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T'OJIOBHUI1 MO30OK TA OPTAH 30PY SIK IIOTEHIIIMHI MIIIEHI
JUIA BINIMBY IOHI3YIOYOI'O BUITPOMIHIOBAHHA:

YACTUHA II — PAJIALIMHI HEPEBPOO®TAJILMOJIOITYHI
E®EKTHU Y JITEN, OCIB, EKCTIOHOBAHUX BHYTPIIIHLO-
YTPOBHO, ACTPOHABTIB TA IHTEPBEHIIIMHUX PAJIIOJIOTIB

MepepymoBa. IoHizytoue BunpomiHioBaHHA (IB) Moxe BnaMBaTK Ha rONIOBHMI MO30K Ta OpraH 30py HaBeiTh 3a [Lii Ma-
NMX 0,03, BKOYAKUYM KOTHITUBHI, eMOLiNHO-NOBefiHKOBI Ta 30poBi po3naan. Hamu 3anponoHoBaHo po3rsanaTh roios-
HUA MO30K Ta OpraH 30py fAK MOTEHUilHi MiweHi ana snauey IB 3 BM3HauYeHHAM LepebpoodTaNnbMONOrivyHUX
B3AEMO3B'A3KIB K «BiCb 04i-MO30K».
MeTa. MeTot0 AaHOT pobOTM OYB aHANTTUYHWMIA OMIAA CYYACHUX EKCNEPUMEHTANbHIX, eNiAEMiONOriYHMX i KNiHIYHUX Aa-
HUX CTOCOBHO pafiiaLliiHux LiepebpootTanbMoioriyHux edekTiB y AiTei, 0cib, eKCNOHOBAHMX BHYTPilIHbOYTPOOHO, acT-
POHaBTIB Ta iHTepBEHLiNHUX pafionoris.
Marepianu 1a metoam. Orsg BUKOHAHO 3rifHO 3 HacTaHoBamu PRISMA wnsxom nowyky y pedepaTvBHUX Ta HayKo-
MeTpuyHux 6azax PubMed/MEDLINE, Scopus, Web of Science, Embase, PsycINFO, Google Scholar, onpuntogHeHux 3
1998 0 2021 poKy, a TAaKOX pe3ynbTaTi py4yHOro nolyky nyoaikauii y BUAAHHSAX, WO PeLeH3yoTbCs.
Pe3ynbratu. Enigemionoriyni faHi wopo edekTie BNAUBY Manux Ao3 IB Ha Heilpopo3BUTOK € AOBOJT CynepeynuBumMm,
afle OTPMMAHO Y3roAXyBaHi KNiHiYHi, HeponcKUxonoriyHi Ta HeipodizionoriyHi AaHi WOAO KOTHITUBHMX i Lepebpab-
HUX NOpYLEHb, 0COBNNBO Y NiBil, AOMIHAHTHIN remicdepi roNOBHOTO MO3KY. Y BHYTPilWHbOYTPOOHO ONPOMiHEHMX OCiO
i niTeit GinblWw nowmpeHi KatapakTa (BpomKeHa — Micns onpoMiHeHHs in utero) Ta aHrionaris CiTKiBKM. ACTPOHABTH, fKi
30iiCHIOBATMMYTb [LOBFOTPMBAT KOCMiYHi Micii 33 MexaMu 3axucTy marHitocdepu 3emi, 3a3HaBaTUMyTb BNIUBY ranak-
TUYHOTO KOCMiYHOTO BUNPOMiHIOBAHHSA (BaXKKUMMW iOHaMU, NPOTOHAMM), O NPU3BOAUTL A0 LepebpoodhTansMonoriyHmux
nopyLeHb, NepeAyciM KOrHITUBHUX i NOBeAIHKOBMX PO3/1afiB Ta KaTapakTu. IHTepBeHLiiHi paaionoru cknagatTs 0co6-
NWBY Fpyny pU3NKY PO3BUTKY LiepebpootTanbMoioriyHoi natonorii — KOrHiTMBHOro aediunTy, NepeBaXHo 3a paxyHoK
AMChYHKLIT AOMiHAHTHOT Ta BinbWw paaiovyTMBOT NiBOT NiBKYNi rONOBHOrO MO3KY, i KaTapaKTy, a TaKOX PaHHbOro aTte-
pOCKNepo3y Ta NPUCKOPEHOTO CTapiHHA.
BucHOBKM. Pe3ynbratit CydacHuUX BOCNigKeHb CBifLYATb MPO PafioyuyTIMBICTb FOJIOBHOTO MO3KY Ta OKA Y Pi3HUX KOHTUH-
reHTiB onpoMiHeHux oci6. MoTpiOHi noaanbli JOCAIAXKEHHS 3 YTOYHEHHAM XapaKTepy LepebpoodTanbMoaoriyHux no-
pylEeHb 3a Pi3HUMU CLEHAPiAMU ONPOMiHEHHS, BU3HAYEHHAM MONEKYNAPHO-610/I0rYHUX MeXaHi3MiB LMX NopyLleHsb,
HafiiHUM [O3MMETPUYHNUM CYNPOBOSOM i BpaxyBaHHAM BMANUBY HepafiaLiiHUX YNHHUKIB PU3MKY.
KniouoBi cnoBa: ioHi3yloue BUNPOMiHIOBAHHS, FOIOBHMIA MO30K, OKO, LiepebpoodTanbMonoriyHi edekTn, pagiauiiHi
HaA3BMYaANHI CMTyaLii, npeHaTanbHe ONPOMiHEHHS, KOCMiYHi NONbOTH, IHTEPBEHLiiHA paaionoris.
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BRAIN AND EYE AS POTENTIAL TARGETS FOR IONIZING
RADIATION IMPACT: PART II — RADIATION CEREBRO-
OPHTALMIC EFFECTS IN CHILDREN, PERSONS EXPOSED

IN UTERO, ASTRONAUTS AND INTERVENTIONAL RADIOLOGISTS

Background. Ionizing radiation (IR) can affect the brain and the visual organ even at low doses, while provoking
cognitive, emotional, behavioral, and visual disorders. We proposed to consider the brain and the visual organ as
potential targets for the influence of IR with the definition of cerebro-ophthalmic relationships as the «eye-brain
axis».
Objective. The present work is a narrative review of current experimental, epidemiological and clinical data on radi-
ation cerebro-ophthalmic effects in children, individuals exposed in utero, astronauts and interventional radiologists.
Materials and methods. The review was performed according to PRISMA guidelines by searching the abstract and
scientometric databases PubMed/MEDLINE, Scopus, Web of Science, Embase, PsycINFO, Google Scholar, published
from 1998 to 2021, as well as the results of manual search of peer-reviewed publications.
Results. Epidemiological data on the effects of low doses of IR on neurodevelopment are quite contradictory, while
data on clinical, neuropsychological and neurophysiological on cognitive and cerebral disorders, especially in the
left, dominant hemisphere of the brain, are nore consistent. Cataracts (congenital — after in utero irradiation) and
retinal angiopathy are more common in prenatally-exposed people and children. Astronauts, who carry out long-
term space missions outside the protection of the Earth’s magnetosphere, will be exposed to galactic cosmic radia-
tion (heavy ions, protons), which leads to cerebro-ophthalmic disorders, primarily cognitive and behavioral disorders
and cataracts. Interventional radiologists are a special risk group for cerebro-ophthalmic pathology - cognitive
deficits, mainly due to dysfunction of the dominant and more radiosensitive left hemisphere of the brain, and
cataracts, as well as early atherosclerosis and accelerated aging.
Conclusions. Results of current studies indicate the high radiosensitivity of the brain and eye in different contin-
gents of irradiated persons. Further research is needed to clarify the nature of cerebro-ophthalmic disorders in dif-
ferent exposure scenarios, to determine the molecular biological mechanisms of these disorders, reliable dosimetric
support and taking into account the influence of non-radiation risk factors.
Key words: ionizing radiation, brain, eye, cerebro-ophthalmic effects, radiation emergencies, prenatal irradiation,
space flights, interventional radiology.
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BCTVYII INTRODUCTION

TonoBHMIT MO30K i CiTKiBKa OKa TpaauliiiiHo BBaxXanuchb  The brain and retina have traditionally been
pamiope3nCTeHTHUMU SIK BUCOKoAM(pepeHIiiioBaHi cTpyK-  considered radioresistant as highly differenti-
Typu, SKUM MpUTaMaHHA HU3bKa MiTOTMYHA akTuB- ated structures with low cellular mitotic
HicTh. IIpoTe HemromaBHO OynaM OTpUMaHi HOBi emige-  activity. However, recent epidemiological,
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MiOJIOTiUHI, KJIiHIKO-eKCITepUMEHTAIbHI Ta MOJEKYJISIp-
HO-0i0JIOTiYHI JaHi, SKi CBiZYaTh PO Te, 1110 HABITh MaJli
JI0O3U Ta HU3bKi PiBHi iOHI3yIOUOTO BUIIPOMiHIOBAHHS
(IB) MOXXyTh HEraTUBHO BIJIMBATU Ha TOJIOBHUI MO30K i
OKO JIIOJWHU, BUKJIMKAIOYM KOTHITUBHi, eMOLIiiHO-TIO-
BEAiHKOBI Ta 30pOBi mopyiueHHs [1—4].

PapgiauiiiHe ypaxKeHHsI TOJIOBHOTO MO3KY 3YMOBJIEHO
3HIKEHHSIM HelporeHe3y Ta nudepeHliiallii, 3MiHaMu
HEpPBOBOI CTPYKTYPU Ta CUHAITUYHOI IIJIACTUYHOCTI, a
TaKOX MiIBUIIEHNM OKHMCIIOBAJILHUM CTPECOM i 3aIa-
JeHHsiM. IB HeratTuBHO BIIJIMBA€E SIK Ha HeWpOHaIbHI
CTOBOYPOBi KJIITUHM, TaK i cieun@ivHi I MO3KY 3piji
KJIITMHU, BKJIIOYAIOUYM €HAOTeialbHi Ta MIiaibHi. [HIy-
KOBaHEe paialli€lo ITOCWICHHSI arolTo3y eHAOoTelliallb-
HUX KJIITUH IIPU3BOAUTH 10 MOPYIIEHHS POOOTH CyIMH-
HOI CHUCTEMM Ta remMartoeHIedalidyHoro 6ap’epy. AKTH-
BOBaHa MiKpOIJlisl CTBOPIOE 3allajibHE CepeloBUILE, SIKe
HETaTUBHO BIIMBA€ Ha HEHMPOHHI CTPYKTYPU i IIPU3BO-
JIUTb 10 3HUXKEHHSI CMUHANTUYHOI IJIaCTUYHOCTI [5].

ITicna YopHoOUIBCHKOI KaTacTpodu BigOyBa€eThCs
OHOBJIEHHSI HalMX YsBJIeHb 11040 BIUIMBY IB Ha oui.
MixHaponHa KoMicisa 3 paAioJloriyHOTO 3aXUCTY
(ICRP) monaz 60 pokiB BBaxae, 110 KpUILITAIMK OKa €
OIHI€I0 3 HANOINBII pagiouyTIMBUX TKAaHUH. OcTaHHIM
yacoM 301JIbIIYETHCS KiAbKiCTh €MigeMiOJOTiYHUX 10-
Ka3iB IIOJO KaTapaKTW Ta iHIIWX OYHMX 3aXBOPIOBaHb
(rmaykoMu Ta MakyinogucTpodii [mereHepailii XXoBTOI
massMu|), OCOOJMBO TIpU Oiil MaduX H03 Ta HU3BKUX
piBusix (IB) [6].

Ha mincrasi cucteMaTUUHOrO OTJISIAY Ta MeTa-aHasli3y
MiATBEpIKEHO 3B’SI30K MiXX CMEPTHICTIO BiI 3aXBOpPIO-
BaHb KPOBOOOITY i MaIUMM Ta MOMipHUMU Ho3aMu IB.
3arajibHa pafialiifHo-acollilloBaHa CMEPTHICTh MPUO-
JIM3HO BIBiYi MEpeBUIYE OLIIHKM Ha MiACTaBi JIMILE
KiHIIeBMX TOYOK paky [7]. Ha pizHux kKoroprax (ocodm,
SKi BMXKWIJIM TIiCJIsT aTOMHMX OomOapayBaHb, YYaCHUKU
JmikBigauii HachigkiB aBapii (YJIHA) nHa YopHo-
ounbcekiii AEC (HAEC), acTpoHaBTH) BCTAHOBJIEHI aCO-
Hiamii MixK €KCIMO3UIIi€0 10 MOMIpHMUX 1 Majlux pajia-
LiAHNUX 103 Ta HEPAaKOBUMU XBOPOOaMM, OCOOIMBO cep-
LIEBO-CYAMHHUMU Ta o4yHUMU. KpiMm Toro, Takuii 3B’s1-
30K MPOCTEXKEHO i TSI ypaKeHHSI LIEeHTPaJIbHOI HEPBOBOI
cucremu (ILIHC) (Heitpo-KorHIiTMBHMX po37namiB) [8].
OTpuMaHO [OKa3u MPUUYMHHO-HACTIAKOBOIO 3B’SI3KY
MiX OMPOMIHEHHSIM CEPEeIHbOTrO i HU3BKOTO DPiBHIB Ta
3aXBOPIOBAHHSIMM CHCTEMU KpoBoobiry [9, 10].

Acomiarii MixX 3aXBOpIOBaHHSIMM CUCTEMHU KPOBOOOITY
Ta XxBopobamu oka npu maaux (< 0,1 Ip) Ta moMipHUX
(0,1-0,5 Ip) mozax i moci 3aauIIAIOTLCS CyTepeUIUBU -
MU. 3B’SI3KU MiX OMPOMiIHEHHSIM i TJTayKOMOIO Ta Jere-
Hepali€lo XOBTOI IUISIMM, Ha BiIMiHY BiJ paaioreHHO1

clinical, experimental, and molecular biolog-
ical data suggest that even low doses and small
levels of ionizing radiation (IR) can adversely
affect the human brain and eye, causing cog-
nitive, emotional, behavioral and visual dis-
turbances [1—4].

Radiation damage to the brain is caused by
decreased neurogenesis and differentiation,
changes in nerve structure and synaptic plasticity,
as well as increased oxidative stress and inflamma-
tion. IR adversely affects both neuronal stem cells
and brain-specific mature cells, including
endothelial and glial. Radiation-induced
enhancement of endothelial cell apoptosis leads to
circulation system and the blood-brain barrier
dysfunction. Activated microglia create an inflam-
matory environment that adversely affects neural
structures and leads to a decrease in synaptic plas-
ticity [5].

After the Chornobyl catastrophe, our percep-
tions of the impact of IR on the eyes are being
renewed. For more than 60 vyears, the
International Commission on Radiological
Protection (ICRP) has considered the lens of the
eye to be one of the most radiosensitive tissues.
Recently, the amount of epidemiological evidence
for cataracts and other eye diseases (glaucoma and
macular degeneration) has increased, especially at
low doses and low dose rates [6].

A systematic review and meta-analysis con-
firmed a link between circulatory mortality and
low and moderate doses of IR. The total radiation-
associated mortality is approximately twice the
estimate based only on cancer endpoints [7].
Associations between exposure to moderate and
low radiation doses and non-cancerous diseases,
especially cardiovascular and ocular diseases, have
been established in different cohorts (atomic
bombings survivors, clean-up workers of the
Chornobyl clean-up workers (ChCW or «liquida-
tors»), astronauts). In addition, this connection
has been observed for lesions of the central nervous
system (CNS) (neuro-cognitive disorders) [8].
Evidence of a causal relationship between moder-
ate and low levels of radiation and diseases of the
circulatory system has been obtained [9, 10].

Associations between circulatory system diseases
and eye diseases at low ( < 0.1 Gy) and moderate
(0.1-0.5 Gy) doses still remain controversial. The
links between radiation and glaucoma and macular
degeneration, in contrast to radiogenic cataracts,
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KaTapakTH, BUBYEHI 11Ie Majio. BCTaHOBIEHO CTaTUCTUY-
HO 3HAYyIIMM HaIJIMIIKOBUI PU3UK OCHOBHMX THIIIB
3aXBOPIOBaHb KPOBOOOIry, 30KpeMa illleMidyHO1 XBOpoOu
cepisd Ta iHCYNBTY, y Ipynax oci0, eKCIIOHOBaHUX I0
noMipHUX i Manux 103. OTpUMaHO J0Ka3W HaAMipHOTO
PU3UKY TIpU MaIMX J03ax i HU3bKMX piBHAX 1B mis
3aJHbOI CYOKAIICYJISIPHOI Ta KOPTUKAIbHOI KaTapakTu B
VJIHA na YAEC, aMepuKaHCHKUX PadiOJOTiUHUX TeX-
HOJIOTIB i POCIHCHKUX SIIEPHUX TPALliBHUKIB 3 YiTKOIO
JIiHIMiHOIO 3aJieXHicTIo mo3a-edeKkT. AnaepHa KaTapakTa
MeHI1l pajgioreHHa. II{o cTocy€eThbCs IHILMX OUHUX KiHLIE-
BUX TOUOK, 30KpeMa TIJIayKOMH Ta JereHepaliil XOBTOL
TUISIMU, iCHYE Iy>Ke MaJio J0Ka3iB BILUIUBY Maux 103 IB;
paniauiifHo-acouiiioBaHa riaykoMa OyJjia 3a10KyMEHTO-
BaHa JIMIIIEe IpU OMPOMiHEHHi y Jo3ax > 5 Ip i Tomy mMae
XapaKTepUCTUKM TKaHUHHOI peakilii. € faesKi JaHi mpo
HEBPOJIOTIYHUIA AeDIUUT IMiCasT OMPOMIHEHHS Y MaJIuX
ta nmoMmipHux go3ax (0,1—0,2 Ip) BHYTpilIHbOYTPOOHO
abo B paHHbOMY AUTUHCTBI [11].

OTtpuMmaHo OOMeXeHi JOKa3M 3B’SI3KYy MiX eKCITO-
3UIIEI0 10 MAJIMX i TTOMipHUX 103 IB Ta 3HWKEHHSIM 3a-
rajJbHOI0 PiBHS KOTHITMBHOCTI i MOBHMX 31iOHOCTEA,
TOOTO NPUUYMHHO-HACHIIKOBE TJIYMAaye€HHsI € O0C-
TOBipHMM, ajié BUIIAJKOBICTh UM BIUIUB JOAATKOBMX
YUHHMKIB HE MOXHa BMKJIOUATU 3 PO3YMHOIO BIIEB-
HeHicTio. JIoKa3yu MOXIMBOIO MOCUICHHS e(heKTy, KOJIU
ONpPOMiHEHHsI BigOyBaJlOCsS Ha paHHIX CTalisIX >KUTTS,
30KpeMa, Y BHYTPILLIHbOYTPOOHMUI TIepion, OyJIu HeaoC-
tatHiMU. Jloka3u 3B’3Ky MixX IB Ta iHIIMMuU KOHKpeT-
HUMU chepaMu, BKIIIOYAIOUM YBary, BAKOHaBUY (hyHK-
Lito, TTaM’SITh, IBUAKICTH OOPOOKH, 30pOBO-TIPOCTOPOBI
3Mi0HOCTI, PyXOBHi1 i colliaIbHO-eMOLIHNI PO3BUTOK,
Oy HeOOCTaTHIMU 4epe3 ayke OOMeXeHY KiJIbKiCTh
3HAWIEHUX JOCTiIKeHb. 3arajoM, OTpUMaHO OOMeKeHi
HEeJOCTaTHI JOKAa3W BIUIMBY MajiX Ta moMipHux o3 IB
Ha Hepopo3BUTOK [12].

V TenepilllHilf Yac aKTUBHO AOCIIIKYIOTbCS 1 PO3KPU-
BalOThCs (pyHAAMEHTAIbHI MeXaHi3MU MOPQOJIOTiYHUX i
KOTHITUBHUX Je(eKTiB OMpoMiHEHOro Mo3Ky. Bucoka
YYTJIMBICTb MO3KY, III0 PO3BUBAETLCS, Y TIOPIBHSIHHI 3
MO3KOM JIOpPOCJIOl JIOAWHU, TTOB’s13aHa 3 OUTBIINM YuC-
JIOM HeaudepeHLinoBaHUX HeMPOHAIbHUX KIIITMH-TIPe-
KypcopiB, 10 OUIITbCS. s poO3yMiHHSI MeEXaHi3MiB
panialiifiHO-BUKJIMKAHOI KOTHITUBHOI IUC(QYHKIIII BaxK-
JIMBO MPOCTEXUTU OCHOBHI 3MiHU B KOHKPETHUX MOJIE-
KynsgpHux nuisixax [13]. 3okpemMa, BCTaHOBJEHA HEraTUB-
Ha peryisiisg NOBXMHU TeaoMmep reHamu TERFI Ta
TERF?2[14], a mopyllleHHsI TeHHOI eKCIIpecii, TeJoMep Ta
KOTHITUBHMI Ae(ilMT BU3HAUYCHI K PyHKIisI 1o3u [15].

IcHyloTh emimeMiosioriuHi Tta 6ioJ0riyHi AaHi MOpo
KOTHITMBHI edexkTn Manmx no3 IB, xoua HeoOximHi

have been poorly studied. There was a statistically
significant excess risk of major types of circulatory
diseases, including coronary heart disease and
stroke, in the groups exposed to moderate and low
doses. Evidence was obtained of excessive risk at
low doses and low levels of IR for posterior sub-
capsular and cortical cataracts at ChCW,
American radiological technologists and Russian
nuclear workers with a clear linear dose-effect
relationship. Nuclear cataract is less radiogenic.
As for other ocular endpoints, including glaucoma
and macular degeneration, there is very little evi-
dence of the effects of low doses of IR; radiation-
associated glaucoma has been documented only
when irradiated at doses > 5 Gy and therefore has
the characteristics of a tissue reaction. There is
some evidence of neurological deficits after irradi-
ation in small and moderate doses (0.1-0.2 Gy) in
utero or in early childhood [11].

There is limited evidence of a relationship
between exposure to low and moderate doses of IR
and a decrease in overall cognition and language
skills, i.e. a causal interpretation is plausible, but
the coincidence or influence of additional factors
cannot be ruled out with reasonable certainty.
Evidence of a possible effect potentiation when
irradiation occurred in the early stages of life, in
particular in utero, was insufficient. Evidence of a
link between IR and other specific areas, including
attention, executive function, memory, processing
speed, visual-spatial abilities, motor and socio-
emotional development, was insufficient due to
the very limited number of studies found. In gen-
eral, limited insufficient evidence was obtained the
effect of low and moderate doses of IR on neu-
rodevelopment [12].

At present, the fundamental mechanisms of mor-
phological and cognitive defects of the irradiated
brain are being actively studied and revealed. The
hypersensitivity of the developing brain to that of the
adult brain is due to the greater number of undiffer-
entiated dividing neuronal precursor cells. To under-
stand the mechanisms of radiation-induced cognitive
dysfunction, it is important to trace the main changes
in specific molecular pathways [13]. In particular,
negative regulation of telomere length by TERFI and
TERF2 genes has been established [14], and gene
expression disorders, telomere and cognitive deficits
have been identified as a function of dose [15].

There are epidemiological and biological data on
the cognitive effects of low doses of IR, although
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Kpalia xapakTepucTuKa SK IUX e(eKTiB, TaK i po-
3yMiHH¢ iXHiX MexaHi3MiB. BuzHaueHHs1 6ioMapKepiB,
BKJIIOUAKOUM BidyaslizallilfiHi, JOOMOXe PO3KPUTU Me-
XaHi3MM KOTHITUBHOro AediluuTy, COPpUUYUHEHOTO
paniawiero [16].

JoBrorpuBajli KOCMiuHi MOJbOTH MAalOTh OOMEXEHHS
BHACJTIIOK 11epeOpoodTaTbMONIOTIYHIX e(PEKTiB, 3yMOB-
JIeHUX KocMiuHolo pamiauiero [17—19]. OmpomiHeHHs
TOJIOBHOTO MO3KY BaXXKMMU iOHAMU i MPOTOHAMU, 11O
BinOYBa€eThCS MiJ Yac KOCMIYHMX MiCill, BUKJIUKATUME,
30KpeMa, KOTHITUBHI mopyiieHHsI. OCHOBHUMM IXHIMM
NaTOTeHETUYHUMU MeXaHi3MaMU € CTiMKUI OKUCIIIO-
BaJIbHUI CTpec, aKTMBOBaHi KJIITUHU MIiKpOIJii, Topy-
ILIEHHSI HelporeHesy, IOTiplleHHsI MopdoJjorii Heli-
pOHIB, 3MiHM eKcIpecii TeHiB Ta 6inkiB [20]. ITpu or-
pPOMiHEHHi IpU3yHiB BaKKMMU iOHAMM i TPOTOHAMU TIe-
pendavaeTbes nopir go3u 0,01 Ip a1 KOTHITUBHUX T10-
pYllIeHb Ha MMiICTaBi TeCTy PO3Mi3HABaHHSI HOBUX 00’€K-
TiB, IKWI OLIIHIOE IITKOAY ITPU PO3ITi3HaBaHHi a00 mmam’ s~
Ti 00’exTiB [21, 22]. KocmiuHa pagialis BIUIMBaE il Ha
MOBEMiHKY, 30KpeMa KOTHIiTUBHY [23]. JloBrorpusase ao-
CJIiIXKEHHSI KOCMOCY MAa€ IMEBHi MCUXOJIOTiYHI i ICuxo-
NaToJIOTiYHi PU3UKU [JIS1 aCTPOHABTIB, $SIKi CJIiJ BpaXoBY-
BaTU. SKI110 AesIKi ICUXOJIOTIUHI peakllii, OYeBUIHO TTPU-
TaMaHHi XapaKTEepUCTUKAM KOCMiUHUX KopaOuiB (mpo-
JKMBaHHSI, OOMEXEHHSsI, TMCHUXOJOriuyHi Ta MiXocoOuc-
TiCHI CTOCYHKH), iHIII (TTOpYIIeHHS IINKITy CHY i HeCITaH-
Hs, 3MiHU OCOOMCTOCTI, AeTpecisi, TPUBOXHICTh, amaris,
TMCUXOCOMATUYHI CUMIITOMM, HEAPOBECTUOYIISIPHI MPOO-
JIeMH, 3MiHM B KOTHITUBHI cdepi Ta CEHCOpPHOMY
CIIPUITHATTI) MPENCTABISIOTh YiTKE TOIePeIKeHHS PO
moxuBi 3minn LHHC, MoXiIMBO, BHACHiZOK MiKpor-
paBiTallii Ta KOCMiYHOTO BUIIPOMiHIOBaHHS. Taki yMOBH i
MoxuBi 3MiHM [THC MOXyTh CKOMIIPOMETYBATH YCIHiX
MiCit i 3maTHICTh BIIOpPATUCS 3 HECHOAIBAaHMMU MOIISIMU
Ta MOXYTb MPU3BECTU A0 iHAUBIAYAJTbHUX i JOBrOCTPO-
KOBMX ITOpYIIEHD [24].

InTepBeHLiitHI a060 iHBa3MBHI pamiojoru (Kapaiojoru,
€HIOBACKYJISIPHI HEHPOPEHTTEHOXipypry Ta iH.) CKiIama-
I0Th OCOOJIMBY TPYITy PU3UKY PO3BUTKY pamialliiHUX 1Iie-
pebpoodTabMosiorivHux edekTiB. [lpu oMy iHTep-
BEHLiiHI paaiosord yepe3 po3TallyBaHHsI PEHTTEHiBCh-
KOro arapaTy 3a3HaloTh Oi/lIbIIOr0 OINPOMIHEHHS JIiBO1
MMOJIOBMHU TOJIOBU, a JiBa TiBKYJSl TOJOBHOTO MO3KY
Oinbi pagiouyTauBa [25, 26]. Haiibinblie KiiHiYHE HEM-
poricuxiaTpuyHe 3HaYeHHs Y iHTepBEeHLIIHHUX padioioriB
MaroTh eeKTH ONPOMiHEHHSsI JIiBOTrO rinmokamimy [26].

Y nepcoHally KapaiaJbHOI KaTeTepu3aalliiiHoi jabopa-
TOpii MpOCTeXeHi CYyOKIIiHIYHI O3HAKM KapOTUIHOTO
aTepoCKJIePO3y i paHHbOIO CYAMHHOTO cTapiHHs [27]. Y

better characterization of both these effects and an
understanding of their mechanisms is needed.
Identification of biomarkers, including imaging,
will help to reveal the mechanisms of cognitive
deficits caused by radiation [16].

Long-term space flights are limited due to cere-
bro-ophthalmic effects caused by cosmic radiation
[17—19]. Irradiation of the brain with heavy ions
and protons, which occurs during space missions,
will cause, in particular, cognitive impairment.
The main pathogenetic mechanisms are persistent
oxidative stress, activated microglia cells, impaired
neurogenesis, and deterioration of neuronal mor-
phology, changes in gene and protein expression
[20]. When rodents are irradiated with heavy ions
and protons, a dose threshold of 0.01 Gy is pre-
dicted for cognitive impairment based on a new
object recognition test that assesses damage in
object recognition or memory [21, 22]. Cosmic
radiation also affects behavior, in particular cogni-
tive [23]. Long-term space exploration has certain
psychological and psychopathological risks for
astronauts that should be considered. While some
psychological reactions are apparently characteris-
tic of spacecraft characteristics (residence, limita-
tions, psychological and interpersonal relation-
ships), others (sleep and wakefulness disorders,
personality changes, depression, anxiety, apathy,
psychosomatic symptoms, neurovestibular prob-
lems, cognitive changes, and sensory perception)
provide a clear warning of possible changes in the
CNS, possibly due to microgravity and cosmic
radiation. Such conditions and possible changes
in the CNS can compromise the success of mis-
sions and the ability to cope with unexpected
events and can lead to individual and long-term
violations [24].

Interventional or invasive radiologists (cardiolo-
gists, endovascular neuroradiosurgeons, etc.) are a
special group at risk of developing cerebro-oph-
thalmic radiation effects. In this case, interventional
radiologists due to the location of the X-ray machine
are more exposed to the left half of the head, and the
left hemisphere of the brain is more radiosensitive
[25, 26]. The effects of irradiation of the left hip-
pocampus have the greatest clinical neuropsychiatric
significance in interventional radiologists [26].

Subclinical signs of carotid atherosclerosis and
early vascular aging were observed in the staff of
the cardiac catheterization laboratory [27].
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IHTepBEHLIMTHUX Kap/i0JOTiB BUSBJIEHI CYTTEBI HEMpPOTI-
CHUXOJIOTiYHi MOPYILIEHHS: 3HAYHO HMWXXYi IMOKa3HUKU
BiICTPOUYEHOI BIiAIOBiAi, BidyaJbHOI KOPOTKOYACHOI1
naM’siTi Ta MOXJIMBOCTI CEMaHTUYHOIO JIEKCUYHOTO
JOCTyIly. 3aJleXKHOCTI Bil pafialliiiHOl 103U BUSIBUTU He
Baajgocs. IHBa3MBHI KapaiojJoru mpoaeMOHCTPYBaIU
HIDKYi TTOKA3HUKM TTaM’sTi Ta BepOaJbHOI IIBUIKOCTI,
110 MOXE CBIIUMTHU IPO 3MiHU AESIKMX CTPYKTYp JiBOI
MiBKyJdi, sKi Oinbln pamiouyTiausi [28]. ¥ nepcoHany
IHTEpPBEHLIMHOI KapaioJoriyHoi jabopaTopii BUSIBUAIU
MigBUILIEHUI PU3MK padiaLiiiHol KatapakTu [29—31].

VY Hammx norepeaHix myomiKamisiX MU YaCTKOBO PO3T-
JITHYJIM pafiliiiHO-iHIYKOBaHi 1epedpoodTaqbMOoIoriv-
Hi e(peKTH Y TIOAVHM, 3aIIPOIIOHYBABIIN TOJIOBHU MO30K
i opraH 30py {K ITOTeHIIiiHI MimmeHi s BruBy 1B [32,
33]. 3MiHM oYel MOXYTh CIIPUYMHSITH a00 MOXYTh OyTH
MOB’s13aHi 3 TUCHYHKIIISIMU MO3KY, i HaBnmaku. Hamu Oy-
JIO 3alpOITOHOBAHO MO3HAYMTU LIl B3aEMO3B’SI30K SIK
«BiCh 04i—MO30K» [32]. ¥ momepeagHpOMYy ITOBiTOMIICHHI
Oy JeTalbHO PO3TJSHYTI 1epeOpoodTaTIbMOJIOTIuHI
eextn onpomineHHs B YJIHA na YAEC [33]. Meroro
JlaHO1 poOOTH OYB aHATITUYHUI OMISIA Cy4aCHUX €KCIle-
PUMEHTAJIbHUX, eMiAeMiONOriUHUX 1 KIiHIYHUX AaHUX
CTOCOBHO paialliiHUX ILepedpoodTaaIbMOJIOTIUHNUX
edexTiB y nmiTeit, 0cid, eKCIMOHOBAHUX BHYTPIIITHBOYTPOO-
HO, aCTPOHABTIB Ta iHTEPBEHLIIHHUX PadiOJOriB.

Orsam BUKOHaHO 3TimHo 3 HactTaHoBaMu PRISMA [34]
LIJISIXOM TIOIIYKY Y pedepaTUBHUX i HAyKOMETPUUHMX
6azax PubMed/MEDLINE, Scopus, Web of Science,
Embase, PsycINFO, Google Scholar, onpuntogHeHux 3
1998 mo 2021 poxky. KitouoBumMu ciioBaMu, 1110 KOMOiHY-
Bau 3 «lonizing radiation» 0ynu «Brain»; «Eye»; «Oph-
thalmic effects»; «Cerebral effects»; «Nuclear disasters»;
«Prenatal irradiation», «Exposure in utero», «Children»,
Space flight», «Interventional radiology». Takox Oymu
BKJIIOUEHI MyOiKallii y BUOAHHSX, IO PELEH3YIOThCS,
sIKi OyJIv 3HAWAEHI IUISIXOM PYYHOIO TOIIYKY. YCi aBToO-
pU HaJgajay 3rofy II0I0 BKIIFOYEHHS 10 OIVISIAY Te3 KOH-
depeHwiii i TocTepiB, ONMPMIIOAHEHNX Y (PAXOBUX BU-
JaHHSIX. bynu mpuiiHgaTI Taki KpuTepii BKIIOUEHHS:
JOCHiIKeHHsT Majii OyTM BMKOHAHI Ha eKCIlepUMEH-
TaalbHOMY a00 KJIiHiYHOMY MaTtepiajai JOpOCIuX Ta
MiTel/MimIiTKiB 3 HaOilfHOIO OIIIHKOK OTPMMAaHUX pe-
3yJIbTaTiB

PapiauiiiHi uepedbpoodTanbmMonorivyHi epekTun

y Aiteii Ta 0ci6, onpoMiHeHUX BHYTPiLLHbOYTPOOHO
PanioneiipoemOpiosioriuyHi eekT TOKJIagHO OMMCaHi B
nyoaikauisx MKP3 49190, a TakoxX y HellloJaBHbOMY OT-
nsai [35—37]. it paHHBOIO BiKy Ta 0COOU, OMMPOMiHEHi
BHYTPILLIHBOYTPOOHO, SIBISIIOTH COO0I0 OCOOJIUBY LiILOBY

Interventional cardiologists showed significant
neuropsychological disorders: significantly lower
rates of delayed response, visual short-term mem-
ory, and the possibility of semantic lexical access.
Dependence on the radiation dose could not be
detected. Invasive cardiologists have shown lower
memory and verbal velocities, which may indicate
changes in some structures of the left hemisphere
that are more radiosensitive [28]. The staff of the
interventional cardiology laboratory has an
increased risk of radiation cataracts [29—31].

In our previous publications, we partially con-
sidered radiation-induced cerebro-ophthalmic
effects in humans, suggesting the brain and visual
organ as potential targets for IR exposure [32, 33].
Eye changes can cause or be associated with brain
dysfunction, and vice versa. We proposed to refer
to this relationship as the «eye — brain axis» [32].
In a previous report, the cerebro-ophthalmic
effects of irradiation in liquidators were consid-
ered in detail [33]. The aim of this work was an
analytical review of current experimental, epi-
demiological and clinical data on radiation cere-
bro-ophthalmic effects in children, persons
exposed in utero, astronauts and interventional
radiologists.

The present review was performed in accordance
with the PRISMA guidelines [34] by searching the
abstract and scientometric databases PubMed /
MEDLINE, Scopus, Web of Science, Embase,
PsycINFO, Google Scholar, published from 1998
to 2021. The key words combined with «lonizing
radiation» were «Brain»; «Eye»; «Ophthalmic
effects»; «Cerebral effects»; «Nuclear disasters»;
«Prenatal Irradiation»; <«Exposure in utero»;
«Children»; «Space Flight»; «Interventional Ra-
diology». Even peer-reviewed publications that
were found by manual search were included. All
authors agreed to include conference abstracts and
posters published in professional journals. The fol-
lowing inclusion criteria were adopted: studies
should be performed on experimental or clinical
material of adults and children/adolescents with a
reliable assessment of the results.

Radiation cerebro-ophthalmic effects

in children and in utero irradiated people
Radioneuroembryological effects in details are
described in the ICRP Publications 49 and 90 and
the recent review [35—37]. To sum up, those
exposed prenatally and in childhood are a particu-
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Tpymny 3 OLTbII BUCOKUMHU PU3MKAMU MOXJIMBUX pajia-
LiAHUX edeKTiB i HelpoaereHepaTUBHUX 3aXBOPIOBaHb,
OCKIJIbKM YpaKeHHSI HEe3piJIoro MO3KY MOXe MepeayBaTu
PO3BUTKY MaiiOYTHIX pamioiHAYKOBaHUX e(PEKTiB 3 TpPUBa-
JIUM JJaTeHTHUM repiogoM. YucaeHHi JOCTiIKeHHS, TTPO-
BeIeHI Ha KJIITUHHMX i TBAPUMHHUX MOJIEJSAX, a TaKOX
KJIIHIYHI Ta eIliJeMioJIOTiYHi IOCIiIXKEHHS, IoKa3aln
MILIHU 3B’S130K MiXK OITIPOMiHEHHSIM i1 utero Ta B JUTSIYO-
MY Billi i BpOIXKEHUMHU Ae(eKTaMM, TAKUMU SIK MiKpood-
TaJibMisl, aHO(TaIbMisl Ta eK3eHLedatis.

[Ticas ompominenHs B 1o3ax 1 Ta 2 Ip Ha 2-if meHb micus
OTIPOMiHEHHS in vitro Koaopumerpuunuii tTect MTT (3-
[4,5-numMeTtninTiazon-2-in]-2,5 audeHiaTeTpasonio 6po-
Mill) BUSIBUB BTPATy >KUTTE3AATHOCTI KJIITUH, TIPU LILOMY
imyHo3a6apsieHHs BIII-TyOyniHy BUaimIO MomiTHe ypa-
JKeHHST HEMpPOHiB, a TaKOX TOpYIIEeHHS audepeHIiarii
HeHpOHaIbHOI ITOMMYJISILI, SIKa BUXKWJIA MiCJIsI ONTPOMiHEH-
Hs [38]. I8t oLiHKKM HaKOLIbII pagiouyTAUBOI CTAdIl i
yac Helpysanii BaritHux mumein C57BL6/J minmaBanu
PEHTTeHiBCLKOMY OIpoMiHeHHIo (B mo3ax 0,5 Ip a6o 1,0
Ip) Ha 7-9-i1 n1o6i emOpioreHesy. Jekiibka Baa PO3BUTKY,
30KpemMa MikpooTajibMisl Ta eK3eHLedasis, OyJIu Haii-
OibLI TOMITHUMM 4yepe3 7,5 MHS Mic/sl ONpPOMiHEHHS,
3HAYYLIMMU — BIiATIOBIAHO TIiCJI OMPOMiHEHHS B I03aX
0,5 Ip i 1,0 Ip. IIpeHaranbHa CMEPTHICTb i 3MEHILIEHHS
Macu Tijla OyJaM BUSBJCHI Y TBapMH BCiX ONMPOMiHEHUX
rpyn [39]. YepeBHy MOPOXKHUHY BaTiTHUX IIBEMIIAPCHKIX
MHUILIEH OMPOMIHIOBAJIM raMMa-IIPOMEHSIMM B Aiana3oHi
o3 Bin 0,05 go 0,50 Ip uepes 11,5 nobu micis criaproBaH-
Hs1. 3HaYHE 3MEHIIEHHSI PO3Mipy T'OJOBU Ta MacH TroOJIOB-
HOTO MO3KY, a TaKOX 3HAYyHE 3pOCTaHHS YaCTOTU MiKpo-
odranbpMiii criocrepiranu npu gosax moHazn 0,15 Ip.
ITomiTtHi piBHI MiKporLedatii Ta MikpoodTaabMii OyIr BU-
SBJIEHi TIpyu onpoMiHeHHi B 103i juie 0,10 Ip. JliHiiiHa
JT0303aJIeXKHICTh OyJla BCTAHOBJIEHA 11T LIMX €(EeKTiB B
niarma3oHi g03 Bim 0,05 mo 0,15 Ip. 3pobieHO BUCHOBOK,
110 Ti3Hil TepioJ opraHoreHe3y y MUIIEH Haa3BUYaiitHO
Bpa3/IMBUI IJI PO3BUTKY KiCTOK Uepera, TOJIOBHOTO MO3-
Ky Ta opraHa 3opy [40]. BaritHux mopociaux MwuIei
C57BL/6]) migmaBanu OMpOMiHEHHIO TPUTIEBOIO BOJIOIO
(HTO) msixoM iHTpanepruToHeanbHOI iH €Ki Ha 12,5-i
JIeHb recrauii. IXHE MOTOMCTBO, OIIPOMiHEHE BHYTPIlLIHb-
OyTPOOHO, OTPUMYBAJIO KYMYJSITUBHI 03U BiAMOBIZHO
0,036; 0,071 Ta 0,213 Ip. [TomipHa, IpoTe JOCTOBiIpHA J0-
303aJIeXKHA HElipOHaIbHa 3aru0eb Ta QYHKIIOHATbHI MO-
PYIIECHHS CIIOCTEPITaINCs Y TPYIIax, OIPOMiHEHHX B J03aX
0,071 ta 0,213 Ip. TakuM YMHOM, HABITH HU3LKOIO30BE
MpeHaTtajabHe OeTa-BUITPOMiHIOBAHHS MOXE MOPYIIyBaTU
possutok LIHC y mutneii [41].

Hiti ocobarBo BpasauBi 1o Aii IB, ocKiJIbKM Y HUX MO-
JIEKYJISIpHI TIPOLIECU B MO3KY B TIOBHOMY 00CsI3i 11Ie He 3a-

lar target group with a higher risk for possible radi-
ation effects and neurodegenerative diseases as the
affection of an immature brain may imply the
development of future radiation-induced effects
with a prolonged latency. Numerous studies per-
formed on cell and animal models as well as clini-
cal and epidemiological research demonstrated a
robust relationship between irradiation in utero and
in childhood and congenital defects such as
microphthalmos, anophthalmos, and exencephaly.
After irradiation at doses 1 and 2 Gy at day 2
after irradiation in vitro, MTT (3-[4,5-dimethyl-
thiazol-2-yl]-2,5 diphenyl tetrazolium bromide)
assay revealed an evident loss of cell viability and
BIII-tubulin immunostaining highlighted a
marked neuritic damage, indicating that survived
neurons showed an impaired differentiation [38].
In order to assess the most radiosensitive stage
during neurulation, pregnant C57BL6/]J mice
were X-irradiated (0.5 Gy or 1.0 Gy) at 7-9
embryonic days. Several malformations, includ-
ing microphthalmos and exencephaly, were most
evident after irradiation at day 7.5, with signifi-
cance starting respectively at 0.5 Gy and 1.0 Gy.
Prenatal mortality and weight were significantly
affected in all irradiated groups [39]. The
abdominal region of pregnant Swiss mice was
exposed to 0.05 up to 0.50 Gy of gamma radia-
tion on day 11.5 postcoitus. A significant reduc-
tion in head size and brain weight and a signifi-
cant increase in the incidence of microphthalmia
were observed at doses above 0.15 Gy. Detectable
levels of microcephaly and microphthalmia were
found even at 0.10 Gy. A linear dose response
was seen for these effects in the dose range of
0.05t0 0.15 Gy. It is concluded that the late peri-
od of organogenesis in the mouse is extremely
vulnerable for the development of the skull, brain
and eye [40]. Pregnant adult C57BL/6J mice
were exposed to irradiation from tritiated water
(HTO) by a single intraperitoneal injection on
Day 12.5 of gestation. Their offspring irradiated
in utero received cumulative doses of 0.036,
0.071, and 0.213 Gy, respectively. Modest but
significant dose-dependent neuronal death and
functional impairment were seen in both 0.071
and 0.213 Gy groups. Thus, even low-dose pre-
natal beta-radiation may impair murine CNS
development [41].
Children are in particular prone to IR as the
molecular processes within the brain are not com-
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BepleHi. Bimomo, 110 edexktn npoMeHeBoi Tepartii Hai-
Oi/IbII MpeACTaBACHI MTOPYLIEHHSIM KOTHITUBHUX (DYHKIIIM
y JiTeld, 30KpeMa y BUIJIsIII 3HAUHOTO 3HUXKEHHSI IXHbOTO
KoediuienTa intenekryanbHocTi (1Q) [1, 2, 35— 37], akuit
€ 3araJIJbHOBM3HAHOIO i HaMiifHOIO MipOl0 KOTHITUBHUX
3ni0HOCTeil. OnpoMiHEHHs AiTel iOHI3yIOUMM BUIIPOMi-
HIOBaHHSIM HalyacTille BiIOyBa€TbCsl 3 HABKOJMUILIHbOTO
CepeloBuIlIa, TOJIOBHUM YMHOM, Yepe3 KOCMiuHi IpOMeHi
Ta paloH, a TaKOX IPU 3aCTOCYBaHHI MEIUYHUX TEXHO-
Jioriid. JInst miTeid 3 MyxJIMHAMM MO3KY KpaHiOCIiHaJIbHE
OIIPOMiHEHHSI € 3HAaYHMM (baKTOPOM PHU3UKY PO3BUTKY
KatapakTu. I3 45 giteit, ki oTpuMany KpaHiocIiHaJIbHe
OIPOMiHEHHSI Ta MPONIIIN O(PTATBMOJIOTIUHI 00CTEXEeH-
Hs1, y 13 po3BUHYyJIacs KaTapakTa 3 CepeaHiM TEPMiHOM 10
MOMEHTY 1i HacTaHHs 27,6 Micsis [42].

B mosuMeTpuyHOMY MOCHiIKEHHI 3 BUKOPHUCTAHHSIM
aHTpoIroMop¢hHUX (paHTOMIB po3TalllyBaHHSI OpPraHiB B
MOPSIAKY IXHBOI PagiouyTIMBOCTI OyJ10 BM3HAUYEHO HAC-
TYITHUM YMHOM: MO30K, KPUINTAJINUK OKa, CJIMHHI 3aJ103H,
IIMTOIOAIOHA 3aJi03a, JIETeHi, ceplie, TUMYC, CTPaBOXi,
MOJIOYHi 3a71034, HAJHUPKOBi 3ajlo3M, MeYiHKa, ce-
JIe3iHKa, HUPKM, IUIYHOK, KOBUHMI MIiXyp, TOHKHI
KMILKiBHUK, HiAIITYHKOBA 321034, TOBCTUI KUIIKIBHUK,
SIEUHUKU, CEUOBUIA MiXyp, TIepeIMiXypoBa 3ajio3a, MaTKa
Ta npsiMa Kuika [43].

ITiTTCOYp3bKMA MPOEKT, HAA3BUYANHO e€JeraHTHO
CIUIaHOBaHE, X04a, Ha XaJib, HETPUBAJIE MOCIIIKECHHS
3aCBiIYMB 3HAYHY peaklilo KpullTaiuka Ha niio I[B.
YacrTora cyOKamcylasspHUX IMOYATKOBMX KaTapakT Y
JiTel, sIKi MpoXMUBaIOTh Yy paiioHax 3 OUIbIIMM pPiBHEM
panpialiiiHoro 3a0pyaHEeHHs BUIlA, Hi3K Y TUX, XTO Melll-
Kae B MEHIII 3a0pynHeHuX paitoHax [44]. Cxoxi pe3yJib-
TaTh OyJIM OTPUMaHi i Ip¥ MOHITOPUHTY JiTEM, SIKi 3a3-
Hajl¥ JOBrOTPUBAIOTO BIUIMBY IB HU3bKOI iHTEHCUB-
HocTi Ha TaitBaHi [45].

Hamu mnpoBomuiioch moBroTpuBajie (mpotsarom 8§
POKiB) CITOCTEpPEKEHHS 3a CTAaHOM OpraHy 30py y JiTei-
MEIIKaHIIIB pafiallifHO-3a0pyIHEHUX BHACTIIOK aBapii
Ha Yopnoounbcwkiii AEC paitoHiB 3 pi3HUM piBHEM
pamioakTMBHOTO 3a0pynHeHHs (461 nutuHa) [46]. Ha
MiACTaBi CTATUCTUYHOIrO aHasi3y i TPMBAJIOTO CIOCTepe-
JKEHHsI 0yJ10 BCTAHOBJIEHO, 1110 JIETKi TIOMYTHIHHS B Cy0-
KancyJSIpHUX IIapax KpuinTaanka (CyOKJTiHIYHI 3amHi
CyOKarCyasIpHi, aHaJOri4yHi MOYaTKOBUM IIPOsSIBaM
pafialiiiHOl KaTapaKTH), SIKi PO3BUBAIOTHCS Y KUTEJIiB
3a0pyIHEHUX pailoHIB, € pe3yJbTaTaMu TPUBAJIOTO
BBy Manux 103 IB [47]. [Tpu mopiBHSIHHI IBOX TPYII,
SIKi 3a3HAJIM BIUTMBY, JIETKi TOMYTHIHHS Y CyOKaricyssip-
HUX IIapax OyauW 3HAYHO MOIIMPEHIIIUMU Yy OUTbII
cxmbHUX 10 oci6 (18,97 % B mopiBHsHHI 3 9,3 % vy
MEHIII OIpOMiHeHUX oci0, p < 0,05). ¥ rpymi, 110 3a3Ha-

pleted. It is commonly agreed that the effects of
radiation therapy are most pronounced in children
with their cognitive functioning impairment along
with a severe decline of their intellectual quotient
(IQ) [1, 2, 35—37], that is generally recognized as
a reliable measure of cognitive ability. Exposure of
children to IR most commonly is from the envi-
ronment, chiefly through cosmic rays and radon,
or from medical technology. For children with
brain tumors, craniospinal irradiation poses a sig-
nificant risk of cataract development. In 45 chil-
dren received craniospinal irradiation and had
ophthalmologic examinations, 13 developed
cataracts with median time to its onset of 27.6
months [42].

The locations of the following radiosensitive
organs in the dosimetric study using anthropomor-
phic phantoms were defined as follows: brain, eye
lenses, salivary glands, thyroid, lungs, heart, thy-
mus, esophagus, breasts, adrenals, liver, spleen,
kidneys, stomach, gallbladder, small bowel, pan-
creas, colon, ovaries, bladder, prostate, uterus and
rectum [43].

After the completion of the Pittsburgh project
and the Ukrainian-American Chernobyl Ocular
Study (UACOS), the results published indicated a
significant lens response to IR. Specifically,
according to the Pittsburgh project results, the fre-
quency of posterior subcapsular opacities in the
children living in areas with higher levels of radia-
tion pollution than those living in less polluted
areas is likely to be higher [44]. The data from
monitoring children undergone long-term low-
intensity radiation exposure in Taiwan confirm
these findings [45].

We conducted long-term (for 8 years) observa-
tion of the visual organ in children living in radia-
tion-contaminated areas as a result of the Chor-
nobyl accident with different levels of radioactive
contamination (461 children) [46]. Based on sta-
tistical analysis and long-term observation, it was
found that slight turbidity in the subcapsular layers
of the lens (subclinical posterior subcapsular, sim-
ilar to the initial manifestations of radiation
cataracts [47], which develop in contaminated
areas are the result of prolonged exposure to low
doses of IR. When comparing the two affected
groups, mild turbidity in the subcapsular layers was
significantly more common in more prone indi-
viduals (18.97 % compared with 9.3 % in less
exposed individuals, p < 0.05). In the group
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Ja BruuBy 1B, crocrepiraBcs cTaTUCTUYHO 3HAYYIIMI
ekcuec (13,8 %, p < 0,05) cyOKIiHIYHKMX 3aAHIX CyOKaIl-
CYJSIPHUX 3MiH KpullTanuka [46].

JlobGpe BCTaHOBJIEHO, IO TTOBTOPIOBAHI KOMIT IOTEpHi
ToMorpadiuyHi CKaHyBaHHS T'OJOBM MiIBMIIYIOTh PU3UK
TMOMYTHIHHSI KpHINTAJINKa, CIIPUYMHEHOTO pamialli€lo.
Owinka 103, TOTJIMHEHUX KPUINTAJIUKOM ITiJl 9ac KOM-
m’rotepHoi ToMorpadii (KT) ronoBHoro Mo3ky y memiaT-
PWYHIN MOMmyJIsALii, BUsiBUIa, 1o cepents (M = SD) noza
MOIIMHAHHS KPUILITAJIMKOM Bill pyTUHHOTO CKaHYBaHHS
MO3KY, BUMipsiHa ABOMa AETEKTOpaMu1 HamiBIPOBIAHUKO-
Boro mnosiboBoro TpaHsuctopa (MOSFET), cranosuia
(0,92 +£0,03) cIp ta (0,81 = 0,03) cIp a1t aHTporToMoph-
Hux paHToMiB IMTHHU 1 Ta 5 pokiB BinnosigHo [48]. do3u
JUISI OpraHiB Mo3a IoJeM OIPOMiHEHHSI, BMMipsiHi
pamgioOTOMIOMiIHECLIEHTHUMHU Ta TEPMOJIIOMiHECLIEHTHU -
MM J03UMETpaMu, Oyau B cepenHboMy B 1,6 Ta 3,0 pasu
BUILLIMMU JUIs1 S-piyHoro, Hix miast 10-piyHoro ¢dpaHToma
it IMRT 1a 3D CRT BignosinHo [49]. ITpu KT-ckany-
BaHHIi TOJJOBHOT'O MO3KY CepelHsl 103a I KpUIlTaauKa
cranoBwia (10,5 £ 3,3); (29,9 £ 8,6) ta (34,2 &+ 14,9) mIp
y aiteii Bikom 0,8—1 pokiB, 2,0—4,9 pokiB, 5,5—135,5 pokiB
BinmosinHo [50]. Taki 3HaueHHS KO3 MOTPEOYIOTH YBaru 3
TOYKH 30pY pafialiiiHOi Oe3MeKu Ta BXXUBaHHs Crellialb-
HUX 3aXOMiB JUIS X 3MEHILIeHHS, 1110 Hapa3i Mepe0yBaloTh
Ha crafii po3pobaeHHs. Hanpukiana, moegHaHHS MOMAY-
JIs1ii ctpyMy Ha ocHOBi Tortorpamu (TCM) Ta ekpaHyBaH-
HS cynbdaToM Oapiro a0 BiCMYTOM-CYPMOIO 3MEHINIIO
MONIMHEHY 103y Ha Kpuitaiuk Ha 12,2 % Ta 27,2 %
BinmoBinHO [51]. 3MiHM MOJIOXKEHHSI MalliEHTa MOXKYTb
iCTOTHO BIUIMBaTH Ha BEJWYMHY 103 Ha KPUINTAIMK OKa
[52]. Taxi mpocTi 3aX0au, SIK 3MiHa MOJIOXKEHHS LLIHI, CKO-
pOYCHHS Miala30Hy CKaHYBaHHS i 3MEHIIEHHS IIO-
TEHLialy PEeHTIeHiBCbKOI TPYyOKM, 3HM3WIW O03Y IS
kpuitanvka Ha 89 % (p < 0,001) mig yvac KT-ckanyBaHHS
i, TpU UbOMY OIPOMIHEHHSI CEPEAHLOIO MO3KY,
rinoizy, MUTTAIMKIB Ta CIMHHUX 327103 TAKOXX 3MEHIIN-
Jock Ha 59 %, 52 %, 66 % ta 29 % BinnosigHo. JlatekcHuit
LLIUT, TTOKPUTUIA BICMyTOM, MOXE 3aXMUILIATU O4Yi Mif 4ac
SPECT/CT mo3Ky Ta 3a0e3neuyBaTH HafliiiHe eKpaHyBaH-
HS Yy JIiTel Ta Malli€EHTIB i3 3aXBOPIOBaHHSAMU oueii [53].

Yepes yHiKaJbHY iCTOPil0 MACIITAOHOIO ONMPOMiHEHHS
BilI siIepHUX BUIIPOOYBaHb MixX 1946 Ta 1958 pokamu, B
HalaaKiB MeIIKaHIiB MapIiajoB1UX OCTPOBIB MOXKe OyTH
HENOOLIIHEHUM CTYIiHb MOXJIMBUX T€HETUYHUX BiIXU-
JIeHb, SIKi 30U1bIIYIOTh PU3MKKM BPOMKEHUX Bad. Perpoc-
MEKTUBHE KOTOPTHE MOCHIIKEHHS >XKiHOK-MELIKAHLiB
MapiiiaioBux OCTpOBiB, SIKi MarOTb TPUHANMHI €IVHY
KMBOHAPOIKEeHY TUTHUHY MixX 1997 Ta 2013 pokamu, mipo-
BelleHEe Ha MiBHIYHOMY 3axo/li ApKaH3acy 3 BUKOPUCTaH-
HSIM TaHUX IEP>KaBHOTO CBiIOLITBA ITPO HAPOIKEHHSI, I10-

exposed to IR, there is a statistically significant
excess (13.8 %, p < 0.05) of subclinical posterior
subcapsular changes of the lens [46].

It is well established that repetitive head com-
puted tomography scans might enhance risks of
radiation-induced lens opacification. Evaluation
of doses absorbed by lens during brain CT-scans
in pediatric population revealed that the mean
(M £ SD) lens dose from the routine brain scan
measured by two Metal Oxide Semiconductor
Field Effect Transistor (MOSFET) detectors was
(0.92 £ 0.03) ¢cGy and (0.81 % 0.03) cGy for the
anthropomorphic 1- and 5-year-old phantoms,
respectively [48]. Out-of-field organ doses meas-
ured with radiophotoluminescent and thermolu-
minescent dosimeters were on average 1.6 and 3.0
times higher for the 5 y-old than for the 10 y-old
phantom for IMRT and 3D CRT, respectively
[49]. During brain CT-scanning the mean dose for
the eye lens was (10.5 + 3.3), (29.9 * 8.6) and
(34.2 = 14.9) mGy in children aged 0.8—1 years,
2.0—4.9 years, 5.5—15.5 years, respectively [50].
Such values of doses require special measures to be
taken in order to reduce them in terms of radiation
safety that are being developed. For instance, the
combination of topogram-based tube current
modulation and barium sulphate or bismuth-anti-
mony shields reduced lens doses by 12.2 % and
27.2 %, respectively [51]. Gantry tilting and
patient’s set-up seem to significantly affect eye
lens dose [52]. Such simple measures as modifying
the neck position, shortening the scanning range,
and reducing the tube potential reduced the dose
to the lens by 89 % (p < 0.001) during neck CT-
scanning, at that the median brain, pituitary gland,
globes, and salivary gland doses also decreased by
59 %, 52 %, 66 %, and 29 %, respectively. A bis-
muth-coated latex shield (B-shield) could protect
the eyes during brain SPECT/CT and provide reli-
able shielding in pediatric patients and patients
with eye diseases [53].

With their unique history of a broad-scale expo-
sure to extensive nuclear testing between 1946 and
1958, descendants of Marshall Island residents
may have underappreciated genetic abnormali-
ties, increasing their risk of birth defects. The ret-
rospective cohort study of Marshall Island female
residents with at least one singleton live birth
between 1997 and 2013 in northwest Arkansas
state using state birth certificate data linked to
data from the Arkansas Reproductive Health
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B’SI3aHUX 3 JaHUMUW ApPKaH3aCbKOi CCTEMU MOHITOPUHTY
PENpPOAYKTUBHOIO 3A0POB’SI Ta PEECTPOM BPOIKEHUX JIe-
¢dekTiB mITaTy, OYyJI0 BUKOHAHE 3 METOIO OILIIHKM TIOIIHpe-
HOCTi BpPO/DKEHHMX Baj PO3BUTKY. Y IIMX HEMOBJISIT CIIOC-
TepiraloThCsl OLMbII BUCOKI MOKA3HUKM BPOIKEHOI Karta-
paktu (PR (Public Risk, cycnisibHUI pu3KK) AOpiBHIOE 9, 3;
95 % nmosipumii intepsan (II): 3,1; 27,9), BuIIIa TAKOX Yac-
TOTa BUSIBJIEHHSI 3arajlbHOTO apTepialbHOro CTOBOypa
(truncus arteriosus) (PR = 44,0; 95% J1: 2,2; 896,1). Kpim
TOTO, Y HEMOBJISIT MOXe OYTH MiIBUIIEHUN PU3NK BUHUK-
HEHHSI iHIIIMX BPOMKEHMX BaJl PO3BUTKY, IIPOTE Yepe3 HEBe-
JINKUI po3Mip BUOIpKHU pe3yIbTaTH Hapasi € HETepeKOHIN-
BUMU. BinbIll MaciITaOHI MOMYJISALIIHI TOCTiIKeHHS 103-
BOJIMJIM O TJIMOIIE BUBYUTH 111 MOTEHLiVHI pU3nKu [54].

CuHIpoM pafialiifHO-iHIYKOBAHOI COMHOJIEHIIl OyB
OIMCAHUM SIK BinTepMiHOBaHMI e(DEKT, 1110 CITOCTEePira€Th-
Cs1 TOJIOBHMM YMHOM ITicJIsl pagioTepaliii FoJIOBHOTO MO3KY
y OiTeil. ABTOpY MPUITYCTUJIM, IO 3aIlaJIeHHs MOXe OyTHh
TiCHO TIOB’SI3aHE 3 HECTIPUSATIMBUMHM HACIiIKaMH OII-
POMiHEHHS TOJIOBHOTO MO3KY i, OTKe, 3 €TiOJIOTiEI0 CUH/I-
poMy pafialiifHO-iHIyKOBaHOI COMHOJIEHIIIi [55].

V Benukomy pochigkeHHi 11 000 onmpoMiHeHUX rpoMa-
ngH I3paimo gutsgyoro Biky Ta 11 000 ocid y KOHTpONbHI
TpyIi y onpoMiHeHUX JiTelt (cepelHs J03a Ha rOJOBHUI
mo3oK 1,3 Ip) BusiBaeHO Huxk4i IQ Ta MCUX0JIOriyHi 1Mo-
Ka3HUKHU, a TaKOX ACIIO BUIIY YaCTOTY 3aTPUMOK pO3Yy-
MOBOI'O PO3BUTKY [56]. Y monyisiiiiHOMy KOTOPTHOMY
nociimkeHHi 3 094 4o10BiKiB, OIPOMiHEHUX ITiJ] Yac JIiKy-
BaHHS IIKipHOI TeéMaHTioMM y Billi g0 18 MicsiiB, Oyno
BCTAaHOBJICHO, III0 Ha iHTEJICKTyaJbHUM PO3BUTOK Hera-
TUBHO BIIUBaIN 1031 ornpoMineHHs g0 0,10 Ip [57]. Ot-
K€, OIPOMiHEHHS TOJIOBHOTO MO3KY, 1110 PO3BUBAETHCS,
MOX€ CIPUYMHUTUA TOBTOCTPOKOBI KOTHITMBHI Ta IIO-
BeAiHKOBI Baau [27]. ¥ mpeHaTalbHO ONPOMiHEHUX OCi0
yepe3 MpoleaypHe CKUAAHHSI padioaKTUBHUX BIIXOiB y
piuky Teua Ta pagiauiiiHi aBapii Ha BUPOOHUYOMY
00’eqHaHHi «Masik» (CPCP, 1949-1957) na IliBneHHOMY
VYpani (Pociiickka ®enepaliist) crIocTepiraroTbesl ITiaBU-
llIeHAa MOLIMPEHICTh OpPraHiuYHMX KOTHITUBHMUX Ta ac-
TeHIYHUX PO3JIaliB, 3HAYHi MOPYIIEHHST 0i0eIeKTPUUHOI
AKTUBHOCTI MO3KY, MOTIpIIEHHS aHAJITUYHUX i CUHTE-
TUYHMX 30i0HOCTEN, a TAKOX 3HAYHO HUKYMIA piBEHb 3a-
raJlbHOTO Ta BepOaNbHOTO KoedilliEHTa iHTeJIeKTyalb-
HocTi (IQ) [59].

ITpoGnema BHYTPIlIHLOYTPOOHOTO YpaskeHHSI MO3KY BHa-
crinoK YopHOOUIBCHKOI KaTacTpo(U BCE 11Ie 3aTMIIAETHCS
JIUCKYCiitHO00. ICHYIOTh TpY OCHOBHI TOUKM 30pY 3 LILOT'O MK~
TaHHS: 1) TTOBHA BiICYTHICTh OyJIb-SIKMX KOTHITUBHUX e(heK-
TiB y €KCIIOHOBAaHUX BHYTPIlIHLOYTPOOHO 0cib [60—62];
2) KOTHITUBHI MOPYILIEHHS] BAHUKAIOTh BHACJIIIOK MEPeBaXK-
HO COLLia/IbHO-TICUXOTOTYHMX (pakTopiB [63—65], Ta 3) Gara-

Monitoring System and a state-wide birth
defects registry was performed in order to evalu-
ate the prevalence rates of different birth defects.
Marshallese infants had higher rates of congen-
ital cataracts (PR [Public Risk] =9.3; 95 % con-
fidential interval (CI): 3.1, 27.9) as well as the
higher rates of truncus arteriosus (PR = 44.0;
95 % CI: 2.2; 896.1). Furthermore, the
Marshallese infants may have increased risk of
some other specific birth defects, but estimates
are unstable because of small sample size so
results are inconclusive. Larger population-
based studies would allow for further investiga-
tion of this potential risk [54].

Radiation-induced somnolence syndrome has
been described as a delayed effect observed main-
ly after whole-brain radiotherapy in children.
The authors proposed that inflammation may be
closely related to the adverse effects of brain irra-
diation and therefore to the etiology of radiation-
induced somnolence syndrome [55].

In a large study, 11,000 irradiated Israeli citizens
and 11,000 persons in the control group in irradia-
ted children (mean brain dose of 1.3 Gy) also had
lower 1Q and psychological indices as well as a
slightly higher incidence of mental retardation [56].
In a population study of a cohort of 3,094 men irra-
diated during the treatment of cutaneous haeman-
gioma before the age of 18 months it was found that
the intellectual development had adversely been
affected by radiation doses of > 0.10 Gy [57]. Thus,
irradiation of an immature developing brain can
cause long-term cognitive and behavioural defects
(ICRP Publication 118) [58]. In the prenatally
irradiated persons due to the procedural dumping
of radioactive waste to the river Techa and the radi-
ation accidents at the «Mayak» Production
Association (USSR, 1949-1957) in the Southern
Urals (the Russian Federation) there were an
increased prevalence of organic cognitive and
asthenic disorders, significant violations of the bio-
electric activity of the brain, the deterioration of
analytical and synthetic abilities, as well as a signi-
ficantly lower level of full and verbal IQ [59].

The problem of intrauterine brain damage as a
result of the Chornobyl disaster is still at issue.
There are three principal points of view: 1) an
absence of any cognitive effects in exposed in
utero [60—62]; 2) cognitive impairment occur due
mainly to the social-psychological factors
[63—65], and 3) multifactorial, including radia-
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TO(aKTOPHICTh, BKJIOYalOUM (akKTOpu PU3MKY pajia-
LiffHOTO Ta HepamialiiHOTO ypaxeHHs MO3Ky [66—70].

Hamu Oyio 3ampornoHoOBaHO MOX/IUBUN MOPIr HEUPO-
ncuxiaTpuyHux edekTiB padialliiiHoi aBapii IIpu OMpo-
MiHeHHi Ha 8—15-My THXKHSIX BariTHOCTi a0o Ti3Hillle —
J103u Ha eMOpioH Ta rurig > 20 M3B Ta 103U Ha LIUTO-
noxioHy 3ano3y in utero > 300 M3B. OTIpOMiHEHHS TIJIO-
Jla BHACJTIIOK pajialiiiHoil aBapii 3 BUKMAOM pamioiony
MPU3BOAUTL IO 30iJBIIEHHSI PU3UKY HEPBOBO-IICH-
XiYHMX pO3JadiB, AMCTapMOHil iHTEJIEKTY 3a pPaxyHOK
nediunty BepoanmbHoro 1Q Ta mopymeHHs pO3BUTKY I0-
MiHaHTHOI MiBKyJIi MO3KY [68—71].

V nmiteid, sKi 3a3HaJM BHYTPILLIHBOYTPOOHOTO OIPOMi-
HeHHsI BHacigok YopHOOUJIbCHLKOI KaTtacTpodu, Oyiu
BUSIBJICHI XapaKTepHi pamioliepeOpanbHi TCuxodizio-
JioriyHi epexty. BoHu BinoOpaxkaroTh Han3BUYaiHO BUCO-
KY pamiouyTJIMBICTh LiepeOporeHe3y Ha 16—25-My THKHSIX
recTauii, KoJiM 4034 Ha LIMTOMNOAIOHY 3aJI03y Ta 3arajibHi
JI031 OIPOMIHEHHSI IIJI0AY € MAaKCUMAaJIbHUMM, i BKa3yIOTh
Ha TOpPYIIEHHSI B OMNpallfoBaHHI 30poBoi iHMopMallii y
NliTeil, ONPOMiHEHUX BHYTPIIHBOYTPOOHO. AK MpuKIIa,
30pOBi BUKJIMKAHI OTEHIIiaJIi Ha PeBepCUBHUI IIIAXOBUIA
natepH (3BITLLIT) npuitasim dopmy 1Boda3HOTO BUCO-
KoaMIuTiTyaHoro roteHuiany (1o 30,7 MkB) 3 1aTeHTHUMU
nepiogamMu st komnoHeHTiB P100 42—152 mc, N145
75—245 mc ta P200 115—302 mc BinnoBigHO, sIKi Oyiu 3a-
peecTpoBaHi y BigBeAaeHHi Pz (Tak 3BaHMit, «BepTeKC-TT0-
TeHUian»). [lapokcu3amanbHi (emisenTuhOpMHi) CTaHU
Oy/M KIIIHIYHUMU €KBiBaJICHTaMM I1aTOJIOTIYHOIO <«Bep-
TEKC-IIOTCHIIiaTy», TOMY OOI'PYHTOBAHO BBAXKA€ETHCSI, 11O
el MOoTeHLiaJl € O3HAKOI ipuTallii JIiMOIYHOI CUCTEMM.
Hpyroro ocobausictio 3BITHIIT 0yB MixKmiBKyIbHUI 3CYB
MaKCUMyMy OOpOOKHM Bi3yajibHOI iH(MOpMallii Bimx cyo-
MIOMiHAHTHOI (TpaBOi) MiBKYJIi TOJOBHOTO MO3KY (5K
CIHOCTEpIrajiocsl y HeONpPOMiHEHUX JiTeid Ta BBAXKA€ThCS
HOPMOI0) 10 TOMiHaHTHOI (J1iBoi). KpiM Toro, 3H>XKEeHHSI
CITEKTPAJIbHOI O-TIOTY>KHOCTi (0COOJMBO B JIiBili JJOOHO-
CKPOHEBIll NiJIHII), a TAKOXK 301IbIIEHHS CIIEKTPaJIbHOI
B-ToTyXHOCTI, JTaTepalli3oBaHOI /10 JIiBOI MiBKYJi, MOXHA
po3rIsAAaTH SIK MapKepHu KiJIbKiCHOI eJleKTpoeHI1edanor-
padii (KEEI, gEEG) nig npeHaTtaJbHOro OnmpoMiHEHHSI.
TakuM 4yuHOM, JiBa (IOMiHAHTHA) MiBKYJSl TOJIOBHOIO
MO3KY JIFOIVHU OiIbLI YyTIMBA 10 BHYTPILLIHBOYTPOOHOTO
ONpPOMiHEHHS, HiX IpaBa (cyomomiHaHTHa) [37, 68—72].

Pesynbrati HOpBE3bKUX AOCHIIKEHD € TyXKe aKTyallb-
HUMU 3 TOYKH 30py HEYIEePeMKEeHOIO MOSICHEHHSI BHYT-
piluHbOYTpOOHOTO BIU1MBY IB Ha M0O30K miciist aBapii Ha
Yopuoobunbchkiit AEC, 0co011BO B KOHTEKCTi MOKITH-
BUX pU3UKiB mm3odpeHii. [TimmiTku, onmpoMiHeHi BHYT-
piltHbOYTpoOHO B HopBerii, AeMOHCTpYBalU 3HUXKEHHS
orepaTUBHOI BepOabHOI TTaMm’sITi, BepOaIbHOTO HaB-

tion and non-radiation risk factors of brain dam-
age [66—70].

Possible thresholds for neuropsychiatric effects fol-
lowing the radiation accident at irradiation on 8§—15™
weeks of gestation or later are the radiation doses on
the embryo and foetus > 20 mSv and doses on the thy-
roid in utero > 300 mSy. Foetal irradiation as a result
of an accident at a nuclear reactor with radioiodine
release leads to increased risk of neuropsychiatric dis-
orders, intelligence disharmony at the expense of ver-
bal 1Q deficiency and disturbance of the development
of the dominant hemisphere of the brain [68—71].

In the children exposed in utero due to the
Chornobyl accident, the peculiar radiocerebral
psychophysiological effects were detected. They
reflect extremely high radiosensitivity of cerebro-
genesis at 16—25" weeks of gestation, when thyroid
and general doses of irradiation on foetus are max-
imal and indicate abnormalities in visual informa-
tion processing in children irradiated in utero. As an
illustration, visual evoked potentials (VEP) to
checkerboard reversal pattern took the form of
high-amplitude (up to 30.7 uV) biphasic potential
with the latencies for components P100 42—152 ms,
N145 75—245 ms and P200 115—302 ms, respec-
tively, which were registered in Pz lead (so-called,
«vertex-potential»). Paroxysmal (epileptiform)
states were the clinical equivalents of the patholog-
ical «vertex-potential». Therefore, it is reasonably
assumed that potential to be the sign of the limbic
system irritation. The second feature of VEP to
checkerboard reversal pattern was an interhemi-
spheric shift of maximum of visual information
processing from the subdominant (right) hemi-
sphere (as observed in the non-irradiated children
and assumed to be normal) to the dominant (left)
one. In addition, the decrease in spectral 6-power
(especially in left fronto-temporal area) as well as
the increase in spectral B-power lateralized to left
hemisphere can be considered as gEEG markers
of prenatal irradiation. Thus, left (dominant)
hemisphere of human brain is more sensitive to in
utero irradiation than right (subdominant) one
[37, 68—72].

The results of the Norwegian research are very
relevant in terms of the unbiased explanation for
the prenatal IR effects on the brain following the
Chornobyl accident, especially in the context of
possible schizophrenia risks. The teenagers irradi-
ated in utero in Norway demonstrated degraded
operative verbal memory, verbal learning and
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YaHHS Ta IaM’sTi, IBUAKOCTI onpaloBaHHs iHQopMallii
Ta BUKOHABUMX (DYHKIIil TTOPIiBHSHO 3 HEEKCIIOHOBAHUM
KoHTpoaeM. CItiJ 3a3HAYNTH, IO Pe3yJIBTaTh JOCITiTKeHb
HOPBE3bKUX aBTOPIB HAlalOTh HOBY Ta CYTTEBY MiATPUMKY
HalllMM JaHWUM, $SIKi BKa3ylOTh Ha YpaXeHHS JIiBOl
(1OMiHAHTHOT1) MiBKYJi IiC/as1 BHYTPIILIHBOYTPOOHOTO OM-
poMiHeHHS BHaCTigToK YopHOOMILCHKOI KaTacTpodu [73,
74]. OcTtaHHi HOPBE3bKi MOCIHIIKEHHS TaKOX BUSIBUJIN
JesKi acolialii BHYTPiIHbOYTPOOHOTO OMPOMiHEHHS
BHacinok YopHoOunbcbKoi KatacTpodu B Hopserii 3
OiABUILEHUM PU3UKOM PO3BUTKY AUTSIYOro lLiepeOpaib-
HOro Tapajiiay, po3yMOBOi BiAcTanocTi, MIM30(ppeHii,
eIniJierncii, a Takox i3 mpobjemMaMu 30py Ta ciyxy. Kpim
TOT0, Y HOPBE3bKMX IIPEHATAJIbHO OIIPOMiHEHUX IiTeii Oy-
JIO BUSIBJIGHO 3HUKEHHSI YCHILIHOCTI B 1IKOJIi, 0COOJUBO 3
MaTeMaTuku [75].

HenonaBHo HeoHaTaIbHI HACTIAKW OIMPOMiHEHHS TTiCJIs
YopHOoOUIBCHKOT KaTacTpodu Oyau J0CTiAXKEHI B KOTOPTi
2582 oci0b, gKi 3a3HaJIM BHYTPIITHEOYTPOOHOTO BIUTMBY 1B
Ha TiBHOUi YKpaiHu, IJisl IKMX OYI1 AOCTYITHI OLIIHKM J10-
31 ¥ g mmurononioHoi 3a7m03u. BoHu BUABWIM MOAIOHI,
TaTUCTUYHO 3HAYYIIi J0303aJeXKHi 3MEHIICHHSI K OK-
pyxHocTi ronosu —1,0 emIp™!, p = 0,005), Tak i OKpyK-
HocTi rpyaHoi kiiTku (-0,9 em-Ip, p=10,023), a TakoxX aHa-
JIOTiYHe, ajie He3HaYHe 3MEHIIIEHHS JOBXWHY Tijla HOBOHA-
pomkenux (-0,6 cm-Ip?, p = 0,169). TpusaymicTth rec-
TaLiHOTO Iepiony 3HAaYHO 301IbLIyBaIaCs 3i 30UIbILIEHHSIM
BHYTpilHBOyTpoOHOI 1031 (0,5 Tikusa-Ip, p = 0,007). He
OyJ10 BUSIBJIEHO TOCTOBipHOTO (p > 0,1) BIIMBY 103U TIJ10-
Jy Ha Macy TiJla npu HapojxeHHi. CrioctepexyBaHi
acolialil ompoMiHEHHS pagioioI0M 3i 3MEHILEHHSIM OK-
PYKHOCTi TOJIOBY Ta TPYAHOI KJIITKA Y3rOIXKYIOThCS 3 TH-
MM, III0 CITOCTEpirajavcs y IpeHaTaJbHO OMPOMiIHEHUX
SITOHLIIB, SIKi BUKWJIM TICJISt aTOMHKUX OoMObapayBaHb [76].

HesBaxkarouu Ha 3pOCTaHHS 3aXBOPIOBAHOCTI Ha ILIU-
30(peHilo cepel THX, XTO MEPeXUB IpeHaTalbHE OIl-
POMiHEHHSsI, BHACJiJOK aTOMHOro 6omobapayBaHHs Ha-
racaki, mMuTaHHs Mpo poJib IB y po3BUTKY Lii€l maToaorii
3aJIMIIAEThC BiaKputuM [77]. Psan pamioHeiipoeMOpio-
JIOTIUHMX MyOJiKalLiil mMiATPUMYE TilmoTe3y MPO MOXIM-
BUI1 3B’SI30K IIPEHATAJIbHOI'O OIIPOMiHEHHS Ta ITiIBUIIIE-
HUIA PU3UK BUHMKHEHHS IMIM30(ppeHii B MOAAIbIIOMY
KuUTTi. Buxomsun 3 MopdohyHKIIIOHATbHUX 3MiH Y MO3-
Ky Ta AeIKUX TOBEIiHKOBUX PUC y MpPUMATiB ITiCis
BIIMBY IB BHYTPIiIHOYTPOOHO, B OCTaHHI AECATUIITTS
cepell iHIIMX pOo3JIamiB HEHPOPO3BUTKY IIPOIOHYETHCS
mu3odpeHisd, cnpuumHeHa papmiamielo [78—85]. L
SIMOHCHKI KJIiHIKO-eITiIeMioaoriyHi, a TaKoX eKCIlepu-
MEHTaJbHiI JaHi BXe OTPUMAJIM KIiHIKO-emiIe-
MiOJIOriyHe MiATBEPIAKEHHS 3aBASIKWA MNOTEHUiAHOMY
30iBIIEHHIO PU3NKY IIM30(pPEeHii ITicas ImpeHaTaJIbHOl

memory, speed of information processing and
executive functions compared to unexposed con-
trols. It should be emphasized that the findings of
the Norwegian authors’ research provide new and
substantial support to our data related to the
damage of the left (dominant) hemisphere fol-
lowing prenatal exposure due to the Chornobyl
catastrophe [73, 74]. The recent Norwegian stud-
ies have shown some associations of prenatal
exposure due to the Chornobyl catastrophe in
Norway with an increased risk of cerebral palsy,
mental retardation, schizophrenia, epilepsy, as
well as vision and hearing problems. Further-
more, in the prenatally irradiated in Norway a
decline in school performance, especially in
mathematics, was revealed [75].

Recently, neonatal outcomes following the
Chornobyl disaster were investigated in a cohort
of 2582 in utero-exposed individuals from north-
ern Ukraine for whom estimates of fetal thyroid
I-131 dose were available. They found similar,
statistically significant dose-dependent reduc-
tions in both head circumference (-1.0 cm -Gy,
p = 0.005) and chest circumference (-0.9 cm-Gy™',
p=0.023), as well as a similar but non-significant
reduction in neonatal length (-0.6 cm-Gy!, p =
0.169). Gestational length was significantly in-
creased with increasing fetal dose (0.5 wks'Gy™!,
p = 0.007). There was no significant (p > 0.1)
effect of fetal dose on birth weight. The observed
associations of radioiodine exposure with
decreased head and chest circumference are con-
sistent with those observed in the Japanese in
utero-exposed atomic bomb survivors [76].

Despite the increased incidence of schizophre-
nia in those prenatally irradiated, who survived
the atomic bombing of Nagasaki, the question
about the role of IR in causing such excess
remains open [77]. Series of publications in
radioneuroembryology support the hypothesis of
a possible association of prenatal radiation expo-
sure and excessive schizophrenia risk in a further
life. Based on morphofunctional changes in the
brains and some behavioural consequences in
primates following exposure in utero, in recent
decades among other neurodevelopmental disor-
ders, radiation-induced schizophrenia is pro-
posed [78—85]. These clinical-epidemiological
Japanese and experimental data have already
received the clinical and epidemiological
acknowledgement through potential schizophre-
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JiaTHOCTUYHOI peHTreHorpadii B €pycaluMchbKiii Ko-
roprti [86, 87].

Hawi pocnigkeHHsIT 0cOOJIMBOCTEN OopraHa 30py OIl-
POMiHEHUX BHYTPIITHLOYTPOOHO OCi0O MokKaszajau, 110 B
rpynax CHOCTEPEKEeHHsI BUSBISETHCS ITiABUILECHUIA
piBeHb BajJ po3BUTKY oueii [88]. Cepen aiarHOCTOBaHUX
BPOIKEHUX Bajl, MOLIMPEHICTh BPOJXKEHOI KaTapaKTU
cepel IpeHaTajJbHO OMPOMIHEHMX 3HAYHO BUILA, HIX Y
rpymi nopiBasiHHS (RR = 4,62, 95 % A1: 1,3; 16,7). Cnio-
cTepirajiacsi 3Ha4HO BMIIA YaCTOTa BPOJIKEHOI KaTapak-
T y 0Ci0, mMarepi SIKMX IIiJl Yac BariTHOCTi OTpuMaju
iHAMBIAYyaNbHi 3arajbHi epeKTUBHI 103U 75 M3B a00 BU-
111e, TTIOPiBHSIHO 3 TUMU, YU1 1031 MaTepiB Oy HUKIM-
mu 3a 75 M3B (RR =6,22, 95 % A1: 1,34; 28,96) [89—91].
Y rpymi onpoMiHeHUX BHYTPIIITHLOYTPOOHO (SIK i B TpyTIi
MOPIiBHSAHHSA), HE CIIOCTEpirajoch TUIOBOI KJIiHiYHOIL
KapTUHU palialliiiHOI KaTapaKTH, OMMCAHOI y 0ci0, sIKi
3a3HajIy OMPOMiHEHHS B AOPOCAOMY Billi [92] i B 3HaUHO
OiTbIIMX mo3ax [93], HaTOMiCTh BPOMXKEHI 3MiHU KPUIII-
Tanuka oyau nojiMmopdHumu [88].

JoBeaeHo, 1110 Y AOPOCIOro HaceJIeHHS padialiiiHuit
BIUIMB CIIPUYMHSIE IIPUCKOPEHE CTapiHHSI OpraHa 30py,
1110 BUSIBIISIETHCS, 30KpeMa, Y J0303aIeXKHOMY 3HDKEHHI
akoMoJjalliiiHoi 3maTHOCTi [94]. I1pu oOGcTexXeHHi CTaHy
OKa y TUTSYOr0 HAaCceJeHHS palioaKTUBHO 3a0pyAHEHUX
TepUTOpili, TOOTO B 30HAX, € HACCJICHHS 3a3Ha€
pagialifiHOTO BIUIMBY Y BiZHOCHO HEBEJIMKUX H03aX
(HaOLILIIMM 030Be HaBaHTaXKeHHsI OyJsio y 1986 polii)
[95—99]. BcranoBieHo, 1110 y MiWIiTKiB y Bii 16—17,5
POKY Ha 3aBepllaibHili (a3i pedpakToreHesy yacTora
MioITii OyJa pi3HOIO 3aJIexKHO Bif yacy HapomkeHHs. Ce-
pel TUX, XTO OJepKaB OIMPOMiHEHHS B eMOpiOoHAJIbHOMY
nepioni adbo Ha MepIIOMY POLIi XXUTTS, MiOITisl BUSIBJIEHA
B 11 % BuUIagKiB; y ONpOMiHEHMX y Billi 1—3 pokiB — y
29 %; y niteit, gki Hapoauaucs yepe3 4—6 poKiB MicJs
aBapii Ha YAEC —y 5 % [100, 101].

Y rpyni onpoMiHeHMX BHYTPIIIHBOYTPOOHO OCi0
3a(hiKCOBAHO 3HAYHO OiMbIIy IMOLIMPEHICTh MaTOJIOTiu-
HUX 3MiH CYOUH CITKiBKM OKa, MOILUMPEHICTh LIMX 3MiH
cranoBuia (176,7 + 15,8) %o, TOMi SIK y TPYITi TTIOPiBHSIH-
H1 — (51,98 = 7,81) %o [88]. TeHmeHLii po3BUTKY
aHriomnariit CiTKiBKM y Lili TpyIli € aHAJIOTIYHMMU 3MiHAM
CYAMHHOI TMAaToJIOTii y rpymnax oci0, OINpOMiHEHUX Yy
3HAUHO OiNMbIIMX Jo3ax y mopociaomy Bimi [102, 103].
BigHocHUII pU3WMK PO3BUTKY aHTIONATii CiTKiBKUA IS
0ci0, OMPOMiHEHUX BHYTPIIIHLOYTPOOHO, MOPIiBHSIHO 3
KOHTpoJsieM, ctaHoBuB 4,74 ipu [11: 3,3; 6,8, x> = 91,7,
p < 0,001 [103]. IlepcnieKTUBHM € BUBUEHHS CTaHY MiK-
POLIMPKY/SITOPHOTO pycJja i KpoBOOOITy B LiTiapHOMY TiJli
Yy ONpPOMIHEHMX in utero, ajKe B YYaCHMKIB aBapiliHUX
po6iT Ha YAEC ixHi 3Minu peectpyBaiuch [104, 105].

nia risk increase after the prenatal diagnostic X-ray
in the Jerusalem cohort [86, 87].

Our studies of the features of the organ of vision
irradiated in utero showed that in the observation
groups there is an increased level of malformations
of the eyes [88]. Among diagnosed congenital mal-
formations, the prevalence of congenital cataracts
among prenatally irradiatedwas significantly high-
er than in the comparison group (RR =4.62, 95 %
CI: 1.3; 16.7, especially in those persons whose
mothers received individual total effective doses of
75 mSv or higher during pregnancy, compared
with those whose maternal doses were lower than
75 mSv (RR =6.22, 95 % CI: 1.34; 28.96) [89—91].
In the group exposed in utero (as well as in the
comparison group), there was no typical clinical
picture of radiation cataract described in persons
exposed to adulthood [92] and in much higher
doses [93], but congenital lens changes were poly-
morphic [88 ].

It has been proven that in the adult population,
radiation exposure causes accelerated aging of the
visual organ, which is manifested, in particular, in a
dose-dependent decrease in accommodation capac-
ity [94]. When examining the condition of the eye in
children, radiation-contaminated areas, i.e. in areas
where the population is exposed to radiation in rela-
tively low doses (the highest dose load was in 1986)
[95—99]. It was found that in adolescents aged
16—17.5 years in the final phase of refractogenesis,
the frequency of myopia was different depending on
the time of birth. In those who received radiation in
the embryonic period or in the first year of life,
myopia was detected in 11 %; in irradiated people
aged 1-3 years — 29 %; in children born 4—6 years
after the Chornobyl accident — 5 % [100, 101].

In the group of irradiated in ufero, a significantly
higher prevalence of pathological changes of the reti-
nal vessels was recorded, namely (176.7 £ 15.8) %o,
while in the comparison group (51.98 = 7.81) %o
[88]. Trends in the development of retinal angio-
pathies in this group are similar to changes in vascu-
lar pathology in groups irradiated at much higher
doses in adulthood [102, 103]. The relative risk of
developing retinal angiopathy for subjects irradiated
in utero, compared with control, was 4.74 with CI:
3.3;6.8,x*=91.7, p <0.001 [103]. It is promising to
study the state of the microcirculatory tract and
blood circulation in the ciliary body in irradiated in
utero, because the participants of the Chernobyl
emergency works registered their changes [104, 105].
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IIpoBeneHO nmOCIiTKEHHS CTaHy MaKyJsIpHOi 30HU
CiTKiBKM 84 ONpPOMiHEHUX BHYTPIlIHBOYTPOOHO
BHacainok YopHOOMILCBEKOI KaTtacTpodu ocid, odcre-
KeHux y Billi 14-30 pokiB. KoHTpoabHY IpyIy CKaau
165 ocib, siki He 3a3Hajy BHYTPIIIHLOYTPOOHOTO OII-
pPOMiHEHHS i OyJIM 0OCTeXKeHi B TOMY X Billi, 1110 i 0CO-
0u ocHOBHOI rpynu. Yactora MakyasipHOI AereHepalii
CITKiBKM Yy OIPOMIHEHUX in utero B rpyri OTJISTHYTHUX Y
Biui 14-30 pokiB mocsarna 95,23 £+ 32,03 na 1000 [106].
Kiinika 3MiH MakyJsIpHOI 30HM B YyCiX BUMOaIKax
BiAIoOBiIana KapTUHI BiKOBOI MaKyJISIpHOI JereHepatiii
(BMM), o, ogHak, BUHUKJIA Y HAA3BUYAilHO paHHBO-
MY Billi. ¥ rpyIti KOHTPOJIIO ITOYATKOBI 3MiHU CITKiBKM B
MaKYyJISIpHiil 30Hi CITOCTepirajuch 3 4yactoroo 17,86 *
10,31 ra 1000. IToxa3aHo HasgBHICTb BipOTiTHOI Pi3HUIII
B mommpeHocti BMJI Mix rpymnoio ompoMiHEHUX in
utero i koHTpoaem (x> = 7,83, p = 0,0026), BinHOCHUI
PM3UK 11 HASIBHOCTI IJISI OMPOMiHEHMX BHYTPIilLIHbOYT-
poOHO BHacigok YopHOOMILCHKOI KatacTpodu, obc-
TexxeHux y Billi 14—30 pokiB, B MOPiBHSIHHI 3 HEOII-
POMiHEHUM KOHTPOJIEM B TOMY X Billi, CTAaHOBUB 5,238
(AI: 1,43; 19,23) [106]. Panniit po3BUTOK MaKyJISIpHOL
JlereHepallii 3 KJiHi4uHOIO KapTuHow BMJI, xapakTep-
How aa ompomiHenux [107, 108], i momidbHoOIO 10
KJIiHIYHO1 KapTMHU BiKOBOI JereHepauii Makyaud y 3a-
ranpHin nmomymauii [106, 109], cBimuuTh PO 3arposy
paHHBOI BTpaTh mTpodeciiiHOoi TIPUIATHOCTI Ta
MMOBipHY IOTpeOY B 3HAUHMX MEAUYHUX BTPYYaHHSIX
[110, 111].

KocmiyHe BUNpomiHIOBaHHS Ta BiCb «OKO—MO30K»
JocaimkeHHsI KOCMOCY — OlHA 3 HAWMPUBAOIMBIIIINX 11i-
Jiert mopactea. He3Bakarouu Ha 11e, iCHYIOTb IesIKi pU3UKH,
SIKi CTaBJISATh IIiJi CYMHIiB MOXJIMBICTb 11 JTOCSITHEHHS, i
3HAYHY 1X YaCTMHY MOXHAa BiJTHECTU Ha paxyHOK BILIMBY
IB na pi3Hi 6ionoriuni cuctemu. I11aHu MiJIoTOBaHOTO T10-
JIbOTY IO HAaBKOJIO3EMHOTO acTepoina abo MOJOpOXi Ha
Mapc BUKJIMKAIOTh CEp03HY CTypOOBaHICTh 111010 JOBIO-
CTPOKOBOTO BITIMBY KOCMIYHOI pamiallii Ha 310pOB’s JIo-
JIHU 1 HaSIBHOCTI BiIMOBIAHMX T€PaleBTUUHUX BTPyYaHb
[112]. IcHyr0Ui MOTYXKHOCTI, 5IKi BAKOPUCTOBYIOTHCSI TIPU
KOCMiYHMX MOJIbOTAX, € HEMOMIPHO KOIUTOBHUMMU JIST 10~
TPUMaHHSI BUMOT 11100 MAacH €KpaHyBaHHSI, SIKE Ma€ 3a-
XUCTUTH aCTPOHABTIB Bill KOCMiYHOIO BUITPOMiHIOBAHHS
[113]. 3minu LITHC BinOyBaroThcs SIK i Yac, Tak i Micyst
KOCMIUHOTO IMOJILOTY Y BUIJISIII HEMPOBECTUOYJISIPHUX PO3-
JIaJiiB, 3MiH KOTHITUBHOI C(pepu Ta CEHCOPHOTO CPUIAHST-
T, 3MiLLIEHb LIepeOPOCTTiHAILHOL PiTUHU, a TAKOX ICUXO0-
JIOTIYHUX MopylieHsb [114], mpu 1ibOMy BIUIMB MaJIUX 103
IB BuxkiMkae cepito3Hi HEHPOKOTHITUBHI YCKJIAIHEHHSI,
OB’ s13aHi 3 MOpyIIIeHOI0 HelpoTpaHcMmiciero [115].

The macular area of the retina was studied in 84
persons irradiated in utero as a result of the
Chornobyl disaster, examined at the age of 14-30
years. The control group consisted of 165 people
who were not prenatally exposed to radiation and
were examined at the same age as the main group.
The frequency of macular degeneration of the reti-
na in irradiated in utero examined at the age of 14-
30 years reached (95.23 £ 32.03) per 1000 [106].
The clinic of changes in the macular area in all cases
corresponded to the picture of age-related macular
degeneration (AMD), which, however, arose at an
extremely early age. In the control group, the initial
retinal changes in the macular area were observed
with a frequency of (17.86 £ 10.31) per 1000. A sig-
nificant difference in the prevalence of AMD was
highlighted between the group of irradiated in utero
and the control (y2 = 7.83, p = 0.0026), the relative
risk of its presence for those irradiated in utero due
to the Chornobyl disaster, examined at the age of
14—30 years, compared with the non-irradiated
control at the same age, was 5.238 (1.43; 19.23)
[106]. Early development of macular degeneration
with the clinical picture of AMD, characteristic of
irradiated [107, 108], and similar to the clinical pic-
ture of age-related macular degeneration in the
general population [106, 109], indicates the threat
of early loss of fitness and the probable need for sig-
nificant medical interventions. [110, 111].

Cosmic radiation and «eye—brain» axis
Exploring space is one of the most attractive goals
humanity ever set. Notwithstanding, there are some
risks that question the possibility of its achievement,
and a great part of them may be attributed to the
effects of ionizing radiation on different biological
systems. The plans for manned spaceflight to a
near-Earth asteroid or a journey to Mars raise seri-
ous concerns about long-term effects of space radi-
ation on human health and the availability of suit-
able therapeutic interventions [112]. Current power
systems used to achieve space flight are prohibitive-
ly expensive for supporting the weight requirements
to fully shield astronauts from cosmic radiation
[113]. The brain changes occur during and after
spaceflight in the form of neurovestibular problems,
alterations in cognitive function and sensory per-
ception, cephalic fluid shifts and psychological dis-
turbances [114], at that low-dose rate exposures
produce serious neurocognitive complications asso-
ciated with impaired neurotransmission [115].
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Y HoBomy MetaaHanizi E. Cacao i E Cucinotta (2019)
[21] Oys0 OOrpyHTOBAaHO, 11O JiHiliHI Ta JiHiAHO-KBaapa-
TUIHI MOJEJi 103a-e(eKT BiTHOCHOTO PU3NKY KOTHITUB-
HUX TOpPYLIEHb Yy MULIEH i 1IypiB MiCJIsA ONPOMiHEHHS
MPOTOHAMU Ta BaXKKMMU iOHAMM BOJIHIO Ta IeJlito € HeoC-
TaTHLO TOUHUMMU. [TpoTe Taki epexTu miist 103 go 1 Ip 106-
pe€ OIMCYIOThCS €KCHOHEHLiaAbHUMU MOACISIMU 1LiTb-
HOCTI OTOKY YaCTOK, 1110 CIIOCTEPIraroThCs i3 3a/IeXKHICTIO
JIiIHiTHOT TTepeaadi eHeprii, aHaJIOTiYHOI KJIaCUYHIl Xapak-
TEPUCTULL 0i0NOTIYHOI €(DEKTUBHOCTI BUITPOMiHIOBAHHS,
gKa gocgrae miky omusbko 100—120 xeB-MxM™! i 3HU-
JKYETBCS TIPU OiIbILI BUCOKMX 3HAYEHHSIX JIiHIHOI Tiepe-
nadi eHeprii. [1pu 1ibomy joraprdmiuyHa Moesb repeada-
yae MOpir J03M Bid OINPOMiHEHHS BaXKMMHW iOHaMH,
piBHUM nipubam3Ho Juie 0,01 Ip, 119 KOTHITUBHUX TTO-
pylleHb, TOB’I3aHUX 3 pO3ITi3HABaHHSIM HOBHUX 00’ €KTIB
(y rpusyHiB) [21]. HemonaBHo OyJjio BUSIBJIECHO, 1O MPO-
JIOHTOBaHMU BILIMB HEMTPOHHOIO BUMIPOMiHIOBAaHHS B 18
clp BUKIMKae MHOXWHHI 3MiHM eleKTpodi3ioJoriuHNX
BJIACTUBOCTEH TlipaMigaJbHUX HEMPOHIB ITOBEPXHEBOTO
mapy CAl B gopcajibHOMY TiMOKaMIIi, sIKi 30epiraroTbest
yepe3 IIiCTh MICSLIB Micasl 3aBepLIEHHST ONPOMiHEHHS
[115]. IcHyOTh TTIOOOIOBAHHSI, 11O MOTIpILIEHHS 30py il
yac Ta ITic/as KOCMiYHMX TOJIbOTIB MOXE IOCTaBUTH il
3arposy, SIK 3aBJaHHS Micii, TaK i JOBFOCTPOKOBY SIKiCTb
KUTTS aCTPOHABTIB MicCJIsl 3aBeplleHHsI ToJIboTy. TTopy-
LLIEHHSI 30pY MOXYTh OYyTU CIIPUYMHEH] NOEIHAHHSIM 3MiH
BHYTPiITHLOMO3KOBOro THcKy i BrummBy IB. CitkiBka Ta
CyIMHHA Mepexa CiTKiBKM BilirpatoTh BaXJIMBY POJIb B 30-
poBilt (hyHKIIii, age He OyaM IIUPOKO BUBYEHI Y 3B’SI3KY 3
KOCMIYHUMU T1OJOPOXKAMU i KOCMiYHUM BUIIPOMiHIOBaH-
HaM. BrnnuB manux no3 IB, aHanoriunuii peajbHOMY
KOCMIYHOMY CEpeIOBUIILY, BUKJINKAB OKCUAATUBHE ITOIII-
KOMXXEHHS 1 aloITO3 B CITKIBLI y 6-MiCIYHMX CaMIIiB
muiieit C57B1/6J, onpominenux ionamu 600 MeB/n '*O
(B mozax 0; 0,1; 0,25; 1 Ip), mpoToHaMH, MOAIOHUMU 10
YAaCTUHOK, SIKi BUSIBIISIFOTBCSI NpU cltanaxaXx Ha CoHI
(0; 0,1; 0,25; 0,5 Ip) Ta ramma-nipomenrsimu “Co (0; 0,1;
0,25; 0,5 Ip). 3HauHi 3MiHA B eHAOTEMATBLHUX KIIITMHAX
CiTKiBKM Bim0OyBaroThcs BxXe mipu no3ax 0,1 Ip. IleBHi gani
TAKOX CBiI4aTh Mpo Te, 10 '*O-iOHM BUKIMKAIA iCTOTHO
BUIIy YaCTOTy aIloNTO3y B CHOOTEIaIbHUX KIITUHAX
CiTKiBKHM TTOpiBHsTHO 3 TpoToHamu (p < 0,05) [116]. Herro-
JaBHi eKCIIepUMEeHTaJIbHi JOCTiIKEHHS Ha rpuU3yHax, sKi
3a3HaJIM BIUIMBY ITOTOKIB YACTMHOK B Pi3HUX ITOETHAHHSIX,
NoaidHUX 10 KOCMiYHOrO BUITPOMiHIOBaHHS, MPOAEMOH-
CTPpyBaJIM iCTOTHE TIOTIpILIIEHHSI BUKOHAHHSI Pi3HUX I1O-
BemiHkoBux 3amaud [117, 118]. OgHak OCHOBHMM OOMe-
>KEHHSIM 1IMX TOCTiIKeHb OYB TOU (baKT, 110 MOTYXXHiCTh
Jo3u Oyna BUIA BiJl OYiKyBaHOI ITii 4yac MOJOPOXi B
JajabHiil kocMoc (tooto ~ 1 MIp-menr') [119]. IHie exc-

In the novel meta-analysis by E. Cacao and
F. Cucinotta (2019) [21] it was justified that lin-
ear or linear-quadratic dose-response models of
relative risk (RR) of cognitive detriments in mice
and rats after proton and heavy ion exposures do
not provide accurate descriptions. However, good
descriptions for doses up to 1 Gy are provided by
exponentially increasing fluency or dose-
response models observed with a LET depend-
ence similar to a classical radiation quality
response, which peaks near 100—120 keV-um
and declines at higher LET values, at that the log-
normal model predicts a heavy ion dose threshold
of approximately only as low as 0.01 Gy for novel
object recognition (NOR) related cognitive detri-
ments [21]. It was recently revealed that exposure
to a protracted 18 cGy dose of neutron radiation
produces multiple changes in the intrinsic elec-
trophysiological properties of CAl superficial
layer pyramidal neurons in the dorsal hippocam-
pus that persist at six months after the completion
of irradiation [115]. There is concern that vision
deterioration following space flights may com-
promise both mission goals and long-term quali-
ty of astronauts’ life after space travel. The visual
disturbances may be due to a combination of
intracerebral pressure changes and exposure to
IR. The retina and the retinal vasculature play
important roles in vision, yet have not been stud-
ied extensively in relationship to space travel and
space radiation. The exposure to low-dose IR,
similar to real space environment, induced
oxidative damage and apoptosis in the retina in
the 6-month-old male C57BI1/6J mice whole-
body irradiated with 600 MeV/n '°O ions (0; 0.1;
0.25; 1 Gy), solar particle event (SPE)-like pro-
tons (0; 0.1; 0.25; 0.5 Gy) or **Co gamma rays (0;
0.1; 0.25; 0.5 Gy). Significant changes in retinal
endothelial cells occur at doses as low as 0.1 Gy.
Data also evidenced that 'O ions induced sub-
stantially higher frequency of apoptosis in retinal
endothelial cells compared to protons (p < 0.05)
[116]. The recent experimental studies in rodents
exposed to streams of particles in different com-
binations similar to space radiation demonstrated
substantial deterioration of performance in vari-
ous behavioral tasks [117, 118]. However, the
main limitation of those studies was the fact that
the dose rates were higher than that expected
to be undergone during deep space travel (i.e.
~1 mGy-day') [119]. Another experimental
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MepyUMEHTaIbHE IOCHIIKEHHST Ha MMIIAYUX MOJIETISIX,
npoBeaeHe 3 OUTbII TOYHUM MOJETIOBAHHSIM KOCMIYHOTO
paniauiiiHOro cepeaoBuilia, oKasajo, 1110 paaialiiiHe om-
POMIHEHHSI ITPU XPOHIYHOMY (6 MiCSILIiB) BIUTMBI HU3BKUX
103 (18 cIp) Ta HM3bKOI ToTYKHOCTI 103U (1 MIp-HeHB ') y
3MillIaHOMY TTOJIi HEUTPOHIB i (DOTOHIB MPU3BOAUTH J10 TTO-
pYLIEHHsI KJIITUHHOI Mepeaadi CUTHaliB B Tilmokami i
npedpoHTaNIbHIN KOpi, 110 MOXeEe MOTipLIMTA HaBUYaJbHi
Ta MHECTHYHI IPOLIECH, MPU3BECTU IO IMOCUJICHHSI TPU-
BOXXHOI TOBEAiHKM, 11O B CBOIO Yepry CBiAYWUTb MpPO
panmiamiiiHe TTOIKomKeHHsT Murnannau (amygdala). Ie-
pendavyaeThbesl, IO IO Yac MOJLOTY B JAlbHili KOCMOC
MpUOJU3HO KOXEH ITSITMA acTpOHABT Oyae BigdyyBaTu
TPUBOTY, a KOXEH TPETili BiTuyBaTUMe MEeBHi MOPYILIEHHS
nam’ari. KpiM Toro, Moxke BUHUKHYTH TTpoOiemMa 3 TIpuii-
HATTIM pimeHsb [115]. Tomy mmaHyBaHHIO MaiOyTHiX
MporpaM MiXIUIAHETHMX KOCMIYHUX ITOJIbOTIB MOBUHEH
nepeayBaTy BCEOCSKHUI 1 BCEOIUHMIA aHAaTi3 LIUX MOXKJIU -
BUX e(DEKTiB.

JIBoma KepeslaMu KOCMIUHOTO BUITPOMiHIOBaHHS, SIKi
MOXXYTh BIUIMHYTH Ha TIOJIT 32 MeXaMW MarHiTHOTO IIOJIsT
3eMJli, € COHSTYHI YACTUHKMU i raJTaKTUYHI KOCMiuHi MpOMeHi
[120]. B3aemonmist TaTaKTHIHUX KOCMIYHUX TIPOMEHIB 3 eK-
paHyIOUMM MaTtepialoM KOCMIYHOTO KopaOJjisd MpU3BOAUTH
JI0 3HAYHOTO BUKUIY BTOPUHHMX HEUTPOHiB [121]. Y 1960-x
PpOKax BBaXKaJIH, 1110 MO30K i OpraH 30py HEUYTJIMBI 10 BITIN-
BY KOCMiYHOTO BUIIPOMiHIOBaHHSI. byiio 3po0JieHO BUCHO-
BOK, 1110 «(1) TKAHMHM rOJIOBHOTO MO3KY YK€ HEUYTIMBI 0
IIbOTO TUITY BUTIPOMiHIOBAaHHSI, (2) 1€ BUTIPOMiHIOBaHHSI Oy-
JI¢ BUKJIMKATU HEe3HAYHI MOPYIICHHS B KPHUINTAJIMKY OKa,
ajie B 1IJIOMY BOHM He IIPU3BOISTE 10 YTBOPEHHS KaTapak-
TH; i IKIIIO i BIUTMHE, TO He3HAYHO» (3) MpU ypakeHHi BOJIO-
csiHOTO (DOJTiKy/1a, BoJoCCs, sIKe TTOXOAUTUME 3 HbOTO, TT0-
Takox 3a3Hayajloch, IO BaXKi YaCTHMHKH
KOCMIYHMX IPOMEHIB «HE CTAHOBJISITh CEPIAO3HOI ITpOodIeMU
JJIS1 TIJIOTOBAHOTO KOCMIUHOro momboTy» [122]. OmnHak
Mi3Hile ui monisay oyau nepenisaHyTi. Jo 1986 poky 6yi10
MOKa3aHo, 110 KAaITJISIPHI KPOBOBWJIMBY MOXKYTh BUHMKATU
micasl iIHTEHCMBHOIO OINPOMiIHEHHSI TOJIOBHOTO MO3KY, 11O
PO3BUBAEThCS, YACTUHKAMM 3 BUCOKOIO JiHIIIHOIO TIepena-
Yelo eHeprii a mIiajgbHa ChcTeMa Ta reMaToeHUedaTiyHuiA
0ap’ep BIIHOCHO YYT/IMBI A0 MOILIKOMKEHHS, iHTYKOBAHOTO
IB. Ockinbku penapauis JHK aktuBHO BimOyBaeThcs B
HEPBOBIill crcTeMi, MOXHA MPUITYCTUTH, 1110 3HAYHA YaCTH-
Ha IIbOT0 MOJIEKYJISIPHOT'O TTPOLieCcy MOXKe OYTH MOPYIIEHOIO.
Yepes Te, 10 AJ151 €KCIPECil KIIITUHHOI JIETATbHOCTI 3a3BU-
yaif moTpiOHO 3aiKCyBaTH TTOMI KJIITUH, a HEPBOBI KITITH-
HM MalOTh HaJI3BUYAHO HU3bKY IBUAKICTD TiUIEHHS, MOX-
JIUBO, 1110 JesIKi XapaKTepHi 3MiHU TTepeT4acHOTO CTapiHHS
MOXYTb SIBJSITU COOOIO BiATepMiHOBaHMWIA egeKT Herpa-
BWJIBHOTO BiTHOBJICHHSI XPOMAaTUHY B MO3KY. 3MiHUA MiKpO-

CUBIE».

study on mouse models, carried out with more
precise space radiation environment simulation,
reported that the radiation exposure of chronic
(6 month) low-dose (18 ¢Gy) and dose rate
(1 mGy-day') exposures to a mixed field of neu-
trons and photons result in impaired cellular sig-
naling in the hippocampus and prefrontal cortex,
resulting in learning and memory impairments,
may lead to increased anxiety behaviors, indicat-
ing the radiation-induced amygdala damage. It is
assumed that during a deep space mission
approximately one in five astronauts would expe-
rience anxiety-like behavior and one in three
would experience certain levels of memory
impairments. Additionally, there may be a strug-
gle with decision-making [115]. Therefore, the
future interplanetary space flight program plan-
ning should be preceded by a comprehensive and
thorough analysis of such effects.

The two cosmic sources of radiation that
could impact a mission outside the Earth’s
magnetic field are SPE and galactic cosmic rays
(GCR) [120]. GCR interactions with the
shielding material of a spacecraft produce a
substantial emission of secondary neutrons
[121]. In 1960s it was assumed that brain as well
as organ of vision are not sensitive to the impact
of cosmic radiation. As it was concluded than,
«(1) brain tissue is very insensitive to this type of
radiation, (2) this radiation will cause minute
abnormalities in the lens of the eye but in gen-
eral these do not progress to form cataracts; but
if they do, they remain extremely small, (3) if a
hair follicle is hit, the hair from that follicle will
turn grey». It is concluded that the heavy cos-
mic ray particles do not pose a serious problem
for manned space flight» [122]. However, later
these views were rethought. By 1986 it was
shown that capillary hemorrhages may follow
high LET particle irradiation of the developing
brain and the glial system and blood-brain bar-
rier (BBB) are relatively sensitive to injury by
ionizing radiation. While DNA repair is active
in neural systems, it may be assumed that a sig-
nificant portion of this molecular process is
misrepair. Since the expression of cell lethality
usually requires cell division, and nerve cells
have an extremely low rate of division, it is pos-
sible that some of the characteristic changes of
premature aging may represent a delayed effect
of chromatin misrepair in brain. Altered micro-
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LUPKYJIALii, 3HUKEHHS MiCIeBOro MeTadoi3My, iHBO-
JIIOLMAHI 3MiHM i 3HMXKEHHSI CMUHANTUYHOI IILIbHOCTI, Me-
peayacHa BTpaTa HEMpOHiB, Mi€IiHOBA AereHepallisi i IJTiajib-
Ha mpoJtipepallisl € Mi3HIMM O3HAKAMM TaKMX YIIKOIKEHb.
BuicokoeHepreTHyHi YacTMHKU ayxXe e(eKTUMBHI B CTBO-
PEHHi KaHLEpPOreHHoi TpaHchopMallil KIIITUH, AOCITal0un
MKy U YaCTUHOK 3aiiza [123].

CroroaHi BBaxkaeThcs, 1o pusuku 1 LIHC, ski Bkito-
YaloTb B cede SIK pU3MKU BJIACHE KOCMiIUHUX MOJbOTiB, TaK
i MPUXXUTTEBI PU3UKU, TIOB’I3aHi 3 BILIMBOM KOCMIYHOTO
BUIPOMIiHIOBAaHHSI, BMKJIMKAIOTh 3aHEMOKOEHHS B XO/i
JOBTOCTPOKOBUX JOCTITHUIBLKMX Miciii Ha Mapc abo B
iHII myHKTH Tipu3HadeHHs [119]. Oco6nuBoro mpobie-
MOIO TIpU BCTaHOBJEHHi LiepeOpoOodTaTbMOJOTIYHUX
edeKTiB € 3a0e3neueHHs paialiiiHol 6e3neKu i pagiono-
TiYHOTO 3aXUCTY IPY TPUBAIMX KOCMIYHUX MOJIbOTaX (Hall-
pukian Ha Mapc) yepe3 MOXIIMBI pafialiiifHi roctpi (min
yac MoJIbOTY) Ta BiagaJeHi HEAPOKOTHITHBHI, TOBEIiHKOBI
i odTaabMOJIOTiuHiI epekTH, IKi Ha JaHWI 4Yac po3Tisia-
IOThCS SIK KJIFOUOBE 00OMeXXeHHsI IuX Mmiciit [21, 119].

3aranbHOBiTOMUM (PaKTOM € Te, IO CBiIOMUIT TOCBif
3HAYHOIO MipOI0 3aCHOBAaHUN Ha CBIZOMOMY 30POBOMY
CIIPUIHATTI, i TOMY (POTOHM € BaKJIUBUMM CHUTHAJIAMU
JIJIsI HAIIOTO MOBCSAKAEHHOro mocBigy [124]. OgHak rmmin
BIIMBOM IB 30poBe cripuitHATTSI MOXe BUHUKHYTU 3a
BiICYTHOCTI Bi3yaJIbHO1 CTUMYJISILII 1K TaKoi. [loOpe Bigo-
MO, IIIO IIepIIi eTaIy 30POBOI0 CIIPUIHSTTS BKIIOYAIOTh
nepeaavy i 3aJOMJIEHHS CBiTJIa 3a JOIOMOTIOI0 ONTHUYHOI
CUCTEMU OKa, MEPEeTBOPEHHSI CBITJIOBOI €Heprii B €JIeKT-
PUYHI CHUTHaAIM 3a JOMOMOrol (oTopeLenTopiB i KO-
PEeKlil0 LIMX CUTHaJIiB Ha PiBHI CMHANTUYHUX B3aEMOMIN
BcepenuHi HeiipoHa [125]. IcHye npunyieHHs, 1o ¢oc-
(beHM CITKIBKM Bill yabTpaciadbKux (pOTOHIB T€HEPYIOThCS
yepes3 HaAMipHY KiJIbKiCTh BUIbHUX paaukaiis [124], Tomy
iX MOXHA pO3MNISIATH K CYTO ipUTAaTUBHUI (DEHOMEH.
BBazkaeTbes, 1110 ocheHM CiTKiBKM Tl yac KOCMiYHUX
MOJIOTIB CTBOPIOIOTH CEPUO3HY MpoOJieMy IS TOdalb-
LIMX TPUBAJIMX KOCMIYHMX Iomopoxeil [126]. deHomeH
CBITJIOBUX CITajiaxiB BKa3ye Ha Te, 1o IB Moxe 3MiHIOBa-
TH 30POBY MEPLEIIIiIO: CBITJIO BUAHO TaM, Jie HOro HEMaAE.
Lleit edbexT BBaxKa€ThCS MOTEHIIAHO KPUTUYHUM TTiJ] 4ac
KOCMIYHHUX MOJbOTIiB B yMOBaX, 110 BUMAaratoTh HaailAHOI
00po0OKM BizyanbHOI iH(opmaltii [127, 128]. MexaHi3Mm nii
petTuHanbHUX (ocheHiB HA 30pOBUI aHaII3aTOp B KOC-
MOCi aHaJIOTiYHUIi oncaHOMY paHinie. IB Moxe BUKIIM-
KaTd 3POCTaHHS IIEPEeKUCHOIO OKMCIICHHS IIITmiB B
CITKiBLIi Ta HaAMipHEe 301JIbILIEHHS KiJIbKOCTI BUILHUX pa-
JUKajiB, i, IK HaCIigoK, cujibHe O0i0(OTOHHE BUII-
POMiHIOBaHHS, SIK€ MOXe CIIpUMaTHCS K criajlaxu goc-
¢deHiB, BiANOBIAHO OO0 iHTepIipeTalii MO3KYy. Takum 4u-
HOM, TMMYacOBO MiABMIIEHA IIBUIKICTH eMicii Giodo-

circulation, decreased local metabolism, entan-
glement and reduction in synaptic density, pre-
mature loss of neurons, myelin degeneration,
and glial proliferation are late signs of such
injuries. HZE particles are very efficient in pro-
ducing carcinogenic cell transformation, reach-
ing a peak for iron particles [123].

Today it is believed that the CNS risks which
include during space missions and lifetime risks
due to space radiation exposure are of concern
for long-term exploration missions to Mars or
other destinations [119]. The special issue in the
establishment of cerebro-ophthalmic effects is
the provision of radiation safety and radiological
protection during long-term space flights, for
instance to Mars, due to the possible radiation
acute (in-flight) and remote neurocognitive,
behavioral and ophthalmologic effects, which are
now considered as a key limitation of these mis-
sions [21, 119].

It is a well-known fact that our conscious expe-
rience is strongly built on conscious visual percep-
tions and therefore photons are important signals
for our daily experiences [124]. However, under
the influence of IR visual perception can arise at
the absence of visual stimulation per se. It is well-
established that the first steps in the process of
seeing involve transmission and refraction of light
by the optics of the eye, the transduction of light
energy into electrical signals by photoreceptors,
and the refinement of these signals by synaptic
interactions within the neural circuits of the reti-
na [125]. There is a suggestion that retinal
phosphenes by ultraweak photons generated from
excess free radicals [ 124], so they can be treated as
a purely irritative phenomenon. Retinal
phosphenes during space travel are believed to
cause a major problem for long-term space travels
[126]. Light flashes (LF) phenomenon indicates
that ionizing radiation can alter perception: light
is visible where there is no light. This effect is con-
sidered as potentially critical during space flights
under conditions that require reliable processing
of visual information [127, 128]. The mechanism
for retinal phosphenes in space is similar to the
previously described one. IR can induce a signifi-
cant amount retinal lipid peroxidation and over-
production of free radicals and therefore strong
biophoton emission which can perceived as
phosphene flashes interpreted by the brain, i.e.
this is a sign that temporarily increased biophoton
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TOHIB Bin IB BUKIJIMKA€E MepeKMCHE OKMCIECHHS JiMiaiB
CITKiBKM i MOXe€ CJIYryBaTU peaibHOIO 0i0(hi3MYHOI0 OC-
HOBOIO cTTajiaxiB (poc(eHiB ITiJ Yac KOCMITHUX MTOJI0PO-
xKeit [124, 129]. BBaxaiocs, 1110 TaKi B3a€EMO/il MOXYTb
TaKOX 3ayilaTH iHIIi CEHCOPHi AUISHKU MO3KY i, MOX-
JIMBO, Ti, $Ki BiAMNOBiJalOThb 3a KOTHITMBHi (YHKIIIl,
CTBOPIOIOYY HOBi TUIIX KOCMIYHUX palialliiHUX PU3KKIiB
[130]. OmHak MUTAaHHS TIPO T€, YU € 1Ii ipPUTATUBHI SIBU-
1l1a B 30pOBiil cUCTEMi, OCOOJIMBO B MEPBUHHI 30pOBiii
NOTUJIMYHIA KOpi, MOCTIHHUMU YU OOOPOTHUMMU, iHILIN-
MU CjlOBaMM, JMHaMiKa TaKMX 3MiH y 4aci, Bce Ile
OYiKy€ CBOTO HAyKOBOTO JOKA30BOT0 BUPILLIEHHS.
Mo03040K, KOPTUKaJbHI CEHCOMOTOPHi i COMaTOCEH-
COPHi JiISIHKY, a TAKOX BECTUOYJISIPHI LIUISIXM, 3aTy4YeHi
JI0 Pi3HUX Mi3HABaJIbHUX MPOLIECIB, 10 JO3BOJISIE MPU-
MYCTUTHU, 1O L IMSTHKY MO3KY HalOINbII Bpa3IuBi Mpu
KOCMiYHOMY (MOJIeTbOBAaHOMY) MOJIbOTI [114]. MaiiOyTHi
001aCTi JOCTiIKEHb MOXYTbh BKJIIOYaTH BUBYEHHS KOHK-
pPETHUX TE€HETMYHUX O3HaK, SIKi MOXYThb MHOTEHLIMHO
BIUIMHYTU Ha BPa3jIMBICTh JIOAMHU IO OMPOMIHEHHS, i
BIIPOBAIXKEHHST OUTbII TOYHUX Ta YHi(hiKOBAaHUX OJI-
HOpPIiAHUX OMTaTbMOJOTIYHUX HiarHOCTUYHUX iHCTPY-
MEHTIB 151 JiaTHOCTUKU 3a4HbOI CyOKaIICYyJIsSIpHOI KaTa-
paxktu [130] 110, SIK HACTiAOK, MOXE BUSIBUTUCH KOPHC-
HUM U MaliOyTHIX MpodeciiiHUX BigOOPiB aCTPOHABTIB.

IHTepBeHUiiHa paaionoria

Ti, xT0 Mpauoe B iHTepBeHLIiHIN pagioorii i moB’s3a-
HUX 3 HEI0 MEIUYHUX Mpolieaypax, 3a3Hal0Th 3HAYHOTO
npodeciiitHoro BruuBy IB. PaniaiiliHo-iHIyKoBaHi Ka-
TapakTH MOXYTb CEPHO3HO BIUIMHYTU Ha mpodeciiHmit
piBeHb JIiKaps, AIKiCTb MOT0 XXUTTS i TPUBAJICTh Kap €pu
[131]. Ho3u onpoMiHEHHS IS iHTepBEHIIIHHUX 00CTe-
JK€Hb, SIK TTPAaBUJIO, BUCOKI, a OTKe MOTPEOYIOTh KOHTPO-
JIFO 103 JUIST MALIEHTIB i mepcoHaiy [132].

ITpoBigHi MixkHApOAHI iIHCTUTYTH, TaKi IK MixkHaponHa
KoMicig 3 paaiojnoriyHoro 3axucty (MKP3), Haykosuii
komiter OOH 3 nii aromHoi paagiauii (HKJIAP OOH),
MixnaponHe areHTCTBO 3 atomHoi eHeprii (MATATE) i
HauioHanbHa pana 3 pamialliiiHOro 3aXuCTy Ta BUMipIo-
BaHb (National Council on Radiation Protection and
Measurements, USA) HamararoTbCsl BUPIILLIUTUA MPOOJIEMY
PUBUKY PO3BUTKY KaTapaKTH IIPU XpOHIYHOMY podeciii-
HOMy ormnpomiHeHHi [58, 133—137]. Menu4yHe orpomi-
HEHHS Bill pEHTTeHIBCHbKUX MPOMEHIB B iHTEPBEHIIiIHII
paziosiorii Ta SAEpPHiI MeAULMHI BBaXKAETHCS HANOLIbII
3HAUyILIMM IUTYYHUM JIXKEpejaoM padialiiHOro or-
pOMiHEHHS, cepeaHs1 e(heKTUBHA 103a Bill SIKOTO CTaHO-
BuUTh 3,0 M3B Ha AyII1y HAaceJeHHS 3a PiK, 110 aHAJOTIYHO
panionoriyHoMy pusuky 150 peHTreHorpam rpyaHOi
xiiTuHM [138, 139]. 3axucT ronoBu i ouyeil HelipoiHTep-

emission rate from ionizing radiation-induced reti-
nal lipid peroxidation can be a real biophysical
basis of phosphene flashes during space travel [124,
129]. It was assumed that such interactions may
also concern other brain sensory regions and, pos-
sibly, those responsible for cognitive functions, cre-
ating new types of space radiation risks [130].
However, the question if those irritative phenome-
na in visual system, particularly in primary visual
occipital cortex, are persistent or reversible, in
other words, the temporal dynamics of such alter-
ations, is still waiting for its scientific resolving.

The cerebellum, cortical sensorimotor and
somatosensory areas as well as vestibular-related
pathways seem to be involved across different cog-
nitive proesses, suggesting that these brain regions
are most affected by (simulated) spaceflight [114].
Future areas of research could include the study of
specific genetic traits that could potentially affect
an individual’s vulnerability to radiation and
implementation of the more precise and unified
homogeneous ophthalmologic diagnostic tools for
the diagnosis of PSCCs [130] that and thereby can
be useful for the future professional selections of
astronauts.

Interventional radiology

The groups working in interventional cardiology and
related medical realms are potentially subject to con-
siderable professional exposure to IR. The radiation-
induced cataracts can severely impact the physician’s
professional proficiency, quality of life, and career
span [131]. Radiation doses for interventional exam-
inations are generally high and therefore necessitate
dose monitoring for patients and staff [132].

The leading international institutions such as the
ICRP, the United Nations Scientific Committee
on the Effects of Atomic Radiation (UNSCEAR),
the International Atomic Energy Agency (IAEA),
and the National Council on Radiation Protection
and Measurements have been trying to address the
problem of the risk of cataracts from a chronic
occupational radiation exposure [58, 133—137].
Medical radiation from X-rays in interventional
radiology and nuclear medicine procedures is con-
sidered as the largest artificial source of radiation
exposure accounting for a mean effective dose of
3.0 mSv per capita per year, similar to the radio-
logical risk of 150 chest X-rays [138, 139].
Protection of the head and eyes of the neurointer-
ventional radiologist is a growing concern, espe-
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BEHIIIIfHOTO pajiosiora BUKJIMKAE BCe OUIbIIE 3aHEIOo-
KOEHHSI, 0OCOOJIMBO TTiC/Is1 HELIOAABHIX MOBiIOMJIEHb IIPO
3aXBOPIOBAHICTh Ha pakK TOJIOBHOTO MO3KY Cepel ILIbOrO
TepCOHAITy i TepernIsiay MOPOTiB 103 IJIs KPUIITAIMKA OKa
[121]. ¥V cBiTIi HemogaBHO OTpPMMaHUX AAaHUX, IO
MOiATBEPIKYIOTh Taki modoroBaHHs1, MKP3 Bumycrtuia 3a-
SIBY PO TKAaHWHHI peakilii (paHillle BOHU Ha3WBaJIACS
HECTOXaCTUYHUMU a00 NEeTepMiHiCTChKUMU e(peKTaMM),
JIle pPeKOMEHIYE 3HU3UTHU TOPII KaTapaKTU i MeXy Ipo-
(eciifHOI eKBiBaJICHTHOI 103U JJIS1 KpUIlTaauKa oka. Ha-
pasi OlLiHKAa TTOPOTOBOI T03M IJIsT IeTepMiHOBaHMX e(heK-
TiB 3HmKeHa 1o 0,5 Ip i Ha gaHuiT yac peKOMEeHAYEThCS
cepenHiit mpodeciitnuit gimit y 20 M3B Ha pik [58]. ¥V
3B’513Ky 3 HELIOAAaBHIMM 3MiHAMM PEKOMEHAOBAHOI piu-
HOI MexXi BBy 1B Ha KpuluTaauk, iCHye 3HaUHMI iHTe-
pec 10 MPOTHO3HUX PO3PaXyHKOBO-TO3UMETPUYHUX MO-
JieJieil MOAChKOTO OKa i HOro CTPYKTYp, IO BBAXKAIOTHCS
pamgiouyTAMBUMM, BKIIIOYAIOYM KPUILTAIMK, LiJliapHe Ti-
JIO, POTiBKY, CITKiBKY, 30pOBUI1 HEPB i LIeHTPaJIbHY apTepito
citkiBku [139]. HemonaBHe mociimkeHHsI, IIpOBeIeHE Y
BiIIiIEHHSIX iHTepBeHLilHO1 pamiosorii B Kammanii (ITis-
neHHa Itanist), mpoaeMOHCTPYyBaJIO, 1110 3HAYEHHSI eKBiBa-
JIEHTHOI 03U [JIsi KpHUINTaJIMKa OKa Pi3HUX KaTeropii
oneparopis (onepartopu 1 i I) Bugsumucs < 150 m3B-pix’,
omHak s orneparopa I kateropii O0yjJ0 oTpMMaHO 3Ha-
yeHHs 54 M3B-pik’!, ToOTO BUIlE, HiX 20 M3B-piK’', 110 €
HOBHUM IIOPOrOM €KBiBaJIEHTHOI 103U BiAMNOBIAHO 10 M-
pektuBu EURATOM 2013/59. byno Takox 3a3HayeHo,
o 19 % onuTaHuX ONPOMiIHEHUX MPaIliBHUKIB TTOKA3aI1
HU3bKUI piBeHb O0I3HAHOCTI, IO IiJAKPECII0E BaxkK-
JIMBICTb JOAATKOBOTO HABYaHHS i HagaHHS iH(opMallil
JIJIS1 OTIPOMiHEHOT0 MEAMYHOTO MEPCOHAITY PO HOBI Mpa-
BwiIa pamiaiiitHoi 6e3neku [140]. CroiBBigHOIIEHHS 103
KPUILTAJIMK OKa/TpyIHA KIIiTKa CHJIBHO Bapilo€ 3aJIeXKHO
B (pyHKIIiH TIepcoHaity i Toro (akTy, 1o eKBiBaJeHTHA
11033, BUMipsiHa TIEPCOHAILHUM HaTrpyIHUM TO3UMETPOM,
MOKe HEIOOLIHIOBATH 103y KPUILITATIMKA IJIsI AESTKIX Me-
JUYHUX TIpalliBHUKIB, $IKi BUKOHYIOTH iHTEPBEHLiMHI
YPOJIOTiUHiI MPOLEAYpU 3a JOMNOMOTOI KYILETHOI PEeHT-
reHiBcbKoi Tpyoku [141]. IIpote geski aBropu 3arepeuy-
I0Th OOTPYHTOBAHICTh MEPEMISIAY IOPOTIB 103 3 OOKY
MKP3 i HanosisiraloTh Ha HEOOXiAHOCTI MPOBEICHHS HO-
BUX €IMiIeMiOJIOTYHMX AOCTiAXKEHb, CIlelliaJIbHO MPUCBSI-
yeHUX MpodeciitHOMY OMPOMiIHEHHIO 3 HAOiiHUM 1031~
METPUYHUM CYIPOBOJOM Ta METOHAMM OLIIHKM IIO-
MYTHiHb KpUINTAJIMKA, 1100 BMU3HAYUTU BiAMNOBiAHUI
piBeHb TTOPOTOBUX H03 i JIiMiTiB orpoMiHeHHd [142]. On-
HakK MepeBaXkHa OiNBILIICTh eIMiIeMiOoNOTiYHUX JaHUX
CBITUUTb IIPO Te, 10 ITOIIKOMKEHHST KPHUIITATUKA MOXE
BimOyBaTHCS MPpY 3HAYHO OiIbII HU3bKUX 103aX, HiXK BBa-
XKaiocd panime, Tomy MKP3 BBakae 3a qo1ijibHe 3MeH-

cially after recent reports on the incidence of brain
cancer among these personnel, and the revision of
dose limits to the eye lens [121]. In the lights of
newly obtained data supporting such worries, the
ICRP issued a statement on tissue reactions (for-
merly termed non-stochastic or deterministic
effects) to recommend lowering the threshold for
cataracts and the occupational equivalent dose
limit for the crystalline lens of the eye. Now the
threshold dose estimate for deterministic effects is
reduced to 0.5 Gy and is now recommending an
occupational limit of 20 mSv per year on average
[58]. With recent changes in the recommended
annual limit on eye lens exposures to IR, there is
considerable interest in predictive computational
dosimetry models of the human eye and its various
ocular structures considered to be radiosensitive,
including the crystalline lens, ciliary body, cornea,
retina, optic nerve, and central retinal artery [139].
The recent research conducted in Interventional
Radiology departments in Campania (Southern
Italy) demonstrated that the values of the equiva-
lent dose to the lens of the eye for different cate-
gories of operators (the I and Il Operators) were
found to be < 150 mSv-year', however, for the I
Operator a value of 54 mSv-year' was obtained, i.e.
higher than 20 mSv-year™, that is the new limit of
the equivalent dose according to 2013/59
EURATOM. It was also indicated that 19 % of
surveyed exposed workers showed a low level of
information that emphasizes the importance of the
additional training and providing information for
the exposed medical staff about new radiation
safety regulations [140]. The eye lens to chest dose
ratio greatly varies according to the staff function
and that the dose equivalent measured by the per-
sonal dosimeter worn on the chest may underesti-
mate the eye lens dose of some medical staff mem-
bers performing interventional urology procedures
with an over-couch X-ray tube [141]. Never-
theless, some authors impugn the justification of
ICRP dose limits revision and insist on carrying on
necessity of new epidemiological studies, specifi-
cally focused on occupational exposures, with reli-
able dosimetry and grading methods for lens opac-
ities, to determine an appropriate level for dose
threshold and exposure limit [142]. On the con-
trary, the preponderance of epidemiological evi-
dence suggests that lens damage could occur at
lower doses than previously considered and the
NCRP has determined that it is prudent to reduce
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IIUTU PEKOMEHI0BAaHUI piYHUI MOPIr MpodeciiiHoi 1031
JIJIS1 KpUILITaAMKa 3 eKBiBaJleHTHOI 1031 150 M3B 10 1or-
mmHeHoi go3m 50 MmIp [143]. B emimemiosiorivHOMY
JOCTimKeHHi mpodeciiHMX KaTapakT i TOMYTHiHb KPUIII-
Taquka B iHTepBeHUiHil Kapaionorii (O’CLOC) 6yno
BUSIBJICHO, 1IN0 NpuOMU3HO 25 % iHTepBEHLIMHUX
Kap/1i0JIoriB 3a3HaBa/iv BILUIMBY, 1110 TIepeBUIIYBaB Ieper-
JISHYTUI 3aranbHuit mo3oBuii mopir MKP3 y 500 m3B,
Npu bOMY HOBUI piuyHUI A030BUMl mopir MKP3 y
20 M3B Ha pik OyB MepeBUILIEHUI SIK MiHIMyM OAWH pa3 y
60 % kapaioJIoriB MPOTATOM BChOTO IIEPiOAY JOCIiIKEH-
Hs [144]. Tomy TeHAEHLisT MO TIEPEeryisiAy MeX Ipo-
deciitHuxX 103 W1 oueil B GiK OibLI HU3bKUX 3HAYEHb
MPOIOBXYE 3aTUIIATUCS MTPEAMETOM FOCTPUX AUCKYCIiA.

JIBa TUIM TKAHWH, SIKi MOXYTb OTpUMYBATU 3HA4yHIi
JIO3U TIiJI Yac pafgiojIoriYHUX MPOoLeayp, MpeacTaBiIsIOTh
0COOJIMBMIA iHTepeC — KPUIITAIMK OKa i TOJIOBHUI MO-
30K. 3a3HaueHa mpobJjieMa IMOCUIIOEThCS HEOOCTaTHIM
pamialiiHUM 3aXUCTOM OYeil i MO3KY y iHTepBEeHLIMHUX
paioJIoriB 3a TOMTOMOTOIO iCHYIOUOTO 3aXMCHOTO 001a-
HaHH4. [Ticis neKiIbKoX poKiB poOOTH 0e3 HajlesKHOTO
3aXUCTy MOTJMHEHA 1032 [IJI KPUILTAJIWKA i TOJTIOBHOTO
MO3KY y (paxiBIIiB 3 iHTepBEHIIIITHOT paIioJIoTii MOXKe Te-
peuinuTu 0,5 Ip [145].

HocnigkeHHs ONpOMiHEHHS TilMOKaMIly y iHTep-
BEHLIAHUX MEIWYHUX MpaliBHUKIB, OMPOMiHEHUX B
ornepaliiiHii 3a fonomMorolo cumyJjsuii Monte-Kapio,
MpU SIKOMY BUKOPMCTOBYBAJIM TiOpUAHUI BOKCEIbMATE-
MaTUYHMIA (paHTOM JIiKapsl, OMPOMiHEHOrO MPY TUIIOBUX
aHriorpaiyHMX MPOEKLIisIX i eHepreTUYHUX CHEKTpax,
BJACTUBUX TIIpolieaypaM iHTEpPBEHLIMHOI Kapaiosorii,
rnoxasajio, 110 OIPOMiHEHHS uepena OyJo AyxXe Heoll-
HOPITHUM i 3aj7eXayio Bif MPOEKIlil: 103U I JiBOrO i
MpaBoro TirnokKaMmy MOXYTb Bilpi3HSATUCS A0 2,5 pasa;
3a [IEBHUX YMOB /1034 JIIBOTO TiIOKaMITy MOXe BJBiUi Ie-
peBulyBaTH e(heKTUBHY /103y, PO3paxOBaHy 3a JOIIOMO-
To10 3BMYAfHOTO aJlTOPUTMY MOABiHOT mo3umeTpii. Ta-
KMM YMHOM, Npo@eciiiHi 1031 ONMPOMiHEHOTO riloKaM-
Iy MOXYTb MOJ0JATU BipOTiAHUI TOPir, 31aTHUI CIIPO-
BOKYBaTH MOXJIMBi KOTHITUBHI i eMOLiiTHO-TOBEIiHKOBI
ropyieHHst [26]. HesamexxHi mociimkeHHs TiATBep/I-
KYIOTh Bpa3MUBiCThb JIiBOI MiBKYJIi MO3KY, IIIOHAMMEHILIE,
3 TOUKU 30py MMOBIpHOIO pO3BUTKY pajialliiHO-iHIYy-
KOBAHOTO paKy. SIK mpuKJa:, BapTo 3ragaTu myoJikailito
[146] nmpo 31 BUMamoK paky rojJJOBHOTO MO3KY, 30Kpema,
MYJbTU(GOPMHOI TiiodnactomMu (n = 17), MeHiHrioMu
(n = 5) i actpountomu (n = 2). Li crreundiuni tumm
MyXJIMH CYMHO BiJIOMi CBO€IO MOTEHLIHOIO pagioiHIy-
KoBaHicTio [147], kpiMm TOro, B AESIKMX KOroprax
MHalLi€eHTiB OyJ10 BUSBIEHO JiBOCTOPOHHE NTOMiHYBAaHHS
85 %, 1110 BBaXKAETHCS BTOPUHHUM IO BiTHOILIEHHIO 10

the recommended annual lens of the eye occu-
pational dose limit from an equivalent dose of
150 mSv to an absorbed dose of 50 mGy [143]. In
the epidemiological study of occupational cata-
racts and lens opacities in interventional cardiolo-
gy (O’CLOC) it was revealed that approximately
25 % of the interventional radiologists were ex-
posed to more than the revised ICRP threshold of
500 mSv and the new ICRP annual exposure limit
of 20 mSv per year was exceeded at least once by
60 % of cardiologists during the study period [144].
Therefore, the tendency to the revision of the eye
occupational doses limits towards lower values
continues to be a subject of heated discussions.

Two types of tissue of particular concern that
may receive considerable doses during such pro-
cedures are the lens of the eye and the brain. This
problem is aggravated by insufficient radiation
protection of eye and brain in interventional radi-
ologists by existing defensive equipment. After
several years of work without proper protection,
the absorbed doses to the lens of the eye and the
brain of interventional radiology staff can exceed
0.5 Gy [145].

The investigation of radiation exposure on hip-
pocampus in interventional medical professionals
irradiated in the operating room by a Monte-Carlo
simulation of hippocampal exposure used by means
of a hybrid voxel mathematical phantom of a doctor
irradiated in typical angiographic projections and
energy spectra inherent to interventional cardiology
procedures revealed that cranial irradiation was very
heterogeneous and depended on the projection:
doses of left and right hippocampi may be different
up to a factor of 2.5; under certain conditions, the
dose of the left hippocampus may be twice the effec-
tive dose, estimated by conventional double dosime-
try algorithm. Thus, the professional span doses of
the irradiated hippocampus may overcome the
threshold able to provoke possible cognitive and
emotional-behavioral impairment [26]. The vulner-
ability of the left-brain hemisphere, at least in terms
of probable development of radiation-induced can-
cer, is supported by independent studies. As an
illustration, it was reported [146] about 31 cases of
brain cancers, specifically glioblastoma multiforme
(n = 17), meningioma (n = 5), and astrocytoma
(n = 2). These particular types of tumors are notori-
ous for their potential to be radiation-induced [147],
moreover, in some case cohorts an 85 % left-sided
dominance was found, which is considered to be
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OUTBII TIPSIMOrO pajdialliifHOro BIJIMBY Ha IO JUTSHKY
i yac iHTepBeHLIMHUX mpoLenyp [26, 146].

3aciyroBye Ha yBary ITOAiOHA IUCITPOIIOPIIST B OII-
POMiHEHHI JIiIBOrO i MpaBoOro oka, sika Oyla HeIIoJaBHO
BUSIBJIEHA Y iHTEPBEHUIMHUX KapAiosoriB. {ocmimKeHH ],
npoBeJieHe B Ipelii, sike Bkiouano 44 iHTEpBEHLIIAHUX
KapHioJIoT i KOHTPOJBHY TpyITy 3 22 HEOIpPOMiHEHWX
ocib, Tokazano, 10 J03UW [IJis1 oYeld, OTpHMMaHi iHTep-
BEHLIMHUMM Kap1ioJoraMu, MOXYTb OyTU 3HAYHUMMU: Ce-
pedHs ao3a Uil KpUINTajauKa iHTepBEHLIMHMX Kapaio-
JioriB 3a Micsupb craHosmia (0,83 £ 0,59) M3B mis iBoro i
(0,35%0,38) M3B w18 MPaBOTo OKa, TOMi SIK PiYHi 403U 3Ha-
xXoaunuvcs B Aianas3oHi Big 0,7 go 11 M3B, pu LbOMY 4O-
TUPHOM iIHTEPBEHLIAHMUM KapAaiojioram OyJia AiarHOCTOBa-
Ha paHHS CTamisg CyOKarcyasspHOro yulimbHeHHs [148].
HocnimkeHHs (PiHChKUX JiKapiB ITOKa3ajlo, IO BiIHO-
LLIEHHS LLIAHCIB IJ151 OyIb-SIKOTO MMOMYTHIHHS KpUILITaIMKa
nopisHioe 0,13 (95 % Al: -0,02; 0,28) Ha 10 M3B cymapHOi
edextuBHOI no3u [149]. Po3paxyHKoBi piuHi mo3um Ha
KPUIITAIMK Y JIiKapiB-aHeCTe3i0NoriB, SIKi BUKOHYIOTbH
MpoLeaypHy TiJ KOHTpoJeM (hI0OPOCKOTIii, MEHILe PEKO-
MEHJIOBAaHUX MixXHapogHUMU HacTaHoBamu [150]. OgHak
pagialiiHUi 3aXUCT KPUILTAIMKA CBUHLIEBUM CKJIOM MO-
K€ OYyTU HEMIOBHMM, a 3aXMCT IFOJIOBHOI'O MO3KY 3a JOIO-
MOTOIO PaioIOIIMHAIOYOI XipypriyHOi IIaroYyKy € B3a-
raii MiHiManbHuM [151]. Ao 6yae 3anpoBamkKeHU HO-
BUI JIIMIT 703U [IJ11 KpULITaaUKa, Horo Baxkko Oyae 10T-
pUMYBaTUCh 0€3 3aCTOCYBaHHSI NOAATKOBUX 3aXMCHMX
OKYJISIPiB y iHTEpPBEHLIIMHMX Helipopaiooris [152].

Bruis 1B Ha opraH 30py Npy3BOAUTb 10 3MiH KpUILTA-
JIMKa, $SIKi 3 YaCOM MOXYTb ITPOrpecyBaTH 10 YaCTKOBOI a00
MOBHOI KaTtapakTu. Ha paHHiX cTamisix Taki TOMyTHiHHS He
MPU3BOIATH IO MOPYLIEHb 30pY; BUPAXKEHICTh TAKUX 3MiH
Ma€ TeHACHIIiIO A0 MOCTYMOBOIO MPOrpecyBaHHs 3i 30i1b-
LLIEHHSIM 103U 1 Yacy IO MOMEHTY MOTipIleHHS 30py i BU-
HUKHEHHSI HEOOXiTHOCTiI XipypriYHOro JIiKyBaHHSI KaTa-
pakTu. 1031 orpoMiHEHHSI TOJIOBU, SIKi BAKOPUCTOBYIOTh-
csl B IPOMEHEBIili Tepallii, BUCOKi, 3a3BMYail Bulle 2 3B,
TOMi SIK Hmiara3oH MpogeciifTHOrO OMPOMIHEHHST B ManX
Jl03axX 3a3BUYail BKJIOYAE B cebe KyMYJISITUBHE OIl-
POMiIHEHHS BChOTO TiJla MPOTATOM XUTTS B Jliala3oHi 103
< 200 M3B, ajie 3 ypaxyBaHHSIM OMNPOMiHEHHSI T'OJIOBH,
IMpOMEHeBe HaBaHTaXKEHHS MOXe (3a BiICYTHOCTI 3aXH1CTY)
JOCATTH TIpodeciitHOl eKBiBasieHTHOI 1034 Bin 1 1o 3 3B 3a
TPUBATICTb Kap’epH (1110 BiAMOBiTa€ EKBiBAJIEHTHIH 1031 Ha
Mo30K npuoimsHo 500 m3B) [153].

[Ilo6 BCTaHOBUTU MOJIMBUII B3a€EMO3B’SI30K MIiX
npodeciiiHuM BrutBoM IB i moimpeHicTio 3MiH KpUIlI-
Tajimka, 0yjao0 mpoBeaeHo AocaiakeHHs 117 ocib, B Tomy
yucii 99 (85 %; (49 &+ 11) pokis; 82 % 40NIOBIKiB) iHTEp-
BEHLIHUX KapAioJoriB i IepcoHally jabopartopii kaTe-

secondary to the more direct radiation exposure to
this area during interventional procedures [26, 146].

The similar noteworthy disproportion in the
irradiation between left and right eye was recently
found in Interventional Cardiologists (ICs). The
study held in Greece included 44 Interventional
Cardiologists (ICs) and an unexposed to radiation
control group of 22 persons showed that the eye
doses received by the ICs can be significant; the
mean dose to the lenses of the ICs per month was
(0.83 £ 0.59) mSy for the left and (0.35 £ 0.38) mSv
for the right eye, while the annual doses ranged
between 0.7 and 11 mSy, at that four ICs were
detected with early stage subcapsular sclerosis
[148]. A study on Finnish physicians reported an
OR for any lens opacities of 0.13 (95 % confi-
dence interval, -0.02 to 0.28) per 10 mSv of
whole-body cumulative effective dose [149]. The
estimated annual lens dose experienced by pain
physicians performing fluoroscopy-guided proce-
dures is less than the recommended international
guidelines [150]. However, radiation protection of
the ocular lenses by leaded glasses may be incom-
plete, and protection of the brain by a radioab-
sorbent surgical cap was minimal [151]. If a new
eye lens dose limit is introduced, it could be diffi-
cult to comply with, without introducing addi-
tional protective eyewear in interventional neuro-
radiologists [152].

Ocular radiation exposure results in lens
changes that, with time, may progress to partial
or total Iens opacification (cataracts). In the early
stages, such opacities do not result in visual dis-
ability; the severity of such changes tends to
increase progressively with dose and time until
vision is impaired and cataract surgery is
required. The radiation doses on head involved in
radiotherapy are high, usually above 2 Sv, where-
as the low-dose range of professional exposure
typically involves lifetime cumulative whole-body
exposure in the low-dose range of < 200 mSy, but
with head exposure which may (in absence of
protection) arrive at the occupational equivalent
dose of 1 to 3 Sv after a professional lifetime
(corresponding to a brain equivalent dose around
500 mSv) [153].

In order to establish the possible relationship
between occupational exposure to ionizing radia-
tion and the prevalence of lens changes a study of
117 persons, including 99 (85 %; 49+ 11 years-old;
82 % male) interventional cardiologists (ICs) and
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tepusallii («Cath-lab»), mepconany 3 mpodeciiiHuM
pruBoM IB, i 18 (15 %; (39 £ 12) poxkiB; 61 % do-
JIOBiKiB) 0Ci0 KOHTpOJbHOI Ipynu. ITommpeHicTh Kop-
TUKAJIBHUX i 3aIHbOCYOKATCY/ISIPHUX 3MiH KpUIITAIMKA
(BKJIIOYAIOYM CYOKJTiHIYHI 3HaXiaKK) OyJia BUILOIO Y €KC-
MMOHOBAHMX YYACHMKIB IOPIiBHSAHO 3 KOHTposieM (47 %
npotu 17 %, p = 0,015). [IpodeciiiHe ormpoMiHeHHS i BiK
noHan 60 pokiB OynIM He3aJeKHUMU IPEIUKTOpPaMH
3MiH KpMIITaJIMKa (BiAHOIIEHHS IIAHCIB JTOPIBHIOBAIO
6,07 (95 % AOl: 1,38; 43,45) i 7,72 (1,60; 43,34,
BimmoBinHo) [154]. Byno BUCIOBIEHO TIPUITYIIIEHHS, 1110
y Opa3smIbChbKUX MpalliBHUKIB MPOMUCIOBOI raMma-
paniorpadii HeAOTPUMaHHS PiYHOTO JIMITY IJIs €KBiBa-
JIEHTHOI 1034 Ha KpulTtaauk y 20 M3B Moxe Oe3mnoce-
peIHbO BIUTMBATH Ha MpodeciiiHy MisiIbHICTh, TOJOB-
HUM YMHOM B Tajly3sX 3 BUCOKMM YHKCJIOM palior-
padiyHMX BIUIMBIB Ha PiK: pU3MK MOMYTHiHb KpUIITa-
JINKa MaJIOMMOBIpHUM 711 OTHOTO €ITi3011y, ajie 3aJeXHO
BiJ KiIbKOCTI BUITaAKOBUX BIUIUBIB i piBHIB 103, BUSIBJIC-
HUX IIpY TUIAHOBOMY OIPOMiIHEHHI, ITOPOroBa 103a Mo-
XKe OyTM JIETKO TMepeBMIIEHa IPOTAToM IpodeciiiHoi
Kap’epu oriepaTopa MpoMHUCI0Boi pagiorpadii [155].

AeKBaTHICTh OLIIHKY J0O3U OIPOMiHEHHSI, IOTJIMHEHO-
o KpPUIITATUKOM, y IpoeciiHMX padioNoriB € BaxKJIn-
BUM i CIIipHUM MUTAHHSIM Ha JaHuit yac. OLiHKa 103 LIt
HEeKpaHOBAaHMX TKAHWH, TaKUX SIK TOJIOBHUM MO30K i
KPUILTAJIMK OKa, CTA€ MEHII CKJIATHOIO, KOJIU TO3UMETPU
HaAATalOTh HA KOMip Had CBUHIIEBUM (hapTyxoM, 110 HO-
'O 3aCTOCOBYIOTh MEIMYHI PaIioIOry MOBCSIKIEHHO [ 156].
CepenHi 1034 Ha OJHOIO iHTEPBEHLIMHOro pamiojora
craHoBwm 0,04 m3p-Bunamox' i 0,02 M3B-BUIIamOK’,
30BHi i BCepeauHi OKyISpiB pamiallifiHOTO 3aXUCTYy
BinmosigHo [157]. Bys0o BUCIOBIEHO MPUITYIIEHHS, 110
03y Ha KPUILTAIUK JliKapsi-paaioora, sk IpaBuiIo, 3a-
BUILYIOTh MPU BUMIPIOBAHHSX 13 3aCTOCYBaHHSIM Ha-
IIMITHOTO CKJISTHOTO OefiaKa, ToMy JJisl Helipopalioyio-
riB HEOOXiTHUI NTpaBUWIbHUI aHaTi3 031 KpUIITaJINKa
[Hp (3)] 3 BUKOPUCTAHHSIM OYHOIO AO3MMETpa, TAKOTO
gk DOSIRIS™ [157].

INamienTy mig yac pyTMHHUX KJIiHIYHMX Helpopamio-
JIOTIYHUX TPOLIENyp TAKOX 3a3HABAIM HECIIPUSTIAUBOTO
BILIMBY Bia mkepen IB. HaBiTh pyTMHHE AOCTiAXEHHS
rojoBHoro Mo3ky 3a gonomororw KT mae pereibHO
KOHTPOJIIOBATUCS 3 METOIO OTNITUMIi3allii 403 HAa KpUIITa-
JIUK 1 SIKOCTi oTpuMaHoro 300paxeHHs [158]. byno Bu-
SIBJICHO, 1O JIMILE TPU AiaTHOCTUYHMX padiorpadiyHux
JOCHiAXKEeHHsI ToJI0BU ab0 1K1 30i1b1IYIOTh PU3UK KaTa-
paxktoreHesy [131]. KT ronoBHOro Mo3Ky Moxe HaaMip-
HO TIiIaBaTh KPUIITAIMK OKa BILTMBY IB, HaBiTh K110
TISIHKA, sIKa TPeacTaBisge KIiHIYHUIA iHTepec, 3Haxo-
JUATHCS JajeKo Big oueit [159].

catheterization laboratory («cath-lab») staff with
occupational exposure to IR and 18 (15 %; (39 +
12) years-old; 61 % male) unexposed controls was
performed. The prevalence of overall cortical and
posterior subcapsular lens changes (including sub-
clinical findings) was higher in exposed partici-
pants compared with controls (47 vs. 17 %, p =
0.015). Occupational exposure and age over 60
were independent predictors of lens changes (odds
ratio = 6.07 (95 % CI: 1.38; 43.45) and 7.72 (1.60;
43.34), respectively) [154]. It was suggested that in
Brazilian industrial gamma radiography workers
the 20 mSv annual limit for eye lens equivalent
dose can directly impact professional activities,
mainly in industries with high number of radi-
ographic exposures per year; the risk of lens opac-
ity has a low probability for a single accident, but
depending on the number of accidental exposures
and the dose levels found in planned exposures,
the threshold dose can easily be exceeded during
the professional career of an industrial radiography
operator [155].

The proper evaluation of dose of irradiation
absorbed by eye lens in professional radiologists is
an important, but still a controversial issue at
present. Estimating doses to unshielded tissues
such as the brain and eye lens become less chal-
lenging when dosimeters are worn at the collar
above the leaded apron used by medical radiation
workers in their routine practice [156]. The aver-
age doses per one interventional radiologist were
0.04 mSv-case and 0.02 mSv-case™!, outside and
inside the radiation protection glasses, respective-
ly [157]. It was suggested that the physician eye
lens dose tended to be overestimated by the neck
glass badge measurements, therefore a correct
evaluation of the lens dose [Hp(3)] using an eye
dosimeter such as DOSIRIS™ is needed for
neuro-IR physicians [157].

Patients also underwent unfavorable impact
from IR sources during routine clinical neurora-
diological procedures. Even routine CT brain
examination should be carefully controlled to
optimize dose for lens of the eye and image
quality of the examination [158]. Just three
diagnostic head or neck radiography procedures
were found to increase the risk of cataractogen-
esis [131]. Noticeably, brain CT scans may
unnecessarily expose eye lens to ionizing radia-
tion even if the area of clinical interest is far
from the eyes [159].
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Jlo3n Ha KpMINTAAWUK, BUMIpSIHI 3 BUKOPUCTAHHSIM
mwriBku Gafchromic XR-QA2 Ha ¢aHTOMHIlI ToJIOBi 3
NOJIICTUPOITY, PO3pO0JIeHilA i3 30BHIILIHIMU pO3MipaMu,
eKBiBaJIECHTHUMM pO3MipaM TojioBu g 16-, 64-, 128- i
256-3pi3oBUX 0AraToIeTeKTOPHUX CKaHEpiB KOMIT IOTep-
Hoi ToMorpadii, BapiroBaiau Big 43,8 mo 45,8 mIp [160].
Jo31 Ha KpUINTaJUK MPU PiZHUX AOCTIIKEHHSIX Ha OC-
HoBi KT, orpuMaHux HiMeLIbKUMHU gociaigHukamu B 2016
polli 3 BUKopucTaHHAM cumyJsiii Monte-Kapiao (MCS)
i TepMosmoMiHecLieHTHUX go3uMeTpiB (TLD), oynu y3a-
rajgbHeHi HacTyrmHuM ynHoM: KT-anriorpadig (a) MCS
7 M38, (b) TLD 5 m3B; KT-ckaHyBaHHS 06e3 TTOCUIEHHS,
3 nopTajbHolo aHryasuiero, MCS 45 m3B, TLD 5 M3B;
KT uepena 6e3 mocuiaeHHs1, KyT NOPTaJbHOI aHTYJISILl
MCS 38 Mm3B, TLD 35 M3B BinmosigHo. TakKuM 4MHOM,
iCHYIOTH TI€BHi TTOXMOKM OLIHKM IJISI MOTJIMHEHUX KPUIII-
TaJMKOM /103 Yepe3 HEAOOILIHKY JA03 MPU BUKOPUCTAHHI
TLD B neskux ymoBax ekciutyaraii [161]. SIk npukian, 3
TOYKM 30pyY MOXIMBMX MaiiOyTHIX HECHPUSITINBUX
edekTiB 11epedpoodTaaIbMOJIOTIYHOIO OIIPOMIHEHHS CJIil
3a3HAaYMTU, 110 MeToi Bisyanizauii DSA, sk nependa-
YAEThCS, POOUTH OCHOBHUI BHECOK B IOTJIMHEHY HO3Y
(80,9 %), HaBiTh He3BaXKarO4YM Ha Te, 110 BOHA 3aCTOCO-
BYETBCS pinko (5,3 % Bia 3arajbHOTO YmMcia KaapiB); MO-
TWIMYHA JiISTHKA TOJIOBHOTO MO3KY OTPUMYBajia BUCOKI
03U TIePEBAXKHO 3 (DPOHTAILHOI TPYOKM, SIKA MOCTIHO
3HaXOOUThCS Tifg Kyuetkoro [162]. KT-anriorpadist BBa-
JKAETHCS «30JIOTUM CTaHAApPTOM» IJIsI Bidyasi3allil KpoBO-
HOCHMX CYIWH MpPUW Pi3HUX KJIiHIYHUX MoKa3aHHAX. Of-
HakK Take OOCTEeKEHHSsI MOB’S13aHO 3 MiJABUILIECHUM PU3U-
KOM paniobiojioriyHmux e(eKTiB y TaIli€eHTiB BHACIiTOK
BiTHOCHO BUCOKMX TTOrTMHYTUX 103 IB. CepenHe 3HaueH-
HSI 103U JUISI MAlliEHTa B PO3PaxXyHKY Ha OJHY IMPOLEITypy
(mpoayxt noBxkuHu no3u [Dose Length Product, DLP],
mIp-cm™) min yac 3araJbHOTO CKaHyBaHHS 3a JOITOMOTOIO
KT-anriorpadii ckmano 437,8 £ 166; 568,8 = 194;
516,0 £ 228; 581,8 £ 1751 1082,9 £+ 290 mna HUXKHIX
KiHIIiBOK, Ta3a, >XWBOTA, TPYAHOI KJITKM i TOJJOBHOTO
MO3KY BiamnosigHo. TakKuM YMHOM, KPUIITAJIUK OKa i MO-
30K OTpHUMYBaJM 3HAYHO BUIII J03M ONPOMiHEHHS
MOPiBHSAHO 3 iHIMMU opraHamu [163]. [TopranpHUIT Ha-
xun (Gantry tilt), Koau 11e MOXJIMBO, € €¢(PEKTUBHUM Me-
TOIOM 3MEHIIIEHHS J030BOT0 BIUIMBY Ha KPUINTAIUK IIPU
KT ronoBHoro Mo3ky 0e3 IIKOAU ST IKOCTi 300pakeH-
HSI, TIPY SIKOMY KPUIITAJIMKNA BUXOISTh 33 MEXi ITepBUH-
HOTO ITyYKa BUITPOMIiHIOBAaHHS, 110 IIPU3BOIUTH OO 3MEH-
LIEHHS JO3M KpUIUTaJIMKa NMpuoiu3Ho Ha 75 %, Toni sIK
3aCTOCYBAHHSI IIIUMTA 3 BICMYTY O3BOJISIE 3HU3UTU 03y
Kkpuitanuka jguiie 10 25 % [164]. Ipu nposenenHi KT 3
JTUHAMIYHAIM KOHTPACTyBaHHSIM JIOKAJIbHI ITOIJIMHEHI 10-
31 B 00J1aCTi BizyaJslizalii sl JOCTiIKeHb paKy rOJI0BHO-

Eye lens doses measured using Gafchromic
XR-QA2 film on a polystyrene head phantom
designed with outer dimensions equivalent to
the head size for 16-, 64-, 128- and 256-slice
multidetector CT scanners ranged from 43.8 to
45.8 mGy [160]. Eye lens doses during different
CT-based examinations obtained by German
researchers in 2016 using Monte Carlo
Simulation (MCS) and thermoluminescence
dosimeters (TLD) were summarized as follows:
CT angiography (a) MCS 7 mSy, (b) TLD 5 mSyv;
unenhanced, cranial CT scan with gantry angula-
tion, MCS 45 mSv, TLD 5 mSv; unenhanced,
cranial CT scan without gantry angulation MCS
38 mSv, TLD 35 mSy, respectively. Thus, there
are some assessment biases for lens absorbed
doses due to dose underestimation when using
TLD in some operational conditions [161]. As an
example in terms of probable future adverse cere-
bro-ophtalmic radiation effects, it should be
mentioned that DSA imaging technique is
assumed to be a major contributor to absorbed
dose (80.9 %) even though it is administered
sparingly (5.3 % of total frame number) and the
occipital region of the brain received high dose
largely from the frontal tube constantly placed
under couch (73.7 % of the total KAP) [162].
Computed tomography angiography (CTA) is
considered as a «gold standard» for blood vessels
visualization in various clinical indications.
However, such examination is related to elevated
risks of radiobiological effects in patients due to
relatively high absorbed radiation doses. The
mean patient dose value per procedure (dose
length product [DLP], mGy-cm™) during total
CTA scanning was (437.8 £ 166), (568.8 + 194),
(516.0 £+ 228), (581.8 £ 175), and (1082.9 + 290)
for the lower limbs, pelvis, abdomen, chest, and
cerebral, respectively. Thus, the eye lens and
brain received substantially higher radiation
doses compared to other organs [163]. Gantry
tilt, when possible, is an effective method for
reducing exposure of the eye lenses in CT of the
brain without compromising image quality,
which left the lenses outside the primary radia-
tion beam, resulting in an approximately 75 %
decrease in lens dose, whereas with bismuth
shields, it was possible to reduce lens dose as
much as 25 % [164]. During dynamic contrast-
enhanced (DCE) CT studies local absorbed doses
in the imaging field for the brain, heart and pelvic
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TO MO3KY, Ceplis i MaJloro Tazy CTaHOBWJIM MPUOIU3HO
100— 190 mIp (3aranpHuit mokaznuk CTDI (obcsr),
200 mIp, 1530 mIp (16 mIp) i 80 mIp (140 mIp) Bimmo-
BimHO [165]. L1106 3MEHIIUTH 103U IJISI O4Yeil, peKOMEH-
NyEThCSI BUKOpUCTOBYBaTH (byHKILit0 KT-omnmpomiHeHHSs
3 KOHYCHUM IIpOMEHEM MPOeKIlili, OTpUMaHUX IIPUA KY-
ToBoMy Haxuii 180° TIoc KyT KOHyca peHTTeHiBCHKOL
TPYOKM i 3 TPyOKOIO ITiJ IyraMu cCKaHyBaHH# [166].

ITicns HellomaBHIX €ITiIeMiOJIOTIYHUX TOCTiIKEHb, SIKi
BUSIBUJIM TKAHMHHiI peaklii Bil BIUIMBY MaJiuX 103
ioHizyrouoi pamianii, JupektnuBa EURATOM 2013/59
Bin 5 rpynHs 2013 poky 3HM3WIIA JIIMIT €eKBiBaJIeHTHOI 10-
31 11 KpuinTaarka oka 3i 150 m3B n1o 20 M3B Ha pik
[140]. do3u po3scigsHoro IB Ha KpulUTaIuK iHTEp-
BEHLIIAHOr0 Kap/ioJjiora B TAIIOBUX pOOOUUX YMOBaxX MO-
KYTh MepeBulyBatu 34 MkIp-xB' y pexkumax BUCOKOIO-
30B0i1 (pimroopockortii i 3 MkIp Ha oHe 300pakeHHS TPU
OTpMMaHHi 300pakeHHs, KOJIM 3acO00M pafialliiiHOro 3a-
XUCTY HE BUKOPUCTOBYIOThCS. X04a ITOIJIMHEHI 103K JUIS
TOJIOBHOTO MO3KY B iHTEPBEHLIMHUX KapAioJOTiYHUX
npolenypax € HWXKYMMU, HK JO3M UIST KpUINTaJInKa
oka, B 3,40-8,08 pasa BiaMmoBigHO A0 pe3yJbTaTiB MOJe-
JIIOBaHHSI, 03U U1 000X TKAHMH € OMHMMU 3 HAWBUIIIMX
npodeciiHuX 103 OMPOMiHEHHS, 3apEECTPOBAHUX IS
MEIWYHOTO MepCOoHay, YMsl poOoTa IOB’sI3aHa 3 PEHT-
TeHIBCbKMM BUMPOMiHIOBaHHAM [167]. 1031 Ha MO30K Y
IHTepBEHLIMHUX KapIioJIoriB MOXYTh OyTHM 3MEHILEeHi
MpY BUKOPUCTAHHI BiIMOBIZHUX 3aco0iB papialliiiHOTO
3axucrty. Lle nocnimkeHHs MokKa3aao, 110 CBMHLEBI 1a-
MOYKA € MEHII IIPOTeKTUBHUMU, HiX OYJI0 OIMCaHO
paHille, i 10 KpallMid 3aXUCT Jal0Th CTEAbOBI MiABICHI
eKpaHM, SKi JO3BOJISIIOTh 3HU3UTU 103y OIPOMiHEHHS
TOJIOBHOTO MO3KY Ha 74 %, a6o HaBiTh Ha 94 % [168].

He3sBaxarouun Ha Te, 110 CydacHi TeXHOJIOTi1 31aTHi 3a-
0Oe3IeuYnTH JIiKapsIM iCTOTHI 3aXMCHI IlepeBaru, HasiBHiCTh
Hee(eKTUBHUX MPOTOKOJIIB i TToraHe JOTPUMAaHHS BUMOT
pamiainiiiHoi Oe3nmeKyu MOBUHHI OYTHM BpaxoBaHi B Mali-
OyTHix HactaHoBax [131]. CyuacHi cTpaterii, cipsiMOBaHi
Ha 3MEHIIEHHSI pajlialliiHOro BIJIMBY Ha Malli€HTa, BKJIIO-
YaloTh OiTbII KOPOTKUI Yac peHTTeHOCKOITii, 3HUKEHHS
YacTOTU KaApiB, BUKOPUCTAHHS KOJliMallii, 3MEHIIEHHS
MiICUICHHS, 3MEHIIEHHS YMCla MOCIimoBHOCTEH Lud-
poBoi aHriorpadii 3 cydTpakili€lo, 30iIbllIeHHSs BiacTaHi
MiX JDKepesioM i Mali€eHTOM, Ta 3MEHIIEHHS BiICTaHi MixK
nalieHToM i mpuitMauyeM 300paxkeHHs [169].

BuUCHOBKM Ta NnepcnekTuBun

AHaJli3 cydyacHUX eMieMioJoTiYHUX, eKCIIepUMEHTab-
HO-KJIiHIYHMX, MaTo(i3ioa0riYyHUX Ta MOJEKYISIPHO-
0i0JIOTiYHMX TaHUX CBIAYUTH, 110 IB MoXXe BIJIMBaTH Ha
TFOJJOBHUI MO30K Ta OpraH 30py HaBiTh 3a Jil MaIuX 403

cancer studies were approximately 100—190 mGy
(total CTDI (vol), 200 mGy), 15-30 mGy (16
mGy) and 80—270 mGy (140 mGy), respectively
[165]. In order to reduce the dose to eyes, it is rec-
ommended to use a feature of cone beam CT
(CBCT) of projections acquired over an angular
span of 180° plus cone angle of the X-ray tube and
with tube under scan arcs [166].

Following recent epidemiological studies, which
showed tissue reactions from ionizing radiation at
significantly lower doses, the 2013/59 EURATOM
Directive of 5th December 2013 lowered the limit
on the equivalent dose to the eye lens from 150 mSv
to 20 mSv per year [140]. Scattered radiation doses
to the eye lens of an interventional cardiologist in
typical working conditions can exceed 34 uGy-min™'
in high-dose fluoroscopy modes and 3 uGy per
image during image acquisition (instantaneous rate
values) when radiation protection tools are not
used. Although absorbed doses to the brain in inter-
ventional cardiology procedures are lower than
those to the eye lens by a factor between 3.40 and
8.08 according to simulations, doses to both tissues
are among the highest occupational radiation doses
documented for medical staff whose work involves
exposures to X-rays [167]. Therefore, the dose to
the brain in interventional cardiologists should be
possibly reduced by using appropriate radiation
protection devices. This study has shown that lead
caps are less protective than previously described
and that the best protection is given by ceiling sus-
pended screens, allowing to reduce the dose of brain
irradiation by 74 % or even as much as 94 % [168].

Although current technology has the ability to
provide major protective benefits to physicians,
ineffective protocols and poor compliance need to
be addressed in future guidelines [131]. Modern
strategies aimed to attenuate the radiation impact
on the patient include shorter fluoroscopy time,
decreased frame rate, use of collimation, avoid-
ance of magnification, decreased digital subtrac-
tion angiography sequence acquisitions, increased
distance between the source and the patient, and
decreased distance between the patient and the
image receptor [169].

Conclusions and perspectives

Analysis of current epidemiological, experimen-
tal-clinical, pathophysiological and molecular-
biological data suggests that IR can affect the brain
and visual organ even at low doses and low levels of
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REVIEWS

i HM3bKUX piBHIB IB, BKJIIOYalOUM KOTHITHMBHi, €MO-
LilTHO-TIOBEIiHKOBI Ta 30poBi po3iaagu. Hamu 3anpomno-
HOBaHO PO3IJISIIATU TOJOBHUI MO30K Ta OpraH 30pYy SIK
MOTEHUiHI MillleHi nJis BIMBy 1B 3 BU3HaueHHAM 11e-
peOpooTAIbLMOJIOTIYHUX B3aEMO3B’SI3KiB SIK «BiCh OUi-
M030K» [32, 33]. HeliponcuxiaTpuyuHi i opTaJbMOJIOriu-
Hi po3nagn micas YopHoOMIbCHKOI KaTacTpodu € eTio-
JIOTiYHO TeTepOreHHUMM Yepe3 KoMOiHOBaHMI BIuB IB
B MOEJHAHHI 3 COLiaIbHUMU Ta TpaguliiHUMU (paKTo-
paMu pU3MKY, 30KpeMa TaKUMHU, SIK BiK.

Xoua HaTerep emigeMioNIoTiuyHi maHi om0 edeKTiB
Manux 103 IB Ha Helipopo3BUTOK € JOBOJI CymnepeyIn-
BUMU, OTPUMAHO Y3TOMXKEHi KIiHiYHi, HEWpPOICHUXO-
JIOTiUHi Ta HeMpodi3ioJoriuHi JaHi 11010 KOTHITUBHUX i
HepedpalbHUX MOpYlLIeHb, OCOOJMBO Yy JIiBiiA, AOMi-
HaHTHil reMicgepi roTOBHOTO MO3KY. Y BHYTPIilIHbOYT-
POOHO ONMPOMiHEHUX OCi0 i AiTeit OiIbII MOLIMPEHI KaTa-
pakTa (BpomkeHa — Mic/sl ONMPOMiIHEHHS in utero) Ta
aHrionarisl CiTKiBKM, BUSIBJISIETbCSI TEHAECHLISI OO MPUC-
KOpPEHOT0 PO3BUTKY MaKYJISIPHOI JereHepaliii.

ACTpOHABTH, SIKi 3MiICHIOBATUMYTh JOBIOTPUBaJIi KOC-
MiYHi Micii 3a MeXaMu 3aXUCTy MarHirocepu 3emii, 3a3-
HABaTUMYTh BIUIMBY TaJIAKTMYHOIO KOCMIYHOTO BMII-
POMiHIOBaHHS (BaxKKHMMU iOHAMU, TIPOTOHAMM ), 1110 IIPU3-
BOIUTH JI0 LIepeOpoOdPTaTbMOIOTIYHMX TTOPYIIEHb, TIEpe-
JyCiM KOTHITMBHMUX i IMTOBEAiHKOBUX PO3JIadiB Ta KaTapak-
1. KpiM Toro, Ha cTaH IICMXiYHOTO 3II0POB’Sl ACTPOHABTIB
BILIMBAIOTh TICUXOJOTIUHI Ta HepamialiliHi YMHHUKK SIK
YMOB KOCMIYHOTO KOPa0J1st (3aMKHEHU TTPOCTip, TTPOXKU-
BaHHS1, 0OMEKEHHSI, TICUXO0JIOT YHi Ta Mi>KOCOOMCTICHI CTO-
CYHKM), TaK i KOCMIYHOTO TIOJILOTY (MiKpoTrpaBiTailis, He-
BaroMicThb, TEMpsIBa, TUIIIA Ta iH.). Yce 11e 3yMOBJTIOE 0OMe-
JKEeHHSI 3[iiICHeHHSI JOBrOTPUBAIMX KOCMiUHUX IMOJIbOTIB Y
TeMepillHiil yac Ta noTpedye iHHOBALIIMHOIO BUPILLIEHHS
3a0e3Mne4YeHHs] pafialliiiHOro 3axX1ucTy acTpPOHABTIB.

InTepBeHLiiiHI pamionoru (Kapaionoru, Heupo-
paziosior Ta iH.) CKJIagaloThb OCOOJMBY TPYITy PU3UKY
PO3BUTKY lLiepeOpoodTaaibMOJOriYHOI MaTOJOTil —
KOTHITUBHOTO Ae(illNTy, TIepeBaKHO 3a PaxXyHOK JINC-
(yHK1Iii MOMiHAaHTHOI Ta OUIbII PamioOUyTIMBOI JIiBOI
MiBKYJIi TOJJOBHOTO MO3KY, i KaTapaKTH, a TAKOX paHHb-
Oro aTepocKaeposy i mpuckopeHoro crapiHHg. Lle Tpeda
OpaTu A0 yBaru mpu ILJIaHYBaHHi ONTHUMIi3allil 3aXUCTy
MaLi€EHTIB Ta iHTEPBEHILIIMHUX pPalioJIOTiB 3 ypaxyBaH-
HIM 9K no3u [B, Tak i reoMeTpii ompoMiHEHHS
(1iBOGIUHE).

AHaJIi3 cyJyacHMX JaHWX IIOA0 pamialliifHuX 1epedpo-
o(pTaTbMOJIOTIUHUX e(PEKTiB Y Pi3HUX KOHTUHTEHTIB OII-
pOMiHEHUX 0Ci06 6€3yMOBHO CBiTUUTH MPO aKTYyaJIbHICTh
i€l mpobdieMu il paaiodiosorii, pagialiiiHOI MEeIULI-
HU 1 pagionoriyHoro 3axucty. IToTpiOHI momasblli aA0-

IR, including cognitive, emotional-behavioral and
visual disorders. We proposed to consider the brain
and the visual organ as potential targets for the
influence of IR with the definition of cerebro-oph-
thalmic relationships as the «eye-brain axis» [32,
33]. Neuropsychiatric and ophthalmic disorders
after the Chornobyl disaster are etiologically het-
erogeneous due to the combined effects of IR
combined with social and traditional risk factors,
such as age.

Although currently epidemiological data on the
effects of low doses of 1P on neurodevelopment are
quite contradictory, consistent clinical, neuropsy-
chological and neurophysiological data on cognitive
and cerebral disorders, especially in the left, domi-
nant hemisphere of the brain, have been obtained.
Cataract (congenital — after in utero irradiation) and
retinal angiopathy are more common in intrauterine
irradiated persons and children, there is a tendency
to accelerated development of macular degeneration.

Astronauts who carry out long-term space mis-
sions outside the protection of the Earth’s magne-
tosphere will be exposed to galactic cosmic radia-
tion (heavy ions, protons), which leads to cerebro-
ophthalmic disorders, primarily cognitive and
behavioral disorders and cataracts. In addition, the
mental health of astronauts is affected by psycho-
logical and non-radiation factors of both the
spacecraft’s conditions (confined space, resi-
dence, constraints, psychological and interperson-
al relationships) and space flight (microgravity,
weightlessness, darkness, silence, etc.). All this
leads to the limitation of long-term space flights at
present and requires an innovative solution to pro-
vide radiation protection to astronauts.

Interventional radiologists (cardiologists, neuro-
radiologists, etc.) are a special group at risk of
developing cerebro-ophthalmic pathology — cog-
nitive deficits, mainly due to dysfunction of the
dominant and more radiosensitive left hemi-
sphere, and cataracts, as well as early atherosclero-
sis and acceleration. This should be taken into
account when planning the optimization of patient
protection and interventional radiologists, taking
into account both the dose of IR and the geometry
of the irradiation (left-side).

Analysis of current data on radiation cerebro-
ophthalmic effects in different contingents of irra-
diated persons certainly indicates the relevance of
this problem for radiobiology, radiation medicine
and radiological protection. Further research is
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CJIDKEHHST 3 YTOYHEHHSIM XapakTepy LepedopoodTaib-
MOJIOTIYHUX MOPYIIEHb 3a Pi3HUMM CLEHapisIMU OIl-
POMiHEHHS, BU3HAYEHHSIM MOJEKYISIPHO-0i0J0riYHNIX
MeXaHi3MiB IIUX MOpYyIIeHb, HANIHHUM JO3UMETPUUHUM
CYIpPOBOJOM i BpaxXyBaHHSIM BIUIMBY HepamialliiHUX
YUHHMKIB pu3uKy. HeoOXximHuii TpuBaiuii (IpoTsIrom
YCHOTO XKUTTSI) MEAWYHUN Ta 0i0(i3NIYHNI MOHITOPUHT
Pi3HUX KOTOPT OMPOMiHEHHUX OCi0.

KoHdipeHuUinHicTb iHPopmauii Ta piHaHCcOBI
iHTepecu

ABTOpY He pPO3TOJIOMIYIOTh KOHQigeHUIiliHY iHdOp-
Mallilo Ta He MalOTh XOIHOI MPUHAJIEXKHOCTI a00 (piHaH-
COBOI 3alliKaBJIEHOCTI B OyAb-sIKili opraHizailii, sika Mor-
J1a 0 CTBOPUTHU KOH(IIIKT iHTEpECiB.

CMUCOK BUKOPUCTAHUX AXEPEN

1. Loganovsky K. Do low doses of ionizing radiation affect the human
brain? Data Science Journal. 2009. Vol. 8. P. BR13—-BR35. doi:
10.2481/dsj.BR-04.

2. Tang F., Loganovsky K. Low dose or low dose rate ionizing radiation-
induced health effect in the human. J. Environ. Radioact. 2018. Vol.
192. P. 32—47. doi: 10.1016/j.jenvrad.2018.05.018.

3. Cognitive, psychological and psychiatric effects of ionizing radiation
exposure / D. Marazziti, S. Baroni, M. Catena-Dell’Osso et al. Curr.
Med. Chem. 2012. Vol. 19, no. 12. P. 1864—1869. doi: 10.2174/
092986712800099776.

4. loHidyloya pagiauis: BB HA rONOBHWIA MO30K Ta HEAPONCXiaTPUYHi
nposieu / 1. Mapaaairi, A. Miyuini, ®. Mywui Ta iH. [pobremu pagia-
wiviHoi meauumnm Ta pagiobionorii. 2016. Bun. 21. C. 64-90.

5. Hladik D., Tapio S. Effects of ionizing radiation on the mammalian
brain. Mutat. Res. 2016. Vol. 770, Pt B. P. 219-230. doi: 10.1016/
j.mrrev.2016.08.003.

6. Hamada N., Azizova T. V., Little M. P. An update on effects of ionizing
radiation exposure on the eye. Br. J. Radiol. 2020. Vol. 93, no. 1115.
P. 20190829. doi: 10.1259/bjr.20190829.

7. Systematic review and meta-analysis of circulatory disease from expo-
sure to low-level ionizing radiation and estimates of potential popula-
tion mortality risks / M. P. Little, T. V. Azizova, D. Bazyka et al. Environ.
Health Perspect. 2012. Vol. 120, no. 11. P. 1503—1511. doi: 10.
1289/ehp.1204982.

8. Little M. P. A review of non-cancer effects, especially circulatory and
ocular diseases. Radiat. Environ. Biophys. 2013. Vol. 52, no. 4.
P. 435-449. doi: 10.1007/s00411-013-0484-7.

9. Little M. P., Lipshultz S. P. Low dose radiation and circulatory diseases:
a brief narrative review. Cardiooncology. 2015. Vol. 1, no. 1. P. 4.
doi: 10.1186/540959-015-0007-6.

10. Little M. Radiation and circulatory disease. Mutat. Res. 2016. Vol.

770, Pt B. P. 299-318. doi: 10.1016/j.mrrev.2016.07.008.

11. Little M. P., Azizova T. V., Hamada N. Low- and moderate-dose non-

cancer effects of ionizing radiation in directly exposed individuals,

needed to clarify the nature of cerebro-ophthalmic
disorders in different exposure scenarios, to deter-
mine the molecular biological mechanisms of
these disorders, reliable dosimetric support and
taking into account the influence of non-radiation
risk factors. Long-term (life-span) medical and
biophysical monitoring of various cohorts of irra-
diated persons is required.

Confidentiality of information and
financial interests

The authors do not disclose confidential informa-
tion and have no affiliation or financial interest in
any organization that could create a conflict of
interest.

REFERENCES

1. Loganovsky K. Do low doses of ionizing radiation affect the human
brain? Data Science Journal. 2009;8:BR13-BR35. DOI:
http://doi.org/10.2481/dsj.BR-04.

2. Tang F, Loganovsky K. Low dose or low dose rate ionizing radia-
tion-induced health effect in the human. J Environ Radioact.
2018;192:32-47.

3. Marazziti D, Baroni S, Catena-Dell’Osso M, Schiavi E, Ceresoli D,
Conversano C, et al. Cognitive, psychological and psychiatric
effects of ionizing radiation exposure. Curr Med Chem.
2012;19(12):1864-1869.doi: 10.2174/092986712800099776.

4. Marazziti D, Piccinni A, Mucci F, Baroni S, Loganovsky K,
Loganovskaja T. lonizing radiation: brain effects and related neu-
ropsychiatric manifestations. Probl. Radiac. Med. Radiobiol.
2016;21:64-90.

5. Hladik D, Tapio S. Effects of ionizing radiation on the mammalian
brain. Mutat. Res. 2016;770(Pt B):219-230. doi: 10.1016/
j.mrrev.2016.08.003.

6. Hamada N, Azizova TV, Little MP. An update on effects of ionizing
radiation exposure on the eye. Br J Radiol. 2020;93(1115):
20190829.doi: 10.1259/bjr.20190829.

7. Little MP, Azizova TV, Bazyka D, Bouffler SD, Cardis E,
Chekin S, et al. Systematic review and meta-analysis of cir-
culatory disease from exposure to low-level ionizing radiation
and estimates of potential population mortality risks. Environ.
Health Perspect. 2012;120(11):1503-11. doi: 10.1289/ehp.
1204982.

8. Little MP. A review of non-cancer effects, especially circulatory
and ocular diseases. Radiat Environ Biophys. 2013;52(4):435-49.
doi: 10.1007/s00411-013-0484-7.

9. Little MP, Lipshultz SP. Low dose radiation and circulatory dis-
eases: a brief narrative review. Cardiooncology. 2015;1(1):4. doi:
10.1186/540959-015-0007-6.

10. Little M. Radiation and circulatory disease. Mutat Res.

2016;770(Pt B):299-318. doi: 10.1016/j.mrrev.2016.07.008.

a) 82



ISSN 2304-8336. pobnemn pagiauiiinoi Meouunkm 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2021. Bun. 26.

REVIEWS

16.

17.

18.

20.

21.

22.

23.

especially circulatory and ocular diseases: a review of the epidemi-
ology. Int. J. Radiat. Biol. 2021. Vol. 97, no. 6. P. 782—-803.
doi: 10.1080/09553002.2021.1876955.

. Neurodevelopmental effects of low dose ionizing radiation expo-

sure: A systematic review of the epidemiological evidence / E.
Pasqual, M. Bosch de Basea, M. Lopez-Vicente et al. Environ. Int.
2020. Vol. 136. P. 105371. doi: 10.1016/j.envint.2019.105371.

. Verheyde J., Benotmane M. A. Unraveling the fundamental molec-

ular mechanisms of morphological and cognitive defects in the irra-
diated brain. Brain Res. Rev. 2007. Vol. 53, no. 2. P. 312-320.
doi: 10.1016/j.brainresrev.2006.09.004.

. HeratveHa perynsauis noBxuHu Tenomep reHamu TERF1 Ta TERF2

npu KorHiTMBHOMY AediumTi y BignaneHomy nepiogi nicns on-
pomiHenHs / [I. A. Basuka, 1. M. InbeHko, K. M. JloraHoBCbkmii Ta
iH. [Tpobnemu pagiaviviHoi megnumxm 1a pagiobionorii. 2014. Bun.
19. C. 170-185.

. MNopyLueHHs reHHoT ekcnpecii, Tenomep Ta KOrHiTMBHUI AediunT K

bYHKUiS 03K Y ONPOMIHEHUX in utero Ta B OPOCNOMY BiLli BHACHI-
nok asapii Ha YAEC / [1. A. basuka, K. M. JloraHoscbkuid, . M. Inb-
€HKO Ta iH. [lpobnemu papgiauiiHoi meanumHu Ta pagiobionori.
2015. Bun. 20. C. 283-310.

Cognitive effects of low dose of ionizing radiation — Lessons learned
and research gaps from epidemiological and biological studies / E.
Pasqual, F. Boussin, D. A. Bazyka et al. Environ. Int. 2021. Vol.
147. P. 106295. doi: 10.1016/j.envint.2020.106295.
Cekanaviciute E., Rosi S., Costes S. V. Central Nervous System
responses to simulated galactic cosmic rays. Int. J. Mol. Sci. 2018.
Vol. 19, no. 11. P. 3669. doi: 10.3390/ijms19113669.

Combined effects of low-dose proton radiation and simulated
microgravity on the mouse retina and the hematopoietic system / X.
W. Mao, M. Boerma, D. Rodriguez et al. Radiat. Res. 2019. Vol.
192, no. 3. P. 241-250. doi: 10.1667/RR15219.1.

. Particle radiation alters expression of matrix metalloproteases

resulting in ECM remodeling in human lens cells / P. Y. Chang, K.
A. Bjornstad, C. J. Rosen et al. Radiat. Environ. Biophys. 2017. Vol.
46, no. 2. P. 187-194. doi: 10.1007/s00411-006-0087-7.
Cucinotta F. A., Cacao E. Risks of cognitive detriments after low
dose heavy ion and proton exposures. Int. J. Radiat. Biol. 2019.
Vol. 95, no. 7. P. 985-998. doi: 10.1080/09553002.2019.1623427.
Cacao E., Cucinotta F. A. Meta-analysis of cognitive performance
by novel object recognition after proton and heavy ion exposures.
Radiat. Res. 2019. Vol. 192, no. 5. P. 463—472. doi: 10.1667/
RR15419.1.

Cucinotta F. A., Cacao E. Predictions of cognitive detriments from
galactic cosmic ray exposures to astronauts on exploration mis-
sions. Life Sci Space Res (Amst). 2020. Vol. 25. P. 129-135.
doi: 10.1016/j.1ssr.2019.10.004.

Kiffer F., Boerma M., Allen A. Behavioral effects of space radia-
tion: A comprehensive review of animal studies. Life Sci Space
Res (Amst). 2019. Vol. 25. P. 1-21. doi: 10.1016/j.Issr.2019.02.
004.

1.

12.

13.

14,

15.

16.

17.

18.

19.

Little MP, Azizova TV, Hamada N. Low- and moderate-dose non-
cancer effects of ionizing radiation in directly exposed individuals,
especially circulatory and ocular diseases: a review of the epidemi-
ology. Int J Radiat Biol. 2021;97(6):782-803.doi:
10.1080/09553002.2021.1876955.

Pasqual E, Bosch de Basea M, Lopez-Vicente M, Thierry-Chef I,
Cardis E. Neurodevelopmental effects of low dose ionizing radiation
exposure: A systematic review of the epidemiological evidence.
Environ Int. 2020;136:105371.doi: 10.1016/j.envint.2019.105371.
Verheyde J, Benotmane MA. Unraveling the fundamental molecu-
lar mechanisms of morphological and cognitive defects in the irra-
diated brain. Brain Res Rev. 2007;53(2):312-320. doi:
10.1016/j.brainresrev.2006.09.004.

Bazyka DA, llyenko IM, Loganovsky KN, Benotmane MA, Chumak
AA. TERF1 and TERF2 downregulate telomere length in cognitive
deficit at the late period after low-dose exposure. Probl Radiac
Med Radiobiol. 2014;19:170-185.

Bazyka DA, Loganovsky KM, llyenko IM, Chumak SA, Bomko MO.
Gene expression, telomere and cognitive deficit analysis as a func-
tion of Chornobyl radiation dose and age: from in utero to adult-
hood. Probl Radiac Med Radiobiol. 2015;20:283-310.

Pasqual E, Boussin F, Bazyka D, Nordenskjold A, Yamada M,
Ozasa K, et al. Cognitive effects of low dose of ionizing radiation —
Lessons learned and research gaps from epidemiological and bio-
logical studies. Environ Int. 2021;147:106295. doi: 10.1016/
j.envint.2020.106295.

Cekanaviciute E, Rosi S, Costes SV. Central Nervous System
responses to simulated galactic cosmic rays. Int J Mol Sci.
2018;19(11):3669. doi: 10.3390/ijms19113669.PMID: 30463349
Mao XW, Boerma M, Rodriguez D, Campbell-Beachler M, Jones T,
Stanbouly S, et al. Combined effects of low-dose proton radiation
and simulated microgravity on the mouse retina and the
hematopoietic system. Radiat. Res. 2019;192(3):241-250. doi:
10.1667/RR15219.1.

Chang PY, Bjornstad KA, Rosen CJ, Lin S, Blakely EA. Particle radi-
ation alters expression of matrix metalloproteases resulting in ECM
remodeling in human lens cells. Radiat Environ Biophys.
20017;46(2):187-194. doi: 10.1007/s00411-006-0087-7.

20. Cucinotta FA, Cacao E. Risks of cognitive detriments after low dose

21

22.

23.

heavy ion and proton exposures. Int J Radiat Biol. 2019;95(7):985-
998. doi: 10.1080/09553002.2019.1623427.

. Cacao E, Cucinotta FA. Meta-analysis of cognitive performance by

novel object recognition after proton and heavy ion exposures.
Radiat Res. 2019;192(5):463-472. doi: 10.1667/RR15419.1.
Cucinotta FA, Cacao E. Predictions of cognitive detriments from
galactic cosmic ray exposures to astronauts on exploration mis-
sions. Life Sci Space Res (Amst). 2020:129-135. doi: 10.1016/
jlssr.2019.10.004.

Kiffer F, Boerma M, Allen A. Behavioral effects of space radiation:
A comprehensive review of animal studies. Life Sci Space Res
(Amst). 2019:1-21. doi: 10.1016/j.Issr.2019.02.004.

83 @



ornsaaosi CTATTI

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

b 84

ISSN 2304-8336. [po6nemu pagiauiiHoi meguuynny 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2021. Bun. 26.

Space missions: psychological and psychopathological issues / D.
Marazziti, A. Arone, T. Ivaldi et al. CNS Spectrums. 2021. P. 1-5.
doi: 10.1017/51092852921000535.

Invasive cardiologists are exposed to greater left sided cranial radi-
ation: The BRAIN Study (Brain Radiation Exposure and Attenuation
During Invasive Cardiology Procedures) / R. R. Reeves, L. Ang,
J. Bahadorani et al. JACC Cardiovasc. Interv. 2015. Vol. 8, no. 9.
P. 1197-1206. doi: 10.1016/j.jcin.2015.03.027.

Mpobnema ONPOMIHEHHS FiMOkamna iHTEPBEHLIAHWX PagioNnoriB:
[030Bi HaBaHTaXeHHs Ta MMOBIPHI edekTn / B. Yymak, A. MopryH,
0. BaxaHoBa Ta iH. [lpobnemun pagiauiviHoi MeanumHu Ta pagio-
Gionorii, 2015. Bun. 20. C. 241-256.

Subclinical carotid atherosclerosis and early vascular aging from
long-term low-dose ionizing radiation exposure: a genetic, telom-
ere, and vascular ultrasound study in cardiac catheterization labo-
ratory staff / M. G. Andreassi, E. Piccaluga, L. Gargani et al. JACC
Cardiovasc. Interv. 2015. Vol. 8, no. 4. P. 616—627.doi: 10.1016/
j-jcin.2014.12.233.

Neuropsychological testing in interventional cardiology staff after
long-term exposure to ionizing radiation / D. Marazziti, F.
Tomaiuolo, L. Dell’Osso et al. J. Int. Neuropsychol. Soc. 2015. Vol.
21, no. 9. P. 670—676. doi: 10.1017/5135561771500082X.
Radiation cataract risk in interventional cardiology personnel / E.
Vano, N. J. Kleiman, A. Duran et al. Radiat. Res. 2010. Vol. 174,
no. 4. P. 490—495. doi: 10.1667/RR2207.1.

Radiation-associated lens opacities in catheterization personnel:
results of a survey and direct assessments / E. Vano, N. J. Kleiman,
A. Duran et al. J. Vasc. Intervent. Radiol. 2013. Vol. 24, no. 2.
P. 197-204. doi: 10.1016/.jvir.2012.10.016.

Risk of cataract among interventional cardiologists and catheteriza-
tion lab staff: A systematic review and meta-analysis / A. Eimaraezy,
M. Ebraheem Morra, A. Tarek Mohammed et al. Catheter
Cardiovasc. Interv. 2017. Vol. 90, no. 1. P. 1-9. doi: 10.1002/
ccd.27114.

Radiation-induced cerebro-ophthalmic effects in humans / K. N.
Loganovsky, D. Marazziti, P. A. Fedirko et al. Life. 2020. Vol. 10,
no. 4. P. 41. doi: 10.3390/life10040041.

['0N10BHWIA MO30K Ta OpraH 30py SIK NOTEHLiiHI MiLeHi ans Bnau-
BY iOHi3yl040r0 BMNpPOMiHIOBaHHS. YacTuHa |. LlepebpoodTans-
MOJIOTiYHi epeKTI ONPOMIHEHHS B Y4aCHUKIB NiKBiAaLi HACMIAKIB
asapii Ha YAEC / K. M. JloraHoscbkuit, 1. A. ®epipko, K. B. Ky,
T1a iH. [lpobnemu pagiauiiHoi meguumHn Ta pagiobionorii. 2020.
Bun. 25. C. 90-129. doi: 10.33145/2304-8336-2020-25-90-
129.

Preferred reporting items for systematic reviews and meta analyses:
The PRISMA statement / D. Moher, A. Liberati, J. Tetzlaff et al.
PLoS Med. 2009. Vol. 6, no. 7. €1000097. doi:10.1371/ journal.
pmed.1000097.

Developmental effects of irradiation on the brain of the embryo and
fetus. A report of a Task Group of Committee 1 of the International
Commission on Radiological Protection. ICRP Publication 49.

24.

25.

26.

21.

28.

29.

30.

31.

32.

33.

34.

35.

Marazziti D, Arone A., Ivaldi T, Kuts K, Loganovsky K. Space mis-
sions: psychological and psychopathological issues. CNS Spectr.
2021 May 24;1-5. doi: 10.1017/51092852921000535.

Reeves RR, Ang L, Bahadorani J, Naghi J, Dominguez A,
Palakodeti V et al Invasive cardiologists are exposed to greater left
sided cranial radiation: The BRAIN Study (Brain Radiation
Exposure and Attenuation During Invasive Cardiology Procedures).
JACC Cardiovasc Interv. 2015;8(9):1197-1206. doi: 10.1016/
j.jcin.2015.03.027.

Chumak V, Morgun A, Bakhanova E, Loganovsky K, Loganovska T,
Marazziti D. Problems following hippocampal irradiation in inter-
ventional radiologists - doses and potential effects: a Monte Carlo
simulation. Probl Radiac Med Radiobiol. 2015;20:241-256.
Andreassi MG, Piccaluga E, Gargani L, Sabatino L, Borghini A,
Faita F, et al. Subclinical carotid atherosclerosis and early vascular
aging from long-term low-dose ionizing radiation exposure: a
genetic, telomere, and vascular ultrasound study in cardiac
catheterization laboratory staff. JACC Cardiovasc Interv.
2015;8(4):616-627.doi: 10.1016/j.jcin.2014.12.233.

Marazziti D, Tomaiuolo F, Dell'Osso L, Demi V, Campana S, Picca-
luga E, et al. Neuropsychological testing in interventional cardiology
staff after long-term exposure to ionizing radiation. J Int Neuropsy-
chol Soc. 2015;21(9):670-676. doi: 10.1017/5135561771500082X.
Vano E, Kleiman NJ, Duran A, Rehani MM, Echeverri D, Cabrera
M. Radiation cataract risk in interventional cardiology personnel.
Radiat Res. 2010;174(4):490-95. doi: 10.1667/RR2207.1.

Vano E, Kleiman NJ, Duran A, Romano-Miller M, Rehani MM.
Radiation-associated lens opacities in catheterization personnel:
results of a survey and direct assessments. J Vasc Intervent Radiol.
2013;24(2):197-204. doi: 10.1016/].jvir.2012.10.016.

Elmaraezy A, Ebraheem Morra M, Tarek Mohammed A, Al-Habaa
A, Elgebaly A, Abdelmotaleb Ghazy A, et al. Risk of cataract among
interventional cardiologists and catheterization lab staff: A system-
atic review and meta-analysis. Catheter Cardiovasc Interv.
2017;90(1):1-9. doi: 10.1002/ccd.27114.

Loganovsky KN, Marazziti D, Fedirko PA, Kuts KV, Antypchuk KY,
Perchuk IV, et al. Radiation-induced cerebro-ophthalmic effects in
humans. Life. 2020;10(4):41. doi: 10.3390/life10040041.
Loganovsky KN, Fedirko PA, Kuts KV, Marazziti D, Antypchuk KY,
Perchuk IV, et al. Brain and eye as potential targets for ionizing
radiation impact. Part |. The consequences of irradiation of the
participants of the liquidation of the Chornobyl accident. Probl
Radiac Med Radiobiol. 2020;25:90-129. doi: 10.33145/2304-
8336-2020-25-90-129.

Moher D, Liberati A, Tetzlaff J, Aitman DG. PRISMA Group.
Preferred reporting items for systematic reviews and meta analy-
ses: The PRISMA statement. PLoS Med. 2009;6(7):e1000097.
doi: 10.1371/journal.pmed.1000097.

Developmental effects of irradiation on the brain of the embryo and
fetus. A report of a Task Group of Committee 1 of the International
Commission on Radiological Protection. ICRP Publication 49.




ISSN 2304-8336. pobnemn pagiauiiinoi Meouunkm 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2021. Bun. 26.

REVIEWS

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

Oxford, New York, Toronto, Sydney, Frankfurt Pergamon :
Pergamon Press, 1986.

ICRP. Biological effects after prenatal irradiation (embryo and
fetus). ICRP Publication 90. Ann. ICRP. 2003. Vol. 33, no. 1-2.
Loganovsky K., Loganovskaya T. Responses to children’s mental
health needs following the Ukrainian nuclear disaster at Chernobyl.
In: Responses to children’s mental health needs after major disas-
ters, an international perspective. Columbia University Medical
Center/New York State Psychiatric Institute, USA : Springer Nature
Switzerland AG, 2019. P. 191-219.

Exposing primary rat retina cell cultures to y-rays: An in vitro model
for evaluating radiation responses / L. Gaddini, M. Balduzzi, A.
Campa et al. Exp. Eye Res. 2018. Vol. 166. P. 21-28. doi:
10.1016/j.exer.2017.09.009.

A detailed characterization of congenital defects and mortality fol-
lowing moderate X-ray doses during neurulation / K. Craenen, M.
Verslegers, J. Buset et al. Birth Defects Res. 2017. Vol. 110, no. 6.
P. 467-482. doi: 10.1002/bdr2.1161.

Devi P., Baskar R., Hande M. Effect of exposure to low-dose
gamma radiation during late organogenesis in the mouse fetus.
Radliat. Res. 1994. Vol. 138, no. 1. P. 133—138.

Postnatal growth, neurobehavioral and neurophysiologic changes of
prenatal low-dose (3-radiation from tritiated water in mice / W. Gao,
H. Lu, J. Dong et al. Neurotoxicol. Teratol. 2002. Vol. 24, no. 2.
P. 247-254. doi: 10.1016/s0892-0362(02)00202-7.
Radiation-induced cataracts in children with brain tumors receiving
craniospinal irradiation / R. Whelan, B. Saccomano, R. King et al.
Pediatr Hematol. Oncol. J. 2018. Vol. 40, no. 4. P. 304-305.
doi: 10.1097/MPH.0000000000001142.

Location of radiosensitive organs inside pediatric anthropomorphic
phantoms: Data required for dosimetry / S. Inkoom, M. Raissaki,
K. Perisinakis et al. Phys. Med. 2015. Vol. 31, no. 8. P. 882—888.
doi: 10.1016/j.ejmp.2015.06.005.

. Day R., Gorin M., Eller A. Prevalence of lens changes in ukrainian

children residing around Chernobyl. Health Phys. 1995. Vol. 68,
no. 5. P. 632—642. doi: 10.1097/00004032-199505000-00002.
Prevalence of lens opacity in population with chronic low-dose
gamma-radiation exposure from radioactive apartments in Taiwan /
T. Wang, J. Chen, G. Guo et al. In: Ocular radiation risk assessment
in populations exposed to environmental radiation contamination.
Dordrecht, Boston, London, 1999. P. 191-196.

®epipko . A., XiniHcbka B. 10. CraH kpuwTanuka y aiteit, wio
MELLKaIOTb B 30Hi pagiliiHoro 3abpyaHeHHs. AHani3 pesynbTa-
TiB TpMBanoro cnocrepexenHs. Ogramsmon. xypH. 1998. Ne 2.
C. 155-158.

®epmpko M., baberko T., Mapkasa H., lopuyesckas P. Paguaum-
OHHas karapakTa nocne YepHobbiNbCKoii katacTpodbl — cneuudu-
yeckast KnuHuyeckas kaptuHa. Ogranemonorus. BoctoyHas Espo-
na. 2021.T. 11, Ne 1. C. 19-26. doi: 10.34883/PI. 2021.11.1.002.
Evaluating lens dose reduction in pediatric neuroradiology examina-
tions using automated kilovoltage selection software / J.

36.

37.

38.

39.

40.

41.

42.

43.

Oxford, New York, Toronto, Sydney, Frankfurt Pergamon: Perga-
mon Press; 1986.

Biological Effects after Prenatal Irradiation (Embryo and Fetus).
ICRP Publication 90. Ann ICRP. 2003;33(1-2).

Loganovsky K, Loganovskaya T. Responses to children’s mental
health needs following the Ukrainian nuclear disaster at Chernobyl.
Responses to Children’s Mental Health Needs after Major
Disasters, an International Perspective. Columbia University
Medical Center/New York State Psychiatric Institute, USA:
Springer Nature Switzerland AG; 2019. p. 191-219.

Gaddini L, Balduzzi M, Campa A, Esposito G, Malchiodi-Albedi F,
Patrono C, et al. Exposing primary rat retina cell cultures to y-rays:
An in vitro model for evaluating radiation responses. Exp Eye Res.
2018;166:21-28. doi: 10.1016/j.exer.2017.09.009.

Craenen K, Verslegers M, Buset J, Baatout S, Moons L, Beno-
tmane M. A detailed characterization of congenital defects and
mortality following moderate X-ray doses during neurulation. Birth
Defects Res. 2017;110(6):467-482. doi: 10.1002/bdr2.1161.
Devi P, Baskar R, Hande M. Effect of exposure to low-dose gamma
radiation during late organogenesis in the mouse fetus. Radiat
Res. 1994;138(1):133-138.

Gao W, Lu H, Dong J, Zhang W, Zhou X, Jenkins L, et al. Postnatal
growth, neurobehavioral and neurophysiologic changes of prenatal
low-dose [B-radiation from tritiated water in mice. Neurotoxicol Te-
ratol. 2002;24(2):247-254. doi: 10.1016/50892-0362(02)00202-7.
Whelan R, Saccomano B, King R, Dorris K, Hemenway M, Han-
kinson T, et al. Radiation-induced Cataracts in Children With Brain
Tumors Receiving Craniospinal Irradiation. Pediiatr Hematol. Oncol.
J. 2018;40(4):304-305. doi: 10.1097/MPH.0000000000001142.
Inkoom S, Raissaki M, Perisinakis K, Maris T, Damilakis J. Location
of radiosensitive organs inside pediatric anthropomorphic phan-
toms: Data required for dosimetry. Phys Med. 2015;31(8):882-
888. doi: 10.1016/j.ejmp.2015.06.005.

. Day R, Gorin M, Eller A. Prevalence of lens changes in ukrainian

children residing around Chernobyl. Health Phys. 1995;68(5):632-
642. doi: 10.1097/00004032-199505000-00002.

45. Wang T, Chen J, Guo G, et al. Prevalence of lens opacity in popu-

lation with chronic low-dose gamma-radiation exposure from
radioactive apartments in Taiwan. In: Ocular radiation risk assess-
ment in populations exposed to environmental radiation contami-
nation. Dordrecht, Boston, London; 1999. p. 191-196.

46. Fedirko PA, Khilinskaya VYu. [The condition of the lens in children liv-

47.

48.

ing in the area of radiation contamination. Analysis of the results of
long-term observation]. Ophthalmol J. 1998;2:155-158. Ukrainian.
Fedirko P, Babenko T, Garkava N, Dorichevskaya R. [Radiation
cataract after the Chernobyl disaster — a specific clinical picture].
Ophthalmology. Eastern Europe. 2021;11(1):19-26. http://doi.
org/10.34883/PI. 2021.11.1.002. Russian.

Raudabaugh J, Smith A, Moore B, Ramirez-Giraldo J, Januzis N,
Yoshizumi T. Evaluating lens dose reduction in pediatric neurora-
diology examinations using automated Kilovoltage Selection

85 @



orngaaosi CTATTI

49.

50.

51

52.

53.

54.

95.

56.

57.

58.

59.

60.

61.

@

ISSN 2304-8336. [po6nemu pagiauiiHoi meguuynny 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2021. Bun. 26.

Raudabaugh, A. Smith, B. Moore et al. AJR Am. J. Roentgenol.
2018. Vol. 211, no. 3. P. 635—640. doi: 10.2214/AJR.17.19089.
Out-of-field dose measurements for 3d conformal and intensity
modulated radiotherapy of a paediatric brain tumor / M. Majer, L.
Stolarczyk, M. De Saint-Hubert et al. Radiat. Protect. Dosimetry.
2017. Vol. 176, no. 3. P. 331-340. doi: 10.1093/rpd/ncx015.
Direct measurements of skin, eye lens and thyroid dose during
pediatric brain ct examinations / A. Ploussi, I. Stathopoulos, V.
Syrgiamiotis et al. Radiat. Protect. Dosimetry. 2017. Vol. 179, no. 3.
P. 199-205. doi: 10.1093/rpd/ncx251.

Topogram-based tube current modulation of head computed
tomography for optimizing image quality while protecting the eye
lens with shielding / M. Lin, C. Chen, Y. Lee et al. Acta Radiologica.
2018. Vol. 60, no. 1. P. 61-67. doi: 10.1093/rpd/ncx251.

Lens dose reduction by patient posture modification during neck CT /
E. Mosher, J. Butman, L. Folio et al. AJR Am. J. Roentgenol. 2018.
Vol. 210, no. 5. P. 1111-1117. doi: 10.2214/AJR.17.18261.
Matsutomo N., Fukunaga M., Onishi H., Yamamoto T. Corneal dose
reduction using a bismuth-coated latex shield over the eyes during
brain SPECT/CT. J. Nucl. Med. Technol. 2017. Vol. 45, no. 3.
P. 214-218. doi: 10.2967/jnmt.117.192849.

Nuclear radiation and prevalence of structural birth defects among
infants born to women from the Marshall Islands / W. Nembhard,
P. McElfish, B. Ayers et al. Birth Defects Res. 2019. Vol. 111, no.
16. P. 1192—1204. doi: 10.1002/bdr2.1551.

Radiation-induced neuroinflammation and radiation somnolence
syndrome / P. Ballesteros-Zebadua, A. Chavarria, M. Angel Celis et
al. CNS & Neurological Disorders Drug Targets. 2012. Vol. 11,
no. 7. P. 937-949. doi: 10.2174/1871527311201070937.

Mental function following scalp irradiation during childhood / E.
Ron, B. Modan, S. Floro et al. Am. J. Epidemiol. 1982. Vol. 116,
no. 1. P. 149-160. doi: 10.1093/oxfordjournals.aje.a113389.
Effect of low doses of ionising radiation in infancy on cognitive func-
tion in adulthood: Swedish population based cohort study / P. Hall,
H. Adami, D. Trichopoulos et al. BMJ. 2004. Vol. 328, no. 7430.
P. 19. doi: 10.1136/bm;j.328.7430.19.

ICRP Publication 118. ICRP statement on tissue reactions and early
and late effects of radiation in normal tissues and organs-threshold
doses for tissue reactions in a radiation protection context. Ann.
ICRP. 2012 Vol. 41, no. 1-2. P. 1-322. doi: 10.1016/j.icrp.2012.
02.001.

ByproBas E., KaHtuHa T., benosa M., AkneeB A. KOrHUTUBHbIE Ha-
PYLUEHWS Y MWL, MOABEPrLUNXCS PAAMALMOHHOMY BO3AENCTBUIO B
nepuop, NpeHaTanbHoro pas3BuTUS. XypHan HEBPOMOrUN U MCUXU-
arpmm um. C. C. Kopcakosa. 2015. T. 115, Ne 4. C. 20-23.
School and neuropsychological performance of evacuated children
in Kyiv 11 years after the Chornobyl disaster / L. Litcher, E. Bromet,
G. Carlson et al. J. Child Psychol. Psychiatry. 2000. Vol. 41, no. 3.
P. 291-299.

Children’s well-being 11 years after the Chornobyl catastrophe /
E. Bromet, D. Goldgaber, G. Carlson et al. Arch. Gen. Psychiatry.

86

49.

50.

51.

52.

53.

94.

95.

56.

S7.

58.

59.

60.

61.

Software. AJR Am. J. Roentgenol. 2018;211(3):635-640. doi:
10.2214/AJR.17.19089.

Majer M, Stolarczyk L, De Saint-Hubert M, Kabat D, Knezevic Z,
Miljanic S, et al. Out-of-field dose measurements for 3d conformal
and intensity modulated radiotherapy of a paediatric brain tumor.
Radiat Protect Dosimetry. 2017;176(3):331-340. doi: 10.1093/
rpd/ncx015.

Ploussi A, Stathopoulos I, Syrgiamiotis V, Makri T, Hatzigiorgi C,
Platoni K, et al. Direct measurements of skin, eye lens and thyroid
dose during pediatric brain ct examinations. Radiat Protect Dosi-
metry. 2017;179(3):199-205.

Lin M, Chen C, Lee Y, Li C, Gerweck L, Wang H, et al. Topogram-
based tube current modulation of head computed tomography for
optimizing image quality while protecting the eye lens with shielding.
Acta Radiologica. 2018;60(1):61-67. doi: 10.1093/rpd/ncx251.
Mosher E, Butman J, Folio L, Biassou N, Lee C. Lens dose reduc-
tion by patient posture modification during neck CT. Am J Roent-
genol. 2018;210(5):1111-1117. doi: 10.2214/AJR.17.18261.
Matsutomo N, Fukunaga M, Onishi H, Yamamoto T. Corneal dose
reduction using a bismuth-coated latex shield over the eyes during
brain SPECT/CT. J Nucl Med Technol. 2017;45(3):214-218. doi:
10.2967/jnmt.117.192849.

Nembhard W, McElfish P, Ayers B, Collins R, Shan X, Rabie N, et
al. Nuclear radiation and prevalence of structural birth defects
among infants born to women from the Marshall Islands. Birth
Defects Res. 2019;111(16):1192-1204. doi: 10.1002/bdr2.1551.
Ballesteros-Zebadua P, Chavarria A, Angel Celis M, Paz C, Franco-
Perez J. Radiation-Induced Neuroinflammation and Radiation Som-
nolence Syndrome. CNS & Neurological Disorders Drug Targets.
2012;11(7):937-949. doi: 10.2174/1871527311201070937.

Ron E, Modan B, Floro S, Harkedar I, Gurewitz R. Mental function
following scalp irradiation during childhood. Am J Epidemiol.
1982;116(1):149-160. doi: 10.1093/oxfordjournals.aje.at113389.
Hall P, Adami H, Trichopoulos D, Pedersen N, Lagiou P, Ekbom A,
et al. Effect of low doses of ionising radiation in infancy on cogni-
tive function in adulthood: Swedish population based cohort study.
BMJ. 2004;328(7430):19. doi: 10.1136/bm;.328.7430.19.

ICRP statement on tissue reactions and early and late effects of
radiation in normal tissues and organs-threshold doses for tissue
reactions in a radiation protection context. ICRP Publication 118.
Ann ICRP. 2012;41(1-2):1-322. doi: 10.1016/j.icrp.2012.02.001.
Burtovaya EYu, Kantina TE, Belova MV, Akleyev AV [Cognitive impair-
ments in persons exposed to radiation during the period of prena-
tal development]. Zh Nevrol Psikhiatr Im S S Korsakova. 2015;
115(4):20-23. doi: 10.17116/jnevro20151154120-23. Russian.
Litcher L, Bromet E, Carlson G, Squires N, Goldgaber D, Panina N,
et al. School and neuropsychological performance of evacuated
children in Kyiv 11 years after the Chornobyl disaster. J Child
Psychol Psychiatry. 2000;41(3):291-219.

Bromet E, Goldgaber D, Carlson G, Panina N, Golovakha E,
Gluzman S, et al. Children’s well-being 11 years after the Chorno-




ISSN 2304-8336. pobnemn pagiauiiinoi Meouunkm 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2021. Bun. 26.

REVIEWS

2000. Vol. 57, no. 6. P. 563-571. doi: 10.1001/archpsyc.57.
6.563

62. The Chornobyl accident and cognitive functioning: a follow-up study

63.

64.

65.

66.

67.

of infant evacuees at age 19 years / D. Taormina, S. Rozenblatt, L.
Guey et al. Psychol. Med. 2008. Vol. 38, no. 4. P. 489-497. doi:
10.1017/50033291707002462.

Kolominsky Y., Ilgumnov S., Drozdovitch V. The psychological devel-
opment of children from Belarus exposed in the prenatal period to
radiation from the Chernobyl Atomic Power Plant. J. Child Psychol.
Psychiatry. 1999. Vol. 40, no. 2. P. 299-305.

Igumnov S., Drozdovitch V. The intellectual development, mental
and behavioural disorders in children from Belarus exposed in utero
following the Chernobyl accident. Eur. Psychiatry. 2000. Vol. 15,
no. 4. P. 244-253. doi: 10.1016/s0924-9338(00)00237-6.
Urymtos C., Ipo3nosuy B. AHTEHaTanbHoe BO3AEHCTBIE B P3yrib-
TaTe aBapun Ha YepHobbinbekoii ASC: Heliponcuxmatpuyeckie ac-
nekTbl. MexayHap. XypH. Paguau. Mes. 2004. T. 6, Ne 1-4, Cned.
Boin. C. 108—115.

Intelligence and brain damage in children acutely irradiated in utero
as a result of the Chernobyl accident / A. Nyagu, K. Loganovsky, T.
Loganovskaja et al. In: KURRI-KR-79 Recent Research Activities
about the Chernobyl NPP Accident in Belarus, Ukraine and Russia
/ ed. by T. Imanaka. Kyoto : Research Reactor Institute, Kyoto
University, 2002. P. 202—230.

AdbdekTbl NpeHaTanbHOro 00/y4eHs Mo3ra BCNeacTeue YepHo-
oObinbekoit asapuu / A. W. Hary, K. H. NloraHosckuid, P. MotT-BopH
v ap. MexayHap. XypH. Pagvay. Meg. 2004. T. 6, Ne 1-4, Cneu,
Boin. C. 91-107.

68. JloraHoecbka T. K., Hevaes C. 0. MeuxodisionoriyHi edeku y npe-

69.

70.

1.

72.

73.

HaTasbHO ONPOMIHEHWX AiTel Ti MigniTkiB nicng asapii Ha YopHo-
ounbebkint AEC. Meanyrmii Beecsit. 2004. T. 4, Ne 1. C. 130—-137.
Jloranoscbka T. K. ewxiyHi posnaau y aiteid, ki 3a3Hanm BHYTPILL-
HbOYTPOOHOrO OMPOMIHEHHSI BHACMIAOK aBapii HA YopHOOMNLCHKIl
AEC : pvc. ... kaHA. Mep. Hayk : HaykoBmii LIEHTP pagiauiiiHoi Me-
OvumHM  HauioHanbHOT akagemii MeguyHux Hayk Ykpaibu. Kuis,
2005. 253 c.

Disrupted Development of the dominant hemisphere following pre-
natal irradiation / K. Loganovsky, T. Loganovskaja, S. Nechayev et
al. J. Neuropsychiatry Clin. Neurosci. 2008. Vol. 20, no. 3. P. 274—
291. doi: 10.1176/jnp.2008.20.3.274.

Loganovsky K., Loganovskaja T., Kuts K. Psychophysiology

research in the detection of ionizing radiation effects. In: Advances
in Psychobiology | ed. by F. Chiappelli. New York, USA : Nova
Science Publisher, 2018. P. 63—152.
Loganovskaja T., Loganovsky K. Visual vertex potential and psy-
chopathology of children irradiated in utero. Int. J. Psychophysiol.
2000. Vol. 35, no. 1. P.6.
Heiervang K., Mednick S., Sundet K., Rund B. Effect of low dose
ionizing radiation exposure in utero on cognitive function in adoles-
cence. Scand. J. Psychol. 2010. Vol. 51, no. 3. P. 210-215.
doi: 10.1111/j.1467-9450.2010.00814.x.

62.

63.

64.

65.

66.

67.

68.

69.

70.

1.

T2.

73.

4.

byl catastrophe. Arch Gen Psychiatry. 2000;57(6):563-571. doi:
10.1001/archpsyc.57.6.563.

Taormina D, Rozenblatt S, Guey L, Gluzman S, Carlson G,
Havenaar J, et al. The Chornobyl accident and cognitive function-
ing: a follow-up study of infant evacuees at age 19 years. Psychol
Med. 2008;38(4):489-497. doi: 10.1017/S0033291707002462.
Kolominsky Y, Ilgumnov S, Drozdovitch V. The psychological devel-
opment of children from Belarus exposed in the prenatal period to
radiation from the Chernobyl Atomic Power Plant. J Child Psychol
Psychiatry. 1999;40(2):299-305.

Igumnov S, Drozdovitch V. The intellectual development, mental
and behavioural disorders in children from Belarus exposed in
utero following the Chernobyl accident. Eur Psychiatry. 2000;
15(4):244-253. doi: 10.1016/50924-9338(00)00237-6.

Igumnov S, Drozdovitch V. [Antenatal exposure following the
Chernobyl accident: neuropsychiatric aspects]. Int J Radiat Med.
2004;6(1-4 Special Issue): 108-115. Russian.

Nyagu A, Loganovsky K, Loganovskaja T, Repin V, Nechaev S.
Intelligence and brain damage in children acutely irradiated in
utero as a result of the Chernobyl accident. In: Imanaka T, editor.
KURRI-KR-79 Recent Research Activities about the Chernobyl NPP
Accident in Belarus, Ukraine and Russia. Kyoto: Research Reactor
Institute, Kyoto University; 2002. p. 202-230.

Nyagu Al, Loganovsky KN, Pott-Born R, Repin VS, Nechaev SY,
Antipchuk EY, et al. [Effects of prenatal brain irradiation as a result
of the Chernobyl accident]. Int J Radiat Med. 2004;6(1-4 Special
Issue):91-107. Russian.

Loganovska TK, Nechaev SY. [Psychophysiological effects in pre-
natally irradiated children and adolescents after the Chornobyl
accident]. Medical Universe. 2004;4(1):130-7. Ukrainian.
Loganovskaja TK. [Mental disorders in children exposed to prena-
tal irradiation as a result of the Chornobyl accident] [dissertation].
Kyiv: Research Center of Radiation Medicine of the National
Academy of Medical Sciences of Ukraine; 2005. 253 p. Ukrainian.
Loganovsky K, Loganovskaja T, Nechayev S, Antipchuk Y, Bomko
M. Disrupted Development of the dominant hemisphere following
prenatal irradiation. J Neuropsychiatry Clin Neurosci. 2008;20(3):
274-291. doi: 10.1176/jnp.2008.20.3.274.

Loganovsky K, Loganovskaja T, Kuts K. Psychophysiology research
in the detection of ionizing radiation effects. In: Chiappelli F, edi-
tor. Advances in Psychobiology. New York, USA: Nova Science
Publisher; 2018. p. 63-152.

Loganovskaja T, Loganovsky K. Visual vertex potential and psy-
chopathology of children irradiated in utero. Int J Psychophysiol.
2000;35(1):6.

Heiervang K, Mednick S, Sundet K, Rund B. Effect of low dose ion-
izing radiation exposure in utero on cognitive function in adoles-
cence. Scand J Psychol. 2010;51(3):210-215. doi: 10.1111/
j.1467-9450.2010.00814.x.

Heiervang K, Mednick S, Sundet K, Rund B. The Chernobyl
Accident and Cognitive Functioning: A study of Norwegian adoles-

87 &



ornsaaosi CTATTI

74.

75.

76.

78.

ISSN 2304-8336. [po6nemu pagiauiiHoi meguuynny 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2021. Bun. 26.

Heiervang K., Mednick S., Sundet K., Rund B. The Chernobyl acci-
dent and cognitive functioning: A Study of Norwegian adolescents
exposed in utero. Dev. Neuropsychol. 2010. Vol. 35, no. 6. P. 643—
655. doi: 10.1080/87565641.2010.508550.

Lie R., Moster D., Strand P., Wilcox A. Prenatal exposure to
Chernobyl fallout in Norway: neurological and developmental out-
comes in a 25-year follow-up. Eur. J. Epidemiol. 2017. Vol. 32,
no. 12. P. 1065—1073. doi: 10.1007/s10654-017-0350-z.
Neonatal outcomes following exposure in utero to fallout from
Chernobyl / M. Hatch, M. Little, A. Brenner et al. Eur. J. Epidemiol.
2017. Vol. 32, no. 12. P. 1075-1088. doi: 10.1007/s10654-017-
0299-y.

. Imamura Y., Nakane Y., Ohta Y., Kondo H. Lifetime prevalence of

schizophrenia among individuals prenatally exposed to atomic bomb
radiation in Nagasaki City. Acta Psychiatr. Scand. 2007. Vol. 100, no.
5. P. 344-349. doi: 10.1111/j.1600-0447.1999.tb 10877 .x.

Korr H., Thorsten R., Benders J. Neuron loss during early adulthood
following prenatal low-dose X-irradiation in the mouse brain. /nt. J.
Radiat. Biol. 2001. Vol. 77, no. 5. P. 567-580. doi: 10.1080/
09553000010028467.

79. Abnormalities of thalamic volume and shape detected in fetally irradi-

80.

81.

82.

83.

84.

85.

86.

) 88

ated rhesus monkeys with high dimensional brain mapping / M.
Schindler, L. Wang, L. Selemon et al. Biol. Psychiatry. 2002. Vol. 51,
no. 10. P. 827-837. doi: 10.1016/s0006-3223(01)01341-5.
Gelowitz D., Rakic P., Goldman-Rakic P., Selemon L. Craniofacial
dysmorphogenesis in fetally irradiated nonhuman primates: implica-
tions for the neurodevelopmental hypothesis of schizophrenia. Biol.
Psychiatry. 2002. Vol. 52, no. 7. P. 716—720. doi: 10.1016/s0006-
3223(02)01380-x.

Prenatal protracted irradiation at very low dose rate induces severe
neuronal loss in rat hippocampus and cerebellum / C. Schmitz, M.
Born, P. Dolezel et al. Neuroscience. 2005. Vol. 130, no. 4. P. 935—
948. doi: 10.1016/j.neuroscience.2004.08.034.

Direct and indirect effects of fetal irradiation on cortical gray and
white matter volume in the macaque / L. Selemon, L. Wang, M. Nebel
et al. Biol. Psychiatry. 2005. Vol. 57, no. 1. P. 83-90. doi: 10.1016/
j.biopsych.2004.10.014.

Selemon L., Begovic A., Rakic P. Selective reduction of neuron
number and volume of the mediodorsal nucleus of the thalamus in
macaques following irradiation at early gestational ages. J. Comp.
Neurol. 2009. Vol. 515, no. 4. P. 454-464. doi: 10.1002/
cne.22078.

Friedman H., Selemon L. Fetal irradiation interferes with adult cogni-
tion in the nonhuman primate. Biol. Psychiatry. 2010. Vol. 68, no. 1.
P. 108—111. doi: 10.1016/j.biopsych.2010.02.021.

Selemon L., Friedman H. Motor stereotypies and cognitive persever-
ation in non-human primates exposed to early gestational irradiation.
Neuroscience. 2013. Vol. 248. P. 213—-224. doi: 10.1016/j.neuro-
science.2013.06.006.

Hamid H., Gross R., Harlap S. Prenatal X-ray exposure may increase
risk of schizophrenia: results from the Jerusalem perinatal cohort

cents exposed in utero. Dev Neuropsychol. 2010;35(6):643-655.
doi: 10.1080/87565641.2010.508550.

75. Lie R, Moster D, Strand P, Wilcox A. Prenatal exposure to
Chernobyl fallout in Norway: neurological and developmental
outcomes in a 25-year follow-up. Eur J Epidemiol. 2017;32(12):
1065-1073. doi: 10.1007/510654-017-0350-z.

76. Hatch M, Little M, Brenner A, Cahoon E, Tereshchenko V,
Chaikovska L, et al. Neonatal outcomes following exposure in
utero to fallout from Chernobyl. Eur J Epidemiol. 2017;32(12):
1075-1088. doi: 10.1007/s10654-017-0299-y.

77. Imamura Y, Nakane Y, Ohta Y, Kondo H. Lifetime prevalence of
schizophrenia among individuals prenatally exposed to atomic
bomb radiation in Nagasaki City. Acta Psychiatr Scand. 2007,
100(5):344-349. doi: 10.1111/j.1600-0447.1999.tb10877.x.

78. Korr H, Thorsten R, Benders J. Neuron loss during early adult-
hood following prenatal low-dose X-irradiation in the mouse
brain. Int J Radiat Biol. 2001;77(5):567-580. doi: 10.1080/
09553000010028467.

79. Schindler M, Wang L, Selemon L, Goldman-Rakic P, Rakic P,
Csernansky J. Abnormalities of thalamic volume and shape
detected in fetally irradiated rhesus monkeys with high dimen-
sional brain mapping. Biol Psychiatry. 2002;51(10):827-837. doi:
10.1016/50006-3223(01)01341-5.

80. Gelowitz D, Rakic P, Goldman-Rakic P, Selemon L. Craniofacial
dysmorphogenesis in fetally irradiated nonhuman primates:
implications for the neurodevelopmental hypothesis of schizo-
phrenia. Biol Psychiatry. 2002;52(7):716-720. doi: 10.1016/
50006-3223(02)01380-x.

81. Schmitz C, Born M, Dolezel P, Rutten B, de Saint-Georges L, Hof
P, et al. Prenatal protracted irradiation at very low dose rate
induces severe neuronal loss in rat hippocampus and cerebel-
lum. Neuroscience. 2005;130(4):935-948. doi: 10.1016/j.neuro-
science.2004.08.034.

82. Selemon L, Wang L, Nebel M, Csernansky J, Goldman-Rakic P,
Rakic P. Direct and indirect effects of fetal irradiation on cortical
gray and white matter volume in the macaque. Biol Psychiatry.
2005;57(1):83-90. doi: 10.1016/j.biopsych.2004.10.014.

83. Selemon L, Begovic A, Rakic P. Selective reduction of neuron
number and volume of the mediodorsal nucleus of the thala-
mus in macaques following irradiation at early gestational
ages. J Comp Neurol. 2009;515(4):454-464. doi: 10.1002/
cne.22078.

84. Friedman H, Selemon L. Fetal irradiation interferes with adult
cognition in the nonhuman primate. Biol Psychiatry. 2010;68(1):
108-111. doi: 10.1016/j.biopsych.2010.02.021.

85. Selemon L, Friedman H. Motor stereotypies and cognitive perse-
veration in non-human primates exposed to early gestational irra-
diation. Neuroscience. 2013;248:213-224. doi: 10.1016/j.neu-
roscience.2013.06.006.

86. Hamid H, Gross R, Harlap S. Prenatal X-ray exposure may
increase risk of schizophrenia: results from the Jerusalem




ISSN 2304-8336. pobnemn pagiauiiinoi Meouunkm 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2021. Bun. 26.

REVIEWS

schizophrenia study. [Int. J. Rad. Biol. 2009 TRAB-2009-1JRB-0126;
unpublished data].

87. Gross R., Hamid H., Harlap S., Malaspina D. Prenatal X-ray exposure

88.

89.

may increase risk of schizophrenia: Results from the Jerusalem peri-
natal cohort schizophrenia study. /nt. J. Ment. Health. 2018. Vol. 47,
no. 3. P. 236—240.

babeHko T. ®. KniHiko-enigemionoriyHa xapakTepucTka opraHy
30py B 0Ci0, NpeHaTanbHO ONPOMiIHEHMX BHACNiAOK YOpHOOUNBCh-
koI katacTpodu : aBToped. AuC. ... KaHa. Meq. Hayk. Kuis : Jep-
XaBHa yCTaHOBa «HawioHaNbHWIA HAYKOBWIA LLEHTP pagiaLiiiHol Me-
AnumHM HauioHanbHOI akageMii MeamnyHnx Hayk Ykpainu», 2013.
23 c.

®epipko M., BabeHko T., [lopiyeBcbka P. OnpomiHeHi in utero
BHacninok YopHOOMNLCLKOT KaTacTPOdM: NOLMPEHICTb i BiHOCHI p-
31KI 3aXBOPIOBaHb OKa. [TpobsieMu exosoriyHoi Ta Meanyoi reHeTu-
ku i kninigHoi imyHosorii. 2011. T. 108, Ne 4. C. 407-412.

90. depipko M. A., BabeHko T. ®. Puauk po3sutky XBopob oka B KOropTi

91.

92.

93.

94.

95.

96.

97.

papjauiiiHo ONPOMIHEHMX BHYTPILLIHLOYTPOGHO 0Ci6. [Tpobremu exo-
JIOFYHOI Ta MEAWYHOI reHETUKM i KAiHiYHOI iMyHosorii. 2013. T. 115,
Ne 1. C. 22-29.

BabeHko T., M. ®enmpko KnuHuyeckme ocobeHHOCTH BoneaHeii ras
y 00/1y4eHHbIX in utero B pesynbtate YepHOObIIbCKOM KaTacTpOdbl.
Ogransmonorus. BoctoyHas Espona. 2013. Ne 2. C. 67—71.
Maceyrikosa H. B., ®epipko . A., babeHko T. ®. Bunapmok
pafiaLiiiHOT kaTapakTu, BUSBNEHWIA Yepe3 29 pokiB Micns pafiaLliiHo-
ro snnmsy. Ogramemon. xypH. 2020. Ne 6. C. 61-63. doi: 10.
31288/oftalmolzh202066163.

KniHiuHi pi3HOBMAW KaTapakTu y BifaneHoOMy Nepioi nicns nepeHe-
CeHoi rocTpoi npomeHeBoi xsopobu / M. A. depipko, T. ®. BabeHko,
0. O. KomocuHcbka Ta iH. [lpobnemu pagiauiiHoi Meanumxm 1a
pagiobionorii. 2019. Bun. 24. C. 493-502. doi: 10.33145/2304-
8336-2019-24-493-502.

Sergienko N. M., Fedirko P. A. Accommodative function of eyes in
persons exposed to ionizing radiation. Ophthal. Res. 2002. Vol. 34,
no. 4. P. 192—194. doi: 10.1159/000063879.

BuBueHHs 0co6mmBocTEN OPMYBAHHS 103 BHYTPILUHBOMO OM-
POMiHEHHsI HaceneHHs XUTOMMPCLKOT 001acTi y BigaaneHuii nepioa
aeapii Ha YAEC, obymoBneHux HapxomxeHHsm ¥7Cs, 9Sr / B. B. Ba-
cuneHko, M. 9. Lurankos, C. t0. Hevaes Ta iH. [lpobnemu pagia-
LiviHoi' meanLmxn Ta pagiodionorii. 2013. Bun. 18. C. 59-69.
PesynbTarti KOMNAEKCHOrO pagjaLliiHo-ririeHiYHOr0 MOHITOPMHIY OK-
PEMUX HaceneHUX NyHKTIB PafioakTUBHO 3aOpYAHEHWX TepuTopiii
piBHeHcbKoi 06acTi y 2017 p. / B. B. Bacunetko, C. 10. Heuaes, M.
. LuraHkoB Ta iH. [lpobnemu pagiauiiiHoi Meanumum 1a pagio-
6ionorii. 2018. Bun. 23. C. 139-152. DOI: 10.33145/2304-8336-
2018-23-139-152.

3axBOpIOBAHICTb HACENEHHs 30HM criocTepexeHHs AEC Ta papioak-
TUBHO 3a6pyaHeHux Teputopiit / B. A. Mpununko, M. M. Mopo3osa,
0. O. MNetpuyeHko Ta iH. [lpobnemu pagiauiiiHoi MeanLmH1 Ta
pagiobionorii. 2018. Bun. 23. C. 188—199. DOI: 10.33145/2304-
8336-2018-23-188-199.

Perinatal Cohort Schizophrenia Study. [Int. J. Rad. Biol. 2009
TRAB-2009-1JRB-0126; unpublished data].

87. Gross R, Hamid H, Harlap S, Malaspina D. Prenatal x-ray expo-
sure may increase risk of schizophrenia: Results from the
Jerusalem perinatal cohort schizophrenia study. Inf J Ment
Health. 2018;47(3):236-240.

88. Babenko TF. [Clinical and epidemiological characteristics of the
visual organ in persons prenatally irradiated as a result of the
Chornobyl catastrophe] [dissertation abstract]. Kyiv: State
Institution «National Research Center for Radiation Medicine of
the National Academy of Medical Sciences of Ukraine»; 2013. 23
p. Ukrainian.

89. Fedirko P, Babenko T, Dorichevska R. [Irradiated in utero as a
result of the Chornobyl catastrophe: prevalence and relative risks
of eye diseases]. Problems of Ecological and Medical Genetics
and Clinical Immunology. 2011;108(4):407-412. Ukrainian.

90. Fedirko PA, Babenko TF. [The risk of developing eye diseases in
a cohort of persons irradiated in utero]. Problems of Ecological
and Medical Genetics and Clinical Immunology. 2013;115(1):
22-29. Ukrainian.

91. Babenko T, Fedirko P. [Clinical features of eye diseases in
exposed in utero as a result of the Chernobyl catastrophe].
Ophthalmology. Eastern Europe. 2013;2:67-71. Russian.

92. Pasechnikova NV, Fedirko PA, Babenko TF. [A case of radiation
cataract detected 29 years after radiation exposure]. Ophthalmol
Journal. 2020;6:61-63. doi: 10.31288/oftalmolzh202066163.
Russian.

93. Fedirko PA, Babenko TF, Kolosynska OO, Dorichevska RE,
Garkava NA, Sushko VO. Clinical types of cataracts in a long-term
period after acute radiation sickness. Probl Radiac Med
Radiobiol. 2019;24:493-502. doi: 10.33145/2304-8336-2019-
24-493-502.

94. Sergienko NM, Fedirko PA. Accommodative function of eyes in
persons exposed to ionizing radiation. Ophthal Res. 2002;34(4):
192-4. doi: 10.1159/000063879.

95. Vasylenko W, Tsigankov MY, Nechaev SY, Pikta VO, Zadorozhna
GM, Bilonyk AB. Peculiarities of internal radiation doses due to
137Cs and Sr intake in population from Zhytomyr oblast in a late
period after the Chornobyl NPP accident. Probl Radiac Med
Radiobiol. 2013;(18):59-69.PMID: 25191711

96. Vasylenko W, Nechaev SY, Tsigankov MY, Pikta VO, Zadorozhna
GM, Kuriata MS, Lytvynetz LO, Mischenko LP, Babenko TF.
Results of comprehensive radiological-hygienic monitoring in
some settlements of radiologically contaminated areas in Rivne
region in 2017. Probl Radiac Med Radiobiol. 2018;23:139-152.
doi: 10.33145/2304-8336-2018-23-139-152.

97. Prylypko VA, Morozova MM, Petrychenko 0O, Ozerova YY,
Kotsubinskij OV. Morbidity rates in the NPP surveillance zone and
radiologically contaminated areas. Prob/ Radiac Med Radiobiol.
2018;23:188-199. doi: 10.33145/2304-8336-2018-23-188-
199.

89 @



ornsaaosi CTATTI

ISSN 2304-8336. [po6nemu pagiauiiHoi meguuynny 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2021. Bun. 26.

98. I'yHbko H. B., KopoTkoBa H. B. BapiaTueHicTb CTaTeBo-BikOBOI CTPYK-
TYpW HaceneHHsi HaibiNbll PaaioakTMBHO 3aBPYAHEHUX TEpUTOPIi
Ykpainu. [lpobnemn pagiauisiHoi meauumHm 1a pagiobionorii. 2018.
Bun. 23. C. 153-163. doi: 10.33145/2304-8336-2018-23-153-163.

99. T'yHbko H. B., Kopotkoea H. B., 3aco6a 9. 0. AHani3 yncenbHocTi Ta
CTPYKTYPW HaceneHHs Haiibinblu pafioakTMBHO 3abpynHeHUX Tepu-
Topii YkpaiHn B pisHi Yacu. [pobnemu pagiauiviHoi MeanumHm 1a
pagiobionorii. 2019. Bun. 24. C. 109—120.

100. Cepatoyerko B. I., Hoctonupbosa O. |. Bipnanexi cnoctepexeHHs
33 CTAHOM OpraHa 30py LUKOASPIB, §iKi MOCTIMHO MELLKAIOTb B
panjoakTuBHO 3abpyaHeHoMy pailoHi. Ogramemon. xypH. 2006.
Bun. 3(Il). C. 152—155.

101. CepproueHko B. U., Hoctonbipesa E. W. PecdpaktoreHes y wkonb-
HWKOB, MPOXMBAIOLLMX HA PAAMALMOHHO 3arpsi3HEHHON TeppuUTo-
pum. Opecca : Actponpunt, 2015. 104 c.

102. ®epjpko M. A., Mapbkasa H. A. 3aKOHOMIPHOCTi PO3BUTKY CYAUHHOI
naTonorii CiTKiBKM Y BigaaneHoMy nepiogi nicns pagiauiiHoro
BrnmBy. Ogrammon. xypH. 2016. Ne 6. C. 24-28. doi: 10.
31288/oftalmolzh201662428.

103. ®epipko M. A., babeHko T. @., Jopiyescbka P. 10., Mapbkaea H. A.

Pu3nk po3BuTKY CYAWHHOI NATonorii CiTKiBKM Y OMPOMIHEHWX Y

pi3HoMy BiLli oci6 BHacnifok asapii Ha YopHobunbcbkii AEC. [1pob-

nemu pagiauiviHoi meguumam 1a pagiobionorii. 2015. Bun. 20.

C. 467-473.

®epipko M. A., Mapbkaa H. A. MikpoLMpKynSTOPHi MOPYLLEHHS

KOH'IOHKTVUBM B Y4aCHMKIB aBapiiiHux pobiT Ha “YopHOOGMALCbHKIl

AEC. [pobnemn pagiauiviHoi meanumun T1a pagiobionorii. 2016.

Bun. 21. C. 467-473.

lapbkaga H. A., ®epjpko 1. A., Baberko T. ®., Jopivescbka P. 0.

PapiuiiiHo-iHaykoBaHi NopyLueHHs kpoBoobiry B LiniapHoMy Tini Ta

3MiHM KyTa NepeSHb0i KaMepy 0ka B NATOreHesi rnaykomu B y4ac-

HWKIB aBapiiiHKX pobiT Ha YopHobunbCbkiit AEC i MelLKaHLiB 3a6-

PYAHEHUX TEPUTOPIN. [TpobaemMy pagiauiiHoi MEANLIMHN Ta Pagio-

Gionorii. 2017. Bun. 22. C. 332-338.

106. P13k po3BuTKy MakynsipHOi iereHepallii y 0ci6, ONpoMIHEHUX aHTe-
HaTa/IbHO BHACMIAOK aBapii Ha YopHobunbebkiit AEC / T. @. babeH-

104.

105.

ko, . A. ®egipko, P. 0. [lopiuescbka Ta iH. [lpobremu pagiavjiviHor

meauumHm 1a pagiobionorii, 2016. Bun. 21. C. 172-177.
MopdomeTpuyHi napameTpy MakynsipHoi 30HU CITKIBKM Y PEKOHBA-
NECLIEHTIB rocTpOi MPOMEHEBOI XBOpoOy (Y BifaaneHomy nepiopi) /
M. A. ®epipko, T. . babeHko, O. O. KonocuHcbka Ta iH. 1po6-
niemu pagiauivinoi meanumHn 1a pagiobionorii. 2018. Bun. 23.
C. 481-489. doi: 10.33145/2304-8336-2018-23-481-489.
®epypko M. A., babetko T. ®., Jopuuesckas P. E. SddekTu-
HOCTb [/IUTENBHOTO MCMO/b30BaHMS KOMMNIEKCA C MIOTEVHOM, 3€-
aKCaHTUHOM W PecBepaTposiioM Mpu HayanbHoW ctagum BML y
7L, MOABEPraloLLMXCS PAAMALMOHHOMY BAMSHMIO MO MHTEH-
CWMBHOCTW (npepdBapuTenbHble pesynbTatbl). O@ranemonorus.
BocrouHas EBporia. 2019. T. 9, Ne 4. C. 526-532.
109. Fedirko P., Babenko T. Eye pathology in the exposed prenatally as
a result of the Chornobyl disaster. Health effects of the Chornobyl

107.

108.

98.

99.

100

101.

102.

103.

104.

105.

106.

107.

108.

109.

Gunko NV Korotkova NV Variability of population gender and age
composition in areas with the most intensive radiological contam-
ination in Ukraine. Probl Radiac Med Radiobiol. 2018;23:153-
163. doi: 10.33145/2304-8336-2018-23-153-163.

Gunko NV, Korotkova NV, Zasoba YY. Analysis of population size

and composition in areas with the most intensive radiological

contamination in Ukraine at different times. Probl Radiac Med

Radiobiol. 2019;24:109-20. doi: 10.33145/2304-8336-2019-24-
109-120.

. Serdyuchenko VI, Nostopireva Ol. [Remote observations of the
condition of the visual organ of schoolchildren who permanent-
ly live in a radioactively contaminated area]. Ophthalmol
Journal. 2006;(3(11)):152-155. Ukrainian.

Serdyuchenko VI, Nostopyreva El. [Refractogenesis in school-
children living in a radiation-contaminated area]. Odesa:
Astroprint; 2015, 104 p. Russian.

Fedirko PA, Garkava NA. [Patterns of development of retinal
vascular pathology in the remote period after radiation expo-
sure]. Ophthalmol Journal. 2016;(6):24-28. doi: 10.31288/
oftalmolzh201662428. Ukrainian.

Fedirko PA, Babenko TF, Dorichevska RY, Garkava NA. Retinal
vascular pathology risk development in the irradiated at differ-
ent ages as a result of Chernobyl NPP accident. Probl Radiac
Med Radiobiol. 2015;20:467-473.

Fedirko PA, Garkava NA Microcirculation violations of the con-
junctiva in clean up workers of the Chornobyl NPP accident.
Probl Radiac Med Radiobiol. 2016;21:345-3451.
Garkava NA, Fedirko PA, Babenko TF, Dorichevska RE.
Radiation induced violations of blood circulation in the ciliary
body and changes of the anterior chamber angle in the patho-
genesis of glaucoma in clean up workers of the Chornobyl NPP
accident and residents of contaminated areas. Probl Radiac
Med Radiobiol. 2017;22:332-338.

Babenko TF, Fedirko PA, Dorichevska RY, Denysenko NV,
Samoteikina LA, Tyshchenko OP The risk of macular degener-
ation development in persons antenatally irradiated as a result
of Chornobyl NPP accident. Probl Radiac Med Radiobiol.
2016;21:172-177.

Fedirko P, Babenko T, Kolosynska O, Dorichevska R, Garkava
N, Grek L, Vasylenko V, Masiuk S. Morphometric parameters of
retinal macular zone in reconvalescents of Acute Radiation
Sickness (in remote period). Probl Radiac Med Radiobiol.
2018;23:481-489. doi: 10.33145/2304-8336-2018-23-481-
4389.

Fedirko PA, Babenko TF, Dorichevskaya RE. [The effectiveness
of long-term use of the complex with lutein, zeaxanthin and
resveratrol at the initial stage of AMD in persons exposed to
low-intensity radiation exposure (preliminary results)].
Ophthalmology. Eastern Europe. 2019;9(4):526-532. Russian.

Fedirko P, Babenko T. Eye pathology in the exposed prenatally
as a result of the Chornobyl Disaster. In: Bazyka D, et al., edi-

) 90



ISSN 2304-8336. pobnemn pagiauiiinoi Meouunkm 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2021. Bun. 26.

REVIEWS

accident thirty years aftermath / ed. by D. Bazyka, V. Sushko, A.
Chumak et al. Kyiv : DIA, 2016. P. 421-423.

110. Top of form bottom of form comparison of efficacy of intravitreal
ranibizumab and aflibercept in eyes with myopic choroidal neo-
vascularization: 24-month follow-up / A. Korol, T. Kustryn,
0. Zadorozhnyy et al. J. Ocul. Pharmacol. Ther. 2020. Vol. 36,
no. 2. P. 122—125. DOI: 10.1089/jop.2019.0080

111. Intravitreal Ranibizumab for the treatment of choroidal neovas-
cularizations associated with pathologic myopia: a prospective
study / N. V. Pasyechnikova, V. O. Naumenko, A. R. Korol et al.
Ophthalmologica. 2015. Vol. 233, no. 1. P. 2-7. DOI: 10.1159/
000369397

112. Kleiman N., Stewart F., Hall E. Modifiers of radiation effects in the
eye. Life Sci. Space Res. 2017. Vol. 15. P. 43-54. doi: 10.1016/
j.lssr.2017.07.005.

113. Turner N., Braby L., Ford J., Lupton J. Opportunities for nutrition-
al amelioration of radiation-induced cellular damage. Nutrition.
2002. Vol. 18, no. 10. P. 904-912. doi: 10.1016/s0899-
9007(02)00945-0.

114. Space flight-induced neuroplasticity in humans as measured by
MRI: what do we know so far? / A. Van Ombergen, S.Laureys, S.
Sunaert et al. NPJ Microgravity. 2017. Vol. 3. P. 2. doi: 10.1038/
s41526-016-0010-8.

115. New concerns for neurocognitive function during deep space
exposures to chronic, low dose-rate, neutron radiation / M.
Acharya, J. Baulch, P. Klein et al. Eneuro. 2019. Vol. 6, no. 4. P.
ENEURO0.0094-19.2019. doi: 10.1523/ENEUR0.0094-19.2019.

116. Acute effect of low-dose space radiation on mouse retina and reti-
nal endothelial cells / X. Mao, M. Boerma, D. Rodriguez et al.
Radiat. Res. 2018. Vol. 190, no. 1. P. 45-52. doi: 10.1667/
RR14977.1.

117. Persistent nature of alterations in cognition and neuronal circuit
excitability after exposure to simulated cosmic radiation in mice /
V. Parihar, M. Maroso, A. Syage et al. Exp. Neurol. 2018. Vol.
305. P. 44-55. doi: 10.1016/j.expneurol.2018.03.009.

118. Early effects of 160 radiation on neuronal morphology and cogni-
tion in @ murine model / H. Carr, T. Alexander, T. Groves et al.
Life Sci. Space Res. 2018. Vol. 17. P. 63—-73. doi: 10.1016/
jIssr.2018.03.001

119. Cucinotta F., Alp M., Sulzman F., Wang M. Space radiation risks
to the central nervous system. Life Sci. Space Res. 2014. Vol. 2.
P. 54-69.

120. Hellweg C., Baumstark-Khan C. Getting ready for the manned
mission to Mars: the astronauts’ risk from space radiation. Natur-
wissenschaften. 2007. Vol. 94, no. 7. P. 517-526. doi: 10.
1007/500114-006-0204-0.

121. Norbury J., Slaba T. Space radiation accelerator experiments -
The role of neutrons and light ions. Life Sci. Space Res. 2014.
Vol. 3. P. 90-94. doi: 10.1016/j.Issr.2014.09.006.

122. Curtis H. The biological effects of heavy cosmic ray particles. Life
Sci Space Res. 1963. Vol. 1. P. 39-47.

tors. Health effects of the Chornobyl accident — thirty years
aftermath. Kyiv: DIA; 2016. p. 421-423.

110. Korol A, Kustryn T, Zadorozhnyy O, Pasyechnikova N, Kozak I.
Top of form bottom of form comparison of efficacy of intravitre-
al ranibizumab and aflibercept in eyes with myopic choroidal
neovascularization: 24-month follow-up. J Ocul Pharmacol Ther.
2020;36(2):122-125. doi: 10.1089/jop. 2019.0080.

111. Pasyechnikova NV, Naumenko VO, Korol AR, Zadorozhnyy OS,
Kustryn TB, Henrich PB. Intravitreal Ranibizumab for the treat-
ment of choroidal neovascularizations associated with patholog-
ic myopia: a prospective study. Ophthalmologica. 2015;
233(1):2-7 doi: 10.1159/000369397.

112. Kleiman N, Stewart F, Hall E. Modifiers of radiation effects in the
eye. Life Sci Space Res. 2017;15:43-54. doi: 10.1016/].Issr.
2017.07.005.

113. Turner N, Braby L, Ford J, Lupton J. Opportunities for nutritional
amelioration of radiation-induced cellular damage. Nutrition.
2002;18(10):904-912. doi: 10.1016/s0899-9007(02)00945-0.

114. Van Ombergen A, Laureys S, Sunaert S, Tomilovskaya E, Parizel
P, Wuyts F. Spaceflight-induced neuroplasticity in humans as
measured by MRI: what do we know so far? NPJ Microgravity.
2017;3:2. doi: 10.1038/541526-016-0010-8.

115. Acharya M, Baulch J, Klein P, Baddour A, Apodaca L, Kramar E,
et al. New concerns for neurocognitive function during deep
space exposures to chronic, low dose-rate, neutron radiation.
Eneuro. 2019;6(4):ENEUR0.0094-19.2019. doi: 10.1523/
ENEURO0.0094-19.2019.

116. Mao X, Boerma M, Rodriguez D, Campbell-Beachler M, Jones T,
Stanbouly S, et al. Acute effect of low-dose space radiation on
mouse retina and retinal endothelial cells. Radiat Res. 2018;
190(1):45-52. doi: 10.1667/RR14977.1.

117. Parihar V, Maroso M, Syage A, Allen B, Angulo M, Soltesz I, et al.
Persistent nature of alterations in cognition and neuronal circuit
excitability after exposure to simulated cosmic radiation in mice.
Exp Neurol. 2018;305:44-55. doi: 10.1016/j.expneurol.2018.
03.009.

118. Carr H, Alexander T, Groves T, Kiffer F, Wang J, Price E, et al.
Early effects of 160 radiation on neuronal morphology and cog-
nition in a murine model. Life Sci Space Res. 2018;17:63-73.
doi: 10.1016/j.Issr.2018.03.001.

119. Cucinotta F, Alp M, Sulzman F, Wang M. Space radiation risks to
the central nervous system. Life Sci Space Res. 2014;2:54-69.

120. Hellweg C, Baumstark-Khan C. Getting ready for the manned
mission to Mars: the astronauts’ risk from space radiation.
Naturwissenschaften. 2007;94(7):517-526. doi: 10.1007/
s00114-006-0204-0.

121. Norbury J, Slaba T. Space radiation accelerator experiments -
The role of neutrons and light ions. Life Sci Space Res. 2014;3:
90-94. doi: 10.1016/j.Issr.2014.09.006.

122. Curtis H. The biological effects of heavy cosmic ray particles. Life
Sci Space Res. 1963;1:39-47.

91 @



ornsaaosi CTATTI

123.

124.

125.

126.

ISSN 2304-8336. [po6nemu pagiauiiHoi meguuynny 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2021. Bun. 26.

Gauger G., Tobias C., Yang T., Whitney M. The effect of space
radiation of the nervous system. Advances in Space Research.
1986. Vol. 6, no. 11. P. 243-249.

Phosphenes, retinal discrete dark noise, negative afterimages and
retinogeniculate projections: A new explanatory framework based
on endogenous ocular luminescence / V. Salari, F. Scholkmann,
R. Vimal et al. Progress in Retinal and Eye Research. 2017. Vol.
60. P. 101-119. doi: 10.1016/j.preteyeres.2017.07.001.
Neuroscience / ed. by D. Purves, G. Augustine, D. Fitzpatrick et
al. 6 ed. Sunderland, Massachusetts : Oxford University Press,
2018.

Fuglesang C., Narici L., Picozza P., Sannita W. Phosphenes in low
earth orbit; survey responses from 59 astronauts. Aviat. Space
Environ. Med. 2006. Vol. 77, no. 4. P. 449-452.

127. Noranoscbkuit K. M., Kyu, K. B. KOrHiTUBHI BUKIMKaHI nOTEHLianm

128.

P300 nicns onpomiHeHHs. [Tpobnemu pagiauiiHoi Meanummm Ta
pagiobionorii. 2016. Bun. 21. C. 264—290.

JloraHosebkuin K. M., Kyu, K. B. BuknukaHa 6ioenektpuyHa ak-
TUBHICTb FOIOBHOTO MO3KY MIC/ISl BIUIMBY iOHI3YHO4OrO BUMPOMi-
HIOBaHHs1. [Ipobnemu pagiauiiiHoi meauumHn 1a pagiobiosnoril,
2017. Bun. 22. C. 38—68.

129. Visible light induced ocular delayed bioluminescence as a possible

130.

131.

132.

133.

134.

135.

136.

137.

@) 92

origin of negative afterimage / I. Bokkon, R. Vimal, C. Wang et al.
J. Photochem. Photobiol. B: Biol. 2011. Vol. 103, no. 2. P. 192—
199. doi: 10.1016/j.jphotobiol.2011.03.011.

Narici L. Heavy ions light flashes and brain functions: recent
observations at accelerators and in spaceflight. New J. Phys.
2008. Vol. 10, no. 7. P. 075010.

Khan D., Lacasse M., Khan R., Murphy K. Radiation cataractoge-
nesis: the progression of our understanding and its clinical
consequences. J. Vasc. Intervent. Radiol. 2017. Vol. 28, no. 3.
P. 412-419. doi: 10.1016/j.jvir.2016.11.043.

Patient and staff doses in interventional neuroradiology / D. Bor,
S. Cekirge, T. Turkay et al. Radiat. Protect. Dosimetry. 2005. Vol.
117, no. 1-3. P. 62—-68. doi: 10.1093/rpd/nci725.

The 2007 Recommendations of the International Commission on
Radiological Protection. ICRP Publication 103. Ann. ICRP. 2007.
Vol. 37, no. 2—4. P. 1-332. doi: 10.1016/j.icrp.2007.
International Atomic Energy Agency. IAEA annual report 2012.
Human health. 2012. URL: https://www.iaea.org/ru/publica-
tions/reports/annual-report-2012.

National Council on Radiation Protection and Measurements.
NCRP annual report 2011. URL: https://ncrponline.org/wp-con-
tent/themes/ncrp/PDFs/NCRP_2011_Annual_Rpt.pdf.

United Nations Scientific Committee on the Effects of Atomic
Radiation. UNSCEAR 2000 report — Vol. I: Sources. Unscear.org.
2000 [cited 6 April 2020]. URL: http://www.unscear.org/unscear/
en/publications/2000_1.html

United Nations Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR). Sources and effects of ionizing radiation.
New York : United Nations, 2008.

123

124

125.

126.

127.

128.

129.

130.

131.

132

133

134.

135.

136.

137.

. Gauger G, Tobias C, Yang T, Whitney M. The effect of space radi-
ation of the nervous system. Advances in Space Research.
1986;6(11):243-249.

. Salari V, Scholkmann F, Vimal R, Csaszar N, Aslani M, Bokkon .

Phosphenes, retinal discrete dark noise, negative afterimages

and retinogeniculate projections: A new explanatory framework

based on endogenous ocular luminescence. Progress in Retinal
and Eye Research. 2017;60:101-119. doi: 10.1016/j.pretey-
eres.2017.07.001.

Eds. Purves D, Augustine G, David Fitzpatrick D, Hall W,

LaMantia A, Mooney R, et al. Neuroscience. 6™ ed. Sunderland,

Massachusetts: Oxford University Press; 2018.

Fuglesang C, Narici L, Picozza P, Sannita W. Phosphenes in low

earth orbit: survey responses from 59 astronauts. Aviat Space

Environ Med. 2006;77(4):449-452.

Loganovsky KM, Kuts KV.Cognitive evoked potentials P300 after

radiation exposure. Probl Radiac Med Radiobiol. 2016;21:264-

290.

Loganovsky K, Kuts K.Evoked bioelectrical brain activity follow-
ing exposure to ionizing radiation. Probl Radiac Med Radiobiol.
2017;22:38-68.

Bokkon I, Vimal R, Wang C, Dai J, Salari V, Grass F, et al. Visible

light induced ocular delayed bioluminescence as a possible ori-

gin of negative afterimage. J Photochem Photobiol B: Biol.
2011;103(2):192-199. doi: 10.1016/j.jphotobiol.2011.03.011.

Narici L. Heavy ions light flashes and brain functions: recent

observations at accelerators and in spaceflight. New J. Phys.

2008;10(7):075010.

Khan D, Lacasse M, Khan R, Murphy K. Radiation cataractogen-

esis: the progression of our understanding and its clinical con-

sequences. J Vasc Intervent Radiol. 2017;28(3):412-419. doi:
10.1016/j.jvir.2016.11.043.

. Bor D, Cekirge S, Turkay T, Turan O, Gulay M, Onal E, et al. Patient
and staff doses in interventional neuroradiology. Radiat Protect
Dosimetry. 2005;117(1-3):62-68. doi: 10.1093/rpd/ nci725.

. The 2007 Recommendations of the International Commission on

Radiological Protection. ICRP Publication 103. Ann ICRP. 2007

37(2-4):1-332. doi: 10.1016/j.icrp.2007.

International Atomic Energy Agency. IAEA annual report 2012.

Human health. 2012. Available from: https://www.iaea.org/

ru/publications/reports/annual-report-2012.

National Council on Radiation Protection and Measurements.

NCRP annual report 2011. Available from: https://ncrponline.

org/wp-content/themes/ncrp/PDFs/NCRP_2011_Annual_Rpt.pdf.

United Nations Scientific Committee on the Effects of Atomic

Radiation. UNSCEAR 2000 report — Vol. I: Sources [Internet].

Unscear.org. 2000 [cited 6 April 2020]. Available from:

http://www.unscear.org/unscear/en/publications/2000_1.html

United Nations Scientific Committee on the Effects of Atomic

Radiation (UNSCEAR). Sources and effects of ionizing radiation.

New York: United Nations; 2008.




ISSN 2304-8336. pobnemn pagiauiiinoi Meouunkm 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2021. Bun. 26.

REVIEWS

138. Picano E. Sustainability of medical imaging. BMJ. 2004. Vol. 328,
no. 7439. P. 578-580. doi: 10.1136/bm|.328.7439.578.

139. El Basha D., Furuta T., lyer S., Bolch W. A scalable and
deformable stylized model of the adult human eye for radiation
dose assessment. Phys. Med. Biol. 2018. Vol. 63, no. 10.
P. 105017. doi: 10.1088/ 1361-6560/aab955.

140. Evaluation of the current status of the eye lens radiation exposure
in an interventional radiology department / M. Pugliese,
A. Amatiello, M. Correra et al. Med. Lav. 2018. Vol. 109, no. 6.
P. 471-477. doi: 10.23749/mdl.v110i6.7286.

141. Eye lens radiation exposure of the medical staff performing inter-
ventional urology procedures with an over-couch X-ray tube /
S. Medici, A.Pitzschke, N. Cherbuin et al. Phys. Med. 2017.
Vol. 43. P. 140—147. doi: 10.1016/j.ejmp.2017.11.002.

142. Deterministic Effects to the Lens of the Eye Following lonizing
Radiation Exposure: is There Evidence to Support a Reduction in
Threshold Dose? / C. Thome, D. Chambers, A. Hooker et al.
Health Phys. 2018. Vol. 114, no. 3. P. 328—343. doi: 10.1097/
HP.0000000000000810.

143. Guidance on radiation dose limits for the lens of the eye: overview
of the recommendations in NCRP Commentary No. 26 / L.
Dauer, E. Ainsbury, J. Dynlacht et al. Int. J. Radiat. Biol. 2017.
Vol. 93, no. 10. P. 1015-1023. doi: 10.1080/09553002.
2017.1304669.

144. Eye lens radiation exposure to interventional cardiologists: a ret-
rospective assessment of cumulativedoses / S. Jacob, L.
Donadille, C. Maccia et al. Radiat. Protect. Dosimetry. 2013.
Vol. 153, no. 3. P. 282—-293. doi: 10.1093/rpd/ncs116.

145. Vano E., Miller D., Dauer L. Implications in medical imaging of the
new ICRP thresholds for tissue reactions. Ann. ICRP. 2015. Vol.
44, 1, suppl. P. 118—128. doi: 10.1177/0146645314562322.

146. Roguin A., Goldstein J., Bar O., Goldstein J. Brain and neck tu-
mors among physicians performing interventional procedures.
Am. J. Cardiol. 2013. Vol. 111, no. 9. P. 1368—1372. doi: 10.
1016/ j.amjcard.2012.12.060.

147. Flint-Richter P., Sadetzki S. Genetic predisposition for the devel-
opment of radiation-associated meningioma: an epidemiological
study. Lancet Oncol. 2007. Vol. 8, no. 5. P. 403-410. doi: 10.
1016/S1470-2045(07)70107-9.

148. Eye lens radiation exposure in greek interventional cardiology
article / Z. Thrapsanioti, P. Askounis, |. Datseris et al. Radiat.
Protect. Dosimetry. 2017. Vol. 175, no. 3. P. 344-356. doi: 10.
1093/ rpd/ncw356.

149. Mrena S., Kivela T., Kurttio P., Auvinen A. Lens opacities among
physicians occupationally exposed to ionizing radiation — a pilot
study in Finland. Scand. J. Work, Environ. Health. 2011. Vol. 37,
no. 3. P. 237-243. doi: 10.5271/sjweh.3152.

150. Kelly R., McMahon A., Hegarty D. lonizing radiation dose exposure
to the ocularregion of pain physicians during C-arm guided pain
interventions. Pain Physician. 2018. Vol. 21, no. 5. P. E523—
E532.

138. Picano E. Sustainability of medical imaging. BMJ. 2004,
328(7439):578-580. doi: 10.1136/bm;j.328.7439.578.

139. El Basha D, Furuta T, lyer S, Bolch W. A scalable and deformable
stylized model of the adult human eye for radiation dose assess-
ment. Physics in Medicine & Biology. 2018; 63(10):105017. doi:
10.1088/1361-6560/aab955.

140. Pugliese M, Amatiello A, Correra M, Stoia V, Cerciello V, Roca V, et
al. Evaluation of the current status of the eye lens radiation expo-
sure in an interventional radiology department. Med Lav.
2018;109(6):471-417. doi: 10.23749/mdl.v110i6.7286.

141. Medici S, Pitzschke A, Cherbuin N, Boldini M, Sans-Merce M,
Damet J. Eye lens radiation exposure of the medical staff per-
forming interventional urology procedures with an over-couch X-
ray tube. Phys Med. 2017;43:140-147. doi: 10.1016/j.ejmp.
2017.11.002.

142. Thome C, Chambers D, Hooker A, Thompson J, Boreham D.
Deterministic effects to the lens of the eye following ionizing radi-
ation exposure: is there evidence to support a reduction in
threshold dose? Health Phys. 2018;114(3):328-343. doi: 10.
1097/HP.0000000000000810.

143. Dauer L, Ainsbury E, Dynlacht J, Hoel D, Klein B, Mayer D, et al.
Guidance on radiation dose limits for the lens of the eye: overview
of the recommendations in NCRP Commentary No. 26. Int J
Radiat  Biol. 2017;93(10):1015-1023. doi:  10.1080/
09553002.2017.1304669.

144. Jacob S, Donadille L, Maccia C, Bar O, Boveda S, Laurier D, et al.
Eye lens radiation exposure to interventional cardiologists: a ret-
rospective assessment of cumulativedoses. Radiat Protect
Dosimetry. 2013;153(3):282-293. doi: 10.1093/rpd/ncs116.

145. Vano E, Miller D, Dauer L. Implications in medical imaging of the
new ICRP thresholds for tissue reactions. Ann ICRP.
2015;44(1 suppl):118-128. doi: 10.1177/0146645314562322.

146. Roguin A, Goldstein J, Bar O, Goldstein J. Brain and neck tumors
among physicians performing interventional procedures. Am J
Cardiol. 2013;111(9):1368-1372. doi: 10.1016/j.amjcard.2012.
12.060.

147. Flint-Richter P, Sadetzki S. Genetic predisposition for the develop-
ment of radiation-associated meningioma: an epidemiological
study. Lancet Oncol. 2007;8(5):403-410. doi: 10.1016/51470-
2045(07)70107-9.

148. Thrapsanioti Z, Askounis P, Datseris |, Diamanti R, Papathanasiou
M, Carinou E. Eye lens radiation exposure in greek interventional
cardiology article. Radiat Protect Dosimetry. 2017;175(3): 344-
396. doi: 10.1093/rpd/ncw356.

149. Mrena S, Kivela T, Kurttio P, Auvinen A. Lens opacities among
physicians occupationally exposed to ionizing radiation — a pilot
study in Finland. Scand J Work, Environ Health. 2011;37(3):237-
243. doi: 10.5271/sjweh.3152.

150. Kelly R, McMahon A, Hegarty D. lonizing radiation dose exposure
to the ocularregion of pain physicians during C-arm guided pain
interventions. Pain Physician. 2018;21(5):E523-E532.

93 @



ornsaaosi CTATTI

ISSN 2304-8336. [po6nemu pagiauiiHoi meguuynny 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2021. Bun. 26.

151. Head and neck radiation dose and radiation safety for interven-
tional physicians / K. Fetterly, B. Schueler, M. Grams et al.
JACC: Cardiovascular Interventions. 2017. Vol. 10, no. 5.
P. 520-528. doi: 10.1016/j.jcin.2016.11.026.

152. The value of protective head cap and glasses in neurointerven-
tional radiology / M. Sans Merce, A. Korchi, L. Kobzeva et al. J.
Neurointerv. Surg. 2016. Vol. 8, no. 7. P. 736—740. doi: 10.
1136/neurintsurg-2015-011703.

153. Cancer and non-cancer brain and eye effects of chronic low-
dose ionizing radiation exposure / E. Picano, E. Vano, L. Do-
menici et al. BMC Cancer. 2012. Vol. 12. P. 157. doi: 10.1186/
1471-2407-12-157.

154. Radiation-associated lens changes in the cardiac catheterization
laboratory: Results from the IC-CATARACT (CATaracts
Attributed to RAdiation in the CaTh lab) study / A. Karatasakis,
H. Brilakis, B. Danek et al. Catheter. Cardiovasc. Interv. 2018.
Vol. 91, no. 4. P. 647—654. doi: 10.1002/ccd.27173.

155. de Lima A., Hunt J., Da Silva F. Dose estimation to eye lens of
industrial gamma radiography workers using the Monte Carlo
method. J. Radiol. Protect. 2017. Vol. 37, no. 4. P. 852—863.
doi: 10.1088/1361-6498/aa7f06.

156. Dosimetry for the study of medical radiation workers with a focus
on the mean absorbed dose to the lung, brain and other organs
/ R. Yoder, L. Dauer, S. Balter et al. Int. J. Radiat. Biol. 2018
Nov 19. P. 1-36. doi: 10.1080/09553002.2018.1549756.

157. Occupational radiation exposure of the eye in neurovascular
interventional physician / M. Kato, K. Chida, T. Ishida et al.
Radiat. Protect. Dosimetry. 2019. Vol. 185, no. 2. P. 151-156.
doi: 10.1093/rpd/ncy285.

158. Sookpeng S., Butdee C. Signal-to-noise ratio and dose to the
lens of the eye for computed tomography examination of the
brain using an automatic tube current modulation system.
Emerg. Radiol. 2017. Vol. 24, no. 3. P. 233-239. doi: 10.
1007/s10140-016-1470-6.

159. Reducing absorbed dose to eye lenses in head CT examinations:
the effect of bismuth shielding / A. Ciarmatori, L. Nocetti, G.
Mistretta et al. Australas. Phys. Eng. Sci. Med. 2016. Vol. 39,
no. 2. P. 583-589. doi: 10.1007/s13246-016-0445-y.

160. Estimation of eye lens dose during brain scans using Gafchromic
Xr-QA2 film in various multidetector CT scanners / P. Akhilesh,
A. Kulkarni, S. Jamhale et al. Radiat. Protect. Dosimetry. 2017.
Vol. 174, no. 2. P. 236—241. doi: 10.1093/rpd/ncw132.

161. Clinical evaluation of a dose monitoring software tool based on
Monte Carlo Simulation in assessment of eye lens doses for cra-
nial CT scans / N. Guberina, S. Suntharalingam, K. Nassenstein
et al. Neuroradiology. 2016. Vol. 58, no. 10. P. 955-959.
doi: 10.1007/s00234-016-1722-x.

162. Influence of exposure and geometric parameters on absorbed
doses associated with common neuro-interventional proce-
dures / M. Safari, J. Wong, W. Jong et al. Phys. Med. 2017. Vol.
35. P. 66—72. doi: 10.1016/j.ejmp.2017.02.002.

b 94

151. Fetterly K, Schueler B, Grams M, Sturchio G, Bell M, Gulati R.
Head and neck radiation dose and radiation safety for interven-
tional physicians. JACC: Cardiovascular Interventions. 2017;
10(5):520-528. doi: 10.1016/].jcin.2016.11.026.

152. Sans Merce M, Korchi A, Kobzeva L, Damet J, Erceg G, Marcos
Gonzalez A, et al. The value of protective head cap and glasses in
neurointerventional radiology. J Neurointerv Surg. 2016;8(7):
736-740. doi: 10.1136/neurintsurg-2015-011703.

153. Picano E, Vano E, Domenici L, Bottai M, Thierry-Chef |. Cancer and
non-cancer brain and eye effects of chronic low-dose ionizing
radiation exposure. BMC Cancer. 2012;12:157. doi: 10.1186/
1471-2407-12-157.

154. Karatasakis A, Brilakis H, Danek B, Karacsonyi J, Martinez-
Parachini J, Nguyen-Trong P, et al. Radiation-associated lens
changes in the cardiac catheterization laboratory: Results from the
IC-CATARACT (CATaracts Attributed to RAdiation in the CaTh lab)
study. Catheter Cardiovasc Interv. 2018;91(4):647-654. doi: 10.
1002/ccd.27173.

155. de Lima A, Hunt J, Da Silva F. Dose estimation to eye lens of indus-
trial gamma radiography workers using the Monte Carlo method.
J Radiol Protect. 2017;37(4):852-863. doi: 10.1088/ 1361-
6498/aa7f06.

156. Yoder R, Dauer L, Balter S, Boice J, Grogan H, Mumma M, et al.
Dosimetry for the study of medical radiation workers with a focus
on the mean absorbed dose to the lung, brain and other organs.
Int J Radiat Biol. 2018 Nov 19:1-36. doi: 10.1080/09553002.
2018.1549756.

157. Kato M, Chida K, Ishida T, Toyoshima H, Yoshida Y, Yoshioka S, et
al. Occupational radiation exposure of the eye in neurovascular
interventional physician. Radiat Protect Dosimetry. 2019;
185(2):151-156. doi: 10.1093/rpd/ncy285.

158. Sookpeng S, Butdee C. Signal-to-noise ratio and dose to the
lens of the eye for computed tomography examination of the
brain using an automatic tube current modulation system.
Emerg Radiol. 2017;24(3):233-239. doi: 10.1007/s10140-016-
1470-6.

159. Ciarmatori A, Nocetti L, Mistretta G, Zambelli G, Costi T. Reducing
absorbed dose to eye lenses in head CT examinations: the effect
of bismuth shielding. Australas Phys Eng Sci Med. 2016;39(2):
583-589. doi: 10.1007/s13246-016-0445-y.

160. Akhilesh P, Kulkarni A, Jamhale S, Sharma S, Kumar R, Datta D.
Estimation of eye lens dose during brain scans using Gafchromic
Xr-QA2 film in various multidetector CT scanners. Radiat Protect
Dosimetry. 2017;174(2):236-241. doi: 10.1093/rpd/ncw132.

161. Guberina N, Suntharalingam S, Nassenstein K, Forsting M,
Theysohn J, Wetter A, et al. Clinical evaluation of a dose monitor-
ing software tool based on Monte Carlo Simulation in assessment
of eye lens doses for cranial CT scans. Neuroradiology. 2016;
58(10):955-959. doi: 10.1007/s00234-016-1722-x.

162. Safari M, Wong J, Jong W, Thorpe N, Cutajar D, Rosenfeld A, et al.
Influence of exposure and geometric parameters on absorbed




ISSN 2304-8336. pobnemn pagiauiiinoi Meouunkm 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2021. Bun. 26.

REVIEWS

163. Patient radiation biological risk in computed tomography angiog-
raphy procedure / M. Alkhorayef, E. Babikir, A.Alrushoud et al.
Saudi J. Biol. Sci. 2017. Vol. 24, no. 2. P. 235-240. doi: 10.
1016/j.5jbs.2016.01.011.

164. Lens dose in routine head CT: comparison of different optimiza-
tion methods with anthropomorphic phantoms / U. Nikupaavo, T.
Kaasalainen, V. Reijonen et al. Am. J. Roentgenol. 2015. Vol.
204, no. 1. P. 117-123. doi: 10.2214/AJR.14.12763.

165. Radiation protection issues in dynamic contrast-enhanced (per-
fusion) computed tomography / G. Brix, U. Lechel, E. Nekolla et
al. Eur. J. Radiol. 2015. Vol. 84, no. 12. P. 2347-2358. doi: 10.
1016/j.ejrad.2014.11.011.

166. Rehani M. Eye dose assessment and management: overview.
Radliat. Protect. Dosimetry. 2015. Vol. 165, no. 1-4. P. 276-
278. doi: 10.1093/rpd/ncv048.

167. InterCardioRisk: a novel online tool for estimating doses of ionis-
ing radiation to occupationally-exposed medical staff and their
associated health risks / D. Morina, J. Grellier, A. Carnicer et al.
J. Radiol. Protect. 2016. Vol. 36, no. 3. P. 561-578. doi: 10.
1088/0952-4746/36/3/561.

168. Effect of protective devices on the radiation dose received by the
brains of interventional cardiologists / E. Honorio da Silva, F.
Vanhavere, L. Struelens et al. Eurolntervention. 2018. Vol. 13,
no. 15. P. e1778—e1784. doi: 10.4244/E1J-D-17-00759.

169. Bartal G., Vano E., Paulo G., Miller D. Management of patient and
staff radiation dose in interventional radiology: current concepts.
Cardiovasc. Intervent. Radiol. 2014. Vol. 37, no. 2. P. 289—-298.
doi: 10.1007/s00270-013-0685-0.

IHOOPMALIA NPO ABTOPIB

JloraHoBcbkui KoctaHTUH MuKonaioBuy, JOKTOp Me-
OMYHUX HayK, npodecop, 3aBifyBay Bigginy pagialiiHoi
ncuxoHesponorii, IHcTuTyT kniHiyHoi pagionorii HHLPM,
M. Kuis, Ykpaina, ORCID: 0000-0002-0680-8882
Depnipko MaBno AHApiOBMY, JOKTOP MeAMYHUX HayK,
npocdecop, aupektop IHcTUTYTY papiauyinHoi ririeHn i
enigemionorii HHLIPM, m. Kuis, YkpaiHa

Kyy KoctaHTUH BosiogMMupoBuY, KaHaMAAT MegUYHUX
HayK, HayKOBWiA CniBpoGiTHMK Bigainy papiauiHoi ncu-
xoHeBposnorii, IHcTUTYT KniHiyHoi pagionorii HHLUPM,
Kwuis, Ykpaina, ORCID: 0000-0003-1954-3075

Mapas3iti [loHatenna, [OKTOp MegM4YHUX HayK, npode-
cop, BiAAin KniHiYHOT i eKcnepuMeHTanbHOT MeauuuHY,
ceKkuia ncuxiatpii, MizaHcbkuit YHiBepcuterT, Misa, Itanis,
ORCID: 0000-0002-4021-5829

AuTunuyk KatepuHua lOpiiBHa, kaHguaat MeauyHux Ha-
VK, CTapluimnii HayKoBUid CNiBpoGiTHUK Biaainy pagiauinHoi
ncuxoHeBponorii, IHcTuTyT KniniyHoi pagionorii HHLPM,
M. Kuis, Ykpaina, ORCID: 0000-0001-8463-7874

doses associated with common neuro-interventional procedures.
Phys Med. 2017;35:66-72. doi: 10.1016/j.ejmp.2017.02.002.

163. Alkhorayef M, Babikir E, Alrushoud A, Al-Mohammed H, Sulieman
A. Patient radiation biological risk in computed tomography
angiography procedure. Saudi J Biol Sci. 2017;24(2):235-240.
doi: 10.1016/].5jbs.2016.01.011.

164. Nikupaavo U, Kaasalainen T, Reijonen V, Ahonen S, Kortesniemi
M. Lens Dose in routine head CT: comparison of different opti-
mization methods with anthropomorphic phantoms. Am J
Roentgenol. 2015;204(1):117-123. doi: 10.2214/AJR.14.12763.

165. Brix G, Lechel U, Nekolla E, Griebel J, Becker C. Radiation pro-
tection issues in dynamic contrast-enhanced (perfusion) comput-
ed tomography. Eur J Radiol. 2015;84(12):2347-2358. doi:
10.1016/j.ejrad.2014.11.011.

166. Rehani M. Eye dose assessment and management: overview.
Radiat Protect Dosimetry. 2015;165(1-4):276-278. doi: 10.1093/
rpd/ncv048.

167. Morina D, Grellier J, Carnicer A, Pernot E, Ryckx N, Cardis E.
InterCardioRisk: a novel online tool for estimating doses of ionis-
ing radiation to occupationally-exposed medical staff and their
associated health risks. J Radiol Protect. 2016;36(3):561-578.
doi: 10.1088/0952-4746/36/3/561.

168. Honorio da Silva E, Vanhavere F, Struelens L, Covens P, Buls N.
Effect of protective devices on the radiation dose received by the
brains of interventional cardiologists. Eurolntervention. 2018;
13(15):e1778-e1784. doi: 10.4244/ElJ-D-17-00759.

169. Bartal G, Vano E, Paulo G, Miller D. Management of patient and
staff radiation dose in interventional radiology: current concepts.
Cardiovasc Intervent Radiol. 2014;37(2):289-298. doi: 10.1007/
s00270-013-0685-0.

INFORMATION ABOUT AUTHORS

Konstantin M. Loganovsky, Doctor of Medical Sciences,
Professor, Head of Department of Radiation Psycho-
neurology, Institute of Clinical Radiology, NRCRM, Kyiv,
Ukraine, ORCID: 0000-0002-0680-8882

Pavlo A. Fedirko, Doctor of Medical Sciences, Professor,
Director of the Institute of Radiation Hygiene and
Epidemiology, NRCRM, Kyiv, Ukraine

Kostiantyn V. Kuts, MD, PhD, Scientist, Department of
Radiation Psychoneurology, Institute of Clinical Radio-
logy, NRCRM, Kyiv, Ukraine, ORCID: 0000-0003-1954-
3075

Donatella Marazziti, MD, PhD, Professor, Department of
Clinical and Experimental Medicine, Section of Psy-
chiatry, University of Pisa, Italy, ORCID: 0000-0002-
4021-5829

Kateryna Y. Antypchuk, MD. PhD, Senior Scientist,
Department of Radiation Psychoneurology, Institute of
Clinical Radiology, NRCRM, Kyiv, Ukraine, ORCID: 0000-
0001-8463-7874

95 @



ornsaaosl CTATTI

ISSN 2304-8336. [po6nemu pagiauiiHoi meguuynny 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2021. Bun. 26.

Mepuyk IpuHa BagumiBHa, KaHAMAAT MEANYHUX HAYK, CTAp-
WA HayKoBWIA cniBpoGiTHWK Bipdiny pagiauiiiHoi ncuxo-
HeBponorii, IHcTuTyT KNiHiYHOT pagionorii HHLPM, m. Kuis,
YkpaiHa, ORCID: 0000-0002-2537-2113

ba6eHko TetaHa ®PepopiBHa, KaHAMAAT MELUYHUX HayK,
yyeHuit cekpetap, IHcTUTYT papgiauiiiHoi ririeHn i enige-
mionorii HHLUPM, m. Kuis, YkpaiHa

JloraHoBcbKa TeTAHa KOoCTAHTUHIBHA, KaHaMAAT MegUYHUX
HayK, CTaplmii AOCAiAHWK, MPOBiIAHMUIA HAYKOBUI CniBpPo6iT-
HUK BipAiny pagiauiiHoi ncuxoHesponorii, IHCTUTYT KniHiy-
Hoi pagionorii HHLIPM, m. Knis, YkpaiHa, ORCID: 0000-0001-
7498-1401

Konocuncbka OneHa OnekcaHapiBHa, KaHAWAAT MEAUYHUX
HayK, CTaplmit AOCNiIAHWK, NPOBiIAHUIA HAYKOBUI CNiBpPO6iT-
HUK BiAAiny MeaU4YHOT eKCnepTu3n Ta NiKyBaHHA HACHiAKiB
BNAMBY pajgiauyinHoro onpomiHeHHs, IHCTUTYT KAiHiYHOT
pagionorii HHLPM, m. Kwis, YkpaiHa, ORCID: 0000-0002-
2018-3380

Kpeinic leopriit HOpiitoBuy, 3500yBay cTyneHo AoKTopa
tinocodii, HaykoBui cniBpobITHWK Bigainy paaialiitHoi ncu-
xoHeBposorii, IncTuTyT KniHivHoi pagionorii HHLPM, m. Knis,
YkpaiHa, ORCID: 0000-0002-4470-1517

Maciok Cepriii BonogumupoBuuy, kaHaupat ¢isumko-mare-
MaTUYyHUX Hayk, 3aBiflyBay nabopatopii pagionoriyHoro 3a-
XUCTY Bipfiny no3umetpii Ta pagiauinHoi ririenun, IHnctutyT
pagiauinHoi ririeHun i enigemionorii HHLUPM, m. Kuis, Yk-
paiHa, ORCID: 0000-0002-5123-9674

3popeHKo JleoHip JleoHifoBKMY, KaHAMAAT MeUUYHUX HayK,
3aBiflyBay BigfineHHs paaiauiiHoi NCMXOHEBPONOTii KNiHiKM
HHLPM, m. Kuis, YkpaiHa

3paHeBuy4 Hatania AHatoniiBHa, KaHAMAAT MeOUUYHUX HayK,
niKap-ncuxotepanesT BifAiNeHHs pagialLiinHoT NcMXoHeBpo-
norii, kniHikn HHLUPM, m. Knis, YkpaiHa

lapbkaBa Hatania AHaToniiBHa, KaHOMOAT MEAUYHUX Ha-
VK, acucteHT Kadenpw Hesponorii i odTansmonorii, Lep-
KaBHUN 3aknap «[HinponeTpoBcbka MeAMYHA aKajemis
MO3 YkpaiHu», M. [Hinpo, Ykpaina, ORCID: 0000-0003-
3160-3819

DlopiveBcbKa Paica lOxumiBHa, HaykoBuit CNiBpOGiTHHMK, Na-
6opatopis papiauiiiHo iHAYKOBAaHMX 3axBOPIOBaHb 0OKa, IH-
CTUTYT paaiauinHoi ririenu i enigemionorii HHLPM, m. Kunis,
Ykpaina, ORCID: 0000-0002-0666-1067

BacuneHko 3nara JleoHigiBHa, nikap-ncuxiatp BiggineHHs
papaiauiiHoi ncuxoHesponorii kniHiku HHLUPM, m. Knis, Yk-
paiHa

KpaBueHko Biktop IBaHOBMY, nikap-HeBponor BifAiNeHHS
papaiauiiHoi ncuxoHesponorii kniHiku HHUPM, m. Knis, Yk-
paiHa

Ilpo3poBa Harania BagumiBHa, nikap-HeBposor BifaineH-
HA papiauiiHoi ncuxoHesponorii kniHiku HHLPM, m. Kuis,
YkpaiHa

Iryna V. Perchuk, MD. PhD, Senior Scientist,
Department of Radiation Psychoneurology, Institute
of Clinical Radiology, NRCRM, Kyiv, Ukraine, ORCID:
0000-0002-2537-2113

Tetyana F. Babenko, MD. PhD, Scientific Secretary,
Institute of Radiation Hygiene and Epidemiology,
NRCRM, Kyiv, Ukraine

Tetyana K. Loganovska, MD. PhD, Senior Researcher,
Leading Scientist, Department of Radiation Psycho-
neurology, Institute of Clinical Radiology, NRCRM,
Kyiv, Ukraine, ORCID: 0000-0001-7498-1401

Olena 0. Kolosynska, MD. PhD, Senior Researcher,
Leading Scientist, Department of Medical Expertise
and Treatment of Effects of Radiation Exposure,
Institute of Clinical Radiology, NRCRM, Kyiv, Ukraine,
ORCID: 0000-0002-2018-3380

Georgij Y. Kreinis, PhD Student, Scientist, Depart-
ment of Radiation Psychoneurology, Institute of
Clinical Radiology, NRCRM, Kyiv, Ukraine, ORCID:
0000-0002-4470-1517

Sergii V. Masiuk, PhD, Head of Laboratory of
Radiological Protection, Department of Dosimetry,
Institute of Radiation Hygiene and Epidemiology,
NRCRM, Kyiv, Ukraine, ORCID: 0000-0002-5123-9674
Leonid L. Zdorenko, MD, PhD, Head of Clinical
Department of Radiation Psychoneurology, Clinic
NRCRM, Kyiv, Ukraine

Nataliva A. Zdanevich, MD, PhD, Psychotherapist,
Clinical Department of Radiation Psychoneurology,
Clinic NRCRM, Kyiv, Ukraine

Nataliva A. Garkava, MD, PhD, Assistant Professor,
Neurology & Ophthalmology Department, State
Institution «Dnipropetrovsk Medical Academy of
Health Ministry of Ukraine», Dnipro, Ukraine, ORCID:
0000-0003-3160-3819

Raisa Y. Dorichevska, MD, Research Associate,
Laboratory of Radiation Induced Eye Diseases,
Institute of Radiation Hygiene and Epidemiology,
NRCRM, Kyiv, Ukraine, ORCID: 0000-0002-0666-
1067

Zlata L. Vasilenko, MD, Psychiatrist, Clinical Depart-
ment of Radiation Psychoneurology, Clinic NRCRM,
Kyiv, Ukraine

Victor I. Kravchenko, MD, Neurologist, Clinical
Department of Radiation Psychoneurology, Clinic
NRCRM, Kyiv, Ukraine

Nataliya V. Drozdova, MD, Neurologist, Clinical
Department of Radiation Psychoneurology, Clinic
NRCRM, Kyiv, Ukraine

Yuliia V. Yefimova, MD, PhD Student, Laboratory of
Radiation Induced Eye Diseases, Institute of

) 96



ISSN 2304-8336. pobnemn pagiauiiinoi Meouunkm 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2021. Bun. 26.

REVIEWS

€dimoBa Wnis BonoaumupiBHa, acnipaHT, nabopartopis
papialifHo iHAYKOBAHMX 3aXBOPIOBaHb OKa, IHCTUTYT papia-
LiAHOT ririeHn i enigemionorii, HHLUPM, M. Knig, YkpaiHa
Manivak AHTOHiHa BonoaumupiBHa, nikap-Hesposor
BiAAiNeHHs pagiauitHoi ncuxoHeBponorii kniHiku HHLUPM,
M. Kuis, YkpaiHa

Radiation Hygiene and Epidemiology, NRCRM, Kyiv,
Ukraine

Antonina V. Malinyak, MD, Neurologist, Clinical De-
partment of Radiation Psychoneurology, Clinic
NRCRM, Kyiv, Ukraine

Cmamms Haoditiuna do pedaxuyii 15.07.2021

Received: 15.07.2021

97 @



