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PU3UK PO3BUTKY MAKYJIAPHOI TETEHEPAIIII Y OCIB,
OITPOMIHEHUX AHTEHATAJIbBHO BHACJIIJIOK ABAPII
HA YOPHOBWJIbBCBHKIN AEC

MeTa. OuiHWUTK pU3MK PO3BUTKY MaKynapHoOi AereHepallii y 0cib, onpoMiHeHWX BHYTPilWHbOYTPOOHO BHACHifOK aBapii
Ha YopHobunbcbkint AEC.
Marepianu i metoau. 06'ekTOM focnifeHHs OYB CTaH MaKyNAPHOT 30HM CiTKiBKM 84 0Ci6, ONPOMiHEHUX BHYTPilliHb-
oyTpo6HO BHacnifok YopHobUnbCcbKoi KaTacTpodu, o6cTexeHux y Bili 14—-30 pokis. BUkopuUcTaHO pe3ynbTaTyu cTaH-
AapTU30BaHUX 0TaNbMONOrYHMX 0OCTEXEHDb, NpoBeAeHUx 3 2000 no 2016 pp. KoHTponbHy rpyny cknanu 165 oci6,
fIKi He 3a3HaNu BHYTPiWHbLOYTPOOHOTO ONPOMiHEHHS i Bynu 06CTeXeHi B TOMY X Bili, W0 W 0COOGM OCHOBHOT rpynu.
Bci nauieHT 6ynu obcTexeni 3rigHo 3 hopmanizoBaHuM ohTanbMONOriYHUM NPOTOKONOM, NPOLIeayPa 06CTEKEHHS
BKJtoyana odranbmockonito i hotorpacdyBaHHA Ha dyHAyc-kamepi (yctaHoBka VISUKAM lite Digital Camera, Zeiss).
MpoBogmMnack CTaTUCTUYHA 06poOKa pe3ynbTaTiB i3 BUKOPUCTaHHAM Npo6HOT BinbHOT Bepcii nakeTy nporpam «Open
Epi 2.2.1».
Pe3synbraTtu. MokasaHo, Wo NOWMPEHICTb MAKyNAPHOT fereHepallii ciTkiBku y Bili 14—30 poKiB fns onpoMiHeHux in
utero oci6 ctaHoBuna 95,23 + 32,03 Ha 1000 i B nopiBHAHHI 3 BikOBMM KoHTposieM (17,86 + 10,31 Ha 1000) 6yna goc-
TOBipHO BUwWoto (2= 7,827, p=0,0026).
BucHoBKu. Y BikoBill rpyni Ao 30 poKiB y ONpoMiHEHMUX aHTeHATaNbHO 0Cib 3'ABNATLCA MAKyNAPHi fereHepauii, ki
3a KNIHIYHOIO KApTUHOIO HaragytoTh BiKOBY MaKynspHY AereHepauito. [loBeaeHo, Wo NoWnpeHicTb MakynspHoi fere-
HepaLii focToBipHO BMLWA B rpyni 0Ci6, ONPOMiHEHMX aHTEHATAbHO, B NOPiBHAHHI 3 HEONPOMiHEHUM KOHTPONEM TO-
ro X BiKy.
KnioyoBi cnoBa: ioHisytoue BUNPOMiHIOBaHHSA, 0COOU, ONPOMiHEHT BHYTPilWWHLOYTPOOHO, aBapis Ha YAEC, BikoBa ma-
KynsipHa gereHepadis.
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The risk of macular degeneration development in persons antenatally
irradiated as a result of Chornobyl NPP accident

Objective. Assess the risk of macular degeneration development in persons exposed in utero as a result of Chornobyl
NPP accident.

Materials and methods. The object of the study was the state of the macular area of the retina of 84 individuals
exposed in utero as a result of the Chornobyl disaster. They were surveyed at the age of 14-30. The results of stan-
dardized ophthalmic examinations conducted between 2000 and 2016 were used. The control group consisted of
165 persons who have not undergone prenatal exposure and were examined at the same age as the core group. All
patients were examined according to the formalized ophthalmic protocol procedure, examination included ophthal-
moscopy and fundus-camera photography (VISUCAM lite Digital Camera, Zeiss). Statistical analysis of the survey
results was carried out using the free trial version of «Open Epi 2.2.1» software package.

Results. It is shown that the prevalence of macular degeneration of the retina at the age of 14-30 for persons
exposed in utero was 95.23 + 32.03 in 1000 and compared with control age (17.86 + 10.31 in 1000) was significant-
ly higher (%2 =7.827, p = 0.0026).

Conclusions. In the under 30 age group of the antenatally exposed there already appear macular degenerations
whose clinical picture resembles age-related macular degeneration. It is proved that the prevalence of macular
degeneration was significantly higher in the group of antenatally exposed as compared with non-irradiated control

at the same age.

Key words: ionizing radiation, persons exposed in utero, Chornobyl accident, age-related macular degeneration.
Problems of radiation medicine and radiobiology. 2016;21:172-177.

BCTVYII

BuBueHHs1 cTaHy 310pOB’Sl BHYTPiLIHbOYTPOOHO OMpPO-
MiHEHUX 0Ci0 BaxKJIMBE U151 BABUCHHS MEXaHi3MiB BILJIM-
BY iOHi3yl0ouoOi papiailii Ha XXWBUI OpraHi3M, OCKIJIbKU
BOHM 3a3HaJIY /il iOHi3y104OTr0 BUITPOMiIHIOBAaHHS B KPH-
TUYHI mepioau recrauiiitHoro po3sutky [1—3]. Bimomo,
110 y AiTe# i migIiTKiB, ONPOMiHEHUX in utero, 30iibliIe-
Ha YyacToTa MCUXiYHUX PO3JIaliB i po3J1aaiB 0COOUCTOCTI
BHACJIIOK MUCMYHKIII TOJOBHOTO MO3KY, MOpPYIIEHb
MCUXOJOTIYHOIO PO3BUTKY, MAPOKCU3MATbHUX PO3JIaliB
(CMHIPOMIB TOJIOBHOTO 0OJII0, MITpeHi, emienTudopmM-
HUX CHUHIPOMIB), coMaTO(POPMHOI BEreTaTUBHOI OMC-
(byHK1Iii, TOBETiHKOBMX i EMOLIITHUX PO3JIaliB AUTSIIOTO
BiKy [4, 5].

KputuuyHo BaxiauBuUM AJisl 30€peKeHHSI 30pOBUX
(yHK11il1 € 30epexeHHs (PYHKIIOHAIbHOI CIIPOMOXKHOCTI
MakyJsipHOi CiTKiBKM. Bigomo, 1o MakyjaspHa Iato-
JIOTisl, sIKa Ma€ KJIiHiYHI 03HAKKW BiKOBO1 MaKyJISIpDHOI Je-
reHepanii (BM/I), ane BUHMKAae Haa3BUYAfHO paHO, €
OJTHI€I0 3 HAWITOIIMPEHIIINX MATOJOTii OKa y pamialiiiHO
ornpomiHeHux ocid. I[Tpu nuboMy nepeBaxae «cyxa» op-
Ma gereHepauii. CriocTtepira€trbcsl 3rIaIXKeHiCTh (poBe-
JIBHOTO pedieKcy, TeCTPYKLisl MIrTMEHTHOTIO EIiTeNio —

INTRODUCTION

The study of the health condition of persons exposed
in utero is important for understanding the mecha-
nisms of influence of ionizing radiation on living
organisms, since they were exposed to ionizing radi-
ation during the critical periods of gestation [1—3].
We know that children and adolescents who were ex-
posed in utero demonstrate the increased incidence
of mental disorders and personality disorders as a
result of brain dysfunction, disorders of psychological
development, paroxysmal disorders (syndromes of
headache, migraine and epileptiform syndromes),
somatoform autonomic dysfunction, behavioural
and emotional disorders of children age [4, 5].

For preserving visual function it is critically
important to maintain the functional capacity of the
macular retina. We know that macular degeneration
that has clinical signs of age-related macular degen-
eration (AMD), but develops extremely early, is one
of the most common eye abnormalities in the radi-
ation exposed. In this case a «dry» form of degener-
ation prevails. There can be observed flattening of
foveal reflex, destruction of pigment epithelium —

173 =&



KJTIHIYHI

AOCNIAXKEHHA

ISSN 2304-8336. Ipobnemu pagiauiitHol Mequumky Ta pagiobionorii = Problems of radiation medicine and radiobiology. 2016. Bun. 21.

KpamnkoBa TiMepIlirMeHTallisl 3 OJHOYACHOIO BTPATOIO
MOirMEHTY B iHIIMX AiISIHKAX, HasIBHICTb IpY3, >KOBTyBa-
TUX 1 OUIMX MJIIM, iHOAiI MiKporeMopariii. ITaTonoriuHuii
MpoLIeC TOBIILHO MPOrpecye. 3 4yacoM Y OiIbIIOCTi XBO-
pUX BiI3HAYAETHhCS TMOMipHE 30UTbIIEHHS KiIBKOCTI i
TUTOIIi BOTHMII, TOCTPOTA 30pY MOYMHAE 3HUXKYBATHUCD.
ITi3Hillle y yaCTUHU OOCTEXEHUX CIIOCTEPIra€ThCsl PO3-
BUTOK HaOpsikoBux c¢opm BM]I, 110 CYNpOBOMXKYETHCS
CYTTEBMM 3HMXKEHHSM LIEHTpajbHOro 30py [6]. ¥V ocio,
OINPOMIHEHUX BHYTPILLIHbOYTPOOHO BHAcHimoK YopHo-
OMIIBCHKOI KaTacTpodu, MOINPEHICTh MaKyJISIPHOI IeTe-
Hepallil BiporigHO He BiAPI3HSIACH Bif, KOHTPOJIbLHUX
udp [7, 8]. BomHouac, aHriomnartis CiTKiBKU € OIHI€IO 3
HaMOIbII paHHIX MATOJOTIYHMX 3MiH, SIKi BUSIBJISIIOTHCS
B OIIPOMiHEHMX MOITYJISILISIX. Y 0¢i0, ONpOMiHEHUX Y aH-
TeHATaJIbHOMY Tepiofi, aHTiomaTisd CiTKiBKM BHUHUKAE
yacTile, HiX y rpyimi criBctaBiaeHHs [7]. TTopymeHHs
KPOBOTOKY B CYIMHAX CiT4aCcTOI 000JI0HKH MOXKE CITPHSI-
TH PO3BUTKOBI AUCTPODIUHOI ITATOJIOTIl CITKIBKM, MEPIIT
3a BCce MaKyJISIpHUX JAereHepalliii [6].

BM]I € xBopo6o1o moxuaoro Biky. JIJjisi HAlIoro AocCia-
JKEHHSI MU OOpaJIv TPYITy BHYTPILIHBOYTPOOHO OMpPOMiHE-
HUX MOJIOINX YOJIOBIKiB BikoM 10 30 pokiB. O0OcTexkeHi
3a3Hajli TOCTPOro palialliiiHOro BIUIMBY aHTEHATaJIbHO
MPOTSATroM BiTHOCHO HETPUBAIOro Yacy [9], B mogaabLiomy
iX J030Bi HaBaHTaXXEeHHsI OyauM 3HauHO MeHIuumu [10].
AHaJi3 OTpUMaHMX Pe3yJbIaTiB J03BOJUTb BU3HAYUTU
HaTpsSIMKU po0OTH 3 TIPOMINIaKTUKUA MATOJOTIYHUX 3MiH
oueli B TOMYJISILISIX, IO 3a3HAIOTh PaiallifHOrO BIUIUBY.

META

OLiHUTU PU3UK PO3BUTKY MAaKYJISIpHOI AereHepauii y
0cib, ONMpPOMiHEHMX BHYTPIIHBOYTPOOHO BHACIiIOK
aBapii Ha YopHobouabcbkii AEC.

MATEPIAJIN 1 METOJIN

OOG’exTOM HOCHiAXEHHsS OyB CTaH MaKyJsIpHOI 30HU
CiTKiBKM 84 ONpOMiHEHMX BHYTPIlIHBOYTPOOHO BHa-
citimok YopHOOMIBCHKOI KaTacTpodu 0cid, 00CcTesKeHNX
y Billi 14—30 pokiB. BukopucraHo pe3ynbraTy cTaHIap-
TU30BaHUX 0 TATBMOJIOTIYHUX 00CTEXKEHbD, ITPOBEACHNX
B nepiox 3 2000 o 2016 pp. KoHTpoJbHY TpyITy CKJIaau
165 ocib, gKi He 3a3HaJIM BHYTPILIHBOYTPOOHOIO OIl-
pOMiHeHHs i OyJIM 00CTeXeHi B TOMY X Billi, 1110 i1 ocoou
OCHOBHOI TPYITH.

Bci nanient 0yau obcTexkeHi 3rifHO 3 oTaaIbMOI0-
rigYHM (popMaTiZoBaHUM ITPOTOKOJIOM, TIpOLIeIypa 00c-
TEXXEHHSI BKJII0YaJja Bi3oMeTpilo, pepakTomMeTpito, 6i0-
MiKpPOCKOITiI0 3 PO3MIMPEHOI0 3iHUIEI, OpTAIBMOC-
Komito, gororpadyBaHHs Ha (pyHAYyC-KaMmepi (YyCTaHOB-
ka VISUKAM lite Digital Camera, Zeiss).
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pointed hyperpigmentation with simultaneous loss
of pigment in other areas, occurrence of drusen,
yellow and white spots, and sometimes microhaem-
orrhage. The process progresses slowly. Over time,
most patients have a moderate increase in the num-
ber and area of lesions, and visual acuity starts to
decrease. Later in some patients can be diagnosed
development of the swelling forms of AMD,
accompanied by a significant decrease in central
vision [6]. In the utero irradiated by the Chornobyl
disaster the prevalence of macular degeneration was
not significantly different from core figures [7, §].
However, one of the earliest pathological changes
found in the exposed populations is retinal angiopa-
thy. In the irradiated in the antenatal period
angiopathy of the retina occurs more frequently
than in the comparison group [7]. Circulation fail-
ure in the vessels of the retina may contribute to the
development of degenerative retinal pathologies,
especially macular degeneration [6].

AMD is a disease of the elderly. For the study we
examined the group of persons exposed in utero
who have reached the age of 14 to 30. The exam-
ined suffered antenatal acute radiation exposure
over a relatively short time [9], further their doses
were much lower [10]. The analysis of the results
received will determine the direction of prevention
of pathological eye changes in the population
exposed to radiation.

OBJECTIVE
Assess the risk of macular degeneration develop-

ment in persons exposed in utero as a result of
Chornobyl NPP accident.

MATERIALS AND METHODS

The object of the study was the state of the macu-
lar area of the retina of 84 individuals exposed in
utero as a result of the Chornobyl disaster. They
were surveyed at the age of 14—30. The results of
standardized ophthalmic examinations conducted
between 2000 and 2016 were used. The control
group consisted of 165 persons who have not
undergone prenatal exposure and were examined
at the same age as the core group.

All patients were examined according to the for-
malized ophthalmic protocol procedure, examina-
tion included ophthalmoscopy and fundus-camera
photography (VISUKAM lite Digital Camera,
Zeiss).
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CratuctuyHa o0OpobOKa pe3yabTaTiB MPOBOIMIACH 3
BUKOPUCTAHHSIM TIPOOHOI BiJIbHOI Bepcii MmakeTy Ipor-
pam «Open Epi 2.2.1».

PE3VIJIBTATU

ITpu gocnigKeHHi rpynu aHTeHATaAbHO OIPOMiHEHUX
0Ci0 y YaCTMHU 0OCTEXKEHUX, MOYMHAIOUU 3 16-piyHO-
ro BiKy, B MaKyJISIpHiil 30Hi BUSIBJISUIMCH 3TJIAIXKEHICTh
¢doBeanbHOro pediekcy, a 3pigka — AeCTPYKIis
MirMEHTHOTO eIliTeJIil0, KpalnKoBa rimeprirMeHTanis,
BTpara IIrMEHTy, IosBa Apy3. [liarHO3 MakKyJIspHOI
JereHepallii BUCTaBISIBCS MPU HAsIBHOCTI MPOSIBiB IMO-
yaTkoBoi cTtanii BMJ] — MakynomnaTii — HassBHOCTI Me-
pepo3noainy IMirMeHTy B MakKyJSIpHiiA 30Hi, ApPY3,
pucTpodiyHnx Boraul. Yactora MakyIsIpHOI IeTreHe -
palii CiTKiBKM y ONPOMiHEHUX in utero B rpyIli OTJIsI-
HyTux y Billi 14—30 pokiB mocsrna 95,23 + 32,03 Ha
1000.

BaxxnuBo migkpecauTu, 1o B XKOAHOMY BUIIAAKY Cepel
OIMPOMiHEHHUX in utero ocid MU He 3HAWIIUIN CITaAKOBUX
ciMeliHUX nucTpodiil CiTKiBKM, $Ki MaloTh YiTKY
KJIiHIYHY KapTuHy. KiliHika 3MiH MakyJaspHOi 30HM B
yCix BUNagKax BillOBifaaa KapTUHI paHHbOI BiIKOBO1 Ma-
KyJISIpHOI AereHepallii.

Y rpyni BiKOBOTO KOHTPOJIO MOYAaTKOBI 3MiHM
CiTKiBKM B MakyJSpHiii 30Hi cocTepiraauch 3HAYHO
pigue. YacTtoTa BUMNaAKiB, B IKMX OyJIO AiarHOCTOBA-
HO MakyJISIpHY HereHepalilo, ctaHoBuyia 17,86 =+
10,31 Ha 1000.

CTaTUCTUYHMU aHali3 3 BUKOPUCTAHHSIM HPOOHOI
BiTbHOI Bepcii makeTy nporpaM «Open Epi 2.2.1» mmoka-
3aB HasIBHICTb BipOTiIHOI pi3HUILIi B TTommpeHocti BMJI
MiX rpyIoo ocid, ompoMiHEHHX in utero, i KOHTpoOJEM
(x>=17,83, p=0,0026).

BigHocHMiI pu3uK 11 HAIBHOCTI AJIsI OMPOMiHEHUX
BHYTPIIIHbOYTPOOHO BHACHiA0K YOpHOOMILCHKOI KaTa-
cTpodu ocid, obcrexxeHux y Billi 14—30 pokiB, B mopiB-
HSIHHi 3 HEOIPOMiHEHUM KOHTPOJIEM TOIO X BiKy, CTa-
HOBUB 5,238, #toro mosipunii iHTepBan — Big 1,43 mo
19,23 (maHi mpencrasieHi B Ta0. 1).

TakuM yrHOM, BXe€ Yy BiKOBii rpymi g0 30 pokiB y
OMNPOMiHEHUX aHTEeHATaJAbHO OCi0 3’SBJISIOTHCS Ma-
KyJISIpHiI AereHepalii, 110 3a KJIiHIYHOK KapTUHOIO
HaraJayloTb BiKOBY MaKyJspHY JereHepallito, ska,
BCyIlepeY 3BUYHUM HOpMaM, BUHUKJIA HaI3BUYAHO
paHo.

IMomupeHicTh MaKyJasIpHOI AeTreHepallil JOCTOBIpHO
BUIIA B TpyIli 0ci0, OMpoMiHEHUX aHTEeHaTaJlbHO, B
MOPiBHSIHHI 3 HEOINPOMiHEHUM KOHTPOJEM TOro K
BIKY.

Statistical analysis of the survey results was car-
ried out using the free trial version of «Open Epi
2.2.1» software package.

RESULTS

The examination of antenatally exposed persons
showed same of them, even at the age of 16 devel-
oped flattening of fovea reflex in the macular area,
in some cases — destruction of pigment epitheli-
um, pointed hyperpigmentation, pigment loss and
drusen occurrence. The diagnosis of macular
degeneration was determined at the presence of
the initial stage of the AMD — maculopathy —
occurrence of pigment redistribution in the macu-
lar area, drusen and degenerative lesions. The inci-
dence of macular degeneration of the retina in the
exposed in utero in the age group of examined at
the age of 14—30 reached 95.23 + 32.03 in 1000.

It is important to emphasize that among the per-
sons exposed in utero we have not found a single
case of a family retinal dystrophies that have their
clear clinical picture. The clinic changes of macu-
lar zone in all the cases were similar to the picture
of AMD, which, however, developed very early.

In the age group control the initial changes
in the macular area of the retina were observed
much less frequently. The incidence of macu-
lar degeneration diagnosis was 17.86 = 10.31
in 1000.

Statistical analysis made with the free trial ver-
sion of the software package «Open Epi 2.2.1»
showed the presence of significant difference in
AMD prevalence between the group exposed in
utero and the control (y2 = 7.83, p = 0.0026).

The relative risk AMD in those exposed in utero
as a result of Chornobyl disaster and who were
examined aged 14—30, compared with non-irradi-
ated control of the same age was 5.238, its confi-
dence interval — from 1.43 to 19.23 (the data pre-
sented in Table 1).

Thus, in the under 30 age group of those who
suffered antenatal exposure we can observe the
occurrence of macular degenerations and their
clinical picture resembles age-related macular
degeneration which, however, develops very early,
contrary to the usual standards.

The prevalence of macular degeneration was sig-
nificantly higher in persons exposed antenatally
group as compared with non-irradiated control of
the same age.
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Ta6oauuya 1

BigHOCHMI pu3uK anA oci6, onpomiHeHUX BHYTPiWHbOYTPOOHO BHACNifOK YopHOOGUMNBCLKOT KaTacTpodu, B
NopiBHAHHI 3 HeonpoMiHeHUM KOHTponeM y BiKoBi rpyni 14--30 pokiB

Table 1

The relative risk for persons exposed in utero as a result of the Chornobyl disaster compared with non-irradi-

ated control in the age group of 14-30)

Moka3snuk / Indicator

BinHocHuin pusuk / RR 5,238
[loBipunin iHTepean BigHOCHOro puaunky / confidence limits of RR 1,43, 19,23*
%2 Hexoperosanuii / uncorrected chi square 7,827 *
p 0,0026
% 3a Yates / Yates corrected chi square 6,109*
p 3a Yates / p Yates corrected 0,0067
%2 3a Mantel-Haenszel / Mantel-Haenszel chi square 7,796*
p 3a Mantel-Haenszel / p Mantel-Haenszel corrected 0,0026
Mpumitka. * — Mpumitka. p < 0,05, pisHuug BiporigHa.
Note. * — p <0.05, significant difference.
BUCHOBKUA CONCLUSIONS

Bxxe y BikoBiit rpymi 1o 30 pokiB y OpOMiHEHUX aHTe-
HaTaJIbHO OCi0 3'ABISIOThCS MaKyJISIpHI IereHepallii, sKi
3a KJIiHIYHOIO KapTUHOIO HaraayloTh BiKOBY MaKyJISIpHY
JereHepallilo, ajie BAHMKATh Ha3BUYaiHO paHo.
JloBeaeHo, 1110 TTOLIMPEHICTh MaKyISIPHOIL JereHepallii
JIOCTOBIpHO BHIIIA B IPyIli ONMPOMiHEHUX aHTEHATAIbHO
0ci0 y MOpiBHSIHHI 3 HEOMPOMiHEHUM KOHTPOJIEM TOIO K

BiKY.
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In the under 30 age group of the antenatally exposed
persons there already appear macular degenerations
whose clinical picture resembles age-related macu-
lar degeneration, but develop extremely early.

It is proved that the prevalence of macular
degeneration is significantly higher in the group of
persons exposed antenatally compared with non-
irradiated control of the same age.
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