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Background: To compare the usefulness of the traditional pattern-reversal Visual Evoked Potentials (VEP) 
with multifocal VEP (mfVEP) and Frequency-Doubling Technology (FDT) perimetry in the evaluation of 
the ocular abnormalities induced by acute or subacute optic neuritis (ON). Materials and Methods: The 
test results of 24 ON patients were compared with those obtained in 40 normal control subjects. MfVEP 
recordings were obtained by using an Optoelectronic Stimulator that extracts topographic VEP using a 
pseudorandom m-sequence stimulus. Receiver operator characteristic (ROC) curves were calculated to 
determine the sensitivity and specificity of abnormal values. Results: The frequency of the abnormal 
ocular findings differed in the ON patients according to the used technique. Reduced visual sensitivity 
was demonstrated in 12 eyes (54.5%) using FDT perimetry; 17 eyes (77.2%) showed decreased amplitude 
and/or an increase in the implicit time of the P1 wave in mfVEP and 20 eyes (90.9%) showed an abnormal 
decrease in the amplitude and/or an increase in the latency of the P100 peak at VEP examination. The areas 
under the ROC curves ranged from 0.743 to 0.935, with VEP having the largest areas. The VEP and mfVEP 
amplitudes and latencies yielded the greatest sensitivity and specificity. Conclusions: The mfVEP and the 
FDT perimetry can be used for the evaluation and monitoring of visual impairment in patients with ON. 
The most sensitive and practical diagnostic tool in patients with ON is, however, the traditional VEP. The 
mfVEP can be utilized in those cases with doubtful or negative VEP results.
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The traditional pattern-reversal Visual Evoked Potentials 
(VEP) are electrophysiological potentials obtained from the 
electroencephalographic activity recorded from the scalp. 
VEP recordings are generally regarded as an effective and 
objective test of the integrity of the visual system, and are able 
to assess damage in eyes with localized visual field defects. 
The results are less variable in waveform and timing than the 
results elicited by other stimuli. Some specialized types of 
VEP are not covered by the International Society for Clinical 
Electrophysiology of Vision (ISCEV) standards, but they 
provide important clinical information and can be performed 
by most of the world’s clinical laboratories.[1,2] The multifocal 
VEP (mfVEP) recording technique, based on the second-
order kernel analysis, was developed in 1994 to record VEP 
simultaneously from multiple locations of the visual field.[3] 
Different study groups have already used the mfVEP in normal 
subjects and in patients with diseases such as glaucoma and 
optic neuropathy.[4-12] Acute or subacute optic neuritis (ON) is 
characterized by a specific pattern of optic nerve and visual 
field damage due to the death of retinal ganglion cells, or to 
inflammation and demyelination of the optic nerve. Some 
authors have shown that the mfVEP provides a topographical 
measure of the damage in various optic nerve diseases and can 
be compared with visual fields obtained by standard automated 
perimetry (SAP).[4,11,13]

In this study, we compared the responses to visual stimuli 
recorded in ON patients with those obtained in a healthy 
population sample to determine whether differences in 
detection, threshold variation, and frequency modification 
might be the result of stimulus artifacts or if they could 
be utilized for evaluating ON patients. To the best of our 
knowledge, VEP, mfVEP, and Frequency-Doubling Technology 
(FDT) perimetry techniques have never been compared in the 
evaluation of ON patients. The aim of this study was also to 
assess the sensitivity and specificity of these three exams in 
detecting ON-associated abnormalities in patients with acute 
and/or subacute disease.

Materials and Methods
Twenty-four eyes of 24 patients (10 males, 14 females), with 
ON confirmed by a consultant neuro-ophthalmologist, were 
studied.

The work protocol included patients with:
• unilateral vision loss (14 right eyes and 10 left eyes);
• pain on eye movements;
• normal cranial and spinal cord magnetic resonance 

imaging;
• normal or abnormal optic disc;
• spherical refractive error < ± 6 diopters, astigmatism 

< ± 3 diopters; and
• best-corrected visual acuity (BCVA) as measured with 

Snellen and Early Treatment Diabetic Retinopathy 
Study (ETDRS) charts [logarithm of minimal angle 
of resolution (logMAR)] of more than 14/20 [Table 1].

The ON patients were classified as not-multiple sclerosis 
(MS) using the McDonald criteria.[14] Exclusion criteria 
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included patients with any progressive neurological syndrome, 
neurosyphilis, neurosarcoidosis, Leber’s optic neuropathy, 
compressive optic neuropathy, myelopathy, and other 
systemic diseases. Patients with history of ocular surgery or 
other ocular diseases such as cataract, keratitis, hypertension, 
glaucoma, retinal abnormalities, ischemic optic neuropathy, or 
toxic/metabolic ON were also excluded. The mean age of the 
patients was 44.75 ± 14.29 years (range 25–67 years). The study 
was undertaken in compliance with the Helsinki Declaration 
and an informed consent from patients was obtained before 
enrollment. The study protocol was approved by the Ethical 
Committee, University Sapienza of Rome. Forty normal control 
subjects (20 males and 20 females), with a mean age of 39.54 ± 
12.59 years (range 23–60 years) and without a history of ocular 
or systemic disease were recruited from the community.

ON patients and control subjects underwent full ophthalmic 
and neurologic examination. In order to minimize the learning 
effect, the patients were recalled for a follow-up assessment the 
next day. There was no significant difference between the test 
at baseline and at follow-up. In all cases, the first test was not 
used for the analysis.

The VEP recording was performed at 100 cm distance, 
with the optoelectronic stimulator Vision Monitor MonPack 
120 by Metrovision (Pérenchies, France) with reference to the 
ISCEV guidelines.[1,2] The values of the amplitude and latency 
of VEP were studied at different angular dimensions of the 
stimulus (120′, 60′, and 15′, respectively, for stimuli with small, 
median, and great spatial frequencies of stimulation). VEP were 
characterized by a series of N75, P100, and N135 peaks, each 
characterized by an amplitude and latency. To record the VEP, 
three active skin electrodes were located on the scalp along the 
midline (over the inion) and on lateral positions (right and left).

The Humphrey FDT Matrix perimetry is a contrast threshold 
psychophysical test with a more complex target than the 
standard threshold automated perimetry.[15-17] Its target consists 
of a low spatial frequency (0.50 cpd) pattern, in combination 
with a high temporal frequency (18 Hz) stimulus and a mean 
luminance of 50 cd/m2. Each target is 5° × 5° square, except 
for the central target which is a 5° diameter circle. A video 
display unit presents the patient with a stimulus that is a 

monochrome sinusoidal grating of vertical black and white 
bars. These bars undergo rapid counterphase flickering (rate 
of 18 times per second). A total of 69 stimulus locations are 
shown, 17 in each quadrant and 1 in the macula for the 30-2 
threshold program. Each target preferentially stimulates the 
magnocellular (M-cells) pathway.[15-18] The FDT perimetry 
uses a modified binary search scale in which the contrast of 
the frequency doubling stimulus is increased if the target is 
not seen and decreased if the target is seen. A severe defect 
is reported when a target, presented for the fourth time, at 
maximum contrast, is not seen.

The age of the subject is entered so that the instrument can 
choose expected values of contrast from an age-normalized 
database. The output data from the FDT perimetry includes 
number, location, and severity of the defects in the 69 target 
zones. Readings appear as a numerical table and as probability 
maps with five gray tones.[16,18]

The mfVEP was performed at 33 cm distance, with an 
alternated 35 program on the optoelectronic stimulator Vision 
Monitor MonPack 120 by Metrovision. The test requires a 
voluntary participation and a high degree of compliance of 
the patient for the detection and localization of defects in an 
area of the visual field.[3] The pattern-reversal stimulation 
consisted of a checkerboard stimulus with eight black checks 
which switch to white and vice versa. The stimulus frequency 
was set at 17 Hz to optimize the amplitude of responses. 
The four recording channels were located as follows: 4 cm 
above the inion, at the inion, and at 4 cm to the right and left 
of the inion. Electrophysiological recordings were collected 
using monocular stimulation, with correction for near vision 
if required. Monitoring of fixation based on the Hirschberg 
principle (position of the corneal reflex in relation to the center 
of the pupil) was conducted with the infrared refractor camera. 
The response is rejected if the eye deviates from the reference 
position by more than 1.6° or if the eye blinks. The modes of 
stimulation were used to simulate an array covering the central 
25° of the retina and were cortically scaled. The number of 
zones was 35. The program determines automatically the best 
response from the four channels for each stimulus location. 
The implicit time is based on the vector product between each 
response and a model of this response that is calculated from 
the average of the responses obtained at the same eccentricity. 
This analysis is theoretically less sensitive to noise. The different 
analyses were done using: the average responses in each of five 
areas (center, superior-left, superior-right, inferior-left, and 
inferior-right), the average responses over a group of up to four 
rings from 0° to 15°, a histogram of average amplitudes of the 
N1, P1, and N2 peaks for each zone, and several visualization 
modes presented with 2D and 3D maps. The Root Mean 
Square (RMS) analysis characterizes the energy content of 
each response. The result is the summation of signal and noise 
components.

The VEP amplitude and latency, mfVEP amplitude and 
implicit time, and the FDT values were analyzed and compared 
to the normal controls. Criteria for abnormal VEP responses 
included values differing 2 SD from the normal average at 
different angular dimensions of the stimulus and abnormal 
areas examined at the mfVEP/FDT.

The affected eye in the ON population and the right eye in 
the control group were used in the statistical analysis performed 

Table 1: Baseline demographic details of the 24 patients 
(24 eyes)

Sex 14 females and 10 males

Age (years) 25–67 (mean 44.75, SD ± 14.29)

Eye 14 right and 10 left

Anterior optic neuritis: 2.

Diagnosis Retrobulbar optic neuritis: 22

Fundus oculi Normal optic nerve head: 13  
Swollen optic nerve head: 2 

Pale optic nerve head: 9

BCVA (number patients) ≥20/20 (15) 16–18/20 (6) <16/20 (3) 
Cranial and spinal cord 
magnetic resonance imaging

Normal and no gadolinium 
enhancement of the optic nerve

BCVA: Best-corrected visual acuity as measured with Snellen and early 
treatment diabetic retinopathy study charts [logarithm of minimal angle of 
resolution]
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with the means of the Student’s “t” test. P values <0.05 were 
considered significant. Receiver operator characteristic (ROC) 
curves were constructed describing sensitivity and specificity 
of abnormal values in the control group versus patients, with 
optimal cut-off points chosen among normal and abnormal 
responses.

Results
No abnormality in VEP, mfVEP, and FDT exams was recorded 
in the control group.

The results obtained in two ON patients (16 and 18) were 
discarded from the statistical analysis because of the high noise 
level at mfVEP. The remaining 22 eyes showed abnormal results 
in a percentage varying according to the method used. [An 
example of the abnormal response of the various tests have 
been shown in Figs. 1a and b, 2a and b].

A marked relative afferent pupillary defect (APD) was seen 

in three cases. The rest displayed only a subtle APD.

The FDT perimetry showed focal abnormalities in 12 eyes 
(54.5%). The mfVEP showed reduction in the amplitude and/
or an increase in the implicit time of the P1 wave in 17 eyes 
(77.2%). With the VEP examination, 20 eyes (90.9%) showed an 
abnormal decrease in the amplitude and/or abnormal increase 
in the latency of the P100 peak. When the data of the FDT 
perimetry, VEP, and mfVEP was compared, 10 eyes showed 
abnormalities with both the FDT perimetry and the mfVEP, 
and 16 showed abnormalities with both VEP and mfVEP. VEP 
was normal in one eye and mfVEP was normal in one eye. One 
eye displayed abnormality only in the mfVEP.

Table 2 compares the results of both VEP amplitude and 
latency in ON patients and controls. Tables 3 and 4 compare 
mfVEP and FDT values obtained in the controls with those 
obtained in the ON eyes measured, respectively, in the center 
(C), in the area within the central 10°, in the area outside 10°, 
and in each of the four quadrants.

The results from the 22 ON patients and 40 controls were 
used to construct ROC curves for the three tests. The proportion 
of eyes classified as abnormal or true-positive rate (sensitivity) 
was plotted against the proportion of control eyes classified 
as abnormal or false-positive rate (1-specificity). The curves 
were constructed by varying the cut-offs defining abnormal 
amplitude, latency, implicit time, and cluster. The areas under 
the ROC curve ranged from 0.430 to 0.935, with the VEP (120′, 
60’, and 15′) having the largest areas (from 0.743 to 0.935)  
[Fig. 3]. The VEP and mfVEP (amplitudes and latencies) yielded 
the greatest sensitivity and specificity ratio as seen in Table 5. In 
particular, for a sensitivity of 90%, VEP amplitudes 60′/15′/120′ 
and VEP latency 60′ had specificities of 81.8, 77.3, 72.7, and 76%, 
respectively [Table 5]. The areas under the ROC curves ranged 
from 0.430 to 0.791 for the mfVEP (amplitudes and implicit 
times) and from 0.713 to 0.777 for the FDT (clusters).

Discussion
The purpose of the present study was to investigate and to 
compare the results of the mfVEP, VEP, and FDT perimetry 
in ON patients.

High sensitivity and specificity of the FDT perimetry 
compared to that of threshold SAP was reported in some studies 

Figure 1: (a) Abnormal decrease and delay at VEP in the median 
spatial frequencies. (b) Abnormal decrease of response densities in 
the nasal-superior, temporal-superior, and nasal-inferior quadrants at 
FDT perimetry

a b

Figure 2: Abnormal decrease and delay at mfVEP. (a) Trace array. 
(b) Average responses of RMS signals and amplitude, P1 waves, in 
histograms

a b

Table 2: Statistical analysis of VEP amplitude and latency 
results (P100 wave)

Check sizes 40 Controls
Mean ± SD
Amplitude 

(µV) 

22 ON 
Mean ± SD
Amplitude 

(µV) 

Student’s  
“t”

P

120′ = large 16 ± 4.1 7.9 ± 5.7 6.459 0.001*

60′ = medium 17 ± 4.2 7.4 ± 5.8 7.532 0.001*

15’ = small 17 ± 6.5 7.2 ± 5.7 5.955 0.001*

Latency (ms) Latency (ms)

120′ = large 98 ± 5.5 114.6 ± 16.3 5.849 0.001*

60′ = medium 102 ± 4.4 118.4 ± 18.5 5.338 0.001*
15′ = small 119 ± 6.2 131.6 ± 16.2 4.297 0.001*

VEP amplitude ranged from 2 to 22 µV and latency ranged from  
91 to 173 ms in eyes with ON *Significant results
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for detecting early moderate and advanced glaucomatous 
loss[16-19] and for subclinical visual involvement in MS.[20] 
Indeed, FDT perimetry shows less intertest and intratest 
variability when compared to SAP, possibly due to the larger 
stimulus size (5° vs. 0.43°) used.[19] The large stimulus and FDT 
paradigm are thought by many investigators (e.g. Maddess)[15] 
to preferentially stimulate the magnocellular system. Therefore, 
the prevailing response is that obtained beyond the central 

10° of the visual field. They do not determine the retinal or 
neural injured site and cannot be used for patients who do not 
cooperate and/or lack fixation.[13,16-18]

The pattern VEP preferentially stimulates the ganglion cells 
of the parvocellular system (75–95% of the neural system), and 

Table 3: Statistical analysis of multifocal VEP amplitude 
and implicit time results

Areas 40 Control eyes 
Amplitude  
(nV/deg2) 

22 ON eyes 
Amplitude  
(nV/deg2)

Student’s 
“t”

P

Mean ± SD Mean ± SD

C 3403.3 ± 1473.4 2216.4 ± 1371 3.109 0.003*

NS 634.9 ± 124.0 508.0 ± 237.9 2.768 0.007*

TS 741.6 ± 220.3 522.4 ± 271.3 3.449 0.001*

NI 669.5 ± 175.3 555.9 ± 196.6 2.338 ns

TI 730.1 ± 171.3 537.5 ± 212.5 3.883 0.001*

<10° 808.5 ± 178.9 578.9 ± 252.6 4.164 0.001*

>10° 583.9 ± 101.0 492.1 ± 203.1 2.383 ns

Implicit time (ms) Implicit time (ms) “t” P
Mean ± SD Mean ± SD

C 112.5 ± 6.5 120.4 ± 18.9 2.404 0.019*

NS 121.3 ± 6.9 118.9 ± 8.7 1.198 ns

TS 122.5 ± 9.8 122.1 ± 10.6 0.153 ns

NI 114.9 ± 8.2 119.3 ± 8.2 2.012 ns

TI 113.7 ± 7.3 114.8 ± 7.9 0.538 ns

<10° 115.4 ± 5.6 117.3 ± 7.4 1.130 ns
>10° 120.3 ± 4.8 119.1 ± 7.7 0.786 ns

nV/deg2: nenovolt per unit surface area in square degrees, ns: Not significant, 
C: Central 2°; <10°, area within the central 10°;>10°, area outside 10°, 
Quadrants: NS: Nasal-superior, TS: Temporal-superior, NI: Nasal-Inferior, 
and TI: Temporal-Inferior. MfVEP Amplitude ranged from 240 to 5152 ms and 
implicit time ranged from 90 to 160 nV/deg2 in ON eyes *Significant results

Table 4: Statistical analysis of frequency doubling 
technology matrix values threshold results (clusters)

Areas 40 Control eyes 
Threshold (dB)

Mean ± SD

22 ON eyes 
Threshold (dB)

Mean ± SD

Student’s 
“t”

P

C 32.1 ± 3.7 25.7 ± 8.3 4.197 0.001*

NS 472.9 ± 46.1 358.4 ± 136.2 4.857 0.001*

TS 458.3 ± 53.1 360.8 ± 124.2 4.318 0.001*

NI 468.2 ± 46.6 348.4 ± 144.4 4.835 0.001*

TI 474.5 ± 56.5 379.4 ± 134.7 3.899 0.001*

<10°      479.5 ± 47 358.9 ± 141.9 4.932 0.001*
>10° 1394.5 ± 150.8 1090.4 ± 367.4 4.599 0.001*

C: central 2°; <10°, area within the central 10°; >10°, area outside 10°, 
Quadrants NS: Nasal-superior, TS: Temporal-superior, NI: Nasal-inferior, 
and TI: Temporal-inferior, *Significant results

Table 5: Sensitivity, specificity, and optimal cut-off point 
chosan between normal and abnormal values for different 
testsa

Variable Sensitivity 
%

Specificity 
%

Cut-
off

Specificity 
%

Cut-
off

VEP A-120 97.5 70.4 8.3 72.7 9.5

VEP A-60 95 80 9.5 81.8 11.5

VEP A-15 92.5 57 6 77.3 10.6 

VEP L-120 71 97.5 107 42.5 97.5

VEP L-60 80 86.3 108 76 106

VEP L-15 50 97 130 41 117

FDT C 100 50 26 50 27.5

FDT NS 95 54.5 400 54.5 420.5

FDT TS 95 50 379.5 50 493

FDT NI 95 54.5 391 59.1 408

FDT TI 97 45.5 370 50 400

FDT C10 95 50 391 50 422.5

FDT C100 97.5 50 1121 50 1174

mfVEP A-C 100 41 1600 45.5 1813

mfVEP NS-A 100 50 475 54.5 498.5

mfVEP TS-A 100 36.4 413 45.5 508

mfVEP NI-A 90 36.4 466 36.4 4 66

mfVEP TI-A 92.5 45.5 479 45.5 496.5

mfVEP C10-A 100 45.5 516 54.5 618

mfVEP C100-A 100 45.5 438 45.5 445
mfVEP IT-C 45.5 95 125 0 98
aSpecificity and cut-off for a sensitivity of 90% for different tests (last two 
columns), A: Amplitude (VEP in µV and mfVEP in nV/deg2), L: Latency  
(in ms), IT: Implicit time (in ms), VEP: 120′, 60′, and 15′, mfVEP and FDT  
(in dB): C: Central, NS: Nasal-superior, TS: Temporal-superior, NI: Nasal-inferior, 
TI: Temporal-inferior, C10: Central area within 10°, C100: area outside 10°

Figure 3: Areas under the receiver operator characteristic (ROC) curves 
for visual evoked potentials (VEP) (a) and mfVEP (b) exams. The areas 
under the ROC curves range from 0.430 to 0.935, with the VEP and 
multifocal VEP showing the largest areas

a b
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therefore the prevailing response is that within the central 10°, 
corresponding to the macular area. This helps in detecting 
visual damage anywhere along the pathway from the retina to 
the visual cortex; consequently, VEP indiscriminately records 
the signals from the entire anterior visual pathway.[1,2]

The mfVEP stimulates both the magnocellular and the 
parvocellular systems corresponding to the central 24°. It 
allows the determination of the presence of visual damage 
and the involved area, but does not examine the blind spot and 
cannot be used when vision is too low. In fact, as for automated 
perimetry, the attention and central fixation of the patients 
are mandatory. Besides, the mfVEP requires a prolonged 
and precise application of the electrodes to the skin before 
performing the examination and the test in its current form 
lasts approximately 1 h for both eyes. Poor mfVEP recording 
may derive from muscle tension-associated noise or extensive 
alpha EEG waves’ generation.[12] The electric signal recorded 
with the mfVEP is prevalently present in the central area and it 
is less represented in the different quadrants even when using 
cortically scaled stimuli.[6,12]

It has recently been observed that mfVEP and VEP median 
implicit times improved in the long term in a substantial 
percentage of ON patients, while the visual fields obtained 
with SAP remained unchanged.[21-23] Moreover, other authors 
observed delayed mfVEP responses in ON patients in regions 
with normal visual field sensitivity.[8] These delayed responses 
identified regions of the optic nerve that were altered[8] 
but where remyelination could occur.[7,14] In our study, the 
FDT detected abnormal responses in a lower percentage of 
ON patients compared to VEP and mfVEP. Generally, the 
agreement between the two functional tests, VEP and mfVEP, 
was stronger than the agreement between the psychophysical 
(FDT) and individual functional tests.[24]

Although it is clear that the mfVEP is an evolving technology 
and can detect damage missed with the automated perimetry, 
the opposite may also be true, since the relative advantage of 
the mfVEP varies with the recording characteristics, as already 
mentioned.[5,6,8,11,12]

Although mfVEP does not reduce the need for SAP, its 
now obvious[22-24] efficacy in detecting early damage in ON 
has proven in our hands to be a useful clinical tool, detecting 
damage in as much as 77% of ON patients, and may be 
improved technically in the future. Besides evaluating patients 
with unreliable or questionable automated perimetry, the 
mfVEP and VEP can be used for diagnosing ON and observing 
disease progression.[7,8,12]

It has recently been reported that the mfVEP is able to 
recognize a high percentage (from 89 to 94.7%) of cases of ON 
in comparison to the VEP (from 73 to 84.2%).[22,23] It remains 
to be seen if mfVEP is helpful in detecting subclinical events, 
as it does for eyes of MS patients that never had a manifest 
ON.[24] Another advantage of the mfVEP is its potential to detect 
subclinical demyelination, indicated by prolonged latencies in 
local areas.[24]

Our results, however, demonstrate that VEP and mfVEP 
yielded the greatest sensitivity and specificity. Comparisons 
with other published studies may be, however, biased by 
different investigative conditions.

As far as the results of VEP and mfVEP are concerned, there 
is not a lot of difference and probably insignificant difference.
The cost consideration and the time needed for mfVEP will not 
make this an attractive investigation in ON.

At present, the clinical work-up and follow-up of ON 
patients should include firstly the conventional VEP and 
automated perimetry that are readily available in most centers. 
MfVEP may be added in those cases with early ON or with 
doubtful or negative test results on the previous tests. Our 
future studies should compare test utility longitudinally in 
ON patients in order to understand the processes involved in 
the neuronal damage.
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