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Introduction
Optic neuropathies are optic nerve disorders result-

ing from various pathological processes. The diagnosis is 
made clinically. Careful anamnesis often points to a pos-
sible origin of the optic neuropathy: an acute onset is char-
acteristic of the demyelinating, inflammatory, ischemic or 
origin traumatic origin, whereas a slow onset is charac-
teristic of compressive, toxic/nutritional or genetic origin.

Typical clinical manifestations include acute or gradual 
visual loss, visual field defects, abnormal color perception, 
and relative afferent pupillary defect.

Major signs of the most common types of optic neu-
ropathies

Insufficient blood supply (ischemia) of the optic nerve 
is observed in ischemic optic neuropathy (ION). ION is 
primarily of two types: anterior ION and posterior ION, 
involving the optic nerve head (ONH) and the rest of the 
optic nerve respectively [1]. Additionally, ION can be clas-
sified on the basis of pathogenesis into arteritic (AION – 
due to giant cell arteritis) and non-arteritic (NAION – due 
to causes other than giant cell arteritis). AION occurs pre-
dominantly in elder patients over age 50, causing a severe 
vision loss (with a visual acuity of 20/200 or worse) with a 
residual visual field defect. Moreover, patients with AION 
usually have symptoms such as appetite loss, malaise, 
headache, scalp tenderness and tender temporal arteries, 
jaw pain on mastication (jaw claudication), and general-
ized muscle or joint aches [2, 3]. NAION is the most com-
mon cause of optic neuropathy in adults older than 50. The 
prevalence of NAION in the United States has been esti-

mated to be anywhere between 2.3 and 10.2 per 100,000 
[4], but no data is available regarding the prevalence of 
NAION in Ukraine. NAION vision loss may be acute, 
subacute, or stepwise and is not usually associated with 
pain. Vision loss is less severe than in anterior AION, as 
about half of patients have a 20/60 visual acuity examina-
tion result or better, and visual defects, commonly in the 
inferior half of the visual field. Fundus examination in the 
acute stage often exhibits diffuse or segmental optic disc 
edema on the affected side, predominantly in the superior 
or inferior regions. Small hemorrhages may also be ob-
servable near the optic nerve head [5]. In the early stages 
of non-arteritic anterior ION, OCT of the RNFL may show 
thickening relative to the fellow eye. The RNFL thicken-
ing decreases rapidly in the subacute phase and up to 6 
months after the incidence of anterior ION. Studies with 
longer follow-up showed no significant decrease in thick-
ness between month 6 and month 12. Studies provided 
OCT angiography (OCTA) evidence that the superficial 
retina was more affected than choroid layer in AION. Also, 
radial peripapillary retinal nerve fibre layer was more af-
fected than the intra-optic-disc area [6, 7].

Typically, patients with first-time, acute optic neuritis 
(ON) are young adults 20 to 45 years. In a population-
based study in Olmsted County, Minnesota [8], the annual 
age- and sex-adjusted incidence rate was 5.1 per 100,000 
person-years from 1985 to 1991, and the age- and sex-
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adjusted prevalence rate per 100,000 was 115. Acute de-
myelinating optic neuritis is the presenting feature (i.e., 
the first clinical demyelinating event) in 15 to 20 percent 
of patients with multiple sclerosis (MS), and it occurs at 
some time during the course of the disease in 50 percent of 
patients [9]. The most typical signs are vision loss, visual 
field loss in the form of central or paracentral scotoma of 
various sizes, and loss of color vision. Only one-third of 
ON cases present with disc edema and hyperemia, while 
two-thirds of cases are retrobulbar (the optic disk appears 
normal). In the acute period of retrobulbar optic neuritis 
we can see either normal, diminished or increased RNFL 
thickness, the latter being due to subclinical axonal edema. 
Approximately 6 months after the acute attack of neuritis 
it is possible to detect peripapillary RNFL thinning [10].

Common causes of compressive optic neuropathy 
(CON) include orbital and intracranial meningiomas, pi-
tuitary adenomas, intracranial aneurysms, craniopharyn-
giomas, and gliomas of the anterior visual pathway. In a 
study by Liu and colleagues [11], the overall age and sex 
adjusted incidence of CON was 1.14 per 100,000 per year. 
CON from a tumor or mass usually causes slow, painless, 
progressive loss of vision. It usually affects one eye and 
typically affects central vision, except for tumors in the 
pituitary gland, which can compress the optic chiasm. 
Compression of the optic chiasm causes bilateral loss of 
peripheral vision (bitemporal hemianopia). OCT is done 
to evaluate the optic nerve and may show thickening or 
atrophy of the optic nerve [12].

Although traumatic optic neuropathy (TON) has be-
come increasingly common due to combat actions in 
Ukraine, no statistics have been reported on the incidence 
of TON for the country. According to a systematic litera-
ture review by Iranian researchers [13], the overall inci-
dence of TON is 0.7–2.5%, and indirect TON has a higher 
prevalence than direct TON. It occurs in 0.5% to 5% of 
all patients with closed head injury and 2.5% of patients 
with midfacial fractures. Intracanalicular part is the most 
common site of indirect TON (71.4%), followed by the 
orbital apex (16.7%) [13]. Clinical findings that help di-
agnose TON include variable loss of visual acuity (range 
20/20 to no light perception), decreased color perception, 
visual field defects (central or paracentral scotoma, arcuate 
or hemianopic field defects), and relative afferent pupillary 
defect. The optic disc appearance will depend on the ana-
tomical site and the timing of injury. With injuries to the 
optic nerve anterior to the entry point of the central retinal 
vessels, there is optic disc swelling with associated reti-
nal hemorrhages. With more posterior injuries, which are 
more common, the fundus can look entirely normal. Optic 
disc pallor usually develops about 6 weeks following the 
initial injury [14].

Mechanisms for the generation and recording of vi-
sual-evoked poyentials (VEP)

VEP waveforms are extracted from the electro-enceph-
alogram (EEG) by signal averaging. Electrographic brain 
responses to light-flash exposure were first reported in the 

early twentieth century. Today VEP is used as a quantita-
tive method of assessing the functional status of the visual 
pathway from the retinal ganglion cells to the primary vi-
sual cortex [15].

The VEP is an important clinical test for assessing the 
functional integrity of the visual pathway from the retina 
to the striate cortex (primary visual cortex or V1). As such, 
this test has been extensively used in the evaluation of 
ophthalmic, neurological and systemic disease [16]. The 
VEP is produced from activation of cortical neurons in 
response to afferent pathway (retina → optic nerve → lat-
eral geniculate body → visual cortex) stimulation, which 
is recorded with electrodes placed on the scalp (OZ in the 
10-20 system) over the occipital cortex.

The major types of VEP are as follows:
1. Pattern reversed VEP (PR-VEP)
Features: A checkerboard or grating stimulus is re-

versed in contrast over time whilst maintaining a constant 
mean luminance. A major positive peak is seen around 
100ms (P100) [17, 18, 19].

Indications: Assessment of macular pathway function 
and detection of optic nerve abnormalities. The PR-VEP 
has relatively low inter- and intra-subject variability [20, 
21].

2. Pattern onset/offset VEP (PO-VEP)
Features: A checkerboard appears and disappears on a 

background with the same mean luminance. The PO-VEP 
waveform is more complex and variable.

Indications: Assessment of macular pathway function. 
These stimuli have benefits in the assessment of patients 
with poor vision and/or low cooperation [22].

3. Flash visual evoked potentials (F-VEP)
Features: VEP is recorded to diffuse flash stimuli. The 

F-VEP waveform is also complex, with the major N2 and 
P2 peaks.

Indications: Examination of the generalised visual 
pathway function, particularly in eyes with poor optical 
quality where retinal image contrast is degraded. These 
stimuli do have benefits in the assessment of patients with 
poor vision, low cooperation, detection of intracranial 
pathway dysfunction and inter-ocular differences [23, 24, 
25, 26].

4. Chromatic VEPs
Features: Chromatic red-green ot blue-yellow stimuli 

are used to assess parvocellular and koniocellular parallel 
pathways of the visual system. The stimuli required for 
testing are technically challenging to achieve and interpret 
[27].

Indications: Identification of colour processing dys-
function in demyelinating disease [28, 29, 19], Leber he-
reditary optic neuropathy (LHON) [30], glaucoma [31], 
and Parkinsons disease [32].

The interpretation of responses is performed by assess-
ing the response amplitude, peak-time/latency, morphol-
ogy and transoccipital distribution. Abnormalities of the 
VEP should therefore always be explored with the pattern 
electroretinogram (PERG) to elaborate on the site and 
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extent of dysfunction. International standards for clinical 
VEP should be consulted and results should be interpreted 
in the context of the clinical picture [33, 34].

VEP results in subjects with particular types of optic 
neuropathy

Optic nerve disease may be caused by a variety of fac-
tors, and VEP can suspect the diagnosis or support the 
suspected diagnosis in the clinical interpretation of data 
[35, 36, 37, 38]. Although optic neuritis is most histori-
cally associated with MS [39, 40], its presentation, history 
or PR-VEP changes can have wide differential diagnosis 
including infectious (i.e. Lyme disease, herpes zoster, 
toxoplasmosis), toxic/nutritional (i.e. B12 deficiency, eth-
ambutol, or tobacco-alcohol toxicity), compressive (i.e. 
intracranial tumours), disseminated neurological disorder 
(i.e. adrenoleukodystrophy, neuromyelitis optica spec-
trum (NMO) disorder), hereditary optic neuropathies (i.e. 
LHON or autosomal dominant optic atrophy (ADOA)) or 
systemic disease (i.e. systemic lupis erythematosus, Sjög-
rens syndrome or sarcoid), etc. [41].

The early works pioneering the clinical utility of the 
PR-VEP in optic neuritis came from Halliday et al [42] 
who demonstrated an increased latency in the PR-VEP as 
characteristic for conduction delay associated with demy-
elination. PR-VEP amplitude recovery is more quickly 
and closely related with the clinical improvement in visual 
acuity [43, 44, 45].

The multifocal VEP (mfVEP) can assess the functional 
regions of the optic nerve. They may be of benefit in mild 
forms of optic neuritis, where topographically only a small 
segment of nerve axons are affected (i.e. causing a small 
scotoma or peripheral field defect), the conventional VEP 
may mask an underlying defect as it is produced from both 
normal and abnormally functioning axons, whereas the 
mfVEP may detect this focal loss. However, the technical 
demands of a mfVEP and its accessibility have limited its 
widespread use to date [46].

VEP can be useful in patients with early or subclinical 
TON and for differentiating TON from demyelinating op-
tic neuropathy. VEP usually reveals normal or near normal 
latency with significantly reduced amplitude of P100. The 
P50 and N95 components of PERG reflect macular and 
retinal ganglion cell (RGC) function, respectively. PERG 
can be useful in a patient with abnormal VEP to identify a 
macular lesion. Diagnosis is based on the identification of 
a toxic factor and exclusion of other pathologies giving a 
similar clinical picture [47, 48].

Compressive optic neuropathies can cause significant 
disruption to optic nerve and RGC physiology. Intracranial 
tumours may affect any portion of the visual pathway and, 
as such, the VEP is well suited to provide assessment in 
localising the pathway lesion and information of pathway 
integrity. As such, VEP is a useful tool in the examination 
of the intracranial visual pathway especially when used 
in conjunction with the PERG and/or photopic negative 
response (PhNR). When utilising a transoccipital array of 
electrodes, one can use the lateralising features of VEP 

distributions to identify chiasmal and retrochiasmal path-
way dysfunction [49].

Seminal studies using F-VEP in patients with homony-
mous field defects have demonstrated the major positive 
peak to become altered in lesions relating to the under-
lying field defect. As such, in lesions of the chiasm, one 
can observe a ‘crossed’ asymmetry of pattern or F-VEPs, 
whereby the transoccipital asymmetry will alter its lateral-
isation dependent on the eye stimulated. These lateralising 
features have been adopted clinically to identify chiasmal 
misrouting. The lateralising features of the VEP can be 
also used in retrochiasmic lesions using a flash or pattern 
stimulus to produce an ‘uncrossed’ asymmetry [16, 50].

However, hemifield PR-VEPs are a far more advan-
tageous method for investigating these intracranial visual 
pathway abnormalities [51, 52].

Furthermore, particularly for optic pathway gliomas, 
VEPs have high sensitivity for detecting functional ab-
normality, which is particularly advantageous in children 
for whom behavioural perimetric testing is unreliable al-
though their ability to monitor progression is less certain 
[53].

PR-VEP amplitude reduction is a hallmark finding in 
cases of TON and VEP responses can be subnormal even 
after visual acuity recovery suggesting persistence of sub-
clinical changes. However, VEPs performed in isolation 
cannot localise the functional deficit to the level of the optic 
nerve and must be performed in conjunction with pattern 
and flash ERG to confirm RGC and/or optic nerve func-
tional deficit with a normally functioning outer retina [54].

The VEP abnormalities in ischemic optic neuropathy 
were first formally introduced by Wilson [55] who dem-
onstrated the amplitude reduction of the PR-VEP, with 
small or no changes in latency seen. Other studies are in 
general agreement with Wilson’s amplitude findings, but 
some studies report varying degrees of latency abnormal-
ity, suggesting commensurate conduction delay is not an 
exclusion to VEP diagnosis of ION [56]. Further, utilising 
a small check width PR-VEP was found to have higher 
sensitivity in the detection of optic nerve dysfunction. 
Overall, a fair conclusion now is that ION predominantly 
affects PR-VEP amplitude, but latency can in some cir-
cumstances be affected. The flash VEP is typically lower 
amplitude with latency changes [57].

Rangaswamy et al [58] demonstrated in 17 patients 
with NAION that the PhNR amplitude is reduced and its 
decrease correlated to the reduction in visual field sensitiv-
ity. Including a control group, these authors demonstrated 
in their Receiver Operating Curve that the PhNR has 96% 
diagnostic accuracy for anterior ION. Interestingly it was 
also found that the PhNR was reduced in some degree in 
the asymptomatic eyes, suggesting there may be subtle 
signs of global RGC dysfunction before clinical signs of 
anterior ION may appear. 

The mfVEP can provide further information regarding 
optic nerve integrity, particularly as they demonstrate a 
close relationship between visual field loss and topograph-
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ic mfVEP amplitude reduction, although this may overlap 
with other optic neuropathies [46].

Conclusion
VEP is an objective electrophysiological method that 

plays an important role in the systematization of clinical 
and diagnostic features of optic neuropathies. This non-
invasive method records the neuronal response of the vi-
sual system to stimuli, which is important for assessing the 
functional integrity of the visual pathways.

Its objectiveness (i.e., independence of the conscious-
ness and attention state of the patient) allows researchers 
to obtain reliable data that can be used for the diagnosis 
of various lesions of the optic nerve and associated struc-
tures (inflammatory, atrophic, toxic, tumoral, and genetic 
disease) depending on the characteristics of the stimulus.

VEP can be used as an alternative method to assess 
visual acuity in non-verbal infants and adults with low in-
tellectual abilities or potential malingering. 

References
1.	 Hayreh SS. Ischemic optic neuropathy. Prog Retin Eye Res. 

2009 Jan;28(1):34-62. doi: 10.1016/j.preteyeres.2008.11.002. 
Epub 2008 Nov 27.

2.	 Arteritic Anterior Ischemic Optic Neuropathy (AAION) 
[Інтернет]. American Academy of Ophthalmology. Aviable 
from: https://eyewiki.org/Arteritic_Anterior_Ischemic_Optic_
Neuropathy_(AAION) . 

3.	 Ischemic Optic Neuropathy: Classification and Management 
[Updated 2024 Dec 09]. Medscape [Internet]. Available from: 
https://emedicine.medscape.com/article/.

4.	 Kaur K, Margolin E. Nonarteritic Anterior Ischemic Optic 
Neuropathy. [Updated 2025 Sep 14]. In: StatPearls [Internet]. 
Treasure Island (FL): StatPearls Publishing; 2025 Jan-
. Available from: https://www.ncbi.nlm.nih.gov/books/
NBK559045/ .

5.	 Singla K, Agarwal P. Optic Ischemia. [Updated 2024 May 
6]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls 
Publishing; 2025 Jan-. Available from: https://www.ncbi.nlm.
nih.gov/books/NBK560577/.

6.	 Fard MA, Ghahvehchian H, Subramanian PS. Optical 
coherence tomography in ischemic optic neuropathy. Ann Eye 
Sci. 2020;5:6. doi: 10.21037/aes.2019.12.05.

7.	 Khalili MR, Bremner F, Tabrizi R, Bashi A. Optical coherence 
tomography angiography (OCT angiography) in anterior 
ischemic optic neuropathy (AION): A systematic review and 
meta-analysis. Eur J Ophthalmol. 2023 Jan;33(1):530-545. doi: 
10.1177/11206721221113681.

8.	 Rodriguez M, Siva A, Cross SA, O'Brien PC, Kurland LT. 
Optic neuritis: a population-based study in Olmsted County, 
Minnesota. Neurology. 1995 Feb;45(2):244-50. doi: 10.1212/
wnl.45.2.244.

9.	 Balcer LJ. Clinical practice. Optic neuritis. N Engl J Med. 2006 
Mar 23;354(12):1273-80. doi: 10.1056/NEJMcp053247.

10.	 Optical Coherence Tomography in Neuro-Ophthalmology 
[Internet]. American Academy of Ophthalmology . [Updated 
2025 Sep 18]. Available from: https://eyewiki.org/Optical_
Coherence_Tomography_in_Neuro-Ophthalmology

11.	 Liu A, Craver EC, Bhatti MT, Chen JJ. Population-Based 
Incidence and Outcomes of Compressive Optic Neuropathy. 
Am J Ophthalmol. 2022 Apr;236:130-135. doi: 10.1016/j.
ajo.2021.10.018.

12.	 Biousse V, Newman NJ. Diagnosis and clinical features 
of common optic neuropathies. Lancet Neurol. 2016 
Dec;15(13):1355-1367. doi: 10.1016/S1474-4422(16)30237-X.

13.	 Karimi S, Arabi A, Ansari I, Shahraki T, Safi S. A Systematic 
Literature Review on Traumatic Optic Neuropathy. J Ophthalmol. 
2021 Feb 26;2021:5553885. doi: 10.1155/2021/5553885. 
PMID: 33728056; PMCID: PMC7935564.

14.	 Yu-Wai-Man P. Traumatic optic neuropathy—Clinical features 
and management issues. Taiwan J Ophthalmol. 2015 Mar 
1;5(1):3-8. doi: 10.1016/j.tjo.2015.01.003.

15.	 Compston A. The Berger rhythm: potential changes from the 
occipital lobes in man, by E.D. Adrian and B.H.C. Matthews 
(From the Physiological Laboratory, Cambridge). Brain. 2010 
Jan;133(1):3–6. doi: 10.1093/brain/awp324.

16.	 Marmoy OR, Viswanathan S. Clinical electrophysiology of 
the optic nerve and retinal ganglion cells. Eye (Lond). 2021 
Sep;35(9):2386-2405. doi: 10.1038/s41433-021-01614.

17.	 Celesia GG, Kaufman D, Cone S. Effects of age and sex on 
pattern electroretinograms and visual evoked potentials. 
Electroencephalogr Clin Neurophysiol. 1987 May;68(3):161-
71. doi: 10.1016/0168-5597(87)90023-2.

18.	 Ekayanti MS, Mahama CN, Ngantung DJ. Normative values 
of visual evoked potential in adults. Indian J Ophthalmol. 2021 
Sep;69(9):2328-2332. doi: 10.4103/ijo.IJO_2480_20.

19.	 Tekavčič Pompe M, Perovšek D, Šuštar M. Chromatic visual 
evoked potentials indicate early dysfunction of color processing 
in young patients with demyelinating disease. Doc Ophthalmol. 
2020 Oct;141(2):157-168. doi: 10.1007/s10633-020-09761-4.

20.	 Meredith JT, Celesia GG. Pattern-reversal visual evoked 
potentials and retinal eccentricity. Electroencephalogr Clin 
Neurophysiol. 1982 Mar;53(3):243-53. doi: 10.1016/0013-
4694(82)90082-7.

21.	 Yiannikas C, Walsh JC. The variation of the pattern shift 
visual evoked response with the size of the stimulus field. 
Electroencephalogr Clin Neurophysiol. 1983 Apr;55(4):427-
35. doi: 10.1016/0013-4694(83)90131-1.

22.	 Thompson DA, Fritsch DM, Hardy SE; POW Study Group. 
The changing shape of the ISCEV standard pattern onset 
VEP. Doc Ophthalmol. 2017 Aug;135(1):69-76. doi: 10.1007/
s10633-017-9596-8. Epub 2017 Jun 13.

23.	 Andersson L, Sjölund J, Nilsson J. Flash visual evoked 
potentials are unreliable as markers of ICP due to high 
variability in normal subjects. Acta Neurochir (Wien). 2012 
Jan;154(1):121-7. doi: 10.1007/s00701-011-1152-9.

24.	 Mellow TB, Liasis A, Lyons R, Thompson DA. The 
reproducibility of binocular pattern reversal visual evoked 
potentials: a single subject design. Doc Ophthalmol. 2011 
Jun;122(3):133-9. doi: 10.1007/s10633-011-9267-0.

25.	 Sarnthein J, Andersson M, Zimmermann MB, Zumsteg D. 
High test-retest reliability of checkerboard reversal visual 
evoked potentials (VEP) over 8 months. Clin Neurophysiol. 
2009 Oct;120(10):1835-40. doi: 10.1016/j.clinph.2009.08.014.

26.	 Tandon OP, Sharma KN. Visual evoked potential in young 
adults: a normative study. Indian J Physiol Pharmacol. 1989 
Oct-Dec;33(4):247-9.

27.	 Crognale MA, Page JW, Fuhrel A. Aging of the chromatic onset 
visual evoked potential. Optom Vis Sci. 2001 Jun;78(6):442-6. 
doi: 10.1097/00006324-200106000-00018.

28.	 Porciatti V, Sartucci F. Retinal and cortical evoked responses 
to chromatic contrast stimuli. Specific losses in both eyes 
of patients with multiple sclerosis and unilateral optic 
neuritis. Brain. 1996 Jun;119 ( Pt 3):723-40. doi: 10.1093/
brain/119.3.723.

29.	 Sartucci F, Murri L, Orsini C, Porciatti V. Equiluminant red-
green and blue-yellow VEPs in multiple sclerosis. J Clin 



ISSN 0030-0675 (Print); ISSN 2412-8740 (English ed. Online); Journal of Ophthalmology (Ukraine) - 2025 - Number 5 (526)

	 	 69

Neurophysiol. 2001 Nov;18(6):583-91. doi: 10.1097/00004691-
200111000-00010.

30.	 Majander A, Robson AG, João C, Holder GE, Chinnery PF, 
Moore AT, Votruba M, Stockman A, Yu-Wai-Man P. The 
pattern of retinal ganglion cell dysfunction in Leber hereditary 
optic neuropathy. Mitochondrion. 2017 Sep;36:138-149. doi: 
10.1016/j.mito.2017.07.006.

31.	 Fuest M, Kieckhoefel J, Mazinani B, Kuerten D, Koutsonas A, 
Koch E, Walter P, Plange N. Blue-yellow and standard pattern 
visual evoked potentials in phakic and pseudophakic glaucoma 
patients and controls. Graefes Arch Clin Exp Ophthalmol. 2015 
Dec;253(12):2255-61. doi: 10.1007/s00417-015-3152-6.

32.	 Sartucci F, Porciatti V. Visual-evoked potentials to onset of 
chromatic red-green and blue-yellow gratings in Parkinson's 
disease never treated with L-dopa. J Clin Neurophysiol. 2006 
Oct;23(5):431-5. doi: 10.1097/01.wnp.0000216127.53517.4d.

33.	 Carroll WM, Halliday AM, Kriss A. Improvements in the 
accuracy of pattern visual evoked potentials in the diagnosis 
of visual pathway disease. Neuro-Ophthalmology. 1982; 2(4): 
237–253. https://doi.org/10.3109/01658108209009705.

34.	 Odom JV, Bach M, Brigell M, Holder GE, McCulloch DL, 
Mizota A, Tormene AP; International Society for Clinical 
Electrophysiology of Vision. ISCEV standard for clinical 
visual evoked potentials: (2016 update). Doc Ophthalmol. 
2016 Aug;133(1):1-9. doi: 10.1007/s10633-016-9553-y.

35.	 MacDonald DB, Dong CC, Uribe A. Intraoperative evoked 
potential techniques. Handb Clin Neurol. 2022;186:39-65. doi: 
10.1016/B978-0-12-819826-1.00012-0.

36.	 Marcar VL, Battegay E, Schmidt D, Cheetham M. Parallel 
processing in human visual cortex revealed through the 
influence of their neural responses on the visual evoked 
potential. Vision Res. 2022 Apr;193:107994. doi: 10.1016/j.
visres.2021.107994.

37.	 McCulloch DL, Marmor MF, Brigell MG, Hamilton R, Holder 
GE, Tzekov R, Bach M. ISCEV Standard for full-field clinical 
electroretinography (2015 update). Doc Ophthalmol. 2015 
Feb;130(1):1-12. doi: 10.1007/s10633-014-9473-7.

38.	 Robson AG, Nilsson J, Li S, Jalali S, Fulton AB, Tormene AP, 
Holder GE, Brodie SE. ISCEV guide to visual electrodiagnostic 
procedures. Doc Ophthalmol. 2018 Feb;136(1):1-26. doi: 
10.1007/s10633-017-9621-y.

39.	 de Seze J, Bigaut K. Multiple sclerosis diagnostic criteria: 
From poser to the 2017 revised McDonald criteria. Presse Med. 
2021 Jun;50(2):104089. doi: 10.1016/j.lpm.2021.104089.

40.	 Oh J, Vidal-Jordana A, Montalban X. Multiple sclerosis: 
clinical aspects. Curr Opin Neurol. 2018 Dec;31(6):752-759. 
doi: 10.1097/WCO.0000000000000622.

41.	 Petzold A, Wattjes MP, Costello F, Flores-Rivera J, Fraser CL, 
Fujihara K, Leavitt J, Marignier R, Paul F, Schippling S, Sindic 
C, Villoslada P, Weinshenker B, Plant GT. The investigation 
of acute optic neuritis: a review and proposed protocol. 
Nat Rev Neurol. 2014 Aug;10(8):447-58. doi: 10.1038/
nrneurol.2014.108.

42.	 Halliday AM, McDonald WI, Mushin J. Visual evoked 
response in diagnosis of multiple sclerosis. Br Med J. 1973 Dec 
15;4(5893):661-4. doi: 10.1136/bmj.4.5893.661.

43.	 Backner Y, Petrou P, Glick-Shames H, Raz N, Zimmermann 
H, Jost R, Scheel M, Paul F, Karussis D, Levin N. Vision 
and Vision-Related Measures in Progressive Multiple 
Sclerosis. Front Neurol. 2019 May 3;10:455. doi: 10.3389/
fneur.2019.00455.

44.	 Leocani L, Guerrieri S, Comi G. Visual Evoked Potentials as a 
Biomarker in Multiple Sclerosis and Associated Optic Neuritis. 
J Neuroophthalmol. 2018 Sep;38(3):350-357. doi: 10.1097/
WNO.0000000000000704.

45.	 Park SH, Park CY, Shin YJ, Jeong KS, Kim NH. Low Contrast 
Visual Evoked Potentials for Early Detection of Optic 
Neuritis. Front Neurol. 2022 Apr 29;13:804395. doi: 10.3389/
fneur.2022.804395.

46.	 Jayaraman M, Gandhi RA, Ravi P, Sen P. Multifocal visual 
evoked potential in optic neuritis, ischemic optic neuropathy 
and compressive optic neuropathy. Indian J Ophthalmol. 2014 
Mar;62(3):299-304. doi: 10.4103/0301-4738.118452.

47.	 Grzybowski A, Zülsdorff M, Wilhelm H, Tonagel F. Toxic 
optic neuropathies: an updated review. Acta Ophthalmol. 2015 
Aug;93(5):402-410. doi: 10.1111/aos.12515.

48.	 Sen S, Mandal S, Banerjee M, Gk R, Saxena A, Aalok 
SP, Saxena R. Ethambutol-induced optic neuropathy: 
Functional and structural changes in the retina and optic 
nerve. Semin Ophthalmol. 2022 Aug;37(6):730-739. doi: 
10.1080/08820538.2022.2085517.

49.	 Kooi KA, Yamada T, Marshall RE. Field studies of monocularly 
evoked cerebral potentials in bitemporal hemianopsia. 
Neurology. 1973 Nov;23(11):1217-25. doi: 10.1212/
wnl.23.11.1217.

50.	 Vaughan HG Jr, Katzman R. Evoked response in visual 
disorders. Ann N Y Acad Sci. 1964 May 8;112:305-19. doi: 
10.1111/j.1749-6632.1964.tb26759.x.

51.	 Brecelj J. A VEP study of the visual pathway function in 
compressive lesions of the optic chiasm. Full-field versus half-
field stimulation. Electroencephalogr Clin Neurophysiol. 1992 
May-Jun;84(3):209-18. doi: 10.1016/0168-5597(92)90002-s.

52.	 Dotto PF, Berezovsky A, Sacai PY, Rocha DM, Fernandes 
AG, Salomão SR. Visual function assessed by visually evoked 
potentials in adults with orbital and other primary intracranial 
tumors. Eur J Ophthalmol. 2021 May;31(3):1351-1360. doi: 
10.1177/1120672120925643.

53.	 Bowman R, Walters B, Smith V, Prise KL, Handley SE, Green 
K, Mankad K, O'Hare P, Dahl C, Jorgensen M, Opocher E, 
Hargrave D, Thompson DA. Visual outcomes and predictors in 
optic pathway glioma: a single centre study. Eye (Lond). 2023 
Apr;37(6):1178-1183. doi: 10.1038/s41433-022-02096-1.

54.	 Allen D, Riordan-Eva P, Paterson RW, Hadden RD. Subacute 
peripheral and optic neuropathy syndrome with no evidence 
of a toxic or nutritional cause. Clin Neurol Neurosurg. 2013 
Aug;115(8):1389-93. doi: 10.1016/j.clineuro.2013.01.002.

55.	 Wilson WB. Visual-evoked response differentiation of ischemic 
optic neuritis from the optic neuritis of multiple sclerosis. Am 
J Ophthalmol. 1978 Oct;86(4):530-5. doi: 10.1016/0002-
9394(78)90302-1.

56.	 Barbano L, Ziccardi L, Parisi V. Correlations between visual 
morphological, electrophysiological, and acuity changes in 
chronic non-arteritic ischemic optic neuropathy. Graefes Arch 
Clin Exp Ophthalmol. 2021 May;259(5):1297-1308. doi: 
10.1007/s00417-020-05023-w.

57.	 Janáky M, Fülöp Z, Pálffy A, Benedek K, Benedek G. 
Electrophysiological findings in patients with nonarteritic 
anterior ischemic optic neuropathy. Clin Neurophysiol. 2006 
May;117(5):1158-66. doi: 10.1016/j.clinph.2006.01.013.

58.	 Rangaswamy NV, Frishman LJ, Dorotheo EU, Schiffman 
JS, Bahrani HM, Tang RA. Photopic ERGs in patients with 
optic neuropathies: comparison with primate ERGs after 
pharmacologic blockade of inner retina. Invest Ophthalmol Vis 
Sci. 2004 Oct;45(10):3827-37. doi: 10.1167/iovs.04-0458.

59.	 Baiano C, Zeppieri M. Visual Evoked Potential. [Updated 
2023 May 11]. In: StatPearls [Internet]. Treasure Island (FL): 
StatPearls Publishing; 2025 Jan-. Available from: https://www.
ncbi.nlm.nih.gov/books/NBK582128/ . 



ISSN 0030-0675 (Print); ISSN 2412-8740 (English ed. Online); Journal of Ophthalmology (Ukraine) - 2025 - Number 5 (526)

70	 	  

Disclosures

Received: 01.06.2025
Accepted: 25.09.2025

Corresponding author: Mariia S. Kyslitska – 
m.kislitska23@gmail.com

Author’s contribution. MSK: Investigation, Writing – 
Original Draft; VAV: Conceptualization; Writing – review 

& editing; OSS, Methodology, Formal Analysis; LLC: 
Formal Analysis; OIM, IIS: Investigation. All authors read 
and approved the final version of the manuscript.  

Funding. No external funding.
Conflicts of interest. The authors declare that they 

have no conflicts of interest that could influence their 
opinions on the subject matter or materials described and 
discussed in this manuscript.


