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Introduction
Optic neuritis (ON) is the most common cause of sudden 

loss of visual acuity with no ocular abnormalities. Most of op­
tic neuritis cases are an ocular manifestation of systemic dise­
ase, namely multiple sclerosis (MS). A proper diagnosis of 
ON is important not only for treatment, but also in long­term 
prognosis for the patient. The best way to check the function 
of optic nerve is assessment of visual evoked potentials (VEP). 
The changes of VEP peak latency and amplitude reflect func­
tional abnormalities of optic nerve and visual pathways. This 
changes are correlated with degree of impairment. It is helpful 
in monitoring progression of diseases. Increased P100 latency 
is caused by neuronal transmission impairment. Loss of myelin 
sheath and swelling or compression of the optic nerve are the 
most common causes. Apart from optic nerve diseases, other 
ocular or systemic pathologies may interfere with VEP result 
and sometimes significantly delay VEP latency may occur in pa­
tients without ON or MS. On the other hand, normal VEP with 
no signs of ON (normal peak latency, amplitude and waveform) 
should initiate search of other reasons of low visual acuity (first 
of all functional) and prevent from steroid therapy introduction.
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Summary: Purpose: Significantly increased latency of VEP assessment in various ocular and systemic disorders and discussion of VEP in-
terpretation problems in patients with sudden loss of visual acuity.

 Material and methods: A retrospective analysis of pattern VEP in 352 patients with suspected retrobulbar optic neuritis and 892 
patients with significantly increased (more than three standard deviations) P100 latency was performed. Transient pattern VEP 
(PVEP) was recorded in accordance with ISCEV standards with the use of two active electrodes in the occipital region (from left 
and right sides).

 Results: The most frequent cause of increased P100 latency was multiple sclerosis. Other conditions associated with delay 
P100 latency included: macular dystrophies and degenerations, optic neuritis, glaucoma and other optic neuropathies, circula-
tory problems, chorioretinitis, arterial hypertension, diabetes, ischemic heart disease, chronic renal failure, acute pancreatitis, 
pediatric problems, and initial cataract. Sudden loss of visual acuity was caused by: retrobulbar optic neuritis (50%), anterior 
ischemic optic neuropathy, spasm of accommodation, migraine and functional disorders.

 Conclusions: If VEP results are normal, visual acuity loss is usually functional. A detailed knowledge of all the factors, which may 
influence VEP, is essential for its correct interpretation.

Słowa kluczowe: wzrokowe potencjały wywołane, czas reakcji, zapalenie nerwu wzrokowego, upośledzony wzrok, stwardnienie rozsiane, niedo-
widzenie.
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PRACE ORYGINALNE

Normal ranges of VEP P100 amplitude and latency are de­
termined individually by each laboratory and should include age 
and type of stimulation. Non­pathological factors should also 
be considered in interpretation. Pattern VEP P100 wave ampli­
tude is lower in case of uncompensated refractive errors, poor 
fixation and lack of attention, increased muscular tension, poor 
general condition of the patient. Latency is more stable. In iden­
tical conditions of stimulation and proper age group, only minor 
differences in latency between sexes were reported (shorter la­
tency in women) (1,2).

It is difficult for neurologist to interpret VEP amplitude without 
ophthalmologic examination. Neuroophthalmologists may also 
have problems with proper diagnosis in patients with several co­
morbidities known to affect VEP results. The main aim of clinical 
electrophysiology is to assess the cause of low vision, diagnostic 
approach and treatment options in patients, whose clinical as­
sessment is insufficient. During 18 years of electrophysiological 
examinations, I have encountered many interpretation difficulties, 
arising from imperfections of electrophysiological methods, but 
also I have corrected many inaccurate diagnoses based on sole 
clinical examination. They have mainly concerned functional vi­
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sion disorders assumed to be ON or cases optic neuritis identi­
fied as simulated or congenital amblyopia.

Aims of the study
1. To identify the diseases, in which VEP latency may be signi­

ficantly prolonged.
2. To present the reasons of sudden loss of vision, in which 

VEP latency is normal or increased.

Patients and methods
A retrospective analysis of pattern VEP in patients with 

sudden loss of visual acuity suspected due to retrobulbar optic 
neuritis (352 patients), and all cases of significant delay (over 
three standard deviations) of P100 latency (892 patients) was 
performed. Some patients with sudden decrease of visual acu­
ity and increased VEP latency were also included in the group 
of patients with increased latency. A group of patients with 
good compliance and confirmed clinical diagnosis in additional 
examinations (laboratory tests, imaging etc.), which were con­
sulted by various specialists (ophthalmologist, neurologist, neu­
rosurgeon, internist, endocrinologist, pediatrician, or radiologist) 
as needed, was selected out of several thousand patients as­
sessed in electrophysiology lab (of the Ophthalmology Depart­
ment, from 1991 until 2007), and included in the analysis. In 
the analysis of changes in course of systemic diseases only pa­
tients without co­morbidities (namely with arterial hypertension 
alone or diabetes alone or hyperthyreosis alone), were selected.

Transient pattern VEP was recorded using equipment by 
LKC (USA), EPIC­4 (1991­1997) and UTAS E­2000 (1997­2007) 
software in accordance with ISCEV standards (3), but using two 
active electrodes in the occipital region (left­ and right­sided) 
and 1.9 Hz pattern frequency. Four pattern element sizes were 
used (105’, 52’, 26’, and 13’ checkerboards). P100 latency had 
to be increased after all stimulations to include patient to ana­
lyzed group. The reversal rate was 1.9 Hz. The results from 954 
patients in age between 2 and 88 (mean 47 years), were com­
pared with my own normal values in relation to age groups (fol­
lowing age groups were regarded: 2­12; 13­19; 20­49; 50­59;  
60­69; >70). In normal subject differences of P100 latency be­
tween right and left eye and between right and left brain hemi­
sphere are less than 3 ms.

Results
A total number of examined eyes was 1908. In this group, 

I found normal pattern VEP in 261 (14%) eyes, significant delay in 
1.632 (85%) eyes and unrecordable in 15 (1%) eyes. The reasons 
for significant increase of P100 latency are presented in Table I.

Toxic optic neuropathies were caused by acute intoxication 
with various toxins (tobacco­alcohol amblyopia – 11 patients, 
tranquilizers overdose – 3 patients), or by chronic intoxication 
with lead (14 patients) or medicines (12 patients). This group 
also included patients with chronic renal failure (5 patients).

In the group of patients with sudden visual acuity loss, nor­
mal PVEP was found in 62 persons and abnormal in 290 cases. 
The reasons for sudden visual acuity loss in patients with normal 
VEP are presented in Table II, and with increase VEP in Table III.

Optic neuritis was most prevalent in young people (mean 
age 32 years), and seldom found in children. Out of 175 pa­

tients with optic neuritis, only 5 (3%) were below 13 years 
old. In most cases, optic neuritis affected only one eye at 
a time. Bilateral optic neuritis was diagnosed in about 10% of 
patients.

Ischemic optic neuropathies (AION, diabetes, 
systemic hypertension, ischemic heart disease)/ 
Niedokrwienna neuropatia nerwu wzrokowego 
(AION, cukrzyca, nadciśnienie tętnicze, niedo-

krwienne choroby serca) 

99 6

Non­SM optic neuritis 90 5.5

Toxic optic neuropathies 90 5.5

Optic atrophy 78 4.8

Ophthalmopathy in Graves’ disease 73 4.5

Retinitis, chorioretinitis, neuroretinitis 73 4.5

Brain circulatory problems or stroke 52 3.2

Brain tumor 52 3.2

Retinal degeneration and high myopia 42 2.6

Amblyopia 42 2.6

Head trauma 32 2

Congenital nystagmus 30 1.8

Infantile paralysis 24 1.5

Retinal vessels thrombosis, spasm, embolism 19 1

Tumor of orbit 19 1

Infantile encephalopathy due to hypoxia 10 0.6

Immaturity of the macula 8 0.5

Total 1632 100

Tab. I. Main diseases in which significantly increased P100 latency 
was noted.

Tab. I. Najważniejsze choroby, w przebiegu których znacząco wzrósł 
okres utajenia P100.

Diagnosis/ Diagnoza Number of patients/ 
Liczba pacjentów

Malingering 21

Problems with refraction and accomodation 20

Histery 6

Deep personality disorders 5

Depression 4

Stress induced visual acuity loss 4

Migraine with abnormal pupillary reactions 2

Total 62

Tab. II. Reasons of sudden visual acuity loss in patients with normal 
VEP.

Tab. II. Przyczyny nagłej utraty ostrości wzroku u pacjentów z normal­
nymi WPW.
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Changes in VEP, which were very similar to those found in 
optic neuritis, were also observed in inflammation or degenera­
tion of the macula, in orbital, eye and sometimes brain tumors 
(especially chiasmal tumors) and in amblyopia. VEP abnormali­
ties in several common diseases with similar VEP recording are 
shown in Figure 1.

The most difficult diagnostic problem was recurrent acute 
retrobulbar optic neuritis in MS patients with optic atrophy 
and VEP with very low amplitude and increase of latency even 
during remission. In these patients, false positive (2 eyes) and 
false negative (1 eye) diagnoses were made.

Discussion
Increase of P100 latency in ON is a well known phenom­

enon and was described not only during the acute stages of 
the disease, but also later on (4­8). In some papers, authors re­
ported, that latency was more increased in ON than in ischemic 
optic neuropathy (9) or macular diseases (10,11). The signifi­
cantly increased latency in course of ON in MS patients was 
found also in clinically unaffected eyes (12). In most cases of 
optic neuritis, only one eye at a time is affected. Thus, interocu­
lar amplitude and peak latency analysis are very important in 
diagnosis of present neuritis, especially because amplitude and 
waveform of the response from each eye of a given individual 
is very similar (2). Bee and co­workers described 5 bilateral 
ON among 22 patients (13) and Frederiksen and co­workers 10 
out of 48 (12), what makes 23% and 21%, respectively. In our 
larger group of patients (175 patients), prevalence of bilateral 
ON was about 10% (18 patients). The most difficult diagnostic 
problem is recurrent acute retrobulbar optic neuritis in MS pa­
tients with optic atrophy and very low and increased VEP even 
during remission. If a patient with poor vision complains of vi­
sion deteriorating, and VEP responses are flat with peaks cove­
red with noise for a long time, even comparison with previous 
VEP recording may be insufficient to make proper diagnosis. In 
these patients, false positive and false negative diagnoses were 
occasionally made.

All patients with functional problems had bilateral visual acu­
ity loss and normal VEP. This is worth emphasizing, and should 
be taken under consideration in establishing diagnosis of ON.  

Diagnosis/ Diagnoza Number of patients/ 
Liczba pacjentów

Optic neuritis (SM or non­SM) 175

Retinitis or neuroretinitis 35

Anterior ischemic optic neuropathy 33

Brain tumor 20

Thrombosis or embolism of retinal vessels 19

Central serous retinopathy 8

Total 290

Tab. III. Reasons of sudden visual acuity loss in patients with in­
creased P100 latency of VEP.

Tab. III. Przyczyny nagłej utraty widzenia u pacjentów z przedłużoną 
latencją P100 w WPW.

Fig. 1. Pattern VEP in some common diseases with similar VEP picture. Stimulation size 26 min of arc. R – right eye, L – left eye, 01 – left brain 
hemisphere, 02 – right brain hemisphere, VA – best corrected visual acuity, 13 – 13­years old, 52 – 52­years old, etc.

Ryc. 1. WPW w przebiegu niektórych chorób ogólnych z podobnym zapisem WPW. Wielkość bodźca – 26 minut kątowych. R – prawe oko, L – lewe 
oko, 01 – lewa półkula mózgu, 02 – prawa półkula mózgu, VA – najlepiej skorygowana ostrość wzroku. 13 – 13­letni, 52 – 52­letni, itp.
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On the other hand, significantly increased P100 latency was also 
found in patients taking potent psychotropic or sedative drugs. 
These patients sometimes suffer from various visual problems 
or low vision and are suspected of ON. Gotz­Wieckowska and 
co­workers used VEP for discrimination between functional and 
organic diseases in children and young people with visual prob­
lems. Normal VEP were obtained from all patients with psycho­
logical disorders (14). Electrophysiological signs resembling ON 
were also described in patients with brain tumors (15­18). De­
layed VEP in optic atrophy occurred especially when atrophy 
was secondary to an inflammation or ischemia (patients with 
atherosclerosis) (19) and also in hereditary diseases (20­22). 
Sobolewski and Stankiewicz (19) did not find delayed VEP in 
toxic atrophy. In my patients, delayed VEP was most common 
in chronic intoxication, especially in chronic environmental lead 
intoxication (28 eyes from 14 patients) without any other clini­
cal signs of optic neuropathy (23). Lead probably causes optic 
nerve demyelinisation and the observed VEP changes are MS­
­like. Before a diagnosis of MS is made, one should check for 
history of migration away from the polluted environment, where 
the patient had lived for a long time.

Numerous authors found delayed VEP in glaucoma (24­ 
­29), diabetes (30­35) and amblyopia (36­38). In amblyopia, 
increased latency was observed in both amblyopic and normal 
eye, but the latency was significantly higher in amblyopic eyes 
(38). An experimental systemic hypertension in rats increased 
latency of flash VEP (39). Tandom and Ram found increased 
latency in 26% of patients with isolated primary hypertension 
(40). Increased latency was also found in patients with brain 
stroke (41) or after a trauma (42), and in children with infantile 
cerebral palsy (43).

I recommend using two active electrodes on the left and 
right side. This mode of VEP recording gives more information 
about pre­ or postchiasmal brain lesions and is useful for the 
diagnosis.

Conclusions
If VEP results are normal, visual acuity loss is usually func­

tional. A detailed knowledge of all factors, which may influence 
VEP, is essential for correct interpretation.

References:
1. Kriss A: Recording technique. In: Evoked potentials in clinical 

testing edited by AM Halliday. 1­56, Churchill Livingstone, New 
York 1993.

2. Halliday AM: The visual evoked potential in healthy subjects. In: 
Evoked potentials in clinical testing edited by AM Halliday. 57­ 
­113, Churchill Livingstone, New York 1993.

3. Odom JV, Bach M, Barber C, Brigell M, Marmor MF, Torme­
ne AP, Holder GE, Vaegan I: Visual evoked potentials standard. 
Doc Ophthalmol 2004, 108, 115­123.

4. Acar G, Ozakbas S, Cakmakci H, Idiman F, Idiman E: Visual evo-
ked potential is superior to triple dose magnetic resonance ima-
ging in the diagnosis of optic nerve involvement. Int J Neurosci 
2004, 114(8), 1025­1033.

5. Jones SJ, Brusa A: Neurophysiological evidence for long-term 
repair of MS lesions: implications for axon protection. J Neurol 
Sci 2003, 206(2), 193­198.

6. Hidajat RR, Goode DH: Normalisation of visual evoked poten-
tials after optic neuritis. Doc Ophthalmol 2003, 106(3), 305­309.

7. Tekavcic­Pompe M, Stirn­Kranjc B, Brecelj J: Optic neuritis in 
children-clinical and electrophysiological follow-up. Doc Oph­
thalmol 2003, 107(3), 261­270.

8. Bernardczyk­Meller J, Galas­Zgorzalewicz B, Gradzki J, Mel­
ler M, Paprzycki W, Toczko A, Zalecki K, Zgorzalewicz M: Dia-
gnostic studies of optic neuritis in children and adolescents. Klin 
Oczna 1997, 99(1), 43­46.

9. Takasoh M, Mizota A, Adachi­Usami E: Comparative studies on 
pattern VECP between patients with ischemic optic neuropathy 
and optic neuritis. Acta Ophthalmol Scand 2000, 78(4), 407­ 
­410.

10. Negishi C, Takasoh M, Fujimoto N, Tsuyama Y, Adachi­Usami E: 
Visual evoked potentials in relation to visual acuity in macular 
disease. Acta Ophthalmol Scand 2001, 79(3), 271­276.

11. Shimada Y, Adachi­Usami E, Murayama K: How are macular 
changes reflected in pattern visually evoked cortical potentials? 
Acta Ophthalmol Scand 1997, 75(3), 277­280.

12. Frederiksen JL, Petrera J, Larsson HB, Stigsby B, Olesen J: 
Serial MRI, VEP, SEP and biotesiometry in acute optic neuritis: 
value of baseline results to predict the development of new 
lesions at one year follow up. Acta­Neurol­Scand 1996, 93(4), 
246­252.

13. Bee YS, Lin MC, Wang CC, Sheu SJ: Optic neuritis: clinical ana-
lysis of 27 cases. Kaohsiung J Med Sci 2003, 19(3), 105­112.

14. Gotz­Wieckowska A, Bernardczyk­Meller J, Dziedzic­Szeszula E, 
Cymerys E: The diagnosis of psychogenic visual problems in 
children and young adults with application of visual evoked re-
sponses (VER). Klin Oczna 1999, 101(2), 123­126.

15. Ioannidis AS, Liasis A, Syed S, Harper J, Nischal KK: The value 
of visual evoked potentials in the evaluation of periorbital he-
mangiomas. Am J Ophthalmol 2005, 140(2), 314­316.

16. Remky A, Korinth MC: Recurrence of a retrobulbar neuritis? 
Classic VEP and missing periocular pain. Klin Monatsbl Augen­
heilkd 2005, 222(1), 58­61.

17. Krolak­Salmon P, Androdias G, Honnorat J, Caudie C, Bret P, 
Hernette D, Vighetto A: Beware of optic neuritis! Lancet Neurol 
2002, 1(8), 516­517.

18. Pojda­Wilczek D, Pojda SM, Hendryk S, Herba E, Zatorska B, 
Jochan K: Visual system function following operations for in-
tracranial tumours. Neur Neurochir Pol 2000, T. 34(L) 6, 1157­
­1170.

19. Sobolewski P, Stankiewicz A: Evaluation of visual evoked poten-
tials in partial optic nerve atrophy. Klin Oczna 1997, 99(5), 299­ 
­302.

20. Holder GE, Votruba M, Carter AC, Bhattacharya SS, Fitzke FW, 
Moore AT: Electrophysiological findings in dominant optic atro-
phy (DOA) linking to the OPA1 locus on chromosome 3q 28-qter. 
Doc Ophthalmol 1998­99, 95(3­4), 217­228.

21. Votruba M, Fitzke FW, Holder GE, Carter A, Bhattacharya SS, 
Moore AT: Clinical features in affected individuals from 21 pe-
digrees with dominant optic atrophy. Arch Ophthalmol 1998, 
116(3), 351­358.

22. Salomao SR, Berezovsky A, Andrade RE, Belfort R Jr, Carelli V, 
Sadun AA: Visual electrophysiologic findings in patients from an 
extensive Brazilian family with Leber’s hereditary optic neuropa-
thy. Doc Ophthalmol 2004, 108(2), 147­155.



209Klinika Oczna 2010, 112 (7-9)ISSN 0023-2157 Index 362646

Pojda-Wilczek dorota

Reprint requests to/ Adres do korespondecji:
 Dorota Pojda-Wilczek, MD, PhD
 Kościuszki 96
 43-190 Mikołów, Poland
 e-mail: pojda-wilczek@wp.pl

23. Pojda­Wilczek D, Herba E, Schneiberg B: Visual evoked poten-
tials in children with high blood lead level. Klin Oczna 2005, 
107(10­12), 658­661.

24. Lan Y, Ge J, Liu Y: The significance of combination of electro-
physiology and automated perimetry tests on the early diagno-
sis of primary open angle glaucoma. Yan Ke Xue Bao 1998, 
14(4), 199­203, 235.

25. Parisi V: Neural conduction in the visual pathways in ocular 
hypertension and glaucoma. Graefes Arch Clin Exp Ophthalmol 
1997, 235(3), 136­142.

26. Ucles P, Almarcegui C, Fernandez FJ, Honrubia FM: Early dia-
gnosis of glaucoma with pattern-ERG. J Fr Ophtalmol 1997, 
20(2), 90­96.

27. Parisi V, Pernini C, Guinetti C, Neuschuler R, Bucci MG: Electro-
physiological assessment of visual pathways in glaucoma. Eur J 
Ophthalmol 1997, 7(3), 229­235.

28. Zarazaga I, Cristobal JA, Broto MA, Valdizan­Uson JR, Brualla­ 
­Coll J, Garcia­Campayo J: Cognitive evoked potential in prima-
ry wide angle glaucoma. Rev Neurol 2002, 34(9), 801­807.

29. Parisi V: Impaired visual function in glaucoma. Clin Neurophysiol 
2001, 112(2), 351­358.

30. Parisi V, Uccioli L, Parisi L, Colacino G, Manni G, Menzinger G, 
Bucci MG: Neural conduction in visual pathways in newly-dia-
gnosed IDDM patients. Electroencephalogr Clin Neurophysiol 
1998, 108(5), 490­496.

31. Schneck ME, Fortune B, Switkes E, Crognale M, Adams AJ: 
Acute effects of blood glucose on chromatic visually evoked po-
tentials in persons with diabetes and in normal persons. Invest 
Ophthalmol Vis Sci 1997, 38(5), 800­810.

32. Aznabaev MT, Zaidullin IS, Aznabaev RA, Davletova LM: Chan-
ging electrophysiological parameters in the eye in children 
with insulin-dependent diabetes mellitus. Vestn Oftalmol 2004, 
120(2), 20­22.

33. Costache D, Damian C, Iancau M: The visual evoked potentials 
in diabetic retinopathy. Oftalmologia 2004, 48(1), 53­57.

34. Pierzchala K, Kwiecinski J: Blood flow in ophthalmic artery and 
visual evoked potentials in diabetic patients. Wiad Lek 2002, 
55(3­4), 183­188.

35. Verrotti A, Lobefalo L, Trotta D, Della­Loggia G, Chiarelli F, Lu­
igi C, Morgese G, Gallenga P: Visual evoked potentials in young 
persons with newly diagnosed diabetes: a long-term follow-up. 
Dev Med Child Neurol 2000, 42(4), 240.

36. Davis AR, Sloper JJ, Neveu MM, Hogg CR, Morgan MJ, Hol­
der GE: Electrophysiological and psychophysical differences be-
tween early- and late-onset strabismic amblyopia. Invest Oph­
thalmol Vis Sci 2003, 44(2), 610­617.

37. Demirci H, Gezer A, Sezen F, Ovali T, Demiralp T, Isoglu­Alkoc U: 
Evaluation of the functions of the parvocellular and magnocel-
lular pathways in strabismic amblyopia. J Pediatr Ophthalmol 
Strabismus 2002, 39(4), 215­221.

38. Watts PO, Neveu MM, Holder GE, Sloper JJ: Visual evoked po-
tentials in successfully treated strabismic amblyopes and nor-
mal subjects. J AAPOS 2002, 6(6), 389­392.

39. Hacioglu G, Agar A, Ozkaya G, Yargicoglu P, Gumuslu S: The 
effect of different hypertension models on visual evoked poten-
tials. Int J Neurosci 2002, 112(11), 1321­1335.

40. Tandon OP, Ram D: Visual evoked potentials in primary hyper-
tension. Indian J Physiol Pharmacol 1997, 41(2), 154­158.

41. Julkunen L, Tenovuo O, Jaaskelainen S, Hamalainen H: Rehabi-
litation of chronic post-stroke visual field defect with computer-
assisted training: a clinical and neurophysiological study. Restor 
Neurol Neurosci 2003; 21(1­2): 19­28.

42. Ikejiri M, Adachi­Usami E, Mizota A, Tsuyama Y, Miyauchi O, 
Suehiro S: Pattern visual evoked potentials in traumatic optic 
neuropathy. Ophthalmologica 2002, 216(6), 415­443.

43. Denne C, Kasmann­Kellner B, Ruprecht KW: Prevalence of optic 
atrophy and associated ocular and systemic diseases in a de-
partment of paediatric ophthalmology. Klin Monatsbl Augenhe­
ilkd 2003, 220(11), 767­773.

The study was originally received 04.01.2010 (1178)/ 
Praca wpłynęła do Redakcji 04.01.2010 r. (1178) 
Accepted for publication 10.07.2010/ 
Zakwalifikowano do druku 10.07.2010 r.


