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Purpose: To investigate features of the steady-state pattern electroretinogram (ssPERG) in 
subjects with glaucoma (G), high myopia (HM; spherical equivalent ≤-6D) and glaucoma 
with high myopia (GHM).
Patients and Methods: Our study included 48 participants divided into 3 groups (G, HM, and 
GHM) who each underwent monocular ssPERG testing with Diopsys NOVA PERG protocols. 
The ConStim protocol detects distinct topographic patterns of dysfunction 16° and 24° around 
the central macula. MagD is the amplitude of the average signal and MagD/Mag ratio indicates 
the consistency of the response. ssPERG indices were compared between groups and correlated 
with functional (ie, visual field mean deviation (VFMD)) and structural (ie, average retinal nerve 
fibre layer (RNFL) thickness; Cirrus optical coherence tomography) features.
Results: Participants had an average age of 59.4±7.6 years. Mean Humphrey VFMD was 
−14.22 ± 2.88dB, −2.62 ± 1.18dB and −12.80 ± 2.60dB for G, HM and GHM groups, 
respectively. Mean RNFL thickness was 63.0 ± 8.20μm, 69.5 ± 15.7μm and 60.6 ± 5.0μm for 
G, HM and GHM groups, respectively. For the 24° setting, no significant differences were 
noted for any of the parameters. For the 16° setting, MagD was lower in the GHM group 
compared to the HM group (0.29µV vs 0.52µV; p = 0.02). Significant differences were noted 
for the MagD/Mag ratio between HM and G groups (0.58 vs 0.40; p = 0.02) and between 
HM and GHM groups (0.58 vs 0.35; p = 0.002). There were positive correlations between 
both MagD 16° and MagD/Mag ratio 16° with VFMD (correlation coefficient [r]=0.37, p = 
0.009; and r = 0.44, p = 0.002, respectively) and RNFL (r = 0.43, p = 0.002; and r = 0.48, p = 
0.001, respectively).
Conclusion: MagD/Mag ratio at 16° was significantly lower in glaucomatous eyes (with or 
without high myopia) compared to those with high myopia without glaucoma, suggesting 
that glaucoma has a distinct impact on MagD/Mag ratio at 16° irrespective of the presence of 
myopia.
Keywords: pattern electroretinogram, visual field mean deviation, optical coherence 
tomography, retinal nerve fibre layer

Introduction
Glaucoma, the leading cause of irreversible blindness worldwide, is a progressive 
optic neuropathy characterized by retinal ganglion cell (RGC) loss.1 Early detection 
of glaucoma is essential as patients are often asymptomatic until advanced disease 
has occurred.2 Glaucoma is usually diagnosed with structural assessments of the 
optic disc, imaging of the retinal nerve fibre layer (RNFL) for thinning, and 
functional tests of the visual field, which show corresponding losses.2

High myopia, defined as a spherical equivalent of −5.00 dioptres (D) or worse, 
was estimated to affect 4.0% of the world’s population in 2010.3 Myopic ocular 
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changes can cause an abnormal appearance of the optic 
nerve head, making diagnosis of glaucoma challenging, 
especially when the intraocular pressure (IOP) is normal. 
Furthermore, interpretation of optical coherence tomogra-
phy (OCT) results may be difficult in patients with high 
myopia, due to artefacts and other structural alterations4 

associated with the axial elongation of the globe and optic 
disc tilting arising from this condition.5 This may cause 
serious problems in the future as the global prevalence of 
myopia is projected to reach 50% by 2050, with 10% of 
the global population having high myopia.3 Furthermore, 
multiple studies have demonstrated a positive correlation 
between glaucoma and high myopia.6–8

Given the challenges in detecting glaucoma in highly 
myopic patients with traditional methods, alternative diag-
nostic tools should be explored. Recent studies have 
explored the role of optical coherence tomography angio-
graphy (OCTA) in assessing peripapillary and foveal avas-
cular zone microvasculature to this effect9,10 but as OCTA 
is still a novel imaging tool, there has been very limited 
work in this area thus far. Furthermore, segmentation 
errors are inevitable in some eyes with myopia but this 
can affect the analysis of OCTA results and preclude use 
of some of the images obtained.10 Electroretinography is 
another diagnostic option as it allows for the functional 
evaluation of the integrity of different retinal layers. The 
pattern electroretinogram (PERG) is particularly relevant 
in glaucoma studies as it is a marker of RGC function. 
PERG typically assesses the central visual field and uti-
lises an alternating, patterned visual stimulus with spatial 
and temporal variations that culminate in a constant, mean 
luminance.11 At reversal frequencies of 5Hz (10 reversals/ 
second) or more, individual PERG waveforms merge and 
the retinal response to this steady-state PERG (ssPERG) is 
measured.12 The higher temporal frequency employed by 
ssPERG has been shown in studies to be more sensitive at 
differentiating between glaucomatous patients and normal 
patients.13,14

ssPERG has been recognized in many studies as a poten-
tial tool for diagnosing and monitoring glaucoma.15–25 In 
myopes, studies utilising transient PERG have consistently 
found decreased N95 and P50 amplitudes with increasing 
myopia and axial length, but differ in their results regarding 
N95 and P50 wave latencies.26–28 There is, however, a pau-
city of information of PERG features in patients with both 
glaucoma and high myopia, with only 1 other study investi-
gating this in the literature.29 In our observational study, we 
aimed to investigate the characteristics of ssPERG in subjects 

with glaucoma and high myopia. The identification of spe-
cific ssPERG features may aid in distinguishing between 
both conditions.

Materials and Methods
The study was approved by the SingHealth Centralised 
Institutional Review Board, and written informed consent 
was obtained from all participants. It was conducted in 
accordance with the ethical principles stated by the 
Declaration of Helsinki.

Subjects
Subjects were recruited from the outpatient clinics of the 
Singapore National Eye Centre and divided into 3 groups: 
primary open-angle glaucoma (POAG) without high myo-
pia (Group G), high myopia without glaucoma as defined 
by the absence of glaucomatous field defects (Group HM), 
and POAG with high myopia (Group GHM).

POAG was defined by the following criteria:30,31 the 
presence of glaucomatous optic neuropathy (as shown by 
loss of neuroretinal rim with a vertical cup:disc ratio of 
>0.7 or an inter-eye asymmetry of >0.2, and/or optic disc 
notching attributable to glaucoma) with compatible visual 
field loss, open angles on gonioscopy, and absence of 
secondary causes of glaucomatous optic neuropathy. 
Glaucoma participants had moderate to severe glaucoma 
based on Humphrey visual field (HVF) static automated 
perimetry mean deviation (MD) values of <-6.0 decibels 
(dB).32 High myopia was defined as a spherical equivalent 
of ≤-6D.

Exclusion criteria included primary angle closure glau-
coma, secondary causes of glaucoma, best corrected visual 
acuity (BCVA) of >0.3 logMAR, previous intraocular sur-
gery apart from uncomplicated cataract extraction with 
posterior chamber intraocular lens implantation, and 
other previous or current retinal or optic nerve conditions 
that could cause optic disc or visual field abnormalities.

Clinical features of ocular health including IOP, optic 
nerve appearance, gonioscopy, BCVA (LogMAR chart, 
Lighthouse Int., NY, USA) and results from Humphrey 
Field Analyser II model 750 (HVF) with 24-2 Swedish 
interactive threshold algorithm fast strategy (Carl Zeiss 
Meditec, Inc. Dublin, CA, USA) were obtained from 
each participant’s medical records up to 6 months before 
study participation commenced. Each participant also 
underwent: i) auto-refraction to determine spherical 
equivalent, ii) ssPERG with Diopsys NOVA PERG 
(Diopsys, Inc. Pine Brook, NJ, USA) system, iii) optic 
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nerve head and RNFL analysis with spectral-domain OCT 
of the RNFL within a 6 x 6mm data cube defined by the 
optic disc cube 200 × 200 protocol on Cirrus HD-OCT 
(software version 6.0) (Carl Zeiss Meditec, Inc. Dublin, 
CA, USA). OCT results were validated only if the record-
ing’s signal strength was 6 or better.

Pattern Electroretinogram
Participants were seated 24 inches away from a gamma- 
corrected Acer V176BM-17 17-inch LED monitor with a 
refresh rate of 75 frames/second. The area under the lash 
line of each eye was cleaned with 6 lateral sweeps of 
OCuSoft® Original Lid Scrub Pad and Diopsys® ERG 
Lid Electrodes placed over the cleaned area and centra-
lised to the pupil. The center of the participants’ forehead 
just below the hairline was cleaned with NuPrep® gel and 
Ten20® Conductive Paste applied before attachment of the 
EEG electrode. One eye was occluded at a time while 
participants were instructed to fixate with the other eye 
on a red cross at the centre of the PERG stimulus field. 
Refractive errors were corrected appropriately to allow for 
clear fixation at this distance. Patients underwent testing 
with both the Concentric Stimulus Fields (ConStim) and 
Contrast Sensitivity (ConSen) protocols. The pattern sti-
mulus for the ConStim protocol evaluated either the cen-
tral 16° or 24° field of vision and comprised 64 bar size 
black and white horizontal gratings with 100% contrast 
(mean luminance 102.1cd/m2) and a reversal rate of 15 
reversals/second for 25 seconds per test per eye. The 
pattern stimulus for the ConSen protocol evaluated the 
central 24° of the macula and comprised 64 bar size 
black and white horizontal gratings with 85% contrast 
(mean luminance 112.3cd/m2) for the high contrast (Hc) 
and 75% contrast (mean luminance 128.2cd/m2) for the 
low contrast (Lc) tests, at a reversal rate of 15 reversals/ 
second for 25 seconds per test per eye.

Signals were filtered for frequencies of 0.5–100Hz, 
amplified with a gain of 20,000, and averaged by at least 
150 frames. The voltage range of the analog to digital 
converter was −5V to +5V. Electrical signals originating 
from blinks or saccades and exceeding 50μV were 
rejected. Responses were recorded via synchronized sin-
gle-channels, which produced a time series of 384 data 
points per 200ms analysis frame. A discrete Fourier trans-
formation was applied to the PERG waveforms to isolate 
the component at 15 Hz.

Outcome measures generated for each test included 4 
parameters:

(i) Magnitude (Mag), the average of the signal ampli-
tude representing the RGC responses to the PERG 
stimuli.

(ii) MagnitudeD (MagD), the amplitude of the average 
signal across the frame taking into account both 
the magnitude and the phase variability. RGC dys-
function results in lower MagD values.

(iii) MagnitudeD to Magnitude ratio (MagD/Mag ratio) 
is an indicator of the consistency of the response. 
Decrease of this ratio suggests impaired RGC 
function.

(iv) Signal-to-noise ratio (SNR) compares the strength 
of the 15Hz signal and the average ambient elec-
trical noise. A low value is usually due to contam-
ination of the signal by surrounding electrical 
activity but can also be due to retinal disorders in 
severe cases.

Statistical Analysis
One eye of each participant was included in the analysis. 
In cases in which both eyes were eligible, the worse eye in 
terms of visual field mean deviation (for glaucoma sub-
jects) or degree of myopia (high myopia subjects) was 
selected. Statistical analysis was performed using the sta-
tistical package IBM SPSS Statistics for Windows 
(Version 22.0; IBM Corp., Armonk, NY, USA). 
Comparisons of ocular characteristics and PERG para-
meters between the three subgroups were performed 
using 1-way ANOVA for parametric data and independent 
samples Kruskal–Wallis test for non-parametric data. 
Intergroup differences in mean values of variables were 
analyzed using post-hoc Bonferroni tests. Correlation of 
continuous data variables was analyzed using the Pearson 
correlation test (2-sided).

As there were no published studies on the Diopsys 
PERG in both glaucoma and high myopia when this 
study was designed, our sample size calculation was 
based on previously published data on the transient 
PERG N95 amplitude in myopia26 and glaucoma.33 A 
sample size of 10 eyes in each group was necessary to 
achieve 84% power to detect a mean difference of 3.1µV 
in N95 amplitude between the null hypothesis that the 
mean of both groups is 8.7µV, and the alternative hypoth-
esis that the mean of the high myopia (−6.25 to −10.00D) 
group is 5.6µV, with known group standard deviations of 
3.2µV (glaucoma)33 and 1.0µV (high myopia)26 and a 
significance level (α) of 0.05 using a two-sided, two-sam-
ple t-test.
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Results
A total of 48 participants were included in the study, 
with 16 participants in each of the three groups. The 
mean age (standard deviation, SD) of the subjects was 
59.4 (7.6) years, there were 29 (60.4%) males and 44 
(91.7%) were of Chinese ethnicity. The demographic 
and ocular characteristics of the three groups are 
shown in Table 1. There were no significant differences 
in the mean age and the proportions of gender and 
ethnicity between the groups. The participants in group 
G and GHM had significantly worse visual field defects 
compared to group HM (p < 0.001 for both). Similarly, 
the average OCT RNFL of group G (63.0µm) and group 
GHM (60.6µm) were significantly thinner compared to 
group HM (69.5µm) (p = 0.001 and p < 0.001 
respectively).

For the ConStim 24° setting, no significant differences 
were noted for any of the parameters. For the ConStim 16° 

setting, MagD was significantly lower in group GHM 
compared to group HM (0.29 µV vs 0.52 µV; p = 0.02). 
Significant differences were also noted for the MagD/Mag 
ratio between groups HM and G (0.58 vs 0.40; p = 0.02) 
and between groups HM and GHM (0.58 vs 0.35; p = 
0.002). The detailed results of the ConStim protocol are 
shown in Table 2. No significant differences were 
observed for any of the parameters between the three 
groups in both the ConSen Hc and Lc settings. The 
detailed results of the ConSen protocol are shown in 
Table 3. Figures 1–3 demonstrate examples of the 
ConStim and ConSen PERG traces obtained for a partici-
pant from each of groups G, HM and GHM.

Table 4 demonstrates the Pearson correlations of 
MagD and MagD/Mag ratio at 16° with the spherical 
equivalent, optic disc and visual field parameters. There 
was a significant positive correlation between both 
MagD 16° and MagD/Mag ratio 16° with visual field 

Table 1 Demographics and Clinical Characteristics of Study Participants

Group G (n=16) Group HM (n=16) Group GHM (n=16) p-value

Age, years, Mean (95% CI) 61.8 (58.5, 65.1) 56.4 (51.8, 61.1) 59.9 (56.1, 63.7) 0.13
Male, N (%) 8 (50.0) 10 (62.5) 11 (68.8) 0.54

Race (Chinese), N (%) 13 (81.25) 16 (100) 15 (93.75) 0.15

Spherical equivalent, D Mean (95% CI) −0.28 (−0.90, 0.34) −9.28 (−10.5, −8.1) −8.68 (−9.9, −7.5) <0.001a

BCVA, LogMAR Mean (95% CI) 0.10 (0.04, 0.16) 0.14 (0.08, 0.19) 0.14 (0.09, 0.19) 0.49

HVF MD, dB Mean (95% CI) −14.22 (−17.1, −11.3) −2.62 (−3.8, −1.4) −12.80 (−15.4, −10.2) <0.001b

HVF VFI, % Mean (95% CI) 60.8 (51.9, 69.6) 97.1 (95.7, 98.4) 65.9 (56.9, 74.9) <0.001c

OCT CDR Mean (95% CI) 0.79 (0.73, 0.85) 0.70 (0.64, 0.76) 0.76 (0.72, 0.80) 0.03d

OCT RNFL thickness, µm Mean (95% CI) 63.0 (54.8, 71.2) 69.5 (73.8, 85.2) 60.6 (55.5, 65.6) 0.001e

Notes: aGroup G vs Group HM p < 0.001; Group G vs Group GHM p < 0.001. bGroup G vs Group HM p < 0.001; Group HM vs Group GHM p < 0.001. cGroup G vs 
Group HM p < 0.001; Group HM vs Group GHM p < 0.001. dGroup G vs Group HM p = 0.03. eGroup G vs Group HM p = 0.001; Group HM vs Group GHM p < 0.001. 
Abbreviations: BCVA, best corrected visual acuity; HVF, Humphrey visual field static automated perimetry; MD, mean deviation; VFI, visual field index; OCT, optical 
coherence tomography; CDR, cup:disc ratio; RNFL, retinal nerve fibre layer.

Table 2 Comparison of the Concentric Stimulus Fields Protocols Between the Three Groups

Group G (n = 16) Group HM (n = 16) Group GHM (n = 16) p-value

24 degrees setting
Mag 24°, µV Mean (95% CI) 1.01 (0.88–1.14) 1.10 (0.90–1.29) 0.99 (0.92–1.07) 0.95a

MagD 24°, µV Mean (95% CI) 0.61 (0.45–0.76) 0.80 (0.58–1.01) 0.55 (0.44–0.66) 0.08

MagD/Mag ratio 24° Mean (95% CI) 0.59 (0.48–0.70) 0.70 (0.61–0.80) 0.55 (0.46–0.64) 0.06
SNR 24°, dB Mean (95% CI) 2.08 (0.85–3.30) 3.34 (1.98–4.71) 2.18 (1.29–3.06) 0.21

16 degrees setting
Mag 16°, µV Mean (95% CI) 0.83 (0.74–0.93) 0.87 (0.75–1.00) 0.84 (0.74–0.94) 0.85

MagD 16°, µV Mean (95% CI) 0.34 (0.26–0.42) 0.52 (0.37–0.67) 0.29 (0.22–0.36) 0.02a,b

MagD/Mag ratio 16° Mean (95% CI) 0.40 (0.32–0.48) 0.58 (0.46–0.69) 0.35 (0.26–0.44) 0.002c

SNR 16°, dB Mean (95% CI) 1.18 (0.57–1.79) 1.74 (0.83–2.65) 0.88 (0.43–1.33) 0.17

Notes: aIndependent samples Kruskal–Wallis test. bGroup G vs Group HM p = 0.17; Group G vs Group GHM p = 0.02. cGroup G vs Group HM p = 0.02; Group HM vs 
Group GHM p = 0.002. 
Abbreviations: Mag, magnitude; MagD, magnitude D; MagD/Mag ratio, magnitude D to magnitude ratio; SNR, signal to noise ratio.
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MD (correlation coefficient [r] = 0.37, p = 0.009; and r 
= 0.44, p = 0.002 respectively) and OCT RNFL mean 
thickness (r = 0.43, p = 0.002; and r = 0.48, p = 0.001 

respectively). Figure 4 contains the correlation plots. 
MagD 16° and MagD/Mag ratio 16° were not correlated 
with spherical equivalent.

Table 3 Comparison of the Contrast Sensitivity Protocols Between the Three Groups

Group G (n = 16) Group HM (n = 16) Group GHM (n = 16) p-value

High contrast (Hc) setting
Mag Hc, µV Mean (95% CI) 0.93 (0.82–1.05) 0.96 (0.77–1.15) 0.84 (0.78–0.91) 0.70a

MagD Hc, µV Mean (95% CI) 0.53 (0.39–0.68) 0.68 (0.48–0.89) 0.44 (0.32–0.56) 0.09

MagD/Mag ratio Hc Mean (95% CI) 0.55 (0.44–0.67) 0.68 (0.58–0.77) 0.53 (0.39–0.68) 0.18
SNR Hc, dB Mean (95% CI) 1.84 (0.76–2.93) 2.96 (1.71–4.22) 1.41 (0.81–2.00) 0.14a

Low contrast (Lc) setting
Mag Lc, µV Mean (95% CI) 0.81 (0.70–0.91) 0.90 (0.77–1.03) 0.83 (0.76–0.90) 0.39

MagD Lc, µV Mean (95% CI) 0.38 (0.29–0.47) 0.47 (0.31–0.63) 0.39 (0.30–0.48) 0.80a

MagD/Mag ratio Lc Mean (95% CI) 0.47 (0.38–0.56) 0.50 (0.38–0.62) 0.47 (0.37–0.57) 0.89

SNR Lc, dB Mean (95% CI) 0.83 (0.33–1.33) 1.54 (0.77–2.32) 0.71 (0.18–1.24) 0.10

Note: a Independent samples Kruskal–Wallis test. 
Abbreviations: Mag, magnitude; MagD, magnitude D; MagD/MagD ratio, magnitude D to magnitude ratio; SNR, signal to noise ratio; Hc, high contrast setting; Lc, low 
contrast setting.

Figure 1 Diopsys PERG trace of a patient from group GHM. The right eye of this participant was included in the study and had spherical equivalent of −9.75D, visual field 
mean deviation −11.34dB and average retinal nerve fibre layer thickness of 61µm. Left: Concentric stimulus (ConStim) protocol with 24° (top) and 16° (bottom) settings. 
Signal quality was good (120dBµV). (A) demonstrates the waveform obtained. The vertical axis indicates the amplitude (µV) and the horizontal axis, the time between 0 and 
200 milliseconds. (B) is the strip chart, reflecting the PERG recording with artifacts represented by pronounced vertical peaks. In this case, there were 0 artifacts recorded. 
(C) is the frequency distribution chart, indicating the PERG response at various frequencies. The Magnitude value is obtained at 15Hz. Right: Contrast Sensitivity (ConSen) 
protocol with high contrast (Hc) (top) and low contrast (Lc) (bottom) settings. Signal quality was similarly good (125dBµV).
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Discussion
The aim of this study was to identify distinct ssPERG 
features associated with glaucoma in patients with high 
myopia. MagD/Mag ratio at 16° was significantly lower in 
glaucomatous eyes (with or without high myopia) com-
pared to those with high myopia without glaucoma, sug-
gesting that glaucoma has a distinct impact on MagD/Mag 
ratio at 16° irrespective of the presence of myopia.

The ConStim protocol was designed by the manufac-
turer to detect distinct topographic patterns of dysfunction 
at or around the central macula (16° and 24° respectively), 
such as that observed in age-related macular degeneration 
and diabetic macular oedema. Conversely, the ConSen 
protocol (Hc and Lc) is meant to detect diffuse patterns 
of dysfunction such as in glaucoma or diabetic retinopathy. 
The findings which we observed in our study were rather 
unexpected, and did not conform to the proposed glau-
coma-related retinal responses on the Diopsys NOVA 
PERG protocols. While there were no significant 

differences between glaucoma and high myopia in any of 
the parameters from the ConSen protocol, we observed 
significant differences with the ConStim protocol only at 
the central macula region at 16° but not at 24°. The exact 
reasons for our findings are not known; however, they 
could be attributed to the following factors. Unlike dia-
betic retinopathy, glaucoma is known to affect the macular 
ganglion cell-inner plexiform layer in a more specific 
manner. Early loss of RGC usually leads to paracentral 
impairment,34 and several studies that assessed the OCT 
measurements of the macular ganglion cell-inner plexi-
form layer in the diagnosis of glaucoma have shown that 
the inferotemporal macula is usually first affected, with 
preservation of the nasal macula until late stages of 
glaucoma.34–36 Decreasing PERG stimulus area concentri-
cally has indeed been shown to correspond with a non- 
linear decrease in PERG amplitude as the macular area 
contributes disproportionately to the PERG signal.37 In 
addition, PERG appears to detect “pan-retinal” RGC 

Figure 2 Diopsys PERG trace of a patient from group G. The right eye of this participant was included in the study and had spherical equivalent of +0.50D, visual field mean 
deviation −12.51dB and average retinal nerve fibre layer thickness of 60µm. Left: Concentric stimulus (ConStim) protocol with 24° (top) and 16° (bottom) settings. Signal 
quality was good (87dBµV). Right: Contrast Sensitivity (ConSen) protocol with high contrast (Hc) (top) and low contrast (Lc) (bottom) settings. Signal quality was similarly 
good (82dBµV).
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injury as evidenced by reductions that do not correspond 
with visual field losses sustained.38 Studies have been 
shown to reflect early macular RGC deterioration preced-
ing even visual field defects beyond the area of PERG 
stimulus.18,39,40 It is possible that the decrease in stimulus 
diameter with 16° protocol thus increased sensitivity of the 
procedure to detect glaucoma-associated RGC damage. 
Furthermore, Diopsys ssPERG has not been previously 
studied in highly myopic eyes. Therefore, whilst the 
ConSen protocol may be recommended by the manufac-
turer for detecting glaucoma, it appears from our study that 
the ConStim protocol may be more sensitive in identifying 

features specific for glaucoma in patients with concomitant 
glaucoma and high myopia. However, further studies 
examining the different Diopsys NOVA PERG protocols 
in the myopic population with varying severity are war-
ranted to better understand the effect of myopia on the 
responses.

To our knowledge, the only other published study that 
examined the role of ssPERG in distinguishing between 
myopia and glaucoma was by Mavilio et al29 ssPERG was 
performed with their own RE-PERG protocol which incor-
porated 5 consecutive blocks of stimulation and looked at 
the mean PERG amplitude and phase standard deviation 

Figure 3 Diopsys PERG trace of a patient from group HM. The right eye of this participant was included in the study and had spherical equivalent of −10.87D, visual field 
mean deviation −17.69dB and average retinal nerve fibre layer thickness of 56µm. Left: Concentric stimulus (ConStim) protocol with 24° (top) and 16° (bottom) settings. 
Signal quality was good (96dBµV). Right: Contrast Sensitivity (ConSen) protocol with high contrast (Hc) (top) and low contrast (Lc) (bottom) settings. Signal quality was 
similarly good (86dBµV).

Table 4 Pearson Correlation Coefficients of MagD and MagD/Mag Ratio at 16° with the Optic Disc and Visual Field Parameter

Spherical Equivalent Visual Field MD OCT RNFL Thickness

Magnitude D 16° −0.23 (p = 0.11) 0.37 (p = 0.009) 0.43 (p = 0.002)
MagD/Mag ratio 16° −0.25 (p = 0.09) 0.44 (p = 0.002) 0.48 (p = 0.001)

Abbreviations: MD, mean deviation; OCT, optical coherence tomography; RNFL, retinal nerve fibre layer.
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(PSD), the repeatability of the phase of the 2nd harmonic, 
in 35 normal, 50 glaucomatous and 19 myopic eyes.29 The 
myopes had spherical refraction of −3.5 to −8.0D.29 The 
visual field MD was −2.5dB in the glaucoma group, 
0.35dB in the normal, and −1.27dB in the myopia group.29 

They found that the specificity of the mean PERG ampli-
tude and PSD in glaucoma patients was 82.1% and 84.6% 
respectively but when glaucoma and myopia patients were 
assessed together, the specificity of the mean amplitude 
decreased to 70.69% while that for PSD increased to 
93.1%.29 There was significant overlap of the PERG 
amplitude values, which were reduced, in both the glau-
coma and the myopia groups when assessed separately.29 

The authors concluded that intrinsic phase variability, 
represented by the PSD, reflected impaired synaptic func-
tion rather than a decrease in the absolute number of RGC, 
and could help differentiate between glaucoma and myopia 
in dubious cases.29 Likewise, our study detected differ-
ences in MagD and MagD/Mag ratio, which take into 
account phase variability and consistency, between the 
glaucomatous and non-glaucomatous groups. As SNR 
compares the signal strength at 15Hz used for analysis of 
the PERG against the average ambient electrical signal, 

the comparable SNR values across all 3 groups in our 
study (p = 0.17) further support the observation that the 
higher signal variability observed between the groups in 
MagD and MagD/Mag ratio is likely associated to RGC 
dysfunction from glaucoma rather than surrounding con-
taminating sources.

Although there is a paucity of published data compar-
ing ssPERG features in glaucoma and high myopes,29 

there are, however, many studies that have examined its 
characteristics in different types and stages of glaucoma 
and with a wide variety of ssPERG protocols and mea-
sured parameters.15–21,23–25 The International Society for 
Clinical Electrophysiology of Vision (ISCEV) published a 
revision of the standard for clinical PERG in 2012, which 
included a section on ssPERG.12 While it provided several 
recommendations,12 there is still limited standardisation of 
the way in which ssPERG is carried out and analysed in 
literature. This prevents the detailed comparison of results 
beyond a handful of studies.

Our study has several limitations. Firstly, we were 
limited by the lack of a control group of normal partici-
pants without glaucoma or high myopia. Secondly, it is 
unclear how the parameters evaluated in the Diopsys 

Figure 4 Correlation plots of (A) MagD 16° and visual field mean deviation, (B) MagD/Mag ratio 16° and visual field mean deviation, (C) MagD 16° and optical coherence 
tomography retinal nerve fibre layer mean thickness and (D) MagD/Mag ratio 16° and optical coherence tomography retinal nerve fibre layer mean thickness. 
Abbreviations: r, Pearson correlation coefficient; R2, coefficient of determination; p, p-value.
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PERG machine correlate with the anatomy and physiology 
of the retina. Porciatti and Ventura found that using their 
PERGLA protocol, simulating diminished number of 
RGCs by decreasing the area of stimulus resulted in 
reduced PERG amplitudes without phase changes.37 

Simulating diminished RGC activity by reducing mean 
luminance or contrast revealed decreased amplitudes but 
different phase responses – decreased phase in the former 
and increased phase in the latter.37 This led to the authors 
to conclude that PERG amplitude and phase are indepen-
dent of each other and likely represent disparate neural 
sources.37 While decreased PERG amplitude in glaucoma 
were consistent with reduced RGC numbers or activity, the 
divergent phase responses observed in their study led them 
to surmise that the phase delays they observed in glau-
coma were due to reduced input to RGCs at the synapses 
between 2nd and 3rd order neurons, such as with diminu-
tion of RGC dendritic connections or loss of synaptic 
junctions, as often occurs before RGC loss in glaucoma.37 

In our study, mean magnitude, MagD and MagD/Mag ratio 
values in groups G and GHM were lower than in group 
HM across all protocols, consistent with decreased PERG 
amplitudes and phase delays typical of glaucoma in 
Porciatti and Ventura’s study, although the observed trend 
in our study did not meet statistical significance apart from 
with MagD 16° and MagD/Mag ratio 16°. In particular, 
the significant differences between glaucomatous and non- 
glaucomatous highly myopic eyes present with MagD/ 
Mag ratio 16° but not mean magnitude 16° suggests that 
phase variability and repeatability at the macular region 
may play an important role and could possibly be attrib-
uted to dendritic synaptic dysfunction. It is worth noting, 
however, that while amplitude tends to be reduced consis-
tently in glaucoma,15–17,22,25 phase responses appear to 
vary according to the PERG protocol being used.37 Some 
studies have found delays in phase18,21 while others have 
not;37 Mavilio et al noted increased variability of phase 
amongst glaucoma suspects and early glaucoma eyes.16 

Preiser et al did not analyze phase altogether, utilising 
instead the PERG ratio (ratio of PERG amplitude to 0.8° 
to 16° checks), which was noticeably reduced in both 
preperimetric and manifest glaucoma.23

We would also like to highlight that for the HM group, 
we chose to include only participants without visual field 
defects and without myopia-related maculopathy. 
Therefore, follow-up studies in subjects with myopic ocu-
lar changes resulting in visual field defects are needed, in 
order to discern their impact on the different test protocols. 

Additionally, our participants in G and GHM groups had 
moderate-to-severe glaucoma, which were probably 
detected more easily with the 100% contrast levels of the 
ConStim protocol. However, we are unable to tell if the 
protocols would be as sensitive in picking up damage in 
milder cases of glaucoma. Lastly, given the relatively 
small sample size of participants included in the study, 
our findings need further validation in a larger cohort.

Conclusion
Of the different test protocols in the ssPERG Diopsys 
system, MagD 16° and MagD/Mag ratio 16° were found 
to be significantly lower in eyes with glaucoma compared 
to those with high myopia. Further validation studies with 
larger sample sizes and with varying severities of glau-
coma and myopia are warranted in order to explore the 
possibility of differentiating glaucomatous from non-glau-
comatous myopic changes using ssPERG.
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