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Abstract: Objective: Assessment of the macular ganglion cells function in myopic subjects using pattern electroretinogram 

(PERG) in comparison with healthy controls to help in diagnosing of retinal diseases, and studying the relationship of the 

changes seen in PERG with the axial length (AL) of the eye. Methods: The study was cross sectional, included 62 subjects 

(121 eyes). Three groups were examined: group 1: controls or emmetropics; group 2: mild myopics; group 3: moderate 

myopics. For all participants, a detailed pathological story was taken, a comprehensive eye examination was performed, AL 

was measured, and PERG was recorded, then the variables of the recorded waves (peak time and amplitude) were analyzed. 

Results: A statistically significant decrease in mean amplitudes of (P50, N95) waves was observed in group 2 (36 eyes) and 3 

(25 eyes) compared to group 1 (60 eyes) (P-value <0.01), and a statistically significant elongation of mean N95 peak time was 

observed in (group 2 and 3) compared to group 1 (P-value <0.01) without being associated with elongation of mean P50 peak 

time. By studying the relationship between AL and each of peak time and amplitude of (P50, N95) waves, we have found that 

when AL increased, amplitudes decreased and peak times prolonged in a statistically significant way (P-value <0.01). 

Conclusion: The decreased amplitude of P50 wave may indicate a functional impairment of the macula in myopic subjects, and 

the decreased amplitude of N95 wave may be due to a functional impairment of their ganglion cells. The elongation of P50 

peak time with increasing of AL may be due to a delay of the synaptic transmission between photoreceptors, bipolar cells, and 

ganglion cells. 
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1. Introduction 

Myopia is a worldwide phenomenon, and it is an important 

social health problem due to its association with an increased 

risk of vision loss [1, 2]. The axial elongation of the eye that 

accompanies myopia results in thinning and decreasing in the 

density of the retinal pigment epithelium (RPE) in the 

equatorial region, thinning of choroid and sclera, mostly at 

the posterior pole [3], and spacing between retinal neurons, 

including ganglion cells [4]. Also the thickness of ganglion 

cell- inner plexiform layer (GCIPL) decreased with the 

increasing of myopic degree and with the increasing of axial 

length (AL) of the eye [5, 6]. The previous structural changes 

are accompanied by functional changes [7]. It's possible to 

obtain objective information about retinal cells function 

through visual ectrophysiological tests, including 

electroretinography (ERG), which are non-invasive tests [8]. 

The pattern electroretinogram (PERG) helps in 

understanding the pathophysiology of several eye diseases, 

and the amplitude of PERG -which represents the ganglion 

cells function- can detect damage before the conventional 

field devices, and therefore it is an important predictive 

factor in patients with high intraocular pressure, it is also a 

useful tool in the early detection of optic neuropathies such 

as those occurring in context of ocular Grave's disease (OGD) 

and the early stages of Alzheimer's disease. It has an 

important role in determining the pre-proliferative stage in 

diabetic retinopathy for the possibility of laser treatment, and 

it helps in explaining of optic nerve diseases if it's compared 

with the results of pattern reversal visual evoked potentials 
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(PRVEP) [9-11]. 

Myopia is a risk factor for many retinal diseases that may 

cause permanent visual damage such as glaucoma and 

myopic maculopathy, and the current examinations {(such as 

fundoscopy and optical coherent tomography (OCT)} may 

not be sufficient to differentiate these diseases in their early 

stages from the normal state of myopia, and because of the 

importance of early detection of these diseases, we aim 

through this research to study (PERG) in order to find out its 

specificity in myopia, by comparing the results with healthy 

controls, as well as studying the changes that accompany the 

AL elongation of the eye. 

2. Materials and Methods 

2.1. Design 

A cross sectional study. 

2.2. Subjects 

Two groups of eye clinic reviewers were examined at 

Tishreen University Hospital in Lattakia, Syria. From August 

2019 till August 2020. 

2.2.1. Ethical Considerations 

An informed consent and ethical committee clearance 

were taken for this study. 

2.2.2. Inclusion Criteria 

Mypoic subjects with refractions of (– 0.5 D and less), age 

group (18-40) years, and emmetropic subjects with 

refractions between (– 0.25 D and + 0.50 D) of the same age 

group. 

2.2.3. Exclusion Criteria 

Best corrected visual acuity (BCVA) is worth than 20:20, 

astigmatism > 0.50 D, intraocular pressure (IOP) > 21 mm 

Hg, blurred media, other ocular diseases such as (uveitis, 

macular degenerations, etc.), myopic degeneration, previous 

ophthalmic (surgery, injection or laser treatment), systemic 

diseases and treatments that may affect electroretinography 

results, chronic alcoholism, lack of patient cooperation 

(fatigue and inability to concentrate during the test). 

2.3. Procedures 

Each of (age, social habits, the medical, surgical and 

pharmacological history) of participants was written in the 

research questionnaire. All subjects underwent a 

comprehensive ophthalmic examination (visual acuity, 

refraction errors, pupil diameter, BCVA, slit-lamp 

examination, dilated fundoscopy), AL is measured by Aviso 

ultrasound A scan (Quantel, Italy) and IOP was measured by 

Kowa air puff tonometer (KT-800, japan). 

PERG was recorded with Retimax (CSO, Italy) in 

accordance with the International Society for Clinical 

Electrophysiology of Vision (ISCEV) guidelines [12], 

general recommendations were given to the participants 

before the test (sleeping 6-8 hours, avoiding sedatives and 

hypnotics.). At procedure: The examination method was 

explained to the participant, the room was quiet, the lighting 

was dim, and the participant’s position was comfortable to 

avoid muscles spasm and errors. Electrodes were placed (H-

K loop electrodes were placed in the fornix of the lower 

eyelid after topical anesthesia, and referred to ipsilateral 

outer canthus silver-coated electrodes with a mid-forehead 

earth electrode), achieving good contact with skin by 

removing deposits and dead cells using a gentle abrasive tool 

and a suitable gel between electrode and skin. The inter-

electrode impedance was checked and maintained below 5 

KOhm in all recordings. The stimulus was black and white 

cross checkerboard reversing alternately at the rate of 4 rps, 

acquisition time was 250 ms, and the contrast was 99% 

“Figure 1”. 100 responses were recorded with re-testing 

twice in the same session. 

 

Figure 1. Retimax equipment in the ophthalmological clinic{(a) the specific 

electrode contact points for tests; (b) pattern stimulator; (c) silver-coated 

skin electrodes; (d) H-K loop electrodes; (e) gel} [13]. 

The test was performed binocularly to facilitate fixation, 

with undilated pupils, and a corrective glasses suitable for the 

distance from the screen (1 metre) was used for myopic 

subjects. Subjects were being instructed to fix their gaze at 

the sign in center of the checker board, and not to blink, to 

avoid interference in potentials due to the movement of the 

eyeball. The pause button was clicked to rest the participant 

for several seconds to avoid distraction or fatigue, after 

which the continue button was clicked to complete the 

recording. 

In normal subjects, the PERG wave typically consists of a 

small primary negative component (may not always appear) 

with a peak time of about 35 ms (N35), followed by a much 

larger positive component (P50) at 45-60 ms, followed by a 

large negative component (N95) at 90–100 ms [12, 13]. 

The important variables for each wave are recorded: peak 

time or implicit time which is the time between the start of 

stimulus and peak response, expressed in milliseconds (ms), 

and the amplitude which is measured between peaks and 

troughs. The P50 amplitude is measured from the trough of 

N35 to the peak of P50, the N95 amplitude is measured from 

the peak of P50 to the trough of N95, and so on, often 

expressed in microvolts (µV) [12]. 
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2.4. Statistical Analysis 

Descriptive statistics: the quantitative data (mean value, 

standard deviation), the qualitative data (frequencies, 

percentile). We use One Way Anova test and Chi-Square test 

as inferential statistics. Pearson Correlation was used to study 

the correlation between the variables. A P-value less than 

0.05 was considered statistically significant. IBM SPSS 

statistics version 20 was used for data analysis. 

3. Results 

The study included 62 participants (121 eyes). Myopics 

were 32 subjects (61 eyes), they were divided into two 

groups {mild myopics (36 eyes) and moderate myopics (25 

eyes)}. Emmetropics or controls were 30 subjects (60 eyes). 

The median age of the participants was 26.03±3.8 years. 

Three groups were formed according to their spherical 

equivalent (SE) values: 

Group 1 (control group): between – 0.25 and + 0.50 D 

Group 2 (mild myopia): between – 0.50 and – 2.99 D 

Group 3 (moderate myopia): between – 3.00 and – 5.99 D 

The (gender, age, SE and AL) of the three groups are 

presented in Table 1. There was no statistical differences in 

gender and age between the three groups, while there was a 

statistically significant difference between the groups in 

mean AL values which were found longer in myopics. 

The results have shown a statistically significant 

differences in mean N95 peak times between the three groups, 

but there was no statistical significant differences in mean 

P50 peak times (Table 1). 

There was a statistically significant differences in mean 

(P50 and N95) amplitudes between the three groups (Table 1; 

Figure 2). 

Table 1. The means obtained for different parameters among the three groups. 

Study subjects Group 1 (60 eyes) 
Myopics (61 eyes) 

P-value 
Group 2 (36 eyes) Group 3 (25 eyes) 

Gender (M/F) 8/22 11/10 9/5 0.05 

Age (year) 26.4±2.8 24.8±4.3 25±3.4 0.07 

Spherical equivalent (D) 0.1±0.2 -1.4±0.6 -3.4±0.4 0.0001 

Axial length (mm) 23.3±0.9 24.1±0.6 25.1±0.8 0.0001 

P50 peak time (ms) 49.8±1.6 50.2±1.4 50.4±1.6 0.2 

N95 peak time (ms) 95.5±5.8 99.04±7.8 99.8±8.3 0.004 

P50 amplitude (µV) 6.1±1.3 5.2±1.2 4.6±1.1 0.001 

N95 amplitude (µV) 9.4±1.1 7.3±1.2 6.8±1.1 0.002 

D: Diopter, mm: millimeter, ms: millisecond, µV: microvolt. 

 

Figure 2. Samples of PERG waves: {(a) controls, (b) mild myopia, (c) moderate myopia}. 

By studying the relationship between AL and each of (P50, 

N95) peak times and amplitudes, it was found that when AL 

increased, peak times prolonged and amplitudes decreased in 

a statistically significant way (Table 2). There was no 

statistically significant correlation between SE and P50 peak 

time, but it was a statistically significant negative correlation 

between SE and N95 peak time. When P50 and N95 

amplitudes were correlated to SE, it was found that when SE 

decreased, the amplitudes decreased in statistically 

significant way (Table 3). 

Table 2. Correlation of PERG parameters with AL. 

PERG parameters r P-value 

P50 peak time (ms) 0.46 0.001 

N95 peak time (ms) 0.31 0.002 

P50 amplitude (µV) - 0.39 0.001 

N95 amplitude (µV) - 0.51 0.0001 

ms: millisecond, µV: microvolt. 
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Table 3. Correlation of PERG parameters with SE. 

PERG parameters r P-value 

P50 peak time (ms) - 0.21 0.05 

N95 peak time (ms) - 0.29 0.01 

P50 amplitude (µV) 0.41 0.0001 

N95 amplitude (µV) 0.63 0.0001 

ms: millisecond, µV: microvolt. 

4. Discussion 

PERG is a non-invasive electrophysiological ophthalmic 

test that provides a quantitative measurement of central 

retinal function, and measures objectively the functional 

impairment and recovery. Since it is a localized response 

from the area covered by a checkerboard image, it can be 

used as an indicator of the dysfunction within the macula 

region, noting that black and white exchange is the most 

important induction of the contrast response for ganglion 

cells [12, 14]. 

Our study agreed with the study of Ayse Oner et al [15], 

where 4 groups were formed according to the refraction 

values of 160 eyes of 80 myopic and control subjects as 

follows: Group 1 (controls): between 0.00 and – 0.75 D; 

Group 2: – 1.00 and – 3.00; Group 3: – 3.25 and – 6.00 D; 

Group 4: – 6.25 and – 10.00 D. There was no statistically 

significant differences between groups in age and sex, but 

there was a statistically significant positive correlation 

between myopia and AL. Also, it's found a statistically 

significant prolongation in mean N95 peak time in subjects 

whom SE values were less than – 3.00 D, but no statistically 

significant difference was found in mean P50 peak time. The 

amplitudes of P50 and N95 were statistically significant 

decreasing with the decreasing in values of SE and with the 

increasing in AL. However it didn't evaluate the correlation 

between P50 and N95 peak times and both of SE and AL. 

In another study by L K Sumitra et al [16], where total of 

64 subjects were included in the study of 18–30 years age 

group of both sexes. The subjects were divided into 4 groups 

as the same way as Ayse Oner study did, it's shown that the 

mean (P50 and N95) amplitudes were less in myopic groups 

than in control group, also the amplitudes decreased with 

increase in refractive error and axial length (p<0.001), it has 

found a statistically significant prolongation of mean N95 

peak time in myopics, the previous are consistent with our 

study, but L K Sumitra differed from our study when it's 

found a statistically significant prolongation of mean P50 

peak time in myopic groups compared to control group, this 

could be due to the difference of mean SE value in mild and 

moderate myopic groups which was -1.4±0.6 and – 3.4±0.4 

D respectively in our study while in L K Sumitra study it was 

– 2.12±0.52 and – 4.7±0.74 D respectively, in addition to the 

presence of the severe myopic group in the comparison 

between groups in L K Sumitra study while it didn't present 

in our study. 

Our study also agreed with that of Rudy Hidajat et al [17], 

which included Thirty-nine normal volunteers with AL 

ranged between 21.8 and 25.7 mm, where it's found a 

significant negative correlation between AL and P50 

amplitude. 

Several hypotheses have been proposed regarding to 

PERG findings in our study, the spacing occurred between 

retinal neurons including ganglion cells, and the thining of 

ganglion cell-inner plexiform layer (GCIPL) due to an 

increase in (AL or myopic refraction) contribute to the 

decrease in ERG potentials in myopic eyes [5-7]. 

Regarding N95 peak time, although we've found a 

statistically significant prolongation in myopic groups 

comparing to controls, it is likely that it has no clinical value, 

because it's not easy to measure N95 peak time accurately 

due to its wide shape [18] “Figure 3”. 

  

Figure 3. Shows the wide shape of N95. 

Prolongation of peak time in myopics compared to 

controls may indicate differences in the kinetics of synaptic 

transport from photoreceptors to the On and Off pathways of 

bipolar cells and ganglion cells [19] 

As for Amplitude (which is the maximum electrical 

response evoked by light and generated by retinal cells), 

low P50 amplitude in myopic eyes compared to 

emmetropics could be due to a decrease in the density of 

the photoreceptors, changes in the morphology of their 

external part, and the disturbance in the function of these 

receptors in the macula [20]. N95 amplitude represents a 

direct measure of the ganglion cells function and its 

decrease in our study may indicate a lack of its function in 

the myopia groups [21]. 
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The dopaminergic system may contributes in explanation of 

the altered responses in myopia, dopamine molecules have 

receptors within the retina, especially the ON pathway for 

photoreceptors, bipolar cells and ganglion cells. Dopamine 

contributes in reducing ocular elongation and myopia 

development [22, 23], it also participates in retinal cell survival 

and in reorganizing the properties of the receptive fields 

associated with changes in retinal illumination, and modifies 

the kinetic properties of the ganglion cell response to contrast. 

A deficiency in dopamine levels- as occurs in Parkinson's 

patients- leads to a significant decrease in (P50 and N95) 

amplitudes with a delayed in P50 peak time [24, 25]. 

5. Conclusion 

The mean values of (P50, N95) amplitudes decreased in 

myopic groups compared to emmetropic group, and the 

decrease increased as SE value decreased. As AL increased, 

amplitudes decreased and peak times prolonged for each P50 

and N95 waves. These changes in PERG indicate a 

disturbance in the function of the macula and the ganglion 

cells in myopics compared to emmetropics, despite the 

presence of a normal eye fundus. 

PERG is recommended for myopics when degrees 

stabilize, in order to have a reference database to return to in 

case of any central retinal lesion with a normal fundus is 

suspected. 
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