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Purpose: To assess the value of the flash visual evoked potential (FVEP) in determining 
final visual prognosis in patients with indirect traumatic optic neuropathy (TON).
Subjects and Methods: We included 30 patients diagnosed with indirect TON. Within one 
week of the onset of the trauma, visual acuity was recorded, pupillary reactions were 
assessed, FVEP was performed in both eyes. The amplitudes (N1p1 and N2P2) and the 
latency of P2 for each eye were recorded and amplitude ratio of N2P2 between the affected 
and normal eye was calculated. In follow-up visits, the cases underwent a complete ophthal
mic examination, assessment of visual acuity, pupillary reaction, and FVEP.
Results: The study included 22 males (73.3%) and 8 females (26.7%). The right eye was 
involved in 16 patients (53.3%) and left eye was involved in 14 cases (46.7%). According to 
the findings of FVEP, there was a direct correlation between final visual acuity and initial 
amplitude of N1p1 and N2P2 and negative correlation with latency of P2 wave. In 20 
patients in whom the N1P1 and N2P2 amplitude was within the normal range and amplitude 
ratio of N2P2 of normal and fellow eye was at least 0.5 and the P2 implicit time was less 
than 140 ms, they achieved better visual outcome and visual acuity improved in the affected 
eye. In other 10 patients in whom the N1P1 and N2P2 amplitude was below normal range 
and the N2P2 amplitude ratio between the normal and the affected eye was less than 0.5 and 
the P2 implicit time was more than 140 ms, the visual acuity in the affected eye was less than 
0.01 and these patients achieved less or no improvement in their visual function.
Conclusion: Cases with TON usually present with severe loss of vision. FVEP is highly 
predictive of final visual outcome in patients having indirect TON given that the other eye is 
normal to be used as the patients’ internal control. More studies are needed to confirm these 
results.
Keywords: flash visual evoked potential; FVEP, orbital computed tomography, traumatic 
optic neuropathy; TON, International Society of Electrophysiology of Vision; ISCEV

Introduction
Traumatic optic neuropathy (TON) represents a critical acute injury for the optic 
nerve that disrupts the visual function and may lead to permanent disability.1,2 It 
was showed that the commonest sites of nerve injury are at the foramina of the 
optic canal, under the falciform dural fold and the optic nerve canalicular segment.3 

This results from both direct and indirect trauma.4 In direct trauma, stress is usually 
directed to the optic nerve and is associated with orbital fracture as fragments 
lacerate optic nerve or cause mechanical contusion.5 Moreover, indirect TON is the 
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most common type of TON, and its clinical diagnosis is 
based on evidence of the dysfunction the optic nerve in 
patients who have craniofacial trauma. Mostly, the exam
ination is normal in the early phases except for relative 
afferent pupillary defect (RAPD). Hence, performing an 
orbital computed tomography (CT) scan in these cases is 
important to detect acute orbital haemorrhages, bony frac
tures, or fractures to the optic canal.6

The mechanism of indirect TON is that the stress is 
transferred through the oculofacial tissues and skeleton. 
The coup countercoup forces damage of the nerve at sites 
between fixed and mobile segments. This leads to com
pressing and disrupting of pial vessels within the canal 
which limit the vascular supply of the optic nerve.5,7

Walsh proposed the concept of primary and secondary 
injury in TON.8 It was shown that the primary injury 
occurs due to irreversible contusion and necrosis from 
shearing of retinal ganglion cell axons. Secondary injury 
occurs due to destructive post injury biochemical and 
metabolic changes, resulting in optic nerve edema that 
aggregates the ischemia.7,9

The main clinical presentation of TON is the loss of the 
visual function leading to decreased best corrected visual 
acuity, abnormal color vision or loss of visual field, and 
presence of RAPD in the cases with unilateral TON. Initial 
fundus examination may be of value in detecting patients 
with anterior optic nerve injury who presented with swel
ling in the optic nerve head and adjacent retinal hemor
rhages, but in cases having posterior injuries which are 
more common, a normal fundus is usually seen.10

If the diagnosis of TON is set, the main issue will be 
the prediction for the degree of visual function and prog
nosis for vision. In most of the cases, visual acuity is 
decreased severely. Electrophysiological studies have 
been used to predict visual outcome after ocular injuries. 
A variety of methods such as flash electroretinography 
(ERG), the visual-evoked potential (VEP), and pattern 
ERG have been used for this purpose.

VEP can measure the cortical activity in the visual 
system as result to flash or pattern stimulus which can be 
abnormal in the different types of optic neuropathy. Visual 
recovery may not be achieved when VEP results cannot be 
recorded, while a flash VEP amplitude ratio for affected 
side to normal side > 0.5 sounds to be predictive of a good 
visual outcome according to some published studies.11,12 

There is a clear wider variability in normal ranges for flash 
VEPs than for pattern VEPs and an inter-ocular compar
ison is usually the most useful. Although pattern VEPs 

could be normal, flash VEPs may show abnormalities as 
documented in some cases of optic neuritis, pathology of 
optic nerve sheath or unsuspected retinopathy.13–15 The 
purpose of this study was to assess the value of the flash 
visual evoked potential (FVEP) in evaluating visual func
tion in patients having indirect TON.

Subjects and Methods
The study was conducted on 30 eyes (30 patients) diag
nosed as acute unilateral indirect TON from severe blunt 
trauma that were attending outpatients clinic of the 
ophthalmology department of Alexandria Main 
University Hospital between January 2020 and 
June 2020. The study included 22 males (73.3%) and 8 
females (26.7%). The right eye was involved in 16 patients 
(53.3%) and the left eye was involved in 14 cases (46.7%). 
The fellow eye of 30 patients was clinically free. The 
study adhered to the tenets of the declaration of Helsinki 
and Institutional Review Board (the ethical committee of 
Alexandria University Faculty of Medicine) approval was 
obtained (IRB NO. 00012098 and serial number: 
0304629). Written Informed consent was obtained from 
the patients. All study participants were subjected to 
a standard protocol of office examination to exclude any 
ocular diseases in the affected and the fellow eye of the 
participants, assessment of visual acuity, RAPD detection, 
fundus examination, orbital CT to exclude orbital fractures 
and direct causes of optic neuropathy and scheduled for 
electrophysiological testing (flash VEP response because 
some patients had poor fixation and low visual acuity in 
the affected eye so pattern VEP could not be done) in both 
eyes. Flash VEP was conducted using the Roland Consult 
electrophysiology and imaging using the standard protocol 
of FVEP provided by the International Society of 
Electrophysiology of Vision (ISCEV) recording P2 impli
cit time, N1P1 amplitude and N2P2 amplitude.11 Both 
eyes were examined to use the patients normal fellow 
eye as patients' internal control due to wide variability in 
normative data of flash VEP and to calculate N2P2 ampli
tude ratio of two eyes. The electrodes were placed accord
ing to the ISCEV standards (reference electrode (Fz) 
placed at the forehead, ground electrode (Cz) at the vertex, 
active electrode (Oz) at approximately 2 cm above the 
inion (occipital protuberance). All patients were light- 
adapted (photopic conditions) and the pupils were not 
dilated. The white flash stimulus (at a rate of 1–2 Hz, 
strength of 3 photopic cd.s.m−2, subtending a visual field 
of at least 20° and at a distance of 30 cm) was delivered 
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using a ganzfeld stimulator (with an impedance of < 10 
kΩ). Follow-up visits at one month and three months, in 
every visit the patients underwent a thorough ophthalmic 
examination, assessment of visual acuity and FVEP in the 
affected eye.

Data were analyzed using SPSS software version 20.0. 
Numerical data were described using number and percent. 
Categorical data were described using range (minimum 
and maximum), mean, standard deviation and median. 
Paired t-test was assessed for normally distributed quanti
tative variables, to compare between two periods. We used 
Pearson coefficient to correlate between two normally 
distributed quantitative variables. ANOVA with repeated 
measures was assessed for normally distributed quantita
tive variables, to compare between more than two periods, 
and Post Hoc test (Bonferroni adjusted) for pairwise com
parisons while Friedman test was assessed for abnormally 
distributed quantitative variables, to compare between 
more than two periods and Post Hoc Test (Dunn’s) for 
pairwise comparisons. Significance of the obtained results 
was judged at the 5% level.

Results
The study was conducted on 30 eyes (30 patients) diag
nosed as acute unilateral indirect TON from severe blunt 
trauma. Different parameters of the patients are described 
in Table 1. The mean age of the included patients was 27.8 
± 8.7 years. The most common cause was motor accidents 
(cars, bike and other motor accidents). All patients were 
examined within one to seven days from the insult. CT 
revealed no evidence of direct TON, there was no fracture 
of orbital wall in 60% of the studied group, 40% had 
orbital wall fracture with no evidence of optic nerve com
pression. Patients received no specific treatment and were 
followed up for three months.

At the time of the presentation, the range of the visual 
acuity of the studied eyes was light perception in 5 patients 
to 6/60 (0–0.1) and the clinical examination of the affected 
eyes was clinically free except for RAPD. After one 
month, the mean visual acuity was 0.1 ± 0.1 and no 
cases showed drop in their visual acuity with 66.7% show
ing improvement and 33.3% remaining the same. There 
was statistically significant improvement of visual acuity 
at the end of the first month (p=0.005). Those with poor 
initial visual acuity (light perception or hand motion) show 
no or little improvement. After three months, the mean 
visual acuity was 0.2± 0.2 with 33.3% of the studied cases 
showing no improvement and 66.7% showing 

improvement, those cases that show initial improvement 
continued to improve over a period of three months. There 
was statistically significant improvement of the visual 
acuity at the end of third month compared to initial pre
sentation (p<0.001) but there were statistically insignifi
cant changes from the first month to the end of the third 
month (p=0.889). We found that the better the initial visual 
acuity, the more significant improvement over follow-up 
period. The visual acuity changes were described in Table 
2 and 3).

The FVEP findings performed in both eyes of the 
studied group at the time of the presentation are presented 
in Table 4. There was statistically significant differences in 
P2 implicit time, N1-P1 and N2-P2 amplitudes between 
the affected and the normal fellow eye that’s used as the 
patients’ internal control (p<0.001). In the follow-up visit 

Table 1 Distribution of the Studied Cases According to 
Different Parameters (Age, Sex, Eye, Nature of Trauma, Time 
of Presentation, PARD Relative Defect, and CT Scan Findings) at 
Baseline (n=30)

No. (%)

Sex
Male 22 (73.3%)

Female 8 (26.7%)

Age (years)

Mean ± SD. 27.8 ± 8.7
Median (Min. – Max.) 27 (18–45)

Eye
Right 16 (53.3%)

Left 14 (46.7%)

Nature of trauma

Car accident 8(26.7%)

Motor accident 6(20%)
Fall from bike 2(6.7%)

Assault 10(33.3%)

Fall from height 4(13.3%)

Time of presentation (days)

Mean ± SD. 2.7 ± 1.7
Median (Min. – Max.) 2(1–7)

RAPD relative defect 30 (100%)

CT scan finding

No fracture 18(60%)

Fracture 12(40%)
Zygomatic fracture 2(16.7%)

Orbital floor Fra choir 2(16.7%)

Medial orbital wall fracture 8(66.7%)
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after one month, there was statistically significant 
improvement in P2 implicit time (p=0.045) and N1P1 
amplitude (p=0.001), there was no statistically significant 
improvement of N2P2 amplitude (p=0.449). In the follow- 
up visit after three months for FVEP, there was statistically 
significant improvement in P2 implicit time (p=0.002), 
N1P1 amplitude (p=0.013) and N2P2 amplitude 
(p=0.031) compared to baseline. Improvement of the 

FVEP parameters was recorded in two thirds of the studied 
cases correlating directly with visual acuity and N2P2 
amplitude ratio (Table 5 and 6). According to the findings 
of FVEP, there was a direct correlation between final 
visual acuity and initial amplitude of N1p1 and N2P2 
and negative correlation with latency of P2 wave. In 20 
patients in whom the N1P1 and N2P2 amplitude was 
within the normal range and amplitude ratio of N2P2 of 
normal and fellow eye was at least 0.5 and the P2 implicit 
time was less than 140 ms, they achieved better visual 
outcome and visual acuity improved in the affected eye. In 
the other 10 patients in whom the N1P1 and N2P2 ampli
tude was below the normal range and the N2P2 amplitude 
ratio between the normal and the affected eye was less 
than 0.5 and the P2 implicit time was more than 140 ms, 
the visual acuity in the affected eye was less than 0.01 and 
these patients achieved less or no improvement in their 
visual function. Thus, N2P2 amplitude ratio between the 
normal and the affected eye show direct correlation with 
the final visual acuity (Table 7).

Table 2 Visual Acuity of the Studied Cases at Baseline, One Month, and Three Months (n=30)

VA Initial Follow-Up Fr p

One Month Three Months

Mean ± SD. 0 ± 0 0.1 ± 0.1 0.2 ± 0.2 20.0* <0.001*

Median (Min. – Max.) 0 (0–0.1) 0.1(0–0.3) 0.3(0–0.5)

Sig.bet.periods p1=0.005*, p2<0.001*, p3=0.889

Notes: Fr: Friedman test, Sig. bet. periods was done using post hoc test (Dunn’s). p: p value for comparing between the three periods. p1: p value for comparing between 
initial and one month. p2: p value for comparing between initial and three months. p3: p value for comparing between one month and three months. *Statistically significant at 
p ≤ 0.05.

Table 3 Descriptive Analysis of the Studied Cases According to 
Improvement of Each Period for Visual Acuity

Follow-Up VA Initial

One month
Decreased 0 (0%)
No change 10 (33.3%)

Improved 20 (66.7%)

Three months
Decreased 0 (0%)

No change 10 (33.3%)
Improved 20 (66.7%)

Table 4 Comparison Between Normal and Affected According to Flash VEP Including P2 (ms), N1P1 (μv) and N2P2 (μv)

Flash VEP Normal (n =30) Affected (n =30) t p

P2 (ms)
Mean ± SD. 115.8 ± 3.4 143.6 ± 15.6 7.067* <0.001*
Median (Min. – Max.) 116 (110–120) 145 (121–170)

N1P1 (μv)
Mean ± SD. 6.1 ± 1 3.9 ± 1.9 5.802* <0.001*
Median (Min. – Max.) 6(4.5–8) 3.7(1–6)

N2P2 (μv)
Mean ± SD. 17.9 ± 3.2 7.9 ± 3.4 7.017* <0.001*

Median (Min. – Max.) 17.5(13–23.5) 9.5(1.6–12)

Note: *Statistically significant at p ≤ 0.05. 
Abbreviations: t, paired t-test; p, p value for comparing between normal and affected.
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Discussion
This study aimed to assess the value of the FVEP in 
determining final visual prognosis in patients with 
indirect TON. The studied VEP parameters were the 
P2, N1P1, N2P2 and N2P2 amplitude ratio between the 
normal and the affected eye. There was 
a predominance of males in the studied cases thus 
paralleling the predominant male prevalence of the 
condition already reported by other authors.11 The age 
of the studied group was 27.8 ± 8.7 4 paralleling the 
age reported in other references.12

Scrutiny of the clinical data of the study eyes 
revealed that the initial visual acuity is strong predictor 
of the final visual outcome moreover those patients 
who show improvement in visual acuity by the end of 
the first month continue to improve during the follow- 
up period though there was no statistically significant 
difference between visual acuity by the end of the first 
month and the third month. As regards FVEP findings, 
those patients (two third of the studied group) whose 
N1P1 and N2P2 amplitude was within the normative 
data as stated by ISCEV and P2 implicit time less than 
140 ms show significant improvement in the visual 
acuity. Moreover, those with N2P2 amplitude ratio 
between the affected and the normal eye was 0.5 or 
more showed better improvement. The criteria of the 
studied eyes are in accordance with other published 

reports.16,17 The study of the correlations for the clin
ical parameters with the VEP parameters reveal 
a positive correlation between final visual acuity and 
the initial VEP findings, and between the final visual 
acuity and the N2P2 amplitude ratio of the normal and 
the affected eyes both being statistically significant. 
Thus, N2P2 amplitude ratio between the normal and 
the affected eye show direct correlation with the final 
visual acuity.

This study has limitations including the relatively small 
number of studied eyes, lack of an objective assessment of 
the optic nerve by OCT for example. Despite the observed 
diagnostic and predictive role of VEP, it is not easy to 
place the device to the bedside for patients with multiple 
injuries. Cases may actually have a concurrent brain injury 
mistaken for optic nerve damage.17 Hence, more studies 
could avoid these limitations.

FVEP is highly predictive of the final visual out
come in patients having indirect TON provided that the 
other eye is normal to be used as the patients’ internal 
control. Poor initial visual acuity reduced amplitudes of 
N1P1 and N2P2 below the normal range and increased 
latency of P2 waveform of initial flash VEP and N2P2 
ratio between the normal and the affected eye of less 
than 0.5 indicate poor final visual outcome. Initial 
better visual acuity, normal N1P1 and N2P2 amplitude 
indicate a better final visual outcome.

Table 5 Comparison Between the Different Periods According to Flash VEP Including P2 (ms), N1P1 (μv) and N2P2 (μv)

Flash VEP Affected (n=30) Follow-Up F p

One Month (n=30) Three Months (n=30)

P2 (ms)
Mean ± SD. 143.6 ± 15.6 138.1 ± 13 132.5 ± 12.7 16.465* <0.001*
Median (Min. – Max.) 145(121–170) 135(120–170) 130(111–165)

Sig. bet. periods p1=0.045*, p2=0.002*, p3<0.001*

N1P1 (μv)
Mean ± SD. 3.9 ± 1.9 4.1 ± 2 4.2 ± 2 11.662* 0.001*
Median (Min. – Max.) 3.7(1–6) 4 (1–6.5) 4 (1–6.5)

Sig. bet. periods p1=0.001*, p2=0.013*, p3=1.000

N2P2 (μv)
Mean ± SD. 7.9 ± 3.4 8.2 ± 3.2 8.6 ± 3.3 6.572* 0.012*
Median (Min. – Max.) 9.5(1.6–12) 9.5(2.3–11.7) 9.5(2.5–12)

Sig. bet. periods p1=0.449, p2=0.031*, p3=0.018*

Notes: F: F-test (ANOVA) with repeated measures, Sig. bet. periods was done using post hoc test (adjusted Bonferroni). p: p value for comparing between the different 
periods. p1: p value for comparing between affected and one month follow-up. p2: p value for comparing between affected and three months follow-up. p3: p value for 
comparing between one month and three months follow-up. *: Statistically significant at p ≤ 0.05.
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Abbreviations
FVEP, flash visual evoked potential; TON, traumatic optic 
neuropathy; RAPD, relative afferent pupillary defect; CT, 
computed tomography.
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