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ABSTRACT Background: Optic neuritis is an inflammation of the optic nerve. Inflammation may occur due to primary
demyelination processes, e.g. multiple sclerosis, or secondary due to other causes. Visual Evoked Potential (VEP) is an
objective examination that can detect optic nerve lesion. A characteristic finding of VEP in optic neuritis patient is a
prolongation of VEP latency that can last for several years. This study was conducted to determine the characteristics
of VEP in optic neuritis patients at Sanglah General Hospital, Denpasar, Bali, Indonesia. Methods: A descriptive cross-
sectional study was performed, involving subjects with optic neuritis admitted to the Neurology clinic at Sanglah General
Hospital 2017-2019. All VEP recordings were interpreted by a certified neurophysiology consultant. The collected data
subsequently processed and analyzed statistically. Results: A total of 42 subjects with optic neuritis were admitted, by
which 17 of them were males and 25 females, respectively, with an average age of 38.4 years old. The median latency of
P100 wave (in milliseconds) at O1 was 123.0 (left) and 118.0 (right); at Oz was 115.0 (left) and 117.5 (right); at O2 was
118.5 (left) and 120.0 (right). Median amplitudes were 3.15 and 3.0 for left and right eye, respectively. The conclusions of
VEP recordings were: 23.8% subjects suffered from left optic nerve lesion, 14.1% right optic nerve lesion, 45.2% both left
and right optic nerve lesion and 16.7% with normal VEP recording. Conclusion: Optic neuritis patients at Neurology
clinic in Sanglah General Hospital was predominantly female with average age 38.4 years old. The characteristics of VEP
in this group was prolonged of P100 latency with low amplitudes. The conclusion of VEP recordings was predominantly
left and right optic nerve lesion.
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Introduction

Optic neuritis (ON) is an inflammation of the optic nerve. This
inflammation may occur due to primary demyelinating pro-
cess, e.g. multiple sclerosis, or secondary due to other causes
(demyelinating process, autoimmune, or infections). Multiple
sclerosis is the most common cause of demyelinating ON.[1]
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The incidents of optic neuritis in Central Europe reaches 5 per
100,000 persons per year with an average of 36 years old and
attacks more often involving female than male.[2] The incidents
of ON is highest in a population located in higher ground in
North America and Europe, and lower in equatorial regions. In
Asian countries, the incidence of ON is lower—0.83 per 100,000
persons per year.[3] The pathogenesis of ON is still unclear,
it is thought to occur due to the inflammation process, which
causes type 4 hypersensitivity induced by cytokines and other
inflammatory mediators originated from the activity of T cell
lymphocyte. These inflammatory mediators may pass the blood-
brain barrier and cause the degradation of the myelin, death of
neuronal cells, and axonal degradation.[1] The clinical diagnosis
of ON is based on classical triad—a decrease of visual acuity,
periocular pain, and dyschromatopsia, which need systemic oph-
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Table 1 Basic characteristics of the subjects.

Variable Total (n) Percentage (%)
Gender
Male
Female

17
25

40.5
59.5

Age
Minimum-maximum
Mean
Standard deviation

14 – 75
38.4

± 15.6

-
-
-

Education
Junior High
Senior High
Undergraduate

6
17
19

14.3
40.5
45.2

Occupation
Housewife
Student
Civil servant
Private employee
Retired

6
9
7

15
5

14.3
21.4
16.7
35.7
11.9

Right visual acuity
Good
Impaired
No light perception

10
14
18

23.8
33.3
42.9

Left visual acuity
Good
Impaired
No light perception

10
17
15

23.8
40.5
35.7

Relative Afferent Pupillary Defect
Right
Left
None

11
11
20

26.2
26.2
47.6
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Table 2 Median latency of N75, P100, N145, and amplitudes of the subjects.

Variable Median Min Max SD

Left Eye N75 on O1 87.05 0.0 236.0 44.32

P100 on O1 123.0 68.5 284.0 54.42

N145 on O1 150.0 0.0 451.0 90.95

N75 on Oz 80.95 51.6 237.0 43.91

P100 on Oz 115.0 70.1 283.0 52.26

N145 on Oz 155.0 93.5 444.0 81.82

N75 on O2 85.5 0.0 235.0 48.43

P100 on O2 118.5 69.8 285.0 51.41

N145 on O2 157.5 97.1 344.0 66.37

Amplitude 3.15 0.0 22.7 4.80
Right
Eye N75 on O1 88.0 61.5 265.0 37.43

P100 on O1 118.0 96.0 280.0 46.91

N145 on O1 154.0 116.0 327.0 65.29

N75 on Oz 92.4 65.0 252.0 39.74

P100 on Oz 117.5 98.2 278.0 46.67

N145 on Oz 115.0 118.0 333.0 64.5

N75 on O2 92.1 0.0 256.0 42.14

P100 on O2 120.0 96.5 281.0 46.26

N145 on O2 152.0 119.0 326.0 60.74

Amplitude 3.0 0.0 27.3 5.45

Table 3 Summary of VEP recording

Conclusions Total (n) Percentage (%)

Left optic nerve lesion 10 23.8

Right optic nerve lesion 6 14.3

Both left and right optic nerve lesion 19 45.2

Normal VEP 7 16.7
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thalmic and neurological examinations to differentiate typical
and atypical ON.[1] Typical optic neuritis causes a decrease of
visual acuity in 7-10 days and usually associated with painful
sensation when moving the eyes. The majority of ON patients
coming out with pain involve the orbital segment of the optic
nerve. The non-existence of pain shows that the ON is limited
only in the canalicular or intracranial segment of the optical
nerve. The symptoms of atypical ON include severe headache,
uveitis, retinitis, failure to correct visual acuity after 30 days, in
50-year-old patients and above, and evidence of other systemic
conditions.[3] Visual Evoked Potential (VEP) is an objective ex-
amination that can detect optic nerve lesion.[4] VEP shows a
specific change in electroencephalography (EEG) in the stimula-
tion of the visual path. The results of VEP recording depend on
the integration of central vision at all levels of vision tracking,
including the eye, retina, optic nerve, optic radiation and the oc-
cipital cortex. The main indications of VEP are suspicion of ON
and multiple sclerosis. Tumours and lesions compressive and
infiltrative of the optic nerve are more visible on MRI. However,
it cannot change the demyelination of the optic nerve and regu-
late tumour and inflammatory conditions.[5] Measurement of
VEP is done by stimulating the field of vision using a patterned
stimulus or not.[3] VEP reversal pattern is the recommended
method because, in addition to intra and inter-individual, vari-
ability is minimal compared to the no pattern stimulus, it can
also detect minor visual path abnormalities with better accuracy
than flash VEP. The stimulation uses a checkerboard pattern, and
the patient is asked to fix the view during VEP recording.[6] The
VEP response was recorded using three electrodes placed in the
occipital region with the mid-frontal electrodes as referents. The
signal on the mid-occipital electrode has a prominent positive
component called the P100 waveform, which is preceded by the
N75 negative wave. P100 waves are widely produced by the
striate cortex in response to the central field of view. Stimulation
of the entire visual field will stimulate the contralateral occipital
lobe, so P100 is said to show more ipsilateral electrodes lateral to
half the visual field being stimulated.[7] The elongation of P100
wave latency in VEP recording accurately reveals the number
of demyelination in the visual path and the amplitude, which is
correlated with axonal degradation.[8] Decrease of visual acuity
in ON is caused by axonal degradation in optical nerve and
retina, and also thinning of connecting retinal nerve fibre layer
(RNFL) while conducting block is caused by demyelination of
optic nerve.[1] Characteristics of VEP findings in optic neuritis
include prolongation of VEP latency that can last for several
years.[4] In general, VEP is a very sensitive diagnostic tool but
is not specific to optic neuritis.[3]

Aims of The Study

This study aims to determine the characteristics of VEP in optic
neuritis patients at Sanglah General Hospital, Denpasar, Bali,
Indonesia.

Methods

This was a descriptive cross-sectional study, conducted in all
patients coming with a diagnosis of optic neuritis which was
referred to neurology clinic at Sanglah General Hospital Den-
pasar, Bali, Indonesia from January 2017 until December 2019.
A visual examination was performed using a Snellen chart, and
interpretation of the results was divided into good, impaired,
and no light perception visual groups. Relative Afferent Pupil-
lary Defect (RAPD) examination was carried out by alternately

swinging the light on the eye for initial screening for possible
optic nerve lesions.

Retrieval of VEP data using the VEP Pattern Reversal inspec-
tion technique used the German ENMG Keypoint 6 Ch Amp
Keypoint engine in 2015. The stimulus used a black and white
checkerboard monitor measuring 12x16 check at a distance of
100 cm. Electrode placement was based on the International
10-20 system by installing reference electrodes on the forehead,
ground on the vertex (Cz), and active electrodes in the midoccip-
ital (Oz), left (O1) and right (O2) fields. Electrodes were installed
by one experienced medical personnel. The recording was done
in a quiet and darkroom. All VEP recordings were read by one
neuro-electrophysiology consultant. The collected data then
processed using IBM SPSS Statistics 21 software.

Results

Of the 42 patients with a diagnosis of optic neuritis who were re-
ferred to the neurology clinic in Sanglah General Hospital, there
was 17 male (40.5%) and 25 female patients (59.5%) with an aver-
age age of 38.4 years old, most of them finished undergraduate
education and worked as private employees. The following
table was the characteristics of the research subjects.

Visual Evoked Potential examination was determined based
on the value of stimulation in the left and right eye. The mean
latency waves Negative 75 (N75), Positive 100 (P100), and Nega-
tive 145 (N145) we described based on the location of the occipi-
tal electrodes, O1, Oz, and O2. The recording results are listed
in the following table.

The VEP recordings were concluded as follows, i.e. 23.8% left
optic nerve lesion, 14.1% right optic nerve lesion, 45.2% both left
and right optic nerve lesion and 16.7% normal VEP recording.

Discussion

Based on the results of the above research, most of the subjects
were young adult women with a mean age of 38.4 years (14-75
years). Based on the education and occupation of the subjects,
most of them finished undergraduate education and worked as
private employees. The similar result was also found in a study
conducted by Samsen et al. wherein the acute ON group, a 2.7:
1 ratio of women and men with an average age of 37.4 years was
obtained.[4]

According to the results of VEP recording, the median values
of P100 wave latency (in milliseconds) were obtained at O1 of
123.0 (left) and 118.0 (right); at Oz 115.0 (left) and 117.5 (right); at
O2 of 118.5 (left) and 120.0 (right). The median amplitudes of the
left and right eye, respectively were 3.15 and 3.0. Previous stud-
ies by Trisnadewi et al. in examining the normal value of VEP
in 41 medical students at Sanglah Hospital showed the average
value of P100 wave latency in normal subjects was 107.95 ± 4.09
and 108.03 ± 5.01 in the left and right eye, respectively, and an
average amplitude of 14.54 ± 1.95 and 13.28 ± 1.33 in the left and
right eye respectively.9 In this study, we found prolonged P100
wave values in the left and right eye and a decrease in median
amplitude in ON patients compared with normal subjects in
previous studies. This finding is consistent with the study con-
ducted by Khamraeva et al., which found prolonged latency and
decreased amplitude of P100 in patients with ischemic and at-
rophic optic neuritis. A study by Indrayani et al. among patients
with lung TB undergoing ethambutol treatment also found P100
wave latency prolongation, particularly those who underwent
treatment for more than five months.
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In optic neuritis, the P100 waveform is the most informative
index, while N145 is less informative.[10] Acute optic neuritis
is generally associated with the increased latency of VEP P100
pattern reversal. The amplitudes may decrease and even disap-
pear. Over time, the amplitude can improve, but latency usually
proceeds gradually even when the patient appears to be fully
recovered.[5] In this study, it was concluded that the dominant
VEP of the optic nerve lesions was both right and left (45%).
During an acute attack, about 35% of clinically unaffected eyes
can have an abnormal response. The proportion of acute ON
patients with persistent normal VEP is estimated to be less than
10%. Serial recording of VEP during and after corticosteroid ON
therapy shows improvement in VEP, which is directly propor-
tional to clinical improvement in vision.[5]

Conclusion

Optic neuritis patients at Neurology clinic in Sanglah General
Hospital was predominantly female with average age 38.4 years
old. The characteristics of VEP in this group was prolonged
of P100 latency with low amplitudes. The conclusion of VEP
recordings was predominantly left and right optic nerve lesion.
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