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T'OJIOBHU MO3O0OK TA OPTAH 30PY {K ITOTEHITIMHI
MIIIEHI JJI4 BIJIUBY IOHI3YIOUYOTI'O BUTIPOMIHIOBAHHA:
YACTHUHA III — OCOBJIUBOCTI MOP®OMETPUYHUX
ITAPAMETPIB CITYACTOI OBOJIOHKHU TA AMILIITY/IA 1
JATEHTHICTh KOMIIOHEHTIB 30POBUX BUKJINMKAHNX
IMOTEHIIIAJIIB Y OITPOMIHEHUX BHYTPIIITHBOYTPOBHO OCIB

OpHieto 3 aKTyanbHKUX Npobaem cyyacHoi pagiobionorii € BU3HaYeHHs 0CO6MBOCTeI BUABY pajialiiiHo 06yMoBNEHMX
eeKTiB He TiIbKM NpW Pi3HWUX [O30BUX HABAHTAXKEHHAX, @ 11 HA Pi3HMX CTaAiaX PO3BUTKY OpraHismy. Y nonepegHix
MOBiOMIEHHAX MU NifCyMyBanu HasBHi AaHi, AKi CBiAYaTh, WO B NEBHi BiKOBI Nepiogyn CnocTepiraeTbCa NOpiBHANbHE
NPUCKOPEHHA PO3BUTKY paAialiiHO iHAYKOBAHMX NATONOMYHMUX 3MiH OKa i rOIOBHOrO MO3Ky. [locnifgXeHHs 1 ouiHKa
PU3MKY PO3BUTKY MOXIMBOT 0hTabMONOriYHOT i HEBPOMIOriYHOT NaTonorii y BifAaneHux nepioaax nicnsa KoHTamiHauii
TEPUTOPiN PagioaKTUBHUMMU PEYOBMHAMMU MOXIMBI Ha MiACTaBi fAaHWUX CMOCTEPEXEHHS 32 CTAHOM 30POBOrO aHasila-
TOpa y 0Cib, AKi 3a3Hann BHYTPiWHLOYTPOOHOrO onpoMiHeHHs B 1986 poui. ToMy NpoBeAeHO napanenbHe BUBYEHHSA
MOpP(hOMETPUYHMX NApaMETPiB CiTKIBKM, aMNiTyAM i NaT@HTHOCTI KOMNOHEHTIB BUKAMKAHWUX 30pPOBMX NOTEHLiaNiB y
ONpoMiHeHUX in utero oci6.
MeTa: npoBecTu oUiHKY MOpP(OMETPUYHMX NapaMeTpiB CITKiBKM, aMMIiTyaM i NAaTEHTHOCTI KOMMOHEHTIB BUKIMKAHUX
30POBMX NOTEHLiaNiB y BHYTPilWHbOYTPOOHO ONpoMiHeHNX ocib.
Marepianu i metoamu. BukopucraHo pesynbtatn obcTexeHb 16 0cib, ONpoOMiHEHMX BHYTPilIHbOYTPOOHO BHACHigoK
YopHoOUNbCbKOT KaTacTpotu; rpynoto NopiBHAHHA Oynn MewkaHui M. Knesa BignosigHoro Biky (25 oci6). OnTuyHy
KorepeHTHy Tomorpadito 3aiicHioBanu Ha yctaHoBui Cirrus HD-OCT, 3acTocoBaHa MeToamka pocnimkeHHs Macular
Cube 512x128. MapanenbHO NPOBOAWAN BUBYEHHS 30POBUX BUKIUKAHUX NOTEHUiaNniB Ha 0O6epHeHMii naTepH, aHanisy-
Ba/M NOTUAMYHI BigBefeHHA. PeecTpyBanu 30pOBi BUKAMKAHI MOTEHWiaAu HAa PeBepCUBHMUIA WAXOBUIA NaTepH
(VEP, 3BMLWM) - enektpodizionoriyHmii TeCT, sKMN € 30pOBOIO BiANOBIAAI0 HA Pi3Ky 3MiHY KOHTPACTy 300paxeHHs
npu Npea’sBAEHH] PEBEPCUBHOMO 300PaXKEHHSA WAX0BOT AOLKH.
Pe3ynbratu. Y onpomiHeHUX BHYTPilHbOYTPOOHO 0Ci6 y Bili 22—-25 pokiB cnocTepiranock BiporigHe 36inbleHHs
TOBLMHM CiTKiBKM B hOBEOSi, BUSBIEHO TEHAEHLLi0 10 30iNbLIEHHS TOBLMHM CITKIBKM B 30Hax HaBKoso doseonu. [pu
peecTpaLii 30poBMX BUKNMKAHWUX NOTEHLiaNiB HAa PEBEPCMBHUI WAXOBUIA NaTEPH B Uil rpyni BUABNEHO HAABHICTb TEH-
AeHUiT B0 3MeHwWeHHs amnniTys komnoHeHTiB (N75, P100, N145, P200) y npaBiii i niBiii TiM'AHO-NOTUANYHUX JiNAHKAX
Ta 0 ACMMETPUYHMX 3MiH IATEHTHOCTI LMX KOMMOHEHTIB.
BucHoBKu. PaHHi oBeonspHi 3MiHK, 3adikcoBaHi npu OKT, i 3MeHIWeHHs aMniiTyL KOMNOHEHTIB 30POBUX BUK/IMKA-
HUX MOTeHLianiB Ha PEeBEPCUBHMI WAXOBWIA NaTepH y Billi 22—25 POKiB MOXYTb CBiAYMTU NPO PU3UK PO3BUTKY Y
NauieHTiB, ONPOMiHEHUX BHYTPilWHbOYTPOOHO, paHHbOT BiKOBOT MaKyNApHOT AereHepalii, a TaKOX MifBULLEHN PU3UK
PaHHiX ereHepaTMBHMX 3MiH LEeHTPaNbHUX CTPYKTYP 30pOBOrO aHanisaropa.
Knio4oBi cnoBa: BukiMKaHi 30poBi NoTeHLianM, ONTUYHA KOrepeHTHa ToMorpadis, CiTKiBKa, BikoBa MaKyisipHa aere-
HepaLis, ioHi3yloue BUNPOMiHIOBaHHS, 403a.
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BRAIN AND EYE AS POTENTIAL TARGETS FOR IONIZING
RADIATION IMPACT. PART III - FEATURES MORPHOMETRIC
RETINAL PARAMETERS, AMPLITUDE AND LATENCY
COMPONENTS OF VISUAL EVOKED POTENTIAL IN RADIATION
EXPOSED IN UTERO

One of the current problems of modern radiobiology is determine the characteristics of the manifestation of radia-
tion-induced effects not only at different dose loads, but also at different stages of development of the organism.
In previous reports, we have summarized available evidence that at certain ages there is a comparative acceleration
of radiation-induced pathological changes in the eye and brain, and the study and assessment of the risk of possi-
ble ophthalmic and neurological pathology in remote periods after contamination of radioactive areas. Data of irra-
diated in utero individuals are possible on the basis of observation of the state of the visual analyzer in persons who
underwent intrauterine irradiation in 1986. Therefore, a parallel study of retinal morphometric parameters, ampli-
tude and latency of components of evoked visual potentials in irradiated in utero individuals was performed.
Objective: to evaluate the retinal morphometric parameters, amplitude and latency components of the evoked visu-
al potentials in intrauterine irradiated persons.
Materials and methods. The results of surveys of 16 people irradiated in utero in the aftermath of the Chornobyl
disaster were used; the comparison group were residents of Kyiv of the corresponding age (25 people). Optical
coherence tomography was performed on a Cirrus HD-OCT, Macular Cube 512x128 study technique was used. At the
same time, the study of visual evoked potentials on the inverted pattern was performed, and occipital leads were
analyzed. Visual evoked potentials were recorded on a reversible chess pattern (VEP) — an electrophysiological test,
which is a visual response to a sharp change in image contrast when presenting a reversible image of a chesshoard.
Results. In those irradiated in utero at the age of 22-25 years, there was a probable increase in retinal thickness in
the fovea, there was a tendency to increase the thickness of the retina in the areas around the fovea. When record-
ing visual evoked potentials on a reversible chess pattern in this group, there was a tendency to decrease the ampli-
tudes of components (N75, P100, N145, P200) in the right and left parieto-occipital areas and asymmetric changes
in latency of these components.
Conclusions. Early changes of fovea recorded in OCT and decreasing amplitudes of components of visual evoked
potentials on the reversible chess pattern at the age of 22-25 years may indicate a risk of development in patients
irradiated in utero, early age-related macular degeneration, as well as increased risk and increased risk structures of
the visual analyzer.
Key words: induced visual potentials, optical coherence tomography, retina, age-related macular degeneration, ion-
izing radiation, dose.
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HSIX, a ¥ Ha Pi3HUX CTajisiX pO3BUTKY opraHizmy [1-3]. ¥
MOIepeHiX TMOBIAOMIECHHSIX MU ITiACYMYyBalu HasiBHi
JlaHi, sIKi CBigyaTh IIpO Te, 110 BHACJIAOK pamialliiiHOro
BILJIUBY BiIOYBa€ThCsl HE TiAbKU TPUCKOPEHE CTapiHHS
[4], a i1 y meBHi BiKOBi Mepiou CIOCTEPIraeThCs BiTHOCHE
MPUCKOPEHHS PO3BUTKY padialliifHO iHIyKOBAaHUX IMaTO-
JIOTIYHMX 3MiH OKa i TOJOBHOTO MO3KY [2]. BuBueHHS i
OlIiHKA PU3UKY PO3BUTKY MOXJIUBOI O(MTATbMOJIOTIUHOI
Ta HEBPOJIOTIYHOI IMaTOJIOTil Y BilJadeHUI Tepion Mmiciist
KOHTaMiHallil TepUTOpiil pamioaKTUBHUMMU PEYOBUHAMU
MOXJIMBI Ha TiJACTaBi JAHUX CIIOCTEPEXEHHSI 3a CTAaHOM
30pOBOTO aHaJli3aTopa y 0Ci0, SIKi 3a3HaJIM BHYTPIillTHbO-
yTpoOHOTo ornpomiHeHHsT B 1986 poui [5—11]. Tomy mu
JOCaiAIN MOPp(GOMETPUYHI ITapaMeTPH CITKiBKM, aMILTi-
TyIy i JIATEHTHICTh KOMIIOHEHTIB BUKJIMKAHUX 30POBUX
MOTEHLIialiB Yy OIPOMIHEHMX in utero oci0, OCKiIbKU BU-
KOPUCTAHHSI LMX METOMIIB JO03BOJISIE IMPOBECTU OLIHKY
paHHiIX 3MiH ciT4acTol 000JJOHKHU i 30pOBOr0 aHaIi3aTopa
[12—18] B mepion, KonW MALi€HTA TOCITIN ITOPOCIOTO
BiKy. 3a JOMOMOTOI0 ONTUYHOI KOTrepeHTHOI1 TomMorpadii
(OKT) ouiHioBaau MophOMETpUYHI MapaMeTpu Maky-
JIIPHOI 30HU CITKiBKM. 3acTOCOBaHa TEXHOJOTisl Heli-
podizioyloriuHoro TeCTYyBaHHS 30pOBOTO aHari3aTropa 3a
JIOTIOMOTOI0 BUKJIMKAHUX TIOTEHIiaJliB, a caMe 30pOBi
BUKJIMKAHI MOTEHLiaJIM Ha peBepCHMBHMIA ILIAXOBUI Ta-
tepH (3BITIIIT) — eauuuii enekTpodizioaoriyHuii TeCT,
SIKUMA OLIHIOE KOPTUKAIbHY AaKTHUBHICTb 30POBOTO
anamizaropa. 3BITIIIT € 30poBoio BiANOBINII0 HA Pi3KY
3MiHYy KOHTPACTy 300pakeHHsI TPy Mpe IBIeHHI peBep-
CHBHOTO 300pakeHHSI 11aX0BO1 JOIIKK. 30pOoBa BiIMOBiAb
Opyu peecTpalii JaHOro IOTeHLialy € cTabibHOI 3a
CBO€I0 KOHirypaltii€io ta 00’€KTMBHO OILIiHIOE (PYHKIIiIO
30pOBOro aHaji3aTopa SIK MpM MaToJIOTil BJlaCHE OopraHa
30py, TaK i NpY MaTOJOTil LIEHTpaJIbHOI HEPBOBOI CUCTE-
MU, sIKa Bpaxka€ MpOBiJHI LUISIXA 30pOBOro aHalizaTopa B
TOJJOBHOMY MO3KY.

META JOCIII2KEHHSA

I[IpoBectTn oOWIHKY MOPGOMETPUYHMUX TIapaMeTpiB
CITKIBKM, aMIUTITYIM i JJaTeHTHOCTI KOMITOHEHTIiB BUK-
JINKAaHUX 30POBUX MOTEHIlialiB y BHYTPIIIIHOYTPOOHO
OINPOMiHEHHUX OCiO.

MATEPIAJIN 1 METOJIN

Bukopucrano pesyiabraTu 0o0CTexXkeHb 16 ocib, om-
POMiHEHMX BHYTPILIHbOYTPOOHO BHacaigok YopHo-
OMIBCHKOI KaTacTpodu; TpyIoio TOPIiBHSIHHS Oyan
MemkaHii M. Kresa BinnmoBinHoro Biky (25 oci0). ¥ rpy-
My OMPOMIHEHUX BHYTPIllIHBOYTPOOHO BifiOpaHO OCi0,
HapomXeHux y nepiox 26.04.1986 — 26.02.1987 pp., Big
KiHOK, BariTHUX Ha MOMeHT YOopHOOUJIbCHKOI KaTacT-
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different dose loads, but also at different stages of
development of the organism [1—3]. In previous
reports, we summarized the available reports that
indicate that radiation exposure not only acceler-
ates aging [4], but at certain ages there is a relative
acceleration in the development of radiation-
induced pathological changes in the eye and brain
[2]. The study and assessment of the risk of possi-
ble ophthalmic and neurological pathology in
remote periods after contamination of areas with
radioactive substances is possible on the basis of
observation of the visual analyzer in persons who
underwent intrauterine exposure in 1986 [5—11].
Therefore, we studied retinal morphometric para-
meters, amplitude and latency components of
evoked visual potentials in irradiated in utero indi-
viduals, because the use of these methods allows to
assess early changes in the retina and visual ana-
lyzer [12—18], in the period when patients reach
adulthood. Optical coherence tomography (OCT)
was used to evaluate morphometric parameters of
the macular area of the retina. The applied tech-
nology of neurophysiological testing of the visual
analyzer with the help of evoked potentials, name-
ly visual evoked potentials on the reversible chess
pattern (VEP) — the only electrophysiological test
that evaluates the cortical activity of the visual
analyzer. VEP is a visual response to a sharp
change in image contrast when presenting a
reversible image of a chessboard. The visual
response in the registration of this potential is sta-
ble in its configuration and objectively assesses the
function of the visual analyzer in pathology of the
visual organ and CNS pathology, which affects the
leading pathways of the visual analyzer in the
brain.

OBJECTIVE

To evaluate the morphometric parameters of the
retina, amplitude and latency of the components
of the evoked visual potentials in intrauterine irra-
diated persons.

MATERIALS AND METHODS

The results of surveys of 16 people irradiated in
utero as a result of the Chornobyl disaster were
used; the comparison group was residents of Kyiv
of the corresponding age (25 people). Persons born
between April 26, 1986 and February 26, 1987,
from pregnant women at the time of the Chornobyl
disaster were selected for the group of irradiated in
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podu. ¥V nmoganaplroMy BariTHICTh MaTepiB MPOXOauIa y
PalioakTHBHO «UUCTUX» PETioOHaX Ta B 30Hi MOCUJIEHOTO
PaIioeKOJIOTIYHOTO KOHTPOJO (4-11 30H1). OOCTeXeHHS
MPOBOJUIIOCH B TEPioJl, KOJIU ONMPOMiHEHi in utero ocooun
nocsriau Biky (24,44 + 0,17) pokiB, 111 MOPiBHSIHHS BU-
KOpMCTaHi pe3yJbTaTh 00CTeXeHHs 0cid BikoM (24,72 =
0,28) poxkis (t = 0,85, p < 0,05).

OnTuyHy KorepeHTHY Tomorpadito (OKT) 3miiicHioBa-
Jim Ha yctaHoBLi Cirrus HD-OCT, 3actocoBaHa MeTOAMKA
nocmimkeHHs: Macular Cube 512 x 128 (16 oueit). [1pu
OpOBEJEHHI JOCIIXKEHHS 3a Li€I0 METOAMKOI B MaKy-
JISPHIl 30Hi OLIIHIOBAJIM HasIBHICTH (DOBEOJIM, HASIBHICTh
11apy HEPBOBUX BOJIOKOH, 30BHIIITHBOTO MJIEKCH(OPMHO-
ro 1apy, BHYTPIillIHbOTO IIEKCH(OPMHOTIO 1Iapy, LIapy
¢oToperienTopiB, IMIapy 30BHIIIIHIX CETMEHTIB (DOTOPEIICTI-
TOPIB, IIApy MIrMEHTHOTO EITiTei10, 11apy XOPioKamiJIsIpiB
i IMOIIMX 1IapiB CyIMHHOI OO0JIOHKM. YCTaHOBKA BU3HA-
yajia TOBIIMHY CiTKiBKM B 9 30HaX, HaBeAEHUX Ha puc. 1.

Mu oOpaxoByBalid CepedHI0 TOBIIUHY CiTKiBKM B
KOXHIii i3 IIMX 30H JIJIs1 KOXKHOT'O OKa OKPEMO B KOXKHii i3
TPyl — ONPOMiHEHUX i BIKOBOTO KOHTPOJIIO A0 HUX. Tak
camo obpaxoByBanm cepenHi mani i Central Subfield
Thickness — ueHTpaabHOI TOBIIMHM CiTKiBKH; Cube
Volume — o06’emy citkiBku; Cube Average Thickness —
CepeNHbOI TOBIIMHY CITKiBKM B 30Hi BUMipIOBaHHS.

TakoxX peecTpyBaav 30pOBi BUKJIMKaHI MOTEHLIiaId Ha
peBepcuBHMiT maxoBuii marepH (3BITLLIT) — enexrpodi-

utero. Their mothers’ pregnancies took place in
radioactively «clean» regions and in the zone of
enhanced radioecological control (zone 4). The
survey was conducted in the period when irradiated
in utero reached the age of (24.44 + 0.17) years, for
comparison used the results of the survey of persons
aged (24.72 = 0.28) years (t = 0.85, p <0.05),

Optical coherence tomography was performed
on a Cirrus HD-OCT, Macular Cube 512 x 128 (16
eyes) test technique was used. The study of
Macular Cube 512 x 128 in the macular area eval-
uated the presence of the fovea, the presence of a
layer of nerve fibers, outer plexiform layer, inner
plexiform layer, photoreceptor layer, layer of outer
photoreceptor segments, pigment epithelial layer,
choriocapillary layer and choriocapillary layer.
The installation estimated the thickness of the reti-
na in 9 zones, shown in Fig. 1.

We calculated the average thickness of retina in each
of these areas for each eye separately in each group —
the irradiated and age control to them. We also calcu-
lated the average data for: Central Subfield Thickness —
central retinal thickness; Cube Volume — the volume
of the retina; Cube Average Thickness — the average
thickness of retina in the measurement area.

Visual evoked potentials were also recorded for
the reversible chess pattern (VEP) — an electro-

el el

PUCYHOK 1. 30Hu CiTKiBKM, B AKWUX OLiHIOBaNu TOBLYUHY CiTKiBKM: @) ANA NpaBoro oka; 6) anA niBoro oka

f — doBeona; 1 — poBeonsipHa 30Ha; 2 — BEPXHIl BHYTPILLHIN CEKTOP HAaBKONO(OBEOASPHOI 30HU; 3 — HA3aNIbHUIA BHYTPILUHINA
CEKTOP HaBKOJIODOBEOSIIPHOT 30HU; 4 — HUXKHIM BHYTPILLUHIN CEKTOP HaBKOJIOPOBEOIAPHOI 30HU; 5 — TeMNopasibHUM
BHYTPILLUHIN CEKTOP HAaBKOO(POBEONAPHOI 30HU; 6 — BEPXHIi 30BHILLHIN CEKTOP HABKOIOMOBEONAPHOI 30HU; 7 — Ha3aNbHNUM
30BHILLHI CEKTOP HAaBKONODOBEONAPHOI 30HU; 8 — HMXXHII 30BHILLHI CEKTOP HABKOMTOMOBEONAPHOI 30HM; 9 — TEMMOpPanbHU
30BHILLHIM CeKTOP HaBKONOMOBEOIAPHOT 30HU

Figure 1. Areas of the retina in which the thickness of the retina was estimated: a) for the right eye; b) for

the left eye

f — foveola; 1 — foveolar zone; 2 — upper inner sector of the parafoveol zone; 3 — nasal inner sector of the parafoveol zone;

4 — lower inner sector of the parafoveol zone; 5 — temporal inner sector of the parafoveol zone; 6 — upper outer sector of the
parafoveol zone; 7 — nasal outer sector of the parafoveol zone; 8 — lower outer sector of the parafoveol zone; 9 — temporal
outer sector of the parafoveol zone
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3i0JIOTYHMI TECT, IKW € BiMOBIAIIO Ha Pi3Ky 3MiHY KOHT-
pacTy 300paxkeHHsI IPU Mpe’ sIBJICHHI peBEPCUBHOTO 300-
pakeHHSI 11aX0BOl JOLIKU. BUKOpPHCTOBYBalU peBEepCUB-
HUI IaXOBWIA naTepH 3 BUCOKUM (mioHan 50 %) KoHTpac-
TOM YOPHHUX i OLIMX KIIITUHOK 3 MOHOKYJISIDHOIO CTHUMY-
JISILIIEI0 TTOBHOTO TT0J141 30pYy 3 (hiKCalli€lo MOy Ha LIEHT-
pajibHy TOuKy. YacToTa peBepcii 00epTaHHS 111aXOBUX I1a-
TepHiB ctaHoBWa 1 [i1 mpu 3araibHiil KiTbKOCTi 00epTaHb
60. Po3mip koMipku matepHy ckiagas 29 xBuivH. Peec-
Tpalilo 0ioeJIeKTPMYHOI aKTMBHOCTI TOJIOBHOIO MO3KY
MPOBOAWINY 32 JOIMOMOTIO0 YAIIKOIOAIOHUX CPiOHO-XJI0p-
cpionux enektponiB (Ag-AgCl), HakaneHux 3a JI0MOMO-
TOI0 JITIEBOrO Tefto, MOTeHIiaIM 3alMCcyBaiy 3a JOIIOMO-
o0 KOMIT I0TEPHOTr0 24-KaHaJIbHOTO eJieKTpoeHLedaIor-
pada «BRAINTEST» BupoOHMIITBA HayKOBO-BUPOOHM-
yoro mianpueMmctna «DX-cucremu» (M. XapkiB, YkpaiHa).

ITpu mpoBeneHHI DOCTiIKEHHSI BpaXOBYBaJIM TaKi Ia-
paMeTpud 30pOBUX BUKJIMKaHUX mnoTeHuiadiB (3BII):
N75 marentHicth; N75 amrurityma; P100 maTeHTHICTB;
P100 ammunityna; N 145 natentHictb; N145 ammutiTyna;
P200 natentHicTh; P200 amrutityna.

Oxkpemo obumcaoBaau napametpu aiasg 3BITIIIT 3
MPaBOTO i JiBOTO TiM STHO-TIOTWJINYHUX BiIBEICHbD.

IMpuxnan kpusoi 3BITIUIT a1 mpaBoro moTUJIMYHOTO
BinBeneHHs (iHBepTOBAaHOI) HaBEAEHO Ha puc. 2.

Jis1 OLiHKM pe3yJbTaTiB OOCTEKeHHSI BUKOPUCTaHI
CTaTUCTUYHI METOAM: OOUYMCIIEHHSI cepedHiX 3HauyeHb
KiTbKiCHMX TIOKa3HUKIiB, KoedillieHTa Kopessilii,
OlliHKa BiporigHoCTi pi3HuLi 3a MeTogoM CT'loJeHTa.

PE3VYJIBTATU TA OBI'OBOPEHHS

VYV pesynbrati mpoBedeHHS OOCTEXKEHb 3a METOAUKOIO
Macular Cube 512 x 128 Oyys0 BCTaHOBJEHO, 110 Y OI-
POMiHEHUX BHYTPIlIHBOYTPOOHO OCi0O BU3HAYATUCS Ti 3K
caMi IIapu CiTKiBKHM, IO MPUCYTHI i B HOpMi (puc. 3).

physiological test that is a response to a sharp
change in image contrast when presenting a
reversible image of a chessboard. A reversible chess
pattern with a high (over 50 %) contrast of black
and white cells with monocular stimulation of the
full field of view with fixation of the gaze on the
central point was used. The frequency of revers
chess patterns was 1 Hz with a total speed of 60.
The cell size of the pattern was 29 minutes. The
bioelectrical activity of the brain was recorded
using cup-shaped silver-silver-silver electrodes
(Ag-AgCl) superimposed with lithium gel, the
potentials were recorded using a computer 24-
channel electroencephalograph «BRAINTEST»
produced by the research and production enter-
prise («DX» Kharkiv, Ukraine).

The following parameters of VEP were taken
into account during the study; N75 latency, N75
amplitude; P100 latency; P100 amplitude; N 145
latency; N145 amplitude; P200 latency; P200
amplitude.

The parameters for VEP from the right and left
parieto-occipital leads were calculated separately.

An example of the SVP curve for the right occip-
ital lead (inverted) is shown in Fig. 2.

Statistical methods were used to evaluate the
results of the survey: calculation of average values
of quantitative indicators, estimation of the proba-
bility of difference by the Student's method.

RESULTS AND DISCUSSION

As a result of examinations by the method of
Macular Cube 512 x 128 it was found that irradiat-
ed persons in utero were determined by the same
layers of the retina, which are released normal

o ke
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PucyHoK 2. Mpuknap kpusoi 3BMLUM pna npaBoro TiM'aAHO-NOTMAMYHOrO BiABeAeHHA (KpuBa iHBepTOBaHa)

Figure 2. Example of VEP curve for right parieto-occipital lead (inverted curve)
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PucyHoK 3. CiTkiBKa MaKynApHoi 30HU: a) 006U, oNnpoMiHeHOT BHYTPilHLOYTPOOHO; 6) 0CO6GM KOHTPONILHOT

rpynu

Figure 3. Retina of the macular area: a) irradiated in utero; b) persons of the control group

OCKiJIbKM TAIliEHTU 3a3Hajld padialliifHOro BILIUBY B
Mepiosl PO3BUTKY, HasIBHICTh BCiX BiTOMMX IIApiB CiTKiB-
KU y HUX BaxKJIMBa.

VY T1oii Xe yac o0paxyHOK cepeaHbOl TOBLIMHM CiT-
KiBKM B (poBeosIi MoKa3as, 1110 Pi3HULISI MiXK IPYIIOIO OTl-
POMiHEHUX BHYTPIIIHBOYTPOOHO OCi0 i KOHTPOJIHHOIO
rpynoto Oyna BiporimHow. Tak, y ¢oBeosi ToOBLIIMHA
CiTKiBKM CTaHOBMJIA B IPYIli OMPOMiHEHUX BHYTPillIHbO-
yTpoOHO 0cib (197,75 £ 5,48) MKM, B rpyIli KOHTPOJIIO —
(181 = 5,01) mxM, p < 0,05, pizHuug BiporigHa. Takum
YMHOM, TOBLIMHA CiTKiBKW Y OIIPOMiHEHUX in utero 0yna
OiIBILIOI0, HiXX Y KOHTpOJI, Ha 9,25 %. s Takoi Han3-
BUYAITHO TOHKOI CTPYKTYpHU, SIK (POBE0JIa, 1Ie 10CTaTHLO
3HaYyHa BeJIMYMHA. 3MiHa TOBIIWHU CiTKiBKU B (poBeoi
MOXKE CBITUMTH, 30KpeMa, PO PU3UK PO3BUTKY B IIO-
JaIbLLIOMY MaKYyJISIPHOI JiereHepallii.

¥ 30Hi, po3TaloBaHiii Bif (poBeosiM Ha3aabHO, Cepe-
HSI TOBUIMHA CiTKiBKM CTAaHOBWJIA B TPYIIi ONMPOMiHEHUX
BHYTPIIHLOYTPOOHO (326,63 X 4,14) MkMm, B Tpymi
KOHTpoI0 — (325,79 £ 3,49) mxwM, p > 0,05; B 30Hi, po3-
TalloBaHiil Bifg (poBeOaM TEMIOpPAJbHO, CEpeIHS TOB-
IMMHA CiTKiBKM CTaHOBWJA B TPYIli OIMPOMiHEHUX
BHYTPIilIHLOYTPOoOHO (308,81 £ 2,6) MKM, y TpYITi KOHT-
pomo — (310,29 = 2,74) MKM, pi3HUIISI HEBiporimHa.
HesiporinHoto Oysa pi3HUL i B 30HaX Ha 12-11 i 6-ii ro-
JuHax (Tadn. 1).

V BigpaneHiii Bim ¢goBeosr 30HI Pi3HULST B TOBLIMHI
CITKiBKM MiX ONPOMiHEHMMM BHYTPIiLLIHBOYTPOOHO i
KOHTPOJILHOIO A0 HUX IpyIioo He Oya BiporigHoo. I1a-
paMeTpU TOBIIMHU CiTKiBKM B LIMX 30HaX 151 000X TpyTl
MPOJEMOHCTPOBAHO y Tab. 2 i Ha puc. 4.

LleHTpanbHa TOBIIMHA CiTKiBKMA, 00’€M CIiTKiBKHM ce-
peIHs TOBILIMHA CiTKiBKM B 30Hi BUMipIOBaHHS JJIs TPY-
MU OINPOMiIHEHUX BHYTPIllTHBOYTPOOHO OCiO BipOTrigHO
HE BiIpi3HSUIMCh Bil BiAMTOBITHUX JaHUX JJISI KOHTPOJIb-
Hoi Tpymn (Tabm. 3).

(Fig. 3). Because patients are exposed to radiation
during development, the presence of all known
retinal layers is important.

At the same time, the calculation of the average
retinal thickness in the fovea showed that the dif-
ference between the group of irradiated persons
in utero and the control group was significant.
Thus, in the fovea, the retinal thickness in the
group irradiated in utero was (197.75 = 5.48) um,
in the control group — (181 = 5.01) um, p < 0.05,
the difference is significant. Thus, the retinal
thickness in irradiated in utero was greater than
in the control by 9.25 %. Changes in retinal
thickness in the fovea may indicate, in particular,
the risk of developing macular degeneration in
the future.

In the area located from the fovea nasally, the aver-
age retinal thickness in the group irradiated in ufero
was (326.63 *+ 4.14) um, in the control group —
(325.79 + 3.49) um, p > 0.05; in the area located
from the fovea temporally, the average retinal
thickness in the group irradiated in utero was
(308.81 = 2.6) um, in the control group —
(310.29 £ 2.74) um, the difference is not signifi-
cant. The difference in the zones at 12 and 6 o’clock
was also not significant (Table 1).

In the area far from the fovea, the difference in
retinal thickness between those irradiated in utero
and the control group to them was not significant.
The retinal thickness parameters of these zones for
both groups are shown in Table 2 and Fig. 4.

Central retinal thickness, retinal volume the
average retinal thickness in the measurement area
for the group of irradiated in utero probably did not
differ from the corresponding data for the control
group (Table 3).
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Ta6nuua 1
ToBWMHA CiTKIBKM B MaKynApHin 30Hi y rpyni oci6, onpomiHeHMX BHYTPilWHbOYTPOO6HO, B MOPiBHAHHI 3
KoHTponem (MKM)

Table 1
The thickness of the retina in the macular area in the group irradiated in utero compared with the control (pm)

OnpoMiHeHi BHYTPILUHbOYTPOOHO

3oHa citkieku / Retinal area Irradiated in utero Kontponb / Control t

®oseona / Fovea 197,75 + 3,89* 181,0 £ 3,01 2,26
MoseonsipHa 30Ha / Foveolar area 259,56 + 5,67 248,29 * 6,65 1,29
MapacdoseonsipHa 30Ha Bropi / Parafoveol zone at the top 317,13+ 3,8 325,29 + 2,85 1,72
MapadoBeonsipHa 30Ha HasanbHo / Parafoveol zone nasally 326,63 + 4,14 325,79 + 3,49 0,16
MapadoBeonsipHa 3oHa BHM3Y / Parafoveol zone below 317,25 4,38 321,0+3,28 0,69
MapadoBeonsipHa 30Ha TemnopansHo / Parafoveol zone temporal 308,81 = 2,6 310,29 £ 2,74 0,39

Mpumitka. * — pishmug BiporigHa, p < 0,05
Note. * — the difference is probable, p < 0.05

Ta6nuusa 2
ToBWMHA CiTKIBKM NpaBoOro oka B NapamaKynapHiin 30Hi y rpyni oci6, onpomiHeHUx BHYTPilWIHbOYTPOOHO, B
NOpiBHAHHI 3 KOHTpONneM (MKM)

Table 2
The thickness of the retina of the right eye in the paramacular area in the group irradiated in utero compared
with the control (pm)

OnpomiHeHi BHYTPilLHbOYTPOOHO

3oHa ciTkieku / Retinal area Irradiated in utero KoHntponb / Control t

MapamakynsipHa 30Ha Bropi / Paramacular area above 278,19 + 2,98 284,43 + 3,14 1,44
MapamakynsipHa 30Ha HasanbHO / Paramacular area nasally 300,88 = 5,7 303,64 + 3,61 0,41
MapamakynsipHa 30Ha BHM3Yy / Paramacular area below 277,69 + 6,14 272,57 £ 3 ,38 0,73
MapamakynsipHa 30Ha TemnopanbHo / Paramacular area temporally 262,19 £ 2,28 263,79 + 2,71 0,45

Ta6nuua 3

LieHTpanbHa TOBWMHA CiTKiBKM, 06'€M CiTKIBKM, CepefHA TOBLMHA CiTKiBKU B 30Hi BUMipIOBaHHA ONpPOMiHEHMUX

BHYTPilIHbOYTPOOHO 0Ci6 B NOPiBHAHHI 3 KOHTpPOsIEM
Table 3

Central retinal thickness, retinal volume, average retinal thickness in the measurement area irradiated in

utero compared with control

LlenTpanbHa ToBIWMHA

CepepHsi TOBLYMHA CiTKIBKM

] o 2

Fpyna CiTKiBKM, MKM 06’em citkigku, MM B 30Hi BUMIPIOBAHHS, MKM

Central retinal . ,  The average thickness of the retina
Group thickness, pm Retinal volume, mm in the measurement area, pm
OnpoMiHeHi BHYTPILUHLOYTPOOHO M 259,56 10,16 282,06
Irradiated in utero +m 5,67 0,10 3,02
KoHTposnb M 248,29 10,21 283,36
Control +m 6,65 0,12 3,22

bynu npoBeneHi BiAMOBiAHI po3paxyHKU IJIsI KOXKXHOTO
oka okpeMo. BoHU TakoX 3aCBiTUWIM HasSIBHICTb BipoO-
riAHUX 3MiH TOBIUMHM CITKiBKM — TOBILIMHA CITKiBKU B
doseoi mpaBoro oka craHosuia (195,88 = 4,6) MKM B
rpymi ocid, OmpoMiHEHUX BHYTPIIIHHLOYTPOOHO, B
nopiBHsHHI 3 (181,0 *+ 3,47) MKM B KoHTpouIi (t = 2,68,
p <0,05); B iHIIMX AiNSTHKAX MaKyJSIPHOI 30HU Pi3HULIS
BiporigHo He Oyia.
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Appropriate calculations were performed for
each eye separately. They also showed probable
changes in retinal thickness — retinal thickness
in the fovea of the right eye was (195.88 £ 4.6) in
the group irradiated in wutero compared with
(181.0 % 3.47) um in the control (t = 2.68, p < 0,05);
in other parts of the macular area the difference
was not significant.
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PUCYHOK 4. CepepHA TOBLWMHA CITKIBKM B NapaMaKyNAPHii 30Hi y onpoMiHeHMX BHYTPilHbOYTPO6HO 0Cib y

NOpiBHAHHI 3 KOHTponem (MKM)

CTpinkoto nokasaHo BipOrigHy PiSHNLLIO B TOBLUMHI Y GOBEONI

1 — doseona; 2 — doBeonsipHa 30HA; 3 — BEPXHild BHYTPILLHIM CEKTOP HAaBKONOMOBEONAPHOT 30HU; 4 — HAa3abHUIN BHYTPILLHIN
CEKTOpP HaBKO0MOBEONAPHOI 30HU; 5 — HMXXHI BHYTPILLHIA CEKTOP HAaBKOOMOBEONSAPHOI 30HWN; 6 — TeMNopasnbHUM
BHYTPILLHI CEKTOP HAaBKONOMOBEONSAPHOI 30HN; 7 — BEPXHI 30BHILLUHIN CEKTOP HABKOIODOBEONSAPHOI 30HU; 8 — Ha3anbHWUI
30BHILLHIN CEKTOP HaBKOOMOBEONSIPHOI 30HW; 9 — HUXKHI 30BHILLIHI CEKTOP HAaBKON0MOBEONAPHOI 30HU; 10 — TemnopanbHWiA
30BHILLHIN CEKTOP HAaBKOIODOBEONISAPHOI 30HU.

Figure 4. The average retinal thickness in the paramacular area in irradiated in utero compared with the

control, pm

The arrow shows the probable difference in thickness in the fovea

1 - the fovea; 2 — foveolar zone, 3 — upper internal sector of the parafoveal zone; 4 — nasal internal sector of the parafoveal
zone; 5 — lower internal sector of the parafoveal zone; 6 — temporal internal sector of the parafoveal zone; 7 — upper sector
of the paramacular zone; 8 — nasal sector of the paramacular zone; 9 — lower paramacular zone sector; 10 — temporal sec-

tor of the paramacular zone

TakuM 4MHOM, y ONPOMiIHEHUX BHYTPIlIIHOYTPOOHO
CIIOCTepirajoch BiporigHe 30iJIbIIEHHS TOBILUWUHU CiT-
KiBKM B (hOB€OJIi, BUSIBJIEHO 1 HEBIpOTiIHY TE€HIEHIIilO 10
30ibIIIEHHS TOBIIMHY CiTKiBKM B 30HaX HaBKOJIO (hOBe-
osi. 30ibIlIeHHs TOBIIUHY CiTKiBKM Ha 9,25 % y mopis-
HSIHHi 3 KOHTPOJIEM CBITYMTb MPO 3MiHM CTAHY CiTKiBKHU
Y OIIPOMiHEHUX BHYTPILLIHBOYTPOOHO 0Ci0, HABITh SIKIIO
1i 3MiHU MMOKU 110 HE CYITPOBOKYIOTHCS BUAUMUM PO3-
BUTKOM MaKyJISIpHOI TUCTpOdii.

PesynbraTu nmapasejibHO IIPOBEIEHOI peeECTpallil 30po-
BUX BUKJIMKAHUX MOTEHLIiaJliB Ha PEBEPCUBHUI 11aX0-
BUI1 TaTepH y IaHiil TpyIi BHYTPIITHLOYTPOOHO OMPOMi-
HEHHUX 0ci0 3aCBiTYMJIM HasSIBHICTb TEHAEHIIi 10 3MEH-
IIeHHs aMIUTiTya KommoHeHTiB (N75, P100, N145,
P200) y ripaBiii i JiBilt TiM’ SHO-TIOTMJIMYHUX TIJITHKAX Y
MOPiBHSHHI 3 KOHTpoJsieM (puc. 5, 6).

JlatenTHicTh kKomnoHeHTiB 3BIIIIII 3miHIOBanach
acUMeTpUYHO (puc. 7, 8), NposBIsIacCh TEHACHIIIS A0 1X
3MEHIIEHHS y JIBii TiM'THO-TIOTMJIWYHIN TiISHII TT0-
PIiBHSIHO 3 TIPaBoIo.

TakuM 4YMHOM, TPU OOCTEXKEHHI ONMPOMiHEHUX BHYT-
PILLIHBOYTPOOHO OCi0 Y mepiod, KOJM BOHHU YBIMIIUIM B
JIOPOCJINI BiK, BUSIBJICHO BipOTigHe 30i1bllIEHHS TOBLLIM-

Thus, in those irradiated in utero, a probable
increase in the thickness of the retina in the fovea
was observed, and a non-significant tendency to
increase the thickness of the retina in the areas
around the fovea was revealed. Increase in retinal
thickness by 9.25 % compared with controls indi-
cates significant changes in retinal status in irradi-
ated in utero, even if these changes are not accom-
panied by visible macular degeneration.

The results of the registration of visual evoked
potentials on the reversible chess pattern in this
group of intrauterine irradiated individuals showed
a tendency to reduce the amplitudes of compo-
nents (N75, P100, N145, P200) in the right and
left parieto-occipital areas compared with control
(Fig. 5, 6).

The latency of the components of VEP changed
asymmetrically (Fig. 7, 8), there was a tendency to
reduce them in the left parieto-occipital region in
comparison with the right.

Thus, examination of irradiated persons in utero
in the period when they entered adulthood,
revealed a probable increase in retinal thickness in
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PucyHokK 5. Amnnityau
komnoHeHTiB 3BMLWN (N75, P100,
N145, P200) y npasiit Tim'aHo-
NOTUNAUYHIN AINAHLI y BHYTpPil-
HbOYTPOGHO onpoMiHeHux 0cib y
NopiBHAHHI 3 BIKOBMM KOHTpONEM

Figure 5. Amplitudes of the
components of VEP (N75, P100,
N145, P200) in the right parieto-
occipital region in intrauterine
irradiated persons compared with
age control
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PucyHoK 6. Amnaityau
komnoHeHnTiB 3BMLN (N75, P100,
N145, P200) y nisiit Tim'aHo-
NOTUAUYHIN AINAHLI y BHYTpPil-
HbOYTPOGHO ONpoMiHeHMX 0Cib y
NopiBHAHHI 3 BIKOBMM KOHTpOJEM

Figure 6. Amplitudes of the VEP
components (N75, P100, N145,
P200) in the left parieto-occipital
region in intrauterine irradiated
persons compared with age control
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PUCYHOK 7. JlateHTHOCTi
komnoHenTiB 3BMLLIN (N75, P100,
N145, P200) y npasin Tim'aHo-
NOTMAMYHIN AiNAHLI y BHYTpilL-
HbOYTPOGHO onNpomiHeHux ocib y
NOpiBHAHHI 3 BIKOBMM KOHTpoOJieM

Figure 7. Latencies of VEP compo-
nents (N75, P100, N145, P200) in
the right parieto-occipital region in
intrauterine irradiated persons com-
pared with age control

PucyHoK 8. JlateHTHocTi
komnoHeHTiB 3BMLIN (N75, P100,
N145, P200) y niBii Tim'aHo-
NOTUJMYHINA JinAHYi Yy BHYTpilW-
HbOYTPOGHO ONpPOMiHEHUX 0Cib y
NOpPiBHAHHI 3 BIKOBMM KOHTpOJIEM

Figure 8. Latencies of VEP compo-
nents (N75, P100, N145, P200) in
the left parieto-occipital region in
intrauterine irradiated persons com-
pared with age control
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HU CiTKiBKM B (pOB€OJIi B MOPiBHSIHHI 3 BIKOBUM KOHTPO-
JIeM i TeHIEHIIil0 10 30iJblIeHHSI TOBIIMHU CITKiBKU B
30HaX HaBKoJO (oBeosn. SK Hamu Oyj0o IToKa3aHO
panime [10], Bxe y BikoBiii rpymi 1o 30 pokiB y oOII-
POMiHEHUX aHTEHATAIbHO OCi0 3’ SIBSIOTHCS MaKYJISIPHI
JlereHepaillii, 1o 3a KJIiHIYHOI KapTHMHOIO HaraayloTh
BIKOBY MakyJsIpHY AereHepallito, sika, BCyleped 3BUY-
HUM HOpMaM, BUHMKJIa HaJ3BUYaiiHO paHo.

3MEHIIeHHST aMILTiTyl KOMIIOHEHTIB 30POBUX BUKJIN-
KaHMX TOTEHLiaJiB Ha pPeBEPCUBHUI 1IaXOBUI MaTepH
TaKOX MOXE CBiIUMTU MpPO TeHIEHLI 10 pAaHHLOTO PO3-
BUTKY JereHepaTUBHUX IIPOLIECIB.

TakuM 4YMHOM, paHHi (hOBEOJISIpHI 3MiHU, 3aikcoBaHi
npu OKT, i 3MeHIIeHHsI aMIUTiTy KOMIIOHEHTIB 30PO-
BUX BUKJIMKAHUX MOTEHLIiaJliB Ha PEBEPCUBHUI 11aXO-
BUi1 maTepH y Billi 22—25 poKiB MOXYTh CBiTUMTH TIPO
PU3MK PO3BUTKY Y MAlliEHTIB, OMPOMiHEHMX BHYTPIllIHb-
OyTpOOHO, paHHbOI BiKOBOI MaKyJISIpHOI JereHepallii, a
TaKOX IIiABUIIEHUIA PU3UK paHHIX AereHepaTUBHUX
3MiH LEHTPaAJIbHUX CTPYKTYP 30pOBOI0O aHaji3aTopa.

BUCHOBKU

Y onpoMiHEeHUX BHYTPIIITHEOYTPOOHO 0Ci0 y Biri 22—25
POKiB CITOCTEpirajaoch BiporigHe 30ilbIIeHHST TOBIIMHU
CITKIBKM B (pOB€OJIi B TOPiBHAHHI 3 BIKOBUM KOHTPOJIEM,
BUSIBJICHO T€HACHIIIO 10 30ibIIEHHST TOBIIUHM CiTKiB-
KM B 30HaxX HaBKoJyio poBeonn. [1pu peectpaiiii 30poBux
BUKJIMKAHWX MOTEHLIaJIiB HAa PEBEPCUBHUI IIaXOBUK
naTepH y Liil Tpymi CHOCTEpira€TbCsl HasSIBHICTh TEH-
JeHIIil 10 3MEHIIEHHS aMIUIiTyd KoMmoHeHTiB (N75,
P100, N145, P200) y mpaBiii i JiBiif TiM’SHO-TIOTAJINY -
HUX JIISTHKAX i 10 aCUMETPUYHUX 3MiH JJATEHTHOCTI LIUX
KOMITOHEHTIB.

PanHi ¢oBeonsipHi 3minu, 3adikcoBani npu OKT, i
3MEHIIEHHSI aMILITYl KOMIIOHEHTIB 30POBUX BUKJIMKA-
HUX TOTEHIiaJiB HA PEBEPCMBHUIA I1aXOBUM MATEPH Y
Billi 22—25 pOKiB MOXYTh CBiTYUTH PO PU3UK PO3BUT-
Ky y Mali€HTiB, OMNPOMiHEHUX BHYTPIillIHbOYTPOOHO,
paHHbOI BIiKOBOI MakyJISIDHOI AereHepallii, a TaKox
MiIBUIIEHU pU3MK PaHHIX JereHepaTUBHUX 3MiH LIEHT-
pajbHUX CTPYKTYP 30pOBOTO aHali3aTopa.

KoHdniKT iHTEepeciB

ABTOpY He pPO3TOJIOIIYIOTh KOHQigeHUiliHY iHdOp-
Mallilo Ta He MaloTh XOIHOI MPUHAJIEXHOCTI a00 (piHaH-
COBOI 3alliKaBJIEHOCTI B OyAb-sIKiii opraHizailii, sika MoOr-
J1a 6 CTBOPUTHU KOH(IIIKT iHTEPECIB.

CINMUCOK BUKOPUCTAHUX OXKEPEN
1. Neurodevelopmental effects of low dose ionizing radiation exposure: A
systematic review of the epidemiological evidence / E. Pasqual, M.

the fovea compared with age control and a tenden-
¢y to increase retinal thickness in the areas around
the foveola. As we showed earlier [10], already in
the age group up to 30 years, antenatally irradiated
persons develop macular degeneration, which
clinically resembles age-related macular degenera-
tion, which, contrary to customary norms,
occurred extremely early.

The decrease in the amplitudes of the compo-
nents of visual evoked potentials on the reversible
chess pattern may also indicate a tendency to the
early development of degenerative processes.

Thus, early foveolar changes recorded in OCT
and a decrease in the amplitudes of the compo-
nents of visual evoked potentials on the reversible
chess pattern at the age of 22—25 years may indi-
cate a risk of development in patients, irradiated in
utero, early age-related macular degeneration, and
increased degenerative changes in the central
structures of the visual analyzer.

CONCLUSIONS

In irradiated persons in utero aged 22—25 years,
there was a probable increase in retinal thickness
in the fovea compared with age control, there was
a tendency to increase retinal thickness in the
areas around the fovea. When registering visual
evoked potentials on a reversible chess pattern in
this group, there is a tendency to decrease the
amplitudes of components (N75, P100, N145,
P200) in the right and left parieto-occipital areas
and asymmetric changes in latency of these com-
ponents.

Early foveolar changes recorded in OCT and
decreasing amplitudes of components of visual
evoked potentials on the reversible chess pattern at
the age of 22—25 years may indicate a risk of devel-
opment in patients irradiated in utero, early age-
related macular degeneration, as well as increased
risk and increased risk. structures of the visual ana-
lyzer.
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