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Abstract
To summarize recent findings regarding the utility of optical coherence tomography in multiple sclerosis. We searched
PubMed for relevant articles using the keywords ‘optical coherence tomography multiple sclerosis’. Additional articles were
found via references in these articles. We selected articles based on relevance. Optical coherence tomography has
contributed to greater insights into the pathophysiology of multiple sclerosis. Loss of retinal nerve fibre layer and ganglion
cell layer thickness correlate with clinical and paraclinical parameters such as visual function, disability and magnetic
resonance imaging. Some studies indicate that OCT parameters may be able to predict disability progression and visual
function in MS. OCT angiography has recently emerged as a novel technique to study MS. OCT has proven very useful with
regards to research, monitoring and predicting disability in multiple sclerosis. It will be interesting to see how OCT
angiography will contribute to this field.

Introduction

Multiple sclerosis (MS) is characterized by both inflam-
mation and axonal degeneration. Visual symptoms are
common and optic neuritis (ON) is the onset symptom in
~20 % of patients with MS. Even patients who have not
experienced ON, will most likely also have lesions in
their visual pathways, as post-mortem studies show that
this is the case for 90% of patients regardless of ON history
[1, 2].

The anterior visual pathways consist of the retinal
ganglion cells, whose somas are in the ganglion cell layer
(GCL). Their axons form the retinal nerve fibre layer
(RNFL) and are unmyelinated until they leave the eye.
These axons form the optic nerve, which travels via the
optic canal to the optic chiasm where the nasal fibres
decussate and most of the fibres then go on to synapse at the
lateral geniculate nucleus.

The GCL and RNFL are very small, but can be imaged
using optical coherence tomography (OCT), which is a

technique that uses near-infrared light to create images of
the retina. It is non-invasive, quick, and relatively cheap and
easy to use. Furthermore, the images produced via OCT are
of very high resolution and highly reproducible. Assessment
of the RNFL and GCL using OCT potentially allows us to
assess axonal and neuronal degeneration. The technique
has therefore been investigated in relation to MS. Many
studies have shown that both the RNFL and the GCL
are statistically significantly reduced in patients with
MS, both with (MSON) and without (MS-NON) prior ON
[3, 4]. In this article, we review the ways in which this
technique has proven useful in studying and treating MS
patients.

Optical coherence tomography

The first OCT devices used time domain technology, which
could measure the thickness of the RNFL. As such, this
layer was the focus of most early research. However, with
the advent of spectral domain OCT technology, came the
ability to assess other retinal layers, such as the ganglion
cell layer. Most current segmentation algorithms cannot
accurately measure the thickness of the GCL by itself, but
instead measure the thickness of the composite GCL and
inner plexiform layer (GCIPL). Other retinal layers such as
the photoreceptor layer and the outer nuclear layer have also
been subjects of research lately.
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Pathophysiological insights

OCT has been used to obtain more knowledge about the
pathophysiological mechanisms involved in MS. OCT can
be used to image the neuronal and unmyelinated axonal
layers of the retina. As such, it provides an easy-to-use
model to study neurodegeneration in MS. The high degree
of reproducibility and non-invasive character makes OCT
especially well-suited for research purposes.

The pathological mechanism behind the reduction in
RNFL and GCIPL thickness in MS patients both with and
without prior ON is still in dispute. In patients with prior
ON, the most likely explanation is loss of axons due to
retrograde degeneration after ON. However, in MS patients
who have not had clinical ON, and who typically display a
RNFL and GCIPL loss of ~6.73 μm [4], several different
mechanisms have been proposed. Some suggest the loss of
GCIPL and RNFL thickness is caused by retrograde
degeneration after a mild, subclinical ON. Others have
proposed that it could be caused by primary degeneration of
the GCIPL neurons due to MS. Lastly, many have sug-
gested that lesions in the optic radiation via trans-synaptic
degeneration could lead to loss of retinal ganglion cells and
their axons. Indeed, Puthenparampil et al. [5] found an
inverse correlation between the thickness of the temporal
RNFL and the ipsilateral optic radiation white matter lesion
load (r=−0.7, p< 0.05) in patients with MSON. Further-
more, they observed an inverse correlation between the
nasal RNFL and the contralateral optic radiation white
matter lesion load (r=−0.8, p< 0.01 for both the superior
and inferior nasal quadrant). OCT angiography, although
still in the developing phase, may facilitate studies of neu-
rovascular coupling in MS.

Diagnostic relevance

Changes in the GCIPL and the RNFL are commonly
thought to reflect oedema and neurodegeneration. These
phenomena are not specific for MS and as such it is
important that such findings are interpreted contextually.
However, many studies indicate that the temporal devel-
opment, severity and distribution of changes in the GCIPL
and RNFL may help differentiate between MS and some
differential diagnoses. In neuromyelitis optica spectrum
disorder, the reduction in GCIPL and RNFL thickness is
usually much more severe than in MSON [6]. Furthermore,
the distribution of RNFL loss tends to involve the temporal
quadrant in MSON, whereas it is more diffusely distributed
in neuromyelitis optica spectrum disorder [6]. In Susac
syndrome, the pattern of GCIPL and RNFL loss may help
differentiate it from MS [7, 8]. These observations can be
found in patients long after their branch retinal arterial

occlusion, which makes OCT more useful than fluorescein
angiography, which will only detect a branch retinal arterial
occlusion in the acute phase [8]. In idiopathic intracranial
hypertension, there is also swelling of the optic nerve head.
However, unlike in MS, this is usually symmetrical [9].

Many studies have found statistically significant reduc-
tions in the GCL thickness in eyes of MS patients without
prior ON, which may reflect subclinical structural damage.
Some have suggested that this could help identify patients
with ON who are at risk of developing MS. As such, Coric
et al. [10] investigated whether the inter-eye percentage
difference (IEPD) could be useful in distinguishing MS
patients from healthy controls. They found that the diag-
nostic accuracy of the IEPD (area under the curve) was
0.73–0.86 for the RNFL and 0.75–0.94 for the GCIPL. The
diagnostic sensitivity of the GCIPL IEPD was 70% with a
specificity of 97% for distinguishing unilateral MSON from
healthy controls. The IEPD of the GCIPL could distinguish
healthy controls and MS-NON. The IEDP has potential to
be a very useful parameter clinically, as it is dimensionless
and therefore could overcome problems with using different
devices and segmentation algorithms. It could also over-
come intrapersonal factors such as ethnicity and physiolo-
gical variability. This study also found that the IEPD of the
GCIPL was superior to that of the RNFL, which the authors
suggest reflects more variability within the RNFL. How-
ever, the clinical usefulness of this is unclear.

Monitoring MS

Many studies have found correlations between OCT para-
meters and clinical and paraclinical aspects in MS. This
suggests that OCT could be a useful tool for monitoring MS
both in clinic and in treatment trials.

Biomarkers

Knier et al. observed an association between low GCIPL
volumes and increased intrathecal B-cell frequencies and
intrathecal IgG synthesis [11].

Disease subtype

OCT could potentially help differentiate between MS sub-
types. One multicentre study [12] looked at 571 eyes of MS
patients without prior ON and they observed a lower RNFL
thickness in patients with secondary progressive MS
(SPMS) compared to relapsing-remitting MS (RRMS) (p=
0.007). Furthermore, total macular volume was reduced in
SPMS and primary progressive MS (PPMS) eyes compared
to RRMS eyes (SPMS: p= 0.039, PPMS: p= 0.005). There
was no statistically significant difference between the RNFL
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thickness and total macular volume in patients with SPMS
and PPMS. When the authors corrected for expanded dis-
ability status scale (EDSS) score in generalized estimation
equation models, these differences disappeared. Similarly,
Costello et al. [13] found significantly lower RNFL thick-
nesses in eyes unaffected by prior ON, in patients with
SPMS than with RRMS, and with RRMS than with clini-
cally isolated syndrome (CIS). A similar trend could be
detected in eyes with prior ON. In a group of MS patients
with and without prior ON, Saidha et al. [14] observed
lower GCIPL and RNFL values in SPMS compared to
RRMS. However, after correcting for disease duration this
was only significant with regards to the GCIPL (p= 0.04).

Visual function

Many studies have found correlations between the thickness
of the GCIPL and the RNFL, and visual acuity, especially
low contrast visual acuity [14–16]. One study also detected a
moderate, statistically significant correlation between dys-
chromatopsia and GCIPL thickness in MS-NON eyes [17].

Clinical disability

Some studies have found significant inverse correlations
between GCIPL thickness and EDSS [14, 18–22], whereas
others have not [23–25]. One study [26] also found an
association between increased rate of GCIPL thinning and
EDSS score progression, which others have failed to
replicate [27].

Magnetic resonance imaging (MRI)

MRI studies have found several associations between
RNFL thickness and MRI parameters in MS patients [27–
30]. Furthermore, recent studies have observed correlations
between GCIPL thickness and thalamus volume [31], nor-
malized brain parenchymal volume [17], intracranial
volume [22], cortical grey matter volume [22], and number
and volume of cortical lesions [31]. Additionally, studies
have found associations between increased thinning of the
GCIPL and T2 lesions [26], increased lesion volume in the
optic radiation [32] and development of contrast-enhancing
lesions [26, 27]. The rate of GCIPL thinning has been
associated with atrophy of the white matter, cortical grey
matter, thalamic, brainstem, and the whole brain [27]. In
MS-NON eyes only, studies have found correlations
between GCIPL thickness and normalized grey matter
volume [32, 33], caudate volume [22], normalized brain
volume [33], fractional anisotropy [32], and normalized
white matter volume [32, 33]. One recent study found an
association between thinning of the RNFL and new lesions
in the optic radiation [34].

Neurophysiology

One study found a significant correlation between GCIPL
thickness and inverse correlation with multifocal VEP latency
(r=−0.48, p= 0.0001) in the eyes of MS patients without
prior ON [35]. Similarly, Behbehani et al. [36] observed sig-
nificant inverse correlations between the average RNFL and
GCL thickness and full field VEP latency in RRMS patients.

Temporal evolution

Several studies have found a statistically significant inverse
correlation between disease duration and GCIPL thickness
[14, 18, 26]. Others have found correlations between dis-
ease duration and the rate of GCIPL thinning in RRMS [21]
and non-ON RRMS only [37].

Pupillary response

One study looked at the pupillary light reflex in MS patients
and found that attenuation of the melanopsin-mediated
sustained pupillary constriction response was significantly
associated with thinning of the GCIPL part of the retina,
especially in patients with a history of acute ON [38].

Prognostic value

During recent years, a greater number of studies have
indicated that OCT parameters may be used to predict future
visual function and disability worsening in MS and CIS
patients.

Disability worsening

Martinez-Lapiscina et al. [39] observed that a baseline
RNFL thickness in MS-NON eyes of ≤87 µm (Cirrus) or 88
µm (Spectralis) approximately doubled the risk of disability
worsening during the 2nd and 3rd years. This increased by
four times after 4–5 years of follow-up. Bsteh et al. [40]
observed that having a RNFL thickness below 88 μm was
independently associated with a threefold increased risk of
EDSS progression (p< 0.001) and a 2.7-fold increased risk
of cognitive decline (p< 0.001) within the following 3
years. A different study observed that MS patients with low
GCIPL volumes had a 6.4-fold increased risk of disability
worsening within the following three years [11].

Visual function

Several studies have found a correlation between OCT
measurements and visual function after acute ON in relation
to MS and CIS. Sanchez-Dalmau et al. found that the change
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in GCIPL and RNFL volume during the first month of acute
ON, could explain 47% of the change in 2.5% LCVA and
67% of the change in colour vision acuity after six months.
Similarly, Gabilondo et al. [41] found that a reduction in the
GCIPL thickness of ≥4.5 μm from baseline to 1 month,
predicted poor 2.5% LCVA and 1.25% LCVA recovery after
6 months, with a high sensitivity and specificity. Also, a
decrease in the GCIPL thickness of ≥7 μm from baseline to
one month, predicted poor visual field and colour vision
acuity recovery after six months. Kupersmith et al. [42]
found a correlation between the amount of GCIPL thinning
during the initial two months of acute ON, and the perimetry
mean deviation after 6 months (r= 0.38, i= 0.04).

OCT angiography

OCT angiography allows imaging of the vasculature in the
retina and the blood flow to the capillary level. This method is
completely non-invasive, unlike conventional angiography.
Presently, only a few studies have been published that
investigate the usefulness of this device in relation to MS.
One study has looked at changes in the vessel density in the
retina of patients with MS. They found that the vessel density
was decreased in MS patients compared to controls and that
the vessel density correlated with the EDSS score [43]. A
different study [44] used OCT angiography to measure the
optic nerve flow index, which can be used to measure the
flow velocity and density of the vessels in the capillary net-
works. It can also measure the area of the large retinal vessels.
They found that the optic nerve flow index was reduced in
MS patients with and without prior ON, relative to healthy
controls (p= 0.001 and p= 0.031, respectively). The reduc-
tion in perfusion across the ONH in patients with MS was
especially pronounced in those with prior ON. They did not
find any correlation between optic nerve flow index and
structural parameters such as RNFL and the ganglion cell
complex. The authors suggested that this indicates, that the
optic nerve flow index and the RNFL reflect different aspects
of retinal MS pathology. However, the clinical significance of
this is unclear. Furthermore, the study results are limited by
the fact that they discarded a significant portion of their scans
due to lack of quality. Last, OCT angiography can be used to
identify differential diagnoses. However, as this technique has
only recently been applied in an MS setting, further studies
are needed to elucidate its usefulness both in MS research and
clinical practice.

Conclusion

Optical coherence tomography has contributed to greater
insights into the pathophysiology of MS. Loss of RNFL and

GCIPL thickness correlates with clinical and paraclinical
parameters such as biomarkers, visual function, disability
and magnetic resonance imaging in MS. Some studies
indicate that OCT parameters may be able to predict dis-
ability progression and visual function in MS. As such, this
technique provides a quick, easy and relatively cheap way
to monitor and predict disease progression in MS. It will be
interesting to see how OCT angiography will contribute to
this field.
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