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ABSTRACT
Multiple sclerosis (MS) is a demyelinating disease associated with a myriad of visual pathways pathology. These 
pathologies need to be assessed, even when asymptomatic, because they may represent an important index of 
disease course, severity and treatment response. This is a review of the importance of different visual pathways 
assessment methods such as classic ophthalmologic examination, cerebrospinal fl uid analysis, Doppler ultraso-
nography of the orbital vessels, magnetic resonance imaging, optical coherence tomography, visual evoked poten-
tial, evaluating which may contribute to elucidate the pathophysiological process, structural and functional dam-
age. The modern medical technology developed multiple methods which are trying to link their results to the 
overall brain damage in MS. A global analysis of these methods is needed, in order to a better evaluation of visual 
pathways damage associated with multiple sclerosis.
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INTRODUCTION

Multiple sclerosis (MS) is an immune mediated 
demyelinating disease of the central nervous sys-
tem in which there are multiple associated neuro-
ophthalmologic pathologies. Considering that the 
approximately 40% of the brain is devoted to visual 
function, MS (which is associated with an immune 
infl ammation of central nervous system, with vari-
ous localizations) commonly affects the visual 
function in a myriad of neuro-ophtahlmologic 
symptoms, depending of localization and patho-
logical process (demyelination or axonal degenera-
tion) (1). The visual function may be affected by 
various disorders such as uveitis and periphlebitis 
retinae, neuroretinitis, nerve palsy, nystagmus, 
conjugate eye movement disorders and visual path-
ways pathology. There are no satisfactory clinical, 
anatomical and functional assessment methods in 
order to make a complete evaluation of visual path-
ways involvement in multiple sclerosis. Therefore 
a presentation of the diagnosis methods in neuro-

ophthalmologic examination of visual disabilities 
in multiple sclerosis may be useful background for 
clinical practice.

Associated neuro-ophthalmologic disorders in 
multiple sclerosis

Uveitis usually manifests as bilateral, intermedi-
ates uveitis (pars planitis) and is associated with 
MS patients in 1% of cases (2). Retinal periphlebi-
tis with microcystic macular edema (consequence 
of neuroretinitis) is a rare manifestation associated 
with MS (3). Nystagmus or internuclear ophthal-
moplegia are frequent signs in MS and their patho-
physiological process is relatively well known. On 
the contrary, isolated cranial palsy is a rare fi nding 
in MS occurring in 1,6% of patients, and in order of 
their frequency we can fi nd palsies of cranial nerves 
VI, III, and IV (4). Less commonly, MS may cause 
horizontal and vertical gaze palsies, upbeat and 
downbeat nystagmus, and optokinetic abnormali-
ties (5,6,7). There are reports of oscillopsia (illuso-
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ry motion of visual perception) without nystagmus 
in patients with MS (8).

Posterior (retrobulbar) pathways involvement 
occur by prechiasmatic, chiasmatic and retrochias-
matic lesions. Usually it is unilateral at onset, but 
involvement of bilateral optic pathways is common 
during the course of disease. The visual pathways 
involvement leads to specifi c clinical picture such 
as anopsia (prechiasmatic optic nerve structure in-
volvement leading to anterior or posterior optic 
neuropathy), heteronimous hemianopsia (chias-
matic lesions) and homonimous hemianopsia/ 
qvadranopsia (retrochiasmatic lesions). Despite of 
high frequency of pathological involvement of ret-
rochiasmatic pathways, homonymous hemianopsia 
or qvadranopsia are uncommon clinical signs in 
MS (0.5-3.5% of MS cases) (9). There are some 
reasons for this fact: the lesions affect only the pe-
ripheral visual fi eld, resulting small scotomas that 
do not impair visual acuity, and they are diffi cult to 
be detected by the patient ; the other fact is their 
occurrence in the late stage of disease and, conse-
quently, are masked by optic neuropathy already 
onset. The optic neuropathy is associated with con-
siderable decreasing of visual acuity, therefore, the 
retrochiasmatical visual pathways involvement is 
diffi cult to be assessed in such cases (10). Heter-
onymous hemianopsia is a more rare clinical pre-
sentation in MS. There are few cases reports of bi-
temporal fi eld defects assumed to plaques within 
the chiasma (11,12). There are recent studies which 
show the involvement of occipital cortex due to 
chronic infl ammation process associated with auto-
immunity in MS patients. (13). 

Optic neuritis is the most common visual path-
way pathological process and is associated with 
40% of MS cases (40% of MS patients suffer an 
optic neuritic attack during the course of disease) 
(14). It may be due to anterior optic neuropathy 
(optic papillitis), and posterior optic neuropathy. 
Optic papillitis may occur in approximately 25% of 
cases of optic nerve involvement due to MS (15). 
Retrobulbar optic neuropathy is the most common 
clinical presentation of visual pathway involve-
ment in MS (16).

The injury in visual pathways specifi cally re-
fl ects central nervous system effects of pathologi-
cal process in MS patients (demyelination or axo-
nal degeneration) (17).

The pathophysiological mechanism of lesions in 
MS

 The involvement of visual system in MS con-
sists in two separate processes. The fi rst one is the 

demyelination process (demyelinated optic neuritis 
– MS-ON), and the second one consists in loss of 
retinal ganglion cells (non-optic neuritis – MS-
NON). MS-ON is an infl ammatory process and 
MS-NON is a neurodegenerative process. The 
pathological basis of MS-NON remains unclear. 
There are strong evidences that MS is accompanied 
by intrathecal production of antibodies against var-
ious proteins of CNS myelin including myelin ba-
sic protein (MBP), proteolipid protein (PLP), 
myelin oligodendrocytes protein (MOG) and my-
elin-associated glycoprotein. These antibodies may 
play a role in induction and perpetuation of infl am-
mation in MS (18). Chronic demyelination or dif-
fuse CNS infl ammation may potentially contribute 
to the axonal loss (19). There are evidences for ret-
rograde retinal damage after optic tract lesions in 
MS. These lesions are associated with retinal fi bres 
layer thickness (RFLN) modifi cation (20).

Demyelination process is the fi rst pathological 
process, followed by remyelination. There is a 
question whether the remyelination is associated 
with restauration of visual function or demyelin-
ation leads to retinal ganglion cell loss and optic 
nerve atrophy despite of remyelination. 

Neuro-ophthalmological assessment in multiple 
sclerosis

The examination methods comprise the struc-
tural damage, functional consequences and patho-
physiological process assessment. Often, there is 
not a perfect correlation between the structural 
damage size and functional consequences. Differ-
ent methods asses from different point of views the 
optical pathways involvement in MS. Some of 
them measure the structural damage and others the 
functional consequences. 

Beside the classical ophthalmological examina-
tion, in order to prove retinal and optic nerve in-
volvement in multiple sclerosis, determination of 
visual acuity, color perception, pupillary refl exes, 
visual fi eld assessment and ophthalmoscopy, there 
are some modern methods that proved (in the last 
years) their utility in neuro-ophtalmological assess-
ment of MS lesions. Such methods are focused on 
etiopathogenic mechanisms detection (cerebrospi-
nal fl uid analysis, Doppler ultrasonography of or-
bital vessels), structural damage assessment (mag-
netic resonance imaging, optical coherence 
tomography), and functional consequences evalua-
tion (contrast sensitivity assessment – Pelli-Robson 
visual chart, visual evoked potentials determina-
tion).
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Ethiopathogenetic mechanism detection
Cerebrospinal fl uid in MS
Some cerebrospinal fl uid (CSF) features are as-

sociated with MS. The analysis evolved from cyto-
logical, protein – cytological dissociation and im-
munoglobulin G index assessment to more 
sophisticated immunological descriptions (21). Al-
though de CSF features associated with multiple 
sclerosis primary refl ects the blood brain barrier 
permeabilization by infl ammatory process, there 
are more etiopathogenic mechanism information 
which can be obtained by CSF analysis. The pres-
ence of oligoclonal IgG bands in CSF is a conse-
quence of immune reactions in MS. Recently, new-
ly occurring of oligoclonal bands or oligoclonal 
bands loss in CSF were associated with new symp-
toms onset or disease remission. Both positive and 
negative oligoclonal bands in CSF may change 
over the disease course and are often parallel with 
clinical condition (22).

Multiple CSF infl ammatory biomarkers have 
prognostic potential for MS risk after clinically iso-
lated syndrome as in MS associated demyelinated 
optic neuropathy. The CSF biomarkers of leuko-
cytes infi ltration (CXCL 13, matrix metalloprotein-
ase-9, CXCL 10, myelin basic protein and neuro-
fi lament light chain) are strongly associated with 
MS risk. The others, osteopontin and CHI3L1 are 
related to tissue damage due to chronic immune in-
fl ammation and residual disabilities after MS attack 
(23). The CSF analysis due to initial attack and due 
to disease course may constitute a value predictor 
for MS risk and clinical outcome and may offer 
data about treatment effi cacy.

Neuromyelitis optica spectrum disorders 
(Deviq’s syndrome) are possible to be differentiat-
ed from MS by the presence of aquaporin-4 autoan-
tibodies and other imuno-markers in CSF (24). 
Neuromyelitis optica is caused by autoantibodies to 
astrocytic aquaporin-4 (AQP4), the most abundant 
water channel in the CNS. Recently, an association 
between elevated level of lactate and neuromielitis 
optica attack was found. Lactate elevation and con-
sequently CSF acidosis have been shown to cause 
astrocytic swelling and to affect astrocytic viability, 
potentially lead to more susceptible astrocytes to 
AQP4-antibodies-mediated damage (25).

 
Orbital vessels Doppler ultrasonography in MS
The evaluation of blood fl ow in ophthalmic ar-

tery (OA), central retinal artery (CRA) and short 
posterior ciliary artery (SPCA) revealed important 
changes associated with MS, having a great role in 

understanding the involvement of the retrobulbar 
hemodynamics in the pathogenesis of ON. In these 
arteries the following parameters have been as-
sessed: peak systolic velocity (PSV), end-diastolic 
velocity (EDV), mean fl ow velocity (MV), indica-
tors of peripheral vascular resistance such as Gos-
ling Index (PI) and Pourcelot Index (RI). In MS 
patients with past optic neuritis, disturbances of 
ocular circulation were observed. These distur-
bances consist in increased resistance in the periph-
eral circulation in the orbit, within few days from 
ON onset, with normalisation of the parameters in 
the chronic phase (26,27). This may indicate seri-
ous disturbances in the retinal circulation due to 
demyelination and enlargement of the optic nerve 
compressing the OA, or due to vasoconstrictors re-
leased such as endothelin-1 and consequently vaso-
spasm (27,28). 

Assessment of visual pathways structural 
damage in MS

Magnetic resonance imaging
The role of magnetic resonance imaging (MRI) 

in multiple sclerosis diagnosis is well established. 
There are two processes revealed by brain MRI in 
multiple sclerosis: brain atrophy which refl ects ax-
onal degeneration, and white matter lesions which 
refl ect the demyelination process. There are a num-
ber of magnetic resonance imaging-based methods 
for determining the posterior visual pathways dam-
age by volumetry of visual cortex, lesion localisa-
tion, and lesion volume within the optic radiations. 
Although these methods are sensitive and repro-
ducible, interpreting brain volume data has to be 
made with caution in order to exclude other factors 
(e.g. pseudoatrophy) which may create confusion, 
especially in a disease with complex pathological 
substrates such as MS. However, these fi ndings 
demonstrate the presence of white matter demye-
lination and trans-synaptic degeneration as a con-
tributor to chronic CNS damage in MS. (29, 30, 
31).

 
Optical coherence tomography in MS
Optical coherence tomography (OCT) evaluates 

the anterior optic pathway damage by assessement 
the reduction of peripapillary retinal nerve fi ber 
layer (RFLN) thickness, and by measurement of 
macular volume. The histological changes in these 
regions refl ect the axonal degeneration in MS. The 
axonal degeneration is anterograde and retrograde. 
Retrograde retinal damage occurs after optic tract 
lesions in MS (29). These abnormalities were iden-
tifi ed in all MS types. (32).
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OCT is a noninvasive imaging technique and 
provides high resolution, cross-sectional images of 
the retina, the retinal nerve fi ber layer (RNFL) and 
the optic nerve head. With axial resolution in the 
5–7 μm range, OCT provides close to an in-vivo 
„optical biopsy“ of the retina. The correlation of 
RFLN with MS stage is a point of considerable in-
terest. The RFLN assessment may be used as a neu-
rodegeneration marker. OCT could improve under-
standing the relation between structure and function 
in MS pathophysiology and include spectral or 
Fourier domain OCT technology, polarisation-sen-
sitive OCT, fl uorescence labelling, structural as-
sessment of action-potential propagation, and 
segmentation algorithms allowing quantitative as-
sessment of retinal layers (33).

Contrast sensititvity acuity assessment
In patients with MS with apparently normal 

high-contrast visual acuity, measurement of low-
contrast letter acuity and visual evoked potentials 
may uncover previously undetected visual defi cits. 
Low-contrast testing identifi es the minimum size at 
which letters of a particular contrast level (i.e., 
shade of gray on white background) can be per-
ceived. Measures of low-contrast letter acuity have 
a greater sensitivity to changes in visual function in 
patients with MS compared with assessments of 
high-contrast visual acuity. Low-contrast letter 
acuity is predictive for the presence of MS and is 
signifi cantly correlated with other disease markers 
(e.g., disability scores, MRI fi ndings, and RNFL 
thickness) (34, 35).These findings suggest that low-
contrast letter acuity testing is useful to determinate 
the visual disability in MS.

 
Visual evoked potentials in MS 
Visual evoked potential (VEP) determination 

play an important role in evaluation of demyelinat-
ed optic neuritis associated with MS. The method 
refl ects functional consequences on optic nerve in 
MS patients. Optic neuritis was defi ned by an acute 
loss of visual acuity or scotoma associated with ex-
tended visual evoked potential latencies (> 120 ms) 
and/or an MRI T2 hypersignal of the optic nerve 
(36). Therefore the VEP measurement is important for 
optic neuritis diagnosis in patients with MS attack and 
visual symptoms. Subclinical optic pathway involve-
ment may also be demonstrated by pattern VEP as-
sessment (PVEP). Patients with normal visual acuity 
test shows modifi cation of P100 wave latency on 

PVEP. PVEP, a functional test, is more severely and 
frequently affected than OCT that assesses the RFLN 
thickness in MS patients (37). For this reason VEP 
determination is an important test in neuro-ophthal-
mologic assessment of optic neuritis. 

Demyelinated optic neuropathy is possible to be 
demonstrated by low contrast VEP. VEP latencies 
were found signifi cantly increased in response to 
low, compared with high contrast stimuli in MS pa-
tients with optic neuritis (38). 

The involvement of visual system in MS optic 
consists in two separate processes. The fi rst one is 
the demyelination process (demyelinated optic 
neuritis – MS-ON) and the second one consists in 
loss of retinal ganglion cells (non-optic neuritis – 
MS-NON). MS ON is an infl ammatory process and 
MS NO is a neurodegenerative process. The patho-
logical basis of MS-NON remains unclear. Recent 
studies demonstrate that there is a correlation between 
thinning of RFLN (measured by OCT) and latency 
delay of the multifocal VEP in non-optic neuritis 
associated with MS (39).

mfVEp can measure the local response ampli-
tude and latency in the fi eld of vision. Increased 
latency demonstrated the demyelination process 
and reduced amplitude revealed neural degenera-
tion. Comparison between multifi cal VEP (mfVEP), 
standard automated perimetry and OCT, empha-
sized that the mfVEP revealed more abnormalities 
than automated perimetry or OCT in MS patients 
(40). 

CONCLUSIONS

Visual dysfunction is one of the most common 
pathology in MS patients. The assessment of the 
relationship between structure and function is a dif-
fi cult task and requires correlation between differ-
ent methods. The evaluation methods described 
have multiple important roles such as: prediction 
value, diagnostic value, and the possibility to apply 
the correct therapeutic measures. No single test can 
identify all lesions but studies made in this fi eld 
area demonstrated the correlation between the MRI 
fi ndings, OCT results, contrast sensitivity test and 
VEP measurement. The visual function affected in 
the beginning of the MS or worsening during the 
disease course or, even subclinical visual pathways 
involvement, is an ideal clinical model for testing 
novel agents for neuroprotection and neurorepair. 
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