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Abstract Purpose To compare conventional visual

evoked potential (cVEP) and multifocal visual

evoked potential (mfVEP) methods in patients with

optic neuritis/multiple sclerosis (ON/MS). Methods

mfVEPs and cVEPs were obtained from eyes of the

19 patients with multiple sclerosis confirmed on MRI

scans, and from eyes of 40 normal controls. For the

mfVEP, the display was a pattern-reversal dartboard

array, 48� in diameter, which contained 60 sectors.

Monocular cVEPs were obtained using a checker-

board stimulus with check sizes of 150 and 600. For

the cVEP, the latency of P100 for both check sizes

were measured, while for the mfVEP, the mean

latency, percent of locations with abnormal latency,

and clusters of contiguous abnormal locations were

obtained. Results For a specificity of 95%, the

mfVEP(interocular cluster criterion) showed the

highest sensitivity (89.5%) of the 5 monocular or

interocular tests. Similarly, when a combined

monocular/interocular criterion was employed, the

mfVEP(cluster criterion) had the highest sensitivity

(94.7%)/specificity (90%), missing only one patient.

The combined monocular/interocular cVEP(600) test

had a sensitivity (84.2%)/specificity (90%), missing 3

patients, 2 more than did the monocular/interocular

mfVEP(cluster) test. Conclusion As the cVEP is more

readily available and currently a shorter test, it should

be used to screen patients for ON/MS with mfVEP

testing added when the cVEP test is negative and the

damage is local.

Keywords Multifocal visual evoked potential �
VEP � Multiple sclerosis � Optic neuritis

Introduction

Optic Neuritis (ON), the inflammation and demye-

linization of the optic nerve, typically presents with

unilateral periorbital pain exacerbated by movement,

decreased visual acuity, and reduced light and color

sensitivity. Most patients present with abnormal

appearing discs and a relative afferent pupillary

defect (RAPD). In 38% of patients diagnosed with

multiple sclerosis (MS), ON is the first clinical

manifestation of the disease [1]. A rapid diagnosis of

ON/MS is beneficial to the patient, as early treatment

for both ON and MS may reduce the deteriorative

effects of this disease. Oftentimes, patients with ON
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recover their visual acuity, sensitivity to light, and

color vision within weeks of the acute attack.

Electrophysiological evidence of demyelinization

may improve, worsen or remain the same (e.g. [2, 3]).

Thus, without electrophysiological testing a diagnosis

of non-acute ON rests on an expensive MRI test.

Further, in about 13% of the cases, ON/MS can

present without pain on eye movement [4]. Under

these circumstances, acute ON/MS can be confused

with non-arteritic ischemic optic neuropathy (NA-

ION). However, electrophysiological testing can

distinguish these conditions.

The conventional visual evoked potential (cVEP)

is the most commonly used electrophysiological

diagnostic method for diagnosing ON/MS. The cVEP

is relatively easy to record with electrodes placed

over the occipital cortex. Three decades ago, Halliday

et al. reported that VEPs are delayed in patients with

ON/MS as compared with control subjects [2, 5].

Hood et al. [6, 7] recorded mfVEPs from patients

with ON/MS and argued that the multifocal visual

evoked potential (mfVEP) should be superior to the

cVEP in detecting local damage to the optic nerve

and retina. The mfVEP technique enables the simul-

taneous recording of local responses from many

regions of the visual field. It has the advantage of

sampling regions of the central 48� (diameter) of the

field, as opposed to the cVEP, which is dominated by

the macular region. In addition, Hood et al. [6, 7]

have noted two additional reasons why the mfVEP

might be superior to the cVEP in detecting changes

in latency. First, the cVEP sums responses from a

wide region of the field. Thus, local delays may be

lost in the process [8, 9]. Further, since the lower

field can contribute more to the cVEP than the upper

field [6, 10–13], the cVEP is less likely to detect

upper field defects. It is therefore not unreasonable to

assume that although the cVEP may detect wide-

spread areas of demyelinization, it may fail to detect

localized changes. Using the sparse stimulus mfVEP

paradigm, developed by James and colleagues

[14–16], Ruseckaite et al. [16] estimated a 92%

sensitivity, with a specificity of 100%, for detecting

MS. However, their results were not compared to

cVEP recordings.

Since the cVEP, as compared to the mfVEP

technique, is more readily available and faster to

administer, it is important to compare these tech-

niques in the same study. The purpose here was to

test a group of patients, referred by neuro-ophthal-

mologists to rule out a diagnosis of ON/MS, with

both cVEP and mfVEP techniques.

Methods

Subjects

All subjects underwent an ophthalmologic examina-

tion (including slit lamp and dilated fundus exams) as

well as achromatic static automated perimetry (SAP).

The procedures adhered to the tenets of the Decla-

ration of Helsinki and the Committee of the

Institutional Board of Research Associates of Colum-

bia University approved the protocol. Informed

consent was obtained from all subjects prior to their

participation.

Patients

A total of 19 patients with MS, based on clinical

manifestations and MRI findings, were referred by

neuro-ophthalmologists for VEP testing. The

patients, 13 female and 6 male, ranged in age from

29 to 59 yrs., with a mean age of 43.0 ± 10.3 yrs.

Four had bilateral ON. In these bilateral cases, the

right eye was used in the monocular analyzes.

Control group

The control group consisted of 40 subjects with

normal ophthalmic examination, visual acuity of 20/20

or better, and normal SAP fields. They ranged in

age from 18 to 67 yrs., with a mean age of

44.3 ± 15.6 yrs. The right eye was used in the

monocular ROC analyzes.

Stimuli and recording

cVEP stimulus

The stimulation and recording conditions followed

ISCEV guidelines [17]. The stimulus was a reversing

checkerboard, 48� in diameter, with a mean lumi-

nance of 70 cd/m2, and a contrast close to 100%
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(Espion System Software V4.0.12, 2004; Diagnosys,

Boston, MA) and was displayed on a monitor (Model

CPD-G4205, Sony, Tokyo, Japan) viewed at 32 cm.

Two different check sizes, 600 and 150 were used.

Both check sizes were presented at two reversals per

second. A small red dot was placed at the center of

the checkerboard for fixation. The stimuli were

viewed through natural pupils with lenses added for

the appropriate refraction. During monocular stimu-

lation one eye was occluded.

cVEP recording

The electrodes were placed at Fz (reference) and at

4 cm above the inion (active). A ground electrode

was placed on the forehead. The impedance was

maintained at less than 5 k. The cVEP was recorded

using cutoff frequencies of 3 and 100 Hz.

mfVEP stimulus

The dartboard stimulus array, which was produced by

commercial software (VERIS Dart Board 60 with

Pattern; Electro-diagnostic Imaging, Inc., (EDI, San

Mateo, CA)) and displayed on a monitor (Model

M20DCD2RE, Richardson Electronics Ltd, La Fox,

IL), is depicted in Fig. 1a. It consists of 60 sectors,

each with 16 checks: 8 white (200 cd/m2) and 8 black

([1 cd/m2), with the dartboard subtending 45� in

diameter at the viewing distance of 32 cm. The central

12 sectors fall within the central 5.2� (diameter). The

dartboard, approximately scaled for cortical magnifi-

cation, was viewed through the appropriate refraction

through natural pupils. Stimulation was monocular;

the non-tested eye was occluded. A black and white

monitor was used to present the stimulus array and

was driven at a frame rate of 75 Hz. Each sector

followed a pseudorandom sequence and had a 0.5

probability of reversing in contrast or staying the same

at each frame change. For details about the mfVEP see

Baseler et al. [18] and Hood and Greenstein [12].

mfVEP recording

The procedures were previously described in detail

[12, 19–21]. In brief, using gold cup electrodes, three

channels of continuous VEP (EEG) were recorded

simultaneously using VERIS 4.3 software (Electro-

diagnostic Imaging, San Mateo, CA). A ground

electrode was placed on the forehead and a reference

electrode on the inion. The midline channel consisted

of the reference electrode and an electrode placed

4 cm above the inion (active). Two additional active

electrodes were placed 4 cm lateral and 1 cm above

the inion on either side, for an additional two channels.

An additional three ‘‘derived channels’’ were obtained

by taking the difference between pairs of channels,

resulting in a total of 6 channels. The records were

filtered with a high frequency cutoff at 3 Hz and a low

frequency cutoff at 100 Hz (one half amplitude; Grass

Instruments preamplifier P511J, Quincy, MA), and

were sampled at 1200 Hz (every 0.83 ms). The

resistance was less than 5 k and four monocular

7 min recordings were obtained, two for each eye, in

an ABBA fashion (in a single session, beginning with

the right eye). See Fig. 1b for sample responses.

Analysis of monocular latency

cVEP

The data were exported from the Espion system for

both check sizes and entered into a graphics program

for analysis. In most cases, P100 was easily identified

as the prominent peak between 75 and 150 ms. If

P100 was not easy to identify, two lines were drawn,

estimating a best fit to the rising or declining phase of

the wave at P100, with the point of intersection of

these lines providing the latency measure [22].

mfVEP

The mfVEP data were exported from the system

(VERIS; Electro-Diagnostic Imaging; San Mateo,

CA) for all channels and all runs. The two runs for

each channel were averaged, and further analyzed

using a program written in commercial software

(MatLab; The MathWorks Inc., Natick, MA). The

program and methods of determining monocular and

interocular latency have been previously described in

detail [8, 9, 19, 21].

Briefly, for the monocular analysis each of the 60

‘‘best’’ responses (from the channel with the largest
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SNR) were cross-correlated with a template created

from a normative group (n = 100), and the mean

deviation from the template in ms was calculated.

Records with SNRs (\0.23 log unit) or with cross-

correlation values less than 0 were excluded from the

analysis.

Probability plots were constructed as seen in

Fig. 1c, which provide spatial information about the

latency changes. Each point in the plot corresponds to

one of the 60 sectors on the dartboard display. Black

points indicate that the response latency was within

normal limits. Responses that did not meet the

minimum SNR criterion for latency analysis are

marked in gray. The colored circles demarcate

responses that are significantly delayed at the 5%

level (desaturated red and blue) or the 1% level

(saturated red and blue). The right eye is indicated by

blue and the left eye is indicated by red. The

percentage of abnormal points (mfVEP(percent

abnormal)) was calculated by dividing the total

number of abnormal points (at the 5% and 1% level)

by the total number of points meeting the SNR

criterion. For example, in Fig. 1c, 14 (number of blue

points) out of 55 (total number of points meeting

SNR criterion) or 25.4% of the points were abnormal.

The mean latency (mfVEP(latency)) was calculated

as the mean of the latency of all points meeting the

SNR criterion.

In addition, for each monocular plot, the presence

of clusters of contiguous points at the 5% and 1%

level were noted. For example in Fig. 1c, there are 2

clusters of contiguous points, one with 5 points made

up of 4 points at 5% and one point at 1% and a second

cluster with greater than 6 points at 5%. For the

cluster criterion (mfVEP(cluster)), we counted all the

eyes with clusters equal to, or more extreme than,

some criterion. For example, a criterion of 551 would

include all those eyes with 3 or more contiguous

significant points with at least one at the 1% level (i.e.

551, 511, 111, 5551, 5511, etc.). For the ROC curve,

a determination was made of the number of eyes

meeting the criteria from 5 to 1111.

Relative interocular latency

cVEP

In order to determine the relative interocular latency

for the cVEP, the difference between the two P100

values was calculated for both the large check size

(cVEP(600)) and small check size (cVEP(150)).

Fig. 1 (a) The mfVEP

stimulus. A dartboard

stimulus array consisting of

60 sectors scaled for

cortical magnification and

subtending 45�. (b) Sample

mfVEP responses for a

patient with ON/MS. (c)

Monocular mfVEP latency

probability plot for the

records in (b). (d)

Interocular mfVEP latency

probability plot for the

records in (b)
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mfVEP

Relative interocular latency was measured as the

temporal shift producing the best cross-correlation

value between the corresponding responses of each

eye for each of the 60 locations and its corresponding

best channel [9]. As in the monocular analysis,

mfVEP(latency), mfVEP(percent abnormal), and

mfVEP(cluster) were measured. For example in

Fig. 1d, 45 (number of blue points) out of 56 (total

number of points meeting the SNR criterion, includ-

ing the red point) or 80.3% were abnormal. As for the

monocular analysis, a mfVEP(cluster) criteria were

also defined, in this case using the interocular plots

(Fig. 1d). For the ROC curve, a determination was

made out of the number of eyes meeting the criteria

from 5 to 1111.

Results

Monocular

The ability of 5 tests/criteria to discriminate between

normal controls and patients confirmed with ON/MS

was assessed. The 5 tests/criteria compared were

cVEP(600) and cVEP(150), the two check sizes on the

cVEP, and mfVEP(latency), mfVEP(percent abnor-

mal) and mfVEP(cluster), the 3 criteria for the

mfVEP. The results from the 19 patients (19 eyes)

confirmed with ON/MS and from the 40 individuals

(40 eyes) in the control group were used to construct

receiver operating characteristic (ROC) curves as in

Fig. 2a. Here the proportion of patient eyes classified

as abnormal (true positive rate or sensitivity) is

plotted against the proportion of control eyes classified

as abnormal (false positive rate or (1 - specificity)).

The curves were constructed by varying the cutoffs

defining an abnormal VEP latency.

The ROC curves for the 5 tests/criteria, shown in

Fig. 2a are fairly similar. For the monocular test, the

areas under the ROC curve ranged from 0.86 to 0.95

with the monocular cVEP(600) having the greatest

areas (0.95) (Table 1).

When one looks at the area of good specificity

(e.g., false positive rate B10%), the 5 curves are

fairly similar (Fig. 2c). Table 2 shows the sensitivity

for a specificity of 95%. The best sensitivity (57.9%)

is given by the cVEP(600), mfVEP(latency), and

mfVEP(percent abnormal).
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Fig. 2 (a) Receiver

operator characteristics

(ROC) curves for

monocular tests/criteria of

cVEP(600), cVEP(150),
mfVEP(latency),

mfVEP(percent abnormal),

and mfVEP(cluster). (b)

ROC curves for interocular

tests/criteria of cVEP(600),
cVEP(150),
mfVEP(latency),

mfVEP(percent abnormal)

and mfVEP(cluster). (c)

ROC curves for monocular

tests/criteria for region of

good specificity (10%),

within rectangle in (a). (d)

ROC curves for interocular

tests/criteria for region of

good specificity (10%),

within rectangle in (b)
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Interocular analysis

The ROC curves for the interocular analysis for the

five tests/criteria (Fig. 2b) are fairly similar as are the

areas under the ROC curves (Table 1). The areas

under the ROC curve ranged from 0.89 to 0.96 with

the mfVEP(cluster) and mfVEP(percent abnormal)

showing the largest areas (Table 1). Two of the

mfVEP criteria yielded the greatest sensitivity when

the specificity was set at 95% (5% false positive rate),

as seen in Table 3 and Fig. 2b, d. In particular, the

mfVEP(percent abnormal) and the mfVEP(cluster)

had sensitivities of 84.2 and 89.5% at a specificity of

95%.

Combined monocular and interocular criteria

Table 4 shows the results for a combined monocular/

interocular criterion. To generate these results, the

criteria producing a 95% specificity in Tables 2 and 3

were used. In particular, an eye was called abnormal

if either the monocular or interocular criterion was

met. With a specificity of 90%, the sensitivity was

best for the mfVEP(percent) and mfVEP(cluster).

The mfVEP detected 2 more patients than were

detected based upon the cVEP(60), the best of the 2

cVEP tests.

Discussion

The purpose of this study was to compare the

effectiveness of the cVEP and the mfVEP in detect-

ing damage secondary to ON/MS. For a specificity of

95%, the interocular mfVEP(cluster) criterion

showed the best sensitivity of the individual criteria.

When the interocular and monocular tests were

combined, the mfVEP again performed the best with

a sensitivity of 94.7% and a specificity of 90%.

However, while the mfVEP criteria performed best

overall, the conventional test, cVEP(600), did quite

well.

None of the tests did particularly well with the

monocular criteria. For a specificity of 95%, the best

sensitivity was 57.9%, shown by the cVEP(600) and

two of the mfVEP criteria. The sensitivity of every

interocular test (Table 3) was greater than that shown

by the corresponding monocular test (Table 2). For

the interocular tests, the mfVEP(cluster) had the

highest sensitivity and detected 2 more patients than

did the cVEP(600). Care should be exercised in using

exclusively the interocular test as it may miss

individuals with both eyes showing delays as in the

case of some patients with bilateral disease. However,

interestingly, only 1 of the 4 patients diagnosed with

bilateral ON/MS was missed on the interocular

mfVEP(cluster) tests. Of course, it makes most sense

Table 1 The area under the ROC curve for different criteria

Monocular Interocular

cVEP(600) 0.947 0.919

cVEP(150) 0.865 0.885

mfVEP(latency) 0.924 0.922

mfVEP(percent

abnormal)

0.900 0.953

mfVEP(cluster) 0.863 0.960

Table 2 Sensitivity for different monocular criteria for a

specificity of 95%

Sensitivity Specificity Misses

cVEP(600) 57.9 95.0 8

cVEP(150) 52.6 95.0 9

mfVEP(latency) 57.9 95.0 8

mfVEP(percent abnormal) 57.9 95.0 8

mfVEP(cluster) 47.4 95.0 10

Table 3 Sensitivity for different interocular criteria for a

specificity of 95%

Sensitivity Specificity Misses

cVEP(600) 78.9 95.0 4

cVEP(150) 68.4 95.0 6

mfVEP(latency) 68.4 95.0 6

mfVEP(percent) 84.2 95.0 3

mfVEP(cluster) 89.5 95.0 2

Table 4 Sensitivity and specificity for different monocular

OR interocular criteria

Sensitivity Specificity Misses

cVEP(600) 84.2 90.0 3

cVEP(150) 73.7 90.0 5

mfVEP(latency) 78.9 90.0 4

mfVEP(percent) 89.5 90.0 2

mfVEP(cluster ) 94.7 90.0 1
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to call a VEP abnormal if either the monocular or

interocular test was abnormal.

When the monocular and interocular tests were

combined, the mfVEP(cluster) test performed best,

missing only one patient with a specificity of 90%.

All mfVEP and cVEP tests failed to identify this

patient as abnormal, although the diagnosis of MS

was confirmed based upon both MRI and other

neurological findings. On the mfVEP, both eyes of

this patient showed increased, but non-significant,

latencies. These increased latencies were confirmed

on mfVEP tests performed on separate days. These

reproducible and prolonged latencies fell just short of

being significant on the monocular test and, because

both eyes showed increased latency, the interocular

test was normal as well.

It is not surprizing that the combined monocular

and interocular mfVEP(cluster) tests outperformed

other tests. Field defects in ON/MS can be relatively

local and the cVEP can miss these local defects as

mentioned in the Introduction. Perhaps more surpriz-

ing is how well the monocular/interocular cVEP(600)
test performed. In particular, it missed only 2 more

patients than did the mfVEP(cluster) test. This can be

attributed to the relatively wide spread effects of ON/

MS in our patients. For example, a median of 51% of

the locations were significantly delayed on the

interocular plot.

Finally, it is only fair to point out that the results

may vary with different criteria of significance (e.g.,

level of specificity for the monocular test) and/or with

different definitions of an abnormal test (e.g., partic-

ular length of cluster). Further, this study should be

replicated with a larger sample.

In sum, within the limits of this study, the mfVEP,

as expected, did better than the cVEP in detecting

ON/MS. However, the difference was less than

expected. This finding has important clinical impli-

cations, as the duration of the mfVEP test used here

was considerably longer than that of the cVEP.

However, it should be possible to substantially

shorten the mfVEP test for clinical purposes. For

example, Ruseckaite et al. [16] reported a sensitivity/

specificity of 92%/100% using a sparse mfVEP

paradigm and under 3 min of recording. In any case,

cVEP testing is more readily available than mfVEP

testing. Thus, it seems advisable to first test patients

suspected of ON/MS with the cVEP. If the results of

the test are negative, then the clinician may want to

refer the patient for mfVEP testing, especially if the

damage is thought to be local.
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