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The leading causes of blindness and visual impairment in children is cerebral visual impairment. Perinatal
encephalopathy lesions are the main risk factors of this pathology. The purpose of the study was to determine cause-effect
relationships of ophthalmic and neurological indices in infants with perinatal encephalopathy. This work is based on the results of
a comprehensive dynamic examination of 300 children with perinatal encephalopathy. A complex ophthalmic examination
included: assessment of behavioral visual responses, retinoscopy, determination of the angle of deviation, direct ophthalmoscopy,
visual evoked potentials and electroretinography. The observation period was 3 years (the first examination-in children aged up to
3 months, and then repeated at 6-12 months. The results showed that in children with perinatal encephalopathy at the age under 3
months, deviations of sensomnestic rates are observed in 35 % of cases. Electrophysiological differential criteria of delayed visual
maturation syndrome and visual deficiency syndrome have also been identified, characterized by delayed visual maturation
syndrome — lack or instability of clear differentiation of component N2; registration LN2>155ms; AN2<AP2 — at 3 months (or
later); visual deficiency syndrome — lack or instability of a clear differentiation of component N1; registration LP2>135ms;
AN2<AP2 — at 6 months (or later). The deficiency of short-latent visual afference is one of the mechanisms of the increasing trend
where the threshold for convulsive brain activity in children with perinatal encephalopathy is reduced.

Key words: perinatal encephalopathy, delayed visual maturation syndrome, visual deficiency syndrome, cerebral visual
impairment.
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C.3. CaamanoBa

TPAHC®OPMAIIII CEHCOMHECTHYHHUX NNOPYIIEHb 30POBOI'O AHAJIIBATOPA
Y AITEUN 3 NTEPUHATAJIBHOIO EHHE®AJIOIIATIEIO
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[IpoBigHMMK TPUYMHAMH CIINOTH Ta IOPYLIIEHb 30py B JiTeil € LepeOpanbHi mopymieHHs 30py. [lepuHatanpHa
eHieanonaTisi € TOJIOBHUM YHHHHKOM PH3UKY i€l maTtoiorii. Meroro mocmikeHHs Oysio BH3HAYUTH NPHUYUHHO-HACIIIKOBL
3B'SI3KM O(TATEMOJIOTIYHUX Ta HEBPOJIOTIYHUX MOKA3HUKIB y AiTEH paHHBOrO BiKy 3 IMEPUHATANBHOIO eHiedanonariero. PodoTta
IPYHTYETBCSI Ha pe3ysbTaTaX KOMIUIEKCHOTO AWHamigyHoro obOcrekeHHs 300 mitelt 3 mNepHHATAIBHOIO CHIE]aIonaTiero.
KommnexcHe o ranpmooridae 00CTeKEHHS BKIIIOYAJIO OLIHKY 30pPOBUX PEakiliif, peTHHOCKOIIII0, BU3HAYCHHS KyTa BiIXWICHHS,
npsMy oQTaIBMOCKOIIiI0, BUKIMKAHI ITOTEHLIANM Ta eJleKTpopeTnHorpadiro. TepMmiH crocrepexeHHs CKkiaB 3 poku (mepiie
00CTe)XeHHs — Y JIiTei BIKOM 710 3 MiCsIIiB, TOTIM IOBTOpHE y 6—12 MicsniB. Pe3ynpraTnn mokasany, 1o y JiTei 3 epHHATAIBLHOO
eHire(haIonaTiero BiKOM JI0 3 MICAIIIB CIIOCTEPIral0ThCS BIAXUICHHS CCHCOMHECTHYHHX TMOKa3HUKIB ¥ 35 % Bumajkis. BussieHo
TaKoX eJekTpo¢izionoriuni andepeHmiaibHi KpUTepil CHHAPOMY 3aTPUMKH 30pOBOTO JO03piBaHHSA Ta CHHAPOMY 30pOBOT
HEIOCTaTHOCTI, IO XapaKTePHU3YIOThCSA: CHHAPOM 3aTPUMKH 30pPOBOTO TO3piBaHHS — BiACYTHICTIO 200 HECTabLIbHICTIO WiTKOTO
mudepeHiitoBanHs KoMmroHeHTa N2, peectpamiero LN2>155mc, AN2<AP2 — y 3 wmic. (abo mi3Hime); CHHIPOM 30pOBOI
HEIOCTaTHOCTI — BIJICYTHICTIO YM HEcTaOiJBHICTIO WiTKOro nudepeHmiroBaHHs koMmmoHeHTa N1; peecrpamiero LP2>135wmc;
AN2<AP2 — y 6 wmic (abo mizHime). [JedinuT kopoTkomaTeHTHOI 30poBoi adepeHTamii € OAHUM i3 MeXaHi3MiB HapOCTArOUOi
TEHJICHIIii 3HIKEHHSI TI0pora CyJOMHOI aKTUBHOCTI FOJIOBHOTO MO3KY y AiTeH i3 MepHHaTaIbHOIO eHIledalonaTiero.

Kiwuosi ciioBa: nepuHaraibHa eHiedanonaris, CHHAPOM 3aTPUMKH 30POBOTO J03PiBaHHSI, CHHIPOM Ie(illuTy 30py,
1epeOpabHi MOPYIISHHS 30DYy.

The leading causes of blindness and visual impairment in children in economically developed
countries are diseases of the optic tract of various localizations, among which cerebral (or cortical) visual
impairment (CV1) accounts for 29.5-36 % of cases [11].

The etiology of CVI in children differs between age groups. Hypoxic-ischemic or hemorrhagic
central nervous system (CNS) lesions are the leading causes (57 % of the total number of patients) [12].

The visual system of young children is quite vulnerable to injury, and yet it also responds well to
a variety of treatments [5, 13]. Consequently, functional outcomes of rehabilitating infants with CVI
depend on quick diagnosis and adequate treatment.

The diagnosis of CV1 at an early age is highly complex. According to our research and the broader
literature [2, 3, 7], differentiating CVI from other isolated eye conditions, such as congenital-hereditary
diseases, cortical blindness, delayed visual maturation as well as associated lesions of the anterior and
posterior optic tracts, requires examination of the trans-parent media and the fundus, as well as the
identification of characteristic findings in the electroretinogram (ERG) and visual evoked potentials (VEP)
[1,4,9].

Although clinical manifestations and effective ways to diagnose ophthalmic disorders have been
thoroughly described in the literature, there are no reports on the nature of the relationship between
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ophthalmic and neurological indices in infants (aged two weeks — 3 years) with lesions of the postgeniculate
optic tracts caused by perinatal encephalopathy (PE).

It is, therefore essential to develop an algorithm to investigate the visual system in this group of
infants and determine the relevance and theoretical and practical importance of this work.

The purpose of the study was to determine the nature and dynamics of ophthalmic disorders and
cause-effect relationships of ophthalmic and neurological indices (or syndromes) in infants with perinatal
encephalopathy.

Materials and methods. This work is based on the results of a comprehensive dynamic
examination of 300 children with PE at the National Center of Ophthalmology, named after acad. Zarifa
Aliyeva referred by neurologists from various children's hospitals in Baku. Perinatal encephalopathy was
diagnosed in 150 children aged 2 weeks to 3 months with perinatal cerebral hemorrhage (PCH), another
50 were diagnosed with perinatal toxic and hypoxic encephalopathy (PTHE) born to mothers with
toxemia of the last two months of pregnancy, and 100 with perinatal encephalopathy of unspecified
genesis (PEUG).

A complex ophthalmic examination included: assessment of behavioral visual responses,
retinoscopy, determination of the angle of deviation, direct ophthalmoscopy, as well as electrophysiological
studies of the visual system (visual evoked potentials — VEP, and electroretinography — ERG). Both
sensomnestic and optokinetic parameters were included in the examination and investigation of ophthalmic
problems.

The first examination was conducted in children aged up to 3 months and then repeated at 6-12
months. The observation period was three years.

The adequacy of fixation and visual attention was assessed (at the age of 1-2 months, a child is
already capable of fixing to a moving object with both eyes for a prolonged period). Starting from 5 months,
visual acuity was assessed based on the preferred eye test as developed by Fantz (1958) and Dobson et al.
(1978) in the modification of Good-Lite company (Lea-gratings test). At 18 months, visual acuity was
determined using the Single Symbol Book table that does not require a verbal response from the child.

Registration of VEP was carried out on a specialized complex “Neuro-MVP”, produced by “Neuro-
Soft”. When registering VEP to a flash of light, a bipolar abduction of O2-Fz, and O1-Fz with active
electrodes 2cm to the right and left of the midline was used. Latency and amplitude of P1, N1, P2, N2, P3,
and N3 components were measured.

The reaction of “assimilation” of the rhythm of photostimulus (PhS) was in the appearance of
rhythmic activity in the occipital regions of the brain that was a characteristic feature of a positive response
to photostimulation by registering on the frequency of 2—4-6 Hz.

State of vegetative-vascular reflexes were determined with the use of total estimation of the
duration of the white period of local and latent period of reflex dermographism as well as by the severity
of the Aschner's phenomenon.

Statistical analysis of the data included: variation analysis, non-parametric criterion — U-criterion
of Wilcoxon test (Mann-Whitney U test), discriminant analysis — Pearson fit test — 2, correlation analysis
— Spearman's rank method.

Results of the study and their discussion. The results revealed three variants for the clinical
course of PE which are based on the adequacy of visual attention and a component of visual evoked
potentials. The first variant of the progress is characterized by the absence of adequacy of visual attention
and the recording of VEP P2 component; the second is characterized by unstable fixation of visual attention
and the recording of VEP P2 and N2 components; the third is characterized by stable adequacy of fixation
and visual attention and the recording of VEP N1, P2, and N2 components.

There are several findings from the analysis of the sensomnestic indices of children with PE aged
up to 3 months. In the 150 children with PCH, all three variants of the clinical course of the disease were
observed: PCH1 (70 children), PCH2 (50 children) and PCH3 (30 children). At the same time, the defining
value in the treatment plan, dynamics monitoring, and forecasting had the first two of them. According to
the study of flash VEP, the component P2 was differentiated and the rhythm assimilation reaction of
photostimulus (RAPhS) was absent in the first variant of the course of the disease. In the second variant,
both P2 and N2 components were recorded, and the stimuli of frequency of 2Hz were “assimilated” on
PhS. In the third variant, the early components N1, P2, and N2 were all present. PhS of 2Hz and 4Hz was
clearly “assimilated”. Background features of EEG in the first two variants of the course of the disease
were characterized by low-amplitude, low frequency (close to theta rhythm) activity around the Convex.
In the third variant, a regular 6-activity with frequency of 5-7Hz was dominant on the EEG.
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Among the 50 children with PTHE, 17 children exhibited the second variant of the clinical course
of PE, and 33 exhibited the third. In the study of flash VEP, a distinct difference was revealed: in patients
with the 2nd variant of the course of the disease, both P2 and N2 components were recorded. In the 3rd,
there was a differentiation of all “early” components: P1, N1, P2, and N2. In both cases, low-amplitude 0-
activity across the Convex was present on the EEG. RAPhS was absent.

In the 100 children with PEUG, all three variants of the clinical course of the disease were also
observed: PEUGL (35 children), PEUG2 (35 children) and PEUG3 (30 children). In the study of flash VEP
in the children with PEUGL, the P2 component was registered. In children with PEUG2, both P2 and N2
components were differentiated. In children with PEUG3, all “early” components were present: P1, N1,
P2, N2.

Background characteristics of the EEG during the first two variants of the clinical course of the
disease (PEUG1 and PEUGZ2) are characterized by low-amplitude 6-activity. The assimilation of PhS of
2-4Hz was weak. In the third variant (PEUG3), the frequency of 6-8Hz with the weak presence of a-
rhythm was dominant. RAPhS of 2-4Hz was clear.

The analysis of results of the investigation of sensomnestic rates of children aged 6-12 months
with PCH (90 patients), PTHE (25 patients) and PEUG (60 patients) revealed the following.

Among the 90 patients with PCH, 15 aged 3 months in the group with PCH1 had unstable adequacy
of the fixation and visual attention. The study of flash VEP revealed the differentiation of the missing N2
component at the age of 3 months. Positive dynamics of the presence of a-rhythm of low amplitude were
observed on the EEG, and there was no trace of RAPhS as at the age of 3 months.

In the 35 patients with PCH2, the adequacy of fixation and visual attention remained unstable. At
flash VEP, P2 and N2 components were registered. EEG revealed quite positive dynamic of presence of a-
rhythm (0) in amplitude and frequency close to 6-rhythm (4-6Hz), and “assimilation” of the rhythm of PhS
was not observed.

In the 40 patients with PCH3, the adequacy of fixation and visual attention remained stable. At
flash VEP, both P1 and N1 components appeared by 6 months of age, along with the P2 and N2
components. The EEG revealed low-amplitude a-rhythm with frequency of 7-10Hz. RAPhS was
unclear.

In all 25 children with PTHE 2 and PTHE that were examined aged 6-12 months, the behavioral
visual responses were stable. Flash VEPs were characterized by the presence of all “early” components —
P1, N1, P2, and N2. EEG was characterized by the presence of 0-activity across the Convex. By the age of
1-year, a-rhythm of low amplitude with a satisfactory presence in the occipital leads was significantly
differentiated. There was a clear RAPhS 2-4Hz.

Among the 60 children with perinatal encephalopathy of unknown origin, 10 with lack of stable
adequacy of fixation and visual attention (PEUG1) had instability of behavioral visual responses by the
age of 6 months, which is typical for the second variant of the clinical course of the disease. The study
of flash VEP in the dynamics revealed, along with P2, the differentiation of the previously missing
component N2. Components P1, N1, initially not differentiable by the age of 6 months, were recorded
by the age of 1 year. EEG was characterized by low amplitude activity (up to 40mKkV) in the range of 6—
12Hz. RAPhS was 2-4Hz.

In the 20 children with unstable adequacy of fixation and visual attention (second variant, PEUG2),
the behavioral visual responses became stable by the age of 6 months. At flash VEP, P2 and N2 components
were recorded at the age of 3 months. Ten of these children who were re-examined at the age of 12 months
had component N3. The EEG revealed low-amplitude, low frequency activity; RAPhS 2—-4Hz was clear.

In the rest of 30 patients with PEUG3, the adequacy of fixation and visual attention remained stable
at 6 months, and the rest of the sensomnestic indices did not differ significantly from the control data (3rd
variant of the clinical course). In studies conducted up to the age of 1 year, components P1, N1, P2, and
N2 were clearly differentiated. EEG at 6 and 12 months revealed low-amplitude, high frequency activity
throughout the Convex; RAPhS 2—-4Hz was clear.

Clinical and catamnestic studies conducted in 300 children with PE showed that in 30 (20 %) of
150 children with PCH, 33 (66 %) of 50 with PTHE, and 30 (30 %) of 100 children with PEUG (total 93
children), the clinical progress was relatively favorable for both neurological and ophthalmological
findings by the age of three months. By 6 months, the indicators of psychophysical development of these
children, as well as sensomnestic criteria, did not significantly differ from those of almost healthy children
of corresponding age. Stability and continuing to the age of one-year positive dynamics of psycho-physical
development revealed full compensation of the changes. These 93 children were designated as the control
group, and their 1-year data of sensomnestic parameters were used for the appropriate statistical analysis
as control (Table 1).
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Table 1
Control amplitude-latent parameters of VEP of children with PE at the age of 1 year
3 months 6—12 months
Parametres
L A L A
P1 55.2+1.2 ~ 543+14 -
(44-61) (43-60)
P2 101.3+2.7 - 99.8+2.4 -
(91-112) (90-111)
P3 - - - -
N1 64.8+1.6 B 65.1£1.5 B
(53-75) (54-75)
N2 134.6+2.9 B 135.4+2.7 R
(115-152) (118-149)
N3 144.943.1 B 145.3+3 -
(123-165) (126-164)

Retrospective analysis of sensomnestic indices revealed quite significant difference in the
dynamics of amplitude-time characteristics of flash VEP, especially at the ages of 6-12 months.

Based on our data, lack or instability of the adequacy of the fixation of visual attention, lack or
instability of clear differentiation of the component N2, registration LN2>155ms, and registration
AN2<AP2 diagnosed at the age of 3 months (or later) were classified as delayed visual maturation
syndrome. At the same time, lack or instability of the adequacy of the fixation and visual attention, lack or
instability of clear differentiation of component N1, registration LP2>135ms and AN2<AP2 observed at
the age of 6 months (or later) were classified as visual deficiency syndrome, because, by definition, the
signs of delayed visual maturation improve without treatment by the age of 6-8 months.

Therefore, the results of the studies of sensomnestic indicators re-veal some additional aspects of
the gradual regressive course of sensomnestic disorders in children with PE, providing additional
opportunities for early prediction of possible aberrant courses.

Thus, the studies conducted have identified the regularity of pattern matching of behavioral visual
responses and EEG manifestations (RAPhS). The latter follows from the interaction of phylogenetic and
ontogenetic neurophysiological and neuropsychological mechanisms.

The tracing of the status of spatial adaptation of the gaze, the study of characteristics of refraction
and optical-vestibular sensitivity (state of vestibular support) in the dynamics as well as a parallel study of
indicators of vasomotor reflexes, indirectly indicating the nature of vasomotor support of the visual system,
can serve as a prognostic algorithm of CVI in children with perinatal encephalopathy.

We have also found that in 55 children with PE with undifferentiated short-latent components of
flash visual evoked potentials (P1 and N1) by the age of one year, convulsions occur relatively later (at the
age of 5-10 or 12-18 months). Under the influence of initiating agents, convulsions are more resistant, still
present by the age of 2.5-3 years. The high degree of correlation detected (r=0.7) between the lack of
differentiation of the early components of flash VEP and distinct low-frequency high-amplitude EEG trend
suggests that the deficiency of short-latent visual afference is one of the mechanisms explaining the gradual
increasing rate in the reduction of the threshold for convulsive activity of the brain in children with PE.

PE (especially hypoxic-ischemic encephalopathy) is one of the important risk factors of cerebral
visual impairment. This fact was indicated in different studies [6, 11]. Thus, Pehere N, et al with the aim
to identify common causes, associated ophthalmological abnormalities, in children with CVI (Andhra
Pradesh, India), revealed that the most common causes of CVI were hypoxic-ischemic encephalopathy
(HIE) (34.4 %) [12].

Our study revealed that in children with PE visual problems progressed by the time and lead to
delayed visual maturation syndrome and visual deficiency syndrome. Using the VEP for prognosis is one
of the most informative methods for assess neuro-ophthalmological outcomes. So, Kim J, et al investigated
the neurodevelopmental outcomes in children younger than 12 months, 12-23 months, and 24-42 months
with developmental disorder according to VEP results. They found out that children with delayed VEP
latency showed more developmental delay than children with normal VEP latency. The authors assumed
that it is suggested that VEP can be easily applied to children with suspected developmental delay when
physicians have concerns about visual impairment. In addition, it is proposed that VEP results could
provide an insight into children's development and serve as early indicators for consultation with an
ophthalmologist for the existing problem [7].
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In the other work (Kooiker MJG, et al) the findings show a substantial risk of visual processing
dysfunctions during visual screening (in 38 %) at 1-year corrected year of children born preterm. The data
of study suggest that most conventional visual diagnostic methods at this young age are not related to the
established visual processing dysfunctions risks. The more informative assessment should be used
complimentary to these methods [8, 10]. That is why we used the additional methods (such as VEP etc.) to
determine changes in detail. But in our research the results depending on gestation age at birth were not
assessed.

1. In children with PE of different etiologies examined at the age under 3 months, deviations of
sensomnestic rates are observed in 35 % of cases.

2. Electrophysiological differential criteria of delayed visual maturation syndrome and visual
deficiency syndrome have also been identified, characterized by: delayed visual maturation syndrome —
lack or instability of clear differentiation of component N2; registration LN2>155ms; registration
AN2<AP2 —at 3 months (or later); visual deficiency syndrome — lack or instability of a clear differentiation
of component N1; registration LP2>135ms; AN2<AP2 — at 6 months (or later).

3. The deficiency of short-latent visual afference is one of the mechanisms of the increasing trend
where the threshold for convulsive brain activity in children with PE is reduced.

1. Bezkorovayna AO, Nakonechnyi DO, Bezkorovayna IM. Psychological aspects of examination of ophthalmic patients with
diabetic retinopathy. Wiadomoéci Lekarskie. 2019; T. LXXII, Nr 5, ¢z 11:1022-1028.

2. Boonstra FN, Bosch DGM, Geldof CJA, Stellingwerf C, Porro G. The Multidisciplinary Guidelines for Diagnosis and Referral
in Cerebral Visual Impairment. Front Hum Neurosci. 2022 Jun 30; 16:727565. doi: 10.3389/fnhum.2022.727565.

3. Chang MY, Borchert MS. Advances in the evaluation and management of cortical/cerebral visual impairment in children. Surv
Ophthalmol. 2020 Nov-Dec;65(6):708-724. doi: 10.1016/j.survophthal.2020.03.001.

4. Gaber NK, Shehab AA, El Mazar HM, El Sobky HM, Ibrahim AM. Evaluation of the diagnostic value of visual
electrophysiological examination in childhood nystagmus. Menoufia Med J [serial online] 2020 [cited 2023 Jan 19]; 33:1178-85.
Available from: http://www.mmj.eg.net/text.asp?2020/33/4/1178/304518

5. Jimenez-Gomez A, Fisher KS, Zhang KX, Liu C, Sun Q, Shah VS. Longitudinal neurological analysis of moderate and severe
pediatric cerebral visual impairment. Front Hum Neurosci. 2022 Aug 16; 16:772353. doi: 10.3389/fnhum.2022.772353.

6. Jung S, Polosa A, Lachapelle P, Wintermark P. Visual Impairments Following Term Neonatal Encephalopathy: Do Retinal
Impairments Also Play a Role? Invest Ophthalmol Vis Sci. 2015 Aug;56(9):5182-93. doi: 10.1167/iovs.15-16407.

7. Kim J, Sung 1Y, Ko EJ, Jung M. Visual Evoked Potential in Children With Developmental Disorders: Correlation With
Neurodevelopmental Outcomes. Ann Rehabil Med. 2018 Apr;42(2):305-312. doi: 10.5535/arm.2018.42.2.305.

8. Kooiker MJG, van Gils MM, van der Zee YJ, Swarte RMC, Smit LS, Loudon S, van der Steen S, Reiss IKM, Pel JJM, van der
Steen J. Early Screening of Visual Processing Dysfunctions in Children Born Very or Extremely Preterm. Front Hum Neurosci.
2021 Nov 1;15:729080. doi: 10.3389/fnhum.2021.729080. PMID: 34790105; PMCID: PMC8591256.

9. Mackay AM. Step VEP visual acuity in a pediatric neuroophthalmological cohort. Int J Clin ExpOphthalmol. 2022; 6: 026—
030.DOI: 10.29328/journal.ijce0.1001046

10. McConnell EL, Saunders KJ, Little JA. What assessments are currently used to investigate and diagnose cerebral visual
impairment (CVI) in children? A systematic review. Ophthalmic Physiol Opt. 2021 Mar;41(2):224-244.
doi: 10.1111/0p0.12776.

11. Ozturk T, Er D, Yaman A, Berk AT. Changing trends over the last decade in the aetiology of childhood blindness: a study
from a tertiary referral centre. Br J Ophthalmol. 2016 Feb;100(2):166—71. doi: 10.1136/bjophthalmol-2015-306737.

12. Pehere N, Chougule P, Dutton GN. Cerebral visual impairment in children: Causes and associated ophthalmological problems.
Indian J Ophthalmol. 2018 Jun;66(6):812—815. doi: 10.4103/ijo.1JO_1274_17.

13. Pilling RF, Allen L, Bowman R, Ravenscroft J, Saunders KJ, Williams C. Clinical assessment, investigation, diagnosis and
initial management of cerebral visual impairment: a consensus practice guide. Eye (Lond). 2022 Oct 18. doi: 10.1038/s41433-022-
02261-6.

-

Crarta Haniiinuia 9.03.2022 p.

160



