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ABSTRACT
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Night blindness; Night vision; Congenital stationary night blindness encompasses a heterogeneous group of inherited retinal
Eye diseases, hereditary; dystrophies characterized by impaired scotopic vision from birth. This article provides a comprehensive
Tomography, optical coherence; overview of congenital stationary night blindness, focusing on its genetic underpinnings, clinical
Genetic testing; Retinal manifestations, and diagnostic approaches, with a specific emphasis on variants in the CACNATF gene.
dystrophies; Patient acuity; Through a detailed case report of a 49-year-old male with congenital stationary night blindness attributed
Counseling; Genetic therapy to a hemizygous variant in CACNATF, we illustrate typical clinical presentations and correlate them with

underlying genetic abnormalities. The discussion highlights the importance of integrating advanced
diagnostic techniques, such as optical coherence tomography and electrophysiological testing, with
genetic analysis for accurate diagnosis and personalized management strategies. Additionally, the
genotype-phenotype correlations underscore the significance of genetic screening in predicting
disease severity and guiding therapeutic interventions. This article contributes to the understanding of
congenital stationary night blindness pathophysiology and emphasizes the role of genetic evaluation in
facilitating targeted approaches for diagnosis, familly counseling, and potential future gene therapies.
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INTRODUCTION

Congenital stationary night blindness (CSNB) is a hetero-
geneous group of inherited retinal dystrophies character-
ized by impaired scotopic vision from birth. Patients with
CSNB typically experience difficulties with night vision
and navigating in low-light conditions, but unlike pro-
gressive retinal diseases, the symptoms of CSNB do not
worsen over time. This group of disorders is primarily
distinguished by its genetic causes and associated elec-
trophysiological anomalies, with implications for both
visual function and retinal structure.

Congenital stationary night blindness can be clas-
sified into two main types based on the pattern of visu-
al impairment and electrophysiological findings: type 1
(CSNB1) and type 2 (CSNB2). Congenital stationary night
blindness type 1 is typically associated with a negative
electroretinogram (ERG), indicating a disruption in the
signal transmission from photoreceptors to bipolar cells.
In contrast, type 2 is characterized by a normal or reduced
b-wave in the ERG, suggesting a defect at the bipolar or
ganglion cell level. This classification not only aids in di-
agnosis but also correlates with different genetic variants
affecting specific pathways in the retinal circuitry.

The variants responsible for CSNB are found in genes
encoding proteins crucial for the function of photorecep-
tors or the synaptic transmission between photoreceptors
and bipolar cells. Among these, the CACNA1F gene is asig-
nificant contributor, especially to CSNB2 cases. CACNA1F
encodes the a1F subunit of the voltage-dependent L-type
calcium channel located in the photoreceptor synaptic
terminals.” Variants in CACNA1F disrupt calcium influx,
which is essential for the release of neurotransmitters to
the bipolar cells, leading to impaired image processing
under low light conditions.

Recent development in genetic research have broad-
ened our understanding of CSNB. Studies have revealed
a wide spectrum of variants in the CACNA1F gene, each
contributing differently to the disease phenotype. These
variants range from missense and nonsense variants to
more complex genomic rearrangements.*3 Furthermore,
research into the cellular mechanisms affected by these
variants shows that altered calcium channel functionality
leads to varied effects on retinal cell communication and
visual signal processing.”? Additional studies have shown
that variants in CACNA1F are associated with optic atro-
phy and inner retinal thinning, which contribute to the
overall phenotype of CSNB."!

Moreover, the phenotypic variability observed in
CSNB patients, including differences in visual acuity and

field defects, reflects the underlying genetic diversity.
This variability underscores the importance of personal-
ized genetic diagnostics as a component of comprehen-
sive ophthalmic evaluation and management in CSNB. ¢

CASE REPORT

A 49-year-old male reported lifelong difficulties with
night vision and blurry distance vision, stating no pro-
gression in symptoms since childhood. The patient’s fam-
ily history was negative for similar visual impairments.
Examination revealed a corrected visual acuity of 20/40
in both eyes with a refractive error of -1.00 diopters in
the right eye and -0.50 diopters in the left eye. The an-
terior segment and intraocular pressures were within
normal limits. Fundoscopic examination identified pale
optic discs, peripapillary atrophy, and macular retinal
pigmentary changes in both eyes (Figure 1A). Foveal aut-
ofluorescence imaging demonstrated a notable hyper-
autofluorescent halo, suggestive of abnormal retinal pig-
ment epithelium metabolism or composition (Figure 1B).
Detailed optical coherence tomography (OCT) scans indi-
cated a generalized reduction in retinal thickness, partic-
ularly in the macular region (Figure 2A) and a thinning of
the nerve fiber layer across both eyes (Figure 2B). Visual
field analysis showed diminished sensitivity predomi-
nantly in the superior and inferior nasal regions of both
eyes, with additional loss in the superior temporal region
of the left eye. Electrophysiological testing revealed sig-
nificantly reduced amplitudes in both the scotopic and
photopic phases and prolonged latencies, indicating dis-
rupted signal transmission within the retina (Figure 3).
Genetic testing confirmed the hemizygous pathogenic
variant ¢.3436C>T (p.Gln1146*) in the CACNA1F, corrobo-
rating the diagnosis of CSNB.

DISCUSSION

The CACNAIF gene encodes the a1F subunit of the volt-
age-dependent L-type calcium channel pivotal in the
phototransduction pathway within the retinal photore-
ceptors. Variants in this gene lead to dysfunctional calci-
um channels, which disrupt the normal phototransduc-
tion cascade crucial for converting light into electrical
signalsin theretina. This dysfunction manifests clinically
asnight blindness and other visual impairments.

Recent literature underscores the diversity of clin-
ical manifestations associated with CACNAI1F variants.
Studies have shown these variants result in a spectrum
of ocular phenotypes, from mild myopia to severe retinal
degeneration.®” Furthermore, innovative research using
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Figure 1. Color fundus photography and autofluores-
cence. (A) Color fundus photography showing pale optic
disc, peripapillary atrophy, and macular pigmentary chang-
es. (B) Autofluorescence imaging of the foveal region display-
ing hyperautofluorescence.

transgenic models has demonstrated potential therapeu-
tic benefits of gene therapy, where targeted expression of
normal CACNA1F in mouse models rectified morphologi-
cal and functional retinal abnormalities.” Additional re-
search has explored the molecular biology underlying the
accelerated degradation of variant Cavi.4 channels, sug-
gesting new avenues for pharmacological intervention.®l
Studies have also highlighted the presence of optic atro-
phy and inner retinal thinning in patients with CACNA1F
variants, providing further insight into the clinical spec-
trum of the disease.!®

Moreover, large cohort studies have reinforced the
importance of genetic screening in CSNB, highlighting
the frequent involvement of CACNA1F variants in these
conditions.?® This genetic insight is crucial not only for
accurate diagnosis but also for family planning and man-
agement of the condition.

Our case involves a 49-year-old male diagnosed with
CSNB linked to a hemizygous variant in the CACNA1F
gene. This is the first reported case of the hemizygous
pathogenic variant ¢.3436C>T (p.Gln1146*) associated
with CSNB, marking a significant addition to the medi-
cal literature. This case aligns with the broader findings
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Figure 2. Optical coherence tomography of the macular re-
gion and nerve fiber layer. (A) Optical coherence tomography
of the macular region showing retinal thinning. (B) Optical co-
herence tomography imaging of the nerve fiber layer demon-
strating decreased thickness.

documented in medicalliterature, displaying both typical
and unique aspects of the condition. Patients with CSNB
due to CACNAIF variants typically present with night
blindness from an early age, similar to our patient who re-
ported lifelong symptoms. Visual acuity among these pa-
tients can vary widely; however, our patient’s visual acuity
of 20/40 is relatively common and reflects a moderate
impact of the genetic variant on photoreceptor function.
Fundoscopic findings in our patient included pale op-
tic discs and macular pigmentary alterations consistent
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Figure 3. Electroretinography showing reduced amplitude and increased latency.

with those observed in other cases of CSNB2 associated
with CACNA1F variants. These retinal changes under-
score the variant characteristic impact on retinal struc-
ture as reported in several studies.”® Leahy et al. describes
optic atrophy and inner retinal thinning in patients with
CACNA1F-related CSNB, which is consistent with the find-
ings in our case.® Our patient exhibited pale optic discs
and macular pigmentary changes, aligning with the op-
tic atrophy described in the study. Additionally, the OCT
scans in our case revealed a generalized reduction in ret-
inal thickness and thinning of the nerve fiber layer, mir-
roring the previously reported inner retinal thinning.

The variant identified in our patient, ¢.3436C>T, is
known to disrupt calcium channel activity that is crucial
for neurotransmitter release at photoreceptor synapses.
This disruption is central to the pathophysiology of CSNB,
as detailed by Waldner et al.®

The phenotype associated with the CACNA1F gene
variant causing CSNB is primarily characterized by con-
genital night blindness, optic atrophy, and inner retinal
thinning. Similar to other forms of CSNB, the CACNA1F
variant leads to difficulties with vision in low-light

conditions from birth and specific anomalies in ERG pat-
terns, with the condition being non-progressive. However,
differences include distinct genetic mechanisms, where
CACNA1F affects L-type calcium channels in photore-
ceptors, while other genes like NYX and GRM6 impact
different proteins in synaptic transmission between pho-
toreceptors and bipolar cells. Additionally, CACNA1F vari-
ants result in extra retinal abnormalities such as optic at-
rophy and inner retinal thinning, observed through OCT
scans. The severity and specific manifestations of visual
impairment can vary significantly depending on the type
of genetic variant within the CACNA1F gene, emphasiz-
ing the importance of genetic screening and personalized
diagnostics.

The severity of clinical symptoms in CSNB can of-
ten be correlated with the specific type of variant in the
CACNAIF gene. More disruptive variants, such as frame-
shift or nonsense variants, generally result in more severe
visual dysfunction compared to missense variants.

Understanding the genetic basis of CSNB not only
aids in accurate diagnosis but also influences family
counseling and management strategies. It opens the door
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to potential treatments such as gene therapy, which are
currently under exploration in clinical trials and experi-
mental models. These treatments aim to correct the ge-
netic defects at the molecular level, potentially restoring
normal function to retinal cells and improving visual
outcomes.

Variant gene can lead to various phenotypes by al-
tering protein function or expression. In the case of a pa-
tient with a hemizygous variant in the CACNA1F gene, a
sequence change creates a premature translational stop
signal (p.GIn1146%), resulting in CSNB. This nonsense mu-
tation truncates the a1F subunit of the voltage-dependent
L-type calcium channel, crucial for photoreceptor synap-
tic transmission. Consequently, the patient exhibits life-
long difficulties with night vision and other visual impair-
ments, as the disrupted calcium channels prevent proper
neurotransmitter release in the retina, affecting scotopic
vision from birth without progressive deterioration.

This case highlights the critical role of comprehen-
sive ophthalmic and genetic evaluations in diagnos-
ing CSNB linked to CACNAIF variants. The integration
of advanced diagnostic technologies, such as detailed
OCT scans and electrophysiological testing, with genetic
analysis provides a conclusive diagnosis and facilitates
tailored management strategies for patients. The iden-
tification of a hemizygous CACNAIF variant in this pa-
tient underscores the importance of genetic screening in
CSNB, enabling accurate diagnosis and informing family
planning. Ongoing research into the genetic mechanisms

and potential gene therapies offers hope for more effec-
tive treatments in the future.
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