2.4.2.05
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Abstract.

GENERAL ASPECTS OF OPs SIMULATION.

The oscillatory potentials are small

waves

superimposed on the b-wave of the electroretinogram.
We here discuss their simulation with simple functions.
The purpose is to gain qualitative and quantitative
information to be used in correlation with the clinical
diagnosis and in the investigation of their sources. The

is carried out in normal subjects and in

simulation

patients affected by diabetic retinopathy. The results of
the two sets are separately commented and then
compared. Some relevant results are: a) the possible
presence of independent sources for the oscillatory
potentials, b) the voltage reduction and latency increase

in the pathological

cases,

c) the line

shape and

frequency changes and, d) the possibitity of simulating
a tracing by means of 16 parameters.

A typical normal tracing shows the presence of 4
oscillations. The first peak and the last one are similar
both in amplitude and width, the two intermediate are
smaller and similar to each other. A slowly varying offset
potential may be superimposed. Among normal subjects,
small changes appar in the time delays, voltages or
shapes. When we consider the pathological cases, drastic
changes occur

in these quantities, moreover, one or more

randomly distributed max/min may disappear or become
highly arymmetric, Some variations with respect to the Ns
are common to most patients (one of them is the voltage
reduction), others are peculiar of individual patients (for
example the disappearing of a peak).
The signals of the set N are usually strong and almost
unaffected by noise. Those of the set DR are weaker and
the signal to noise ratio is worse than for normals.

In the simulation process each of the 4 oscillations
j) in the time diagram has been extracted from

INTRODUCTION.

(labelled

When

a flash of light falls on the retina, the

electroretinogram (ERG) records the changes of the retinal
potentials generated along the retinal layers. It reflects the
complexity of the anatomical connections in the retina and

consists of various components that arise in different
layers, Among these, we are interested in the study of the

oscillatory potentials (OPs) that are small waves
superimposed on the b-wave of the ERG. They can be
found in the 15-50 msec time interval after stimulation
and usually consist of 4 peaks interleaved with 4 minima.
It seems that their generators are probably located at the
inner plexiform layer and can reflect the activity of
inhibitory feedback circuits. They depend on the retinal
circulation, are hence sensitive to eventual disturbances [1,
2l and have a considerable clinical interest even if until
now there is disagreement about their measurement and

the original tracing and simulated by means of a sine wave
Fj(t) : 4o sin[ori(t - !)l + Fj'*
(1)
where F1o is the amplitude of the oscillating signal and is
related to the energJ released in the retinal response to the

flash, rrll is the frequency width and gives information
about the line shape of the response, ! is a suitable time
delay also called the cross-over time and is useful in
determining the temporal delay of the response, 4'* u
voltage shift (necessary in order to account for the
presence of an eventual offset due to the b-wave). Each
wave (l) is truncated in time when the isoelectric value is
reached or a successive OP begins.

RESULTS AND DISCUSSION.
The results of the simulation of each OP obtained using
are reported in Table I for the set N and in Table 2 for
DR. Using these values, it is possible to glve a formal
description of a tracing as a sum of four time delayed sine
waves, 16 parameters are sufficient. It is also possible to
compare one or more OPs with those in the same tracing
or in a different tracing,
The first column refers to the wave amplitudes fo, The
standard deviations show that there is negligible scattering
in the amplitude distributions of the first and fourth OPs,
and an appreciable scattering in the amplitude of the two
intermediate OPs. The second column refers to the delay
times ti, The deviations are small and increase with time.
A comprehensive analysis of these results shows that the

(l)

analysis.

The present paper investigates the simulation of the
with the
aim of looking for an analytical expression describing a
sine wave oscillation and searching for a temporal law of
generation/extinction. The features to be studied are the
following: voltage deyiation, time delay, frequency and
OPs by means of simple time dependent functions

voltage shift.

The simulation has been carried out in two samples,
one consisting of normal subjects (l.t) and the other
consisting of patients affected by diabetic retinopathy
(DR) The results are presented separately, and then
compared and commented.
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Table

I

(Normal Subjects)

F.;o[mvl t;[nrs]

J (OP)

I Values
16.7
St. deviations 3.9
tr Values
9.9
St. deviations 3.7
[ Values
5.4
St. deviations 3.1
lV Values
14.3
St. deviations 5.2

19.1
0.8
26.8
l.l
32.1
1.5
39.2
1.6

rrli[Hz]

Fi'hft1mv1

123.6
8.4
140.8
25.9
139.1
59.1
107.7
10.7

0.3
1.1

3.2

2.0

4.2
2.0
-0,2

0.6

subject dependence is more appreciable for voltages than

for time delays. Furthermore, the subject

dependence is
enhanced in the two intermediate OPs, related presumably

to residual effects of the b-wave background. The third
column gives the values of rrr.;. They are related to the
width of the OP oscillation. Small differences occur both
in the mean values and in the related deviations. It follows
that the 4 OPs correspond to oscillations different on
various aspects except for the frequency content. The
fourth column gives the values of the off-set due mainly to
the presence of the b-wave. It is greater for the
intermediate oscillations.
Table

2 (Diabetic retinopathy)

Fio[mV tlmsl
I Values
7.3 21.4
St. deviations 3.2
l8
tr Values
4.7 29.2
St. deviations 2.2
2.2
III Values
4.3 34.8
St. deviations 2.6
1.4
lV Values
7.7 40.0
St. deviations 5.4
2.2

i

(op)

response has a characteristic delay time and voltage
amplitude.
2) The frequenry content of the 4 OPs is nearly the same.

4) A tracing can be simulated with sufficient accuracy
using 16 parameters (4 for each OP) They are related to
the energy released in the response to a flash of light, to
the shape of the response (frequency content) and to the
time delay taken lry the oscillators to activate under the
action of the light pulse.
In presence of DR patholory, the subject dependence
has a relevant role that leads to an increase in the standard
deviations and a decrease in the correlations. The time
latencies of the responses occur later in time. The increase
is about 2 ms. Unequal spacings between different
oscillations are still noticeable. The voltages decrease.
They are reduced by a factor of 2.5, approximately. The
frequency content of each OP tends to vary. There is a
greater degree of vanation from patient to patient than in
normals.

ar.;[Hz] Fi'hft1-v1

118.0
10.5
105.6
33.6
121.2
35.9
95.3
13.2

0.5

0.6
1.1

0.8
-1.1
1.1

-0.2

0.4

Concerning DR patients, noticeable differences appear.
The voltage amplitudes decrease appreciably although in
different manners. This fact leads to an increase in the
scattering and hence, in the deviations. There is also some
levelling among the various OPs. The time delays increase
in equal manner except for the last OP, Changes in the
frequenry widths appear, only that of the first OP is almost
unaffected" the others change, the general behaviour is a
displacement toward low frequencies. The line shapes tend
to become more asymmetric.

CONCLUSION

It is not simple to compare the set of data reported in
the tables with those available in the current literature [3,
4l since these cover partially the area of our investigation.
Consequently, we are limited to compare a restricted set of
values. In this context, we find agreement with other data.
In particular, ws emphasise the agreement about effects of
the DR patholory in the OPs in relation to the delay time
increase and to the voltage reduction.
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The simulation camed out here shows some interesting
features that can be surnmarised as follows:
l) Subject dependence affects more the ERG responses in
voltage than those in time. In both cases this dependence
is more enhanced for the last two OPs. In fact, voltages
vary more than time delays. A stimulus propagating in the
retina grves rise to oscillations, the subject dependent ERG

These results are coherent with the two main

mechanisms which stay at the basis of the physiopathogenesis of the non proliferative drabetic retinopathy:
ischaemia, caused by vascular microoclusions, and tissual
oademas. These two elements justiff the voltage reduction
and the lack of coherence in the cellular groups involved
in the genesis of the OPs; moreover, the fact that the OP
are proportionally involved lets us to think that at this
stage of disease, there is a non selective involvement of the
OP generators that are localised in the internal retinal
thickness.
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