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Abstract
Objective: Comparative analysis of the results of the visual evoked potential investigation according to stages of optic 

neuritis (ON).
Material and Methods: The study included 90 patients (90 eyes) with different stages of ON. A control group comprised 

10 somatically healthy persons (10 eyes) of the same age without ophthalmic pathology. All examined underwent standard 
ophthalmologic examination, including visometry, tonometry, perimetry, and ophthalmoscopy, as well as optical coherence 
tomography (OCT) and visual evoked potentials (VEP) determination.

Results: The VEP parameters provide identification of the functional disorders of the optic nerve. Our results showed that 
there is delayed latency and reduced amplitude of the P100 component in patients with ischemic and atrophic stages of the disease. 
In ON, P100 was the most informative index. We noted that the N145 parameter in ON is not very informative. 

Conclusion: An estimation of VEP parameters provides a more reliable diagnosis of the stage of disease and aids in 
monitoring the effectiveness of treatment. (Int J Biomed. 2015;5(3):147-150.)
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Introduction
Many clinicians emphasize the importance of the study 

of visual evoked potentials (VEPs) to evaluate visual pathway 
function and obtain information on the functional status of 
the axons and myelin sheath of the optic nerve [1-3]. VEPs 
represent the visual pathway from the retina along the optic 
nerve, optic chiasma, optic tract, and optic radiation to the 
occipital optical cortex [4-7].

VEPs registration is a valuable diagnostic test in the 
evaluation of patients with ON. Verification of the visual 
pathway lesion is particularly important in the absence of 
changes in the fundus in patients with retrobulbar neuritis and 
early stages of inflammation of the optic nerve [8-14]. Despite 
the large number of articles devoted to this issue, the dynamics 
of changes in VEPs in ON are still under discussion. 

Objective: Comparative analysis of the results of the 
visual evoked potential investigation according to stages of 
optic neuritis (ON).

Material and Methods
The study included 90 patients (90 eyes) with different 

stages of ON of an inflammatory etiology. A control group 
comprised 10 somatically healthy persons (10 eyes) of 
the same age without ophthalmic pathology. Exclusion 
criteria included conjunctivitis, uveitis, glaucoma, ON of a 
demyelinating etiology, as well as the degenerative, ischemic, 
vascular and oncological diseases of the eye.

All examined underwent standard ophthalmologic 
examination, including visometry, tonometry, perimetry, and 
ophthalmoscopy, as well as optical coherence tomography 
(OCT) and VEP determination. VEPs were performed with 
a Neuron-Spectrum-4 EPM apparatus by presenting an 
alternating chessboard pattern and single light pulses.

Patients were distributed in groups according to the 
classification of ON, depending on the condition of the optic 
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disk (OD) [13]. Group 1 included 28 patients (28 eyes) with 
hyperemia of the OD, Group 2 included 21 patients (21 eyes) 
with edema of the OD, Group 3 included 26 patients (26 eyes) 
with ischemia of the OD, and Group 4 included 15 patients (15 
eyes) with glial atrophy of the OD. 

The study was conducted in accordance with ethical 
principles of the Declaration of Helsinki. It was approved 
by the Tashkent Institute of Postgraduate Medical Education 
Ethics Committee. Written informed consent was obtained 
from all participants.

Statistical analysis was performed using the statistical 
software Statistica for Windows 6.0. Differences of 
continuous variables with a normal distribution (presented as 
M±SEM) between the two groups were calculated using the 
independent-sample t-test A probability value of P<0.05 was 
considered statistically significant.

Results and Discussion
The visual acuity values were 0.62±0.05, 0.31±0.06, 

0.22±0.04, and 0.03±0.01 in Groups 1, 2, 3, and 4, respectively. 
The anterior segment of the eyeball was unchanged in 
biomicroscopy.

During direct ophthalmoscopy, in Group 1 we noted 
hyperemia of the OD, lack of clarity in borders along the 
vessels, and an increase to 18.4±2.0 in the number of vessels 
passing through the edge of the disc; arteries had normal 
caliber, veins were extended, and macular reflex was saved. 
During OCT we observed normal levels of thickness of the 
retinal nerve fiber layer (RNFL) and the OD.

In Group 2, the OD was sharply hyperemic, borders 
were unclear, and the number of vessels passing through the 
edge of the disc was increased to 22.4±2.0; there was marked 
swelling of the OD and peripapillary zone, arteries and veins 
were dilated, and macular reflex was reduced. We observed 
an increased RNFL thickness in OCT, as well as the area of 
the OD. 

In Group 3, the OD was pale and edematous with fuzzy 
borders, and the number of vessels passing through the edge of 
the disc was 14.2±2.0; we marked swelling of the peripapillary 
zone, narrowed arteries and extended veins, and a reduction 
in macular reflex. In OCT, RNFL thickness was significantly 
reduced in comparison with Group 2 (P<0.01) (Table 1).

In Group 4, the OD was pale, borders along the vessels 
were unclear, the number of vessels passing through the edge 
of the disc was 11.3±2.0, the arteries and veins were narrowed, 
and macular reflex was absent. The average RNFL thickness 
was significantly lower compared to the values in Groups 
2 and 3 (P<0.001). Parameters of the rim area and the area 
of the OD had no significant differences in comparison with 
other groups (Table 1).

When VEPs checkerboard stimulus was used, peak 
latencies of N75 (1st channel) significantly increased in Group 
1 (78.26±1.04 ms) compared with the control group (75.2±0.2 
ms; P<0.05). The prolonged latency evidenced reduced 
impulse conduction along the visual pathways. There was 
also a statistically significant increase in the latency of N75 
in Group 2 (81.64±2.09 ms) compared to control (P<0.05). 

In Group 3, this parameter increased up to 93.14±3.57 ms and 
was statistically greater vs. Group 2 (P<0.01), but a significant 
difference compared with Group 4 (98.22±6.38 ms) was not 
detected. The prolonged latency indicates the defeat of the 
myelin sheath, which is associated with the reduced impulse 
conduction along the visual pathways. 

In assessing the form of the P100 component, the 
impairment of the VEP configuration in the form of P100 
splitting was detected.  The W-like shape of P100 peak 
reflected the presence of a central scotoma in the visual field 
or partial atrophy of the optic nerve, which was confirmed by 
other researchers [5,10].

 Almost all the subjects showed an increase in P100 
latency from 10 to 30 ms compared to the upper limit of 
normal values upon checkerboard pattern stimulus. In Group 
1, this parameter was 109.86±2.11 ms, which was significantly 
higher vs. the control group (P<0.05). In the stages of edema 
and ischemia, this parameter tended to increase, and amounted 
to an average of 112.73±3.52 ms (P<0.05) and 123.65±3.93 
ms (P<0.05), respectively. We also registered an increase 
in latency in Group 4 by 20% to 25%; the average value of 
latency was 127.24±7.34 ms (P<0.05) and ranged from 118 
to 135 ms. 

In the analysis of the N145 component in 1 and 2 
channels, we did not find any significant differences between 
the patient groups and control. The parameters of the latency 
of the VEPs are shown in Table 2. Evaluation of latency of 
the N75 and P100 components (in 2nd channel) in patients 
with different stages of ON revealed a statistically significant 
increase in the estimated parameters (P<0.05).

Analysis of N75-P100 amplitude revealed a significant 
increase in this indicator in Groups 1 and 2 compared with the 
control group: 13.91±0.79 μV and 15.77±1.29 μV, respectively, 
and  P<0.05 in both cases. Ischemia, toxic effects of exudates, 
compression of nerve fibers, and disintegration of the myelin 
sheath of nerve fibers occur in the acute phase of neuritis. 
Increasing the amplitude of the N75-P100 component 
apparently was connected with the reactive stimulation of 

Group Rim Area Disc Area RNFL Cup Volume

Group 1 
1.65±0.08 2.00±0.07 105.7±2.51 0.07±0.02
 P1>0.05
P2<0.001

P1>0.05
P2<0.01

P1>0.05
 P2<0.001

P1<0.05
P2<0.01

Group 2 
2.70±0.25 2.60±0.16 295.38±19.15 0.003±0.002
P1<0.01
P3>0.05

P1>0.05
P3<0.05

P1<0.001
P3<0.001

P1<0.001
P3>0.05

Group 3
2.28±0.19 2.12±0.10 142.83±8.15 0.004±0.003
P1<0.05
P4<0.01

P1>0.05
P4<0.05

P1<0.01
 P4<0.001

P1<0.001
 P4<0.01

Group 4
1.53±0.08 1.74±0.10 92.99±2.73 0.03±0.008
P1>0.05 P1>0.05 P1>0.05 P1<0.05

Control group 1.48±0.29 2.26±0.5 104.5±6.9 0.24±0.02
P1 – vs. the control group; P2 – Group 1 vs. Group 2; P3 - Group 2 
vs. Group 3; P4 - Group 3 vs. Group 4.

Table 1.
Comparative characteristics of the morphometric parameters of the OD
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axons of the optic nerve due to exudative reactions occurring 
in the shell of the optic nerve.  The amplitude of the N75-100 
component was significantly decreased in Group 3 (6.76±0.76 
μV) compared with the control group (P<0.05), as well as 
with Group 2 (P<0.001). The reduction of VEP amplitude is 
associated with the blockage of pulse conduction, probably 
due to the damage of the axial cylinders of axons. Reduction 
of amplitude indicates a decrease in the number of functioning 
axons. A significant reduction in the amplitude of the N75-P100 
component (3.68±0.4 μV, P<0.05) was observed in Group 4 
(patients with OD atrophy). The reduction in VEP amplitude 
is correlated with changes in visual functions (r=0.42), which 

indicates the death of nerve fibers. Changes in VEP amplitude 
are presented in Table 3. Analysis of the amplitude of  the 
P100-N145 component revealed a significant increase in this 
indicator in Groups 1 and 2 compared with the control group: 
12.73±1.06 μV and 13.31±0.94 μV, respectively, and P<0.05 
in both cases. The amplitude of the P100-N145 component was 
significantly decreased in Group 3 (7.54±0.83 μV) compared 
to Group 2 (P<0.001). No significant differences, compared 
to the control group, were detected. A significant reduction 
in the amplitude of the P100-N145 component was observed 
in Group 4 (patients with OD atrophy; 3.67±0.66 μV) vs. the 
control group (P<0.05) and Group 3 (P<0.01).

Table 2.
The parameters of the latency of the VEPs

Group Visual
 acuity

The Oz-Cz derivation
The first channel The second channel

N75
(ms)

deviation
(%)

Р100
(ms)

deviation
(%)

N145
(ms)

deviation 
 (%)

N75
(ms)

deviation 
 (%)

Р100
(ms)

deviation 
(%)

N145
(ms)

deviation
  (%)

Group 1 0.62
±0.05

78.26
±1.04

2.37
±1.32

109.86
±2.11

6.13
±2.17

141.14
±2.85

3.83
±1.84

78.79
±1.07

3.19
±1.37

109.82
±2.07

6.04
±2.15

140.85
±2.91

-3.97
±1.88

P2<0.001
P1<0.05
P2>0.05 P2>0.05

P1<0.05
P2>0.05 P2>0.05

P1>0.05
P2>0.05 P2>0.05

P1>0.05
P2>0.05 P2>0.05

P1<0.05
P2>0.05 P2>0.05

P1>0.05
P2>0.05 P2>0.05

Group 2 0.31
±0.06

81.64
±2.09

6.87
±2.92

112.73
±3.52

9.31
±3.57

147.14
±6.12

1.38
±0.21

81.89
±2.07

7.00
±2.91

112.73
±3.48

9.31
±3.55

147.71
±6.27

2.05
±0.31

P3>0.05
P1<0.05
P3<0.01 P3<0.01

P1<0.05
P3<0.05 P3<0.05

P1>0.05
P3>0.05 P3>0.05

P1<0.05
P3<0.05 P3<0.01

P1<0.05
P3>0.05 P3<0.05

P1>0.05
P3>0.05 P3>0.05

Group 3
0.22

±0.04
93.14
±3.57

23.72
±4.92

123.65
±3.93

21.13
±3.85

154.84
±4.91

6.58
±3.38

92.75
±3.90

23.49
±5.23

123.37
±4.06

20,60
±4,05

155.29
±4.83

6.95
±3.34

P4<0.001
P1<0.05
P4>0.05 P4>0.05

P1<0.05
P4>0.05 P4>0.05

P1>0.05
P4>0.05 P4>0.05

P1<0.05
P4>0.05 P4>0.05

P1<0.05
P4>0.05 P4>0.05

P1>0.05
P4>0.05 P4>0.05

Group 4 
0.03

±0.01
98.22
±6.38

30.84
±8.54

127.24
±7.34

24.56
±7.19

161.2
±8.98

10.72
±6.23

98.98
±6.37

31.60
±8.63

127.64
±7.41

24.73
±7.27

160.66
±8.97

10.12
±6.22

P1<0.05 P1<0.05 P1>0.05 P1<0.05 P1<0.05 P1>0.05
Control
group
 

0.9±0.03 75.2±0.2 102±2.14 145±3.12 75±1.06 102±2.03 145±2.4

P1 – vs. the control group; P2 – Group 1 vs. Group 2; P3 - Group 2 vs. Group 3; P4 - Group 3 vs. Group 4.

Table 3.
The parameters of the amplitude of the VEPs

Group Visual

 acuity

The Oz-Cz derivation
The first channel The second channel

N75-P100
 (μV)

deviation 
(%)

Р100-N145
 (μV)

deviation 
(%)

N75-P100
 (μV)

deviation (%) Р100-N145
 (μV)

deviation 
(%)

Group 1 0.62±0.05 13.91±0.79 10.11±8.13 12.73±1.06 46.83±12.70 13.74±0.78 39.10±7.89 12.80±1.02 47.54±12.74

P2<0.001 P1<0.05
P2>0.05 P2<0.01 P1<0.05

P2>0.05 P2>0.05 P1<0.05
P2>0.05 P2>0.05 P1<0.05

P2>0.05 P2>0.05

Group 2 0.34±0.06 15.77±1.29 61.39±12.95 13.31±0.94 54.60±11.20 15.92±1.24 61.6±12.77 13.34±0.92 57.09±10.83

P3>0.05 P1<0.05
P3<0.001 P3<0.001

P1<0.05
P3<0.001 P3<0.001

P1<0.05
P3<0.001 P3<0.001

P1<0.05
P3<0.001 P3<0.001

Group 3 0.23±0.04 6.76±0.76 -29.00±7.34 7.54±0.83 -6.55±1.41 6.62±0.77 -30.43±7.60 7.07±0.71 -9.72±7.81

P4<0.001 P1<0.05
P4<0.01 P4<0.01 P1>0.05

P4<0.01 P4<0.001 P1<0.05
P4<0.01 P4<0.05 P1>0.05

P4<0.001 P4<0.01

Group 4 0.03±0.01 3.68±0.46 -57.92±6.78 3.67±0.66 -49.00±9.85 3.60±0.49 -56.39±8.16 3.58±0.55 -52.47±8.81
P1<0.05 P1<0.05 P1<0.05 P1<0.05

Control
group

0.9±0.03 9.8±0.63 8.4±0.42 9.8±0.36 8.4±0.27

P1 – vs. the control group; P2 – Group 1 vs. Group 2; P3 - Group 2 vs. Group 3; P4 - Group 3 vs. Group 4.
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Conclusion
The VEP parameters provide identification of the 

functional disorders of the optic nerve. Our results showed that 
there is delayed latency and reduced amplitude of the P100 
and N75 components in patients with ischemic and atrophic 
stages of the disease. In ON, P100 was the most informative 
index. We noted that the N145 parameter in ON is not very 
informative. An estimation of VEP parameters provides a 
more reliable diagnosis of the stage of disease and aids in 
monitoring the effectiveness of treatment.
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