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sclerosis: Where is this leading?
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Visual loss, particularly from optic neuritis (ON), is a major
cause of disability in multiple sclerosis (MS). Determining the pre-
cise cause of the visual loss, what can be done to treat it and,
indeed, what can be done to prevent it are major priorities in cur-
rent clinical research. Over the last few decades, our understanding
of the pathology in MS has shifted from a purely inflammation-
based disease of axons in the white matter of the brain to a disor-
der which causes progressive degeneration of cells in the grey mat-
ter of the brain and in the ganglion cell layer of the retina. This has
led to a reassessment of exactly how visual loss occurs in MS and a
more detailed exploration of how structure and function might
relate to each other.

At a ‘macroscopic’ level, there is an accepted understanding of
the anatomy of the visual pathway from retina through the optic
nerve, lateral geniculate nucleus, and optic radiations (OR) to the
striate and extrastriate cortices. It is assumed that damage to this
pathway is predictably associated with impairment of certain
aspects of visual function, most notably visual fields, and this con-
cept is fundamental to the clinical diagnostic process, i.e. that the
pattern of visual field loss predicts the site of the lesion thanks
to the preservation of retinal topography along the visual pathway.
However, there are many other aspects of visual function which do
not exhibit this tight correlation between structure and function. In
particular, the association between structure and function at a
more microscopic level remains unclear.

Nevertheless, the last two decades have witnessed an explosion
of studies looking at how well abnormalities of visual function cor-
relate with anatomical abnormalities of the visual pathways in MS.
A major reason for the explosion is the continuing development
and introduction of novel, and increasingly-sophisticated, ways
of measuring both these parameters - every time a new technique
is introduced its place as a research tool and its role in the clinic
need to be established. This issue of Clinical Neurophysiology
includes an article which examines the role of a newer measure-
ment derived from optical coherence tomography (OCT), namely
the thickness of the ganglion cell - inner plexiform layer (GCIPL) at
the macula (Narayanan et al., 2019). OCT is a straightforward,
widely available, quick, and relatively inexpensive test to perform,
so it is natural to conclude that assessment of GCIPL thickness
might prove useful in the clinical management of MS, but this
depends on how well it reflects visual function.

https://doi.org/10.1016/j.clinph.2018.11.006

It is worth exploring the reasons behind investigating the asso-
ciation between structure and function in more detail, and why
researchers have invested so much in investigating this. At least
three reasons spring to mind. First, these studies help to elucidate
how normal visual function works: for over a century, lesion stud-
ies have played a crucial role in understanding normal visual phys-
iology, and diseases such as MS provide a ‘naturally-occurring’
source of lesions. Second, they assist in understanding exactly
what happens in disease to impair normal function, thereby shed-
ding light on the disease process and what strategies might influ-
ence it. Third, an objective (anatomical) measurement might
overcome the subjective variability which is inherent in the assess-
ment of many aspects of visual function. This might, in turn, lead to
a ‘biomarker’ for the disease, i.e. a measure which helps in the
management of disease, either to assist with diagnosis, to deter-
mine prognosis, or to monitor the effects of therapeutic interven-
tion. It is interesting to examine how the article by Narayanan
et al. (2019) contributes to these different areas.

Visual function is complex, and no single measure can represent
overall visual function. Individual aspects can be assessed in a num-
ber of different ways: for example, visual acuity can be determined
by high- or low-contrast letter discrimination, visual fields can be
studied using various different types of perimetry, and visual func-
tion at an electrophysiological level can be studied using elec-
troretinography and visual evoked potentials (VEPs). The fact that
VEPs are abnormal in eyes that have been affected by ON in MS
has been known for nearly 50 years (Halliday et al., 1972). Indeed,
VEPs once played a crucial role in the diagnosis of MS prior to the
introduction of MRI scanning. The original assumption was that loss
of amplitude of the VEP reflected an overall reduction in numbers of
neurons while increased latency reflected loss of myelin.

It has been known for some time that multifocal VEPs (mfVEPs)
identify damage in eyes of patients with MS that have not experi-
enced optic neuritis (non-ON) (Laron et al., 2009; Ruseckaite
et al., 2005). This does not appear to happen in the non-ON eyes
of patients with Neuromyelitis Optica Spectrum Disorder (NMOSD)
(Shen et al., 2018). The reason for the abnormalities of VEPs in non-
ON eyes in MS is not clear, but one possibility is that they arise lar-
gely as a result of damage in the optic radiations (OR) rather than
the optic nerves. Graham and Klistorner (2017) have recently
pointed out that, while the OR make up about 1% of total brain
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white matter, T2 lesions in the OR represent 7-10% of the total T2
lesion load in MS. In contrast, lesions of the OR are much less com-
mon in NMOSD, potentially explaining why non-ON eyes are not
affected in this disorder (Shen et al., 2018). On the other hand, pat-
tern electroretinogram studies in patients with glaucoma suggests
that least some of the abnormality of mfVEP is explained by central
GCIPL loss (Park et al., 2017), consistent with the strong association
between OCT abnormalities and mfVEP amplitudes in patients with
NMOSD (Shen et al., 2018). One possible synthesis might be that
abnormalities of mfVEP latency are more related to OR damage
while abnormalities of mfVEP amplitude are more related to retinal
ganglion cell loss. Of course, the story may not be that simple: an
intriguing suggestion is that some of the increased latency in
non-ON eyes in MS might reflect physiological adaptation to dam-
age in the contralateral, ON-affected, eye (Raz et al., 2013). For fur-
ther background, readers should consult two recent reviews
(Graham and Klistorner, 2017; Pihl-Jensen et al., 2017).

If some of the mfVEP abnormality does arise in the retina, a log-
ical assumption is that this should be correlated with a reduction
in retinal ganglion cell numbers. Changes in peripapillary retinal
nerve fiber layer (pRNFL) thickness are thought to reflect axonal,
and hence ganglion cell, loss. Accordingly, many studies have
examined the correlation between the pRNFL and visual function
in MS. More recently, the macular GCIPL thickness has been pro-
posed as a better measure of ganglion cell loss because, as
Narayanan et al. (2019) suggest, it may be “less confounded by
gliosis and edema found in the RNFL”. Recent meta-analyses of
OCT studies suggest a marginally larger effect of MS on the pRNFL
thickness compared to the GCIPL thickness in both ON and non-ON
eyes (Britze et al., 2017; Petzold et al., 2018). Previous work has
found that both pRNFL and GCIPL thickness decline over time in
both ON and non-ON eyes (Narayanan et al., 2014) and several
authors have reported correlations between macular ganglion loss
and impaired visual function as assessed by both high- and low-
contrast visual acuity (Saidha et al., 2011; Seigo et al.,, 2012;
Walter et al., 2012).

In this issue, Narayanan et al. (2019) bring all these factors
together, looking at both ON and non-ON eyes of patients with
MS: they compare both GCIPL and pRNFL thickness with low-con-
trast letter discrimination, macular perimetry, and amplitudes and
latencies from mfVEPs. They confirm the high sensitivity of mfVEPs
in the assessment of MS patients, in particular finding that more
non-ON eyes showed an abnormality on mfVEP (45%) than on
OCT (22%) (p <0.0005). An interesting feature of their analysis
was a comparison of parameters of mfVEPs generated by stimulat-
ing central versus global visual fields. In their multiple-regression
models (which controlled for covariates like age and MS-duration)
mfVEP amplitude was significantly correlated with GCIPL thickness
in both ON eyes (r=0.68 centrally and 0.72 globally) and in non-
ON eyes (r=0.46 centrally and 0.48 globally, p <0.0001 for all).
PRNFL thickness was somewhat less well-correlated with mfVEP
amplitude (r=0.54) but only in ON eyes. Importantly, mfVEP
latency was not correlated with either GCIPL or pRNFL thickness
in these models, although it was in univariate analyses. Another
recent study of non-ON eyes reported very similar correlations
between mfVEP and both pRNFL and central ganglion cell layer
thickness (Sriram et al., 2014).

Parenthetically, it is possible that modification of the mfVEP
stimulus might lead to greater accuracy, and hence higher correla-
tions. Narayanan et al. (2019) mention that more accurate mfVEP
data might be obtained in response to so-called sparse mfVEP stim-
uli. Conventional mfVEP stimuli are very densely presented in time
while sparse stimuli present transient onset stimuli interspersed
between periods of no stimulation. This results in up to 15 times
larger mfVEP responses, and 3-4 times the signal-to-noise ratios.
Perhaps more importantly, the sparser the mfVEP stimuli the

greater the proportion of non-ON eyes of MS patients that are dis-
criminable from controls (Ruseckaite et al., 2005). The almost equal
diagnostic power for ON and non-ON eyes obtained under those
conditions has been verified in pupillographic studies that also
employed multifocal sparse stimuli (Ali et al., 2014). The possible
reasons behind these findings have been dealt with elsewhere
(Maddess and Lueck, 2017).

To return to the three points mentioned earlier. What does this
study contribute? Looking at the first two points, the findings are
broadly consistent with the idea that the latency of mfVEPs reflects
the integrity of the entire visual pathway, including (and, perhaps,
especially) the OR, while amplitude of mfVEPs reflects the total
number of ganglion cells in the retina. What about the third point?
It is clear from the scatter plots in their figures 2 and 3 that there is
a wide range in the absolute values of GCIPL and pRNFL thickness,
and that the values straddle the cut-offs for their normative values.
This is hardly surprising, considering the enormous inter-individ-
ual variation in normal subjects: the number of axons in human
optic nerves can range from 0.78 to 1.68 million (Jonas et al.,
1992), a factor of more than two, and the size of the LGN, OR and
striate cortices vary by a factor of three (Andrews et al., 1997).

Similarly, the figures show that there is considerable overlap
between the values of every parameter derived from ON and
non-ON eyes. From a clinical perspective, this means that a single
measurement of any of these parameters is unlikely to have useful
positive predictive value regarding diagnosis of MS. A composite
measure of pRNFL, GCIPL and mfVEP might do better in this regard
but would be unlikely to supplant MRI as the major diagnostic tool.

On the other hand, mfVEP (or the proposed composite measure)
might prove useful in prognostication and in studies of therapeutic
interventions where any inter-individual baseline variability is no
longer a confounding factor as patients are compared with them-
selves over time. Further work is clearly needed in this regard.
The current study by Narayanan et al. (2019) cannot help with
these clinical issues, but the process of comparing multiple param-
eters, namely mfVEP, OCT and psychophysical methods, may get us
one step closer to the holy grail of a biomarker.
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