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Purpose: To evaluate reliability of steady-state pattern electroretinogram (ssPERG) phase

variability in re-test (procedure called RE-PERG) in the presence of myopia, which is known

to affect ssPERG amplitude, in glaucomatous patients (GP), normal controls (NC), and

myopic patients (MY).

Methods: The procedure was performed on 50 GP, 35 NC, and 19 MY. All subjects were

examined with RE-PERG, spectral-domain coherence tomography (SD-OCT), and standard

automated perimetry (SAP). Standard deviation of phase (ssPERG SDph) and mean ampli-

tude value (ssPERG Amp) of second harmonic (2ndH) were correlated, by means of one-way

ANOVA and Pearson correlation, with mean deviation (MD) and pattern standard deviation

(PSD) assessed by SAP and retinal nerve fiber layer (RNFL) and ganglion cell complex

(GCC) thickness assessed by SD-OCT. Receiving operating characteristics were calculated in

cohort populations with and without myopia.

Results: GP showed significant differences from the control group for MD, PSD, RNFL,

GCC, ssPERG Amp, and ssPERG SDph; GP also showed significant differences from the

MY group for all the parameters except for ssPERG Amp, which is reduced in both groups.

In GP group, ssPERG Amp showed a specificity of 82.1% (95% confidence interval [CI]I:

66.5–92.5). In MY group, ssPERG Amp was reduced in 58% of the patients. As

a consequence of this, in GP and MY groups, considered as a whole, total specificity dropped

to 70.69% (95% CI: 57.3–81.9). In the GP group, ssPERG SDph showed a specificity of

84.6% (95% CI: 69.5–91.1). In both GP and MY groups, considered as a whole, ssPERG

SDph total specificity increased from 84.6% to 93.1% (95% CI: 83.3–98.1).

Conclusion: Intrinsic phase variability of ssPERG is not influenced by myopia, even in the

presence of fundus alterations.
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Introduction
The diagnosis of glaucomatous damage in myopic patients (MY) is particularly

challenging, since myopic eyes, especially in medium- to high myopia, often show

fundus alterations. All these alterations are able to bias the findings of perimetry,1,2

OCT3–10 and PERG.11

We developed a test, called RE-PERG, based on the study of the individual

intrinsic within-trial variability of the steady-state PERG signal in test–retest of the

same eye (ie, five consecutive stimulations without pause). In a first study12 we

showed that the variability of early glaucoma patients was greater than the physio-

logical one present in healthy individuals; in addition, it was also correlated with

markers of disease severity such as retinal thickness and visual field indices.
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Subsequently, we showed that RE-PERG findings are not

influenced by optic media opacities such as cataract.13

Aim of this study was to evaluate the reliability of RE-

PERG in non-glaucomatous patients (GP) with myopic

fundus alterations.

Materials and methods
The groups GP and normal controls (NC)were the same used

in previously published studies.12,13 As for MY group, from

January 1 to 31 2017, 19 consecutive non-glaucomatous MY

were enrolled in the study. All patients were recruited at the

Glaucoma Center of the Brindisi Social Health District,

Mesagne, Italy, and at the Department of Neurosciences,

Institute of Ophthalmology of the University of Bari, Italy.

Inclusion criteria were the presence of at least one myopic

alteration of the fundus among the following: tilted disc, large

optic disc with large excavation, peripapillary atrophy, poster-

ior staphyloma, tessellated, or tigroid fundus. Each participant

underwent a comprehensive ophthalmic evaluation, including

review of medical history, best-corrected visual acuity testing,

IOP measurement by Goldmann applanation tonometry, slit

lamp biomicroscopy, gonioscopy, and dilated fundus examina-

tionwith a 78D lens. All participants had best-corrected visual

acuity ≥20/40 (Snellen acuity), spherical refraction within

−3.50 and −8.00 D and cylinder correction within −2.0 DGP

and transparent ocular media (nuclear color/opalescence, cor-

tical, or posterior subcapsular lens opacity <1) according to the

system of Lens Opacity Classification System III, and open

iridocorneal angles on gonioscopy. Patients with myopic

maculopathy (laquer cracks, retinal pigment epithelial atrophy,

choroidal neovascularization, andmacular hemorrhage), coex-

isting retinal diseases, diabetes, Parkinson’s disease, or optic

neuropathies able to determine PERG abnormality were

excluded.14,15

Only one eye of each patient who met the criteria

mentioned above was randomly included in the study.

Spectral-Domain OCT, standard automated perimetry,

and pattern electroretinogram examination procedures

were the same used in previously published studies.12,13

As for ss-PERG, the mean values of amplitude (μV) and
phase (πrad) of the 2ndH, obtained from the five blocks of

events, were analyzed with the Fourier transform. The

repeatability of the phase of the 2ndH was calculated as

phase standard deviation (ssPERG SDph) across the five

blocks of events, whereas the repeatability of the amplitude

(ssPERG Amp) was not considered, because of the well-

known habituation effect (Figures 1 and 2).16

Statistical analysis was performed using commercial

software (MedCalc® 18.11). A P-value of ≤0.05 consid-

ered was statistically significant. This trial follows the

tenets of the Declaration of Helsinki for human studies.

The study was approved by both the Ethical Committees

of the Brindisi Social Health District and University of

Bari. Informed written consent was obtained by all sub-

jects after the nature of the test, and possible risks were

explained in detail.

Results
General demographics of the whole sample are reported

in Table 1. Those of GP and NC patients have been
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Figure 1 Five consecutive blocks of steady-state pattern electroretinogram (time domain – 512 samples).
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reported previously.12,13 Those of MY group patients are

reported in Table 2.

GP showed significant differences from the control

group for mean deviation (MD), pattern standard devia-

tion (PSD), retinal nerve fiber layer (RNFL), ganglion

cell complex (GCC), ssPERG Amp, and ssPERG SDph;

GP also showed significant differences from the MY

group for all the parameters except for ssPERG Amp,

which is reduced in both groups. In the comparison

between NC and MY, there was a significant difference

for all the parameters with the exception of GCC and

ssPERG SDph, which are normal in both groups

(Table 1).

In all groups considered as a whole, ssPERG Amp and

ssPERG SDph showed good correlation with all para-

meters (Table 3).

In MY and GP groups, correlations study showed

a weak, but positive correlation between MD and PERG

amplitude, and also between GCL and RNFL thickness; all

these parameters are reduced both in myopia and glau-

coma (Table 4).

As performed in a previously published studies12,13 we

considered as pathologic a mean ssPERG Amp <1.5 µm,

and a phase variability ssPERG SDph >0.15 SD. In GP

group, ssPERG Amp showed a specificity of 82.1% (95%

confidence interval [CI]I: 66.5–92.5). In MY group,

ssPERG Amp was reduced in 58% of the patients. As

a consequence of this, in GP and MY groups, considered

as a whole, total specificity dropped to 70.69% (95% CI:

57.3–81.9). In the GP group, ssPERG SDph showed

a specificity of 84.6% (95% CI: 69.5–91.1). In the MY

group, ssPERG SDph showed abnormal results in three
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Figure 2 Five consecutive blocks of steady-state pattern electroretinogram (frequency domain – rps).

Table 1 Demographic and relevant ocular characteristic of study participants

Patients (n=112 cases)

GP (n=50) NC (n=35) My (n=19) P-value*

Mean SD ± Mean SD ± Mean SD ± GP vs NC GP vs My NC vs My

Age 67.4 11.1 65.2 9.9 64.0 7.7 P=0.358 P=0.154 P=0.618

Male (%) 50 51 68 P=0.89** P=0.12** P=0.16**

MD (db) −2.5 1.91 0.35 1.00 −1.27 1.26 P<0.001 P=0.002 P<0.001

PSD (db) 2.66 2.05 1.29 0.36 1.45 0.27 P<0.001 P=0.002 P=0.047

RNFL (µm) 75.84 13.34 92.03 8.93 85.5 10..5 P<0.001 P=0.007 P=0.009

GCC (µm) 67.26 11.70 80.14 4.94 79.3 9.4 P<0.001 P<0.001 P=0.654

ssPERG Amp (µV) 1.36 0.14 1.67 0.15 1.41 0.2 P<0.001 P=0.292 P<0.001

ssPERG SD ph (SD) 0.30 0.14 0.10 0.04 0.12 0.03 P<0.001 P<0.001 P=0.066

Notes: *One-way analysis of variance (Bonferroni corrected); **chi-square.

Abbreviations: MD, mean deviation; PSD, pattern standard deviation; RNFL, retinal nerve fiber layer thickness; GCC, ganglion cell complex; ssPERG SDph, steady-state

intrinsic phase variability; ssPERG Amp, steady-state pattern electroretinogram mean amplitude value; GP, glaucomatous patients; NC, normal controls; My, myopic subjects.
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cases (15.7%). In both GP and MY groups, considered as

a whole, ssPERG SDph total specificity increased from

84.6% to 93.1% (95% CI: 83.3–98.1, Table 5 Figures 3

and 4).

Discussion
The diagnosis of glaucoma in myopic eyes can be very

difficult, since medium-to-high degree myopia can deter-

mine fundus alterations such as tilted discs, large optic

Table 2 Clinical characteristics of myopic subjects

Normality range

Gender Age ssPERG Amp ssPERG SDph MD PSD RNFL GCC ssPERG Amp ssPERG SDph

#1 m 44 1.42 0.09 −0.4 1.8 88 72 a n

#2 m 74 1.48 0.13 −0.5 1.3 74 64 a n

#3 m 78 1.36 0.1 −2.01 1.2 88 70 a n

#4 m 68 1.15 0.12 −3.5 1.5 104 91 a n

#5 m 60 1.18 0.11 −3.21 1.55 101 91 a n

#6 f 74 1.19 0.12 −2.4 1.88 87 71 a n

#7 f 56 1.09 0.1 −2.13 1.25 75 69 a n

#8 m 55 1.13 0.11 −1.5 1.24 79 77 a n

#9 f 57 1.54 0.11 0.35 1.88 76 77 n n

#10 f 57 1.56 0.14 −2.89 1.24 98 92 n n

#11 f 68 1.15 0.16 −1.4 1.4 102 84 a a

#12 m 60 1.51 0.11 −2.1 1.53 99 90 n n

#13 m 68 1.53 0.16 0.93 1.46 84 80 n a

#14 m 65 1.44 0.07 −3.22 1.7 78 79 a n

#15 m 61 1.55 0.07 −1.52 1.21 70 68 n n

#16 m 69 1.53 0.12 −0.06 1.34 72 55 n n

#17 f 62 1.5 0.15 −0.45 1.34 70 87 a a

#18 m 57 1.75 0.2 1 1.4 100 90 n a

#19 m 55 1.76 0.17 0.4 1.5 99 90 n a

Abbreviations: ssPERG Amp, steady-state pattern electroretinogram mean amplitude value; ssPERG SDph, standard deviation of steady-state PERG phase; MD, mean

deviation; PSD, pattern standard deviation; RNFL, retinal nerve fiber layer thickness; GCC, ganglion cell complex in 19 Myopic subjects.

Table 3 Pearson correlation coefficient (CC) and significance level P (SL-P) between mean deviation (MD) pattern standard deviation

(PSD), retinal Nerve fiber layer thickness (RNFL)*, ganglion cell complex (GCC)*, steady-state pattern electroretinogram mean

amplitude value (ssPERG Amp)*, standard deviation of steady-state PERG phase (ssPERG SDph) in all participants

MD PSD GCC RNFL Amplitude SD Phase

MD CC −0.59 0.55 0.52 0.72 −0.63

SL-P <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

PSD CC −0.59 −0.34 −0.33 −0.34 0.41

SL-P <0.0001 0.0005 0.0005 0.0004 <0.0001

GCC CC 0.55 −0.34 0.81 0.49 −0.52

SL-P <0.0001 0.0005 <0.0001 <0.0001 <0.0001

RNFL CC 0.52 −0.33 0.81 0.48 −0.47

SL-P <0.0001 0.0005 <0.0001 <0.0001 <0.0001

ssPERG Amp CC 0.72 −0.34 0.49 0.48 −0.27

SL-P <0.0001 0.0004 <0.0001 <0.0001 0.006

ssPERG SDph CC −0.63 0.41 −0.52 −0.5 −0.55

SL-P <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Notes: *RNFL, GCC, and ssPERG Amp were converted to a logarithmic scale (dB) in association with visual field indices.
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discs with large excavations, peripapillary atrophy, and

posterior staphyloma, which are able to bias the outcome

of several diagnostic examinations.

As for the visual field, myopic eyes can show blind spot

modifications, peripheral absolute defects, modifications of

the global indices (MD, PSD).1 Arcuate scotomas and gen-

eralized depression have also been reported.2

There is no agreement among the published studies about

the effect of myopia on OCT measurements (RNFL and

GCC thickness). Some authors did not find any

influence.17,18 On the contrary, several authors reported

abnormal findings by OCT in myopic eyes, in particular,

RNFL thinning6–10 and also GCC thinning.10 In other stu-

dies, GCC thickness was not found to be influenced by

Table 4 Pearson correlation coefficient (CC) and significance level P (SL-P) between mean deviation (MD) pattern standard deviation

(PSD), retinal nerve fiber layer thickness (RNFL)*, ganglion cell complex (GCC)*, steady-state pattern electroretinogram mean

amplitude value (ssPERG Amp)*, standard deviation of steady-state PERG phase (ssPERG SDph) in myopic and glaucomatous patients

MD PSD GCC RNFL Amplitude SD Phase

MD CC −0.19 −0.07 −0.12 0.48 −0.06

SL-P 0.06 0.63 0.38 0.001 0.67

PSD CC −0.19 0.01 0.14 −0.15 −0.09

SL-P 0.06 0.93 0.31 0.28 0.54

GCC CC −0.07 0.01 0.65 −0.01 0.24

SL-P 0.63 0.92 <0.001 0.93 0.08

RNFL CC −0.12 0.14 0.65 0.03 0.22

SL-P 0.38 0.31 <0.001 0.84 0.11

ssPERG Amp CC 0.48 −0.15 −0.01 0.03 −0.14

SL-P 0.001 0.28 0.93 0.84 0.32

ssPERG SDph CC −0.06 −0.09 0.24 0.22 −0.14

SL-P 0.67 0.54 0.08 0.11 0.32

Notes: *RNFL, GCC, and ssPERG Amp were converted to a logarithmic scale (dB) in association with visual field indices.

Table 5 (A) Receiver operating characteristics (ROCs) without myopic subjects. (B) ROCs myopic subjects included

AUC SEa 95% CIb Specificity 95% CIb

A

MD 0.83 0.05 0.738–0.906 71.79 48.72–89.74

PSD 0.78 0.05 0.683–0.867 62.56 33.33–84.62

GCC 0.79 0.05 0.685–0.868 54.36 28.45–77.55

RNFL 0.77 0.05 0.664–0.853 64.10 47.20–78.80

ssPERG Amp 0.86 0.04 0.765–0.924 82.10 66.50–92.50

ssPERG SDph 0.93 0.04 0.857–0.976 84.60 69.50–94.10

B

MD 0.76 0.05 0.671–0.842 84.48 72.6–92.7

PSD 0.79 0.05 0.701–0.865 77.59 64.7–87.5

GCC 0.77 0.04 0.676–0.846 81.03 68.6–90.1

RNFL 0.73 0.04 0.640–0.817 58.62 44.9–71.4

ssPERG Amp 0.76 0.05 0.664–0.837 70.69 57.3–81.9

ssPERG SDph 0.86 0.04 0.778–0.920 93.10 83.3–98.1

Notes: Data from these studies.12,13,30 aDeLong et al, 1988. bBinomial exact.

Abbreviations: MD, mean deviation; PSD, pattern standard deviation; RNFL, retinal nerve fiber layer thickness; GCC, ganglion cell complex; ssPERG Amp, steady-

state pattern electroretinogram mean amplitude value; ssPERG SDph, standard deviation of steady-state PERG phase.
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myopia.6–10 The reason for this apparent thinning of RNFL

and GCC thickness has been suggested to be a magnification

effect due to the greater axial length of the myopic eyes.

Specific correction formula has been used to overcome this

bias factor.6–8

Although many studies have shown that PERG, study-

ing electrical activity of RGCs is able to discriminate

between normal and early glaucoma patients, and also to

predict the future developments of visual field defects and

OCT alterations of RNFL and GCC thickness,19–27 it has

also been reported that myopia can determine reduction of

PERG amplitude, and that such effect is more pronounced

as ocular axial length increases.11

Starting from the evidence that PERG amplitude can be

reduced by non-specific (ie, non-glaucomatous)

causes,11,28,29 whereas phase variations are not, we

Figure 3 Box-plot of amplitude values of steady-state perg in glaucoma patients, myopic subjects and normal control.

Abbreviation: ssPERG Amp, steady-state pattern electroretinogram mean amplitude value.

Figure 4 Box-plot of intrinsic variability of the phase of steady-state perg in glaucoma patients, myopic subjects and normal control.

Abbreviation: ssPERG SDph, standard deviation of steady-state pattern electroretinogram phase.
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developed a test, that we called RE-PERG, based not on

the absolute value of the phase, but on its intratest varia-

bility, assuming it to be a metabolic stress-test based not

on the number of the ganglion cells, but on their functional

state, that is, a test able to detect a pre-apoptotic synaptic

dysfunction in glaucoma. In previously published works,

we showed that RE-PERG is able to discriminate early

glaucoma from normal patients, and also that it is not

influenced by optic media opacities like cataract, which

instead determine the reduction of PERG amplitude and,

therefore, loss of specificity in discrimination between

cataract patients and glaucoma patients.11,12

According to the outcome of the present study, myopia

itself can determine alterations of visual field parameters,

RNFL and GCC thickness measured by OCT, and also

PERG amplitude. These findings are in agreement with pre-

vious studies.1–11

Considering only GP patients, ssPERG Amp and

ssPERG SDph showed similar specificity (82.1% and

84.6%, respectively), but, as a consequence of myopia influ-

ence on PERG amplitude, by mixing GP and MY patients,

the specificity of ssPERG Amp dropped to 70.69%, whereas

ssPERG SDph specificity increased from 84.6% to 93.1%.

In the electrophysiological diagnosis of glaucoma, two

paradigms are currently performed: Transient PERG and

Steady-State PERG, the latter using a higher temporal

frequency.

The morphology of the wave obtained is an aspect of the

response of the bioelectric potential, which is due to both

signal-to-noise ratio (type or position of the electrodes, gain,

etc.) and the signal quality. Being a result of the average of the

events acquired, morphology should be better as the repeat-

ability of the events is greater. Increasing temporal frequency

of the stimulus, in healthy patients the peaks obtained gradually

approach each other until a sinusoidal wave is obtained.

Therefore, if the events are not perfectly repeatable, the mor-

phology of the sinusoidalwavewill be altered. InRE-PERG, in

which a very high number of events is used, the alterations of

the morphology of the waves we found (ie, intrinsic phase

variability) is, in our opinion, due to a real variability of the

electrophysiological events, that is, a marker of neuronal per-

formance impairment.

Conclusions
Intrinsic variations in the phase are little affected by non-

specific (ie, non-glaucomatous) causes like myopia that

instead cause a non-specific reduction of PERG amplitude.

In our opinion, evaluation of intrinsic phase variability of

2ndH of ssPERG by means RE-PERG can help to discri-

minate inner retinal dysfunction in all doubtful cases.

Further studies are required: first, the procedure should be

validated also in other laboratories to confirm our

results; second, its reliability should be verified also in other

conditions known as able to bias PERG amplitude (diabetic

retinopathy); third, it must verify its predictive value in ocular

hypertensive patients or glaucoma suspects in longitudinal

studies; finally, it would be also helpful to verify the variations

of the SD phase under therapy (both topical hypotensive and

neuroprotective).
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