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Optical coherence tomography as retinal imaging biomarker of
neuroinflammation/neurodegeneration in systemic disorders in
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The retina and the optic nerve are considered extensions of the central nervous system (CNS) and thus can serve as the window for
evaluation of CNS disorders. Spectral domain optical coherence tomography (OCT) allows for detailed evaluation of the retina and
the optic nerve. OCT can non-invasively document changes in single retina layer thickness and structure due to neuronal and
retinal glial cells (RGC) modifications in systemic and local inflammatory and neurodegenerative diseases. These can include
evaluation of retinal nerve fibre layer and ganglion cell complex, hyper-reflective retinal spots (HRS, sign of activated microglial cells
in the retina), subfoveal neuroretinal detachment, disorganization of the inner retinal layers (DRIL), thickness and integrity of the
outer retinal layers and choroidal thickness. This review paper will report the most recent data on the use of OCT as a non invasive
imaging biomarker for evaluation of the most common systemic neuroinflammatory and neurodegenerative/neurocognitive
disorders in the adults and in paediatric population. In the adult population the main focus will be on diabetes mellitus, multiple
sclerosis, optic neuromyelitis, neuromyelitis optica spectrum disorders, longitudinal extensive transverse myelitis, Alzheimer and
Parkinson diseases, Amyotrophic lateral sclerosis, Huntington’s disease and schizophrenia. In the paediatric population,
demyelinating diseases, lysosomal storage diseases, Nieman Pick type C disease, hypoxic ischaemic encephalopathy, human
immunodeficiency virus, leukodystrophies spinocerebellar ataxia will be addressed.
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INTRODUCTION
Neurodegeneration involves progressive loss of neuronal structure
associated with dysfunction in the central nervous system (CNS)
[1]. The pathophysiologic mechanisms entailed in neurodegenera-
tion are still being understood, but inflammation is believed to be
involved [1]. Neuroinflammation is a reactive response of the CNS
against conditions that affect homoeostasis and include infectious,
traumatic, metabolic, ischaemic, immune-mediated, neoplastic
and toxic stimuli, among others. Neuroinflammation/neurodegen-
eration can emerge in the course of intrinsic CNS diseases or
systemic disorders [1, 2].
Depending on the nature, timing and duration of these stimuli as

well as the response mechanisms of the CNS against them,
inflammation can be beneficial or damaging [1, 2]. A prolonged
neuroinflammatory response can be harmful and lead to neuronal
damage, in part, due to reactive microglia and astrogliosis involving
oligodendrocytes, neurons and endothelial cells [1, 2]. Neuronal
death from progressive tissue damage in neuroinflammatory/
neurodegenerative disorders can result from increased oxidative
stress and impaired protein expression or axonal transport [1, 2]
and involve glutamate excitotoxicity, CD8 T-cell-mediated cytotoxi-
city, antibodies against neuronal and axonal proteins, and apoptosis

mediated by mitochondrial dysfunction [2]. Therefore, in the course
of neurodegeneration, neuroinflammation can occur. In addition,
neuronal damage can lead to the release of factors that trigger
neuroinflammation [1–5], leading to a vicious cycle.
In adults and children, imaging, molecular and immuno-genetic

tools have increased clinical knowledge and understanding of the
pathophysiology of diseases and provide means to evaluate
treatment responses. These tools also provide features that act as
“biomarkers”. A biomarker is a feature that is an indicator of
biological and pathogenic processes or responses to an exposure
or intervention [6]. Imaging biomarkers provide information
without being as invasive or expensive as tissue or serum
biomarkers and are particularly useful in clinical practice both in
adults and even more in paediatric practice. Determining non-
invasive imaging biomarkers in neuroinflammatory/neurodegen-
erative disorders is, therefore, an important objective. The retina
and the optic nerve have been considered extensions of the CNS
and can provide a window to evaluate CNS diseases. Being
amenable to imaging techniques, features on imaging can also
yield biomarkers of diseases [7].
Optical coherence tomography (OCT) has emerged as a fast,

non-invasive and affordable imaging modality to assess the retina
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and optic nerve and, therefore, lends itself to evaluate
ocular changes in neuroinflammatory/neurodegenerative disor-
ders [7–14]. Research on systemic diseases, such as diabetes
mellitus, multiple sclerosis and CNS diseases, especially Alzheimer
and Parkinson diseases, has identified inflammatory and neuro-
degenerative changes in the retina that can be evaluated through
specific biomarkers, that recently has gained more importance.
This review paper will address the OCT biomarkers of

neuroinflammation and neurodegeneration in systemic and CNS
disease in both the adults and paediatric populations.
A review of the current evidence about OCT in adults and

paediatric neuroinflammatory/neurodegenerative disorders was
performed. A bibliographic search on the main database of
National Centre for Biotechnology Information Database: (PubMed
MEDLINE) was undertaken from May to September 2021, using
“optical coherence tomography”, “neurodegenerative/neurode-
generation”, “neuroinflammatory/neuroinflammation”, “diabetes
mellitus”, “sclerosis multiple”, “neurocognitive disorders”, “Alzhei-
mer disease”, “Parkinson’s Disease”, “dementia”, “amyotrophic
lateral sclerosis”, “Huntington’s disease”, “schizophrenia”,“pedia-
tric”, “childhood”, “children” as key words. In addition, the name of
each neuroinflammatory/neurodegenerative disease from Table 1,
e and 3 was used as key word.

OCT biomarkers of neuroinflammation and
neurodegeneration
Spectral domain (SD)-OCT can be useful in evaluation of retinal
glial cells (RGC) which undergo modifications during an inflam-
matory local and systemic process. The RGC include the microglial
cells (the major resident immunocompetent cells in the CNS that
share the phenotypic markers of monocytes and macrophages)
[15–17] and the Müller cells (the major communicator between
the neurons and the vessels) and astrocytes. For example, in

diabetes mellitus (DM), which is considered a chronic, low grade
inflammatory disease, the Müller cells and the microglial cells
undergo mostly activation, reactive gliosis and release of
inflammatory mediators [18–20]. Neuronal cells and astrocytes
undergo apoptosis that leads to ganglion cell death with thinning
of the inner retina [21–23].

Hyper-reflective retinal spots/dots/foci
The hyper-reflective retinal spots (HRS)/dots/foci in the retina
visible on SD-OCT have been recently proposed as the clinical sign
of aggregates of activated microglial cells, thus a sign of an
inflammatory condition in the retina [24, 25]. An increase in the
number of HRS has been reported in different retinal diseases
characterized by the inflammation, including retinal vein occlusion
(RVO), age related macular degeneration (AMD) etc [24, 26–29].
Also, in systemic conditions such as DM (Fig. 1) as well as in CNS

disease such as multiple sclerosis (MS) an increase in the number
of HRS has been documented [24, 29–31]. Histologic evidence
from human donor eyes with AMD and acquired vitelliform lesions
demonstrated that HRS visualized on SD-OCT may originate from
both anteriorly migrated retinal pigment epithelium cells and
lipid-filled cells (thought to correspond to activated microglia)
[32–34]. In patients with diabetic macular oedema, a positive
correlation between the number of HRS and aqueous humour
concentration of soluble CD14 (a cytokine associated with
immune response, expressed in microglia, monocytes and
macrophages) was reported [35].
HRS related to microglia activation seem to have specific

characteristics, such as small dimension (<30 μm), reflectivity
similar to nerve fibre layer, absence of back-shadowing, and
location in both inner and outer retina; additionally, they do not
correspond to any specific lesion on fundus examination [24, 25]
(Fig. 1). It is essential to differentiate the HRS related to microglia

Table 1. OCT biomarkers in adult neuroinflammatory/neurodegenerative disorders.

Diseases OCT biomarkers Studies

DMO Increase: HRS, DRIL, INL thickness
Decrease: NFL thickness, GCL thickness, capillary perfusion in
DCP

Vujosevic et al. [20], Vujosevic et al. [23], Van Dijk et al. [37],
Van Dijk et al. [38], Barber et al. [39], Lynch et al. [40], Zafar
et al. [43], Sun et al. [46], Van de Kreeke et al. [54], Scarinci
et al. [57]

DR Increase: HRS, INL thickness
Decrease: NFL thickness, GCL thickness

Vujosevic et al. [20], Vujosevic et al. [23], Van Dijk et al. [37],
Van Dijk et al. [38], Barber et al. [39], Lynch et al. [40], Zafar
et al. [43], Sun et al. [46], Van de Kreeke et al. [54]

MS Increase: HRS, INL thickness, MMO
Decrease: GCL-GCIPL thickness especially in the papillomacular
bundle and the inferonasal area (early stages), temporal pNFL
thickness (late stages), macular thickness and volume in nasal
region, mNFL thickness

Pilotto et al. [28]Knier et al. [41], Birkeldh et al. [61], Petzold
et al. [62], Walter et al. [65], Ashtari et al. [66], Gelfand et al.
[67], Saidha et al. [68]

MNO Increase: MMO
Decrease: INL thickness, NFL thickness, GCL-GCIPL thickness,
vascular density of the SCP and DCP

Ashtari et al. [66], Syc et al. [75], Fernandes et al. [76],
Gelfand et al. [79], Ratchford et al. [85]

AD Decrease: INL thickness, NFL thickness, GCL-GCIPL thickness,
macular volume, choroidal thickness

Chan et al. [96], Hinton et al. [100], Cheung et al. [101], Den
Haan et al. [103], Trebbastoni et al. [105], Bulut et al. [106]

PD Decrease: NFL thickness especially in the inferior disc quadrant
with relative sparing of the nasal sector, GCL-GCIPL thickness,
choroidal thickness, vascular density of the SCP

Harnois et al. [108], Chrysou et al. [111], Huang et al. [112],
Kwapong et al. [116]

ALS Decrease: NFL thickness Cerveró et al. [118]

HD Decrease: temporal NFL thickness, macular volume Kersten et al. [119]

Schizophrenia Decrease: peripapillary NFL thinning, macular thinning,
macular volume

Chhablani et al. [109]

DMO diabetic macular oedema, DR diabetic retinopathy, MS multiple sclerosis, MNO neuromyelitis optica, AD Alzheimer’s disease, PD Parkinson’s disease, ALS
Amyotrophic lateral sclerosis, HD Huntington’s disease, HRS hyperreflective spots, DRIL Disorganization of retinal inner layers, INL inner nuclear layer, NFL nerve
fibre layer, pNFL peripapillary NFL, mNFL macular NFL, SCP superficial capillary plexus, DCP deep capillary plexus, GCL ganglion cell layer, MMO microcystic
macular oedema, GCL-GCIPL ganglion cell layer-ganglion cell inner plexiform layer.
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versus other lesions in the retina that can be visualized as
HRS such as (precursors) of hard exudates; degenerated photo-
receptors/macrophages correlated to outer retina disruption;
anteriorly migrated RPE cells; retinal vessels [24–27, 29, 36].

Subfoveal neuroretinal detachment
Subfoveal neuroretinal detachment (SND) is detected on OCT as a
hyporreflective area beneath the neuroretina, and has been
described in different inflammatory local disorders of the retina
(RVO, uveitis, AMD, etc…) and systemic diseases such as DM, and
in particular in DMO (Fig. 1). In fact, in DMO, the presence of SND
has been associated with higher levels of local inflammatory
molecules, particularly IL-6 [37], as well a higher number of HRS in
the retina. Long lasting SND may lead to photoreceptor damage
and reduced visual function [36, 38].

Changes in thickness of the retina layers
The neuronal degeneration in the retina due to the loss of
ganglion cells and amacrine cells has been reported on OCT as the
thinning of the retinal nerve fibre layer (NFL) and ganglion cell
layer (GCL). The reduced thickness of the inner retina layers has
been reported both in the macula as well as around the optic disc
[22, 39–42].
On the contrary, an increase in the inner nuclear layer (INL) has

been reported as the sign of activation of the Müller cells, in
patients with initial stages of DR and in MS [22, 43]. Also,
modifications in the thickness of the outer retinal layers has been
reported in different neuroinflammatory/neurodegenerative dis-
eases [44–47].

Disorganization of the inner retinal layers (DRIL)
DRIL was proposed to present disorganization or destruction of
cells within inner retinal layers, probably indicating a disruption of
visual pathways from the photoreceptors to the ganglion cells
[48]. DRIL is visible on OCT as the absence of detectable
boundaries between the GC-inner plexiform layer IPL complex,
INL and outer nuclear layer (ONL) and has been [48, 49]. Moreover,
DRIL was proposed as a surrogate marker correlated with visual
acuity in patients with existing or resolved centre-involving DMO,
and a change in DRIL extension as an important prognostic and
predictive biomarker of visual acuity response to treatment in
DMO [48] (Fig. 1).

Diabetes Mellitus
In DM, chronic hyperglycaemia leads to an early damage of the
neurovascular unit with consequent neurodegeneration and
reactive gliosis, neuro-inflammation, microvascular damage and
RPE and choroid pathology [50, 51]. The neurodegeneration in the
retina in DM is caused by extracellular glutamate accumulation
oxidative stress and reduction of neuroprotective factors synthe-
sized by the retina [52].
Whether retinal neurodegeneration precedes or is independent

of microvascular damage in the retina in DM is still not fully
understood [53]; however, functional studies confirm an early
neuronal dysfunction before the onset of clinically visible
microvascular changes [54]. pERG amplitude, mfERG implicit time
and oscillatory potentials are abnormal at early stages of DR or at a
pre-clinical stage of DR [55]. A significant decrease in the thickness
of NFL and GCL in both DM type 1 and type 2 even without clinical
signs of DR or at initial stages of DR has been reported by several
authors [22, 39–42, 45, 56]. These changes were reported in the
macular and in the peripapillary area. Using OCT-angiography
(OCT-A), the perifoveal capillary loss in superficial capillary plexus
(SCP) had the highest correlation with inner retinal layer thickness
in patients with DM type 1 and 2 without clinical signs of DR [57].
Moreover, a significant increase in the thickness of the inner
nuclear layer, mostly composed by the nuclei of bipolar and Müller
cells with consequent activation of inflammatory biomarkers had
been previously documented [22].
HRS are increased in number in patients with DM (in both

preclinical and early clinical DR) versus normal subjects and their
number increases with the increasing severity of DR [25] (Fig. 1). In
DMO with subfoveal neuroretinal detachment (SND), the
increased number of HRS is superior versus DMO without SND
confirming a more inflammatory pattern of oedema. The number
of HRS decreases after anti-VEGF treatment [29] and even more
after intravitreal treatment with dexamethasone implants [20]. In
DMO with DRIL, intravitreal steroid treatment can decrease DRIL
extension, potentially by promoting neuronal survival through
suppressing microglial reactivity [31, 58]. Outer retina integrity
including the external limiting membrane and ellipsoid zone
integrity were reported as important biomarkers of visual function
[45, 46]. Capillary nonperfusion on OCT-A in the deep capillary
plexus (DCP) is associated with photoreceptor structural abnorm-
alities and visual function loss in DR [59]. Choroidal thickness

Fig. 1 OCT biomarkers of neuroinflammation and neurodegeneration in diabetic retinopathy (DR). A Right eye of the patient with cystoid
diabetic macular oedema (DMO) showing signs of neuroinflammation in the retina, such as subfoveal neuroretinal detachment (SND) and
hyperreflective retinal spots (HRS), marked in circles. B Left eye of the patient with proliferative diabetic retinopathy (PDR) treated with
numerous anti-VEGF intravitreal injections and vitrectomy, showing the presence of disorganization of the inner retinal layers (DRIL) and
alterations in the integrity of outer retinal layers, in particular the external limiting membrane (ELM) and ellipsoid zone of the photoreceptors.
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modification has remained a controversial issue as a sign of
inflammatory changes in DR [60–62] (Table 1).

Multiple Sclerosis (MS)
In recent years, OCT has become a relevant device to support the
diagnosis of MS and its monitoring over time. OCT has allowed to
identify the involvement and changes in thickness of the retinal
layers in the various stages of MS. Numerous studies have
reported the onset of atrophy of GC and their axons, which
correspond to ganglion cell layer - ganglion cell inner plexiform
layer (GCL-GCIPL) and peri-papillary nerve fibre layer (pNFL) and
macular NFL (mNFL) thinning, respectively. Thinning of pNFL has
been shown to be the most reliable marker of axonal fibres
degeneration in patients with MS whether associated with optic
neuritis or not. Even patients with benign MS without symptoms
have been reported to have NFL thinning [63]. The most involved
area, at least in the late stages, is the temporal region [64], which
is considered the main sign to differentiate affected patients from
healthy people at the same age. In addition, they observed a
reduction in the thickness and macular volume in its nasal lobe, an
alteration that is in line with the decrease in NFL thickness. Such
atrophy is of greater severity in patients with optic neuritis (ON)
[65]. The possible occurrence of optic disc oedema limits the
accuracy of using NFL as an index of inflammatory activity [65].
Recent studies also reported on poor reliability of pNFL analysis in
the early stages of MS [66]. Another parameter that can be
determined with the new OCT software is the thickness of the
Bruch’s membrane opening minimum rim width (BMO-MRW),
which is the minimum distance between BMO and ILM. This
parameter allows to quantify the neuroretinal rim by evaluating
Bruch’s membrane extension which is clinically invisible, and only
visible with SD-OCT. It also takes into account the direction of the
axon fibres and their effective thickness. Because BMO-MRW
measurement is made perpendicular to the axis of the neural
tissue, it takes into account the variable trajectory of axons over
the point of measurement, akin to current strategies for
measuring peripapillary retinal nerve fibre layer thickness [67].
The thickness of BMO-MRW has been combined with pNFL
atrophy [68].
The GCL in the macula or the GC-IPL has been shown to be

impaired by the process of neurodegeneration in earlier stages
than the NFL [66], and the most involved areas seem to be the
papillomacular bundle and the inferonasal area: the atrophy of
these layers could be a pathological biomarker of the early stages
of the disease [65]. The GC-IPL includes retinal ganglion cell (RGC)
bodies and retinal astrocytes, which are often measured together
because of the low contrast between these two components in
OCT scans. A close correlation of GC-IPL thickness with both
macular volume and NFL thickness has been demonstrated, all
three reduced compared with the healthy control group. Macular
metrics changes between MS patients with or without prior optic
neuritis are controversial in different studies [69, 70]. Another layer
under investigation is the inner nuclear layer (INL): some studies
have shown that it is not affected by atrophy in MS, but rather by
thickening, which is a possible sign of inflammation activity and
response to treatment [65]. It may be involved by the presence of
microcystic macular oedema (MMO), characterized by cysts
confined to this layer, an occurrence much more frequent in
patients who developed optic neuritis. In addition, the onset of
MMO seems to be related to the severity of the disease without
treatment with fingolimod [71, 72]. In patients treated with
fingolimod, macular oedema has also been reported but this
observation may represent an associated, and not causal, finding
since macular cysts occur in adults with MS [63]. It has been
shown that MMO is not typical of demyelinating diseases as MS
and NMO, but it has also been described in glaucoma, autosomal
dominant optic atrophy, Leber’s optic neuropathy, Tanzanian
endemic optic neuropathy and compressive neuropathy. Its onset

and manifestation are similar regardless of the cause of the optic
atrophy: this evidence supposes the same etiopathogenetic origin
[73]. The most accredited hypotheses relating to its aetiology are
neuroinflammation, retrograde degeneration and vitreous trac-
tion. Concerning neuroinflammation, Gelfand et al. suggested that
pseudocysts are a consequence of focal blood-retinal barrier
disruption that generates release of proinflammatory agents and
microglial activation with fluid accumulation [71]. Instead, Abegg
et al. postulated that retrograde degeneration leads to the
development of MMO in patients affected by optic neuropathy.
Indeed, thinning of GCL and INL in areas affected by pseudocysts
and the prolonged time delay between neuronal damage and the
onset of MMO in their patients is more likely to be due to
degeneration than inflammation. Based on these results, the
authors postulated that Muller cells degenerate and play a key
role in the formation of MMO due to lack of retinal fluid
absorption [74]. Regarding the vitreous traction, MMO would
develop as a schisis: this hypothesis is based on the location of
pseudocysts only in macular areas affected by vitreous traction in
patients with optic atrophy of non-inflammatory aetiology [75].
This one was a suggestive proposition, however other studies
have not confirmed this correlation [76, 77]. Nevertheless, these
mechanisms are not yet totally understood and they are still under
investigation; however, the knowledge of this sign linked to optic
neuropathy is crucial to make differential diagnosis between MMO
and macular oedema associated with retinal vein occlusion,
diabetes, uveitis and age-related macular degeneration.
In contrast to INL, the outer nuclear and outer plexiform layer

(ON-OPL) currently does not appear to be significantly altered in
this pathology, although according to some researchers it may be
crucial in the future in the differential diagnosis with other
neurodegenerative diseases [44].
A recent study documented a higher number of HRS in the

inner retinal layers on OCT images in patients with relapse-onset
MS at the time of diagnosis compared to healthy controls [49].
These clusters of microglia cells could be an important biomarker
of neuroinflammation.
As for the choroid, no alterations have been found in the early

stages of MS, but some researchers reported a peripapillary
thinning in the late stages: the hypothesis is a reduction of
vascular flow resulting from fibres degeneration and then optic
nerve atrophy [78].
In summary, pNFL thickness has the potential to be a reliable

marker of long-term axonal degeneration, whereas macular GCL-
GCIPL thickness is considered an early index of neuronal integrity
[65]. Given these evidences, OCT has the potential to become a
mainstay in monitoring patients with MS as NFL and macular GC-
IPL are affected by the disease and their changes are associated
with clinical and paraclinical parameters: physical disability,
cognitive impairments as well as brain atrophy of different areas
visible in MRI [79]. All these results suggest that retinal changes
assessed by OCT are a marker of global axonal loss and
neurodegeneration [80] (Table 1).
The OCT findings in MS in paediatric population will be

addressed separately in the section on paediatric disorders.

Optic neuromyelitis and neuromyelitis optica spectrum
disorders
OCT has also proved useful in studying retinal changes in Devic’s
disease, also known as optic neuromyelitis (NMO), and in the
neuromyelitis optica spectrum disorders (NMOSD) in general.
NMOSD consist in a group of inflammatory neurodegenerative
diseases of autoimmune aetiology distinct from MS [81, 82]. It has
been shown that the average thickness of pNFL is significantly
reduced in NMOSD compared to healthy controls, even in patients
not affected by optic neuritis (ON) [83]. Moreover, this index is also
decreased even when related to MS patients and this discrepancy
is higher in eyes with history of ON [70, 84]. This would appear to
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be due to greater ON-dependent axonal damage and a higher
frequency of these attacks in NMOSD; this could be a marker to
distinguish MS from the latter [85], but further studies will be
required to validate this theory. Another interesting finding is that,
in case of ON, macular GCC (mNFL+ GC-IPL) and pNFL are also
thinned in the unaffected eye, although to a lesser extent than in
the affected one [86]. On the other hand, as far as macular
thickness is concerned, no significant differences in macular
volume and GC-IPL were identified between the two conditions,
while the thickness of INL and macular NFL seems to be reduced
in MNOSD compared to MS [85]. Even in NMOSD cases of MMO
have been observed, much more frequently than in MS, and the
necessary prerequisite for it to occur would be ON [87], although
the etiopathogenesis is not yet known. Microcystic oedema,
thinner GCL and NFL thickness were reported more frequently in
patients with NMOSD and optic neuritis than in patients with MS
and optic neuritis [10].
In recent years, some researchers have also investigated the

presence of retinal vascular alterations in NMOSD patients: they
reported that there is a lower peripapillary and parafoveal vascular
density compared to healthy subjects on OCT-A scans and in
addition this is associated with NFL and GCPIL thinning on OCT
images [88]. Such vascular alterations are linked to a decline in
visual acuity [89] and could be a predictive marker of visual
impairment [90]. As with OCT parameters, the vascular density of
the SCP and DCP also appears to be lower in MNOSD than in MS,
probably due to the greater inflammatory involvement of the
optic nerve [91] (Table 1).

Longitudinal extensive transverse myelitis
Longitudinal extensive transverse myelitis (LETM) is described as
an inflammation of the spinal cord involving at least three
vertebral segments in patients without MS and who did not have
episodes of ON. Few studies have been performed to identify OCT
alterations in this disorder: in some of these it has been shown a
reduction in NFL thickness in patients with LETM compared to
healthy controls [92], but elsewhere not [93]. Finally, Fernandes
et al. reported an increase in INL thickness in NMO and LETM
patients in comparison with MS patients and healthy subjects in
their cross-sectional study [84].

Neurocognitive and neurodegenerative disorders
Research in Alzheimer and Parkinson disease evaluated thinning
of the peripapillary NFL or macular GCC, macular foveal thinning
and reduced macular volume as potential OCT biomarkers in
diagnosis and screening [7]. Some studies have attempted to
establish the clinical significance of OCT features and studied
associations between OCT retinal findings and visual function
[5, 8, 63, 94] and cognitive, motor, and neurologic impairment
[11, 12, 95–103].
Neurocognitive disorders are characterized by an acquired

cognitive decline rather than it being present from birth. The most
common cause of dementia is Alzheimer’s disease (AD), account-
ing for between 60 to 80% of cases [104].
AD is characterized by the accumulation of extracellular

amyloid-beta plaques and intracellular neurofibrillary tangles of
hyperphosphorylated tau within the brain [104]. These proteins
initiate inflammation, drive synaptic and neuronal loss, processes
which ultimately result in cerebral atrophy and global systemic
decline. Aβ deposition is seen in the retinas of patients affected by
AD, the plaques are smaller in size than those found intracere-
brally, and typically distributed in the superior and inferior retinal
quadrants [105, 106]. Deposition of amyloid in the retina has been
shown to precede amyloid plaque formation in the brain in AD
transgenic mice [105].
Within the continuum of AD, there are three broad phases:

preclinical AD, mild cognitive impairment (MCI) and dementia. The
preclinical phase of AD is an insidious process which may extend

to a period of 20 years [107]. Current gold standard biomarkers for
detection of preclinical AD include Aβ positron emission
tomography (PET) imaging, MRI analysis and cerebrospinal fluid
(CSF) assays [104].
The NFL comprises the axons of retinal GC which directly

project to the lateral geniculate nucleus. In 1986 Hinton et al.
demonstrated a reduction in the NFL and GC number within the
optic nerves of AD [108]. These findings have been confirmed by
many studies using OCT imaging. Chan’s meta-analysis demon-
strated that SD-OCT measurements of the inner retina were
consistently thinner in AD patients in comparison to controls
[104]. The firmest associations were seen when measuring the GC-
IPL thickness, GCC thickness, and peripapillary NFL thickness. Chan
et al. suggested that assessing the thickness of the GC-IPL rather
than that of the NFL may be a more sensitive indicator. They
suggested that the retinal GC was affected in a similar manner to
the cerebral neuron [104]. Cheung noted that individuals with AD
not only show a reduction in the GC-IPL but also overall macular
volume [109]. Alber concluded that the mNFL is not a useful
biomarker in patients with either MCI or AD, as not only is it thin,
but it is also influenced by pathology at the vitreoretinal interface
[110].
Peripapillary NFL thinning occurs in patients with MCI and/or

AD [111]. Cheung et Ong found that the IT sector was the most
affected region in patients with MCI but in patients with AD the
inferior sector was most involved. The prognostic sign of a thin
NFL in the development of cognitive decline and AD has been
investigated by two large population-based analyses [112]. The UK
Biobank study concluded that a thinner NFL was not only
associated with lower cognitive testing scores, but patients with
thinner measurements were more likely to show reduced
cognitive function three years later [104]. The Rotterdam Study
advised that a thinner NFL was associated with an increased risk of
developing dementia, highlighting its potential role as a
biomarker of early dementia [104].
The choroid of patients with AD has been shown to thin faster

than in matched controls [113]. Bulut et al. also showed a
significantly reduced choroidal thickness in patients with either
MCI or AD [114].
Rifai et al. performed a systematic review of the application of

OCT angiography in AD. They concluded that although OCT-A
metrics may have the potential to serve as biomarkers for AD, they
recommended using the ETDRS grid along with standardizing
terminology based on segmentation between the various OCT
devices [115].
It is important to acknowledge that many patients may be

misclassified as AD whereas they have a mixed dementia with a
significant vascular component. This will negatively impact on the
accuracy of elucidating AD biomarkers. Longitudinal studies are
also needed, where the patient is followed over their disease
course with serial imaging.
Kim et al. studied patients with Frontotemporal Dementia and

found a thinning of the outer retina which correlated with
patients’ cognitive function. The thinning preferentially affected
the ONL and ellipsoid zone differing from the findings in AD [47]
(Table 1).

Parkinson’s disease
Parkinson’s disease (PD) is a progressive neurodegenerative
disorder of the CNS. It occurs secondary to depletion of
dopaminergic neurons in the substantia nigra of the midbrain. A
subpopulation of amacrine cells in the retina are dopamine-
releasing neurons. A reduced concentration of retinal dopamine is
seen in PD [116]. Loss of the amacrine cells leads to thinning of
retinal GC [117]. Alpha-synuclein has been identified in the inner
retina of patients with PD [118].
There has been a heterogeneity of OCT findings in PD,

necessitating meta-analysis studies. Meta-analysis of time
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domain-OCT and spectral domain-OCT imaging demonstrated the
mean pNFL to be thinner in eyes of patients with PD compared
with control eyes in 2014. Chrysou and Huang’s meta-analyses
looked at spectral-domain OCT studies. It was concluded that
patients with PD have significantly thinner retinas compared with
controls, with the inner retinal layers being predominantly
affected [119]. Both the GC-IPL and the NFL are thinned in PD
[120]. There was no significant difference in the thickness of the
INL, OPL and ONL between eyes of PD and controls [120].
In PD there is a marked neuronal loss in the inferior disc

quadrant with relative sparing of the nasal sector. Comparisons
have been drawn between the relative sparing of the nasal sector
of the pNFL in PD and the neuronal changes observed in patients
with primary open angle glaucoma (POAG) [119]. There is an
increased incidence of PD in patients with POAG, with a hazard
ratio of 1.28 (95% CI; 1.05 to 1.46) in comparison to healthy
controls [121]. There has also been a higher incidence of
glaucoma (16.3% vs 6.6% in healthy controls) reported in patients
with PD.
This findings of Chrysou’s meta-analysis differs from prior

studies which suggested preferential involvement of the temporal
quadrant of the optic disc [122].
The Hoehn and Yahr scale (H-Y) was the first rating scale used to

describe the progression of PD. It consists of five stages. There is
no change in central macular thickness demonstrable until stage
H-Y III is reached [120]. When examining macular volume there
was a statistical difference between H-Y II and H-Y III suggesting
that this may be a more sensitive parameter to detect disease
progression.
Enhanced depth imaging SD-OCT has demonstrated a reduc-

tion in choroidal thickness in PD [123]. Choroidal thinning was
shown in the inner and outer quadrants as well as subfoveally
(also feature of AD).
As well as neurodegeneration, vascular impairment has been

identified as an associated factor in PD. Kwapong et al. demon-
strated that there is a reduced retinal microvascular density
exhibited in patients with PD [124]. The reduction of density in the
superficial retinal capillary plexus (SRCP) was more significant than
that seen in the deep plexus. In the superficial retinal capillary
plexus Kwapong saw a reduction in all four quadrants both
individually, as well as the total annular zone (TAZ). In PD patients
there was a positive correlation between the average ganglion cell
layer and inner plexiform (GCIP) thickness and the SCP micro-
vascular density of the 2.5mm total annular zone around the FAZ
(159). There was no relationship found between either disease
duration or disease severity with retinal microvascular densities or
intraretinal layer thickness. Their results demonstrated that the
retinal capillary densities were significantly decreased in the early
stages of PD when compared with healthy matched controls,
suggesting that the retinal capillary impairment occurs early in PD
before the manifestation of clinically apparent motor disorders.
Some patients with PD who have E46K mutation in the α‐

synuclein gene (E46K‐SNCA) will also have Lewy body disease
(LBD). LBD also includes aggressive forms of idiopathic Parkinson’s
disease and dementia with Lewy bodies. Parafoveal thinning of
GC-IPL is a sensitive and clinically relevant imaging biomarker for
Lewy body diseases, specifically for Parkinson’s disease [125].

Amyotrophic lateral sclerosis, Huntington’s disease and
Schizophrenia
Amyotrophic lateral sclerosis (ALS) is the most common degen-
erative disease affecting motor neurons. It lacks both an effective
treatment and a biomarker. OCT studies in patients with ALS, have
found a significant thinning of the NFL [126].
In Huntington’s disease the temporal NFL is preferentially

thinned and there is a reduction in macular volume [127].
Schizophrenia is a chronic and progressive neurocognitive

disorder characterized by a reduction in brain volume. OCT

imaging on patients with Schizophrenia show significant peripa-
pillary NFL thinning, macular thinning and reduction of macular
volume when compared to controls. These OCT features correlate
with the duration of Schizophrenia [117] (Table 1).

Paediatric neuroinflammatory/neurodegenerative disorders
Neuroinflammatory/neurodegenerative disorders have been
extensively studied during adulthood and aging [1, 2]. In contrast,
the body of research in childhood is relatively sparse. Although
inflammation also plays a major role in neurologic paediatric
pathology [4], clinical manifestations of diseases in children can
differ from adults [5]. This section focuses on OCT retinal features
in paediatric neuroinflammatory/neurodegenerative disorders
that serve as potential biomarkers of visual function or can be
correlated with changes in the CNS. It should be noted that many
of the reports reviewed have few cases because of the rarity of the
conditions. More research is needed, but it is useful to review the
studies to date.
Paediatric neuroinflammatory/neurodegenerative disorders

encompass a heterogeneous group of diseases with variability in
epidemiology, pathophysiology, clinical manifestations, diagnosis
and treatment [4, 5, 103, 128–130]. The number of disorders has
increased over the last decade and new entities are continually
being discovered [4, 103, 128–130]. A comprehensive list of
neuroinflammatory/neurodegenerative conditions in childhood,
noted at this time, is in Table 2. As a result of focal and polyfocal
neurologic deficits, clinical presentations vary from single to
recurrent symptoms and signs, including seizures, cognitive,
sensitive and motor/tone/coordination impairments, psychiatric
disorders, and vision loss [4, 103, 128, 129]. In addition, optic
neuritis, optic atrophy, pigmentary retinopathy, and retinal
dystrophies can occur [4, 103, 129]. Serum, tissue and cerebrosp-
inal fluid tests along with genetic and immunohistochemical
studies are performed for the diagnostic workup [4, 103, 128, 129].
In addition, neuropsychological testing (e.g. electroencephalogra-
phy, visual evoked potential, electroretinogram), neuroimaging of
the brain and spine using magnetic resonance imaging (MRI)
[103, 128, 129] and, more recently, OCT of the retina are
performed. A summary of neurologic tests discussed in this
section is in Table 3.
A multidisciplinary approach is often important, including the

participation of neurologists, paediatricians, rheumatologists,
radiologists, geneticists, psychiatrists, infectious disease and
immunology experts, and ophthalmologists [129]. Treatment
varies depending on the diagnosis and underlying symptoms
[129]. Emerging therapies seek to improve the clinical outcomes in
these disorders [103, 130].

OCT features related to visual function
Demyelinating Diseases (acute disseminated encephalomyelitis,
multiple sclerosis and transverse myelitis). The most common
demyelinating disease in children is acute disseminated encepha-
lomyelitis (ADEM) with an incidence of 0.3–.6 per 100,000 per year
[129]. OCT has revealed thinning of the NFL in patients with ADEM
compared to healthy controls [5, 8], suggesting anterior optic
pathway dysfunction [5]. In a cross-sectional study that evaluated
ADEM, multiple sclerosis (MS) and transverse myelitis [8], NFL
thinning was associated with reduced Snellen visual acuity (VA
converted to LogMAR) (R=− 0.47, P < 0.001) [8]. Correlations
between NFL thinning and prolonged P100 latency (>110 ms) in
visual evoked potential (R=− 0.51, P < 0.001) and a lower number
of letters read correctly in low-contrast letter acuity (LCLA) charts
(R= 0.42, P= 0.002) were also identified [8]. The LCLA score was
markedly lower in children with MS (22 ± 10 letters) compared to
controls (31 ± 6 letters) [8]. The LCLA test is a way to assess
contrast sensitivity and is based on the number of letters
identified correctly, with a maximum score of 70 (75 letters)
[131]. The test has been used widely in patients with MS [131].
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Table 2. Paediatric neuroinflammatory/neurodegenerative disorders.

I. ACQUIRED DISEASES:

I.I. Acquired demyelinating syndromes:

Acute Disseminated Encephalomyelitis (ADEM)*

Associated with optic neuritis

Without optic neuritis

paediatric multiple sclerosis (MS)*

Associated with optic neuritis

Without optic neuritis

Clinically isolated syndrome (CIS)*

Transverse myelitis (TM)*

Antibody-mediated demyelinating diseases

Neuromyelitis optica spectrum disorder (NMOSD)*

NMOSD aquaporine-4 (AQP)-antibody-seropositive

NMOSD aquaporine-4 (AQP)-antibody-seronegative

Serum antibodies to myelin oligodendrocyte glycoprotein (MOG)-associated demyelination*

Associated with optic neuritis

Without optic neuritis

I.II. Other immune-mediated encephalopathies and epilepsies:

Autoimmune (antibody-mediated) encephalitis associated with paraneoplastic and non-paraneoplastic syndromes

Antibodies targeting neuronal cell-surface antigens (antibody/complement-mediated immune response)

Anti N-methyl D-Aspartate (Anti-NMDA) Receptor Encephalitis*

Associated with ovarian teratoma

Post-Herpes virus simplex (HSV) anti-NMDAR encephalitis

Encephalitis with leucine-rich glioma-inactivated 1 (LGI1) and contactin-associated protein-like 2 (Caspr2) antibodies

Anti-glycine receptor encephalitis

Anti-gamma-aminobutyric acid type A (GABAA) receptor encephalitis

Anti-gamma-aminobutyric acid type B (GABAB) receptor encephalitis

Anti-α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor (AMPAR) encephalitis

Ophelia syndrome in Hodgkin’s lymphoma

Anti-Dopamine Receptor 2 Antibody-Positive Encephalitis

Antibodies targeting intracellular antigens (T-cell-mediated neuronal cytotoxicity)

Antineuronal nuclear antibody type 1 (Anti-Hu) limbic encephalitis

Anti-Ma2 encephalitis

Anti-glutamic acid decarboxylase (GAD) encephalitis

T cell-mediated encephalopathies

Rasmussen encephalitis

Hemophagocytic lymphohistiocytosis (HLH)

Acute necrotizing encephalopathy of childhood (ANEC)

Other autoimmune encephalopathies

Hashimoto encephalopathy

Opsoclonus myoclonus ataxia syndrome (OMA)

Acute encephalopathy with biphasic seizures and reduced diffusion (AESD)

Febrile Infection-related epilepsy syndrome (FIRES)

Guillain–Barré syndrome

Bickerstaff brainstem encephalitis

I.III. Paediatric stroke:

Childhood primary angiitis of the SNC (cPACNS)

Non-progressive (NP) medium-large vessel cPACNS (angiography positive) or focal cerebral arteriopathy (FCA)

Progressive (P) medium-large vessel cPACNS (angiography positive)

Small-vessel (SV) cPACNS (angiography negative)

Secondary paediatric stroke

Post-infective paediatric stroke

Post-varicella arteriopathy

Tuberculosis

Vascular dissection

Cardioembolic

Moyamoya syndrome

Early-Onset Stroke and Vasculopathy Associated with Mutations in ADA2 (congenital)

Hypoxic-ischaemic encephalopathy (HIE) or arterial ischaemic stroke in the paediatric population*
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Table 2. continued

I. ACQUIRED DISEASES:

I.IV. Systemic vasculitis and other rheumatologic diseases:

Neuropsychiatric systemic lupus erythematosus (SLE) syndromes (NPSLE)

Behçet’s syndrome

Granulomatous

Childhood-onset neurosarcoidosis

Sjögren’s Syndrome

Childhood-onset granulomatosis with polyangiitis

Microscopic polyangiitis

Henoch-Schönlein Purpura

Kawasaki disease

Juvenile dermatomyositis

Childhood morphea

Inflammatory bowel disease

Antiphospholipid antibody syndrome

Celiac disease

Mixed connective tissue diseases

Macrophage activation syndrome related to juvenile idiopathic arthritis

Susac syndrome

Drug induced vasculitis

Paraneoplastic vasculitis

Autoinflammatory diseases

Interferonopathies

Hemophagocytic lymphohistiocytosis

I.V. Infections:

Postinfectious encephalopathies

Subacute sclerosing panencephalitis

Postmycoplasma basal ganglia encephalitis

Post-Herpes simplex virus encephalitis movement disorder

Paediatric Autoimmune Neuropsychiatric Disorders Associated with Streptococcal Infections (PANDAS)

Paediatric acute-onset neuropsychiatric syndrome

Encephalitis lethargica

Progressive rubella syndrome

Progressive multifocal leukoencephalopathy

Sydenham Chorea after a group A beta-haemolytic streptococcal infection

Postinfection cerebellitis

Whipple disease

Bacteria

Borrelia burgdorferi

Listeria monocytogenes

Mycoplasma pneumonia

Mycobacterium tuberculosis

Treponema pallidum – Neurosyphilis

Viruses

Adenovirus

Enterovirus

Epstein-Barr virus

Human immunodeficiency virus*

Human T-cell lymphotropic virus type 1

Influenza

SARS COVID-19

Measles

Rabies

Rubella

Varicella zoster virus

West Nile virus

Parasites

Malaria

Neurocysticercosis
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Table 2. continued

I. ACQUIRED DISEASES:

I.VI. Neoplastic:

Primary SNC neoplasms

Astrocytoma

Lymphoma

Medulloblastoma

Systemic neoplasms affecting SNC

Paraneoplastic syndromes

Metastatic syndromes

Langerhans cell histiocytosis

Secondary neoplasms and other disorders related to radiation/chemotherapy treatment

I.VII. Toxic and medication-associated disorders:

Medications

Metronidazole

Cyclosporine

Antiepileptic drugs

Recreational drugs

Alcohol

Marijuana

Synthetic cannabinoids

Cocaine

Opioids

Methamphetamines

Poisoning/accidental ingestions

Ethylene glycol

Methanol

Inhalants

Chronic lead poisoning

Radiation

Chemotherapy

e.g. Methotrexate, cyclosporine, cytosine-arabinoside

I. VIII. Acquired metabolic, endocrine and nutritional disorders:

Vitamin B12, vitamin E or folate deficiency

Hepatic encephalopathy

Wernicke–Korsakoff syndrome

Hypothyroidism

Extrapontine myelinolysis

I.IX. Child abuse and trauma

II. CONGENITAL DISORDERS OR GENETICALLY DETERMINED DISORDERS

II.I Disorders that affect white matter predominantly (Leukodystrophies or leukoencephalopathies):*

Myelin disorders

Pelizaeus-Merzbacher disease

Waardenburg-Hirschsprung

Metachromatic leukodystrophy

Multiple sulfatase deficiency

Krabbe disease

X-Linked adrenoleukodystrophy

Phenylketonuria and other aminoacidopathies

Canavan disease

Cx32-related Charcot-Marie-Tooth disease

Astrocytopathies

Alexander disease

Megalencephalic leukoencephalopathy

CIC-2 related disease

Vanishing white matter disease

Aicardi-Goutières syndrome

Cx-43-related oculodentogenesis dysplasia

Leuko-axonopathies

Hypomyelination with atrophy of basal ganglia and cerebellum
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Table 2. continued

I. ACQUIRED DISEASES:

Hypomyelination with congenital cataract

GM1 and GM2 gangliosidosis

AGC1 related diseases

AIMP1-related diseases

HSPD1-related disease

Pol-III-related leukodystrophies

Leukoencephalopathy with brainstem and spinal cord involvement and high lactacte

Giant axonal neuropathy

Microgliopathies

CSD1R-related disorders

Nasau-Hakola disease

Leukovasculopathies

Cerebral arteriopathy with subcortical infarcts and leukoencelopathy

Cerebral amyloid angiopathy

Capthesin A-related arteriopathy with strokes and leukoencephalopathy

Leukoencephalopathy with calcifications and cysts

II.II Disorders that affect grey matter predominantly (Poliodystrophies):

Monogenic early onset epileptic encephalopathies and progressive myoclonus epilepsies

Dravet syndrome

Unverricht/Lundborg disease

Lafora disease

KCTV7-related epilepsies

Rett syndrome

Lysosomal storage diseases

Neuronal ceroid lipofuscinosis group*

CLN1, CLN2, CLN3, CLN5, CLN6, CLN7, CLN10, CLN14

Nieman Pick type C disease*

Sialidosis type 1

Fabry disease

Gaucher’s disease

Mucopolysaccaridoses

Alsin-related disorders

Infantile ascending hereditary spastic paraplegia

Juvenile primary lateral sclerosis

Autosomal recessive juvenile amyotrophic lateral sclerosis

Hereditary spastic paraplegia

Menkes disease

II.III. Disorders with prominent involvement of basal ganglia:

Neurodegeneration with brain iron accumulation disorders (NBIA)

Pantothenate kinase-associated neurodegeneration (PKAN)

Phospholipase-associated neurodegeneration (PLAN)

Infantile neuroaxonal dystrophy (INAD)

Atypical infantile neuroaxonal dystrophy (aINAD) (Karak syndrome)

Neuroferritinopathy (NFT)

Mitochondrial membrane protein–associated neurodegeneration (MPAN)

β propeller protein–associated neurodegeneration (BPAN)

COASY protein–associated neurodegeneration (CoPAN)

Aceruloplasminemia

Fatty acid dehydroxylase–associated neurodegeneration (FAHN)

Woodhouse–Sataki syndrome

Kufor–Rakeb disease (PARK 9)

Biotin-thiamine-responsive basal ganglia disease

Monogenic heredodegenerative dystonia

Inherited disorders presenting with chorea

Huntington disease

VPS 13A-Choreo-acanthocytosis

Infantile onset striatal necrosis

Organic acidurias
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Correlation analyses between NFL thickness and VA, visual evoked
potential, and LCLA test, were not done for each disease [8].
In another study, only children with MS were evaluated [9]. The

cohort was divided into patients with or without a history of optic
neuritis. NFL thinning was only identified in patients with a history
of optic neuritis. In all MS patients with and without optic neuritis,
there was not a significant relationship between NFL thickness
and LCLA score (P= 0.103) [9]. The sample size of MS patients with
optic neuritis was small; therefore, statistical analysis was not
performed between LCLA and NFL thickness in the subgroup of
MS patients with optic neuritis.
Although there is not yet enough evidence in the literature to

determine if NFL thickness is a biomarker related to visual function
in paediatric MS, much knowledge is known from adults who are
more likely than children to be diagnosed with MS. Part of this
observation may be because of the infrequency of MS in children
compared to adults or because the duration children have MS is
shorter than in adults.

Lysosomal storage diseases. The loss of outer retinal layers,
ellipsoid zone (EZ) and outer nuclear layer (ONL) is associated with

visual dysfunction in the lysosomal storage disease, juvenile
ceroid-lipofuscinosis, neuronal 3 (CLN3). In a retrospective, cross-
sectional study in juvenile CLN3 disease, VA, optic pallor, macular
striae, macular orange pigment, peripheral bony spicules, vessel
loss, macular atrophy, loss of EZ and the ONL were used to
develop a scale of ophthalmic features to monitor progression of
retinal disease [94] called the “Hamburg CLN3 ophthalmic rating
scale”. The loss of the EZ and ONL were associated with grade 2,
indicating severe disease, and grade 3, end stage disease, and
were strongly correlated with reduced visual acuity (R= 0.83, P <
0.001) [94].

Association between OCT features and clinical changes within
CNS
Nieman Pick type C disease. In a case-control study, the relation-
ship between OCT features and clinical scales of neurologic
impairment were studied in patients with symptomatic Nieman
Pick disease (NPC), those without symptoms but who carried
mutations of NPC, and healthy controls. In symptomatic NPC
patients, the macular NFL and the combined GCL with IPL were
statistically significantly thinner compared to healthy controls [96].

Table 2. continued

I. ACQUIRED DISEASES:

Glutaric aciduria type 1

Homocystinuria

Propionic aciduria

Hydroxybutyric aciduria

Methylmalonic aciduria

Glut-1 deficiency syndrome

Wilson disease

Lesch-Nyhan disease

II.IV. Disorders with prominent involvement of brainstem and cerebellum or paediatric movement disorders:

Infantile-onset Spinocerebellar ataxia (IOSCA)*

e.g. SCA2 (CAG repeat occurs over 200), SCA3 (Larger expansion), SCA7, SCA12, SCA13, SCA14, SCA27

Ponto-cerebellar hypoplasia

Friedreich ataxia

Ataxia telangiectasia

Marinesco-Sjögren Syndrome

II.V. Disorders with prominent involvement of spinal cord, cranial and peripheral nerves:

Spinal muscular atrophy

Hereditary motor and sensory neuropathies

Refsum disease

Alstrom syndrome

II.VI. Disorders with prominent involvement of skeletal muscles:

Dystrophinopathies

Duchenne muscular dystrophy

Becker muscular dystrophy

Congenital myotonia

Neonatal onset myotonic dystrophy

II.VII. Mitochondrial encephalopathies:

Alpers disease

Mitochondrial encephalomyopathy with lactic acidosis and stroke-like episodes MELAS

DNA polymerase gamma (POLG)-related disorders

Leigh syndrome

Dystonia-deafness syndrome

Myoclonic epilepsy with ragged red fibres (MERRF)

Leber hereditary optic neuropathy (LHON)

Kearns-Sayre syndrome

II.VIII. Other inherited disorders:

Sickle cell disease

Highlighted conditions indicate articles, reviewed for this paper, which described OCTs.
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Asymptomatic patients who carried mutations did not have
statistically significant OCT changes compared to healthy controls.
Thinning of the mean combined outer plexiform layer (OPL) and
ONL was associated with worse neurologic impairment using a
modified Disability Rating Scale (mDRS) (ρ=− 0.617, P < 0.05) [96].
The mDRS is a way to measure functional neurologic performance
based on the impairment of ambulation, motor response,
language, swallowing, seizures and ocular movements [97]. A
strong correlation was also observed between thinning of the
combined GCL with IPL and major motor disability using the
Assessment and Rating of Ataxia (SARA) score (ρ=− 0.622, P <
0.05) [96]. The SARA score assesses the impairment of gait, speech,
coordination, and other cerebellar functions in patients with ataxia
[98]. Other clinical parameters, including lower amplitude of
upward vertical saccades and slower velocity horizontal saccades,
were related to thinning of the peripapillary NFL (ρ= 0.645, P <
0.05) and of the combined GCL with IPL (ρ= 0.609, P < 0.05). The
evaluation of saccadic movements is one of the ways to assess
cerebellar function. Focal, degenerative, or systemic/immune
deficits affecting the cerebellum in neuroinflammatory/neurode-
generative disorders can be associated with slow saccadic
velocities and low amplitudes [99].

Hypoxic Ischaemic encephalopathy. Several studies of infants with
hypoxic ischaemic encephalopathy (HIE) sought to find noninva-
sive methods to assess neurologic damage from ischaemia and to
predict the association with future neurologic dysfunction or
abnormalities in structural CNS features. Although few studies
have been done, non-invasive OCT does not require sedation and
can be done at the bedside [13, 14], most recently demonstrated
in a hypothermia treatment trial [14].

Human immunodeficiency virus (HIV). Retinal thinning has been
associated with microstructural white matter injury in children
infected with human immunodeficiency virus (HIV). Blokhuis et al.
studied retinal features of 29 children with perinatal HIV-infection
treated with combination antiretroviral therapy. Thinning of the
total retina at the fovea, as well as, all individual retinal layers
including GCL, IPL, inner nuclear layer (INL) and ONL was
associated with higher mean diffusivity and radial diffusivity on
brain MRI scans [100].

Leukodystrophies. Retinal neurodegeneration detected by OCT
has been shown to be a surrogate outcome measure for the
progression of other childhood-onset degenerative diseases, such
as the myelopathy in adrenoleukodystrophy [11]. A strong
correlation has been found between clinical parameters like the
Expanded Disability Status Scale (EDSS) and thinning of peripa-
pillary RNFL (Spearman’s rho = 0.51, P= 0.02) [11]. EDSS is a
method to measure the impairment of neurologic functions, such
as motor functions, coordination, sensory functions, and visual
function, among others [101]. Although this scale has mostly been
used in MS [101], it has also been employed in other diseases such
as adrenoleukodystrophy [11].

Spinocerebellar ataxia (SCA). Spinocerebellar ataxia (SCA) com-
prises a number of progressive degenerative hereditary
diseases that present at different ages. Alvarez et al. evaluated a
series of cases of seven adults in Spain genetically confirmed
with SCA-3 and found NFL thinning associated with severe
neurologic impairment measured by SARA score (R=−0.64, P=
0.012) [12].
In another study performed in Brazil, OCT retinal features and

clinical neurologic impairment measured by the SARA score were
compared between patients with SCA-3 and SCA-10. The NFL was
thinner in SCA-3 than in SCA-10 but the difference was not
statistically significant. Furthermore, in SCA-3, thinning of the
RNFL in the nasal region was associated with severe neurologicTa
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impairment as measured by the SARA score (R=− 0.695, P=
0.025); in contrast, RNFL thickness in SCA-10 was not related to the
SARA score [95].
In conclusion, OCT has been used to identify retinal features,

including thinning of the NFL, GCL, IPL, INL, OPL, as well as loss of
ONL and EZ in paediatric neuroinflammatory/neurodegenerative
disorders. These features have been described as markers of axonal
loss, and their clinical significance relies on their relationship with
some clinical parameters such as vision, motor/coordination and
sensory functions. OCT can be considered a method to predict
visual function and may be helpful to clinicians and researchers
working with children. In addition, OCT might predict progression
of systemic findings and be a valuable tool to assess and monitor
anterior optic pathway dysfunction. Although some differences in
OCT retinal features have been found among distinct neuroin-
flammatory/neurodegenerative disorders, the clinical diagnosis of
CNS diseases cannot be replaced by retinal imaging. At present,
OCT imaging has not been found to differentiate among different
neuroinflammatory/neurodegenerative disorders.
OCT is a non-invasive way to assess neurological changes in

neuroinflammatory/neurodegenerative disorders, but more study
is needed to increase sample sizes in many diseases and controls,
in relation to the duration of the disease and the age of the child.

CONCLUSIONS
The novel biomarkers of inflammation and neurodegeneration in
the retina, easily visualized by the OCT have the potential to
increase our knowledge on the systemic inflammatory and
neurodegenerative condition, and thus provide a non-invasive
way to monitor the CNS status and facilitate the multidisciplinary
interaction when dealing with the patients. Further study of OCT
retinal biomarkers as well as its automatic evaluation and
validation is warranted in both adults and in children.

SUMMARY

● OCT offers a unique opportunity to evaluate specific retinal
changes in systemic neuroinflammatory/neurodegenerative
disorders in both adults and paediatric population.

● These OCT features act as biomarkers of neuroinflammation/
neurodegeneration and include hyper-reflective retinal spots/
dots/foci, subfoveal neuroretinal detachment (SND), changes
in thickness of specific retinal layers and modification of
integrity of both the inner and the outer retinal layers.

● Evaluation of OCT biomarkers of neuroinflammation/neuro-
degeneration can help in monitoring the status of the CNS
and facilitate a multidisciplinary approach necessary for
accurate diagnostic and therapeutic management of these
disorders.
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