ISSN: 2684-1622
Journal of

Eye Diseases and
Disorders

OPEN @ ACCESS Freely available online

Opinion Article

Retinal Microvascular Alterations as Predictors of Neurodegenerative Disorders

Natalia Herrera®

Department of Ophthalmology, University Hospital of Seville, Seville, Spain

DESCRIPTION

The human eye has long been described as a “window to the
soul,” but in the context of modern medicine, it has become the
“window to the brain.” The retina, an extension of the Central
(CNS), provides a unique,
opportunity to study neurovascular and neurodegenerative
changes that mirror those occurring in the brain. With the

Nervous System non-invasive

advent of high-resolution imaging modalities such as Optical
Coherence Tomography (OCT) and OCT Angiography (OCTA),
subtle retinal microvascular alterations are increasingly being
recognized as early biomarkers of systemic and neurological
diseases, including Alzheimer’s disease, Parkinson’s disease, and
multiple sclerosis [1]. This commentary explores how retinal
microvasculature serves as a promising frontier for early
neurodegenerative
disorders, with potential to revolutionize both ophthalmic and

diagnosis and disease monitoring in

neurological clinical practice.

Embryologically, the retina originates as an outpouching of the
diencephalon, making it an integral component of the CNS. It
shares structural, vascular, and physiological similarities with the
brain, including the presence of the blood-retinal barrier, glial
cells, and complex synaptic networks. Unlike the brain, however,
the retina can be visualized directly and non-invasively [2]. This
accessibility makes retinal imaging a valuable diagnostic window
for evaluating microvascular and neurodegenerative processes.

In recent years, retinal imaging has transitioned from being a
tool for ocular diseases such as diabetic retinopathy or glaucoma
to one that provides systemic insights. Changes in retinal
microvasculature, such as reduced capillary density, vessel
tortuosity, and thinning of retinal nerve fiber layers, are now
associated with early neurodegenerative changes in the brain [3].

Accumulating evidence suggests that the retina mirrors amyloid-f
deposition and neurofibrillary tangle formation found in the AD
brain. OCT studies have revealed thinning of the Retinal Nerve
Fiber Layer (RNFL) and Ganglion Cell-Inner Plexiform Layer
(GCIPL), correlating with cognitive decline and hippocampal
atrophy. OCTA further demonstrates reduced

vessel density and perfusion in the superficial and deep capillary
plexus of AD patients. These findings indicate that retinal
imaging could serve as a surrogate marker for cerebral pathology
long before clinical symptoms manifest (4,5].

In PD, retinal dopaminergic amacrine cells are affected similarly
to brain dopaminergic neurons. OCT studies show thinning of
the inner retinal layers, particularly the ganglion cell layer,
reflecting dopaminergic neurodegeneration. OCTA has revealed
reduced vessel density, suggesting a link between microvascular
dysfunction and neurodegeneration in PD. These retinal
changes could potentially be used as non-invasive biomarkers for
disease progression and therapeutic response monitoring [6].

MS is characterized by demyelination and axonal loss, which are
also observable in the retina. Thinning of the RNFL and
GCIPL, particularly after optic neuritis, correlates with brain
lesion load and disability scores. Retinal imaging, therefore,
serves as a reliable marker of neuroaxonal damage, offering
insight into disease activity and prognosis without the need for
invasive procedures [7].

Optical Coherence Tomography (OCT) revolutionized retinal
imaging by providing high-resolution cross-sectional images of
retinal layers, allowing quantification of structural changes. The
evolution of OCT Angiography (OCTA) further enabled
visualization of retinal microvasculature without the need for dye
injection, unlike traditional fluorescein angiography.

OCTA quantifies parameters such as vessel density, perfusion
index, and foveal avascular zone area all of which are sensitive to
subtle vascular alterations. Such parameters have been linked
with systemic vascular dysfunction in hypertension, diabetes,
and chronic kidney disease, suggesting that the retina can serve
as a biomarker for systemic endothelial health [8].

Furthermore, the reproducibility and non-invasiveness of OCTA
make it an ideal candidate for longitudinal monitoring,
particularly in aging populations where neurodegenerative
diseases are prevalent. Emerging studies indicate that chronic
neuroinflammation plays a central role in both retinal and
cerebral degeneration. Microglial activation in the retina can
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mirror that in the brain, with pro-inflammatory cytokines
disrupting the blood-retinal barrier, leading to neuronal injury.
Retinal vessel rarefaction and reduced perfusion may reflect
similar microvascular pathology in the brain.

Therefore, identifying
inflammation, vascular leakage, and neural loss could provide a

retinal biomarkers associated with
multidimensional approach to early diagnosis. The ability to
detect these changes before irreversible brain damage occurs
represents a transformative shift toward preventive neurology.
The integration of retinal imaging into neurological evaluation
could fundamentally alter diagnostic workflows [9]. A simple,
non-invasive retinal scan may, in the future, complement or even
precede more invasive tests such as cerebrospinal fluid analysis
or Positron Emission Tomography (PET) scans.

For instance, incorporating OCT and OCTA screening into
geriatric ophthalmic check-ups could enable early detection of
patients at risk for cognitive decline. Artificial Intelligence (AI)-
driven analysis of retinal images further enhances diagnostic
precision, allowing automated recognition of disease-specific
vascular or structural patterns. Beyond diagnostics, retinal
biomarkers could play a pivotal role in evaluating the efficacy of
neuroprotective and anti-inflammatory therapies. Monitoring
retinal changes in real time could provide surrogate endpoints
improving patient

trials, reducing costs and

outcomes [10].

for clinical

CONCLUSION

Despite the growing body of evidence, several challenges remain.
Standardization of imaging protocols, inter-device variability,
and the establishment of normative databases across ethnic

groups are critical for widespread clinical adoption.

Additionally, largescale, longitudinal studies are necessary to

validate retinal biomarkers as reliable predictors of

neurodegeneration. Integration of multimodal imaging

combining OCT, OCTA, fundus
hyperspectral imaging may provide deeper insights into the

autofluorescence, and

interplay between neuronal and vascular components of the
retina. Future research should also explore molecular imaging
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techniques capable of visualizing amyloid or tau deposition
directly in vivo.
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