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ABSTRACT

Objective: To test the hypothesis that patients with multiple sclerosis (MS) with intereye asymme-
try on low contrast letter acuity, and thickness of the retinal nerve fiber layer (RNFL), would exhibit
corresponding changes in cortical timing and amplitude responses on pattern reversal multifocal
visual evoked potentials (mfVEP), contingent upon variable stimulus contrast.

Methods: In a cross-sectional study, we investigated a cohort of 11 normal subjects and 40
patients with MS, 21 of whom had a history of acute optic neuritis (MS-AON) with an intereye
asymmetry with respect to RNFL thickness, and on low contrast letter acuity performance. Pat-
tern reversal mfVEP was performed at high (100%), low (33.3%), and very low (14.2%)
Michelson-contrast levels.

Results: Compared to baseline measures at 100% contrast, the mean amplitude of the mfVEP
was reduced in MS-AON eyes, upon pattern-reversal stimulation at the 2 lower contrast levels
(p � 0.0001). With respect to changes in timing responses, the intereye asymmetry was in-
creased in the MS-AON patients upon lower contrast pattern-reversal stimulation (p � 0.0001
for 33.3% compared to 100%, and p � 0.001 for 14.2% compared to 100%). The fellow
eye in 12 (57%; p � 0.001) of the patients with an abnormal eye, and a history of AON,
revealed abnormal amplitude and timing responses upon low contrast stimulation (signifying
unmasking of occult damage).

Conclusions: Our findings support the hypothesis that mfVEP metric abnormalities are contin-
gent upon contrast magnitude during pattern reversal stimulation. Further, this paradigm was
capable of unmasking occult abnormalities in a significant number of apparently unaffected
eyes. Neurology® 2012;79:797–801

GLOSSARY
AON � acute optic neuritis; mfVEP � multifocal visual evoked potential; MS � multiple sclerosis; MS-AON � multiple sclero-
sis with a history of acute optic neuritis; MS-FON � unaffected fellow eye; OCT � optical coherence tomography; RNFL �
retinal nerve fiber layer; VEP � visual evoked potential.

Conventional visual evoked potential (VEP) studies can reveal the cardinal features of inflam-
matory demyelination within the anterior visual system, such as prolongation in the P-100 latency.1

This finding represents the pathophysiologic signature of conduction slowing, and represents one of
the earliest demonstrable and objective features of acute optic neuritis (AON).2–4

The recent assessment of conventional VEP measures, with the application of a low contrast
pattern-reversal method, represents a potentially practical refinement in the sensitivity and
specificity of detecting demyelinating optic neuropathy.5 Nonetheless, conventional VEP test-
ing yields a single summed potential from the entire visual field of stimulation, rendering this
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technique inadequately sensitive in detecting de-
finitive albeit highly localized abnormalities.
Multifocal VEP (mfVEP) has substantially en-
hanced the sensitivity of identifying such
changes, even from highly discrete regions of the
visual processing pathways.6–8

With the application of mfVEP, we tested
the hypothesis that patients with MS with in-
tereye asymmetry on low contrast letter acu-
ity, and thickness measures of the retinal
nerve fiber layer (RNFL) as measured by spec-
tral domain optical coherence tomography
(OCT), would exhibit corresponding side-
side changes in cortical timing and amplitude
responses on pattern-reversal mfVEP. Further,
we also anticipated that the magnitude of these
abnormal responses would be contingent upon
defined levels of contrast stimulation.

METHODS Patient characteristics and inclusion
criteria. Fifty-one subjects were recruited from the MS Center
at UT Southwestern Medical Center from June to August 2010:
11 normal individuals (mean age � 35; 82% female) and 40
patients (mean age � 43; 71% female) with definite MS (as per

the modified McDonald criteria), 21 of whom had a docu-

mented history of AON (MS-AON; all unilateral; 2 recurrent) at

least 6 months prior to the onset of our studies (mean � 23 �

11.43 months; range 8–54). Nineteen patients with MS had no

history of AON (MS-NON), and no significant asymmetry with

respect to low contrast acuity or RNFL thickness measures. In-

clusion criteria for those with a history of AON required evi-

dence of a left-right asymmetry in visual performance on

corrected low contrast letter acuity charts (1.25 and 2.5%; �5

letters of acuity difference; a criteria associated with a significant

change in RNFL thickness),3 and with respect to RNFL thick-

ness, as measured by spectral domain OCT (Spectralis; Heidel-

berg, Germany). Specifically, for the AON affected eye, RNFL

thickness had to be less than 1% of that predicted for a matched

population (in either average RNFL thickness or in at least 1

quadrant of the RNFL). While the unaffected fellow eye (MS-

FON) could have harbored subclinical disease activity, we re-

quired that both the average and quadrant RNFL thickness from

this eye to be in the normal range. All patients with MS with a

history of AON were treated with standard corticosteroid ther-

apy regimens at the time of the acute visual syndrome.

As we were not aware of any similar mfVEP studies utilizing

variable contrast stimulation, we chose the simplest method (Mi-

chelson) to decrease contrast on a very accurate scale that is avail-

able with the microdisplay stimulator (appendix e-1 on the

Neurology® Web site at www.neurology.org).

Pattern reversal mfVEP (VERIS; EDI, Redwood City, CA)

was performed on both eyes monocularly at high (100%), low

Figure 1 Variable contrast pattern-reversal stimulation

(A–C) Multifocal visual evoked potential (mfVEP) responses in the right (red) and left (blue) eyes from a normal subject at high (100%), low (33.3%), and very
low (14.2%) Michelson-contrast, pattern-reversal stimulation. Note that the waveforms derived from the 2 eyes are superimposed with near complete
coregistration. (D–F) mfVEP cortical responses induced with the same sequence of variable contrast, pattern-reversal stimulation, from a patient with a
history of left optic neuritis. Note that with low contrast stimulation, there is a corresponding prolongation in the timing responses of the visual cortical
responses in the left eye (blue mfVEP responses), most prominently illustrated by the central field clusters within the green boxes. Further, at very low
contrast stimulation (F), both timing response prolongation and amplitude attenuation is observed. These findings are in keeping with the established
pathophysiologic principles of multiple sclerosis–related demyelination.
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(33.3%), and very low (14.2%) Michelson contrast levels, in
order to provide evidence of a gradient or differential effect of
visual cortical responses, similar to patient performance on high
and low contrast letter acuity charts.5 We analyzed mean ampli-
tude and timing response asymmetry across 60 sectors of cortical
responses. In order to interrogate the intereye differences span-
ning the 60 sectors (organized as rings), waveform metrics were
transformed into pseudocolor 2D representations through the
VERIS software.

Analysis of our various datasets included the application of
the Student t test for comparison of mean metric values. Further,
given the non-normal distribution of our data, we utilized the
Wilcoxon rank sum test for the investigation of significant differ-
ences between paired comparisons (e.g., cortical responses at
100% vs 33.3% contrast stimulation). Level of significance was
set at p � 0.05.

Standard protocol approvals, registrations, and patient
consents. All participants provided informed and written con-
sent prior to the beginning of study procedures. Consent was
obtained according to the Declaration of Helsinki. The protocol
was approved by the Investigational Review Board of the Univer-
sity of Texas Southwestern Medical Center.

RESULTS In normal individuals, changes in the
magnitude of contrast stimulation yielded mfVEP
waveforms from the 2 eyes that remained coregis-

tered without significant asymmetry. All patients
with MS with a history of unilateral AON that met
our inclusion criteria exhibited evidence of waveform
asymmetry with respect to amplitude, timing re-
sponses, or both. When compared to black on white
high contrast stimulation, 90% (19/21) of patients
with MS with a history of AON exhibited amplitude
attenuation or prolongation in cortical timing re-
sponses upon low and very low contrast pattern re-
versal stimulation (p � 0.0001) (figure 1). Further,
compared to baseline measures at 100% contrast, the
mean amplitude of the mfVEP was attenuated in
MS-AON eyes upon pattern-reversal stimulation at
the 2 lower contrast levels (p � 0.0001) (figure 2).

Sixty discrete cortical response sectors were orga-
nized into concentric rings and transformed into
pseudocolor 2D topographic maps that illustrate ei-
ther interocular waveform homology vs response pre-
dominance of the more normal eye (figure 3). The
fellow eye (MS-FON) in 12 (57%; p � 0.001) of the
patients with an abnormal eye and a history of AON
revealed abnormal amplitude and timing responses
upon low contrast stimulation (signifying unmasking
of occult damage), thereby reducing the color satura-
tion (less predominance of the dominant eye mfVEP
waveforms) of the cortical response sectors. Of the 19
patients with MS without a history of acute optic
neuritis (and without asymmetry with respect to low
contrast letter acuity or RNFL thickness), 42% demon-
strated progressive desynchronization of the mfVEP
waveforms in response to lower contrast pattern-reversal
stimulation (p � 0.001). Similarly, at lower contrast
levels, the 60-sector pseudocolor 2D waveform maps
confirmed greater intereye differences.

With respect to changes in timing responses
(analogous to latency), the intereye asymmetry was
substantially worsened in the MS-AON patients upon
lower contrast pattern-reversal stimulation (p � 0.0001
for 33.3% compared to 100%, and p � 0.001 for
14.2% compared to 100%). Conspicuously, the mean
asymmetry in these patients was actually more promi-
nent upon pattern-reversal stimulation at 33.3% stimu-
lation than at 14.2% stimulation (61.5 � 13.3 msec vs
49.8 � 15.2 msec, respectively). We hypothesize that
upon the lowest level of contrast stimulation, occult
damage in the apparently unaffected fellow eye (MS-
FON) is unmasked.

DISCUSSION In a longitudinal study of mfVEP in
AON, an asymmetry analysis strategy was applied in
order to confirm the utility of intrasubject, intereye
comparisons, as a valid method to potentially over-
come, or at least mitigate, the heterogeneity of re-
sponses across different patients.7,9 Alternately, our
pilot investigation was cross-sectional in nature, and

Figure 2 Mean amplitudes of multifocal visual evoked potential
(mfVEP) responses

This figure demonstrates the mean amplitudes of the mfVEP (means � SD) in nV, across
different levels of Michelson contrast pattern-reversal stimulation. Eyes from patients with
multiple sclerosis with a history of AON (MS-AON) exhibited a significant attenuation in the
mean amplitude responses to 100%, 33.3%, and 14.2% Michelson contrast pattern-
reversal stimulation, when compared normal subjects (p � 0.0001 for all), and with respect
to 33.3% and 14.2% contrast stimulation when compared to100% Michelson contrast
stimulation (p � 0.0001 for both). Significant attenuation was also observed in 42% of
eyes from MS-NON patients, and 57% of MS-FON eyes (p � 0.001 for both). A modest and
insignificant reduction in mean amplitude response was observed in normal subject eyes
with low and very low contrast stimulation. MS-FON � unaffected fellow eye; NC � normal
control.
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Figure 3 2D Pseudocolor multifocal visual evoked potential (mfVEP) waveform topography maps

2D Pseudocolor topography maps for the analysis of ring sectors. Briefly, gray indicates that both eyes are in the noise
level of the device, and therefore no analytical conclusions can be rendered. White represents waveforms that are strong
and equally balanced between the 2 eyes (expected in normal subjects). Red sectors designate dominance of the right eye
waveforms, whereas blue constitutes left eye dominance. (A) Topography maps are presented from a normal subject in
response to 100%, 33.3%, and 14.2% Michelson contrast stimulation (left to right). Observe the predominant gray and
white saturation, without evident discordance between the 2 eyes (i.e., no dominant red or blue saturation). (B) In a patient
with left optic neuritis, we observe progressive dominance of the right eye (red) waveforms as the sequence of stimulation
transitions from 100% Michelson contrast (map on the left), 33.3% (center), and 14.2% (on the right). With reduction of the
magnitude of the contrast stimulation, note the intensification of the red saturation, signifying worsening of the left eye
mfVEP waveforms. (C) In a patient with left optic neuritis, note the more subtle right eye (red) dominance at 100% contrast
stimulation, whereas at 33.3% stimulation there is increased sector dominance of the right eye (implicating more promi-
nent left eye mfVEP waveform abnormalities), in addition to the emergence of some blue saturation intensity (signifying the
unmasking of occult right eye mfVEP waveform abnormalities). At the 14.2% contrast level of stimulation, there is diffuse
reduction of red saturation, further implicating the abnormalities of both the left and right waveform abnormalities, albeit
still with milder changes in the right vs the left eye (hence the persistence of red saturation).
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aimed at characterizing the effects that low contrast
visual stimulation exerts on visual system cortical re-
sponses. The results reported herein are similar to the
outcomes observed with low contrast visual acuity
testing in MS cohorts.3,10

An important limitation of our application of
mfVEP to address our hypothesis-driven question is
related to the heterogeneity of responses across sub-
jects, at least partly related to corresponding variabil-
ity in visual cortical anatomy. As such, we purposely
formulated stringent function and structure inclu-
sion criteria, specifying that MS-AON patients ex-
hibit evidence of interocular differences in both low
contrast acuity and RNFL thickness.

We confirmed our principal hypothesis that the
magnitude of mfVEP amplitude and timing response
abnormalities would be contingent upon precisely de-
fined levels of contrast, during pattern-reversal stimula-
tion, in those patients with MS with unilaterally
affected eyes. We also underscore the observation that
the variable contrast, pattern-reversal stimulation para-
digm was capable of also unmasking similar abnormali-
ties in a significant number of apparently unaffected
eyes.
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