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T'OJIOBHU MO30K TA OPTAH 30PY SIK IIOTEHIIMHI MIIIEHI
JUIA BIUVIMBY IOHI3YIOYOI'O BUITPOMIHIOBAHHA:

YACTUHA 'V — CIIIBBIJHOINEHHA OPTAHIYHUX I
OYHKIIOHAJIbHUX 3MIH HA ITPUKJIAII OKPEMUX
3AXBOPIOBAHb

MUTaHHA NPO B3aEMHe CNiBBifHOWEHHSA OPraHiyHMX i QYHKUIOHANbHMUX 3MiH, WO GOpMYIOTbCSA Yy 0Ci6, AKi 3a3Hanu
pafialifHoOro BNAMBY, i AOCI 3aNMWAETLCA HEAOCTATHBO BUBYEHWUM. 3aNponoOHOBAHa enifemionoramu nepioam3sadis
AVNHAMiKW 3aXBOPIOBAHOCTI Ha Pi3Hi hOpMM i KNacu HenyxNMHHKUX 3aXBOPIOBaHb Nepefbayae BUAiNEHHS TPbOX OCHOB-
HUX nepiofiB: «paHHboro» (nepwi 6 pokis nmicns aBapii Ha YAEC); «BigganeHoro» (12-21 nicnsaBapiitHi poku) i
«ni3Hboro» (22-30 nicnsaBapiiHi poku). Ane BignoBigHicTb nNepioam3auii pesynsratam aHanisy enigemionorivyHmx
AaHux, 6e3 BpaxyBaHHA KNiHIYHUX 0COOINBOCTEN 3aXBOPIOBAHb, MOXE CNPUATU BUHUKHEHHIO BPAXKEHHS, L0 B NepLIo-
My nepioi nicns pagiauinHoi katacTpodu B yCix BUNagKax nepeBaxaloTb QYHKLiOHaNbHi po3Nnaju, NopyleHHs Bere-
TaTMBHOT perynauii Towo. Mix TUM, faHi oTanbMONOriYHMX 1 HEBPOMOFiYHUX JOCHIAXKEHb, AKi MU NparHemo npoge-
MOHCTPYBATW B AaHiit po6oTi, WBKALIE 33 BCE CBifYaTh NPO HAsABHICTb CYTTEBOr0 MOPGONOriyHOro NigrpyHTs Ans pos-
BUTKY (DYHKLiOHaNbHWX NOPYLWeEHb BXe B paHHil nepiog nicna pagiauiiiHoi katactpodu.
MeTow faHoi po6OTU € aHani3 Cy4YaCHUX eKCMEPUMEHTANbHUX, enifeMioNoriyHnx Ta KNiHIYHUX JAHUX CTOCOBHO
CNiBBiAHOWEHHSA OpPraHiyHmMx i YHKLiOHANbHUX 3MiH, XapaKTepHOro Ans pagiauiiHux LepebpoodTanbMoNoriyHmx
edeKTiB — pafialiiHOT KaTapaKTu, BiKOBOT MaKynspHoi fereHepauii, LepebpanbHOT XBOPOOM Manux CyauH, Hempo-
KOTHiTUBHOTO fediuuTy.
Marepianu i meToau. Kputepismu BKIIOYEHHS A0 aHANiTUYHOTO ornaay 6ynu peueH3oBaHi ny6nikauii y HaykomeTpuy-
Hux 6a3ax PubMed / MEDLINE, Scopus, Web of Science Ta po60oTu, BigiGpaHi Bpy4Hy; BUKOPUCTAHO TAKOX Pe3yNbTaT
BNACHMX AocnimxeHb. [poBefeHO A0AATKOBMUI aHani3 pe3ynbTaTtiB obcTexeHb 11 123 onpoMiHeHMX BHACNi[OK KaTa-
ctpodu Ha YAEC oci6, 3giiicHeHux y nepioa 1991-2004 pp.
Pe3synbratn. Y nepwomy nepiofi po3BWTKY papiauiiiHoi KaTapakTW, sika € BU3HAHUM CreuudiyHUM HaCTigKoM
pagiauinHoro BNAMUBY, CNOCTEPIraeTbCsA PO3BUTOK MOPAONOFiYHUX 3MiH (MOMYTHIHb KPULITANKKA), KT Ni3HiWe npuBo-
AATb [0 3HVMXKEHHSA 30p0oBMX PYHKLiA. AHANi3yloun CNiBBIAHOWEHHA OPraHiYHUX i BYHKLIOHaNbHUX 3MiH NPU PO3BMT-
Ky 3aXBOPIOBaHb, ANA AKMUX BNIMB i0Hi3ylo4yoi pagiauii € Baromum GakTopom puU3nKy, MM CNOCTEPIraEMO aHaNoriyHy
kapTuHy. Tak UXMC, acouiiioBaHa 3 apTepianbHolo rinepTeH3ielo, Moxe OyTW MPOSBOM MPUCKOPEHOTO CTapiHHS,
acouitoBaHOro 3 BMAUBOM i0Hi3yKHOro BUNPOMiHIOBaHHSA. Tak camo, MOYaTKOBI 03HAKW BiKOBOT MaKynsapHOT fereHe-
pauii y pagialiiiHo onpomiHeHuMx 0cib Bneplie, K NpaBuo, BUABNAIOTLCA 3MiHaMuU Mopdonorii ciTyacToi i cyAuHHOT
0060/10HKHM, NirMEHTHOrO eniTenito B MaKyNApHii 30Hi, Toai AK QYHKLIOHaNbHI NOPYIWEHHSA Y BUMAAT 3HUXEHHSA LieHT-
panbHoro 30py, MeTamopdonciit TOWo BUHMKAIOTb Mi3Hille.
KniouoBi cnoBa: aBapis Ha YopHOOMNLCbKi/ aTOMHiI enekTpoCcTaHLii, i0Hi3yloue BUNPOMiHIOBAHHS, BiKOBa MaKynsap-
Ha lereHepauis, Katapakta, MOpdoioriyHi 3miHu, LepebpanbHa XBopoba Manux CyAuH, HEMPOKOTHITUBHUI aediluT.
Tpobnemu pagiaiviHoi meguumhy 1a pagiobionorii, 2023. Bun. 28. C. 431—443. doi: 10.33145/2304-8336-2023-28-431-443
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BRAIN AND EYE AS POTENTIAL TARGETS FOR IONIZING
RADIATION IMPACT.

PART V — ORGANIC AND FUNCTIONAL CHANGES CORRELATION
ON THE EXAMPLE OF CERTAIN DISEASES

The question about correlation between organic and functional changes in persons, exposed to radiation is still
insufficiently studied. Dynamics of morbidity for different forms and classes of non-tumour diseases periodisation,
proposed by epidemiologists, suggests the identification of three main periods: «early» (the first 6 post-Chornobyl
accident years); «distant» (12-21 years) and «late» (22-30 years). However, the correspondence this periodisation
to the results of epidemiological data, without taking into account the clinical features of the diseases, may con-
tribute to the impression, that in the first period after a radiation disaster functional disorders (or autonomic reg-
ulation disorders, etc.) prevail in all cases. Meanwhile, the data from ophthalmological and neurological studies,
which we aim to demonstrate in this paper, rather indicate the presence of a significant morphological basis for the
development of functional disorders in early period after a radiation disaster.
The objective of this work is analyse modern experimental, epidemiological and clinical data on the correlation
between organic and functional changes, characteristic of radiation cerebro-ophthalmological effects — radiation
cataracts, age-related macular degeneration, cerebral small vessel disease, and neurocognitive deficits.
Materials and methods. The criteria for inclusion in the analytical review were peer-reviewed publications in
PubMed/MEDLINE, Scopus, Web of Science, and manually selected papers; the results of our own research were also
used. An additional analysis of the results of examinations conducted in 1991-2004 was performed, which includ-
ed a total of 11 123 persons irradiated as the result of catastrophy at the Chornobyl NPP.
Results. In the first period of radiation cataract development, which is a specific consequence of radiation expo-
sure, morphological changes (lens opacities) are observed, which lead to a decrease in visual function only later.
Analysing the correlation between organic and functional changes in the development of diseases, for which ionis-
ing radiation exposure is a significant risk factor, we observe a similar picture. For example, CSVD associated with
arterial hypertension may be a manifestation of accelerated aging associated with exposure to ionising radiation.
Similarly, the initial signs of age-related macular degeneration in radiation-exposed individuals are usually mani-
fested by changes in the morphology of the retina, choroid, and pigment epithelium in the macular area, while func-
tional disorders in the form of decreased central vision and metamorphopsia, etc., occur later.
Key words: Chornobyl disaster, ionising radiation, age-related macular degeneration, cataract, morphological
changes, small vessel disease, neurocognitive deficit.
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BCTYII INTRODUCTION

YopHoOmnbcbka KatacTpoda, oesnepeyHo, € ogHuM i3 The Chornobyl disaster, which is undoubtedly one
HaliMacIuTaOHIIMX i HAalOLIbIL BUBYEHMX saepHUX iHIU-  of the largest nuclear incidents in the world [1, 2],
IeHTIiB y cBiTi [1, 2]. ABapist Ha YAEC cnpunumHwmia 3Ha4-  is now also one of the most studied nuclear inci-

He papniaiiiiHe 3a0pyaHeHHs TepuTopii €Bpornu [1, 2]. dents. The catastrophe caused extensive radiation
V nepui poku miciaas YopHoOuIbCchbKOi KatacTpogu  contamination in Europe [1, 2].
JIyHaJIU TBEPAXKEHHS, 1110 HE iCHYE 1i BIUIMBY Ha 3A0POB’s In the first years after the Chornobyl disaster,

HaceneHHd [3]. Ane Hapa3si He migmaeTbcsT CyMHIBY, o there were claims that it had no effect on the
pamiamiiiHa aBapisl cOopUuYMHWJIA 3HauyHe TmoripmeHHs  health of the population [3]. But for now, there is
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cTaHy 310poB’s atoaei [4]. ToMy 3ampornoHoOBaHa eIli-
JeMiojoraMu nepioan3alist IMHAMiK1 3aXBOPIOBAHOC-
Ti BHACIIAOK padialliiHOro ONpOMiHEHHS IpeacTaB-
JIsie 3HAaYHUI iHTepec.

YV nrHaMili 3aXBOPIOBAHOCTI 32 OKPEMUMMU KJlacaMu,
rpynamMu i ¢opMaMH HEIyXJIUMHHUX 3aXBOPIOBAaHb
BUAUISIOTh TP OCHOBHI Mepiofau: «paHHii» (mepiii 6
micasiaBapiiHUX POKiB); «BigmaneHuit» (12—21 pokn);
«i3Hi» (22—30 poku) [4]. HilicHO, Takuii TTOALT Ha
nepioaun 0a3yeThCsl Ha pe3yabTaTax eMigeMiooriyHUX
JOoCHiaXeHb i BiANOBigae NMHaMilli 3aXBOPIOBAHOCTI Ha
HEeMyXJIMHHI XBOPOOU, SIKi CIIOCTepiraju B ONpOMiHe-
HUX MOMYJISIIisIX.

AJne BiIMoBiIHICTh Mepioau3alii pe3yasrataM aHali3y
emieMioJIOriYHUX JaHMX 0e3 BpaxXyBaHHSI KIIIHIYHUX
0COOJIMBOCTE!l 3aXBOPIOBaHb, MOXE CIIPUSTU BUHUK-
HEHHIO BPaXKeHHS, 1110 B MepIIOMY Tepio/i Mmic/s paia-
wHiliHOi KaTacTpodu B yCiX BUMAAKax IepeBaXKaloTh
(yHKITIOHAJIBHI pO3JIagy, TIOPYIIEHHS BEreTaTUBHOI pe-
rynsuii Tonro. Mix Tum, 1aHi opTaIbMOJIOTIYHUX i HEB-
POJIOTYHUX AOCIiIXKEHb, SIKi MU MparHeMo MPOJEMOH-
CTpYBaTU B JaHili poOOTi, IIBUALLIE 3a BCE, CBiAYATh PO
HasBHICTh 3HAYHOTO MOPQOJIOTIYHOTO ITATPYHTS IS
PO3BUTKY (PYHKLIIOHANTBHUX TTOPYILIEHb. Y YMCICHHUX
eiIeMIiOJIOTIYHNX Ta KIIHIKO-€eITiIeMiOJIOTIYHUX IO~
CIIIKEHHSIX MiATBEPIXKEHO €KCLeC lLiepeOdpoBacKyIsip-
HOI TIaTOJIOTII TTiJ BIUIMBOM ioHi3yiouoi pamiamii (IP),
30KpeMa, B Jiana3oHi Majaux 103 |5, 6]. 3anpornoHoBaHO
BBaXaTu LIepeOpPOBACKYJISIPHI, a TaKOX Ti HEPBOBi Ta
TICUXIYHi 3aXBOPIOBAHHSI, JJIs SIKUX BCTAHOBJICHO HasIB-
HICTb pagialiiiiHO 0OYMOBJIEHUX PU3KMKIiB, CTOXaCTUYHMU -
MU edeKTaMU OIIPOMiHEHHS B Aiana3oHi Maiux 103 [7].
HageneHo yuciieHHi 1oKa3yW NpUHAIEKHOCTI pamialliii-
HOI KaTapaKTH A0 CToXacTUYHMX eeKTiB [8, 9]. KiiHiko-
eKCHEepUMEHTAJIbHI JOCiI)KeHHST BIUIMBY ONPOMiHEHHS
Ha TOJIOBHMIT MO30K CBiuaTh PO pajialliitHo-acoliiio-
BaHi anmonTo3, Helipo3aliajeHHsI, BTpaTy ITOIepeIHUKIB
OJIITOAEHAPOLIMTIB Ta MI€EiHOBUX OOOJIOHOK, a TaKOX
nopyreHHsT HeliporeHne3y [10]. IlokazaHi KorHiTWBHI
edexTn Manux 103 IP, ane BU3HaYeHHS IXHBOTO MaToOre-
He3y MoTpedye NoJaablIMX JoCHiaKeHb [11]. 3MiHM J0B-
KWHU TEJIOMEP MOXYTh PO3INIIHATHCS K OioMapKepu
MPUCKOPEHOTO0 padialliiiHOro CTapiHHSI Ta KOMITIEHCATOP-
HUX MPOLIECIB MPU BHYTPIILIHEOMY i 30BHIILIHLOMY OIT-
pOMiHeHHI B Mavx fo3ax [12, 13]. BuiiezazHaueHe 00y-
MOBJIIOE aKTYyaJIbHICTh Ta BaXJIMBICTb BUBUEHHSI MOPGO-
JIOTIYHOTO MiATPYHTS pamialliifHO-acoliitoBaHnX e(PEeKTiB
MPUCKOPEHOTO CTapiHHS Pi3HUX OPraHiB i cUCTEM.

HocaigxkeHHs1 OyJO0 MPOBENEHO 3 METOIO OLIiHKHU
MEPCIIEKTUBHOCTI BUBUCHHSI IIPOOJIEMH i BU3HAYCHHSI
HanpsiIMiB TTOJAJIbLIOT POOOTH.

no doubt that the radiation accident caused a signif-
icant deterioration in the health condition of people
[4]. Therefore, the periodisation of these epidemic
processes is of considerable interest.

In the dynamics of morbidity by individual classes,
groups and forms of non-tumour diseases, three
main periods are distinguished: «early» (the first 6
post-accident years); «distant» (12—21 years); «late»
(22—30 years) [4]. Indeed, such a division into peri-
ods is based on the results of epidemiological studies
and corresponds to the dynamics of the incidence of
non-cancer diseases observed in exposed popula-
tions.

However, the correspondence of the periodisation
to the results of the epidemiological data analysis,
without taking into account the clinical features of
the diseases, may contribute to the impression that
in the first period after a radiation disaster function-
al disorders and autonomic regulation disorders, etc.
prevail in all cases. Meanwhile, the data from oph-
thalmological and neurological studies, that we aim
to demonstrate in this paper, rather indicate the
presence of a significant morphological basis for the
development of functional disorders. Numerous epi-
demiological and clinical-epidemiological studies
have confirmed the excess of cerebrovascular
pathology under the influence of ionising radiation
(IR), in particular in the range of low doses [5, 6]. It
has been proposed to consider cerebrovascular, as
well as those nervous and mental diseases for which
the presence of radiation-related risks has been
established, as stochastic effects of exposure in the
low dose range [7]. Numerous evidences of radiation
cataracts belonging to stochastic effects have been
presented [8, 9]. Clinical and experimental studies
of the effects of IR on the brain indicate radiation-
associated apoptosis, neuroinflammation, loss of
oligodendrocyte precursors and myelin sheaths, and
neurogenesis disorders [10]. The cognitive effects of
low doses of IR have been shown, but the determi-
nation of their pathogenesis requires further
research [11]. Changes in telomere length can be
considered as biomarkers of accelerated radiation
aging and compensatory processes in case of internal
and external low-dose irradiation [12, 13]. The
above makes it urgent and important to study the
morphological basis of radiation-associated effects
of accelerated aging of various organs and systems.

The study was conducted to assess the prospects of
studying the problem and determine the directions
for further work.
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META

Mertoro gaHOi poOOTH € aHaJli3 CydyaCHUX €KCIEPUMEH-
TaJIbHUX, €MiAEeMiOJOTIYHMX Ta KJIIHIYHMX JTaHUX CTOCOB-
HO CITiBBiIHOIIEHHSI OpPraHiYHUX i (PYHKIIOHAJbHUX
3MiH, XapaKTepHOTO IS pajialliiHuX 1epedpoodTaib-
MoJIOTiYHMX e(eKTiB — pafialiiiHOi KaTapakTH, BiKOBOIi
MakyJsgpHoi mereHepairii (BM]I), 1iepedpaibHOI XBOpOOU
manux cyauH (HXMC) i HelipOKOTHITUBHOTO IeillUTY.

MATEPIAJIN I METOJIN

KputepisiMu BKJIFOYEHHSI A0 aHAJIITUYHOTO OTJIsiAy Oyiau
pelieH30BaHi IyOJikallili y HayKOMETpUMYHHUX 0a3zax
PubMed / MEDLINE, Scopus, Web of Science Ta po60o-
TM, BifiOpaHi Bpy4yHYy; BUKOPMCTAHO TaKOX PE3yJbTaTH
BJIACHUX ITOCJIiI>KEHb.

VY naHiil poObOTi MU IPOBEJM AOJATKOBMI KITIHIYHMI
aHaJii3 pe3yabTaTiB 0P TaJTbMOJOTIUHUX i HEBPOJIOTIUHUX
oocrexeHb 11 123 ocid, ompoMiHeHMX BHACJiIOK KaTa-
crpodu Ha YAEC, nipoBenenux y nepiog 1991—-2004 pp.
Koroptu 0ynu onucaxi panime [1, 2, 8].

Bci matieHTn Oyau OTJSIHYTI 3 BUKOPUCTAHHSIM METO-
IUK, SIKi 3a0€3Me4yl0Th CTaHAAPTU3AL10 ODTATBMOIOTIY-
Horo oboctexxeHHs [14]. [lo OCHOBHMX METOOMK O(TaTh-
MOJIOTIYHOTO OOCTEXXEHHST HaJIeXKallu: Bi3oMeTpisl, cy0’-
€KTHBHA pe(paKTOMETPisi, CKiaCKOIisl, TOHOMETPisl, 30B-
HilIHi oM i OMJISIA TIePEeAHBOTO BiITUHKY OKa METOAOM
0IYHOTO OCBITJIEHHSI, 0IOMiKpPOCKOIIisI J0JaTKiB OKa,
POTiBKM, paiiay>kHOi O00JIOHKM, KPHUILITaIMKa, CKJIOBUI-
HOTO TiJlJa MPU MaKCUMaJIbHO MEIMKAMEHTO3HO PO3IIK-
PEHUX 3IHUILISIX, OOCTEXKEHHSI B MPOXiAHOMY CBIiTJIi, 3BO-
poTHA i TIpsiMa o TATEMOCKOTIiSI. 3a HEOOXiTHOCTI 3aITy-
yaju J0JAaTKOBI MeTOOW AOCTiIkKeHHs [17].

IIpu mpoBeneHHI HelpoIcuxiaTpUYHUX OOCTEXEHb
BUKOPUCTaHI CTaHOAPTHI AiarHOCTWYHI HeWporcuxiaT-
pUYHI LIKaJK, MCUXOAIarHOCTUYHI OMUTYBAaJAbHUKU ©
TECTU, HEMPOIICUXOJIOTIYHI MeToAM (BKJIIOYHO 3i IIKa-
Joto iHtenekTy Bekcnepa nnst mopociaux (WAIS) 3 nipe-
MOPOiTHOIO OLIIHKOI0), Helpo- i rcuxodizionoriyHi Me-
tonu (KoM totepHa EEI Ta KOrHITUBHI CITyXOBi BUKITN-
KaHi MoTeHIlian), JaHi yJIbTpa3ByKoOBOi qorieporpadii,
Idy3iHiHO-TEH30pHOI MarHiTHO-pPE30HAHCHOI TOMOT-
padii (AT-MPT) [15, 16]. Haiibinbln ckiagHi KIiHidHi
MUTAHHS BUPILLIYBAJIUCh KOHCUIiYMOM.

PE3YJIBTATU TA IX OBTOBOPEHHS

Cepen opTaabMOJIOTIYHUX CTAHIB, BUSIBJEHUX MTPU 00C-
TeXXEeHHI YYaCHUKIB JIiKBigamii HaciakiB aBapii (YJIHA)
Ha YAEC, cnocrepiranu crieumndiyHi mpoMeHeBi ypa-
JKEHHS OKa — 3aXBOPIOBAHHS, TTOSIBA STKUX MOXJIMBA TiTb-
KW BHACIIOK Ail ioHi3ytouoro BumnpomiHioBaHHs (IB).
o uiei rpynu HajeXXuTh padialliiiHa KaTapakTa.

b 434

OBJECTIVE

The purpose of this study is to analyse current
experimental, epidemiological and clinical data on
the correlation between organic and functional
changes characteristic of radiation cerebrovascular
effects, such as radiation cataracts, age-related
macular degeneration (AMD), small vessel cere-
bral disease (CSVD) and neurocognitive deficits.

MATERIALS AND METHODS

The criteria for inclusion in the analytical review
were peer-reviewed publications in PubMed /
MEDLINE, Scopus, Web of Science and manual-
ly selected papers; the results of our own research
were also used.

We used the results of reanalysis of ophthalmo-
logical and neurological examinations conducted
in 1991-2004, which included a total of 11,123
persons irradiated as the result of catastrophy at the
Chornobyl NPP. The cohorts were described previ-
ously [1, 2, 8].

All patients were examined using a standardised
methodology that ensures standardisation of ophthal-
mological examination [14]. The main methods of
ophthalmological examination included: visometry,
subjective refractometry, sciascopy, tonometry, exter-
nal examination and examination of the anterior seg-
ment of the eye by side illumination, biomicroscopy
of the eye appendages, cornea, iris, lens, vitreous with
the widest possible pupils, examination in transmitted
light, reverse and direct ophthalmoscopy. If necessary,
additional research methods were used [17].

Standard diagnostic neuropsychiatric scales, psy-
chodiagnostic questionnaires and tests, neuropsycho-
logical methods (including the Wechsler Adult In-
telligence Scale (WAIS) with premorbid assessment),
neuro- and psychophysiological methods (computer
EEG and cognitive auditory evoked potentials), ultra-
sound Doppler, diffusion tensor magnetic resonance
imaging (DT-MRI) were used conducting neuropsy-
chiatric examinations [15, 16]. The study was con-
ducted by a «blind» method. The most difficult clini-
cal issues were resolved by a consultation.

RESULTS AND THEIR DISCUSSION

Among the ophthalmological diseases detected
during the examination of the Chornobyl NPP sur-
vivors, there were specific radiation eye injuries —
diseases that are believed to be possible only as a
result of ionising radiation (IR). This group inclu-
des radiation cataracts.
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Kriniyna kapTuHa pafialliiiHOi KaTapakKTh BizoMa i
nobpe onucaHa [18—21]. TumoBa KiiHiYHa KapTUHA €T
KatapakTy (Ha TJi 4epBOHOTO pedIIeKCy) IpeacTaBiIcHa
Ha puc. 1 [9].

OCKUTBKM OYHE CEpeAOBUILIE TPO30PE, MU MAEMO 3MO-
ry 6e3mocepeaHbO CIOCTepiraTd MopOJIOriyHi mopy-
LLIEHHSI eIiTelialIbHUX CTPYKTYP KpUILITANUKa. Y KPUILI-
TAJIMKy BiACYTHI MeXaHi3MHM perapallii, ToMy B HbOMY
HaKOIMUYYIOThCSI MAaTOJOTIYHO 3MiHEHI CTPYKTYPU.

IHIIMM BaXXJIMBUM MOMEHTOM € JoKaji3alis Io-
MYTHiHb B IEHTpaJbHill 30HI KpUIITaanKa (LeHTPaTbHY
JIoKaJmi3alisli TMOMYTHiHb JOOpe BUIHO Ha puC. 2, Ie
MpeacTaBlieHO 3adHi i MepeaHi LieHTpalbHi CyOKarcy-
JISIpHi MOMYTHiHHS TpU pafialliiHiii KaTapakTi Ha
Scheimpflug-306paxkenni). [lossBa MOMyTHIiHb B IIEHT-
palibHiil 30HI KpUINTaJIMKa BUKJIMKAE BiZHOCHO paHHE
3HVKEHHS TOCTPOTH 30DY.

AHani3 BUITaIKiB BUSIBICHHS pafialliiHOI KaTapaKTh
(mpoBeneHo Ha 198 ouax y 114 oci0) 3acBigumuB, IO

The clinical picture of radiation cataracts is
known and well described [18—21]. A typical clin-
ical picture of radiation cataract (against the back-
ground of red reflex) is shown in Fig. 1 [9].

Since the ocular environment is transparent, we
can directly observe morphological disorders of
the lens epithelial structures. There are no repair
mechanisms in the lens, so pathologically altered
structures accumulate.

Another important point is the localisation of
opacities in the central zone of the lens (the cen-
tral localisation of opacities is clearly visible in
Fig.2, which shows the posterior and anterior cen-
tral subcapsular opacities in radiation cataracts on
the Scheimpflug image). The appearance of opac-
ities in the central zone of the lens causes a rela-
tively early decrease in visual acuity.

An analysis of cases of radiation cataracts (per-
formed on 198 eyes in 114 people) showed that the

PucyHoK 1. 3aaHi i nepegHi ueHTpanbHi cy6kancynapHi no-
MYTHiHHA NpyW papiauiinHin KatapakTi, B npoxigHomy cBithi (3a
M. A. depipko, 2019 [9])

Figure 1. Posterior and anterior central subcapsular opacities in
radiation cataracts, in transmitted light (Fedirko P. A., 2019 [9])

PucyHoOK 2. 3agHe (a) Ta nepea-
He (b) cy6kancynapHe nomyTHiH-
HA, Weimndnior-3ob6parkeHHA
papiauinHoi katapaktu (3a P. Fe-
dirko et al., 2021 [20])

Figure 2. Posterior (a) and ante-
rior (b) subcapsular opacities,
Scheimpflug images of radiation
cataracts (after Fedirko P. et al.,
2021 [20]).
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HaioibIIA KiIbKiCTh BUTIAJKiB OyJia 3apeecTpoBaHa ue-
pe3 8—9 pokiB miciasg onmpomiHeHHsI. Po3BUTOK IO-
MYTHIiHb [0 CTajii, KOJM IX BUSIBJIEHHS CTaJI0 KJIiHIYHO
MOXKJIMBUM, MYCUB PO3TIOYATUCS 3HAYHO paHiie. Takum
YUHOM, MOXHa OyJI0 OYiKyBaTH, IO i rOCTpoTa 30py
MNaLieHTiB OyIe 3HUXKEHOIO PaHo.

AJle nipoBeleHUM HaMU [JIs1 LIbOTO AOCIIIKEHHSI KJIi-
HIYHUI pe-aHali3 3acBimuuB, 0y 75 % XBOPHX Ha MPO-
MEHEeBY KaTapakTy IpU MepBUHHOMY OIJIsIIi TOCTPOTA 30-
py ctaHoBmia 0,5—1,5 (3 kopekuieto). CnocTepekeHHs B
JUHaMIll MMoKa3aju, 110 BUCOKA IFOCTPOTa 30py y Oijlb-
IIIOCTi XBOpUX 30epiraeTbcs TpuBaauii yac. 3a 2—3 poku
TOCTPOTa 30py He 3MiHWIACh Y 55 % OTISTHYTHX OCi0.

TakuMm ynMHOM, TosiIBA MOPGOJOTIYHUX 3MiH B KPUILI-
TaIMKY TIpU padialliiiHili KaTapakKTi HEe CyIpPOBOJXXYyBa-
Jlach HeTalfHUM BUHUKHEHHSIM (DYHKIIIOHAJIbHUX I1OPY-
IIEHb.

o apyroi rpynu HeBpOJOTiYHMX 3aXBOPIOBaHb i 3aX-
BOPIOBaHb OKa, SKY MU IIParHEMO TaKOX PO3IJISIHYTU 3
MO3M1Iii aHali3y CHiBBiAHOIIEHHS OpPraHiuYHUX i (PyHK-
LiOHAJIBbHUX 3MiH, HaJjleXXaTh 3aXBOPIOBAHHS, SIKi 4acTO
BUHUKAIOTh y 3BUMATHUX YMOBAX Y JIIOACH JIITHHOTO BiKY,
ajie IS SIKMX, SIK BUSIBUJIOCS, pajialiiliHe ONpOMiHEHHSI
€ BaxXJIUBUM (haKTOPOM PU3UKY [8].

V cyyacHiii marogiziosorii cTapiHHSI CYAMHHOI CUCTe-
MU MiIKPECIIOEThCS POJb TaKMX KIITUHHUX i MOJIEKY-
JIIPHUX MeXaHi3MiB, SIK OKUCJIIOBAJIbLHUI CTpec, MiTO-
XOHApianbHa AUCGYHKILSA, 3MiHEHa CTiMKIiCTh O MOJie-
KYJISIPHUX CTPECOpiB, XpOHiUHE Majl0aKTUBHE 3arajieH-
Hsl, TeHOMHA HECTa0iIbHICTb, KJIITUHHE CTApiHHS, erire-
HETUYHi 3MiHU, BTpaTra roMeocTtasy Oijika, MeTaO0odiuHi
3MiHU Ta IUCQYHKIIS CTOBOYPOBUX KJITUH Y CYIMHHIMN
CHCTeMi; B TOH e Jac, 11i MEXaHi3MM € TTPOBITHUMM B T1a-
TOTeHe31 SIK MIKPOCYIMHHUX, TaK i MAKPOCYIMHHUX 3aX-
BopioBaHb [22]. [IprKiamom TaKuX CTaHiB € LiepeOpaib-
Ha XBopoOa MajluX CyIWH, sKa CYIPOBOIXYEThCS IIPOT-
pecylourMM HEeWpPOKOTHITUBHUM nediuutoM. Mopdo-
(YyHKILIOHAIBHUM TTATPYHTIM OaHUX 3MiH € nudy3He
MiKpOOpraHiyHe ypaxKeHHsI 0ijloi pe4YOBMHM TOJIOBHOTO
Mo3ky (BPI'M). HeraTtuBHUMI1 BIUIMB iOHi3yIOUOTO BUII-
POMiHIOBaHHS Ha TIepedir acoliifoBaHOi 3 apTepiaJTbHOI0
rineprenzielo (AI') IXMC peanizyeTbcsl OiIbII aKTUB-
HUMMU mOpolecamu Ae3opraHizauii bPI'M: noiupeHicTb
Ta CXUJIBHICTh A0 KOHCOJiAalil ocepenkiB MepUBEHTPH-
KYJIIPHOTO Ta CYOKOPTMKAJIbHOTO JIEKOapeo3y, IocC-
TOBipHE 3MEHILEeHHs (PpaKLiifHOI aHi30TpoIii B ceMi-
oBaJIbHUX LieHTpax 3a nanumu A T-MPT [16]. [TokasaHo,
110 MOsIBa TIEPUBEHTPUKYJIIPHOTIO JIEKOapeo3y 0B s13a-
Ha 3i 3pOCTaHHSM piBHS 3amajbHUX (PakTOpiB, HapoOC-
TaHHSIM KOTHITMBHOI IUCMYHKIIT Ta MNOPYLIEHHSM
¢yHKIIIT eHmoTeNi0 cyanH, BeprdikoBaHOI 3a TTOKAa3HM-

largest number of cases was registered 8—9 years
after exposure. The development of opacities to
the stage when their detection became clinically
possible should have started much earlier. Thus, it
could be expected that patients’ visual acuity
would be reduced early on.

But the clinical re-analysis we conducted for this
study proved that 75 % of patients with radiation
cataracts had a visual acuity of 0.5—1.5 (with cor-
rection) during the initial examination. The analy-
sis of follow-up data in the dynamics showed that
high visual acuity in most patients persists for a
long time. In 2 to 3 years, visual acuity remained
unchanged in 55 % of the examined patients.

Thus, the appearance of morphological changes
in the lens in radiation cataracts was not accompa-
nied by immediate functional impairment.

The second group of neurological and eye dis-
eases, which we would also like to consider from the
point of view of analysing the correlation between
organic and functional changes, includes diseases
that often occur under normal conditions, more
often in the elderly, but for which radiation exposure
has been found to be an important risk factor [8].

Today the pathophysiology of vascular aging
emphasises the role of such cellular and molecular
mechanisms as oxidative stress, mitochondrial dys-
function, impaired resistance to molecular stres-
sors, and chronic low-grade inflammation, genom-
ic instability, cellular aging, epigenetic changes,
loss of protein homeostasis, metabolic changes and
stem cell dysfunction in the vascular system, and
these mechanisms are the leading ones in the
pathogenesis of both microvascular and macrovas-
cular diseases [22]. An example of such conditions
is cerebral small vessel disease, which is ac-
companied by progressive neurocognitive de-
ficits. The morphological and functional basis for
these changes is diffuse microbial damage to the
white matter of the brain. The negative effect of
ionising radiation on the course of arterial hyper-
tension (AH)-associated CSVD is realised by more
active processes of white matter of the brain disor-
ganisation: prevalence and tendency to consolida-
tion of periventricular and subcortical leukoaraiosis
foci, significant decrease in fractional anisotropy in
semiovascular centres according to diffusion tensor
MRI [16]. It has been shown that the onset of
periventricular leukoaraiosis is associated with
increased levels of inflammatory factors, cognitive
dysfunction, and vascular endothelial dysfunction,
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KaM{ MaJIOHOBOTO aJIbJeriay, eHA0TeJliHy, OKCUAY a30TYy,
CYNEPOKCUIMNCMYTAa31, MaTPUKCHOI MeTaloNpoTeiHa-
3u-9, C-peakTuBHOrO 0OijKa To1IO [23].

B VJIHA na YAEC noMmiHyiOTh LIiepeOpoBacKyIsIpHi
3aXBOPIOBAHHS, OpraHiyHi MCUXiyHi Ta AEMPECUBHI PO3-
JIad TIepeBaXKHO padialliifHO-CTPECOPHOIO XapakTepy.
[NopymeHHs KOrHITUBHOI chepy IIPU XpOHIUHI epeo-
poBackynsipHiii matosiorii B YJIHA na YAEC y Bignaie-
HOMY MicsiaBapiiHOMY MePiofli XapaKTepU3yETHCS CITO-
JIYUYEHHSIM PO3CisIHOI MiKPOBOTHUILIEBOI HEBPOJIOTiUHOL
CUMIITOMATUKU; €MOLIAHO-MOBEAIHKOBUX pO3JaliB i3
CYTO KOTHITUBHMMM po3JagaMu (3HMXKEHHS Tam’sTi i
KOHIIEHTpalii yBarv; eJIeMeHTH aKyCTUKO-MHECTHUYHOI
aasii; mopylIeHHsI MUCJIEHHSI, PO3YMiHHSI, TIJIaHYBaH-
H, WJIETIOKJIaJaHHs Ta CYIXKEeHb) Y CTPYKTYpi Xpo-
HiYHOI illIeMil TOJJOBHOTO MO3KY, lIepe0paibHOro aTepo-
CKJIepo3y, TiMepTOHIYHOI eHledalonaTii Ta opraHiuHUX
MNCUXIYHUX 1 MOBEAIHKOBUX po3naiiB [24, 25]. 3araib-
HUU PU3UK HEUpOICUXiaTPUUYHOI MAaTOJIOril 3pOCTa€e
(Pv < 0,001) 3i 3pocTaHHSIM 103U onmpoMiHeHHs. [Topy-
11eHa BepOaJibHa aM’sITh Ta HABYaHHSI, 3MeHIIeHU I 1Q
3a paxyHOK BepOajbHOTro [26]. 30iabllIeHa YacToTa JIET-
KOIro KOTHITMBHOro posiagy i gemeHuii. KorHitTupHi
nopyiueHHs npu go3ax > 0,3 3B 3anexats (r = 0,4—0,7;
p = 0,03—0,003) Bim mo3u omnpomiHeHHS. ADEKTUBHI
posnaau (aenpecis) i HEHPOKOTHITUBHUM 1eilUT BULLI
npu OiTbIIMX J03aX onpoMiHeHHs (> 50 M3B) [26].

Heitipodizionoriyni METOIMKN BUSIBUIIN TOCUTh YYTIUBI
MapKepy OpraHivHOTrO MOPYIIeHHs (DyHKITIOHYBaHHS HEli-
POHHUX MEpPEX, acOLiiOBaHUX 31 3HWXKEHHSIM KOTHIiTHB-
HOro (PYHKITIOHYBaHHS TIPW pamiallifHO-acollilioBaHOMY
crapiHHi ronoBHoro mMo3ky. Lli maHi cBimyaTh mpo auc-
(byHKI11i10 KOPTUKO-TiIMOIYHOI CCTEMU, MIEPEBAXKHO Y JIiBilA
JMIOMIHAHTHIM reMicgepi TOJIOBHOIO MO3KY i3 KJIIOYOBUM
3aJlydeHHSIM JIiBOrO TilMOKaMIy ITicJsl OINPOMiHEHHSI.
DynKiioHaJIbHA AaKTUBHICTh JOMIHAHTHOI ITiBKYJTi TOJIOB-
HOTO MO3KY 3HIKeHa ITPY KOMIICHCATOPHOMY ITiIBUILICHHI
HEeIOMiHAHTHOI. Y JiBill 3aAHili CKPOHEBii AiUISHLI (30HA
Bepnike) napamerpu EEI 3anexats Big 403U OIPOMiHEH-
HSI IPU 1030BOMY HaBaHTaxkeHHi monanm 0,25—0,3 3B, a
CJIyXOBMX KOTHITMBHMX BUKJIMKaHUX MoTeHianiB P300
BXe npu go3ax onpomiHeHHs noHana 0,05 3B [15]. TTopy-
mIeHi iHgopmalliifHi TpoIecl TOJIOBHOTO MO3KY 3 JlaTe-
paizaliero 1o 30HM BepHike Bxke Mpu 103aX ONPOMiHEHHS
> 50 m3B. IlcuxodizionoriyHuMu MapKepaMu KOTHITHB-
Hux nopyueHs B YJIHA Ha YAEC 3 xpoHiuHOI0 1Iepedpo-
BAaCKYJISIPHOIO T1aTOJIOTIEI0 € 3HUKEHHSI CIIEKTPaJIbHOI T10-
TY>KHOCTi TeTa-Jiara3oHy Y JiBiii JTOOHO-CKPOHEBil Ii-
JISTHLI Ta 30iblleHHs JaTeHTHUX Tepionis (JITT) i 3meH-
IIEHHST aMIUITyOM KOTHITMBHMX CJIYXOBUX BUKIMKAHNX
norenuianis P300 y 3oHi Bepnike (puc. 3) [27—29].

as verified by malondialdehyde, endothelin, nitric
oxide, superoxide dismutase, matrix metallopro-
teinase-9, C-reactive protein, etc. [23].

Cerebrovascular diseases, organic mental and
depressive disorders, mainly of a radiation-stress
nature, dominate in the of the irradiated Chornobyl
NPP survivors. Impairment of the cognitive sphere
in chronic cerebrovascular disease in the Chornobyl
NPP emergency workers in the long-term post-
accident period is characterised by a combination of
scattered microfocal neurological symptoms; emo-
tional and behavioural disorders with purely cogni-
tive disorders (memory and concentration impair-
ment; elements of acoustic-mnestic aphasia; im-
paired thinking, understanding, planning, goal-set-
ting and judgement) in the structure of chronic cere-
bral ischaemia, cerebral atherosclerosis, hyperten-
sive encephalopathy and organic mental and behav-
ioural disorders [24, 25]. The overall risk of neu-
ropsychiatric pathology increases (Pv < 0.001) with
the radiation dose. Impaired verbal memory and
learning, reduced 1Q due to verbal [26]. Increased
incidence of mild cognitive impairment and demen-
tia. Cognitive impairment at doses > 0.3 Sv depends
(r=10.4-0.7; p = 0.03—0.003) on the dose. Affective
disorders (depression) and neurocognitive deficits
are higher at higher doses (> 50 mSv) [26].

Neurophysiological techniques have revealed quite
sensitive markers of organic neural network dysfunc-
tion associated with cognitive decline in radiation-
associated brain aging. These data indicate a dys-
function of the cortico-lymphatic system, mainly in
the left (dominant) hemisphere of the brain with a
key involvement of the left hippocampus after irradi-
ation. The functional activity of the dominant cere-
bral hemisphere is reduced with a compensatory
increase in the non-dominant hemisphere. In the left
posterior temporal region (Wernicke’s area), EEG
parameters are dose-dependent at irradiation doses
of more than 0.25—0.3 Sv, and auditory cognitive
evoked potentials P300 already at irradiation doses of
more than 0.05 Sv [27]. Information processes of the
brain with lateralisation to the Wernicke’s zone are
impaired at doses >50 mSv. The psychophysiological
markers of cognitive impairment in Chornobyl NPP
survivors with chronic cerebrovascular disease are a
decrease in the spectral power of the theta band in the
left frontal temporal area and an increase in latent
periods (LP) and a decrease in the amplitude of cog-
nitive auditory evoked potentials P300 in the
Wernicke zone (Fig. 3) [28, 29].
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hemispheric asymmetry) of latent
periods of auditory cognitive
evoked potentials P300 in the
Chornobyl NPP (after Kuts K.V.,
2018 [27])

MonekynsipHO-TeHETUYHI AOCIiIKeHHS ToKa3aju,
10 HOCil MPOMIXHMX i HU3BKOAKTUBHUX T'€HOTHUIIIB
(La/S, La/Ls, Ls/La, Lg/S, S/S) rena tpancmoprepa ce-
poTtoHiny SLC6A4 MatoTh OibIle TeNPeCUBHUX PO3TIAIiB,
0COOJIMBO TSDKKUX, Ta TEHIEHIIIO 10 OUIBIIOI YacTOTH i
BUPAKEHOCTI KOTHITUBHUX i CTPECOBUX po3aiB [26].

Hudy3iiiHO-TeH30pHA MArHiTHO-pPE30HaHCHA TOMOT-
padist 103BOJISIE BUSIBUTH paHHI MOP(OJIOTiUHI 03HAKHN
CTPYKTYPHUX 3MiH 0iJI01 pe4OBMHU TOJOBHOTO MO3KY —
JIOCTOBipHE 3MEHIIEHHSI MOKa3HMKIB (bpaKIiliiHOI aHi-
3otporii (PA) y BidyanbHO HE3MiHEHNX IIEPUBEHTPUKY-
JISIpHUX 1 CyOKOpTUKaAJIbHUX Bigaiiax. o mpoBeaeHHs
HaIlIMX JOOCHiIXEHb OCOOJMBOCTI 3MiH (pakiiiiHOL
aHizorporrii pu mudysiitHo-TeH3opHit MPT B YJIHA
Ha YAEC i3 acouiiloBaHOIO 3 apTepialibHOI Timep-
TEH3i€l0 XBOPOOOI MajMuX CYIUH TOJOBHOIO MO3KY
BimoOpaxkeHi B myOJiikallii Juile OJHIEl IPYMu JOCIiI-
HUKiB [30]. ABTOpY NPOJEMOHCTPYBAJIM HASIBHICTh JOC-
TOBIpHUX CTPYKTYPHUX 3MiH B OCHOBHMX ITPOBiTHUX
TpaKTax, TiCHO MOB’sI3aHMX 3 KOTHITUBHUMU ITOPYILIECH-
HSIMU.

Hamu Oyno mokasaHo, 110 OCHOBHI acoliaTMBHiI Ta
KOMicypajbHi MPOBiAHIi TpPaKTU TOJIOBHOIO MO3KY B
VJIHA na YAEC 3anumaloTbCsi HEYIIKOMIKECHUMU 3a
BiZICYTHOCTiI TMOIIMPEHUX KOHCOJIiIIOBAHUX OCEPEeIKiB
Jieiikoapeo3y Ta JlaKyHapHuX iHdapkTiB. HeratuBHuit
BILIMB i0OHi3yI0UOT0 BUIIPOMiHIOBAHHS Ha Iepedir acoli-
oBanoi 3 AI' HXMC peani3yeTbcst OiIbIl aKTUBHUMU
npouecamMu nae3opradizauii BPTM: nommupeHicts i
CXWJIBHICTh 0 KOHCOJIifallii OCepeaKiB MepUBEHTPUKY-
JIIPHOTO Ta CYOKOPTUKAJIBHOTO JIEKOapeo3y, JOCTOBip-
He 3MeHIIeHHs DA B ceMioBaJIbHUX LieHTpax. Y obcre-
JKEHMX TaLieHTiB He 3adikcoBaHO O3HaAK aTpodii Kopu
a0o 6iJ101 peYOBUHU T'OJIOBHOTO MO3KY, iHTpalepedpaib-
HUX MiKporeMmopariii i momMpeHuX 30H KOHcogimanii
ocepenkiB nerikoapeosy. B YJIHA na YAEC na MPT-

Molecular genetic studies have shown that carri-
ers of intermediate and low-active genotypes
(La/S, La/Le, Lo/La, Ls/S, S/S) of the serotonin
transporter gene SLC6A4 have more depressive
disorders, especially severe ones, and a tendency
to a higher frequency and severity of cognitive and
stress disorders [26].

Diffusion tensor magnetic resonance imaging
allows detecting early morphological signs of struc-
tural changes in the white matter of the brain —
a significant decrease in fractional anisotropy (FA)
in visually unchanged periventricular and subcor-
tical regions. Prior to our study, the peculiarities of
fractional anisotropy changes in diffusion tensor
MRI in the Chornobyl NPP emergency workers
with arterial hypertension-associated small vessel
disease of the brain were reported in a publication
by only one group of researchers [31]. The authors
demonstrated the presence of significant structur-
al changes in the main conduction tracts closely
associated with cognitive impairment.

We have shown that the main associative and
commissural brain conduction tracts in the
Chornobyl NPP emergency workers remain intact
in the absence of widespread consolidated foci of
leukaemia and lacunar infarctions. The negative
effect of ionising radiation on the course of CSVD
associated with hypertension is realised by more
active processes of white matter of the brain disor-
ganisation: prevalence and tendency to consolida-
tion of periventricular and subcortical leukaemia
foci, significant decrease in FA in semiovascular
centres. No signs of cortical or white matter atro-
phy, intracerebral microhaemorrhages and wide-
spread areas of consolidation of leukaemia foci
were observed in the examined patients. In the
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300paKeHHSIX Bi3yasli3oBaHO Oifibllie YMCIO OCEepelKiB
CYyOKOPTHKAJILHOTO Jiekikoapeosy (80 %); y T. 4. MHO-
XuHHUX — 8 (40 %), > 0,5 cMm — 10 (50 %), 3 o3HaKaMu
KoHcoumiaamii — 5 (25 %). PesynsraTtu BuzHadyeHHs A B
CeMiOBaJIbHUX LIEHTPAX ITPOJEMOHCTPYBAJIA TOCTOBIPHE
ii 3meHineHHs1 B YJIHA Ha YAEC Ta HeonpoMiHEeHUX
nauieHTiB 3 XBopoboo Manux cyauH (p < 0,007) [16].

Mu npoBenu J0AATKOBUI KJIiHIYHMM aHaji3, po3r-
JITHYBIIU 3B’SI30K MOP(OJIOTiYHUX i (DYyHKITIOHATbHUX
3MiH MaKyJIsIpHOI 30HM CiT4acCTOi OOOJIOHKHU Yy pania-
LiliHO OMpOMiHEHUX OCi0.

IIpoTtsarom TpuBajoro yacy cityacrta o00JI0HKa BBa-
’Kajach BIZTHOCHO PE3UCTEHTHOIO 0 Ail i0Hi3yro4oi
papniauii. ¥ Toii ke yac aesiki aBTOpY Ha ITiICTaBi CBOiX
JIOCTIMKEeHb TOTPUMYIOTHCS AYMKH IIPO HAA3BUYAHY
YYTJIMUBICTh CiTYACTOI OOOJIOHKM OO OIPOMiHEHHS.
Hwuska aBTOpiB KOHCTAaTy€ PO3BUTOK BiKOBOI MaKyJIsIp-
HOI JereHepallii B rpynax pamialiiiHO OIpPOMiHEHUX
ocio [8, 31-33].

PesynbraTu Halmx JOCTiAXEeHb CBigYaTh, 1110 YaCTO-
ta BM/I B YJIHA Ha YAEC npu nepBMHHOMY OIJISIIi
3pocna 3 (8,3 +5,7) %y 1992 poui no (58,57 £ 2,38) %
y 2004 poii, HaiiBMIIA 3aXBOPIOBAHICTb Big3HadYeHa
yepe3 9—10 pokiB mic/isg onpoMiHEeHHSI, MOIIMPEHICTh
makynoauctpodii cepen YIIHA na YAEC craHOBUTH
224,83 = 5,8 Ha 1 000 ocib, 110 3HAaYHO MEPEBUILYE
KOHTpOJIbHI tndpu (55,56 £ 13,5 na 1 000) [8]. Hdo-
JIATKOBUI KJIIHIYHMI aHali3 IokKasaB, 110 ITOYaTKOBI
gpuina BMJI, sgxi mopdosoriuHo Oyaud siCHO BUpa-
JKeHi, IpaKTUYHO He BUKJIMKAJIM 3HIDKCHHS KOPUTO-
BaHOI TOCTPOTU 30pYy, sKa 3ajuilajach B MeXax
1,0—0,8. Tinbku mpu MOJAIBIIOMY MPOrPECyBaHHS
CIIOCTEPITagoCh 3HMKEHHS TOCTPOTU 30pY 3 KOpPeK-
Li€ro.

KoHcTaTyBayin nepeBaxkHO «Cyxy» (HOpMY MakKyJio-
auctpogii. CriocTepiranach 3TJamkeHiCTh (poBeasb-
HOTO pediekcy, NeCTPYyKIlisl MIrMEHTHOTO eITiTeNliio —
KpaIkoBa TillepIirMeHTalliss 3 OJHOYACHOIO BTPATOIO
MirMEHTY B iHILUX JIUISIHKAX, HAIBHICTb APY3, XKOBTY-
BaTUX i OiMMX TaM, iHoAi Mikporemopariii. I1poriec
nporpecyBaB ToOBiIbHO. TibKK 3 YyacoMm y OilbLIOCTI
XBOPUX Bi3HAYaJIOCh MOMipHe 30i/IbIIEHHST KiTbKOCTi
1 TJIOIIi BOTHUIL, MOYMHAjJa 3HUXKYBAaTHUCh TOCTPOTA
30py. MopdoMeTpuuHi JOCTIMKEHHS TTOKa3alu, IO
CTaTUCTUYHO Baromi 3MiHW TOBIIMHU CiTYACTOI 000-
JIOHKM B MaKYJISIpHiiA 30Hi CIOCTEPIraloTbCs y ASSIKUX
rpynax oci0, sIKi 3a3Haju paaialiiiHOrO BIUIMBY MHpU
BimcyTHOCTI KaiHiyHUX nposiiB BMJI [17].

Takum YMHOM, MPU JiarHOCTULII MaKYJISIPHOI MaTOJIO-
rii B paHHili i BiggajJeHuii nepioa, TOOTO MpU HAsIBHOCTI
SIBHUX MOPQOJIOTIYHMUX 3MiH CiT4acToi OOONOHKM i

Chornobyl NPP emergency workers, MRI images
showed a greater number of subcortical leukaemia
foci (80 %); including multiple foci — 8 (40 %),
> 0.5 cm — 10 (50 %), with signs of consolidation —
5 (25 %). The results of FA determination in semio-
logical centres demonstrated a significant decrease
in FA in Chornobyl survivors and non-irradiated
patients with small vessel disease (p < 0.007) [16].

We conducted an additional clinical analysis, con-
sidering the relationship between morphological and
functional changes in the macular zone of the retina
in radiation-exposed individuals.

For a long time, the retina was considered to be
relatively resistant to ionising radiation. At the same
time, some authors, based on their studies, are of the
opinion that the retina is extremely sensitive to radi-
ation. A number of authors have reported the devel-
opment of age-related macular degeneration in
groups of radiation-exposed individuals [8, 32—34].

The results of our studies indicate that the frequen-
cy of AMD in the Chornobyl NPP emergency work-
ers at the initial examination increased from (8.3 +
5.7) % in 1992 to (58.57 % 2.38) % in 2004, the high-
est incidence was observed 9—10 years after exposure,
the prevalence of macular degeneration among
Chornobyl NPP emergency workers was 224.83 = 5.8
per 1000 people, which significantly exceeds the con-
trol figures (55.56 % 13.5 per 1000) [8]. Additional
clinical analysis showed that the initial symptoms of
AMD, which were clearly morphologicall expressed,
practically did not cause a decrease in corrected visu-
al acuity, which remained within the range of 20/20 or
20/18. Only with further progression of AMD,
decrease corrected visual acuity was observed.

However, the «dry» form of macular degeneration
prevailed. There was a smoothing of the foveal
reflex, destruction of the pigment epithelium —
speckled hyperpigmentation with simultaneous loss
of pigment in other areas, the presence of drusen,
yellowish and white spots, sometimes microhaemor-
rhages. The process progressed slowly. Only over
time, most patients showed a moderate increase in
the number and area of foci, and visual acuity began
to decrease. Morphometric studies have shown that
statistically significant changes in the thickness of
the retina in the macular zone are observed in some
groups of individuals exposed to radiation in the
absence of clinical manifestations of AMD [34].

Thus, when macular pathology was detected in the
early and middle period, i.e. in the presence of obvi-
ous morphological changes in the retina and pig-
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MIrMEHTHOTO EeITiTe/lil0, MU TPAKTUYHO HEe CIocTepiraiu
BUPAXKEHOTO 3HMKEHHSI LIEHTPaJIbHOI TOCTPOTU 30Dy, TOO-
TO MOPOJIOTIYHI 3MiHU TIepeayBaIn (PYHKITIOHAJIEHUM.

BUCHOBKHA

ITokazaHo, 1110 3a HAsIBHOCTI BXe BMpa3HUX MoOpdo-
JIOTIYHMX 3MiH CTPYKTYp OKa, TUMOBUX JJIsI padialliiiHO1
KaTapaKTH, CIIOCTEPIraloTbCs BiTHOCHO HEe3HAUYHi (hyHK-
LiOHaJbHI MOPYILIEHHS, BUCOKA TOCTpOTa 30py 30epira-
€TbCS TPUBAJIUI Yac.

Tak camo, mosiBa Bxke B MepILi pOKU Mic/Isl pafgialiiiHO-
ro BIUJIUBY SIBHUX MOPQOJOTIYHUX 3MiH CiT4acToi 000-
JIOHKM i TrMEHTHOIO EIliTeNlil0 He CYMpPOBOIXYETHCS
BUPAXKEHUM 3HUXEHHSM LEHTPaJbHOI TOCTPOTHU 30DY.

Po3BuUTOK Ae30pratizaliii i CTpyKTYpHUMX 3MiH 01101 pe-
YOBMHU TOJIOBHOTO MO3KY TIpM LiepeOpaibHili XBOpoOi
MaJIuX CyIMH MOXe OyTM MOpP(OJOTiYHUM IiATPYHTSIM
nopyllieHb iH(pOpMaLiAHUX Ta KOTHITUBHUX IPOLIECIB,
SIKi JIeXKaTh B OCHOBI IIPOTPECYIOUOro HEMPOKOTHITUBHO-
ro aediuuty B 0ci0, SIKi 3a3HaIM BIUIMBY iOHi3yIOUOTO
BunpomMiHioBaHHs. Ilpu panianifiHo-acouiioBaHOMY
CTapiHHI TOJIOBHOTO MO3KY BHSBJIEHO MapKepu Op-
TaHIYHOTO IIOPYIICHHSI (PYHKIIOHYBaHHS HEHPOHHMX
Mepex.

Tomy € Bci mincTaBu BBaXaTH, 110 PO3BUTOK TaKMX Ia-
TOJIOTYHMX MPOLECiB, SIK padialliiHa KaTapakTa, BikoBa
MakyJsipHa JereHepallisi, liepeOpajibHa XBopoba Maiaux
CYAWH, HEWPOKOTHITUBHUI aediluT BigOyBa€eTbCs
BHACJIIOK TMOSIBU MOP(GOJIOTIYHUX 3MiH BXE y paHHii
nepiod Miciasl pamialifHOrO BIUIMBY, a (byHKUiOHaJbHi
3MiHU € HACJIIIKOM OPTaHiYHUX IOPYLIEHb.

®diHaHcoBi iHTepecu Ta KOHDIAEeHUiIWHICTb

ABTOpY He€ pPO3ToJIOIYIOTh KOH(igeHUiliHY iHdOp-
Mallilo Ta He MaroTh XKOIHOI IMPUHAJIEKHOCTI a00 iHaH-
COBOI 3alliKaBJIEHOCTI B OyIb-sIKili opraHisailii, sska Mor-
Jila 6 CTBOPUTU KOH(MIIKT iHTEPECIB.
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ment epithelium, we observed almost no marked
decrease in central visual acuity, i.e. morphologi-
cal changes preceded functional changes.

CONCLUSIONS

It is shown, that in the presence of already pro-
nounced morphological changes in the structures
of the eye, typical for radiation cataract, relatively
minor functional disturbances are observed, and
high visual acuity is maintained for a long time.

Similarly, the appearance of obvious morphologi-
cal changes in the retina and pigment epithelium in
the first years after radiation exposure is not accom-
panied by a marked decrease in central visual acuity.

The development of disorganization and struc-
tural changes in the white matter of the brain in
cerebral disease of small vessels may be the mor-
phological basis of information and cognitive
process disorders that underlie progressive neu-
rocognitive deficits in individuals exposed to ion-
izing radiation. In radiation-associated aging of
the brain, markers of organic dysfunction of neu-
ral networks have been identified.

Therefore, there is every reason to believe that
the development of such pathological processes as
radiation cataract, age-related macular degenera-
tion, cerebral disease of small vessels, neurocogni-
tive deficit occurs as a result of the appearance of
morphological changes already in the early period
after radiation exposure, and functional changes
are the result of organic disorders.
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