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Abstract: Background: The electroretinogram is a clinical test used to assess the function of the 1
photoreceptors and retinal circuits of various cells in the eye, with the recorded waveform being -
the result of the summated response of neural generators across the retina. Methods: The present s
investigation involved an analysis of the electroretinogram waveform in both the time and time- 4
frequency domain through the utilization of the discrete wavelet transform and continuous wavelet s
transform techniques. The primary aim of this study was to monitor and evaluate the effects of
treatment in a New Zealand rabbit model of endophthalmitis via electroretinogram waveform -
analysis. Results: The wavelet scalograms were analyzed using various mother wavelets, including s
the Daubechies, Ricker, Wavelet Biorthogonal 3.1 (bior3.1), Morlet, Haar, and Gaussian wavelets. o
Distinctive variances were identified in the wavelet scalograms. Conclusions: The study compared 1o
Adult, Child, and Rabbit electroretinogram responses using DWT and CWT, finding that Adult 1
signals had higher power than Child signals, and Rabbit signals showed differences in a-wave and 12
b-wave depending on the type of response tested, while Haar Wavelet was found to be superior in 13

visualizing frequency components in electrophysiological signals. 14
Keywords: biomedical research; electroretinography; electroretinogram; ERG; electrophysiology 15
1. Introduction 16
1.1. Electroretinogram 17

The electroretinogram (ERG) is a functional test of the retina that is used clinically [1]to  1s
assesses principally the function of the photoreceptors and the retinal circuits of horizontal, s
bipolar, Miiller, amacrine and ganglion cells. The relative contribution of each cell depends 20
upon the state of retinal adaptation, flash color, strength, duration, and stimulus frequency =
[2]. In the standard full-field ERG the recorded waveform is the result of the summated 2
response of the neural generators across the entire retina. Granit first elucidated that the s
ERG waveform was the sum of parts through analysis of the dark adapted (DA) ERGin =
a series of animal studies using increasing degrees of anesthesia [3]. The ERG waveform =5
typically consists of an initial negative trough termed the ‘a-wave” which is followed by 26
a positive peak known as the ‘b-wave’. The a-wave represents hyperpolarization of the 27
photoreceptors (rods or cones depending on the degree of retinal adaptation) [4] - [6]. The =
‘b-wave’ has many neural contributors, including the depolarization of the bipolar cells 2o
[7,8] Muller cell glial potassium currents [9] and inhibitory horizontal cells [10,11] that  so
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all contribute to the main b-wave peak amplitude and timing. In addition, under light s
adapted (LA) conditions the a-wave also receives contribution from post-receptoral neurons =
that influence the amplitude [12] - [14]. Inhibitory horizontal cells also provide feedback s
inhibition to photoreceptors under LA and DA conditions [15,16]. The descending limb of s
the b-wave is mainly shaped by ganglion cells and forms the photopic negative response s
[17] that is not considered in this analysis. Finally, on the ascending limb of the b-wave 2-3 36
small peaks are observed which are known as the oscillatory potentials (OPs) that originate a7
in amacrine cells with contributions from bipolar and ganglion cells that contribute to s
the high frequency components of the ERG waveform and are typically analyzed after 3o
band-pass filtering the raw ERG signal [18] - [22]. The rabbit ERG has been used extensively 4o
in studies of drug toxicity and diseases of the retina and has a similar shape to the human
ERG [23] - [27]. a2

1.2. Analysis of the electroretinogram waveform a3

To develop the clinical applicability of the ERG, several strategies have been employed s
to analyze features of the waveform and their response to different flash strengths. For s
example the a-wave’s kinetics has been mathematically modelled [28] - [30] and the OPs 46
have been analyzed using the integrated root-mean-square of their amplitudes [1] and 4
wavelet analyses [31,32]. The modelling of the ERG b-wave amplitudes as the photopic s
hill under LA [33,34] and as a more complex luminance response function under DA [35] 40
conditions has also been used in clinical studies [36] - [38]. 50

The application of signal analysis to the ERG waveform was developed by Gauvin =
who applied a discrete wavelet transform (DWT) analysis to extract energies corresponding s
to the ON- and OFF- pathways of the a- and b-waves as well as the early and later OPs s
[39] - [41]. The DWT application of Gauvin’s work has been applied to the identification of  sa
neurodevelopmental and retinal disease [42] - [45] and offers the potential to develop the s
scope of practice for the ERG [46]. [ add reference Mahroo 2023] 56

In this study we analyzed the ERG waveform in the time and time frequency domain s
using DWT and Continuous wavelet transforms (CWT) to monitor the effects of treatment  ss

in an experimental rabbit model of endophthalmitis. 50
2. Materials and Methods 60
2.1. Study protocol and signals o1

All recordings were made with the Tomey GmBH EP-1000 stimulator sampling at2 =
kHz with 0.1-300 Hz bandpass filter. The two flash strengths were the DA 2.0 ERG (Scotopic s
Response) and light adapted (LA) 2.0 ERG (Maximal Response) stimuli were a white 2«
cd.s.m-2 on a 0 cd.m-2 background. Loop electrodes positioned in the lower lid were used s
for human recordings and ERG-Jet lens electrodes were used for rabbit recordings that s
have an excellent an signal-to-noise ratio [47]. Oxybuprocaine 0.4% was used to dilate the o
pupils in human and rabbit subjects. The use of oxybuprocaine 0.4% for pupil dilation has e
been well-documented in human and animal studies, and its safety and efficacy have been
established. In addition, the short duration of action of oxybuprocaine makes it a preferred 7
choice for ophthalmic procedures where rapid onset and quick recovery of normal function 7
are desired. The experimental protocols are described in Table 1 with all signals amplified 7
and digitized using the EP-1000 system’s built-in amplifier and A/D converter [48]. 73

To compare human ERG signals and use the signals of the Scotopic Response protocol 7
shown in Figure 1a and Maximum Response protocol shown in Figure 1b. Figure 1 shows s
the signals of healthy objects. Table 2 provides information on the age of objects, as well as 7
the values of the following parameters: a - amplitude of the a-wave, b - amplitude of the 7
b-wave, la - latency of the a-wave, Ib - latency of the b-wave. 78


https://doi.org/10.20944/preprints202304.0321.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 April 2023 d0i:10.20944/preprints202304.0321.v1

30f16

Table 1. Characteristics of an electrophysiological study.

Scotopic 2.0 ERG Response  Maximum 2.0 ERG Response

Flash intensity, cd-s-m-2 2 2
Background light, cd-sm-2 0 0

Flash duration, ms 0.5 3

Flash frequency, kHz 20 20

Stimulus interval, s (cps) 2.5(0.4) 10 or 13 (0.1)
Flash color white white
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Figure 1. ERG signals time-domain representation of healthy objects: (a) Scotopic 2.0 ERG Response.

(b) Maximum 2.0 ERG Response.
The average values of the Scotopic 2.0 ERG Responses are presented in Table 2 showed

the amplitude of the a-wave of adults (children) was 5.4 (4.3) times higher than the ampli-
tude of the a-wave of rabbits, the b-wave is 3.6 (1.9) times slower. The time to peaks of the
a- and b-waves differed by no more than 5.4%. The average Maximum 2.0 ERG Response
parameters are shown in Table 2 shows that the amplitude of the b-wave of adults (children)
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Table 2. Scotopic 2.0 ERG Response and Maximum 2.0 ERG Response parameters of healthy objects.

Adultl Adult2 Childl Child2 Rabbitl Rabbit2 Rabbit3

Age 205yo0. 278yo. 109yo. 7.5y.o0. 2-3.5 mos.
Maximum 2.0 ERG Response
a,uv 5232 50.69 45.65 39.28 9.18 6.59 8.2
b,uv 10122  93.78 66.74 58.35 24.75 19.92 18.86
la,ms 17.5 18 19 18 16.5 17 19.5
Ib,ms 38 39.5 39.5 38.5 38 39.5 45.5
Scotopic 2.0 ERG Response

a,nv  1.04 - 6.05 2.03 1.82 3.47 1.04
b,uvV  69.53 60.01 42.77 46.91 21.87 20.47 21.12
la,ms 17 - 16 16.5 10.5 14.5 12.5
Ib,ms 78 92.5 62.5 60.5 38.5 375 445

was 67.34% (52.82%) higher than the amplitude of the b-wave of rabbits. Analysis of the
a-wave was not performed due to the weak response of the photoreceptors at this flash
strength. The average values of the time to peak of the b-wave of adults (children) relative
to the time to peak of the b-wave of the rabbits differed by 52.88% (34.68%) delayed.

To further explore the time-frequency domain analysis of the ERG waveforms, we
used DWT and CWT analysis using the following mother wavelets:

Daubechies Wavelet

Ricker Wavelet

Wavelet Biorthogonal 3.1 (bior3.1)
Morlet Wavelet

Haar Wavelet

Gaussian Wavelet

SARNAIE IR A

The above mother wavelets were used for the processing and analysis of ERGs in
previous studies since 2000 [49]. Therefore, it was necessary to determine the optimal
mother wavelet for the Maximum 2.0 ERG Response and Scotopic 2.0 ERG Response used
in this study.

2.2. Endophthalmitis treatment in rabbit

12 New Zealand rabbits (male), weighing from 3.0 to 3.2 kg (average 3.10 + 0.35 kg),
aged 2 to 3.5 months had treatment for bacterial endophthalmitis of the right eye associated
with staphylococcus aureus. Each rabbit was injected with a solution of quantum dots
0.01% dose of QD InP/ZnSe/ZnS 660 in combination with Vancomycin 10 mg/ml [50]. In
all cases, the volume of substance for intraocular administration was 0.1 ml (0.05 + 0.05
ml.). The solution was injected intravitreally into the right eye of the animal. During the
study, slit-lamp photography (SLP) of the anterior segment, optical coherence tomography
(OCT) of the posterior segment, and ERG recordings were recorded. SLP was produced
using a Haag-Streit slit lamp BQ 900 manufactured by Haag-Streit Holding AG. OCT was
performed using an Optovue RTVue-100 manufactured by Optovue Inc.

OCT, SLP and ERG measurements and recordings were performed weekly. The
Maximum 2.0 ERG Response and Scotopic 2.0 ERG Response recordings are shown in
Figures 2a and Figure 2b. Figure 2 during the treatment period with improvement in the
amplitudes of the a- and b-waves. Table 3 provides the values of the following parameters:
a - amplitude of the a-wave, b - amplitude of the b-wave, Ia - latency of the a-wave, Ib -
latency of the b-wave.

The Scotopic 2.0 ERG Response results presented in Table 3 demonstrate the thera-
peutic effect of the treatment. The values 4, b, la, and Ib registered on 3rd week differ from
the average values of healthy rabbits by 26.09%, 12.28%, 11.67%, and 4.88%. Maximum 2.0
ERG Response results are presented in Table 3 also demonstrate the therapeutic effect of
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Table 3. Scotopic 2.0 ERG Response and Maximum 2.0 ERG Response parameters of rabbit with a

weekly interval.

Istweek 2nd week 3rd week

Maximum 2.0 ERG Response
a,uv 561 8.03 10.81
b,pvV  16.48 18.6 24.14
la, ms 33 17.5 20
Ib,ms 47 46.5 43

Scotopic 2.0 ERG Response

a,uv 181 3.43 0.75
b,uv  10.26 12.72 21.92
la, ms 13 22.5 8.5
Ib,ms 39.5 57.5 50.5

the treatment. The values b and Ib registered on 3rd week differ from the average values of

healthy rabbits by 32.00%, 20.46%.
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Figure 2. ERG waveforms in the time-domain representation of rabbit with a weekly interval: (a)
Scotopic 2.0 ERG Response (b) Maximum 2.0 ERG Response
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3. Results
3.1. Wavelet scalograms of human and rabbit ERGs signals

Figure 3-Figure 4 show the wavelet scalograms of Maximum 2.0 ERG Response and
Scotopic 2.0 ERG Response. The CWT scalograms depict a time-frequency representation,
where the horizontal axis denotes time values in milliseconds (ms) and the vertical axis
represents frequency values in Hertz (Hz). The Gaussian 8 degree Wavelet figure also
displays segment numbering for the corresponding scalogram. To describe the CWT
wavelet scalograms uniformly, the scalogram areas into even and odd segments by analogy
with the previous study [54]. The spatial arrangement and energy of central segments No.
1-4 were evaluated since segments No. 1-4 have the most physiological information and
have a low level of noise associated with eye movement artifacts. In turn, the DWT wavelet
scalograms represent the energy (1V-s) within the signal which was extracted for statistical
analysis. DWT scalogram presents the energies within each frequency band centered on
20, 40, 80, and 160 Hz. The horizontal axis of the DWT scalogram denotes time values in
samples and the vertical axis represents frequency values in Hertz (Hz). It should be noted
that the signal was upsampled from 1000 to 1280 Hz to get 20-160 Hz frequency bands.

CWT (Ricker Wavelet) wavelet scalogram in Figure 3 demonstrates significant energy
and localization differences between the rabbit and human signals. The area with maximum
energy in Adult 1 is in the range of 0-45 ms and 3-67 Hz (segment No.1), 50-100 ms and
3-67 Hz (segment No.2); Child 1 - 18-45 ms and 5-65 Hz (segment No.1), 56-87 ms and 5-65
Hz (segment No.2); Rabbit 1 - 55-65 ms and 8-20 Hz (segment No.2).

CWT (Morlet Wavelet): Adult 1 - 0-45 ms and 5-50 Hz (segment No.1), 50-100 ms and
5-50 Hz (segment No.2); Child 1 - 18-45 ms and 7-50 Hz (segment No.1), 56-80 ms and 7-50
Hz (segment No.2); Rabbit 1 - 60-70 ms and 7-20 Hz (segment No.2).

CWT (Gaussian 8 degree Wavelet): Adult 1 - 0-50 ms and 5-50 Hz (segment No.1),
50-100 ms and 5-50 Hz (segment No.2); Child 1 - 18-45 ms and 5-50 Hz (segment No.1),
55-90 ms and 5-50 Hz (segment No.2); Rabbit 1 - 12-37 ms and 7.8-15 Hz (segment No.1),
55-68 ms and 5-23 Hz (segment No.2).

DWT (Daubechies Wavelet) wavelet scalogram in Figure 3 demonstrates most of the
power in the low freq regions: Adult 1 - 0-100 samples for 10 Hz (maximum power), 50-100
samples for 20 Hz (medium power), from 40 Hz (low power); Child 1 - 0-100 samples for 10
Hz (maximum power), 50-100 samples for 20 Hz and 100-200 samples for 10 Hz (medium
power), from 40 Hz (low power); Rabbit 1 - 100-200 samples for 10 Hz (maximum power),
from 40 Hz (low power).

DWT (Biorthogonal 3.1 Wavelet): Adult 1 - 0-100 samples for 10 Hz (maximum power),
0-50 samples for 20 Hz (medium power), from 40 Hz (low power); Child 1 - 0-100 samples
for 10 Hz (maximum power), 0-50 samples for 20 Hz (medium power), from 40 Hz (low
power); Rabbit 1 - 0-100 samples for 10 Hz (maximum power), from 20 Hz (low power).

DWT (Haar Wavelet): Adult 1 - 0-100 samples for 10 Hz (maximum power), 0-50
samples for 20 Hz and 50-100 samples for 40 Hz (medium power), from 40 Hz (low power);
Child 1 - 0-100 samples for 10 Hz and 0-50 samples for 20 Hz (maximum power), 50-100
samples for 20 Hz and about 70 samples for 40 Hz (medium power), from 80 Hz (low
power); Rabbit 1 - 0-100 samples for 10 Hz (maximum power), 100-200 samples for 10 Hz
(medium power), from 20 Hz (low power).
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Figure 3. Wavelet scalograms of Maximum 2.0 ERG Response in healthy human and rabbit subjects.

CWT (Ricker Wavelet) wavelet scalogram in Figure 4 shows noticeable variations 1er
in energy and location between the signals produced by rabbits and humans. The area 1ee
with maximum energy in Adult 1 is in the range of 0-130 ms and 1-37 Hz (segment No.1), 160
150-250 ms and 1-37 Hz (segment No.2); Child 1 - 0-130 ms and 1-37 Hz (segment No.1), 17
50-250 ms and 1-10 Hz (segment No.2); Rabbit 1 - 20-70 ms and 100-200 Hz (segment No.1), 17
2-20 ms and 3-16 Hz (segment No.2). 172

CWT (Morlet Wavelet): Adult 1 - 0-130 ms and 2-16 Hz (segment No.1), 130-250 ms 173
and 2-16 Hz (segment No.2); Child 1 - 0-140 ms and 2-16 Hz (segment No.1), 140-250 ms 17
and 2-14 Hz (segment No.2); Rabbit 1 - 25-75 ms and 3-16 Hz (segment No.1), 100-150 ms 175
and 3-16 Hz (segment No.2). 176

CWT (Gaussian 8 degree Wavelet): Adult 1 - 0-50 ms and 5-50 Hz (segment No.1), 77
50-100 ms and 5-50 Hz (segment No.2); Child 1 - 18-45 ms and 5-50 Hz (segment No.1), 17
55-90 ms and 5-50 Hz (segment No.2); Rabbit 1 - 12-37 ms and 7.8-15 Hz (segment No.1), 17
55-68 ms and 5-23 Hz (segment No.2). 180

DWT (Daubechies Wavelet) wavelet scalogram in Figure 4 shows the majority of the 1.
energy is concentrated in the lower frequency regions: Adult 1 - 100-300 samples for 10 Hz  1s2
(maximum power), 450-600 samples for 10 Hz (medium power), from 20 Hz (low power); s
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Child 1 - 100-200 samples for 10 Hz (maximum power), 200-600 samples for 10 Hz (medium  1sa
power), from 20 Hz (low power); Rabbit 1 - 0-50 samples for 10 Hz (maximum power), 1es
200-300 samples for 10 Hz (medium power), from 20 Hz (low power). 186

DWT (Biorthogonal 3.1 Wavelet): Adult 1 - 0-200 samples for 10 Hz (maximum power), 1er
300-600 samples for 10 Hz (medium power), from 20 Hz (low power); Child 1 - 0-50 samples  1es
for 10 Hz (maximum power), 100-600 samples for 10 Hz (medium power), from 20 Hz (low 180
power); Rabbit 1 - 100-200 samples for 10 Hz (maximum power), 200-300 samples for 10 Hz 100
(medium power), from 20 Hz (low power). 101

DWT (Haar Wavelet): Adult 1 - 0-100 samples for 10 Hz (maximum power), 400-600 102
samples for 100 Hz (medium power), from 20 Hz (low power); Child 1 - 0-100 samples for 1es
10 Hz and 300-600 samples for 10 Hz (medium power), from 20 Hz (low power); Rabbit 1es
1 - 0-150 samples for 10 Hz and 100-150 samples for 20 Hz (maximum power), 150-400 105
samples for 10 Hz (medium power), from 30 Hz (low power). 106

Wavelet

transform
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wavelet
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Figure 4. Wavelet scalograms Scotopic 2.0 ERG Response waveforms in healthy human and rabbit
subjects.
3.2. Endophthalmitis treatment in rabbit 107

CWT (Ricker Wavelet) wavelet scalogram in Figure 5 shows treatment for 3 weeks. The 108
area with maximum energy in 1st week is in the range of 0-130 ms and 2-37 Hz (segment 1e0
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No.1), 170-250 ms and 1-5 Hz (segment No.2); 2nd week - 55-70 ms and 5-50 Hz (segment 200
No.1); 3rd week - 0-120 ms and 2-17 Hz (segment No.1), 130-250 ms and 2-15 Hz (segment 2o
NOZ) 202

CWT (Morlet Wavelet): 1st week - 80-120 ms and 7-18 Hz (segment No.1), 130-170 ms 203
and 7-18 Hz (segment No.2); 2nd week - 25-80 ms and 2-55 Hz (segment No.1), 80-175 ms 204
and 2-55 Hz (segment No.2); 3rd week - 0-80 ms and 2-18 Hz (segment No.1), 110-200 ms 205
and 2-18 Hz (segment No.2). 206

CWT (Gaussian 8 degree Wavelet): 1st week - 55-70 ms and 5-11 Hz (segment No.1), =07
140-160 ms and 6-11 Hz (segment No.2); 2nd week - 60-65 ms and 9-14 Hz (segment No.1), zoe
97-102 ms and 9-14 Hz (segment No. 2); 3rd week - 0-87 ms and 2-18 Hz (segment No.1), =zoe
112-200 ms and 2-18 Hz (segment No.2). 210

DWT (Daubechies Wavelet) wavelet scalogram in Figure 5 indicates that most of the = 211
energy is focused in the frequency range that is lower: 1st week - 100-200 samples, 400 212
samples for 10 Hz (maximum power), 50-200 samples for 20 Hz (medium power), from 40 213
Hz (low power); 2nd week - 0-100 samples for 10 Hz (maximum power), from 20 Hz (low 214
power); 3rd week - 0-100 samples for 10 Hz (maximum power), 100-400 samples for 10 Hz 215
(medium power), from 20 Hz (low power). 216

DWT (Biorthogonal 3.1 Wavelet): 1st week - 0-2100 samples for 10 Hz (maximum 217
power), 250-350 samples for 10 Hz (medium power), from 20 Hz (low power); 2nd week  2:s
- 100-200 samples, 400 samples for 10 Hz and 0-50 samples for 20 Hz (maximum power), =10
250-350 samples for 10 Hz (medium power), from 40 Hz (low power); 3rd week - 0-100 220
samples for 10 Hz (maximum power), 100-400 samples for 10 Hz (medium power), from 20 222
Hz (low power). 222

DWT (Haar Wavelet): 1st week - 0-100 samples, 250-350 samples for 10 Hz (maximum  z2:
power), from 20 Hz (low power); 2nd week - 100-350 samples for 10 Hz (medium power), 224
from 80 Hz (low power); 3rd week - 0-100 samples for 10 Hz (maximum power), 250-400 225
samples for 10 Hz (medium power), from 20 Hz (low power). 226

It should be noted that the ERG of the 1st week showed a signal shift to the right. 22r
The ERG region with maximum energy of the 3rd week corresponds to the frequency =2z
characteristics of the rabbit ERG in Figure 3, however, it has a time extension of 50% =220
(segment No.1) and 30% (segment No.2). In addition, the high-frequency component of the 230
signal is more pronounced compared to Figure 3. 231
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Figure 5. Wavelet scalograms of Maximum 2.0 ERG Response in rabbit following treatment at week

1,2 and 3.
CWT (Ricker Wavelet) wavelet scalogram in Figure 6 shows treatment for 3 weeks. 232

The area with maximum energy in 1st week is in the range of 25-130 ms and 2-37 Hz = =s»
(segment No.1), 150-250 ms and 2-16 Hz (segment No.2); 2nd week - 25-130 ms and 2-37 234
Hz (segment No.1); 3rd week - 0-130 ms and 2-30 Hz (segment No.1), 130-250 ms and 2-16 =35
Hz (segment No.2). 236

CWT (Morlet Wavelet): 1st week - 75-130 ms and 5-16 Hz (segment No.1), 150-175 ms  zs7
and 5-16 Hz (segment No.2); 2nd week - scalogram segments are not differentiable and  23s
represent sets of spots or discontinuities in the signal, corresponding to different scales =230
and frequencies; 3rd week - 0-130 ms and 2-16 Hz (segment No.1), 130-250 ms and 2-16 Hz = 240
(segment No.2). 241

CWT (Gaussian 8 degree Wavelet): 1st week - 4-10 ms and 90-110 Hz (segment s
No.1); 2nd week - scalogram segments are not differentiable and represent sets of spots or  zas
discontinuities in the signal, corresponding to different scales and frequencies; 3rd week - 244
1-17 ms and 0-110 Hz (segment No.1), 1-17 ms and 0-110 Hz (segment No.2) 245

DWT (Daubechies Wavelet) wavelet scalogram in Figure 6 indicates that the majority 246
of the energy is concentrated in the lower frequency range: 1st week - 0-50 samples for 2s7
10 Hz (maximum power), 50-100 samples for 20 Hz (medium power), from 40 Hz (low 24

DWT / Haar
Wavelet
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power); 2nd week - 0-50 samples for 10 Hz and 100-150 samples for 20 Hz (maximum
power), 100-200 samples for 10 Hz (medium power), from 20 Hz (low power); 3rd week

- 0-50 samples for 10 Hz (maximum power), 50-200 samples for 10 Hz (medium power),

from 20 Hz (low power).
DWT (Biorthogonal 3.1 Wavelet): 1st week - 550-600 samples for 10 Hz (maximum

power), 200-300 samples for 10 Hz (medium power), from 20 Hz (low power); 2nd week -
0-50 samples for 10 Hz (maximum power), 100-150 samples for 20 Hz (medium power),

from 40 Hz (low power); 3rd week - 0-50 samples for 10 Hz (maximum power), 200-600
samples for 10 Hz (medium power), from 20 Hz (low power).

DWT (Haar Wavelet): 1st week - 550-600 samples for 10 Hz (maximum power), 200-550
samples for 10 Hz (medium power), from 20 Hz (low power); 2nd week - 0-50 samples
for 10 Hz (maximum power), 100-200 samples for 20 Hz (medium power), from 40 Hz
(low power); 3rd week - 0-50 samples for 10 Hz and 150-200 samples for 20 Hz (maximum
power), 200-600 samples for 10 Hz (medium power), from 40 Hz (low power).
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4. Discussion 263

The mother wavelets used in the study are similar in form and parameters to the 2es
ERG, in particular, their impulsive nature. For example, the difference between the Morlet 265
wavelet and the Gaussian wavelet is that the Morlet wavelet has better selectivity prop- zes
erties in the frequency domain, while the Gaussian wavelet has better properties in the  ze7
time domain. However, it is proving elusive to obtain localization of an ideal character 2.
simultaneously in the frequency and time domains. 260

The basis functions of CWT, in most cases, are not strictly orthogonally normalized 270
due to the fact that the elements of the basis are infinitely differentiated with exponential 27
characteristics falling off at time infinity. DWT does not have the above problems due to 272
the higher accuracy of the reconstruction of the studied signals. The choice of the type and  27s
typology of wavelets primarily depends on the studied ERG signal and the task of this 27
analysis taking into account the level of knowledge and experience of the researcher. 275

Therefore, it is necessary to pay attention to verification and determining the level of 276
the biomedical signal’s effectiveness. It should be noted that when using a similar ERG 27

analysis of other protocols, different results may be obtained in practical terms. 278
5. Conclusions 279
5.1. Human and rabbit ERG signals 280

In the given context, the comparison of Adult, Child, and Rabbit ERG responses in 26
CWT showed that the power of Adult signals in segments No.1 and 2 was significantly zs:
higher than that of Child signals which aligns with the larger ERG amplitudes observed s
in the adult subjects. Additionally, Rabbit signals exhibited a less pronounced a-wave in  zss
segment No.1 and a less pronounced b-wave in segment No.2, with the magnitude of the 2es
effect being dependent on the state of retinal adaption and amplitude of the response. The =zss
Morlet Wavelet and Gaussian 8 degree Wavelet are commonly used in signal processing ap-  ze7
plications and have been found to have similar performance in extracting parameters from  zss
the scalogram, providing a visual representation of a signal’s time-frequency components.  zss

However, in the analysis of electrophysiological signals such as Adult, Child, and e
Rabbit signals, it has been observed that DWT tends to exhibit low-frequency components 20
due to the presence of software filtering in the electrophysiology equipment used. In 202
contrast, the Haar Wavelet has been found to provide superior visualization of frequency =zes
components in such signals. REF 208

Experimental studies in ophthalmology are often performed on the eyes of rabbits 205
due to the convenience of work (the size of the eyeball is similar to the human eye and the 206
possibility of clinical observation without additional specialized equipment) [51]. On the 27
other hand, the rabbit retina has significant differences from the human retina (merangiotic 208
type of the retina, absence of the macular area, different distribution of photoreceptors =zee
of various types) [52,53]. Nevertheless, the results obtained in the study demonstrate o0
the possibility of quantifying functional changes in the time domain and time-frequency o
domain representation in the rabbit ERG under scotopic and photopic conditions. 302

5.2. Endophthalmitis treatment in rabbit 303

The results obtained from CWT indicate that the pathological states exhibit a marked sos
differentiation of segments, leading to the formation of low-power patches. On the other sos
hand, DWT analysis demonstrated a non-linear and irregular distribution of signal fre- o6
quency components under pathological conditions. 307

Figure 7 shows the data OCT and SLP images of rabbit at weekly intervals. There sos
are positive changes in the structures of the anterior segment of the eye during treatment o0
according to SLP. The preservation of the normal anatomy of the sensory retina of the 310
posterior segment of the eye is observed. Hyper-reflective dots in the preretinal region 1
were only registered in 1st week according to OCT. 312
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1st week 2nd week 3rd week

OCT

SLP

Figure 7. OCT and SLP images of rabbit at weekly intervals. Arrows indicate main anatomical
changes following treatment.

1st week: Massive hyperreflective elements and preretinal macular membrane for- s
mation were visualized in the posterior segment of the eye using OCT scans. In turn, s
pericorneal injection, and increased iris pastosity along with newly formed vessels of the s
iris were visualized in the anterior segment of the eye using SLP. 316

2nd week: Decreased hyperreflective elements allowed for assessing the photorecep- 17
tor’s destruction articulation and the pigment epithelium complex - Bruch’s membrane s
was now visible with decreased iris pastosity along with the number of new vessels in the s
anterior segment of the eye. 320

3rd week: Normalizing of the posterior segment of the eye was visualized except for sz
a single foci of photoreceptor damage. The condition of the anterior segment of the eye 322

corresponded to the control eye according to SLP data. 323
Thus, the results SLP and OCT confirm that ERG rabbit did not show a pronounced 24
decrease in the main indicators of the electrobiological activity of the retina. 325
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LA Light Adapted

OPs Oscillatory Potentials

DWT Discrete Wavelet Transform
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