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ABSTRACT

Demyelinating disorders, including Multiple Sclerosis (MS), Neuromyelitis Optica Spectrum Disorder
(NMOSD), and Myelin Oligodendrocyte Glycoprotein Antibody-Associated Disease (MOGAD), are
among the leading causes of acquired visual impairment in young and middle-aged adults. These
immune-mediated disorders primarily affect the myelin sheath of the central nervous system, resulting
in disrupted neural conduction, axonal injury, and progressive visual dysfunction. The visual pathways,
particularly the optic nerves, are highly susceptible to demyelinating damage, making optic neuritis the
most common ophthalmic manifestation. In addition to reduced visual acuity, patients frequently
experience impaired colour vision, decreased contrast sensitivity, visual field defects, ocular motor
abnormalities, and higher-order visual processing deficits. Recent advances in optical coherence
tomography (OCT), magnetic resonance imaging (MRI), visual evoked potentials (VEPS), and retinal
biomarkers have significantly improved the early diagnosis, disease monitoring, and prognostic
assessment of these conditions. Furthermore, treatment strategies have evolved beyond conventional
immunosuppressive therapy to include targeted immunomodulation, remyelination therapies,
neuroprotective interventions, and comprehensive visual rehabilitation.
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4.1 INTRODUCTION

Demyelinating disorders are a group of immune-
mediated diseases of the central nervous system
(CNS) characterized by the destruction of the myelin
sheath and subsequent axonal injury, leading to
impaired neural conduction and progressive
neurological dysfunction (Costello, 2013; Levin &
Bennett, 2017). Among these conditions, Multiple
Sclerosis (MS), Neuromyelitis Optica Spectrum
Disorder (NMOSD), and Myelin Oligodendrocyte
Glycoprotein Antibody-Associated Disease
(MOGAD) are the leading causes of acquired visual
impairment in young and middle-aged adults (Jarius
etal., 2020; Toosy et al., 2014). The visual pathways
are particularly vulnerable because the optic nerves,
optic chiasm, optic tracts, and optic radiations
contain densely myelinated axons that are highly
susceptible to immune-mediated demyelination.
Damage to these structures disrupts the transmission

of visual information, resulting in a wide range of
visual deficits, with optic neuritis being the most
common and often the earliest clinical manifestation
(Galetta et al., 2015; Hickman et al., 2018). Visual
dysfunction in demyelinating disorders extends
beyond the afferent visual pathway. Demyelinating
lesions involving the brainstem and cerebellum
frequently affect ocular motor pathways, leading to
abnormalities such as internuclear ophthalmoplegia,
nystagmus, impaired smooth pursuit, and binocular
vision disorders that significantly compromise visual
stability and coordination (Frohman et al., 2008;
Levin & Bennett, 2017). These visual disturbances
can substantially reduce reading ability, mobility,
occupational performance, and overall quality of life
(Balk et al., 2018). Importantly, the visual system
provides a unique and accessible model for studying
central nervous system pathology, as structural and
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functional changes can be directly assessed using
modern diagnostic techniques such as Optical
Coherence Tomography (OCT), Visual Evoked
Potentials (VEPs), and Magnetic Resonance
Imaging (MRI) (Balcer et al., 2017; Frohman et al.,
2008). Consequently, evaluation of visual function
has become an essential component in the diagnosis,
monitoring, and therapeutic assessment of
demyelinating  diseases, while advances in
neuroimaging, immunotherapy, and neuroprotective
strategies continue to improve clinical outcomes and
patient care.

42 PATHOPHYSIOLOGY OF
DYSFUNCTION

VISUAL

Visual dysfunction in demyelinating disorders arises
from three interrelated mechanisms: demyelination,
axonal injury, and impaired remyelination (Costello,
2013; Levin & Bennett, 2017). Demyelination
disrupts  saltatory  conduction, resulting in
conduction slowing or block, which clinically
manifests as visual blurring, reduced contrast
sensitivity, and Uhthoff’s phenomenon (Toosy et al.,
2014). Redistribution of sodium channels along the
axolemma may partially restore conduction but
increases metabolic demand, rendering axons
vulnerable to degeneration (Levin & Bennett, 2017).
Axonal degeneration is a major determinant of
irreversible disability. Acute inflammatory attacks
can cause axonal transection, while chronic
demyelination accelerates progressive axonal loss
(Saidha et al.,, 2015). This structural damage
correlates strongly with retinal nerve fibre layer
(RNFL) thinning observed on optical coherence
tomography (OCT) (Petzold et al., 2017; Saidha et
al.,, 2015). Failure of remyelination further
contributes to cumulative neurological injury.
Although oligodendrocyte precursor cells attempt
repair, chronic inflammation and gliosis frequently
impair effective remyelination (Costello, 2013). In
NMOSD, astrocytic injury mediated by aquaporin-4
antibodies adds an additional layer of irreversible
damage, accounting for poorer visual recovery
compared with MS (Jarius et al., 2020; Wingerchuk
etal., 2015).

4.3 CLINICAL MANIFESTATIONS

Optic Neuritis: Optic neuritis is the most common
ophthalmic manifestation of demyelinating disorders
and often represents the initial presentation of
Multiple Sclerosis (MS), Neuromyelitis Optica
Spectrum  Disorder (NMOSD), or Myelin
Oligodendrocyte Glycoprotein Antibody-Associated
Disease (MOGAD). It typically presents with acute
or subacute unilateral visual loss accompanied by

pain during eye movement. Patients commonly
experience blurred vision, central visual field
defects, impaired colour vision particularly red
desaturation and reduced contrast sensitivity, often
disproportionate to the degree of visual acuity loss
(Hickman et al., 2018; Toosy et al., 2014). Visual
recovery in MS is generally favourable, although
subtle deficits in contrast sensitivity and colour
discrimination may persist. In contrast, optic neuritis
associated with NMOSD is usually more severe,
frequently bilateral, and carries a higher risk of
permanent visual impairment despite treatment
(Balcer etal., 2017; Bennett et al., 2015; Jarius et al.,
2020).

Uhthoff's Phenomenon: Uhthoff's phenomenon is a
characteristic feature of demyelinating disease,
characterized by a temporary worsening of visual
function following increased body temperature
caused by exercise, fever, or exposure to heat. This
reversible deterioration results from impaired
impulse conduction in demyelinated optic nerve
fibres and typically resolves once body temperature
returns to normal (Toosy et al., 2014).

Visual Fatigue and Oscillopsia: Many patients
experience visual fatigue, characterized by
progressive blurring and reduced visual performance
during prolonged visual activities such as reading or
computer use. This is thought to result from impaired
conduction and metabolic stress within demyelinated
nerve fibres. Oscillopsia, the illusion that stationary
objects are moving, occurs when demyelination
affects brainstem or cerebellar pathways controlling
eye movements, leading to nystagmus and impaired
gaze stabilization (Frohman et al., 2008; Levin &
Bennett, 2017).

Ocular Motor Disorders: Demyelinating lesions
frequently involve the brainstem ocular motor
pathways, producing characteristic eye movement
abnormalities. Internuclear ophthalmoplegia (INO),
caused by demyelination of the medial longitudinal
fasciculus (MLF), is considered one of the most
specific ocular motor signs of MS. It presents with
impaired adduction of the affected eye, abducting
nystagmus of the opposite eye, and binocular
diplopia. Additional ocular motor abnormalities,
including gaze-evoked nystagmus, skew deviation,
saccadic dysmetria, and impaired smooth pursuit,
may occur due to involvement of the brainstem and
cerebellum, resulting in impaired binocular vision,
visual instability, and reduced visual comfort
(Frohman et al., 2008; Levin & Bennett, 2017).

4.4 DIAGNOSTIC APPROACHES
Accurate diagnosis of visual dysfunction in
demyelinating disorders requires a combination of

structural ~ imaging,  functional  assessment,
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electrophysiological  testing, and serological
evaluation. Optical Coherence Tomography (OCT)
is a valuable, non-invasive technique that measures
the thickness of the retinal nerve fibre layer (RNFL)
and ganglion cell layer, providing objective evidence
of axonal loss and retinal neurodegeneration in
Multiple Sclerosis (MS), Neuromyelitis Optica
Spectrum  Disorder (NMOSD), and Myelin
Oligodendrocyte Glycoprotein Antibody-Associated
Disease (MOGAD) (Balk et al., 2018; Petzold et al.,
2017; Zimmermann et al., 2018). Visual Evoked
Potentials (VEPs) evaluate the functional integrity of
the optic pathway by measuring the latency of the
P100 waveform. Prolonged P100 latency is a
characteristic finding of optic nerve demyelination
and is particularly useful for detecting subclinical
optic neuritis (Toosy et al., 2014). Magnetic
Resonance Imaging (MRI) remains the gold standard
for identifying inflammatory demyelinating lesions
within the optic nerves, optic radiations, and brain.
Acute optic neuritis is characterized by optic nerve
enhancement on T1-weighted post-contrast images,
while T2-weighted hyperintensities indicate chronic
demyelinating lesions. Advanced MRI techniques,
including diffusion tensor imaging (DTI) and
magnetization transfer imaging (MTI), provide
additional information regarding axonal integrity
and  myelin  damage  (Costello,  2013).
Comprehensive functional assessment includes
high- and low-contrast visual acuity testing,
automated visual field analysis, colour vision
assessment, and contrast sensitivity evaluation, with
low-contrast letter acuity serving as a sensitive
marker of early visual dysfunction (Balcer et al.,
2017). In suspected NMOSD and MOGAD,
serological testing for aquaporin-4 (AQP4-IgG) and
myelin oligodendrocyte glycoprotein (MOG-IgG)
antibodies is essential for differentiating these
disorders from MS and guiding appropriate
immunotherapy (Jarius et al., 2020; Wingerchuk et
al., 2015).

4.5 MANAGEMENT STRATEGIES

Management of visual dysfunction in demyelinating
disorders focuses on treating acute inflammatory
episodes, preventing disease progression, and
maximizing visual function through rehabilitation.
High-dose intravenous corticosteroids are the first-
line treatment for acute optic neuritis, accelerating
visual recovery, although they have limited impact
on long-term visual outcomes (Galetta et al., 2015).
In patients with severe or steroid-resistant optic
neuritis, particularly those with Neuromyelitis
Optica Spectrum Disorder (NMOSD), plasma
exchange (PLEX) or intravenous immunoglobulin
(IVIG) may be used to reduce immune-mediated

damage and improve visual recovery (Jarius et al.,
2020). Long-term management includes disease-
modifying therapies (DMTs) to reduce relapse
frequency and slow disease progression. In Multiple
Sclerosis (MS), medications such as interferons,
fingolimod, natalizumab, and newer
immunomodulatory agents decrease the risk of
recurrent optic neuritis and neurological disability
(Levin & Bennett, 2017). For NMOSD, targeted
biological  therapies including  eculizumab,
inebilizumab, and satralizumab have significantly
reduced relapse rates and improved visual outcomes
by suppressing antibody-mediated inflammation
(Pittock et al., 2019). Visual rehabilitation plays an
equally important role and includes low-vision aids,
contrast-enhancing devices, prism correction, ocular
motor exercises, and assistive technologies to
improve daily functioning and quality of life.
Emerging therapeutic  approaches, including
remyelination therapies, stem cell-based treatments,
and neuroprotective interventions, offer promising
opportunities to restore neural function and preserve
vision (Levin & Bennett, 2017).

4.6 FUTURE PERSPECTIVES

Rapid advances in immunotherapy, neuroimaging,
regenerative medicine, and digital rehabilitation are
transforming the management of demyelinating
visual disorders. Optical Coherence Tomography
(OCT)-derived retinal biomarkers are increasingly
used to monitor neuroaxonal damage and evaluate
treatment response in clinical practice and research
(Petzold et al., 2017; Zimmermann et al., 2018).
Novel therapies aimed at promoting remyelination,
neuroprotection, gene therapy, and targeted
biologics have the potential to improve long-term
visual outcomes. In addition, virtual reality-based
visual rehabilitation, artificial intelligence-assisted
monitoring, and tele-neuro-ophthalmology are
expected to enhance personalized patient care. As the
visual pathway provides a sensitive and accessible
model of central nervous system demyelination,
continued research is likely to advance both the
understanding and treatment of these disorders,
ultimately improving visual function and quality of
life for affected patients (Frohman et al., 2008; Levin
& Bennett, 2017).

4.7 CONCLUSION

Visual dysfunction is a major cause of disability in
demyelinating disorders such as Multiple Sclerosis
(MS), Neuromyelitis Optica Spectrum Disorder
(NMOSD), and  Myelin  Oligodendrocyte
Glycoprotein Antibody-Associated Disease
(MOGAD). Immune-mediated damage to the optic
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pathways results in optic neuritis, ocular motor
abnormalities, and persistent deficits in visual
function that can significantly affect quality of life.
Advances in diagnostic modalities, including Optical
Coherence  Tomography  (OCT), Magnetic
Resonance Imaging (MRI), Visual Evoked
Potentials (VEPs), and disease-specific antibody
testing, have greatly improved early diagnosis and
disease monitoring. Current management combines
acute immunotherapy, disease-modifying
treatments, and comprehensive visual rehabilitation
to preserve vision and reduce long-term disability.
Emerging therapies targeting remyelination,
neuroprotection,  regenerative  medicine, and
personalized  rehabilitation  offer  promising
opportunities  for restoring visual function.
Continued research into the mechanisms of
demyelination and innovative therapeutic strategies
will further enhance patient outcomes and improve
the long-term management of visual disorders
associated with demyelinating diseases.
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