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Abstract

BACKGROUND

In this paper, we present a 9-year-old boy who demonstrates a complex interplay
between myopia progression, axial length (AL) extension, and retinal nerve fiber
layer (RNFL) thickness loss in both eyes. Additionally, concurrent optic neuritis
has directly impacted RNFL thickness in his right eye, and its potential indirect
influence on RNFL and macular ganglion cell layer (mGCL) thickness in his left
eye is also noteworthy.

CASE SUMMARY

A 9-year-old boy with bilateral myopia presented with diminished vision and
pain in his right eye due to optic neuritis, while his left eye showed pseudo-
papilledema. Steroid therapy improved his vision in the right eye, and 16-mo
follow-up revealed recovery without recurrence despite myopia progression.
Follow-up optical coherence tomography conducted 16 mo later revealed a
notable thinning of the RNFL in both eyes, especially along with a reduction in
mGCL thickness in the left eye. This intricate interaction between optic neuritis,
myopia, and retinal changes underscores the need for comprehensive mana-
gement, highlighting potential long-term visual implications in young patients.

CONCLUSION

The progression of myopia and AL extension led to the loss of RNFL thickness in
both eyes in a 9-year-old boy. Concurrently, optic neuritis directly affected RNFL
thickness in his right eye and may indirectly play a role in the thickness of RNFL
and mGCL in his left eye.
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Core Tip: When evaluating retinal nerve fiber layer (RNFL) thickness in patients with optic neuritis and myopia, it is
essential to consider both direct and indirect effects on the RNFL. Additionally, it is important to closely monitor changes in
RNFL thickness over time, as it may be influenced by both myopia and optic neuritis. Further research is needed to better
understand the relationship between these conditions and their impact on RNFL thickness.
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INTRODUCTION

Optical coherence tomography (OCT) imaging offers ophthalmologists a noninvasive technique to evaluate the thickness
of retinal nerve fiber layer (RNFL) and macular ganglion cells (mGCL). It has been applied for both research and clinical
purposes in evaluating disease progression in optic neuropathies. Thinning of RNFL has been demonstrated in glaucoma
[1], optic neuritis, anterior ischemic optic neuropathy, multiple sclerosis, central nervous system diseases such as
Parkinson’s disease[2], and systematic diseases involving hypertension[1]. Additionally, the diminishment of RNFL
thickness has been detectable in myopic eyes, conceivably linked to elongation and thinning of the retina and sclera,
thereby engendering the dispersion of nerve fibers across an expanded surface area[3]. Optic neuritis is an inflammatory
process that causes demyelination of the optic nerve and damages the axon fibers, which can be measured objectively by
RNFL thickness. It is speculated that RNFL thinning in optic neuritis may be due to both retrograde and anterograde
neuroaxonal degeneration[4]. In this report, we present a 9-year-old boy with optic neuritis in the right eye, pseudo-
papilledema in the left eye, and moderate myopia in both eyes. Following steroid pulse therapy, a decrease in RNFL
thickness was observed in both eyes during the 16-mo follow-up period.

CASE PRESENTATION

Chief complaints
Decreased right eye visual acuity with associated ocular pain upon eye movement persisting for 5 d.

History of present illness

Five days prior, the patient presented with a gradual decrease in vision in the right eye, accompanied by discomfort
during eye movements. No specific triggering factors were identified. The patient did not exhibit symptoms of eye
redness, sensitivity to light, or tearing. Seeking medical care at our institution, the patient had not undergone prior
medical consultation or treatment.

History of past illness

Unremarkable.

Personal and family history
A history of refractive error in both eyes.

Physical examination

The patient had myopia in both eyes, -3.75D spherical equivalent (SE) in the right eye and -2.75D SE in the left eye. His
medical history was otherwise unremarkable. At presentation, the best-corrected visual acuity (BCVA) was no light
perception in the right eye with relative afferent pupillary defect and 1.0 (logarithmic visual acuity chart) in the left eye.
Diffuse disc swelling and vascular tortuosity around the right optic disc, and ill-defined border of the reddish left optic
disc accompanied by y-zone peripapillary atrophy (PPA) without the optic cup were shown on fundus photography
(Figure 1A and B).

Laboratory examinations
The aquaporin-4 immunoglobulin and myelin oligodendrocyte glycoprotein immunoglobulin were seronegative.
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Figure 1 Morphology of optic nerve segments and changes before and after treatment. A and B: Fundus photography prior to treatment; C-E: Pre-
treatment magnetic resonance imaging demonstrating enhancement and enlargement in the intraorbital, intracanal, and intracranial segments of the right optic nerve
(white arrows); F and G: Fundus photography post-treatment; H: Enhanced depth imaging optical coherence tomography revealing the presence of a peripapillary

hyperreflective ovoid mass-like structure on the left optic disc (white arrow).
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Imaging examinations

The average peripapillary RNFL thickness (Table 1 and Figure 2) was 157 pm in the right eye and 134 pm in the left eye,
while the average mGCL thickness (Table 1) was 92 um in the left eye. It was not possible to measure mGCL in the right
eye due to the inability to fix vision caused by optic neuritis. Pattern visual evoked potential in the right eye failed to lead
to a stable waveform but the P100 peak time and amplitude in the left eye were normal. Flash visual evoked potential in
the right eye indicated delayed P2 peak and decreased P2 amplitude. Furthermore, orbital fat-suppression contrast-
enhanced magnetic resonance imaging (Figure 1C-E) revealed enhancement and enlargement in the intraorbital,
intracanal, and intracranial segments of the right optic nerve.

FINAL DIAGNOSIS

Optic neuritis in the right eye, pseudopapilledema in the left eye, and myopia in both eyes.

TREATMENT

Steroid pulse therapy of intravenous methylprednisolone (IVMP) (20 mg/kgd for 5 d, and halved every 1 d) was
prescribed, followed by oral administration of 1 mg/kgd prednisolone. The oral dosage was gradually tapered as the
patient exhibited a favorable response to the therapeutic intervention.

OUTCOME AND FOLLOW-UP

A month later, the patient’s visual field returned to normal and his right BCVA improved to 1.0. Importantly, no
recurrence was detected during the 16-mo follow-up period. However, the degree of myopia progressed (-4.25D SE in the
right eye and -4.00D SE in the left eye) at the end of the follow-up, as well as the axial length (AL) (24.96 mm in the right
eye and 24.92 mm in the left eye). The defined border of the pale right optic disc with y-zone PPA and the ill-defined
border of the reddish left optic disc accompanied by expanded y-zone PPA without the optic cup were captured on
Fundus photography (Figure 1F and G). The RNFL thickness (Table 1 and Figure 2) in the right eye was 74 pm (reduced
by 157 pm) and 106 pm (reduced by 28 pm) in the left eye. Meanwhile, the left average mGCL thickness (Table 1) became
thinner (88 pm, reduced by 4 pm). Enhanced depth imaging optical coherence tomography (Figure 1H) revealed a
peripapillary hyperreflective ovoid mass-like structure in his left optic disc.

DISCUSSION

In this 9-year-old boy with optic neuritis in the right eye, pseudopapilledema in the left eye, and myopia in both eyes, the
RNFL thickness of both eyes was reduced and myopia has progressed at the 16-mo follow-up. A significant negative
correlation between RNFL thickness and deepened myopic degree has been reported in many studies[1,5,6]. The Orinda
Longitudinal Study of Myopia in the United States has studied longitudinal AL data for myopic and emmetropic children
and published the following equations as a function of age: Myopes up to 10.5 years: Axial Length = 18.144 + 2.391*
In(age); myopes after 10.5 years: Axial Length = 17.808 + 2.560*In(age)[7]. Therefore, this boy’s AL might increase almost
0.55 mm according to the equations at the 16-mo follow-up. AL expansion, leading to elongation and thinning of the
sclera and the retina that spread the nerve fibers over a larger surface area, could cause thinning of the RNFL in myopia
[1,3]. The RNFL thickness has been reported to have decreased by 7 microns for every 1 mm of axial length, and 3
microns for every 1 Diopter sphere[8]. Moreover, the expansion of left y-zone PPA might be significantly correlated with
deepened myopic degree[9].

Certainly, it is evident that the extent of RNFL thinning in both eyes was influenced not solely by the progression of
myopia and axial length elongation. As for his right eye, the RNFL thickness thinning after optic neuritis was also due to
both retrograde and anterograde neuroaxonal degeneration caused by optic nerve injury[4,10,11]. In previous studies,
OCT in vivo and the thinning of the RNFL had been speculated to be biomarkers of prior optic neuritis[11,12].

Simultaneously, we found that the average mGCL thickness became thinner in the patient’s contralateral unaffected
left eye. It had been reported that AL expansion could cause enlargement of the y-zone next to the optic nerve head, while
the macular area was unaffected[13,14]. However, to date, there is no definitive evidence showing that the elongation of
the AL could cause retinal ganglion cell (RGC) degeneration and axon fiber loss[1]. Furthermore, the patient’s left thinner
average mGCL thickness was consistent with a recent report in which mGCL thickness decreased in the contralateral eye
possibly by subclinical involvement[15]. The exact mechanism about subclinical involvement was not confirmed, but
results of animal experiments[16,17] suggested that stress signals liberated by the damaged ret-ret RGC might cause a
neurotoxic environment in the contralateral retina, the propagation of a glial reaction through the optic chiasm, a
retrograde degeneration spreading from the deafferented retinorecipient areas in the brain, or even a systemic inflam-
matory response[16]. Meanwhile, ganglion cell axons comprise the nerve fiber layer of the retina and converge to form
the optic nerve. It has been demonstrated that average RNFL thickness (per pm) was most strongly associated with
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Table 1 Clinical profile of the patient, including baseline and final values for each eye

Right eye Left eye
Parameter : . . .
Baseline Final Baseline Final
BCVA NLP 1 1 1
RNFL thickness (jm) 157 74 134 106
mGCL thickness (pm) NA 62 92 88
Myopic degree (D) SE -3.75 -4.25 -2.75 -4

BCVA: Best-corrected visual acuity; mGCL: Macular ganglion cells; NLP: No light perception; RNFL: Retinal nerve fiber layer; SE: Spherical equivalent.
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Figure 2 Changes in retinal nerve fiber layer thickness before and after treatment. TEMP: Temporal; SUP: Superior; NAS: Nasal; INF: Inferior; RNFL:
Retinal nerve fiber layer; OD: Optical density; OS: Overall survival.

average mGCL thickness and 1 pm thinner average RNFL was accompanied with 0.3 pm thinner average mGCL
thickness[18]. Therefore, mGCL and RNFL would thin correspondingly after permanent injury of ganglion cells[19].
While the precise mechanism remains to be fully understood, our hypothesis is that the reduced thickness of mGCL and
even RNFL thickness in his left eye could potentially be linked to the optic neuritis affecting his opposite (contralateral)
eye.

CONCLUSION

The progression of myopia and AL extension led to the loss of RNFL thickness in both eyes in a 9 -year-old boy. Concur-
rently, optic neuritis directly affected RNFL thickness in his right eye and may indirectly play a role in the thickness of
RNFL and mGCL in his left eye.
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