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Abstract
Purpose  To investigate the utility of selected pattern electroretinogram (PERG) parameters—including N95 amplitude and 
N95/P50 ratio, and a BL-N95 amplitude—in the analysis of visual function(s) and for predicting changes in retinal ganglion 
cell structures in traumatic optic neuropathy.
Study design  A retrospective, observational case series performed at a single center.
Methods  Forty-four eyes from 36 patients diagnosed with optic neuropathy were included. A BL-N95 amplitude was defined 
as the amplitude measured from baseline to the trough of N95. PERG and pattern visual evoked potential (pVEP) measures 
were acquired within 1 week after onset of optic neuropathies. To compare functional and anatomical changes, mean tempo-
ral peripapillary retinal nerve fiber layer (pRNFL) and average and minimum ganglion cell-inner plexiform layer (GC-IPL) 
thicknesses were measured using optical coherence tomography.
Results  Thirty-six patients (20 men, 16 women; mean age 37.5 ± 17.6 years) were evaluated. The BL-N95 amplitude was 
significantly smaller than the N95 amplitude (1.01 ± 0.56 μV and 2.45 ± 1.02 μV, respectively; p  < 0.0001). Both the N95 
(r  = − 0.38, p  = 0.010) and BL-N95 r  = − 0.32, p  = 0.029) amplitudes were significantly correlated with visual acuity. 
Although P100 latency was not correlated with all PERG parameters, the N95 (r  = 0.32, p  = 0.032) and BL-N95 (r  = 0.41, p  
= 0.005) amplitudes demonstrated a positive correlation with P100 amplitude in pVEP. PERG parameters, including the N95 
and BL-N95 amplitudes, and N95/P50 ratio, were not correlated with pRNFL thickness in optical coherence tomography. 
Only the BL-N95 amplitude demonstrated a significant correlation with GC-IPL.
Conclusion  The BL-N95 amplitude―measured from baseline to the trough of N95―was valuable in the analysis of 
visual function(s) and for predicting changes in retinal ganglion cell structures in traumatic optic neuropathy.
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Introduction

There are several methods of analyzing functional changes 
in optic neuropathies including visual acuity, visual field 
measurements and electrophysiological tests. Among the 
electrophysiological tests, pattern electroretinogram (PERG) 
and photopic negative responses are used to assess ganglion 
cell activity.

Among the PERG parameters, N50 reflects macular func-
tion (on pathway) and N95 arises in the retinal ganglion 
cells (off pathway) [1, 2]. Conventionally, the amplitude of 
N95 is measured from the P50 peak to the trough of N95 
[3]. However, because P50 may be affected in some patients 
with optic neuropathy, the N95 amplitude may not always 
prove an accurate way to evaluate retinal ganglion cells [4]. 
We investigated the efficacy of BL-N95 amplitude (from 
baseline to N95 trough) and analyzed the effectiveness of 
PERG in the analysis of visual function(s) and in predicting 
changes in retinal ganglion cell structures in optic neuropa-
thies. In particular, we focused on parameters, including N95 
amplitude and the N95/P50 ratio, and the BL-N95 ampli-
tude, in patients with traumatic optic neuropathy (TON).
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Methods

This retrospective, observational case series was per-
formed at a single center, approved by the Institutional 
Review Board of Kim’s Eye Hospital (Seoul, Korea) and 
conducted in accordance with the tenets of the Declaration 
of Helsinki. Given the retrospective nature of the study 
and the use of anonymized patient data, requirements for 
informed consent were waived.

Forty-four eyes from 36 patients diagnosed with TON 
between January 2016 and May 2017 were included. All 
patients exhibited visual field defects and retinal nerve 
fiber layer defects in the affected eye verified by optical 
coherence tomography (OCT). In cases of unilateral optic 
neuropathy, relative afferent pupillary defect-positive 
patients were enrolled. Individuals with macular disor-
ders, or a history of ophthalmic or glaucoma surgery, were 
excluded.

Basic ophthalmological examinations were per-
formed. Visual acuity was calculated by LogMAR scale 
and off-chart visual acuity was defined as follows; finger 
count = 2.0, hand motion = 3.0, Electrophysiological tests, 
including pattern visual evoked potentials (pVEP) and 
PERG (RETIscanⓇ system, Roland Consult), were per-
formed simultaneously.

The stimulus, based on international society for clini-
cal electrophysiology of vision standards, was a black and 
white reversing checkerboard with 48 min arc at a viewing 
distance of 1 m using cathode-ray tube (CRT) monitor. 
The mean screen luminance was 100 cd/m2 with a contrast 
of 99% and full field display. The temporal frequency was 
2.0 Hz and the mean luminance of the test room was 80 cd/
m2. The amplifier band-pass filters were set at 1–50 Hz. 
PERG was obtained by loop electrodes hooked into the 
lower fornix [3, 5]. Among the PERG parameters, N95 

amplitude and N95/P50 ratio were analyzed. In addition, a 
BL-N95 amplitude was defined as the amplitude measured 
from baseline to the trough N95 (Fig. 1). P100 amplitude 
and latency were analyzed in pVEP. PERG and pVEP 
measures were acquired within 1 week after onset.

To compare functional and anatomical changes, OCT 
(Cirrus HD-OCT, Carl Zeiss Meditec) was performed to 
assess peripapillary retinal nerve fiber layer (pRNFL) and 
ganglion cell- inner plexiform layer (GC-IPL) thickness. 
Among several OCT parameters, mean and temporal pRNFL 
thickness, and average and minimum GC-IPL thickness were 
measured for 6 months or more following onset in order 
to record changes of permanent damage in retinal ganglion 
cells.

damage in retinal ganglion cells.
Data were analyzed using SPSS version 18.0 (IBM Cor-

poration). Correlations between tests were analyzed using 
Spearman’s correlation coefficient. Differences were con-
sidered to be statistically significant at p  < 0.05.

Results

Thirty-six patients (20 men, 16 women; mean [± SD] 
age 37.5 ± 17.6  years) were evaluated. The BL-N95 
amplitude was significantly smaller than the N95 ampli-
tude (1.01 ± 0.56 μV and 2.45 ± 1.02 μV, respectively; p  
< 0.0001) (Fig. 2).

The results of PERG were compared with functional tests 
including visual acuity and pVEP. Both the N95 ampli-
tude (r = − 0.40, p  = 0.001) and the BL-N95 amplitude (r  
= − 0.38, p  = 0.012) revealed a significant correlation with 
visual acuity (Fig. 3). Although P100 latency and P100 
amplitude were not correlated with the two parameters (N95 
amplitude and N95/P50 ratio), BL-N95 amplitudes demon-
strated a positive correlation with P100 amplitude (r  = 0.30, 

Fig. 1   a measurement of the BL-N95 amplitude. A: N95 amplitude 
(from peak of P50 to trough of N95). B: the BL-N95 amplitude (from 
baseline to trough of N95). b The results of pattern visual evoked 

potential and pattern electroretinogram in a patient with traumatic 
optic neuropathy. Not only N95 but also P50 reduced in the left eye 
(open arrow)
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p  = 0.045) and a significant negative correlation with P100 
latency in pVEP (r  = 0.38, p  = 0.010) (Table 1).

As predictors of anatomical change(s), PERG parameters, 
including N95 amplitude, BL-N95 amplitude and N95/P50 
ratio, were not correlated with pRNFL thickness in OCT. 
Only the BL-N95 amplitude demonstrated a significant cor-
relation with GC-IPL thickness (Table 2).

Discussion

The present study revealed that the BL-N95 amplitude, 
measured from baseline to trough of N95, can be valuable 
in the analysis of visual functions and predicting changes in 
retinal ganglion cell structures in traumatic optic neuropathy.

Among the PERG parameters, the N95 and BL-N95 
amplitudes demonstrated a correlation with visual acuity; 
however, the N95/P50 ratio was not correlated with visual 
acuity. These results are similar to previous reports. Atilla 
et al. [6] also report no significant differences in N95/P50 
ratio regardless of whether the eyes were affected by optic 
neuropathy. This may be explained by the concomitant 
reduction in P50 and N95 amplitude in eyes with optic neu-
ropathies [7, 8].

Several studies report that the delay in latency and reduc-
tion of amplitude in VEP may be related to the N95 compo-
nent of PERG [6, 9, 10]. Interestingly, in the present study, 
P100 latency and P100 amplitude had a significant correla-
tion with BL-N95 amplitudes. Patients enrolled in the pre-
sent study experienced traumatic optic neuropathy, for which 
the vulnerability to injury in retinal ganglion cells is greater 
than in other optic neuropathies [11].

The prediction of structural changes is important in optic 
neuropathies. OCT isregarded as a useful method of ana-
lyzing retinal ganglion cells. However, structural changes, 
including optic disc pallor and RNFL loss, observed in 
OCT appear to be normal at onset. Reduction in pRNFL 
and ganglion cell complex thickness begins to diminish 
2 weeks after trauma and exhibits no change at 20 weeks 
[12]. Although electrophysiological tests, such as VEP and 
PERG, are somewhat difficult to analyze, the abnormal find-
ings in these tests are present in the early stages, and could 
be helpful in interpreting the status of optic neuropathies 
[11]. Yukita et al. [13]. report that, using OCT in rodent 

Fig. 2   Comparison of amplitude between N95 and the BL-N95 
(2.45 ± 1.02 μV vs. 1.01 ± 0.56 μV; p < 0.0001)

Fig. 3   Correlation between 
visual acuity and parameters 
of pattern electroretinogram. 
N95 amplitude and BL-N95 
amplitude demonstrate sig-
nificant correlation with visual 
acuity (r  = − 0.40, P  = 0.001 
and r  = − 0.38, p  = 0.012, 
respectively). (LogMAR visual 
acuity; finger count = 2.0, hand 
motion = 3.0 and light percep-
tion = 4.0)

Table 1   Correlation between pattern electroretinogram (ERG) and 
P100 latency and amplitude in pattern visual evoked potential

Data presented as correlation (i.e., r) (p value)

Pattern ERG

N95 amplitude N95/P50 ratio BL-N95 amplitude

P100 latency − 0.16 (0.275) − 0.07 (0.640) − 0.38 (0.010)
P100 amplitude 0.20 (0.185) 0.13 (0.387) 0.30 (0.045)
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optic nerve crushing model, changes in electrophysiological 
test using positive scotopic response appeared earlier (day 3) 
than changes in inner retinal thickness (day 10). In glau-
coma models, PERG can be altered before changes of retinal 
ganglion cells [14]. Therefore, PERG in the TON could be 
a method to detect early changes, while PERG is also cor-
related with structural changes in the optic nerve [15]. Optic 
neuropathies originate from damage to retinal ganglion cells, 
and these defects can be evaluated using pRNFL and GC-
IPL complex thickness observed on OCT.

The present study analyzed PERG in the early stage 
(within 1 week after onset) and compared it with OCT find-
ings in the chronic state (≥ 6 months) to predict prognosis of 
anatomical changes. This study revealed a significant cor-
relation between GC and IPL complex thickness and PERG, 
especially among PERG parameters; however, the BL- N95 
amplitude appeared to be only a prognostic factor of ana-
tomical change(s) after optic damage. GC-IPL thickness is 
measured in the macula and is related to central visual acuity. 
Thus, PERG obtained from the central macula is more sensi-
tive to changes in GC-IPL thickness. Bowd et al. [16]. report 
that steady state PERG is weakly associated with macular 
ganglion cell complex and RNFL thicknesses; however, the 
weak correlation between PERG and these thicknesses may 
be due to the summation of PERG. Therefore, to increase the 
utility of PERG, more selective parameters may be needed. 
P50 reflects macular function and can be a confounding fac-
tor in measuring N95 amplitude [17]. Thus, the effect of P50 
is excluded from the measurement of the BL-N95 amplitude 
and is more valuable in assessing retinal ganglion cells.

This study has limitations. First, PERG was obtained 
within 1 week, however, PERG amplitudes can be normal in 
the early stage [18]. Secondly, poor fixation due to decreased 
visual acuity could decrease the amplitude of PERG. Nev-
ertheless, this study aimed to investigate the efficacy of 
BL-N95 amplitude compared to N95 amplitude in the TON 
and these limitations could not significantly affect the results 
of the study.

In conclusion, the BL-N95 amplitude not only reflect 
visual function(s) but can also predict anatomical changes 
after the onset of traumatic optic neuropathy.

Funding  No funding was received for this research.

Conflicts of interest  K. H. Kim, None; U. S. Kim, None.

Informed consent  For this type of study informed consent was not 
required.

References

	 1.	 Ostrin LA, Choh V, Wildsoet CF. The pattern ERG in chicks—
stimulus dependence and optic nerve section. Vision Res. 
2016;128:45–52.

	 2.	 Viswanathan S, Frishman LJ, Robson JG. The uniform field and 
pattern ERG in macaques with experimental glaucoma: removal 
of spiking activity. Invest Ophthalmol Vis Sci. 2000;41:2797–810.

	 3.	 Bach M, Brigell MG, Hawlina M, Holder GE, Johnson MA, 
McCulloch DL, et  al. ISCEV standard for clinical pattern 
electroretinography (PERG): 2012 update. Doc Ophthalmol. 
2013;126:1–7.

	 4.	 Holder GE. Pattern electroretinography (PERG) and an integrated 
approach to visual pathway diagnosis. Prog Retinal Eye Res. 
2001;20:531–61.

	 5.	 Odom JV, Bach M, Brigell M, Holder GE, McCulloch DL, Mizota 
A, et al. ISCEV standard for clinical visual evoked potentials: 
(2016 update). Doc Ophthalmol. 2016;133:1–9.

	 6.	 Atilla H, Tekeli O, Ornek K, Batioglu F, Elhan AH, Eryilmaz T. 
Pattern electroretinography and visual evoked potentials in optic 
nerve diseases. J Clin Neurosci. 2006;13:55–9.

	 7.	 Holder GE. The incidence of abnormal pattern electroretinogra-
phy in optic nerve demyelination. Electroencephalogr Clin Neu-
rophysiol. 1991;78:18–26.

	 8.	 Berninger TA, Heider W. Pattern electroretinograms in optic neu-
ritis during the acute stage and after remission. Graefes Arch Clin 
Exp Ophthalmol. 1990;228:410–4.

	 9.	 Lowitzsch K. Welt R [Pattern-reversal visual evoked potentials 
and electroretinography in the early diagnosis of chronic simple 
glaucoma]. EEG EMG Z Elektroenzephalogr Elektromyogr Ver-
wandte Geb. 1991;22:217–23 in German.

	10.	 Benedek K, Pálffy A, Bencsik K, Fejes I, Rajda C, Tuboly G, et al. 
Combined use of pattern electroretinography and pattern visual 
evoked potentials in neuroophthalmological practice. Ideggyl Sz. 
2008;61:33–41 In Hungarian.

	11.	 Ikejiri M, Adachi-Usami E, Mizota A, Tsuyama Y, Miyauchi O, 
Suehiro S. Pattern visual evoked potentials in traumatic optic neu-
ropathy. Ophthalmologica. 2002;216:415–9.

	12.	 Kanamori A, Nakamura M, Yamada Y, Negi A. Longitudi-
nal study of retinal nerve fiber layer thickness and ganglion 

Table 2   Correlation between 
pattern electroretinogram 
(ERG) and optical coherence 
tomography results

Data presented as correlation (i.e., r) (p value). pRNFL: peripapillary retinal nerve fiber layer; GC-IPL: 
ganglion cell-inner plexiform layer

Parameter Pattern ERG

N95 amplitude N95/P50 ratio BL-N95 amplitude

Mean pRNFL thickness 0.21 (0.263) − 0.07 (0.688) − 0.05 (0.791)
Temporal pRNFL thickness 0.26 (0.174) − 0.10 (0.602) 0.35 (0.060)
Average GC-IPL thickness 0.12 (0.526) − 0.10 (0.591) 0.43 (0.021)
Minimum GC-IPL thickness 0.19 (0.333) − 0.08 (0.667) 0.50 (0.007)



288	 K. H. Kim, U. S. Kim 

1 3

cell complex in traumatic optic neuropathy. Arch Ophthalmol. 
2012;130:1067–9.

	13.	 Yukita M, Machida S, Nishiguchi KM, Tsuda S, Yokoyama Y, 
Yasuda M, et al. Molecular, anatomical and functional changes 
in the retinal ganglion cells after optic nerve crush in mice. Doc 
Ophthalmol. 2015;130:149–56.

	14.	 Porciatti V. Electrophysiological assessment of retinal ganglion 
cell function. Exp Eye Res. 2015;141:164–70.

	15.	 Sehi M, Pinzon-Plazas M, Feuer WJ, Greenfield DS. Relation-
ship between pattern electroretinogram, standard automated 
perimetry, and optic nerve structural assessments. J Glaucoma. 
2009;18:608–17.

	16.	 Bowd C, Tafreshi A, Zangwill LM, Medeiros FA, Sample PA, 
Weinreb RN. Pattern electroretinogram association with spec-
tral domain-OCT structural measurements in glaucoma. Eye. 
2011;25:224–32.

	17.	 Goyal JL, Ghosh B, Sangit V, Kumar S, Jain P, Veerwal V, et al. 
Pattern ERG in central serous retinopathy. Doc Ophthalmol. 
2015;130:141–7.

	18.	 Berninger T, Arden GB. The Pattern Electroretinogram. In: Heck-
enlively JR, Arden GB, editors. Principles and practice of clini-
cal electrophysiology of vision. Cambridge: MIT press; 2006. p. 
291–300.

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Efficacy of N95 amplitude of pattern electroretinogram measured from baseline to N95 trough in the traumatic optic neuropathy
	Abstract
	Purpose 
	Study design 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Results
	Discussion
	References




