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Abstract

e AIM: To evaluate visual evoked potentials (VEPs) in
healthy infants.

e METHODS: Thirty - four neurologically and
ophthalmologically healthy infants aged 2 - 10mo were
enrolled. Flash VEPs were implemented, with main peak
P3 latency, amplitude and differences of latency and
amplitude between sides being investigated.

¢ RESULTS: In all cases main peak was registered. Its
average latency was 138-140 ms and main amplitude 7-9
puV. Latency was variable.

e CONCLUSION: We propose that latency or amplitude
deviation in this population may not happen due to
pathological condition, but merely due to ongoing
myelination of visual pathways and cortex modeling.
Caution needed in attributing the main cortical peak as P3
or some other waves numbers. Cortical nature of the
main flash visual evoked potentials peak in infants aged
1-3mo is doubtful.
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INTRODUCTION
I nvestigation of visual system in children, especially in

infants, may be challenging and often needs
implementation of neurophysiologic methods, such as visual
evoked potentials ( VEPs ) '™,

pathways takes months after the birth, with its final stages

Maturation of the visual

being at 3—-5y. Newborns prefer visual patterns resembling a
human face; 6wk old infants already start to distinguish
internal configuration of the mother’s face, detect the living
object’s movements and prefer human movements”™ . Tt is
argued that visual processing in newborns aged less than 2mo
goes on subcortical level, as visual cortex is quite immature
yet“-
In infants, it’s more reasonable to use flash visual evoked
potentials(fVEPs) , as in this case there is no need in fixed
stare on checkerboard pattern, routinely used in pattern
VEPs"”’. Wave continuity P2-N2-P3 is supposed to be the
main fVEPs complex, with its average latency in adults being
124-130 ms, and amplitude=7-8 wV"’. In preterm infants
{VEPs waves, which may be analyzed properly, start to appear
at 24wk postmenstrual age'® .

In first year of life fVEPs parameters in healthy infants,
acquired in different laboratories, vary significantly. Some
authors reports mean P2 latency 100 ms and N3 150 ms'”’;
main cortical peak latency 100-170 ms and amplitude 215
V'™ ;average P100 latency ( pattern VEPs) 179-180 ms'” ;
mean P2 latency 170 £ 16 ms and amplitude 6. 26 + 5. 46
wV!' | P3 latency 145 ms'"'; P2 latency 155 +30 ms and
amplitude 5.9+4.3 ms'"' | mean N2 latency 185.98+31 ms
and its amplitude 1.78+1.5 pV'™"™.

the data summarized in Table 1, difference in values is vast;

As it may be seen from

have to be noted, that different authors attributed same waves
on the fVEPs as different P and N peaks, thus contributing to
differences of the data presented.

As may be seen from the data presented, main issue is not
only the latency of the cortical wave;amplitude also vary in
the range 1.78-15 WV, according to different authors. Thus,
despite seemingly well—established normative data for fVEPs,
in infants this data needs further exploration.

SUBJECTS AND METHODS

Our study was conducted among healthy children(n =34, 68
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Table 1 Latencies and amplitudes of the main cortical wave in healthy infants, according to different authors
Authors Main wave analyzed Latency ( ms) Amplitude ( wV)
Koshelev et al(2014) " P2 100 3-6
Pompe et al(2011) ! N/A 100-170 2-15
Mufioz et al(2009) !’ P100 179-180 N/A
Feng et al(2013) " P2 17016 6.26+5.46
Kasimov et al(2010) " P3 145 N/A
Brinciotti et al(2009) "’ P2 155+30 5.9+4.3
Gonzélez—Frankenberger et al(2008) ' N2 185.98+31 1.78+x1.5

eyes). Age varied from 32 to 306d, average 130.5+86. 11;
21 males, 13 females.

Study population was neurologic and ophthalmologic healthy
infants of either sex. Healthy infant’s criteria were children
with normal general health and with normal pupillary light
reflex, normal pupillary diameter, no visual complaints of the
parents and medical staff, no refractive errors, no neurologic
disturbances ( all underwent thorough clinical examination by
Additional

electroencephalogram ( EEG ) recordings were performed on

neurologist ). neurosonography and
every infant in the group; all children with EEG and
sonographic anomalies were excluded.

Exclusion criteria were history of head injury, stroke, medical
illness ( general and ophthalmic ) and any medications
including mydriatic and miotic drugs.

All patients underwent flash visual evoked potentials recording
on Neiro — MEP EMG/EP system ( Neurosoft Company,
Ivanovo, Russia).

The scalp electrodes were placed relative to known landmarks,
in proportion to the size of the head, according to the
international 10-20 system active electrode at Oz, reference
electrode at Cz and ground electrode at Fpz. All electrode
sites were cleaned with abrasive gel to reduce the skin
resistance. Recording was done placing the electrodes on the
subject’s scalp according to 10/20 international system.
Stimulation system was light—emitting diode matrix, red color
of the flash(640 nm) , monocular stimulation, and duration of
stimulus 5 ms, frequency 1 Hz, analysis epoch 400 ms.
Latency and amplitude of the main cortical wave complex( N2/
P3), its asymmetry between the eyes were evaluated.

All patients’ parents were fully informed of the purpose of the
study ;it was approved by the Local Ethical Committee ; written
informed consent was obtained from all patients’ parents. All
evaluations were performed in neurophysiology laboratory of
the Scientific Research Institute of Children’s Infections, St.
Petersburg, Russia.

RESULTS

N2/P3 complex was registered in all 23 children. Amplitudes
and latencies of this complex is presented in the Table 2.

On the individual level asymmetry of the latencies more than
cases (30% ).
difference of the amplitudes was not registered in any case.
Typical fVEPs of the healthy infant, male aged 72d, is

presented in Figure 1.

10 ms was registered in 11 Significant

Table 2 Amplitudes and latencies of the N2/P3 complex in the
group

Parameter oD 0S
P3 latency(ms) 138.9+15.6 140.8+17.2
P3 amplitude( wV) 8.48+5.46  7.91+5.06
Latencies asymmetry( ms) 6.75+4.19
Amplitudes asymmetry (V) 1.9+1.4
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Figure 1 VEPs in healthy male patient, age 72d.

DISCUSSION
Latency asymmetry which was seen in our population may

happen due to myelination of the visual

pathways'”""*'

incomplete
. Apart from myelination, important role for the
proper functioning of the visual system plays development of
temporal lobe and basal ganglia;in infants this process varies

between healthy individuals'"""’

Absence of the significant
difference of the amplitudes between the eyes may be due to
small size of the head of the infant or possibly unspecific
conduction of the excitation between the brain parts. Also it
has to be stressed that there are no solid proof of the cortical
genesis of the so—called cortical waves on the fVEPs in the
infants of the first 3mo of life. It was demonstrated that in
100% of the infants with periventricular leukomalacia main
waves of fVEPs were registered, then in children with
subcortical lesions no proper peaks were seen. Also fVEPs

lobe

involvement in infants after significant hypoglycaemia as

were insufficient in detecting parieto — occipital

compared to healthy controls, which may point to the
subcortical levels of generation of the main peaks of these
evoked potentials in the first months of life'’.

Thus we can assume that in healthy children of the first

months of life(7 of our infants were younger than 90d) N2-
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P3 complex may appear due to subcortical centers
functioning. In lots of animals which have no cortex at all
visual system still functions properly; since 1930s one of the
main questions in this field was discussion about the

Tt was argued

possibility of “midbrain vision” in human
that infants with yet undeveloped higher centers of visual
cortex may see due to activation of phylogenetically ancient
pathway that has specific functional properties and that

81 Also this pathway may

interacts with cortical processes
play significant role in vision in adults'"’.

Variability of latencies in our population of healthy infants
demonstrates that normative data in infants have to be treated
with caution. Deviation of latency ( or amplitude ) from the
normative parameters not always have to mean some pathologic
process on the way; we assume that more significant is the
absence of the waves (unilateral or bilateral ). One recent
work argues that delay of myelination may be the main cause
of latency differences in infants ™’

Our attribution of the main waves complex which we registered
as N2/P3, as was demonstrated, may be a matter of debate;
anyway, it is certainly the wave complex which reflects the
main processing of the visual information in the infant’s brain.
Its absence may lead to the conclusion that visual system
formation is disrupted in some way. In all cases the dynamic
investigation is recommended. Pattern visual evoked potentials
seems to be more reliable and easy to interpret than fVEPs, so
perhaps its implementation in pediatrics as early as possible
may be recommended'” .

Thus, in all healthy infants aged less than 1y main cortical
wave complex may be registered. Its average latency in our
population was 138-140 ms and average amplitude 7-9 pV.
Latency or/and amplitude deviation from the established
normative data may not be due to pathologic conditions, but
may be seen in healthy infants as well. In evaluation of fVEPs
in infants caution is needed :real pathologic finding may be not
the latency lengthening or amplitudes drop, but presence or
absence of the main cortical complex ( may be atiributed as
N2/P3).
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