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Background: The purpose of this study was to determine the predictive value of flash 

visual-evoked potentials (VEP), relative afferent pupillary defect, and presence of orbital 

fractures in patients with traumatic optic neuropathy.

Methods: A prospective study was conducted in 15 patients with indirect traumatic optic 

neuropathy. All patients underwent a thorough ophthalmic examination. Initial visual acuity, 

final visual acuity, and relative afferent pupillary defect were determined, and visual acuity was 

converted into logMAR units. We performed flash VEP and an orbital computed tomography 

scan in all patients.

Results: There was a good correlation between relative afferent pupillary defect and final 

visual acuity (r = −0.83), and better initial visual acuity could predict better final visual acuity 

(r = 0.92). According to findings from flash VEP parameters, there was a relationship between 

final visual acuity and amplitude ratio of the wave (r = 0.59) and latency ratio of the wave 

(r = −0.61). Neither primary visual acuity nor final visual acuity was related to the presence of 

orbital fractures in the orbital CT scan.

Conclusion: Patients with traumatic optic neuropathy often present with severe vision loss. 

Flash VEP, poor initial visual acuity, and higher grade of relative afferent pupillary defect could 

predict final visual acuity in these patients. Presence of orbital fracture was not a predictive 

factor for primary visual acuity or final visual acuity.

Keywords: visual acuity, flash VEP, RAPD, orbital fracture, CT scan

Introduction
Traumatic optic neuropathy is a form of optic neuropathy divided into direct and 

indirect types, depending on whether the optic nerve is damaged due to contact with 

the agent of trauma or not. Patients usually suffer from some type of craniofacial 

trauma, but in rare cases they also have orbital or eye injury.1,2 Indirect traumatic 

optic neuropathy is the most common form of traumatic optic neuropathy, and is a 

clinical diagnosis based on evidence of optic nerve dysfunction in patients who have 

had craniofacial trauma.3

Patients with traumatic optic neuropathy are generally young and have severe 

and irreversible loss of vision. Generally, the ocular examination is normal in the 

early stages except for presence of relative afferent pupillary defect (RAPD). In 

these cases, performing an orbital computed tomography (CT) scan is necessary to 
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detect acute orbital hemorrhages, bony fractures, and also 

fractures of the optic canal.1–3 The mode of visual loss onset 

is an important factor in diagnosis of optic neuropathies. 

Visual loss is rapid after traumatic optic neuropathies, but 

the pattern of visual loss is gradual after compressive and 

toxic optic neuropathies.1,4

Once the diagnosis of traumatic optic neuropathy is 

made, the main issue is predicting the degree of visual 

function and also prognosis of vision. In most patients, 

visual acuity is severely reduced and the remaining 

visual function is of significant value in the affected side. 

Electrophysiological studies have been used to predict 

visual outcome after ocular injuries. A variety of meth-

ods such as the visual-evoked potential (VEP), flash 

electroretinography (ERG), and pattern ERG have been used 

for this purpose.1–3,5 VEP measures the cortical activity of 

the visual system in response to flash or pattern stimulus, 

and it can be abnormal in any type of optic neuropathy. 

Visual recovery may be impossible when VEP results are 

not recordable and, according to some results in unilateral 

cases of traumatic optic neuropathy, a flash VEP amplitude 

ratio (affected side to normal side) . 0.5 appears predictive 

of a favorable visual outcome.6

In this study, we measured the quantified parameters of 

VEP to assess optic nerve dysfunction, in an attempt to find 

a predictive tool for visual outcome in patients with trau-

matic optic neuropathy. We also evaluated the predictive 

value of the RAPD before any treatment in our patients. For 

traumatic optic neuropathy, there has been controversy about 

treating patients with high-dose corticosteroids. However, 

in most studies, it has been demonstrated that corticosteroid 

therapy does not have any clear benefit for traumatic optic 

neuropathy.7–11

Methods
A prospective study was conducted in 15 patients with indi-

rect traumatic optic neuropathy treated at the emergency 

ward in Farabi Eye Hospital between January 2008 and 

March 2009. Only patients with acute onset and unilat-

eral ocular injury were included in the study population. 

Diagnosis of traumatic optic neuropathy was made in the 

presence of decreased visual acuity after a history of head 

trauma associated with a relative afferent pupillary defect 

and after exclusion of other possible diagnoses. The diag-

nosis in every case was confirmed by an ophthalmologist 

(S.A.T.) who was expert in that field. The RAPD was graded 

by the same ophthalmologist (S.A.T.), as a conventional 

rule from 1+ to 4+, supposing 4+ as no change in pupil-

lary size. We estimated the best-corrected visual acuity for 

distance in the affected eye and then converted this into 

log of the minimum angle of resolution (logMAR) units to 

provide a numeric scale of visual acuity for the purposes 

of statistical analysis.12,13

An orbital CT scan was performed for all of the patients 

to detect any orbital fracture and flash VEP to detect 

amplitude reduction and latency in the optic nerve. The 

contralateral eyes were used as the normal group. Patients 

with ocular injuries other than traumatic optic neuropathy, 

such as open globe injuries, vitreous hemorrhage, traumatic 

cataract, choroidal rupture, and pathological intraocular 

conditions not involving the optic nerve were excluded 

from the study. A motility examination was performed for 

all patients to rule out cranial nerve VII palsy or internal 

ophthalmoplegia.

After obtaining informed consent and a complete initial 

ophthalmic and systemic evaluation, intravenous methyl-

prednisolone was started in all patients within 12  hours 

of admission at a dose of 1  g/day in four divided doses 

for 3  days. Patients were discharged on the fourth day, 

and were asked to attend follow-up at 2 weeks, and 1 and 

3 months later.

Flash visual-evoked potentials
For each patient we conducted the flash VEP accord-

ing to the clinical guidelines developed by the American 

Neurophysiology Society.14 Visual flashes were delivered 

by light-emitting diode goggles placed over the eyes. 

Electrodes were placed in the mid occipital, right, and left 

occipital regions, and at the midline vertex position based 

on the locations of the left or right earlobe and ground posi-

tion (any scalp position). Filter setting was performed at a 

low frequency of 1 Hz, a high frequency of 250 Hz, and 

notch filter (60 Hz) on-off. The study included 200 flashes 

for each eye with a stimulus duration of 250 milliseconds, 

a rate of 1.9 Hz, and a sensitivity up to 100 µV. Overall 

averages were measured for each of the four channels of 

each recording. Waves were labeled I through VI and were 

described in each channel within the first 250 milliseconds 

if each of them was measurable. Latencies and amplitudes 

of each wave were calculated.

For this population, we measured the averages of the 

aforementioned regions in the eye affected by traumatic 

optic neuropathy and in the otherwise normal or control eye 

in each case. The wave on the traumatic optic neuropathy 
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side that presented at approximately 100 milliseconds after 

the stimulus and had the greatest amplitude in one of these 

locations (corresponding to P100 in pattern-reversal VEP 

studies) was identified. This was typically the second positive 

wave (P2). The corresponding waves in the same location 

on the control side were then identified. The amplitudes of 

these waves were calculated. Flash VEPs were performed 

within 48 hours after primary injury and all were interpreted 

by one ophthalmologist (M.M.) who was expert in electro-

physiological tests. We considered the ratio of amplitude 

and latency of the traumatic optic neuropathy eye to the 

normal eye.

Statistical analysis
Data were analyzed using the Statistical Package for 

the Social Sciences (v 13; SPSS Inc, Chicago, IL). The 

Chi-squared test was used for quantitative and qualita-

tive data. P values  ,  0.05 were considered statistically 

significant. Pearson’s coefficients were calculated for finding 

statistically significant relationships.

Results
Table  1 enumerates the details of the patients. The 

average age of the patients was 18.2 (range 9–33) years 

and the median age was 16 years. The gender ratio of 

males to females was 4:1. The right eye was more fre-

quently involved (ratio 9:6). Accidents involving cars and 

machinery were the most common cause of trauma (seven 

cases). The mean duration of admission and initiation of 

treatment after trauma was 2.2 (1–7) days. Evidence of 

orbital wall fractures was found on the orbital CT scan 

in seven patients (46%) in whom neither primary visual 

acuity nor final visual acuity was related to the pres-

ence of orbital fracture. At the time of presentation, five 

patients had no light perception. We performed correlation 

analysis to determine any possible relationships. There 

was a good correlation between RAPD and initial visual 

acuity (r = −0.91). Moreover, there was a good correlation 

between RAPD and final visual acuity (r = −0.83), and 

better initial visual acuity could predict better final visual 

acuity (r = 0.92). Only one patient with no initial light per-

ception had improvement in visual acuity. In this patient, 

initial flash VEP was not recordable, but 3 months after 

treatment, visual acuity increased to hand motion and 

flash VEP showed a severe reduction of amplitude and 

marked latency.

According to the findings from flash VEP parameters, 

the amount of primary visual acuity loss due to traumatic 

optic neuropathy was correlated with reduced amplitude 

ratio in the P2 wave (r = 0.63) and the latency ratio of flash 

VEP waves (r = −0.68). Moreover, there was a relationship 

between final visual acuity and the amplitude ratio of the 

wave (r = 0.59) and its latency ratio (r = −0.61). In other 

words, the lower the flash VEP amplitude and the longer 

the latency in traumatic optic neuropathy, the worse the 

visual acuity.

Discussion
Hippocrates first described traumatic optic nerve damage 

after craniofacial injury.15 Indirect traumatic optic neuropathy 

starts as optic nerve dysfunction, without direct disruption 

of anatomic structures or surrounding associated tissues. 

Traumatic optic neuropathy is seen in 0.5%–5.0% of patients 

with closed head trauma.16

The possibility of traumatic optic neuropathy should be 

considered in all cases of cranial or maxillofacial trauma, 

although it is generally an uncommon condition. Indirect 

injury to the optic nerve following head trauma occurs as a 

result of shearing of nerve fibers, interruption of blood supply, 

or secondary edema and hemorrhage following shearing or 

transection of the optic nerve vessels.16–19

In our study, the mean age was 18.2 years, and 75% 

of patients were male, which is consistent with other 

studies showing that traumatic optic neuropathy is more 

common in young male patients.20,21 Due to the difficulty in 

neuro-ophthalmological testing of visual pathway function, 

VEP studies are believed to be reliable methods of obtain-

ing valuable information as to whether visual function is 

intact or not.

Visual recovery may be impossible when VEP results 

are not recordable.6 The orbital CT scan along with VEP is 

important for the immediate identification of optic nerve 

trauma.21 In our study, there was no relationship between 

the presence of orbital fracture and severity of visual loss. 

In a study reported by Lessell,18 17 of 33 cases showed 

craniofacial fracture on imaging, and seven had a fracture 

intersecting the optic canal, but neither the presence of 

the fracture nor the location was related to the severity 

of the optic neuropathy. In another study, it was proposed 

that posterior rather than anterior orbital fracture on CT 

imaging had a worse prognosis for visual outcome, but 

the presence of a blowin or blowout fracture on the CT 

scan did not significantly predict the visual prognosis.13 
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However, all of our patients with orbital fracture underwent 

surgical orbital repair, and in the case of orbital hemor-

rhage we performed canthotomy, although these surgical 

procedures could be confounding factors in terms of the 

visual recovery in cases associated with orbital fracture 

or orbital hemorrhage.

In our study, we found that there might be an association 

between the amount of amplitude reduction, latency in flash 

VEP, and poor visual acuity, and the role of latency in this 

correlation was probably more prominent. These parameters 

may express the function of the optic nerve. Flash VEP may 

have a role in anticipating visual outcome after direct ocu-

lar injury, but is of limited value in predicting neurological 

outcome after head trauma.21,23–26

Another prognostic tool is the greater degree of RAPD in 

patients with traumatic optic neuropathy. Patients who have 

worse RAPD are likely to have a worse visual prognosis.27 

In our study, there was a relationship between primary and 

final visual acuity and RAPD, so it would be better to quantify 

RAPD. However, in a study of indirect optic nerve injury in 

two-wheeler riders in northeast India, the authors mentioned 

that only flash VEP was related to final visual acuity and 

neither RAPD nor initial visual acuity was related to final 

visual acuity. The reason for these conflicting findings could 

be the different inclusion criteria, given that most of their 

cases were recruited over a varying period of time following 

trauma, as mentioned by the authors.19

It is documented in the literature that the chance of spon-

taneous improvement is 25%–55%.28,29 According to other 

studies, such as the International Optic Nerve Trauma Study, 

there is no evidence for treating patients with traumatic optic 

neuropathy using corticosteroids. However, we treated all of 

our patients with intravenous methylprednisolone, despite 

the lack of definite efficacy of this treatment strategy in 

traumatic optic neuropathy, because the same patients were 

also participating in another larger study at our center for 

determining the role of corticosteroids in the treatment of 

traumatic optic neuropathy, and this might also have been a 

confounding factor.8–11,30,31

In conclusion, patients with traumatic optic neuropathy 

often present with severe visual loss. Flash VEP, poor initial 

visual acuity, and higher grade of RAPD could predict final 

visual acuity in these patients. Presence of orbital fracture 

was not a predictive factor for either primary visual acuity 

or final visual acuity.
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References
	 1.	 Hou LC, Murphy MA. Traumatic optic neuropathy caused by 

a merchandise display hook. J Pediatr Ophthalmol Strabismus. 
2004;41(4):249–250.

	 2.	 Nishi T, Ueda T, Yukawa E, Ohta T, Hara Y. Traumatic optic neuropathy 
caused by blunt injury to the inferior orbital rim. J Neuroophthalmol. 
2006;26(1):44–46.

	 3.	 Steinsapir KD. Traumatic optic neuropathy. Curr Opin Ophthalmol. 
1999;10(5):340–342.

	 4.	 Behbehani R. Clinical approach to optic neuropathies. Clin Ophthalmol. 
2007;1(3):233–246.

	 5.	 Steinsapir KD, Goldberg RA. Traumatic optic neuropathy. In: Miller NR, 
Newman NJ, editors. Walsh and Hoyts Clinical Neuro-Ophthalmology. 
Baltimore, MD: Williams and Wilkins; 1998.

	 6.	 Holmes MD, Sires BS. Flash visual evoked potential predict visual 
outcome in traumatic optic neuropathy. Ophthal Plast Reconstr Surg. 
2004;20(5):342–346.

	 7.	 Steinsapir KD. Treatment of traumatic optic neuropathy with high dose 
corticosteroid. J Neuroophthalmol. 2006;26(1):65–67.

	 8.	 Warner N, Eggenberger E. Traumatic optic neuropathy: A review of 
the current literature. Curr Opin Ophthalmol. 2010;21(6):459–462.

	 9.	 Yu-Wai-Man P, Griffiths PG. Steroids for traumatic optic neuropathy. 
Cochrane Database Syst Rev. 2011;(1):CD006032.

	10.	 Levin LA, Beck RW, Joseph MP, Seiff S, Kraker R. The treatment of 
traumatic optic neuropathy: the international optic nerve trauma study. 
Ophthalmology. 1999;106(7):1268–1277.

	11.	 Lee V, Ford RL, Xing W, Bunce C, Foot B. Surveillance of traumatic 
optic neuropathy in the UK. Eye (Lond). 2010;24(2):240–250.

	12.	 Wang BH, Robertson BC, Girotto JA, et  al. Traumatic optic 
neuropathy: a review of 61 patients. Plast Reconstr Surg. 2001; 
107(7):1655–1664.

	13.	 Tsai HH, Jeng SF, Lin TS, Kueh NS, Hsieh CH. Predictive value 
of computed tomography in visual outcome in indirect traumatic 
optic neuropathy complicated with periorbital facial bone fracture. 
Clin Neurol Neurosurg. 2005;107(3):200–206.

	14.	 American Clinical Neurophysiology Society. Guideline 5: guidelines 
for standard electrode position nomenclature. J Clin Neurophysiol. 
2006;23(2):107–110.

	15.	 Chandwick J, Mann WN. The Medical Works of Hippocrates. Oxford, 
UK: Blackwell Publishing; 1950.

	16.	 Steinsapir KD, Goldberg RA. Traumatic optic neuropathy. Surv 
Ophthalmol. 1994;38(6):487–518.

	17.	 Anderson RL, Panje WR, Gross CE. Optic nerve blindness following 
blunt forehead trauma. Ophthalmology. 1982;89(5):445–455.

	18.	 Lessell S. Indirect optic nerve trauma. Arch Ophthalmol. 1989;107(3): 
382–386.

	19.	 Tabatabaei SA, Soleimani M, Khodabandeh A. A case of autoenucle-
ation associated with a contralateral field defect. Orbit. 2011;30(3): 
165–168.

	20.	 Bhattacharjee H, Bhattacharjee K, Jain L, et al. Indirect optic nerve 
injury in two-wheeler riders in northeast India. Indian J Ophthalmol. 
2008;56(6):475–480.

	21.	 Hennekes R, Grzesch M. Visual evoked potentials to flash as an indica-
tor of brain dysfunction following concussive head injuries in children. 
Graefes Arch Clin Exp Ophthalmol. 1982;219(1):34–37.

	22.	 Welkoborsky HJ, Möbius H, Bauer L, Wiechens B. Traumatic optic 
nerve neuropathy : Longterm results following microsurgical optic nerve 
decompression. HNO. 2011 Apr 22. [Epub ahead of print]. German.

	23.	 Altenmüller E, Cornelius CP, Uhl H. Flash-evoked visual potentials 
in the early diagnosis of optic nerve injury due to craniofacial frac-
tures. EEG EMG Z Elektroenzephalogr Elektromyogr Verwandte Geb. 
1991;22(4):224–229. German.

	24.	 Gupta NK, Verma NP, Guidice MA, Kooi KA. Visual evoked response in 
head trauma: Pattern-shift stimulus. Neurology. 1986;36(4):578–581.

	25.	 Kane NM, Curry SH, Rowlands CA, et al. Event-related potentials: 
Neurophysiological tools for predicting emergence and early outcome 
from traumatic coma. Intensive Care Med. 1996;22(1):39–46.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Clinical Ophthalmology

Publish your work in this journal

Submit your manuscript here: http://www.dovepress.com/clinical-ophthalmology-journal

Clinical Ophthalmology is an international, peer-reviewed journal 
covering all subspecialties within ophthalmology. Key topics include: 
Optometry; Visual science; Pharmacology and drug therapy in eye 
diseases; Basic Sciences; Primary and Secondary eye care; Patient 
Safety and Quality of Care Improvements. This journal is indexed on 

PubMed Central and CAS, and is the official journal of The Society of 
Clinical Ophthalmology (SCO). The manuscript management system 
is completely online and includes a very quick and fair peer-review 
system, which is all easy to use. Visit http://www.dovepress.com/ 
testimonials.php to read real quotes from published authors.

Clinical Ophthalmology 2011:5submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

Dovepress

1026

Tabatabaei et al

	26.	 Park JH, Jang JW, Kim SJ, Lee YJ. Traumatic optic neuropathy 
accompanying orbital grease gun injury. Korean J Ophthalmol. 2010; 
24(2):134–138.

	27.	 Alford MA, Nerad JA, Carter KD. Predictive value of the initial 
quantified relative afferent pupillary defect in 19 consecutive patients 
with traumatic optic neuropathy. Ophthal Plast Reconstr Surg. 2001; 
17(5):323–327.

	28.	 Mahapatra AK. Bilateral optic nerve injury. Neurol India. 1999;47(2): 
92–93.

	29.	 Fujitani T, Inoue K, Takahashi T, Ikushima K, Asai T. Indirect traumatic 
optic neuropathy, visual outcome of operative and non-operative cases. 
Jpn J Ophthalmol. 1986;30(1):125–134.

	30.	 Steinsapir KD, Goldberg RA. Traumatic optic neuropathy: an evolving 
understanding. Am J Ophthalmol. 2011;151(6):928–933. e2.

	31.	 Ott I, Schwager K, Hagen R, Baier G. Traumatic optic neuropathy: 
a review of the literature in the light of personal experiences. 
Laryngorhinootologie. 2010;89(11):647–652. German.

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com/clinical-ophthalmology-journal
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 2: 
	Nimber of times reviewed: 


