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Abstract: The case report of a young myope (born in 1997) who was diagnosed with bilateral concentric narrowing of the visual field
to 15-20 degrees in 2021 is presented. On eye fundus, the findings were normal with central excavation ¢/d=0.5 and 0.4, respectively.
OCT showed loss of retinal nerve fiber layer — in both vertical quadrants, including a reduction in the ganglion cell complex.
Electrophysiological examination (PERG) showed normal retinal responses. Visual evoked responses (PVEP) after stimulation squared
a 1 degree decrease in amplitudes, with no prolongation of P100 latency. When stimulated with 15-minute squares, responses were
normal (see Supplementary Figure). Magnetic resonance imaging of the brain showed a narrowing of the chiasm. In conclusion, optic

chiasm hypoplasia may not always have distinct morphological and functional manifestations. In addition to imaging methods,
electrophysiological examination of the visual analyser was of great help for its verification.
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Introduction
The first report of optic disc appearance in optic nerve hypoplasia (ONH) dates back to 1915." The optic nerve head is
usually reduced to 1/3 to 1/2 of its normal diameter and is usually lined with a yellowish halo or double ring of atrophic
choroid and pigmented leaf, often the size of a normal target. Complete aplasia of the optic nerve is quite uncommon. At
the opposite extreme is a not very reduced, pale target with a sectorial visual field and usable visual acuity.”
Histologically, ONH is characterized by a subnormal number of optic nerve axons and is a non-progressive, non-
specific manifestation of damage at any site of the optic pathways that occurs before their full development.®™ In
addition to intraocular changes, ONH can also cause intracranial changes. Reeves described agenesis of the septum
pellucidum in a four-month-old blind infant.® These changes were confirmed postmortem by de Morsier, who described
the absence of the septum pellucidum. In his report, he stated that one of the specimens was from a woman with
a unilaterally vertically rotated optic tract who died of pyelonephritis at the age of 84 with no history of visual problems.
This single case gave rise to the term “la dysplasia septo-optique” (septo-optic dysplasia-SOD).” Brodsky and Glasier
described other intracranial abnormalities in SOD. In addition to the absence of the septum pellucidum, these may
include thinning of the corpus callosum and dysplasia of the third ventricle, ectopia of the posterior pituitary, and
malformations of the cerebral hemispheres.® Garcia-Filion and Borcher report that currently, children with ONH require
monitoring for many systemic, developmental, and even life-threatening problems regardless of the severity of ONH and
the presence of brain malformations, including abnormalities of the septum pellucidum. They note that septo-optic
dysplasia and de Morsier syndrome are historically inaccurate and clinically misleading terms.” Histopathological
examination showed 90% reduction of optic nerve fibres without finding degenerated axons.' Visual acuity can range
from blindness to normal vision. Associated ophthalmological features include nystagmus (26-86%), strabismus (42—
52%), axial myopia and astigmatism.”'' '

If the finding on the optic nerve papilla is typical and indicative of its hypoplasia and the visual functions correspond
to it, then the diagnosis is unproblematic. In case of minimal ophthalmoscopic changes and intact visual acuity, this

finding may cause diagnostic difficulties. This led us to present this case report.
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Case Report
In 2021, a 24-year-old male presented for ocular exam. Except for the use of spectacles for myopia since age 11, he
reported no visual issues. Changes were noted on perimeter exam. On the right eye concentric narrowing to 20 degrees,
on the left eye to 15 degrees (see Figure 1).

Using OCT, we also examined the peripapillary nerve fiber layer (RNFL), using Avanti RTVue XR (Optovue) with
a finding of a reduction in its thickness. Right 84.29 um, left 80.45 um. Ganglion cells complex (GCC) values were also
within pathological values; right 79.22 pm, left 79.01 um (Figure 2). Because of these changes, the patient was sent to
the first author’s workplace for further examination and clarification of the diagnosis.
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Figure | Visual field report. Bilateral concentric narrowing to 20 (result of right eye on the left) and 15 degrees (result of left eye on the right). Examination was performed
with the Octopus 900 (Haag-Streit AG) using the 30-2 program. MD — mean defect and MS — mean sensitivity, dB — decibels.
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Figure 2 OCT report — retinal nerve fibre layer (RNFL) and ganglion cell complex (GCC) thickness. Subfigure A — numerical values, subfigure B — graphic representation of
the comparison of values with the normative database.
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During examination, it was found: bulbs were in parallel position, free motility. Diplopia was not reported by the
patient. The pupillary reactions were correct. Ocular findings on the anterior segment and optical media were normal. On
the fundus papillaec with deep central excavation (c/d right=0.5, left=0.4) and no double rim. Otherwise, the findings on
the ocular background were normal (Figure 3).

On the right is ¢/d=0.5, on the left=0.4. The OCT device measured it at 0.84 and left 0.88. Similar to the first workplace,
we also demonstrated a decrease in RNFL and vessel density values in both eyes, which was 46% bilaterally. Figure 4.

Figure 3 Photographs of the ocular fundus with normal findings. On the right is ¢/d=0.5, on the left=0.4. according to automatic assessment by OCT 0.84 for right eye and
0.88 for left eye.

Figure 4 RNFL and vessel density (VD) values in individual segments of the peripapillary region. Top, right eye findings, bottom, left eye findings. For VD (findings on the right), the
values in the nasal segments are significantly lower than in the temporal part of the optic nerve target. The examination was performed with the Optovue OCT device.
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Colour discrimination was correct. Intraocular pressure 14/14 mmHg (Ocular Response Analyser, Reichert
Technologies). The pattern electroretinogram (PERG) showed normal retinal responses in both eyes (P50-N95 ampli-
tudes right=19 uV, left=14 pV). Examination of visual evoked potentials (PVEPs) during stimulation with a reversed
black-and-white checkerboard of 1-degree field size showed a decrease in N75-P100 amplitudes (right=8.3 uV,
left=6.4 uV) without prolonging the latency of the P100 ms peak. Using smaller squares (15 min), normal responses
were fitted bilaterally (right=11.6 pV, left=11 uV). Even with this stimulation, the P100 peak latency was not prolonged
(6). The examination was performed with the Roland Consult electrophysiological diagnostic system (Germany)
according to the ISCEV methodology. The size of the stimulation field was 41x31 angular degrees."

Based on the above examinations, we concluded the finding as optic nerve hypoplasia with damage mainly to the
magnocellular canal. Magnetic resonance imaging (MRI) of the brain revealed no abnormalities. The corpus callosum
and hypothalamic—pituitary axis area structures had normal morphology. Frontally, changes consistent with the fenestra-
tion of the falx with mesial interdigitations of the frontal lobe cortex were noted. Mild periventricular atrophy of the brain
was also observed. There was no evidence of malformations of cortical development, without typical changes indicative
of septo-optic pituitary dysplasia. On the second examination, we also focused on the chiasma opticum, whose
laterolateral dimension was reduced to 12.4 mm (control group 13.76 £ 0.55 mm).'®

Discussion

To understand the abnormalities of the optic nerve target, it is important to know the embryology of the eye. In an
embryo about three weeks old, the fetal slit begins to insert ventrolaterally into the eye sac and the peripheral portion of
its pedicle. The para-axial mesoderm inserts into it and forms into a primitive papilla at the proximal end of the fetal slit.
The embedded mesoderm also forms the hyaloid vascular system, the basis of the retinal vessels. In the seven-week-old
embryo, ganglion cells of the retina differentiate in the inner leaflet of the eyecup, whose nerve fibres sprout into the
primitive papilla and the peduncle of the cup into the brain.'” As it follows from the above, a prerequisite for proper optic
nerve development is the intact development of both the fetal cleft and the mesodermal tissue embedded in it, as well as
the retinal ganglion cells. In hypoplasia, it may be conditioned by insufficient formation of the mesodermal base of the
papilla or by a gross defect in the differentiation of retinal ganglion cells. Both components may also apply.'’

Retinal ganglion cell responses were normal, according to electrophysiological examination. On the left, however,
there was a finding compared to the right eye with a lower amplitude of the P50-N95 oscillation (19 pV and 14 pV,
respectively). PVEPs showed a decrease in N70-P100 amplitude to 8.3 pV on the right and 6.4 pV on the left after
stimulation with large squares. When using small squares, the responses were within the norm (11.6 pV right, 11 pV
left). From this, we concluded that it is damage to the magnocellular visual pathway. This is also evidenced by normal
visual acuity and intact color perception.

In recent decades, the number of reported cases of ONH has increased. The estimated prevalence is 7.2 per 100,000
population in Sweden and 10.9 per 100,000 population in England.'® More recent work indicates a prevalence of 1.9 and
2.5/100,000 population.'” ONH has become the leading cause of congenital blindness.

The most common intracranial findings during neuroimaging were often the associated features of hypopituitarism
and missing septum pellucidum were gated as embryonic linkage “septo-optic dysplasia” or “de Morsier syndrome”.
More recent studies suggest that these associations are independent of each other.” The most prominent and commonly
reported prenatal features of ONH are low maternal age and primiparity.’®>* Many reports speculate that the association
with young maternal age reflects an increased risk. Evidence for this hypothesis is insufficient due to the lack of findings
of risk behaviour in cohort studies using standardised methods. Maternal age and primiparity may be proxies for more
underlying health and demographic factors that determine prenatal risk of ONH but have not yet been explored.

ONH has long been associated with recreational drug use (eg LSD) or prescribed use of eg anticonvulsants, quinine,

- . . . O . .
202124727 iral infection,?%*®?° diabetes of the mother*® and alcohol use during pregnancy.®'-*?

antidepressants,

Almost all of the etiological correlates listed were primarily based on isolated exposures or case reports, which
provide the lowest level of evidence. In two small series of case reports of fetal alcohol syndrome, ONH was reported in
25-48%.°"%

Similarly, Otradovec in his monograph indicates exogenous disorders rather than hereditary influences as the cause.”
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The patient’s parents were also examined at the second author’s workplace and no ocular abnormalities were detected.
We did not receive from the mother any possible connection with the use of the above-mentioned drugs during
pregnancy.

The most common neuroimaging findings were absent septum pellucidum (53%), corpus callosum hypoplasia and
pituitary abnormalities (13-34%) such as ectopic pituitary, empty sella and infundibular hypoplasia.4’8 Isolated absence
of septum pellucidum was associated with normal developmental and endocrinological features.®'-?

From the ophthalmological point of view, the findings on the optic nerves and chiasm are important in the absence of
the above described SOD abnormalities. If there is a congenital loss of retinal ganglion cell axons, then radiological
findings on the thinner optic nerves and chiasm should also be a radiological finding. This has been described by Ward
et al and Salman et al***

Our patient’s findings showed a narrower chiasma on reevaluation. Even after repeated promises, the patient failed to
attend for a follow-up MRI and assessment of optic nerve width.

Visual evoked potentials (VEP) and electrophysiological examination may be pathological or normal in patients with
SOD 3637

We found normal electrical functions in the stimulated part of the retina in our patient. In the left eye, where there
were greater changes in both the perimeter and the RNFL, the amplitudes from the ganglion cells were lower compared
with the right eye. However, I must point out that the examination methodology (ISCEV) recommends only one type of
stimulation squares and a stimulation area size of 15 angular degrees (ERG pattern).*®

During VEP examinations, 1 and subsequently by 15> square is used for stimulation. This means that with
a sufficiently large stimulation area (in our case 41x31 angular degrees) the status of both parvocellular canal located
mainly in the central part and magnocellular ones located in the periphery of the retina can be detected. The ISCEV
methodology recommends 15 angular degrees.®

Magnocellular ganglion cells, located mainly in the periphery of the retina, respond to moving objects of low spatial
frequency.®’

Because the axons of magnocellular RGCs enter from the temporal side of the retina to target the optic nerve at the
superior pole (S) and inferior pole (I). Nasal fibers are then all over the nasal side of the target. Therefore, in our patient,
the values of vessel density in these places are also the smallest.

If the concentric narrowing of the visual field is caused by an insufficient number of ganglion cells in the retina, then
it is by using larger stimulation patterns and sufficient size of the stimulating area that their abnormality can be
demonstrated. Our patient had concentric narrowing to 20 and 15 degrees, respectively. We verified this by examining
the VEPs using large checkerboard patterns. We did not demonstrate prolongation of P100 latency. There was no
morphological correlation to this either.

Conclusion

ONH may not always have distinct morphological and functional manifestations. Our case report is a proof of this. The
electrophysiological examination of the visual analyser helped us to verify it. We would like to point out the importance
of a sufficient size of the stimulating field.

Data Sharing Statement
The datasets used and/or analysed during the present study are available from the corresponding author on reasonable
request.

Ethics Statement
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Czech Republic) to publish the details of the case report.
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