA) showed good retinal perfusion but leakage of
the optic disc and retinal vasculature diffusely in both eyes (Fig. 3A-D).
Taken together, the exam demonstrated features of both dystrophic and
inflammatory processes.

An extensive infectious workup was negative for syphilis, tubercu-
losis, herpesviruses (HSV-1, HSV-2, VZV, EBV),® toxoplasmosis, Barto-
nella, Lyme, measles, and HIV. She had positive IgG titers (1:20) for
CMV but a negative serum polymerase chain reaction. An inflammatory
workup consisting of CBC, CMP, ESR, CRP, ANA, ACE,* lysozyme and
antiphospholipid antibodies was also unremarkable. Given the degree of
bilateral ocular inflammation and risk of significant visual impairment,
she was admitted to the hospital for 3 days of 10 mg/kg IV methyl-
prednisolone and a single dose of 7.5 mg/kg infliximab. Upon discharge
she was initiated on an oral steroid taper along with monthly infliximab

1 vanillylmandelic acid, homovanillic acid, comprehensive metabolic panel,

C-reactive protein, complete blood count.

2 A nuclear scan using MIBG (metaiodobenzylguanidine), a radioactive tracer
to detect the presence of neuroblastoma or pheochromocytoma.

3 Herpes simplex virus 1 and 2, varicella zoster virus, and Epstein-Barr virus..

4 complete blood count, comprehensive metabolic panel, erythrocyte sedi-
mentation rate, C-reactive protein, antinuclear antibody, angiotensin-
converting enyzme
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and methylprednisolone infusions at the above doses. An EUA done
three months after starting treatment showed slight improvement in
vitreous cell and haze bilaterally and marked improvement in the degree
of optic disc and macular capillary leakage, with peripheral vascular
leakage mostly unchanged (Fig. 3E and F). Other findings, including the
diffuse outer retinal /RPE loss and prominent central atrophy resulting in
complete retinal thinning in the foveal center, were similarly
unchanged.

A full-field electroretinogram (ffERG) after the initial exam under
anesthesia was consistent with an inherited retinal dystrophy. After dark
adaptation, the rod response (to a dim flash) was undetectable. The
combined rod-cone response to a strong flash had minimal amplitudes
less than 10% of minimum. Oscillatory potentials were absent. After
light adaptation, the single-flash cone responses had an amplitude
20-30% of normal minimum values. The 30 Hz flicker responses showed
implicit times that were significantly delayed. Overall, the study
demonstrated severe, diffuse retinal dysfunction that affected rods
slightly more than cones, though both were significantly affected.

Genetic testing performed using the retinal dystrophy panel from
Blueprint Genetics found the patient had two variants in CRB1, a gene
associated with Leber’s congenital amaurosis (LCA) type 8 (Mendelian
Inheritance in Man (MIM) #613835), autosomal recessive retinitis
pigmentosa (RP) type 12 (MIM #600105), and pigmented paravenous
chorioretinal atrophy (MIM #172870).°” One of the two variants was a
heterozygous missense mutation (¢.2300T > C, p.Leu767Pro) known to
be pathogenic, and the other was a heterozygous novel deletion
involving exon 12 (c.(4005 + 1_4006-1)_(*1_?)del) categorized as likely
pathogenic.'” ' Two variants in CDH3 were also detected — one het-
erozygous point mutation leading to early truncation (likely pathogenic)
and one heterozygous point mutation in an intronic splice region
(variant of uncertain significance). However, the patient’s phenotype
was thought to be less consistent with known CDH3-associated disease.
Mutations in CDH3 are associated with two autosomal recessive dis-
eases: congenital hypotrichosis and juvenile-onset macular dystrophy
(MIM #601553) and ectodermal dysplasia, ectrodactyly, and macular
dystrophy syndrome (MIM #225280). The patient did not have any
abnormalities involving the hair or limbs and had an earlier onset of
retinal dystrophy compared to patients with these syndromes.®

Of note, although both parents are asymptomatic, the patient’s 8-
month-old sister also tested positive for both CRB1 variants and one of
the CDH3 variants. No changes in visual behavior were noted by the
parents, and no abnormal eye movements were found on exam. An EUA
done at 8 months of age showed no abnormalities in the anterior
chamber and normal optic discs, but diffuse granularity of the RPE
(worse in the macula than periphery) and blunted foveal reflex bilat-
erally (Fig. 4A and B). OCT showed macular outer retinal and retinal
pigment epithelial loss with early pigment migration and abnormal
foveal contour secondary to a foveal lamellar hole (Fig. 4C and D). FA
showed no leakage of the optic nerve or macula and very minimal faint
late leakage of far peripheral vessels in both eyes (Fig. 5). Given the
milder findings, she was not immediately started on treatment but will
be closely monitored with plans for a repeat EUA in 3 months.

3. Discussion

This is an unusual case of a now 2 year old patient with CRB1-
associated retinal dystrophy who initially presented with a 6 month
period of self-resolving episodic opsoclonus at 4 months old, followed 21
months later with recurrent saccadic intrusions and severe, chronic
retinal inflammation and dystrophic changes. It is suspected that the
opsoclonus was the first initial presentation of her inherited retinopathy,
especially given that her eye examination at 25 months old revealed
severe and chronic signs of inflammation (retinal vascular sheathing and
optic disc leakage) and dystrophy (RPE changes and significant central
macular atrophy). It is likely that the eye movements never fully abated
and were not noticed by family during the 15 months of reported
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Fig. 1. Fundus photography of the right eye (A) and left eye (B) showed evidence of a retinal dystrophy. In both eyes, macular atrophy, punctate RPE changes
peripherally, and attenuation of the retinal vasculature with vascular sheathing are noted. Mild pallid edema of both optic nerves also present.

Fig. 2. Optical coherence tomography (OCT) shows bilateral signs of inflammation and retinal dystrophy. In the right eye, there is elevation of the optic disc without
drusen (A) as well as diffuse outer retina and RPE loss with prominent central atrophy resulting in full-thickness macular holes (B). Similar findings were present in

the left eye (C and D).

quiescence given that the eye movements at 25 months appear roughly
similar to those seen on video EEG at 10 months old and less multidi-
rectional than at presentation at 4 months old.

Although there are no reported cases of any retinal disorder pre-
senting with opsoclonus, other types of saccadic intrusions and
nystagmus — particularly in infancy — have been associated with retinal
dystrophies.”!’ A recent Italian study of 50 children with
ERG-confirmed retinal dystrophy showed that 76% of these patients
initially presented with nystagmus as noted by their parents. In fact,
nystagmus was the first symptom reported by parents if the disease onset
was before six months of age.'' Another Chinese study of 136 patients

with a specific type of nystagmus (pendular low amplitude, high fre-
quency) showed that 52% had abnormal fundi and 34% had genetic
mutations causing various inherited retinal dystrophies.'? Nystagmus
has been reported in several specific cone and rod dystrophies, including
congenital stationary night blindness, achromatopsia, LCA, Bardet-Biedl
syndrome, Joubert’s syndrome, and Alstrom’s syndrome.”'® This case
highlights the importance of considering a full ophthalmic examination
in a pediatric patient with opsoclonus or any other abnormal eye
movements like saccadic intrusions or nystagmus, as it could be an
initial sign of retinal dystrophy, especially in young patients who are not
able to verbalize a decrease in vision.
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The patient’s dystrophic retinal findings, as well as those of her
younger sister, are best explained by variants in CRB1. CRB1 is a human
homolog of the Drosophila melanogaster protein crumbs (crb) -
expressed in the retina and the brain — and encodes a transmembrane
protein that is crucial for establishing polarity within the developing
photoreceptor.'*!> Mutations in CRB1 in humans were shown to have
abnormal retinal architecture, lacking the distinct layers in the adult
retina and demonstrating thickness of the nerve fiber layer around the
optic nerve head.'® The pattern of inheritance for CRBI-associated
retinal dystrophy tends to be autosomal recessive. However, our pa-
tient had significant disease expression despite heterozygous mutations.
It is likely that her two mutations were located on separate alleles, thus
leading to the disease phenotype as a compound heterozygote.

The heterozygous p.Leu767Pro variant that the patient and her sister
harbor is a known pathogenic mutation that has been seen as a homo-
zygous mutation in two patients with LCA.'7>'® Blueprint genetics has
also previously detected this variant in at least 4 other patients with
CRBl1-associated retinal dystrophy, including one compound heterozy-
gote. The other heterozygous variant in our patient and her sister is a
deletion of approximately 4900 base pairs, including the final exon -
exon 12 - of the gene. This specific deletion has not been previously
described in the literature or in databases such as ClinVar (NCBI, NIH,
Bethesda, MD), but other deletions affecting specific exons have been
described and noted to be pathogenic as the truncation of the CRB1
protein leads to loss of function.'”>'°

Retinal dystrophies such as LCA, Bardet-Biedl syndrome, RP, and
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Fig. 3. Fluorescein angiography shows bilateral disc
and vascular leakage that is improved after months of
treatment. Early phase (A) and late phase (B) images
of the right eye show prominent vascular leakage
both centrally and peripherally and hyper-
fluorescence indicative of disc leakage. Similar find-
ings were present in the left eye (C and D). After
three months of oral prednisone and monthly meth-
ylprednisolone and infliximab infusions, repeat FA
shows marked improvement in the degree of optic
disc and macular capillary leakage, with peripheral
vascular leakage mostly unchanged, in both the right
eye (E) and left eye (F). It should be noted that the
peripheral hyperfluorescence may be an artifact
relative to the hypofluorescence of the degenerated
retina.

others have previously been shown to present with uveitis or other signs
of inflammation.’"*? In fact, elevated inflammatory markers have been
noted in the aqueous and vitreous of patients with RP compared to
controls.”® In addition, certain inherited retinal diseases, namely CAPN5
neovascular inflammatory vitreoretinopathy (MIM #193235), have
combined clinical features of RP and uveitis.”* A growing number of
studies have demonstrated that CRB1-associated retinal dystrophy can
present with uveitis or other signs of ocular inflammation, often in pe-
diatric patients who have already undergone an extensive but unre-
markable workup for other causes of uveitis. This association was first
reported in 2001, when CRB1 mutations were detected in five of nine RP
patients with Coats-like exudative vasculopathy.?> A recent study of 40
Belgian patients with CRB1-associated retinal dystrophies showed that
intermediate or posterior uveitis was found in 8% of these patients.” In a
separate case series about retinal dystrophy presenting as refractory
intermediate uveitis, 3 out of the 6 patients (5, 12, and 13 years of age)
had mutations in CRB1, with 2 being compound heterozygotes and the
other having a homozygous missense mutation.”® Specific cases have
also been described, including an 8-year-old male with intermediate
uveitis, retinal capillaritis, and cystoid macular edema who was subse-
quently found to have compound heterozygous mutations in CRB1 and a
26-year-old male with a homozygous missense mutation in CRB1 who
presented with diffuse retinal vascular leakage.?”**® The exact mecha-
nism of localized inflammation is still unclear but appears to involve
microglia. It is thought that photoreceptor cell death or other insults to
the retina activate microglia to become migratory phagocytes, releasing
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Fig. 4. Fundus photography and OCT of the patient’s 8-month-old sister shows early stage retinal dystrophy. Fundus photographs of the right eye (A) and left eye (B)
show diffuse granularity of the RPE which is more pronounced in the macula than periphery. OCT of the right eye (C) and left eye (D) showed macular outer retinal
and retinal pigment epithelial loss with early pigment migration and abnormal foveal contour secondary to a foveal lamellar hole.

a mixture of pro-inflammatory cytokines from the retina.?>** Mouse
models of RP have already shown that suppression of microglial acti-
vation was protective of photoreceptors and led to decreased
pro-inflammatory markers in the retina.*!

The inflammation found in CRB1-associated retinal dystrophy has
been detected systemically. Verhagen et al. studied a 14-year-old female
with compound heterozygous mutations in CRB1 who initially was
found to have intermediate uveitis, cystoid macular edema, and lesions
resembling multifocal choroiditis. She was treated with several local and
systemic anti-inflammatory agents including systemic steroids, metho-
trexate, mycophenolate mofetil, TNF-alpha inhibitors, and tocilizumab.
Interestingly, the patient’s serum levels of various pro-inflammatory
markers including CCL2-2, CXCL9, CXCL10, interferon-beta, and
various interleukins (including IL-17 and IL-21, central drivers of
autoimmune uveitis) were all initially elevated and subsequently
decreased after tocilizumab. Ultimately, the various immunosuppres-
sive/immunomodulatory agents resulted in slight improvements in her
visual acuity, from 20/50 to 20/40 in the right eye and 20/66 to 20/33
in the left eye.*" The presence of this systemic inflammatory signature is
suggestive of a secondary immune response against the damaged retina.

Our patient had multiple signs of ocular inflammation, including
significant optic disc and retinal vasculature leakage FA, vascular
sheathing on fundus exam, and vitreous haze. This inflammation is most
likely a feature of her CRB1-retinal dystrophy. Although it is possible
that the vaccines she received and her upper respiratory infection at the
time of her initial presentation (with opsoclonus) were contributing to
her ocular inflammation, this is highly unlikely given the duration and
severity of the inflammation. Furthermore, none of the vaccines she
received at 4 months (DTaP, Hib, polio, pneumococcal, or rotavirus)

have been reported to cause vaccine-associated uveitis.

Ultimately, her exam improved after 3 months of steroids and TNF-
alpha inhibitors, with a marked improvement in optic disc and posterior
pole capillary leakage on an FA and some decrease in vitreous haze,
although peripheral vascular leakage was unchanged. (It is plausible
that the peripheral hyperfluorescence is partially due to artifact, with
increased fluorescence relative to the hypofluorescence of the degen-
erated retina.) Taken together, these findings suggest that systemic
immunosuppression may be an effective way of treating CRBI-
associated retinal dystrophy. More time is needed to determine if this
decrease in inflammation will lead to improvements in visual acuity. In
addition, the fact that the patient’s 8-month-old sister had early signs of
peripheral vascular leakage on FA suggests that the inflammation and
dystrophic retinal changes may proceed in parallel, and perhaps earlier
intervention with immunosuppressive or immunomodulatory therapies
can lead to greater preservation of visual acuity.

4. Conclusions

In summary, we report the remarkable case of a now 2-year-old fe-
male with CRB1-associated retinal dystrophy who initially presented
with self-limited opsoclonus. Her presentation suggests that opsoclonus
or nystagmoid eye movements such as saccadic intrusions — even if self-
limited — may be the first sign of a retinal dystrophy. Thus, it is important
to consider performing a complete eye exam on children and particu-
larly infants with this presentation as these patients may not be able to
verbalize any decrease in vision. This patient’s bilateral optic disc
leakage and retinal vascular sheathing/leakage further highlights the
link between CRB1-associated retinal dystrophy and inflammation, and
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Fig. 5. Fluorescein angiography of the patient’s 8-month-old sister shows mild signs of peripheral vascular leakage. Early phase (A) and late phase (B) images of the
right eye showed no leakage of the optic nerve or macula and very minimal faint late leakage of far peripheral vessels. Similar findings were present in the left eye (C

and D).

her response to systemic steroids and TNF-alpha inhibitors show that
these therapies may be an effective way to treat CRB1 retinal dystrophy.
Finally, we report a new mutation in CRB1, a heterozygous deletion of
exon 12 (c.(4005 + 1_4006-1)_(*1_?)del). Given the patient’s early
onset of symptoms and severe presentation, this new mutation — along
with the missense mutation p.Leu767Pro that the patient also harbors —
is likely highly penetrant.
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