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CYYACHI IOCIATHEHHS I AKTYAJIBHI TIPOBJTEMU
PATIAIIIMHOI O®TAJIBMOJIOTTI: TIOCTYOPHOBMJIBCHKUN
JTOCBII

YopHobunbcbka Katactpoda — MacwTabHa saepHa aBapis, WO CNpUYMHUAG 3HAYHMIA pafialiiiHUi BNAWUB Ha BENUKi
nonynauii nopeii. Pobotu odranbmonoris, Aki BuBYanM ii HaCNigKW, KApAMHANBLHO 3MIHUIW YABNEHHSA BYEHUX NPO
BM/IMB 10Hi3yt040i pagiauii Ha opraH 30py. [lo aBapii Ha YAEC BnpofoBK TPMBANOro Yyacy npesanioBana SyMKa, LWo op-
raH 30py € BiHOCHO pe3UCTEHTHMM A0 BMAMBY i0Hi3yl04Oro BUNPOMiHIOBAHHS. BBaxanoch, Wo nicns pagialiiHoro
ONMpPOMiHeHHs HalbinbLW oYikyBaHUM edeKTOM MOXe OYyTW pafiauiitHa kaTapakTa, Aka po3Mmsaanach fK feTepMiHicTny-
HUI edekT.
MeToto pob0oTy € aHani3 oTpuMaHux nicns YopHobUNbCbKOT KaTacTpodyu enifemionoriyHux, KNiHiYHUX i eKcnepumMeH-
TaNbHUX JAHUX WOAO paaialiiHux ohTanbMONOriYHMX edekTiB.
Marepianu i meTogu. Kputepismu BKIOYEHHS [0 aHaNiTMYHOIO OMMSAAY CTaNW peueH30BaHi nybnikauii B HaykomeT-
puyHux 6asax PubMed / MEDLINE, Scopus, Web of Science Ta po6oTu, BigibpaHi BpyuHy, WO NpUCBAYEHi BUBYEHHIO
0(hTaNbMONOriYHMX HACAIAKIB YOPHOOMNBCHKOT KaTacTpodu, iHWKUX pafialinHMX iHLMAEHTIB, HAcnigKaM npodecitHo-
ro pafialiitHoro BNaAuBY, onybiikoBaHi B MOCTYOPHOOUBCHKUI nepiof.
Pesynbratu. [JocnigxeHHs, nposefeHi nicna aBapii Ha YAEC, cyTTeBO 3MiHMAM YABNEHHA NPO BMAMB iOHi3yl04Oi
pagiauii Ha opraH 3opy. byno nokasaHo, WO OKO HaA3BMYAMHO YyTNMBE A0 PAAiaLiiHOrO BRAMBY i € OfHi€EK 3
HabiNbLW BPA3NMBUX CTPYKTYP OpraHiamy. AHanisytoum pesynbtaTv TPMBAANUX MOCTYOPHOOUILCHKUX AOCTIAXKEHb, MU
MOXEMO BUAINNTU Y4OTUPM rpynu ohTanbMONOriYHUX 3aXBOPIOBAHb, AIKI BUHMKAIOTL Yy NOCTpaxaanux Big YopHo-
6unbCbKoi KaTacTpody oci6: nepwa rpyna — cneuudiyHi NpoMeHeBi ypaXKeHHs OKa, NOsBa AKUX MOXMUBA TiNbKU
BHACNiAOK Aii i0Hi3yl040ro BUNPOMiHIOBAHHSA; Apyra rpyna — 3aXBOpioBaHHA, fIKi B 3BU4aHUX YMOBAX BUHUKAIOTb ne-
PEBAXHO Yy 0Ci0 MOXMNOro BiKy Ta PO3BUTOK SKUX MPUCKOPIOETHCA BHACTIAOK pagialuiitHoOro BRAWBY; TpeTs rpyna —
yHKUiOHaNnbHi 3MiHK, AKi OynK BUABNEHT y paaialiiHO onpoMiHEHKX 0Cib; [0 YeTBepTOi rpynu Hanexatb edeKkTy, o
BUHWUKNU B 0Ci6, ONPOMiHEHNX BHYTPilIHLOYTPOGHO.
KniouoBi cnosa: aBapis Ha YopHOOUIbCHKiN aTOMHil eneKTpoCTaHLii; i0Hi3yloue BUNPOMiHIOBAHHSA; OKO; OpraH 30-
py; KaTapakTa; BikOBa MaKynspHa gereHepais; MopdonoriyHi 3miHu; xBopoba Manux cyauH; hyHKLioOHaNbHi 3MiHK;
MirMeHTHUN eniTeniit; KOCOOKiCTb; akomoAaLis.
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CURRENT ACHIEVEMENTS AND TOPICAL ISSUES IN RADIATION
OPHTHALMOLOGY: POST-CHORNOBYL EXPERIENCE

The Chornobyl disaster — a large-scale nuclear accident that caused significant radiation exposure to large popula-
tions of people. The work of ophthalmologists who studied its consequences radically changed scientists” under-
standing of the effects of ionizing radiation on the organ of vision. Before the Chornobyl accident, it was widely
believed that the organ of vision was relatively resistant to the effects of ionizing radiation. It was thought that the
most likely effect of radiation exposure was radiation cataracts, which were considered a deterministic effect.
The objective of this study is analyze epidemiological, clinical, and experimental data on the ophthalmological
effects of radiation obtained after the Chornobyl disaster.
Materials and methods. The criteria for inclusion in the analytical review were peer-reviewed publications in the
scientometric databases PubMed/MEDLINE, Scopus, Web of Science, and manually selected works devoted to the
study of the ophthalmological consequences of the Chornobyl disaster, other radiation incidents, and the conse-
quences of occupational radiation exposure, published in the period after the Chornobyl disaster.
Results. Studies conducted after the Chornobyl disaster have significantly changed the understanding of the
effects of ionizing radiation on the vision organ. It has been shown that the eye is extremely sensitive to radiation
exposure and is one of the most vulnerable structures of the body. Analyzing the results of long-term post-Chornobyl
studies, we can distinguish four groups of ophthalmological diseases that occur in people affected by the Chornobyl
disaster: the first group is specific radiation damage to the eye, the appearance of which is possible only as a result
of ionizing radiation exposure; the second group is diseases that under normal conditions occur mainly in elderly
people and the development of which is accelerated as a result of radiation exposure; the third group is functional
changes that were detected in radiation-exposed people; and the fourth group includes effects that occurred in peo-
ple irradiated in utero.
Key words: Chornobyl Nuclear Power Plant accident; ionizing radiation; eye; organ of vision; cataract; age-related
macular degeneration; morphological changes; small vessel disease; functional changes; pigment epithelium; stra-
bismus; accommodation.
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BCTVYII

YopHoOunbchbka Katactpoda — MaciuTabHa simepHa
apapis, 10 CIPUYMHUIA 3HAYHUN pagialiiiHU
BIUIMB Ha BeJUKi monyssuii moaeid [1, 2]. Pobotu
o(TanbMOJIOriB, SKi BUBYAIM 1i HACTiAKM, Kapau-
HaJIbHO 3MIiHWJM YSIBJICHHS BYCHUX IIPO BIUIMB
ioHizyrouoi pagiarii (IP) Ha opraH 3opy.

o YopHOOMIBCHKOI KaTacTpohu BIPOIOBXK TPU-
BAJIOTO Yacy TMpeBaTloBaJIa TyMKa, IO OpPraH 30py €
BIIHOCHO pEe3UCTEHTHUM A0 BBy IP opraHowm.
PagiouyTnuBicTh TKAHUH OKa 3MEHIIYETLCS Y TaKiit
MOCJiAOBHOCTI: KPUILTAIMK, KOH IOHKTHBA, POTiBKa,

B« Pavlo A. Fedirko, e-mail: eye-rad @ukr.net

INTRODUCTION

The Chornobyl disaster is a large-scale nuclear acci-
dent that caused significant radiation exposure to
large populations of people [1, 2]. The work of oph-
thalmologists, who studied its consequences, has rad-
ically changed the understanding of scientists about
the effects of ionizing radiation (IR) on the organ of
vision.

Before the Chornobyl disaster, the prevailing opinion
for a long time was that the organ of vision was relative-
ly resistant to IR exposure. The radiosensitivity of eye
tissues decreases in the following sequence: lens, con-
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cyIMHHA 000JIOHKA, ciTyacTa 000JIOHKA (CiTKiBKa), 30-
poBuii HepB. IIpu 1LIbOMY BU3HABaIM, 110 eMOpiOHAJbHI
TKaHWHU OiTBINT YyTIMBI, HiX 3pimi [3]. BBaxkamocs, 1110
micis pamialifHOro ONMpoOMiHEHHS HaiOiIbII OYiKyBa-
HUM edeKTOM Moxe OyTH pamialliiiHa KatapakTa [4—6],
sKa pO3MISIAAIach SIK IeTePMiHICTUYHUM edekT [5].

JocnigxeHHs, mpoBeaeHi miciass YopHOOMIbCHKOIL
KaTacTpodu, CyTTEBO 3MiHMIIU MOIMEPEaHi YIBIEHHS, i
1eil aKT B OCTaHHI ABa IeCATUPIYYS BPEIITi BU3HAIU
BCi aBTOPUTETHI MiXHapoaHi opraHizauii [7]. byno
MOKa3aHo, IO OKO HaA3BMYAliHO YYTJIMBE OO pamia-
LiliHOTO BIJIUBY i € OJHi€EI 3 HAWOINAbII Bpa3IMBUX
CTPYKTyp opraHizmy [8—10].

META JOCIIJIZKEHHA

MeTtolo poboTH € aHami3 oTpuMmaHux Ticiass YopHo-
OMJILCHKOI KaTacTpodu emigeMioNoTiYHUX, KIIIHIYHUX i
eKCIIepUMEHTAIbHUX JaHUX 1IOA0 pafialliiHuX odTaib-
MOJIOTiYHUX €(PEKTiB.

MATEPIAJIM I METOJIN

KputepissiMu BKIIIOYEHHSI 10 aHAJiTUMHOIO OTJIsay CTa-
JIM peleH30BaHi IybJiKalil y HAyKOMETPUYHUX Oazax
PubMed / MEDLINE, Scopus, Web of Science, Ta po-
00TH, BimiOpaHi Bpy4YHY, 1110 MPUCBSIYEHI BUBYCHHIO O(]-
TaJIbMOJIOTYHMX HacHiaKiB YOpHOOMIBCHKOI KaTacTPO-
¢un, IHIMX pamialifHUX IHOWAEHTIB, HACTiZKaM IIpO-
(eciiiHoro paniauiiiHOro BIJIMBY, OMy0JIiKOBaHi B MOCT-
YOPHOOMJIBCHKU TIEPiOI.

PE3VYJIBTATU TA IX OBTOBOPEHHS

AHaJi3yloun pe3yabTaTd 0araTboX TPUBAIUX TOCIHiI-
JKeHb, MM MOXXEMO BHUIUTUTH YOTUPHU TPYITH 0pTaIbMO-
JIOTIYHUX 3aXBOPIOBaHb, SIKi BUHMKAIOTh Y MOCTpaXKIa-
Jmx Bim YopHOOMIIBLCHEKOI KaTacTpodu ocib.

Ilepima 3 HUX — 3aXBOPIOBaHHS, SKi € Oe3MocepeaHIM
HaCJIiAKOM palialliiHOro BIUJIMBY, TOOTO cCHELU(iYHi
IIPOMEHEBI YpaXKeHHSI OKa — CTaHU, MOSIBA SIKX MOKJIV -
Ba TiJIbKM BHACJIIOK Aii i0HI3y10UOT0 BUITPOMiHIOBAHHSI.

Jpyra rpymna — 3aXBOpIOBaHHS, SIKi B 3BUYATHUX YMO-
Bax BMHUKAIOTh TMEPEBAXHO Yy OCi0 MOXMJIOTO BiKy Ta
PO3BUTOK SIKMX IIPUCKOPIOETHCST BHACIIINOK padialliitHO-
IO BILIMBY.

Jlo TpeTboi rpyInu MoXKHa BimHECTH (DYHKIIIOHAJIbHI 3Mi-
HU, SKi Oy7M BUSIBJIEHI Y pajlialliifHO OMPOMiHEHMX OCi0.

I 1o yeTBepTOI IrpynU HajeXaThb e(DEKTU, 110 BUHUKIU
y 0¢i0, OmpOMiHEHUX BHYTPIilIHbOYTPOOHO.

CneundiyHi MpoMeHeBi ypaXkeHHS oKa — 3axXBOPIO-
BaHHS, TI0SIBA SIKUX MOXJIMBA TiJIbKU BHACiZOK il
iOHi3yl0UOTO BUITPOMiHIOBAaHHS — pafialliliHa KaTapakTa
Ta pafialliiiHi peTUuHOoNaTtil.
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junctiva, cornea, choroid, reticular membrane (reti-
na), optic nerve; It was recognized that embryonic
tissues are more sensitive than mature ones. [3]. It
was believed that after radiation exposure, the most
expected effect could be radiation cataract [4—6],
which was considered a deterministic effect [5].
Studies conducted after the Chornobyl disaster
have significantly changed these ideas, and this has
finally been recognized by all authoritative inter-
national organizations in the last two decades [7].
It has been shown that the eye is extremely sensi-
tive to radiation exposure and is one of the most
vulnerable structures of the body [§—10].

OBJECTIVE

The purpose of the work is to analyze the epidemi-
ological, clinical and experimental data obtained
after the Chornobyl disaster on radiation ophthal-
mological effects.

MATERIALS AND METHODS

The criteria for inclusion in the analytical review were
peer-reviewed publications in the scientometric data-
bases PubMed/MEDLINE, Scopus, Web of Science,
and manually selected works devoted to the study of
the ophthalmological consequences of the Chornobyl
disaster, other radiation incidents, and the conse-
quences of occupational radiation exposure, pub-
lished in the period after the Chornobyl disaster.

RESULTS AND DISCUSSION

Analyzing the results of many long-term studies,
we can distinguish four groups of ophthalmologi-
cal diseases that occur in people affected by the
Chornobyl disaster.

The first of them is diseases that are a direct con-
sequence of radiation exposure, that is, specific
radiation damage to the eye — conditions that are
possible only due to the action of ionizing radiation.

The second group is diseases that under normal
conditions occur mainly in elderly people and
whose development is accelerated due to radiation
exposure.

The third group includes functional changes that
were detected in radiation-exposed people.

And the fourth group includes effects that
occurred in people irradiated in utero.

Specific radiation damage to the eye — diseases
that are possible only due to the action of ionizing
radiation — radiation cataract and radiation
retinopathies.
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Pagiauiitna (mpomeHeBa) KaTapakTa Bizoma aaBHo [11], Bo-
Ha Mae crietiuHy KITIiHIYHY KAPTUHY, 110 J03BOJISIE HAMIMHO
BiTOKpEMITIOBATH 1i BiI iHIIIMX pi3HOBUIIB KaTapakTH [4, 12].

omo pamiauifiHoi KaTapakTW HaMOiNbIIY IiKaBiCTb
BUKJIMKA€E 103a, MPU sKili BOHA MOXE BUHUKHYTH, i ii
JIAaTEHTHU TIepio.

IIpu cniocTepekeHHi pamialliiiHO ONPOMiHEHMX BHACJIi-
JoK YopHOOMIBCHKOI KaTacTpodu ocid HaMu OyJI0 JOBeE-
JIEHO, 1110 JaTeHTHUI MepioJ pO3BUTKY pajialliiHOl KaTa-
pakTu Moxe aocsaratu 29 pokiB (puc. 1, puc. 2) [13], ane
HaOiIbIlIA KiJIbKICTh HOBUX BUIIA[IKiB PEECTPYETHCS Yepe3
8—9 poxiB mici ekcrio3utlii [ 14]. Lle 30iraeTbest 3 tTaHUMMU,
onyoJTiKkoBaHUMHU 10 YOpHOOMITBECHKOI KaTtacTpodu [12].

REVIEWS

Radiation cataract has been known for a long
time [11], it has a specific clinical picture, which
allows you to reliably distinguish it from other
types of cataract [4, 12].

Regarding radiation cataract, the most interest-
ing thing is the dose at which it can occur, and its
latent period.

We proved that the latent period of radiation
cataract development can reach 29 years (Fig. 1,
Fig. 2) [13], but the largest number of new cases is
registered 8—9 years after exposure [14]. This coin-
cides with the data, published before the Chor-
nobyl disaster [12].

B yuachukiB aBapiitHux po06iT Ha YHAEC BussieHo
3BOPOTHUI 3B’S130K MiX 103aMu [P i TpuBaticTiO J1aTe-
HTHOTO Tiepiony [15], 110 MiATBEpAMIO paHillle OTpu-
MaHi B eKCIIEpUMEHTI pe3yisraT [16].

OdTanbMOJIOTiYHNIT MOHITOPUHT B IWHaMilli OyB
npoBeAeHU y 5 195 yyacHUKIB JIiKBifalii HaCaiaKiB
apapii Ha YAEC (YJIHA). dna 2 094 oci6 6yau Ha-
SIBHi JOKYMEHTAaJIbHO MiATBEPAXKEHi JaHi 111010 OTpU-
MaHO1 HUMU 1034 OTNPOMiHEHHS BChOTO Tijla. 3a pe-
3yJbTaTaMy IIEPBUHHOIO i ITOBTOPHUX OOCTEXEHBb
paniaLiiiHi KaTapakTu 0yJ10 JiarHOCTOBaHO Y 61 oco-
6u (2,91 %). liana3oH 103 y 0cib 3 KaTapaKTOIO — Bill
0,002 I'p mo 2 I'p.

OTtpuMaHa iH¢oOpMallid AEMOHCTPYE: IMOPOTOBa
Jo3a U1 BUHMKHEHHS pafialiiiHol KatapakTu abo
Iy>Ke HU3bKa, ado TTopir B3araji BimcyTHil [15].

PucyHok 1. Kpuwrtanuk ao noasu cneuyundivHoi kni-
HiYHOT KapTUHK papialiitHOT KaTapaKTu, Aata ornapy
15.12.2014. MomyTHiIHHA KpUWITanuKa Ha nepudepii,
LeHTPaNnbHUX Cy6KancynApHMX NOMYTHiHb HeMae
(umt. 3a Maceynikosa H. B. Ta in. [13])

Figure 1. The lens before the appearance of a specif-
ic clinical picture of radiation cataract, examination
date 12/15/2014. Lens opacities on the periphery,
no central subcapsular opacities (according to Pa-
sechnikova N.V. et al. [13])

PucyHok 2. Kpuwrtanuk npu ornaai 08.09.2015.
NosBa 3aaHbOro LUEeHTPaNbHOro cy6KancynsapHoro no-
MyTHiHHA (uuT. 3a Maceynikosa H. B. 1a iH. [13])

Figure 2. Lens during examination on 09/08/2015.
Appearance of posterior central subcapsular opacifi-
cation (according to Pasechnikova N.V. et al. [13])

In participants of the clean-up works in Chornobyl,
an inverse relationship between IR doses and the
duration of the latent period was found [15], which
confirmed the results obtained earlier in the experi-
ment [16].

Ophthalmological monitoring in dynamics was car-
ried out in 5,195 participants of the Chornobyl acci-
dent clean-up works. For 2,094 people, documented
data on the dose of radiation received by them to the
whole body were available. According to the results of
the initial and repeated examinations, radiation
cataracts were diagnosed in 61 people (2.91 %). The
dose range in people with cataracts is 0.002 Gy — 2 Gy.

The information obtained demonstrates: the thresh-
old dose for the occurrence of radiation cataracts is
either very low or the threshold is absent [15].
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Huckycigd 3 1boro mpuBomy TpuBae. leski aBTopu
CTBEPIXYIOTb, 110 JaHi 3 Pi3HUX KOTOpT, SIKi 3a3HAIU
BILUIMBY BUIIPOMiHIOBaHHSI, BKJIFOUHO 3 JIIOJbMMU, SIKi ITe-
pexXuanu aToMHe OoMOapayBaHHs, JikBimaTopiB YopHo-
OUIbCHKOI aBapii, MEMMYHUX MpalliBHUKIB Ta Malli€HTIB,
SIKi MPOXOAWIN padioTepamnilo, BaXXKO BKIIOYUTU B 3a-
rajibHy Mojiejb pU3UKYy Uepe3 HEeBiAIMOBIAHOCTI B J03U-
MeTpii, po3Mipax BUOiIpKM Ta MEeTpUKaX OLiHIOBaHHS, a
piBHI PU3UKY B JOCIITKYBaHUX KOTOpTaX MOXYTh HeE
BiamoBigaTh mnpodeciiHuM cleHapisiM 4epe3 BiaMiH-
HOCTi B MOTYXXHOCTI J0O3M, SIKOCTi BUIIPOMiHIOBaHHSI,
BiKy MTiJ1 yac onpomiHeHHs [17]. TpuBaloTh IMCKYCil 1110-
JIO PiBHS 103 OMIPOMiHEHHS, SIKE OTPUMYE OKO MPU Me-
IUYHUX npoueaypax [18].

Yacrora BUHUKHEHHS KaTapakTh y moHazn 1 100 mukmx
nTaxiB y YopHOOUIbCHKIN 30HI 3pocTaja 3 piBHEM (ho-
HOBOT'O BUIIPOMIHIOBaHHSI, BiTHOIIIEHHS IIaHCIB HA OV~
HULIIO 3MiHU perpecopa craHoBuio 0,722 (95 % nmosip-
yuii intepsan (Cl): 0,648—0,804), 110 Oysi0 MeHILIe, HixX
BiHOIIIEHHS IIAHCIB Y AOCTiMXXEHHIX padialliiiHoi KaTa-
pakti y Joneil. YucenbHIiCTh MTaxiB i3 KaTapaKToOO
MPUPOIHUM YMHOM 3MEHIIYETHCS Yepe3 pi3Ke 3HIKCH-
Hs1 30py [19].

ITpocnekTnBHA KoropTHa rpyma 3 35 705 pamiosoris
CIIA Bikom Bim 24 no 44 pokiB 0e3 KaTapaKTH CIIOC-
tepiranacst npotsarom 20 pokiB (1983—2004 pp.). s
HUX y 0araToBUMIipHMX MOJEISIX CAMOCTiliHE TOBiIOM-
JIEHHS PO TpU abo OiNble PEeHTreHiBChbKUX 3HIMKiB 00-
Ju4ysl / mmi Oya0 moB’si3aHe 3 Koe(dilliEHTOM PU3UKY
po3BuTKy Katapaktu 1,25 (95 % CI: 1,06—1,47). dusg
MpaliBHUKIB i3 HaAWBUIIOIO TMPOPECiiTHOIO T03010 OIT-
POMiHEHHS KpHUIUTaJIMKa oKa (cepemnHe 3HavyeHHsT 60
MI'p) NMOPIBHAHO 3 0COGAMU 3 HAHMKUYOIO 103010 (Cce-
penHe 3HayeHHda 5 M Ip), ckopuroBaHuii KoedilieHT
puU3UKy Katapaktu ctaHoBuB 1,18 (95 % CI: 0,99—1,40).
OTpuMaHi pe3yabTaTH IiATBEPIXKYIOTh TiIOTe3y Mpo Te,
1110 HalfHMXK4Ya KaTapaKTOT€HHA 1032 OMPOMIHEHHS TS
JIIOAVMHU 3HAYHO MEHILIA, HixXK BBaxkasiocs pairie [20].

CrniocTepeskeHHs 0ci0, SKi 3a3HaJIN XPOHIYHOTO BIJIN-
BY HU3bKOI 03U Y-BUIIPOMIHIOBAHHS Y CBOEMY MOBCSIK-
JNIEHHOMY XUTTi a00 IIKUTbBHOMY CEPEIOBUIII BHACTIIOK
aii “Co y ckimani MerajaeBUX KOHCTPYKIIiH, IMOKa3au,
1110 XpOHiYHE OIPOMiHEHHSI B HU3bKUX 103aX MOXE BUK-
JIMKATU 3MiHM KpUINTAJIMKA, OCOOJMBO B KPUILTAIMKAX
moneit no 20-piyHoro Biky [21].

AHaJni3 pe3yabTaTiB pi3HUX AOCTIIKEeHb YTPYIHIOE i
HasiBHA 3aJIEXXHICTb PO3BUTKY MATOJIOTII BiJl yacy IIicjs
ornpoMiHeHHs. Tak, MacimTabHe MiXHapOmZHE IOCIilI-
xxeHHss UACOS [22] 6yno po3noyato micias 1997 poky,
TOOTO yepe3 11 pokiB micias pamiauiiiHoro BILUIMBY. byio
pO3paxoBaHO MOPIT 103U IJIs1 MOSIBU KaTapaKTU y Tiepiof,
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The discussion on this issue is ongoing. Some
authors argue that data from different cohorts
exposed to radiation, including atomic bomb sur-
vivors, Chornobyl clean-up workers, medical
workers, and patients undergoing radiotherapy, are
difficult to incorporate into a common risk model
due to inconsistencies in dosimetry, sample size,
and assessment metrics, and that risk levels in the
studied cohorts may not correspond to occupation-
al scenarios due to differences in dose rate, radia-
tion quality, and age at exposure [17]. There is
ongoing debate about the level of radiation doses
received by the eye during medical procedures [18].

The incidence of cataracts in over 1,100 wild
birds in the Chornobyl zone increased with back-
ground radiation levels, with an odds ratio per
unit change in the regressor of 0.722 (95 % confi-
dence interval (CI): 0.648—0.804), which was
smaller than the odds ratio in studies of radiation
cataracts in humans. The number of birds with
cataracts naturally decreases due to a sharp
decline in vision [19].

A prospective cohort of 35,705 US radiologists
aged 24—44 years without cataracts was followed for
20 years (1983—2004). For them, self-reported
three or more face/neck X-rays was associated with
a hazard ratio of 1.25 (95 % CI: 1.06—1.47) for cata-
ract development in multivariate models. For work-
ers with the highest occupational dose of radiation
to the lens of the eye (mean 60 mGy) compared
with those with the lowest dose (mean 5 mGy), the
adjusted risk ratio for cataract was 1.18 (95 % CI:
0.99—1.40). The results support the hypothesis that
the lowest cataractogenic dose for humans is much
lower than previously thought [20].

Observations of individuals who have been
chronically exposed to low doses of y-radiation in
their daily lives or school environments due to
exposure to *Co in metal structures have shown
that chronic low-dose radiation can cause changes
in the lens, especially in the lenses of people under
20 years of age [21].

The analysis of the results of different studies is
also complicated by the dependence of the devel-
opment of pathology on the time after exposure.
Thus, the large-scale international study UACOS
[22] was started after 1997, i.e. 11 years after radi-
ation exposure. The dose threshold for the appear-
ance of cataracts was calculated to be 0.088 Gy (95
% CI — from 0 to 0.148 Gy) within 14 years after
radiation exposure. [19].
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14 pokiBs micid pagiauiiinoro srmsy 0,088 I'p (95 % CI —
Bin 0 I'p mo 0,148 I'p). [19].

Hamu noseaeHo, 1110 HaiOLIbII BipOrigHUIA TIepioj AJ1s1
BUSIBJIEHHSI J10303aJI€XKHOTO BiJHOCHOIO PU3UKY CMEpTi
YJacHUKIB aBapiitHux po0OiT Ha YAEC BHACTITOK HEITyX-
JIMHHUX XBOPOO criocTepiraerbes yepes 6-10 pokiB micis
panialiifHOTO BIUIMBY ISl IIArPYIl OCiO 3 03010 Om-
pominenns Big 0,05 I'p mo 0,7 I'p [23]. Pesynsratu mate-
MaTUYHOIO MOJEIOBAHHS PU3UKIB HANOLIbII MOLIUpe-
HUX OYHMX XBOPOO CBimyaTh Mpo Te, 11O JJIS BUSIBJICHHS
HasIBHOCTI pajialliiiHO 0OyMOBJIEHUX PU3UKIiB 3aXBOPIO-
BAHOCTI TepBMHHI OOCTEXEHHS OIMPOMIHEHUX OCi0 CIIif
pO3MOYMHATH MAaKCUMYM 4Yepe3 5 pOKiB ITic/sl pamialliii-
Horo BBy [15]. IIpu mpoBeaeHHI TOCTiIXEHb Y Bil-
HOCHO Oi/IbIIIi TEpMiHM MiCJIsl ONMPOMiHEHHST IMOBIPHICTh
BUSIBJIEHHS Pi3HUIII MiXX PU3UKOM JIJisI Pi3HUX JO30BUX
MiArpyn i, BiAMOBIIHO, JO30BUX 3aJIEXKHOCTEN, HU3bKA.

JHesiki aBTOpY CTBEPIXKYIOTh, 110 00’ €AHAHI pe3yJibTa-
T HELIOAABHO IIPOBEIEHMX EKCIIEPMMEHTAJIbHUX Ta
eMieMioJIOTIYHUX JOCTiIKEeHb OA0 iHAYKIIiI KaTapak-
TA iOHI3yIOUMM BUIPOMIHIOBAaHHSIM I10Ka3ylOTh, Oe3y-
MOBHO, MEHILIMIA, HixK OL[IHIOBAJIOCS paHillle, IOpir po3-
BUTKY Katapaktu — ropsaky 0,5 I'p. PamiauiiiHuit kara-
paKToreHe3 Moxe OyTH TOUHO OINMCAHMI JIiHIHOI 0e3-
MOPOroBOI0 MOAE IO [24].

B orpuMmaHuX HaMU MOZAENISIX PO3PaXyHKOBUII PU3UK
301JIbINYETHCS 31 3POCTAHHSIM 103U 1OHI3yIOUOr0 BMII-
pomiHioBaHHs. Ha KpuBiii € Touka 31amMy B 30Hi J03U
0,05 Tp, mami 3i 30iNbLIEHHAM 003U PU3MK 3POCTAE
LWIBMILE; 1€ OJHA To4Ka 31aMy — mwid gosu 1,0 Ip.
Pagiauiiinuii anuTUBHUN 1 BITHOCHUI PU3UK PO3BUTKY
Karapakty ckianae 3,45 (95 % CI: 1,35-5,56) na 1,0 I'p.
Lli pe3ynbTaT CBimUaTh Ha KOPUCTb MPUMYILIEHHS, 1110
pamiamiliHa KaTapakKTa, MOXJIMBO, € CTOXaCTMYHUM
edekrom [13, 14, 25, 26].

Ho npyroi rpynu o¢TaJbMOJIOTIYHUX 3aXBOPIOBaHb
HajieXaTh XBOPOOM OKa, SIKi B 3BUYATHUX YMOBaX BUHU-
KaloTh IepeBaKHO B 0Ci0 MOXMJIOTO BiKY i 4acTOTa SIKMX
301JIbIIYETHCS 3 BiKOM, PO3BUTOK YACTUHU 3 LIMX CTAHIB
MPUCKOPIOETHCS BHACIAOK padialliiiHOro BIUIMBY i JJisI
HUX pafialliiiHe OMPOMiHEHHS € BaXXJIMBUM (PaKTOpPOM
pusuky. Lle Oyjgo mochigkeHO MpU CIOCTEpPEeKeHHi 3a
nocTpaxaaJauMu BHACTAiZ0K YOpHOOMIBCHKOI KAaTaCTPO-
¢u ocobamu [8].

InBomoniiina KaTapakTa — 3aXBOPIOBAHHS JIIOAEH TO-
XUJIOTO BiKy i HAMOIbII NOIIMpPEHa MaTOJIO0Tisl KPUILITA-
JIMKa Yy OoNpOMiHEHUX BHACiA0K YOpHOOMILCHKOI KaTa-
crpodu ocib [8, 15, 25, 26]. CaMme momMpeHicTh iHBO-
JIIOLIIMHOT KaTapakKTu OOYMOBJIIOE OCOOJMBY aKTy-
aJIbHICTh i coliaJbHYy Bary AOCJiIKE€Hb II0J0 3aKO-
HOMipHOCTel 11 po3BUTKY. He3Bakatrouu Ha JOCTYITHICTh
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We have proven that the most probable period
for detecting a dose-dependent relative risk of
death Chornobyl accident clean-up workers due
to non-tumor diseases is 6-10 years after radiation
exposure for subgroups of individuals with a radi-
ation dose of 0.05 to 0.7 Gy [23]. The results of
mathematical modeling of the risks of the most
common eye diseases indicate that in order to
detect the presence of radiation-related morbidity
risks, initial examinations of irradiated individuals
should be started no later than 5 years after radia-
tion exposure [15]. When conducting studies at
relatively longer periods after exposure, the prob-
ability of detecting differences in risk for different
dose subgroups and, accordingly, dose depen-
dences is low.

Some authors argue that the combined results of
recent experimental and epidemiological studies
on the induction of cataract by ionizing radiation
show a significantly lower threshold for cataract
development than previously estimated, on the
order of 0.5 Gy. Radiation cataractogenesis can be
accurately described by a linear threshold-free
model [24].

In our models, the estimated risk increases with
increasing ionizing radiation dose. There is a
breakpoint on the curve in the 0.05 Gy dose zone,
and then the risk increases more rapidly with
increasing dose; another breakpoint is for a dose of
1.0 Gy. The radiation additive and relative risk of
cataract development is 3.45 (95 % CI: 1.35-5.56)
per 1.0 Gy. These results support the assumption
that radiation cataract may be a stochastic effect
[13, 14, 25, 26].

The second group of ophthalmological diseases
includes eye diseases that normally occur mainly
in the elderly and the frequency of which increas-
es with age, the development of some of these con-
ditions is accelerated by radiation exposure and for
them radiation exposure is an important risk fac-
tor. This was studied in the observation of people
affected by the Chornobyl disaster [§].

Involutional cataract is a disease of the elderly
and the most common pathology of the lens in
people exposed to the Chornobyl disaster [8, 15,
25, 26]. It is the prevalence of involutional cataract
that determines the special relevance and social
importance of research on the patterns of its devel-
opment. Despite the availability of surgery for lens
opacities, cataract is still the leading cause of
blindness worldwide. From a public health per-
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Xipyprii TOMYTHiHb KpUINTaJIMKa, KaTapakTa BCe IIE €
MPOBiITHOIO MPUUYUHOIO CJIIMOTU Y BCbOMY CBiTi. 3 TOUKH
30py TPOMAACHhKOTO 3IOPOB’S, MOCIIIKEHHS, SIKi MO-
JKyTh BUBHAUUTHU CITOCOOM 3aTPUMKU MTOYATKY a00 Mpor-
pecyBaHHS KaTapaKTH, MOBUHHI 3aJIMIIATACS TIPiOpH-
TETHUM HanpsiMkoM [27].

BaxxnuBo, 1110 iHBOJIIOLII{HA KaTapaKTa € He3aJlesKHUM
MapKepoM paHHbOI CMEPTHOCTI, i HaJa€e J0AaTKOBI MOX-
JIMBOCTI TSI BUBYEHHS TIpolIecy cTapiHH:A [27].

byno mokasaHo, IO YacToTa BMHMKHEHHS iHBO-
JIIOLIMHOI KaTapaKTU BipOTiIHO BUILA B TpyIax 3 OiLIbII
BUCOKOIO IMOTJIMHYTOIO 103010 i0Hi3yrouoi pamialii. Ce-
pen oci6 3 mozamu omnpomiHeHHsa mo 0,25 I'p yacrtora
iHBoJTIOLiMTHOT KaTapakTu ckiana (35,2 £ 1,4) % nportu
(46 = 1,6) % y rpymi 3 nosamu nonazn 0,25 I'p (p < 0,001).
BigHocHMIT py3KMK iHBOJTIOLIHOT KaTapaKTH MOPiBHSIHO 3
KOHTPOJIEM B YCiX I030BUX I'pyIiax 0yB HAHOLTBIIT BUCOKUM
1151 BikoBoi rpynu 10 40 pokis. baratomipHa MaremaTuy-
Ha MOJIeJNb II0Ka3aia, 10 BiMTHOCHUIA pU3UK 3a (haKTOPOM
BiKy craHoBuB 2,89 (2,53; 3,31), 3a 103010 OITPOMiHEHHS i
yacoM mnepeOyBaHHS mif pusukoMm — 1,68 (1,03; 2,74).
Haii6inbmumii BriiuB MaB pakTop Biky [28, 29].

3 HOBMX MOBiZOMJICHb BUKJIMKAE iHTEPEC NOCITiIKEHHS,
sIK€ TI0Ka3aJI0 3HAUHE 30iIbIIEHHS ONTUYHOI IIJIBHOCTI
saapa kpuiTanuka (Megiana 17,3 %, IQR 15,5—18,5 %) y
ydyacHMKIiB aBapiitHux pobit Ha YAEC, sxi npautoBaiu
Oe3rnocepeHbO Ha TIPOMUCIOBOMY MailJaHUMKY, IOPiB-
HSTHO 3 KOHTPOJIBHOIO TPYIIOI0 (OLiHKA 03 He TIPOBOIM-
Jaco) [30].

Big noyaTky panio6ioloriyHUX HOCHiIXKEHb ITPOTITrOM
TPUBAJIOro 4acy cityacta o00JIOHKa BBaXkajach BigHOC-
HO PE3MCTEHTHOIO 0 Jii i0Hi3yro4oi paaialiii. Aje Imicist
YopHOOMIIbCHKOI KaTtacTpody Ha MiJACTaBi HOBUX JO-
CJIiIKeHb 3’ SIBUJIMCS TO0KA3W HaA3BUYAMHOI YyTJIMBOCTI
CITKIBKM [0 [il iOHI3yl0OUOTO OIPOMiHEHHS. YIbTpacT-
PYKTYpPHi 3MiHM CiTYaCTOI OOOJOHKM BUSIBISIIOTHCSI B
ekcriepuMeHTi [9]. Hu3ka aBTOpiB KOHCTaTy€e pO3BUTOK
MakyJIsIpHO1 JereHepauii B rpynax paaialiiiHO OIl-
pomiHeHux oci6 [8, 10]. HaitGinbim mommpeHnM BUIOM
MaTOJIOTii CITKiBKM y ONPOMiHEHUX JIIoAei Oyjia LeHT-
pajibHa, a00 MaKyjsipHa AereHepaliisi. BoHa mae KitiHiu-
HY KapTUHY, TOAiIOHY 10 KJIiHIYHO1 KapTUHH BiKOBOI Jae-
reHepauii makyim (BM/JI) y 3aranbHiii momysmsiii [ 15, 26,
29], i, WMoBipHO, B MaiiOyTHbOMY MOTpeOyBaTUMeE
MOCTiIMHOTO, AOBOJIi CKJIAAHOTO Ta JOPOroBapTiCHOTO
o(TanbMoI0riyHOrO JiKyBaHHd [31—33].

Pesynabraty Hammx JOCTIIXKEHb CBigyaTh, 110 4acTOTa
BM/I B yyacHukiB aBapiiiHux pooitT Ha YAEC npu miep-
BUHHOMY orysiai 3pocia 3 (8,3 £ 5,7) % y 1992 poui 10
(58,57 £ 2,38) % y 2004 poui, HaiiBUIIy 3aXBOPIOBAHICTD
BinzHaumau yepe3 9—10 pokiB Imicasi ONMpOMiHEHHS, I10-
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spective, research that can identify ways to delay
the onset or progression of cataract should remain
a priority [27].

Importantly, involutional cataract is an inde-
pendent marker of early mortality and provides
additional opportunities to study the aging process
[27].

It has been shown that the incidence of involu-
tional cataract is significantly higher in groups
with higher absorbed doses of ionizing radiation.
Among individuals with radiation doses up to 0.25
Gy, the incidence of involutional cataract was
(35.2 £ 1.4) % versus (46 = 1.6) % in the group
with doses greater than 0.25 Gy (p < 0.001). The
relative risk of involutional cataract compared with
controls in all dose groups was highest for the age
group < 40 years. A multivariate mathematical
model showed that the relative risk by age was 2.89
(2.53; 3.31), by radiation dose and time of expo-
sure — 1.68 (1.03; 2.74). The age factor had the
greatest influence [28, 29].

Of the new reports, a study is of interest, which
showed a significant increase in the optical density of
the lens nucleus (median 17.3 %, IQR 15.5—18.5 %)
in Chornobyl clean-up workers, who worked
directly at the industrial site, compared with the
control group (dose assessment was not carried
out) [30].

Since the beginning of radiobiological studies,
the retina has long been considered relatively
resistant to the effects of ionizing radiation.
However, after the Chornobyl disaster, new studies
have provided evidence of the extreme sensitivity
of the retina to the effects of ionizing radiation.
Ultrastructural changes in the retina are detected
in the experiment [9]. A number of authors state
the development of macular degeneration in
groups of radiation-exposed individuals [8, 10].
The most common type of retinal pathology in
irradiated individuals was central, or macular
degeneration. It has a clinical picture similar to the
clinical picture of age-related macular degenera-
tion (AMD) in the general population [15, 26, 29],
and is likely to require permanent and rather com-
plex and expensive ophthalmological treatment in
the future [31-33].

The results of our studies show that the frequen-
cy of AMD in Chornobyl clean-up workers at the
initial examination increased from (8.3 £ 5.7) % in
1992 to (58.57 £ 2.38) % in 2004, the highest inci-
dence was noted 9—10 years after irradiation, the
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mmpeHictb BMJI cepen yJacHUKIB aBapiifHUX poOiT Ha
YAEC 3HauHO NepeBUlLye KOHTPOJIbHI Lugppu [15, 28,
29, 34]. KoHcraTtyBanu mepeBaXkHO «CyXy» opMy Ma-
Kynomuctpoddii. Crioctepiranach 3ramkeHicTh (poBe-
aJlbHOTO pedJieKcy, AeCTPYKILIisl MIrMEHTHOTO erliTe-
JIilo — KpalikoBa TilepHirMeHTaliss 3 OJIHOYACHOIO
BTPaTOO MIrMEHTY B iHIIKX AUISIHKAX, HAsIBHICTb APY3,
JKOBTYBATHX i OLTMX TUISIM, iHOAI MiKporeMopariii. ITpo-
1iec IporpecyBaB MOBiIbHO. TibKM 3 YyacoM y Oifib-
LLIOCTi XBOPHUX 3’SBJISIOCH MOMipHE 30iIbLICHHS Kilb-
KOCTI i TIJIOLIi BOTHUIL, MOYMHAJA 3HUXYBAaTUCh TOCT-
pota 30py. [Ipu 11boMy MOphOMETPUYHI JOCIiIKEHHS
MoKazaJiu, 110 CTATUCTUYHO BaroMi 3MiHM TOBLLIMHU CiT-
4yacTol 000JIOHKM B MaKYJISIpHii 30Hi CITOCTEpiratoThest
y JeSIKUX Ipynax oci0, siki 3a3HaJIM pafialliiiHOro BILIA-
BY, 111 IIpY BiICYTHOCTI KJIiHiYHUX TTposiBiB BM/I [35].

IIpu TpuBajioMy CIIOCTEpEXEeHHI KOTOPTH ydac-
HUKIiB aBapiitHuXx po06iT Ha YAEC Hamu BUSIBJIECHO
BUpaAXKE€HE 3pPOCTaHHS IIOLIMPEHOCTI AaHriomaTii
ciTKiBKi. BimHOCHMIT pU3UK MOIIMPEHOCTI MTOPIBHS-
HO 3 KOHTPOJIBHOIO IPYIIOI0 CTAHOBUB 2,6 1JI TPYIIU
VJIHA na YAEC, onpominenux B 103i go 0,05 Ip;
2,75 — nng onpomiHeHux y no3i Bixg 0,05 1o 0,099 I'p;
2,93 — 1t onpoMiHenux y 103i 0,25 I'p i Buie. Y oci6,
SIKAM CITOYaTKy OyB BCTaHOBJIEHUI iarHO3 aHTiomna-
Tii, IpY IMHAMIYHOMY MOHITOPHUHTY OyJ10 3adikcoBa-
HO TIepexil aHriomnaTtii B aHTiOCKJIEpPO3: CTiHKU ap-
Tepiii MOTOBIIYBaJIKMCh, MPOCBIT CYIMH 3MEHIITYBaB-
cs1, Kamiop craBaB HepiBHOMipHUM [26, 36, 37].

IIpomeneBa riaaykoma. HelmomaBHO IIpoBeACHUIA
peaHaJii3 pe3yJbTaTiB CHOCTEPEKEHHS XEPTB sIAep-
HUX OomOapayBaHb SIMOHII J03BOJMB BUSIBUTU
3B’430K MiX OiJIbIII BUCOKOIO TMOLIMPEHICTIO HOPMO-
TEeH3iBHOI IIayKOMM i J03010 OMPOMiHEHHSI B OCiO,
onpomiHeHux y nosax 0—4 I'p, 3 oLiHEHUM BiITHO-
meHHaM mascis ipu 1 I'p, o nopisHioe 1,31 (95 %
CI: 1,11-1,53); MexaHi3M pO3BUTKY IJTayKOMM B LIl
rpyMi 3a/IMILIAETHCS HEBinoMuUM [38].

Paniine My moBigoMIIsSLIM PO 3HAYHO BUILIUNA pu-
3MK BUHMKHEHHS iHBOJIOLIIMHUX 3MiH KyTa Mepen-
HbOI KaMepu (CKJIepo3 TpadeKyJISIpHOI 30HU, BigKia-
JIeHHS IITMEHTY, 3BY>KeHHST BEHO3HOTO CHHYCa CKJIe-
pu, TEHJEHLIISI 10 3BY>K€HHSI KyTa epeIHbO1 KAMEPU )
MOPiBHSIHO 3 KOHTpoJbHOIO rpymnoio, RR = 3.5
(1,27-9,5). TlosiBa MopOJOTiYHMX 3MiH KyTa Iie-
peIHbOI KaMepu MOXKE MPU3BECTU 10 30iJbLIEHHS
YaCTOTU BiIKPUTOKYTOBOI IITayKOMM B OCi0, sIKi 3a3-
HaJli BIUJIMBY i1OHi3ylOUOro BUITPOMiIHIOBAHHS, y
BigmaneHoMy nepioai micias aBapii [39].

Haii6inbur ssckpaBuM MposiBOM (DYHKIIOHAJTbHUX
3MiH B y49acHWKIB aBapiitHux pooit Ha YAEC 06yio

REVIEWS

prevalence of AMD among Chornobyl accident
clean-up workers significantly exceeds the control
figures [135, 28, 29, 34]. A predominantly dry form of
macular degeneration was noted. There was a smooth-
ing of the foveal reflex, destruction of the pigment
epithelium — punctate hyperpigmentation with simul-
taneous loss of pigment in other areas, the presence of
drusen, yellowish and white spots, sometimes micro-
hemorrhages. The process progressed slowly. Only
over time, most patients showed a moderate increase
in the number and area of foci, and visual acuity began
to decrease. At the same time, morphometric studies
have shown that statistically significant changes in the
thickness of the retina in the macular zone are
observed in some groups of people exposed to radia-
tion, even in the absence of clinical manifestations of
AMD |[35].

During long-term observation of the cohort of par-
ticipants in the emergency work at the Chornobyl
NPP, we found a pronounced increase in the preva-
lence of retinal angiopathy. The relative risk of preva-
lence compared with the control group was 2.6 for the
group of Chornobyl NPP clean-up workers exposed
to a dose of up to 0.05 Gy; 2.75 for those exposed to a
dose of 0.05 to 0.099 Gy; 2.93 for those exposed to a
dose of 0.25 Gy and above. In individuals who were
initially diagnosed with angiopathy, during dynamic
monitoring, the transition of angiopathy to angioscle-
rosis was recorded: the walls of the arteries thickened,
the lumen of the vessels decreased, and the caliber
became uneven [26, 36, 37].

Radiation glaucoma. A recent reanalysis of the
Japanese nuclear bomb survivors found a higher
prevalence of normotensive glaucoma and radiation
dose in those exposed to 0—4 Gy, with an estimated
odds ratio per Gy of 1.31 (95 % CI: 1.11-1.53); the
mechanism of glaucoma development in this group
remains unknown [38].

We have previously reported a significantly higher
risk by Chornobyl accident clean-up workers of invo-
lutional changes in the anterior chamber angle (tra-
becular zone sclerosis, pigment deposition, narrowing
of the scleral venous sinus, tendency to narrow the
anterior chamber angle) compared with controls,
RR =3.5(1.27-9.5). The appearance of morpholog-
ical changes in the anterior chamber angle may lead
to an increase in the frequency of open-angle glauco-
ma in persons exposed to ionizing radiation in the
long term after the accident [39].

The most striking manifestation of functional changes
in Chornobyl accident clean-up workers was a violation
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NMopyLIeHHsl aKkoMojamii. AKoMoallisl € 3JaTHICTIO
oKa 3abe3redyBaTH SKiCHUI 3ip Ha OJM3bKiN Bif-
CTaHi, B MpoLeC aKoMOoJallil 3a1isHi LiJliapHe TLIO i
KpUINTaIUK. 3 BIKOM CITIOCTEPIra€Tbcsl 3HUKEHHS
aKOMOJATUBHOI 3[aTHOCTI OKa, pPO3BUBAETHCS
npecbiomnisa — «crapeynii 3ip». 3HUKEHHS aKOMO/1a-
TUBHOI 3JaTHOCTi OKa MPSIMO KOPEJIIOE 3 BIKOM 0CO-
01, TOOTO MOKe BBaXKaTHCS MPOSIBOM cTapiHHs [40].
Hamu [41] nmpoBeaeHO MOpiBHsIJIbHE BUBYEHHS
akoMonauiHoi 3gatHocTi oueit YJIHA na YAEC i
0Ci0 KOHTpPOJIbHOI Ipynu. BusiBieHO HOCTOBipHE
3HMXXEHHS 00’eMy akoMopallii y BiKOBUX iHTepBa-
nax 24—34 i 40—49 pokiB Ha MOMEHT OOCTEXXEHHSI.
MareMaTHIHe MOJIEIIOBAHHS MPOLIECY 3MiH aKo-
MOJAIiifHOI CIPOMOXKHOCTI y pamialliiHO OII-
POMiHEHUX 0Ci0, 3 ypaxyBaHHSIM IXHBOI'O BiKy, 103-
BOJIWJIO OTpuMaTH anekBaTHY (p < 0,05) miHiliHY MO-
Jelib i anekBaTHy Jjorapudmiyny Monensb (p < 0,05).
Excuec 06’emy akomonauii ckiamae -0,78 D/Ip i
-0,19 D/pik (niHifiHa Monenb) [41]. Takum yrHOM,
BUSBIIEHO 10303aJIeXKHE 3HUKEHHST aKOMOIaliifHO1
30aTHOCTI OKa y pafialliiHO OMpOMiHEHMX OcCi0,
sIKE MOXE BBaXXaTUCS NIPSIMHUM IIiATBEPIKEHHSIM
HasIBHOCTi e(peKTy nmpucKopeHoro ctapiHHsg. Ipa-
(biyHO 3MiHM 00’eMy aKOMoallil MpeAcTaBIeHI Ha
puc. 3i4 (3a[41]).

OnHUM 3 HaWOTBIT paHHIX, ajle TPUBAINX e(PEeKTiB
BIUIMBY i0Hi3yI0UOr0 BUIIPOMIHIOBAHHS € BUSIBICHE
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of accommodation. Accommodation is the ability of the
eye to provide high-quality vision at close range; the cil-
iary body and lens are involved in the accommodation
process. With age, a decrease in the accommodative abil-
ity of the eye is observed, presbyopia develops — «presby-
opia». A decrease in the accommodative ability of the eye
directly correlates with the age of the person, that is, it
can be considered a manifestation of aging [40]. We [41]
conducted a comparative study of the accommodative
ability of the eyes of the Chornobyl NPP emergency
workers and control group individuals. A significant
decrease the range of accommodation was found in the
age intervals of 24—34 and 40—49 years at the time of the
examination. Mathematical modelling of the process of
changes in the accommodative capacity in radiation-
exposed individuals, taking into account their age,
allowed obtaining an adequate (p < 0.05) linear model
and an adequate logarithmic model (p < 0.05). The
excess of the range of accommodation is -0.78 D/Gy
and -0.19 D/year (linear model) [41]. Thus, a dose-
dependent decrease in the accommodative capacity of
the eye in radiation-exposed individuals was revealed,
which can be considered direct confirmation of the
presence of the effect of accelerated aging. Changes of
the range of accommodation are graphically presented
in Fig. 3 and 4 (according to [41]).

One of the earliest but long-lasting effects of ionizing
radiation exposure is the disturbance of microcirculation in

06’em akomopgauii (D) / range of accommodation (D)

> 0,25 [p/Gy
< 0,25 [p/Gy
KoHTposb/control

30

BiK, pOKM / age, years

50

PucyHok 3. 06'em akomopauii B KOHTponi 1 B rpynax y4acHuUKiB nikBipauii Hacnigkis aBapii Ha YAEC i3 pi3Hum
A030BMM HaBaHTaXkeHHAM (uuT. 3a Sergienko N. M., Fedirko P. A. [41])

Figure 3. The range of accommodation in the control and in the groups of participants in the liquidation of the
consequences of the Chornobyl accident with different dose loads (according to Sergienko N. M., Fedirko P. A. [41]
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rapudmiyni moaeni npeacrasneHi niniamm (uut. 3a Sergienko N. M., Fedirko P. A. [41])

Figure 4. Results of modelling changes in the range of accommodation (D) in the control group and in the munic-
ipal police group. Logarithmic models are represented by lines (according to Sergienko N. M., Fedirko P. A. [41])

npu o(PTaTbMOJOTIYUHOMY OOCTEXEHHI MOPYIIEeHHS MiK-
pouMpKkyJasanii B KOH’WOHKTHBI [42]. Busgs mopyiieHb
MiKpOLMPKYJIALii OyB BipOrifHO BUIIUM TMOPIiBHSIHO 3
KOHTpOJIeM Yy BCiX Ipynax pagialliiHO ONpoMiHEHUX
oci0. Ilpu KopensuifiHoOMy aHaji3i 3HalAEHO TIPSIMUIA
BiporimHuit (p < 0,01) 3B’I30K CTymHeHSI MOTipIIEHHS
CTaHy MIiKpOLIMPKYJISILii 3 BiKOM OOCTEXEHUX 1 JOKY-
MEHTOBAHOIO 103010 30BHIIIIHBOTO OMPOMiHEHHS [42].

BusBneHo nmopyieHHs Mpoliecy reHepaiii TeMHOBOTO
NMOTEeHIiady CIiTKiBKM B TpyNi YYacHUKIB aBapiiiHUX
po6it Ha YAEC 6e3 HasiBHOCTI MaTOJ0Ti1 ciT4acToi 060-
JoHKM [43]. OTpuMaHi 1aHi cBig4aTh Mpo Te, MO PYHK-
LiOHAJIbHUM CTaH MIrMEHTHOTO eMiTeil0 CiTKiBKM 3Hau-
HO TOPYLIYETbCS paHillle, HiX 3’SIBISIOTbCS KIIiHiUHI
OposiBU, 1€ €, BipOTiIHO, HACJIiAKOM paaialifHOro
BILIMBY.

ITiTTcOyp3bKUit MPOEKT TTOKA3aB, 110 YacTOTa MOYaT-
KOBMX 3MiH KPUIITAJMKA Y JiTEH, SIKi MPOXUBAIOTh y pa-
oHax 3 OiMBIIMM piBHEM palialiiiHOro 3a0pyaHEHHS,
BUIIA, Hi3K Y TUX, XTO MEIIKAE Ha MEHII paJioaKTMBHO
3a0pyaHeHUX TepuTopisx [44]. Hamu nmpoBoanaoch 10B-
roTpuBaje (IpOTSAroM 8 poKiB) CITOCTEPEKEHHS 3a CTa-
HOM OpraHa 30Dy IiTel, sIKi ITPOXMBAIOTh Ha TEPUTOPISIX
i3 pi3HUM piBHEM 3a0pymHEHHS pamioHyKimimamu [45].
VY rpymi giteit, siki 3a3Hanu BIiuBy IB B Oinbiinx mo3ax,
CIIOCTEpiTajy CTaTUCTUYHO 3Hauymmii ekcuec (13,8 %,
p < 0,05) cyOKIiHIYHUX 3aAHIX CYOKAIICYJSIpHUX 3MiH
KpuiuTanuka [45].

the conjunctiva detected during ophthalmological
examination [42]. The occurrence of microcircula-
tion disturbances was significantly higher compared
to the control in all groups of radiation-exposed indi-
viduals. Correlation analysis found a direct, reliable
(p <0.01) relationship between the degree of deterio-
ration of microcirculation and the age of the subjects
and the documented dose of external radiation [42].

A disturbance in the process of generating the reti-
nal dark potential was detected in a group of partici-
pants in the Chornobyl accident without retinal
pathology [43]. The data obtained indicate that the
functional state of the retinal pigment epithelium is
significantly impaired before clinical manifestations
appear, which is probably a consequence of radia-
tion exposure.

The Pittsburgh project showed that the frequency
of initial changes in the lens in children living in areas
with a higher level of radiation contamination is
higher than in those living in less radioactively con-
taminated areas [44]. We conducted a long-term (8-
year) observation of the state of the organ of vision in
children living in areas with different levels of
radionuclide contamination [45]. In the group of
children exposed to IR in higher doses, a statistical-
ly significant excess (13.8 %, p < 0.05) of subclinical
posterior subcapsular changes in the lens was
observed [45].
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B:xe yepe3 KOpoTKMil iHTepBas Iiciasl padialliiiHOro
BIJINBY BUHUKAIOTh 3MiHM KadiOpy CYIWH CITKiBKH.
CnocTtepiraemMo 3MeHIIIEHHSI apTepiOBEHO3HOTO CIIiB-
BiJHOIIIEHHS 3a paXyHOK PO3LIMPEHHS BEH CiTKiBKU Y
oci6 3 yuciaa nepcoHany YAEC, ski npalioBajiu B yMO-
Bax okynauii YopHOOMJIbCbKOI aTOMHOI €J1eKTpPOC-
taHwii y 2022 poui [46]. OcKiabKKh y 00CTEXEHUX HE
3a(ikKcOBaHO TMEepPeBUIIEHHSI KOHTPOJBLHOTO piBHS
BM™icTy iHKopropoBaHoro 'Cs (1 000 bx/opraHizm),
BUSIBJIEHUI e(DEKT MoxKe OYyTH HACJIiIKOM MOEIHAHOTO
BIUIMBY SK pamialliiHWX, TaK i HepamialiiHWX (ax-
TOpiB.

PapiauivHi obTanbmonoriyHi edpektn y gitei ta
0ci6, onpoMiHEeHNX BHYTPILLHbOYTPOOHO
ExcrniepuMmeHTanbHI DOCHIIKEHHST TIPOJEMOHCTPYBAIN
OaraToakTOpHi MeXaHi3MU, SIKi TIPU3BOASATH J0 Pi3HUX
HaCJIiAKiB JJIS1 3M0POB’ S AiTEH Iic/asl OMPOMiHEHHS B yT-
po6i Matepi [47]. BomHoUac, TOBimTOMIEHHS TTPO HACITIT-
KM BHYTPIIITHLOYTPOOHOTO pafdiallifHOro BIJIMBY HA OKO
JIIOAVHU HEUMCJIEHHi.

3adikcoBaHO MopyeHHs pedpakToreHe3y y MelrkaH-
LiB TepUTOPiii 3 BUIIUM PiBHEM paialliiHOro 3adpy-
HeHHS [48].

Hari mochimkeHHsT opraHa 30py BHYTPIillIHLOYTPOOHO
OIPOMiHEHMX OCi0 ITOKa3aiu, 10 B rpymax CIIOoCTepeXKeH-
HsI BUSIBJISIETHCS MIABUILIEHU I piBEHb BPOIKEHUX Bajl PO3-
BUTKY oueii [49]. Cepen niarHOCTOBaHMX BPOIKEHUX 3aX-
BOPIOBaHb MOIIMPEHICTh BPOMKEHOI KaTapakTH cepe,
npeHaTaabHO ONPOMiHEHHMX 0Ci0 3HAYHO BUILA, HiX Y TPYy-
mi nopiBusaHHA (RR = 4,62, 95 % CI: 1,3—16,7) [49, 50].
[ns wiei rpynu ompoMiHEHUX Oci0 y BimgaaeHOMY
Mepiomi CIOCTePIiraeThCsl MiABUILNEHUN PU3UK BUHUK-
HEHH$1 MakyJsipHOi aereHepallii [51]. BusBiasiu 3miHu
TOBIIMHMU CiTYaCTOI 0OOOJIOHKHU B OCiO, SIKI KJIIHIYHO 3a-
JIMIIAJIUCH 310POBUMHU (pUC 5).

ITokazaHo, 1110 YyacToTa PO30iXKHOI KOCOOKOCTIi Ta rete-
podopii Oys1a BUILIOIO B OCiO, sIKi 3a3HaIM BHYTPILIHbOYT-
pOOHOTrO onpoMiHeHHsI BHACIiA0K YopHOOMILCHKOI KaTa-
cTpodu, MOPiBHSIHO 3 KOHTPOJILHOIO TPYIIOI0, BiTHOCHUIM
pU3UK HasIBHOCTI reTepodopii ckias 5,082 (1,424—18,13).
HUCKYTYETBCS POJb TUCTPOGMIUHUX MPOLIECiB y MOPhO-
maToreHe3i KOCOOKOCTi [52, 53].

BUCHOBKHA

1. JocnaimxeHHs, mpoBeaeHi y mepioa micass YopHo-
OMIJILCHKOI KaTacTpodu, CYTTEBO 3MiHWIIN YIBICHHS PO
BIUIMB i0Hi3yI0YOro BMITIPOMIHIOBAHHS Ha OpraH 30py.
byno nmokaszaHo, 1110 OKO HaA3BUYAlHO YYTJIMBE 10 pa-
JialliifHOTO BIUIMBY i € OJHI€I0 3 HAWOLIbII BPa3IMBUX
CTPYKTYpP OpraHi3my.
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Changes in the caliber of retinal vessels occur even
after a short interval after radiation exposure.
Decrease in arteriovenous ratio due to dilation of
retinal veins observed in persons from the Chornobyl
NPP personnel who worked under the conditions of
occupation of the Chornobyl nuclear power plant in
2022 [46]. Since the control level of incorporated
¥7Cs content (1,000 Bg/body) was not exceeded in
the examined subjects, the detected effect may be a
consequence of the combined effect of both radia-
tion and non-radiation factors.

Radiation ophthalmological effects in children
and individuals irradiated in utero
Experimental studies have demonstrated multifac-
torial mechanisms that lead to various health con-
sequences for children after irradiation in the
womb [47]. At the same time, reports on the effects
of intrauterine radiation exposure on the human
eye are few.

Impaired refractogenesis has been recorded in
residents of territories with higher levels of radia-
tion contamination [48].

Our studies of the organ of vision of individuals
irradiated in utero have shown that an increased level
of congenital eye defects is detected in the observa-
tion groups [49]. Among diagnosed congenital dis-
eases, the prevalence of congenital cataracts among
prenatally irradiated individuals is significantly high-
er than in the comparison group (RR = 4.62, 95 %
CI: 1.3—16.7) [49, 50]. This group of irradiated indi-
viduals is at increased risk of developing macular
degeneration in the long term [51]. Changes in reti-
nal thickness have been found in individuals who
remained clinically healthy (Fig. 5).

It has been shown that the frequency of diver-
gent strabismus and heterophoria was higher in
individuals exposed to intrauterine radiation as a
result of the Chornobyl disaster, compared to the
control group, the relative risk of heterophoria
was 5.082 (1.424—18.13). The role of dystrophic
processes in the morphopathogenesis of strabis-
mus is discussed [52, 53].

CONCLUSIONS

1. Research conducted in the period after the
Chornobyl disaster significantly changed the idea
of the effect of ionizing radiation on the organ of
vision. It was shown that the eye is extremely sen-
sitive to radiation exposure and is one of the most
vulnerable structures of the body.
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PucyHOK 5. CepepHs ToBLWMHA CiTKIBKM B NapamaKynapHii 30Hi y onpomMiHeHUx BHYTPilIHbOYTPOOHO 0Ci6
nopiBHAHO 3 KOHTponeM, MKkM (uuT 3a babenko T. ®. Ta iH. [51.])

Mpumitkn. CTpinkolo NokasaHo BiporiaHy pisHMLI0 B TOBLUMHI Y doBeoni; 1 — doBeona; 2 — dhoBeonspHa 30Ha; 3 — BEPXHIl BHYTPILLHII CeKTop HaBkONOdOBED-
NPHOI 30HM; 4 — Ha3aNbHMIA BHYTPILLHIA CEKTOP HABKONOPOBEONSPHOI 30HW; 5 — HUXHI BHYTPILLHIV CEKTOP HAaBKONOGMOBEONSPHOI 30HU; 6 — TEMMOPaNbHUIA
BHYTDILLHIV CEKTOP HaBKONO(OBEONAPHOI 30HW; 7 — BEPXHIiA 30BHILLHINA CEKTOP HABKONOMOBEONSPHOI 30HM; 8 — Ha3anbHMIA 30BHILLHIA CEKTOP HABKONOMOBEONSP-
HOI 30HW; 9 — HUXHIiA 30BHiILLHINA CEKTOP HaBKoNOGOBEONAPHOI 30HM; 10 — TeMNOPaNbHUIA 30BHILLHII  CEKTOP HABKONODOBEONSIPHOI 30HM.

Figure 5. The average retinal thickness in the paramacular area in irradiated in utero compared with the con-

trol, pm (according to Babenko T.F. et al. [51])

Notes. The arrow shows the probable difference in thickness in the fovea: 1 — the fovea; 2 — foveolar zone, 3 — upper internal sector of the parafoveal zone; 4 —
nasal internal sector of the parafoveal zone; 5 — lower internal sector of the parafoveal zone; 6 — temporal internal sector of the parafoveal zone; 7 — upper sec-

tor of the paramacular zone; 8 — nasal sector of the paramacular zone; 9 — lower paramacular zone sector; 10 — temporal sector of the paramacular zone.

2. AHani3youu pe3yJbTaTh TPUBAIMX NOCTYOPHOOUIIb-
CBKUX JOCHIIKEHb, MUA PO3MOIIIMIN OPTATBMOJIOTIUHi
3aXBOPIOBaHHS, SIKi BUHMKAIOTh Y ITOCTpaXKIaJIMX Bil
YopHOOMIIbCHKOT KaTacTpodu ocid, Ha YOTUPHU TPYIIH.
Ilepmia rpyna — creum@iyHi OpoOMEHEBiI YpaKeHHS
OKa — 3aXBOPIOBAaHHS, I0OSBA SIKUX MOXJIMBA TiIbKU
BHACJIIAOK il iOHi3yl04oro BUIIpOMiHIOBaHHS. [dpyra
rpyra — 3aXBOPIOBaHHS, MEPEBaXHO BJIACTUBI 0coOaM
MOXWJIOTO BiKY, PO3BUTOK SIKMX MPUCKOPIOETHCS B OCi0,
SIKi 3a3HaJIM paaiauiiiHoro BIUIMBY. Tpets rpyna — (pyHK-
LiOHaJbHI 3MiHU, SIKi Oy BUSIBJCHI Y padialliiiHO OIl-
poMiHeHux oci0. 1o yeTBepTOoi rpynu HajiexaThb ehek-
TH, 1110 BUHUKJIU B 0Ci0, ONPOMiHEHUX BHYTPILLIHbOYT-
poOHO.

diHaHcyBaHHSA

ABTOpPHU HEe pO3roJIOIIYyIOTh KOH(piAeHLiiHY iH(popMa-
Lif0 Ta HE MAalOTh JKOTHOI MPUHAJIEXKHOCTI a00 (piHaH-
COBOI 3alliKaBJIEHOCTI B Oymb-sIKili opradizallii, ska
Morja 6 CTBOpUTH KOH(JTIKT iHTepeCiB.
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2. Analyzing the results of long-term post-
Chornobyl studies, we divided ophthalmological
diseases that occur in people affected by the
Chornobyl disaster into four groups. The first group
is specific radiation damage to the eye — diseases
that can only occur as a result of the action of ion-
izing radiation. The second group is diseases that
are mainly characteristic of elderly people, the
development of which is accelerated in people who
have been exposed to radiation. The third group is
functional changes that have been detected in peo-
ple exposed to radiation. The fourth group includes
effects that have occurred in people exposed to radi-
ation in utero.
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