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ITPOBJIEMUA BHACJIIAOK OITPOMIHEHHSA I'ITIOKAMITA
IHTEPBEHIIMHUX PAJIIOJIOTIB — 1O30BI HABAHTAXKEHHS
TA UMOBIPHI E®EKTU: MOJEJIIOBAHHA METOA0OM
MOHTE-KAPJIIO

MeToto focnifgeHHs GyNo BUBYMTW 3aKOHOMIPHOCTI hOPMYBAHHA A03 Ha rinokamn B yMoBax po6oTu nikaps-iHTep-
BEHLIHOro Kapaiosora y peHTreH-onepauinHin metogqom MoHTe-Kapno, a Takox BCTaHOBUTYM ix 3B'A30K 3 edeKTuB-
HOW 03010 (WO BUKOPWUCTOBYETHCA Yy pafiauiiHOMy 3axXWCTi) Ta NOKa3aHHAMM iHAMBIAyaNnbHUX [O3UMETPiB, WoO
OLHUTM AMOBIpPHICTb AOCATHEHHA NPOTATOM Kap'epy PiBHA J0O3M, MPWU AKOMY MOXYTb CNOCTEPIraTUCA TaKi pagiauiiiHi
eeKTH, AK KOTHITUBHI NOpPYLWEHHS Ta iHWi HEPBOBO-NCUXiYHi po3nagu.
Marepianu i metopgu: mopenoBaHHA MeTogom MoHTe-Kapno o3 onpoMmiHeHHs rinokamny nikaps 3a LOMNOMOrot
ribpMaHOro BOKCEIbHO-MaTeMATUYHOMO (haHTOMa s TUMOBUX aHriorpadivyHMx NpoekLin Ta eHepreTUYHMX CneKTpis,
BNACTMBMX ANA Npoueayp iHTepBeHUiliHOT Kapaionorii.
Pe3ynbTaTu: nokasaHo, WO ONPOMiHEHHS FOJIOBU € AyXe HEOLHOPiIAHUM 1 3aN1eXNUTb Bif peHTreHorpadivyHoi npoekLii:
BiZIMIHHICTb 103 ONPOMiHEHHS NiBOrO Ta NPABOro riNnOKamna Moe CTAaHOBUTM A0 [BOX 3 MOJIOBMHOIO Pa3a, 3a NEBHUX
VYMOB fi03a Y NiBOMY rinokamni Moxxe BABiYi nepeBuilyBaTy e(heKTUBHY 03y, AKY OLiHIOBANM 33 NOWWPEHUM aNrOPUT-
MOM MOABINHOT [O3MMeTPIi.
BMCHOBKM: 031 HA FiNOKaMn NPOTArOM CTaXy NpodeciiHOro oNpoMiHeHHS MOXYTb CAraTW BEJIMYUH, NPU AKUX MO-
XYTb 3'ABUTUCA KOTHITMBHI Ta eMOLiiHO-NOBEiHKOBI NOpYLIEHHS, TOMY MKUO0KE BUBYEHHSA edeKTiB ONPOMiHEHHS
MO3Ky NpaLiBHUKIB iHTepBeHLiliHOT pagionorii € BKpait HeoOXiAHUM.
KniouoBi cnoBa: moaenioBaHHa MoHTe-Kapno, iHTepBeHLUiiHa paaionoris, 4o3a oNpoMiHEHHS, rinokamn, pagiouepe6-
panbHi epeKTH, KOTHITUBHI MOPYILEHHS.
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Problems following hippocampal irradiation in interventional radiologists —
doses and potential effects: a Monte Carlo simulation

Objective: This study aimed at investigating radiation exposure of hippocampus in interventional medical profes-
sionals irradiated in the operating room, and to compare doses in the hippocampus with the effective dose (protec-
tion quantity), as well as with the doses measured by individual dosimeter, in order to estimate probability of reach-
ing levels of radiation-induced cognitive and other neuropsychiatric alterations during their working career,
through a Monte Carlo simulation.

Materials and methods: A Monte Carlo simulation of hippocampal exposure was 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.

Results: The results showed 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 effective dose, estimated by conventional double dosimetry algorithm.
Conclusions: The professional span doses of the irradiated hippocampus may overcome the threshold able to pro-
voke possible cognitive and emotional-behavioral impairment. Therefore, in-depth studies of the effects of brain
irradiation in occupationally-exposed interventional medical personnel appear urgently needed and crucial.

Key words: Monte Carlo simulation, interventional radiology, radiation exposure, dose, hippocampus, brain effects,

cognitive impairments.
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BCTVYII

Bigomo, 1110 B YkpaiHi Ta cBiTi iHTepBeHIIiliHi pagionorn
(IP) i, ocob6auBO, iHTEepBEHIIiiHI KapaiojJoru, MaroTh
BUCOKE poboye, a BiATaK, i J030Be HaBaHTaXXEHHSI — BO-
HU 4acTo MpaloTh B onepaliliHiil mpoTsroM 6araTbox
roauH 0e3mocepeIHbO MOPYY i3 IKePeaoM PEHTIeHiBCh-
KOro BUITPOMIiHIOBAaHHS i 3a3HAIOTh XPOHIYHOIO BILIUBY
OINPOMiHEHHS Yy MiABUILIEHUX 103aX, IPUUOMY IXHi 103U
npodeciiHOro ONMPOMiHEHHSI € HAWBUILIUMMU Cepell YCix
KaTeropiit MmeguuHoro nepcoHany [1, 2]. OproneanuHi
YCKJIaAHEeHHs (4epe3 TpuBajie BUKOPUCTAHHS BaXKKUX
3aXMCHUX OOJIaAyHKiB) i pagialiliHe OIPOMiHEHHS
CIIPUUYMHSIOTH HaMOiIbIIIe TIpo0JIeM 3i 3I0pOB’SIM iHTEp-
BEHIIHUX paaiojioriB. 3oKpema, MOCIiIKEeHHS OCTaH-
HiX pOKiB CBimYaTh MPO 3HAYHY MOIIMUPEHICTh Y LIl KO-
roptTi katapakr [3, 4] Ta IposIBiB CUHAPOMY FeHETUYHOIL
HecTabiibHOCTI [5]. He MOXHa TakoX IrHOpyBaTU YUC-
JIeHHI IyOJiikallii, sIKi CBiq4aTh Mpo MiABUILEHHS PU3U-
Ky OHKOTeHe3y B Mipy HaKOMUYEHHSI MePCOHAIOM A03U
pamialiiHOro ornpoMiHeHHs [6, 7].

AxIio aHadiTM4YHI pafialiiiHO-emigeMioJIoriyHi J0-
CIIKEHHS W IIMpoKe OOroBOpeHHs HebOe3neKu Ofl-
POMiHEHHSI KPUILTAJMKa OKa BXe MPU3BEJIU 10 TMeper-
JIay (3HUXKEHHS) 1030BMX JiMiTiB IJIS1 LIbOIO OpTaHy i
aKTUBHOI'O MOIIYKY Pi3HOMaHITHUX 3aCO0iB iHAUBILY-

INTRODUCTION

It is well known that both worldwide and in
Ukraine interventional medical professionals (IR)
and, specifically, interventional cardiologists are
subjected to a high workload and, therefore, high
radiation doses. They often work in the operating
room for several hours in the immediate proximity
of the X-ray source and may experience chronic
irradiation to high doses. Indeed, their occupa-
tional doses are the highest amongst all medical
personnel categories [1, 2]. Orthopedic complica-
tions (related to extensive use of heavy garments)
and radiation exposure are amongst the most com-
mon health problems of interventional radiolo-
gists. In particular, recent investigations showed a
high occurrence rate of cataracts [3, 4] and develop-
ment of genetic instability syndromes [5]. Further, a
series of publications showed an increased cancer
risk with accumulating radiation dose that cannot
be ignored [6, 7].

Although analytical radiation-related epidemio-
logical investigations, together with a broad discus-
sions on the hazards associated with eye lens irradi-
ation led to the revision (lowering) of the dose limits
for this organ, as well as to active search for various
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aJIbHOTO 3axMCTy o4yei JjikapiB IP (cremiaJbHUX OKY-
JISIpiB, €KpaHiB TOIO), TO r0OJ0BA MpaliBHUKA B LITOMY
3a3BMYall He BBAXKA€EThCS YACTUHOIO Tija, 110 MOTpedye
0COOJIMBOIO 3aXUCTY, OCKIiJIbKM TPUBAIUN Yac JOMiHY-
Bajia TOYKa 30Dy, 1110 TOJOBHUI MO30K € HEUYTJIMBUM
0 BILIMBY paaiauii. IIpoTe, ocTaHHIMU poKaMu 3’sIB-
JISIEThCS Aenaji Oinblie miacTaB AJsl Meperisiay cydac-
HUX TIOTJISIAIB Ha pafiouyTIMBiCTh LbOro opraHy. He-
monasHo MKP3 BusHama, 110 [is iOHi3yl04Oro BHII-
POMiHIOBAaHHSI Ha MO30K MOXE BMKJIMKATU CEepHO3Hi
HaCIigKM IS 3MOpOB’S cepel TpodecioHamiB i He-
00XiTHO 3BEPHYTU OCOOJIMBY YBary Ha IOCJiIKEeHHS
ux edekTiB [8].

OctaHHi ny0JikKallii HAaBOASTh JaHi PO BUHUKHEHHS
JIIBOCTOPOHHIX MYXJIMH, TOOTO, 3 OOKY, SIKUI € OIMXK-
YUM JI0 JKepesa BUIIPOMiHIOBaHHS ITiJl 4ac KaTeTepu-
3allii Ta iHIIKUX MPOLIEAYpP iHTePBEHIIIHHOI Kapiooril i
3a3BUYail oTpuMmye Oinbimi go3u. JlaHi 10g0 J0-
Kaumizamii myXJIuH MO3KY Ta III1i, OTpuMaHi B Tpyti 3 31
JIiKapsi, CBig4aTh, 10 y 26 BUMagKax, KoJu OyJIo Bilo-
Me Miclle po3TalllyBaHHSI 3JIOSKICHUX MYXJWH, BOHU
Oy/u mepeBaxkHo JiiBocTopoHHiMU: 22 3 26 (85 %) [9].
BpaxoByiouu, 1110 MO30K € BiTHOCHO He3aXUIIEHUM i
JIiBa CTOpOHA rOJIOBU OiTBIIIOI0 MipOIO OIIPOMiHIOETHCS
Mig Jyac iHTepBEHLIMHUX MpoLeayp, MOXHA MPUITYCTHU -
THU iCHYBaHHS IMIPUYMHHOTO 3B’ 43Ky MiX IpodeciiHum
ONPOMIHEHHSIM Ta BUHMKHEHHSIM LIMX JIIBOCTOPOHHIX
NyXJAUH. 3BUYAHO, OCKIIbKM TaKi 370SIKiCHI MyXJIUHU
Hapaai He € TOIIUPEHUMHU, 1ieii 3B’ SI30K MOKe OyTH BU-
NagKoBUM (HEIOCTOBIPHUM), ajie TMTAHHS IIPO T€, YU
JIACHO BIUIMB OMNPOMIiHEHHS TOJIOBU 301/IbIIYE PUZUK
NyXJUHOYTBOPEHHsI, BUMara€ IOAaJbIIUX JTOCIHiMI-
JKEHb.

YucneHHi nmybJikauii cBigyaTh, 110 MO30K i, 0COOJIM-
BO, KOPTUKO-JIiMOIYHA CHUCTEMa, 30Kpema, TilloKaMIl, €
pamgiodyyTIMBUM OPraHOM, a CTYNiHb AUCGHYHKLII MOXKe
OyTH KiTbKICHO BM3HAYEHUM 3a €JIeKTpo(i3ioaoriyHu-
MU Ta iHIIMMU KPUTEPisIMUA HABITh NPU HU3bKUX PiBHSIX
onpominenHs [10]. Hamri momepenHi mOCTimKeHHS
eeKTiB onpoMiHeHHS BHACHiTOK YOpHOOMIBCHKOI Ka-
TacTpodr BUSBUIU O0303aJ€KHi KOTHITMBHI Ta HEMi-
podi3ioforiyHi MOpYIIeHHS Yy AiTei Micias nmpeHaTalb-
HOTO OITPOMIHEHHS TIJI0/Ia Y TecTalliifHOMY Billi OiJTbIIe 8
TWXKHIB mpu no3ax Bim 20 M3B Ha TIig, a B pasi oOIl-
poMiHeHHST TUona y Billi 16-25 TWXKHIB MOpYIICHHS
crocrepiraauch, nouynHatouu 3 10 M3B. ¥V gopocaux
HEeWpOoTICuXiaTpuiHi, Heipodi3ioaoriuHi, HEHPOTICUXO-
JIOTiYHi Ta He#poBi3yasi3alliliHi BiAXWJIEHHS BUSIBICHI
micyist orpoMiHeHHs B go3ax Oiabiie 0,3 3B, a YiTKi Heli-
podizioioriyHi Ta HeipoBizyanizaliiiHi Mapkepu — I0-
ypHatoun 3 1 3B [11, 12].

eye protection gears for IR (special glasses, shields
etc.), usually the head of an operator in general is not
considered to be a body part requiring any special
protection, in view of the previously dominating
hypothesis of brain’s radioresistance. However,
recently, different observations led to revise this con-
cept and to introduce the notion of brain radiosensi-
tivity. Subsequently, the International Commission
on Radiological Protection (ICRP) recognized that
low doses of ionizing radiation (X-rays) on the brain
may cause severe health consequences for practi-
tioners, and a special attention has been devoted to
investigate these effects [8].

Recent data reported an increased occurrence of
left-sided tumors in interventional cardiologists.
Not surprisingly, the left side is that closer to the
radiation source during catheterizations and other
procedures, and usually receives higher doses.
Data on localization of the brain and neck tumors
in a group of 31 physicians, showed that in the 26
cases the location of the malignant tumors was
known, and that 22, out of the total 26 (85%) were
left-sided [9]. Taking into account that the brain is
relatively unshielded and the left side of the head is
more irradiated during interventional procedures,
it is possible to assume that there might be a casu-
al connection between occupational exposure and
left-sided tumors occurrence. Of course, since
such malignant tumors are not frequent, this rela-
tionship can be considered incidental (unreliable),
but the question whether the irradiation of the
head may really increase tumor occurrence
requires further studies.

Several publications showed that the brain, and
especially the corticolimbic system, in particular
the hippocampus, is extremely radiosensitive, and
the level of its alterations can be defined by elec-
trophysiological and other techniques even with
low radiation doses, and may ultimately lead to
impaired neurogenesis [10]. Our previous investi-
gation on radiation effects after the Chornobyl acci-
dent showed dose-correlated cognitive and neuro-
physiological effects in children exposed at gesta-
tion ages exceeding 8 weeks at doses above 20 mSv
fetal doses, while at 16—25 weeks of gestation,
abnormalities occurred starting from 10 mSv fetal
doses. In adults, neuropsychiatric, neuropsycho-
logical, neurophysiological and neuroimaging
effects were revealed at radiation doses above 0.3 Sy,
and distinct neurophysiological and neuroimaging
markers — starting from 1 Sv [11, 12].
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OcTaHHI [OOCHIIXE€HHS MiATBEPIKYIOTh pamiovyT-
JIMBIiCTb LIEHTPAJbHOI HEPBOBO1 CUCTEMM HABITh MPU Ma-
X po3ax omnpomiHeHHs [13—15]. IcHye Kinbka
MMOBIpHUX MeXaHi3MiB BUHUKHEHHS pajioliepedpaib-
HUX e(heKTiB: MOPYIIEHHS HEMporeHe3y y rilmoKamili 10-
pocaux, 3MiHM Opodiato eKcrpecii reHiB, Helpo3a-
najibHi po3iaau, 3MiHM HEMPOCUTHAIIOBAHHSI, allONTO-
TUYHA 3aru0eyb KIITUH, 3arudelib Ta MOLIKOMIXEHHS
KJIITUH BHACIiIOK BTOPMHHUX YpaxkeHb, CYAWHHO-TJIi-
aJIbHUM COI03 TOIIO. Y TOM e 4Yac, KOPTUKO-JIiMOiuHa
CUCTEMA € TOJIOBHOK MillIEHHIO pafiallifHOro YILIKO.-
JKeHHSI TOJJOBHOT'O MO3KY, IIPUYOMY KJIIOUOBUM HacCili-
KOM € TUCHYHKILiSI HEMporeHe3y y TilmoKaMIli.

MoO30K JIIOOUHU € AaHATOMIYHO, HEMPOXiMiYHO Ta (DYHK-
HioHaJIbHO acuMeTpuuyHuM. IlopyieHa naTepanizaliist
MO3Ky MOXe OYTH BakJIMBOIO NPUYUHOKO MOXOIKEHHS
HeliporicuxiaTpuyHux posnafis. [IpoTe, moku 1o gyxe
Majo BiZOMO MPO acuUMETpilo HeliporeHedy. ICHYIOTb
JlaHi Opo 3HAYHO Oi/IblY iHTEHCUBHICTb LIUTOT€HE3Y Y
JIiBi MemianbHi MpedpOHTaNbHIl KOpi TOPiBHSIHO 3
npasolo [16].

1106 BMBYATM BUHUKHEHHS paaiallifHOrO OHKOIeHe-
3y, MOXJIMBUX KOTHITUBHUX MOpPYLIE€Hb, 400 OyIb-SIKUX
iHIIMX e(eKTiB ONPOMiHEHHS TOJOBHOTO MO3KY, IO
BUKJIUKAIOTh CTypOOBAHICTh OCTaHHIM YacoMm, OyXe
BaXXKJINBO MaTH aleKBaTHI YSIBJICHHS PO XapaKTep OIl-
poMiHeHHs jaikapiB IP Ta ouiHUTH BeJIMYMHU A03 HA MO-
30K i oro okpeMi yacTuHu. Ha kanb, OJ1 1IbOro He-
MOXJIMBO TPOCTO B3SITU JaHi iHAWBiIAyaJbHOIO d03M-
METPUYHOIO MOHITOPUHIY (0€3 XOMHUX KOHBEPCIMHUX
KoeillieHTIB), OCKIJIbKM TTepCOHANIbHI TO3MMETPH, 110
BUKOPUCTOBYIOTH JISI OLIIHKM 103 Ha BCE TiJIO TIepCcOHa-
sty IP He 31aTHI BUMipIoBaTH 1031 HA MO30K.

Haiui nonepeaHi gocaigkeHHs cepell iHTepBeHLIMHUX
paaiosoriB IMoka3aiau, 110 OIPOMIHEHHS LUX Mpa-
LiBHUKIB AyXe HEeOAHOPiIHe, Aiarma3oH 103 111 OOHUX i
THX CaMMX MpPOLIeAyp MOXE iCTOTHO BiIpi3HATHCS 3a-
JIEXKHO Bif peHTreHorpagiyHoi MpoeKllii Ta CIEeKTpiB
PEHTTEHIBCbKOTO BUIIPOMIiHIOBAHHS, TIUJIOLII OIpO-
MiHEeHHS MallieHTa, oro Macu i T. 1. HerpaBuibHe BU-
KOPUCTaHHSI 3aXMCHUX 3ac00iB abo ToraHa IpakThKa
(HampuKana, HEONTUMAabHE pO3TalllyBaHHS JKepesia)
MOXYTh IIPU3BECTH IO BUCOKMX I03 OMPOMIHEHHSI Me-
JUYHOTO MEPCOHATy, a TaKOX iCTOTHO acUMETPUYHOIO
onpoMiHeHHs1 mpaniBHuka [17]. Hanpuximan, Harri
BJIACHi HEIIOAABHI €KCIEePUMEHTU 3 OIPOMiHEHHS
¢iznuHoOro paHTomMa, po3MillIeHOT0 Ha TMO3MIIil Xipypra
Mg yac pyTMHHUX KapIioJIOTiYHUX mpouenyp (aHTio-
rpacdiif Ta BTpy4aHb) y orepalliliHiii, OCHaIlIeHill cyJac-
HOI0O MOHOIUIAHAPHOIO iHTEPBEHLiHOW aHriorpadiy-
HOIO CMCTEMOIO, IIPOAEMOHCTPYBaIM 3HAUYHUIA TPAdiEHT

Recent investigations confirmed the radiosensi-
tivity of the Central Nervous System (CNS) even
at low radiation doses [13-15]. There are several
putative mechanisms underlying brain effects:
neurogenesis failure in adult hippocampus,
changes in the gene expression profile, disturbed
neuroinflammatory response, neurosignaling
alterations, apoptotic cell death, cell death and
injury mediated by secondary vascular damage
“glial-vascular union”, etc. At the same time the
cortico-limbic system is the main target of radia-
tion damage to the brain, and the dysfunction of
neurogenesis in hippocampus is a key result here.

The human brain is anatomically, neurochemical-
ly and functionally asymmetric. Impaired brain la-
teralization of the brain can be involved in the patho-
physiology of different neuropsychiatric disorders.
However, yet is very little known about asymmetry of
the neurogenesis. There are some data about much
higher intensity of cytogenesis in left medial pre-
frontal cortex, as compared with the right one [16].

To address the emerging concern regarding
possible risk of radiation-induced oncogenesis or
cognitive disorders as well as to consider any
other effects of brain irradiation, it is important
to quantify the doses, received by the operator’s
brain or some of its parts. Unfortunately, for the
time being it is impossible to get such dose esti-
mated directly (without any conversion) from
the individual monitoring data, as personal
dosimeters used for whole body dosimetry of IR
staff are not designed for measurement of dose to
a brain.

Our previous investigations amongst interven-
tional radiologists showed that irradiation of these
workers is very heterogeneous, and that the range
of the doses for the same procedures can vary sig-
nificantly depending on the radiological projec-
tion and radiation spectra, irradiation filed geom-
etry, patient’s body mass, etc. Wrong application
of the protective means or bad practices, such as
non optimal source location, can cause high radi-
ation doses for medical staff, and also lead to its
significantly asymmetrical irradiation [17]. For
example, our recent experimental irradiations of
the phantom, placed at the position of the surgeon
during routine cardiology treatments (angiogra-
phy and interventions) in the operating room,
equipped with modern monoplane interventional
angiography system, demonstrated high dose gra-
dient in the body of the phantom, moreover, the
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03U y Tijli (paHTOMA, TPUYOMY BEJIMYMHU 03U Y JIiBii
Ta MpaBiii CKPOHEBUX AISTHKAX FOJIOBU BiAPi3HSINCS Ha
ropsinok (puc. 1) [18].

META

MeTo10 mOCHiIKEeHHSI OYyJ0 BUBYMTH 3aKOHOMipHOCTI
¢opMyBaHHS 103 Ha TIMTOKAMIT B YMOBaX poOOTH JIiKaps-
IHTEPBEHIIITHOTO Kapaiosora y peHTreH-oIepauiiiHiii, a
TaKOX BCTAHOBUTHU iX 3B’SI30K 3 €(PEKTUBHOIO 103010 Ta
MOKa3aHHSIMM IHAMBiIAyaJbHUX JO3UMETpiB, 1100
OLIIHUTA WMOBIPHICTh TOCITHEHHS MPOTSATOM Kap’epu
piBHSI 1O3M, TIPU SIKOMY MOXYThb CIIOCTEpiraTucsl Taki
pamianiiiHi epekTr, IK KOTHITUBHI MTOPYIIEHHS Ta iHIIi
HEPBOBO-IICUXiUHi pO3Jaau.

MATEPIAJIN I METOJIN

IIpu MopmenoBaHHI ONMPOMiIHEHHS IHTEPBEHIIIMHOTO
Kapaioyiora OyJlo BpaxoBaHO, 1110 YIS padialliifHOToO 3a-
XUCTY TMEePCOHaNy — iHTEPBEHLIMHUX PalioJiIoTiB — BU-
KOPHUCTOBYIOThCS 3aCO0M iHAMBIIYaJIbHOTO 3aXUCTY
(bapTyxu, KoMipu TOLIO).

values of the doses in left and right temporal parts
of the head differed by an order of magnitude
(Fig. 1) [18].

OBJECTIVE

The objective of the present study was to evaluate
doses in the hippocampus in interventional cardi-
ologists exposed at operating room conditions, and
to define their correlation with the effective dose,
as well as readouts of the individual dosimeters, in
order to estimate probability of reaching levels of
radiation-induced cognitive and other neuropsy-
chiatric disorders during their working career, by a
Monte Carlo simulation.

MATERIALS AND METHODS

For the simulation of the interventional cardiolo-
gist exposure we took into account the individual
protective gear (aprons, collar etc.) commonly
used for the radiation protection of personnel i.e.
the interventional radiologists.
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PucyHoK 1. Po3nogin no3 BcepeauHi aHTOMa Yy ropM3oHTaNbHin NIOWMHI, WO NepeTMHAE roNoBy Ha piBHi
oyeir, M3B. Pe3ynbratn nepuwoi cecii paHTOMHUX BUMiptoBaHb [18]

Figure 1. Dose distribution inside the phantom in horizontal plane, the head section at the eye level, mSv.

Results of the first session of phantom measurements [18]
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ITpu BU3HAUYEHHI 103 HA MO30K Ta Or0 OKpeMi BiTiun
Jy>Ke BaXKJIMBUM € BiITBOPEHHS peajbHOI T€OMETpii ue-
PETTHUX KiCTOK i M’IKMX TKAHWH, OCKIJIBKI BOHM 3HAX0-
IThCs B Oe3IocepenHilt 0J1M3bKOCTI 10 AOCTIIKYBAaHUX
OpraHiB i po3CiloBaHHSI Ha HUX CYTTEBO MOAUGDIKYE IO-
Jisi BUTIPOMIHIOBaHHSI, a BiITAK — BEJIMUUHY J103.

Jl1s1 po3paxyHKiB 403 Xipypra HaMu paHillle BUKOPUC-
TOBYBaBCsI MaTeMaTWYHUII aHTPONOMOpP(HUIA TeTepo-
reHHuit pantom Tty ADAM [19], MmonudikoBaHuii 10-
JlaBaHHSIM JIBOCTOPOHHBOTO 3aKpUTOTO hapTyxa, SIKUi
3aXUIA€ TPYOU Ta CIIMHY, a TaKOX IIPOCTSTAETHCS Bil
riedeil 10 KOJiH, 3alvIlalouu pyKM BigkpuTumu. [1pu
IIbOMY, 11100 IMiTyBaTh OIYHUI 3axXUCT (3aKpUTUIi (ap-
TyX), BcepeanHy (Mix pedpamu Ta KicTKaMU pyK Bil cTe-
TOH IO TTaXB) MaTeMaTUYHOTO (PaHTOMY OYJIM BMOHTO-
BaHi 00KoBi yacTuHM dapTyxa (puc. 2). ToBunrHa dap-
Tyxa ekBiBajieHTHa 0,35 MM cBuHIIO. [IluTononioHa 3a-
J03a €KPaHYEThCS KOMIpOM, IO TIOKPUBAaE Tuiedi Ta
IIMIO, a TAaKOX YacTUHY Mimbopinasa [20]. AmekBaTHOCTI
1ILOIO MaTeMaTUYHOTO (DaHTOMY IIIJIKOM JTOCTaTHBO JJIST
MOJIEJIIOBAaHHS 103 HAa BHYTPIllIHi OpraHu, OIHaK, K 0y-
JIO Bil3HAYEHO BUIIIE, JJIS1 OLIIHKM O3 Ha MO30K Ta MOTO
OKpeMi CTPYKTYypHU TaKOl TOYHOCTI MPeACTaBICHHS BXKe
HeaocTaTHbo. ToMy OyJio BUpIllIEHO CTBOPUTH BIACHUM

To determine doses reaching the brain and its
specific parts, it is crucial to reproduce real geo-
metry of the skull bones and soft tissues, as they are
located in the vicinity of the investigated organs, so
the scattered radiation significantly modifies expo-
sure fields, and, therefore, dose magnitude.

Originally, in order to calculate the doses, we
used a stylized mathematical anthropomorphic
heterogeneous phantom ADAM [19] modified by
adding of a wrap-around apron, that covers chest
and back, extends from shoulders to knees, keep-
ing arms free and exposed. Moreover, to simulate
side protection (with the wrap-around apron), side
parts of the apron were embedded inside the math-
ematical phantom (between ribs and arm bones
from thighs to underarms) (Fig. 2). The thickness
of the apron was equivalent to 0.35 mm of the lead.
The thyroid was shielded with a collar that covered
shoulders and neck, as well as the part of the chin
[20]. This phantom is appropriate enough to si-
mulate internal organs doses, although, as men-
tioned above, for simulation of the doses to the
brain and single parts such an accuracy is not suf-
ficient. That is why, we decided to develop our own

PUCYHOK 2. TunoBa reometpia 3apgayi, o0 BUKOPUCTOBYBANACb NPU MoaentoBaHHi. MatemaTtuuHuim ¢aHToM,
wo mopenioe kKapaionora (1) Ta nayieHta (2), AKKI 3a3Hae onpoMiHEHHA 3 TOYKOBOro Axxepena (3), po3Tawo-
BaHoro nip xipypriunum cronom. Kapaionor mae 3axucHuin apTyx Ta KOMip, W0 3aKPMBAE WMUTONOAIOHY 3ano-
3y (4), (5) — posumetp nip chapTyxom Ha piBHi Tanii, (6) — Ao3umeTp Ha KoMmipi.

Figure 2. Typical problem geometry used for simulation. Mathematical phantoms represent cardiologist (1)
and patient (2), irradiated from the point source (3), located under the operating table. The cardiologist
wears a protective apron and collar, that shields thyroid (4), (5) is the dosimeter under the apron at the waist

level, (6) is the dosimeter over the collar.
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riopuaHuil haHToOM, a came: MOOYAyBaTU JeTali30BaHy
BOKceJIbHY Moaenb rojioBu ZUBAL [21] i noeaHaTu ii 3i
CIIPOIICHNM TiJIoM MaTeMaThuHoro gantomMma ADAM
(puc. 3). MHOXUHHU BOKcediB (ITPOCTOPOBUX eJie-
MEHTIB), 1110 BiIMOBiAAIOTH ITPaBOMY Ta JIiBOMY TilloOKaM-
mmy, Oyl BUKOPHUCTaHI SIK HETEKTOPU UISI BU3HAYCHHS
MOTJIMHEHUX 03 Y LINX TiJSTHKaX MO3KY (puc. 4).

YV pospaxyHKax mpuiiManocs, 110 Kapaioaor (Iopoc-
Jla ocoba YoJIOBivOl cTaTi) CTOITh MpaBoOpyY Bim maili-
€HTa BIIPUTYJ A0 onepauiitHoro ctoay (puc. 5). LleHT-
pajbHa cariTajibHa IUIOLIMHA CITiBIIaga€ 3 MIOLIMHOIO,
1110 € MePIEeHANKYJISIPHOIO TIOIIUHI CUMETpil malieHTa
Ta po3aijsie ioro Tyayo i Horu. MoxHa BBaxatu [22],
1110 MPU TaKOMY IMOJIOKEHHI HOTM Ta ToJioBa Malli€HTa,
a TaKoX OTIepallilfH1il CTiJl (IKWiA, 3a3BUYall, € pamio-
rpadivyHO MPO30pPHM) HE BHOCSITH iCTOTHOTO BHECKY Y
PO3CisIHHSI, a OTXKe W y OIpOMiHEHHS Kap/iojora, TOMY
BOHU BUKJIIOYANIMCS 3 po3rysny. Takox mia yac mMoje-
JIIOBAHHS y MallieHTa He PO3Pi3HSIMCS OKPEMi OpraHU.
Binrak, metajibHO MOIENIOBAIMCS JIMILIE KOMIIOHEHTU
(BHYTpIllIHi OpraHu), IO CKJamaloTb (aHTOM Kap-
JioJjora.

ITpuiimanocs, o npouenypu 1P BUKOHYIOTbCS 3a J10-
TMIOMOT'OI0 OJHOIIJIAHAPHOI PEHTreHIiBChbKOI aHriorpadiu-
HOI CUCTEMM, sIKa KPilUThes O0 Mipioru i Mae C-noaioHy
apky. CrucremMa KOMILIEKTYEThCS TUIACKMM JETEKTOPOM 3
MOXJIMBICTIO BUOMPATU MOJIE 30PY YOTUPHOX Pi3HUX PO3-

hybrid phantom, particularly, to combine a
detailed voxel head model ZUBAL [21] with the
simplified body of the mathematical ADAM phan-
tom (Fig. 3). Voxel aggregates (volumes) corre-
sponding to the right and left hippocampi, were
used as detectors to determine absorbed doses in
these parts of the brain (Fig. 4).

During the course of the simulations, it was assu-
med that a cardiologists (an adult male) is standing
at the right side of the patient closely to the operat-
ing table (Fig. 5). The operator’s central sagittal
plane is matching with the axial plane that separates
patient’s trunk and legs. It was believed that in such
position the patient’s legs and head, as well as the
operating table (which is usually radiographically
transparent) do not contribute significantly to scat-
tering, and therefore to cardiologist’s exposure, so
they could be excluded from the consideration [22].
Also, during simulation the patient’s organs were
not modeled separately. The detailed modeling was
provided only for components (internal organs) of
the cardiologist’s phantom.

It was assumed that IR procedures are performed
with a monoplane x-ray angiography system with a
c-arm, which is attached to the floor. The system
includes a plane detector with capability to select a
field of vision of four different sizes depending on

PucyHokK 3. l6pugHuit pantom (a) — surnap cnepeay, (6) — Burnapg 36oky (okpemo — BOKCeNbHa ronosa B

KoMO6iHauii 3 aHaniTUYHOIO LWKEID)

Figure 3. Hybrid phantom: (a) a front view, (b) a side view (separately the voxel head together with the ana-

lytical neck)
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MogiTpa
Air

ToHki KicTK
Thin bones 7§

Wkipa
Skin

KictkoBa TkaHuHa
Bone tissue

Kpuwtanuku oven
Eye lens

HocoBa NOpPOXHUHA
Nasal cavity

PUcyHOK 4. Intoctpauisa cermeHTOBaHUX OpraHiB BOKCeNbHOi MoAeni ronosu haHToma (ropM3oHTanbHMiA 3pis
Ha piBHi ouent)

Figure 4. Illustration of the segmented organs of the voxel head model (a horizontal section at the eyes level)

CRA 30° CAU 20°

PUCYHOK 5. NosAcHeHHA no3HayeHb A0 CNUCKY TUNOBUX Npoekuii (Taén. 1) i postawyBaHHA C-noai6HoOT ap-
KW BigHOCHO nauieHTa: RAO - natepanbHa aHrynauisa, Tpy6ka 3miweHa narepanbHo Bnpaso, LAO — natepanb-
Ha aHrynauyia, Tpy6ka 3miweHa narepanbHo BniBo, CRA — KpaHianbHa aHrynauia, Tpy6ka 3miweHa fo ronosu,
CAU - KayaanbHa aHrynauia, Tpy6ka 3miweHa fo Hir nayiexTa.

Figure 5. Explanation for the list of the typical projections (Table 1) and the C-arm positions relative to the
patient: RAO is lateral angulation, the tube is shifted laterally right, LAO is lateral angulation, the tube is
shifted laterally left, CRA is cranial angulation, the tube is shifted to the head, CAU is caudal angulation, the
tube is shifted to the patients legs.
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MipiB B 3aJIEXKHOCTI Bifl TOTPeO OXOIIEHHS AUTSHKU J0-
caimkeHHs (15x15, 20x20, 25x25 ta 30x30 cm?). Tomy mis
BpaxyBaHHSI PO3CisIHHSI OyB 3MOJIeJIbOBAaHUM TTiACUIIOBAY
PEHTTEHIBCHKOT0 300paskeHHsI 3 IETEeKTOPOM YHiBepCalb-
Horo po3Mmipy (30x30 cm?) (puc. 5). Bin maB (popmy ripsimo-
KyTHOTO mapajesiernineaa i CKj1aaaBcs 3i CBUHLIEBUX ILIac-
TUH TOBLLUMHOIO | MM Ta IJIACTUHU 3 OOKY OIPOMiHEHHSI,
sIKa Oya 3po0JieHa 3 alloMiHilo TOBIIMHOIO 1,5 MM. Perir-
Ta 00JIaAHAHHS, III0 MOXe OyTH TPUCYTHIM B OIepalliiiHii
KiMHaTi, He po3misiganacs Mpyu MOJEIIOBaHHi.

MoHoeHepreTnyHi (POTOHU 3 PEHTIeHiBCHKOTO JIiara-
30Hy eHepriii (40—110 xeB) emiryBasucsi TOYKOBUM
JUKEpEIoM, KOJIMOBAaHUM y KOHYCI i3 3alaHUM KyTOM
OTBOPY i OPiEHTOBAaHMM Y HAIIPSIMKY TAIIiEHTA IJIsI OTPH-
MaHHS 300pakeHb TOPCY MallieHTa (TUITHKM ceplst) y
pi3Hux npoexuisax. [Ipu MogenoBaHHi Oyiu BUOpaHi TH-
noBi npoexkilii C-nomiOHo1 apKu, 1110 HaliyacTille BUKO-
PUCTOBYIOThCSI TP BUKOHAHHI iHTepBEHIIIMHUX ITPOLIC-
oyp (Tabm. 1, mo3HadyeHHsT — OUB. puc. 5). Beg cuctema
3HAXOAMJIACH Y MOBITPI.

3 MpakTUYHOI TOUYKHW 30pYy BaXJIWBUM € IMOPiBHSIHHS
103 HAa OpraHu (MO30K, TilTOKaMIT) IPaLioYoro 3 epek-
TUBHOIO J03010 32 TUX CAMMX YMOB OIIPOMiHEHHSI — Be-
JIMYMHOIO, JJIS SIKOi BCTAHOBJIEHO Ta KOHTPOJIIOETHCS
HOpMaTUB (JIIMIT 103K).

Y 1uboMy NOCHiIKEHHI BBaXkajaocs, 110 MPU 3aCTOCY-
BaHHI peHTreH3aXMCHOTOo papTyxa iHANBigyaTbHa epeK-
TMBHA J03a JiKaps-Kapaiosora BU3HAYaE€ThCS Ha OCHOBI
BUMipIOBaHb IBOMA iHIMBIAyaJbHUMM ITO3MMETPAMU 3a
MOLIMPEHUM aJrOPUTMOM MOABIMHOI JO3UMETpii, HaBe-
nennM y Pekomenpgarii 122 NCRP [23]:

the requirements of the investigated area (15x15,
20x20, 25x25 and 30x30 cm?). That’s why for tak-
ing scattering into account, an image intensifier
with detector of versatile size (30x30 cm?) was
modeled (Fig. 5). It had the shape of a rectangular
parallelepiped and consisted of lead plates of 1 mm
thickness as well as an aluminum plate of 1.5 mm
thickness from the irradiation side. The rest of
equipment that can be present in the operating
room was not modeled.

Monoenergetic photons from the x-ray energy
range (40—110 keV) were emitted from a point
source, collimated within certain solid angle and
directed to the patient to obtain images of the
patient’s heart region in different projections.
During the simulation, the typical C-arm projec-
tions used during interventional procedures were
modeled (see table 1, Fig. 5 for projection nomi-
nation and specifications). All system was placed
in the air.

From the practical point of view, it is important
to compare worker’s doses to organs (brain, hip-
pocampus) with the effective dose, the value that is
under control and should be in compliance with a
standard (a dose limit).

It was considered in this study, that in the pres-
ence of a protective apron, the effective dose of the
cardiologist is determined by readouts of two indi-
vidual dosimeters according to a common double
dosimetry algorithm, given in 122 NRCP recom-
mendation [23]:

E=0.5Hu+0.25Ho, (1

ne Hy, — moka3aHHS JO3UMeETpa ITif] 3aXUCHUM (hapTyXoM
Ha piBHi Tanii, Hp — no3uMeTtpa Haj (papTyXxoM Ha piBHI
mui (Ha KoMipi). Iy MonemtoBaHHS BiATYKY iHAMBITY-
aJbHUX JIO3UMETPIiB y MaTeMaTUYHY MOJIeIb OyJIu JoaHi
TKaHWHOEKBIiBAJICHTHI JETEKTOPHM CIIPOIIeHOI (DOpMH,
SKi po3TallloBYBaJUCh ITin ¢apTyXoM Ha Tijli (paHTOMA
KapjioJyiora Ha piBHi TaJlii, a TAKOX Ha PiBHi 1IMi (IIATO-
noaioHol 3a/1031) HaJ 3aXMCHUM KOMipoM (puc. 2, 1o-
3ULT J03UMETpiB MO3HayeHi uudpamMu 5 ta 6, Bii-
TOBIZIHO).

Po3paxyHKu OTJIMHEHWX 103 7151 000X (JTiBOrO Ta Mmpa-
BOTI0) TiMOKaMIIiB, a TaKOX 103 B MEPCOHAIbHUX T031-
MeTpax, po3TalllOBaHUX Ha PiBHI LLIMi HA KOMipi Ta TyJ1yoi
pagiosora Imin CBUHLIEBUM (papTyxoM, BUKOHYBAJIUCS 3a
norioMoroto Merony Monte-Kapno (mporpama MCNP-
4B [24]). CnouatKy Oyau po3paxoBaHi MapuiajibHi 3Ha-
YEHHS 103, OTPUMAHUX OKPEMO IJIsI KOXKHOTO 3HAYEHHS

where Hy, is the readout of the dosimeter under the
protective apron at the waist level, Hp is the readout
of the dosimeter above the apron at the neck level (on
the collar). For simulation of the response of individ-
ual dosimeters, tissue equivalent simplified detectors
were added to the mathematical model of the phan-
tom, which were located under the apron on the
phantom’s body at the waist level and also at the neck
(thyroid) level above the protective collar (Fig. 2,
dosimeter positions marked # 5 and 6 respectively).
Calculations of the absorbed doses for both left
and right hippocampi, as well as for the personal
dosimeters, located over and under the apron,
were performed using the Monte Carlo method
(MCNP-4B software [24]). First, partial dose val-
ues were calculated separately for each energy of
the radiation beam from the defined range
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Ta6auusa 1

CNMCOK TUNOBMX NpPOEKWi OnpomMiHEeHHA Nali€HTa, WO BUKOPUCTOBYIOTb MPW npoueaypax iHTepBeHUiiHOi
Kapaionorii (KoayBaHHA, NpUiHATE ANA iHTepBeHWiHMX npoueayp, NPoiniocTpoBaHe Ha puc. 5)

Table 1

The list of typical angiographic projections used during interventional cardiology procedures (the coding

common for interventional procedures is shown in Fig. 5)

Kopa npoekuir

Ne ONPOMiHEHHS Ha3zea npoexuii

The projection name  The name of projection

1 RAO30 Mpaga koca aHrynsus / right oblique angulation

2 0 Mpsma / straight

3 RAO30 CRA20 Mpaga koca 3 kpaHianbHOI aHrynauieto / right oblique with cranial angulation

4 CAU20 KaynanbHa aHrynsuis (Tpybka amillieHa o Hir nauieHTa) / caudal angulation (the tube is shifted to the patient’s legs)
5 RAO90 Mpasa 6okosa / right lateral

6 LAO35 Jlisa koca / left oblique

7 RAO35 CAU30 lpaga koca 3 kayganbHoto aHrynauieto / right oblique with caudal angulation

8 LAO35 CRA30 Jliga koca 3 kpaHianbHoto aHrynsuieio / left oblique with cranial angulation

9 CRA20

KpatianbHa aHrynsiuis (Tpybka amilleHa o ronosy naujeHta) / cranial angulation (the tube is shifted to the patient’s head)

eHeprii Mmyyka ONpOMiHEHHS i3 3aJaHOro Jiara3oHy
(40—110 xeB), KOxXHO1 TUITOBOI MPOEKILIil apKH Ta AJIsI O -
HOTO 3 YOTUPHOX 3HAYCHHSI TOJISI 30py (aIllepTypH ITydKa,
FOV), gaxi motiMm Oynm cKoMOiHOBaHi B iHTerpabHi 3Ha-
YEeHHSI 3 ypaxyBaHHSIM BiTHOCHOTO BKJIaay (POTOHIB st
TUIIOBOTO CIIeKTpa 3 MiKoBoto Harpyrow 80 KB, 1o 6ys
MoaudikoBaHuit antomiHieBuM (3,5 mm) Ta minHum (0,3
MM) diabTpamu, npu KyTi aHoaa 12° ta 0 % mysnbcaltii.

PE3YJIBTATU TA OBTOBOPEHHS1

PesyabTaTu po3paxyHKiB AJs TUMNOBUX aHTiorpa-
¢igyHMX npoekIiif apku (Tada. 1) mpu amepTypi Imyyka
20x20 cM? ripeacTaBiieHi Ha puc. 6. s KOXHOI ITpo-
eKlii olliHIoBajJach iHTerpajbHa J03a IJIsI CIeKTpa
TpyOKu 3 Hanpyrot 80 kB y niBoMy Ta mpaBoMy Tino-
kamni. Lli 3HaueHHs NpeacTaBiAeHi Y BUTJISAAI BilHO-
IIeHb 10 e(PeKTUBHOI 1031, BU3HAUYEHOI 3a 1BOMA J0-
3UMETPaMM, 3TiAHO 3 aJrOPUTMOM MOABIAHOI A0O3U-
Metpii (1). AKX BUAHO 3 PUCYHKY, 103U B 000X Timo-
KaMIIax iCTOTHO 3ajiexXaTh Bif TuUMy aHTiorpadidHoi
npoekuii. Lle BigHomeHHs TexxuTh Mixk 0,2 ta 1,9 nas
JiBoro rimokammy ta Mix 0,1 ta 0,9 — ang npaBoro.
s 6iabIIOCTi KOCUX MPOEKILil 1032 y JIIBOMY Tilo-
Kammi Moxe y 1,4—1,9 pa3a nnepeBuiryBaTu e(DEKTUB-
HY 103Y.

Kpim Toro, sik BUIZHO 3 puc. 6, 1031 y JIiBOTO Tillo-
KaMMy CUCTEMaTUYHO IMEPEBUIIYIOTh 103U MPaBOTO:
B CEpeIHBOMY y 2 pa3m, aje 3aJieKHO BiIl ITPOEeKILii,
pi3HUIIS MiX A03aMM ONPOMiHEHHS JIiBOTO i TpaBoOro
rimnokamMmIiB Moxe ckjaagatu Big 1,4 mgo 2,5 pa3sa.
OcKiJIbKM 11 pi3HULS 301IbIIYETHCS 31 3MEHIIEH-
HIM eHepTii (OTOHIB, BUKOPUCTAHHS HU3BbKOECHEP-

(40—110 keV), each typical C-arm projection and
for one of the four values of the field of vision
(beam aperture, FOV), after that they were com-
bined to the integral values taking into account
weight of the photons for the typical 80 kV peak
tube voltage spectrum modified by aluminum (3.5
mm) and copper (0.3 mm) filters, anode angle 120
and 0% pulsing.

RESULTS AND DISCUSSION
Results of calculations for typical angiographic pro-
jections of the C-arm (table 1) with the aperture of
the beam 20x20 cm? are shown in Fig. 6. For each
projection, the integral dose in both left and right
hippocampi was evaluated for x-ray spectra at 80 kV
tube voltage and is presented as a ratio to the effec-
tive dose estimate, which had been determined by a
common double dosimetry algorithm (1). One can
see that radiation doses of both hippocampi depend
significantly on the type of a radiographic projec-
tion. This ratio is between 0.2 and 1.9 for the left hip-
pocampus and between 0.1 and 0.9 for the right hip-
pocampus. For the majority of oblique projections
the dose in the left hippocampus can exceed the
effective dose of the operator by a factor of 1.4—1.9.
In addition, as depicted in Fig. 6 the radiation
doses of the left hippocampus systematically
exceed the doses of the right one: on average by a
factor of 2, but depending on the projection, the
difference between the left and the right hippocam-
pus exposure could be between 1.4 and 2.5 times.
As this difference increases with the decrease of
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PucyHoK 6. BipHoweHHs iHTerpanbHux 3a cnektpom po3 y nisomy (L/E) Ta npaBomy (R/E) rinokamnax po
e)eKTUBHOT [03KM, PO3PaxOBaHOi 3a ABOMA po3umerpamu 3rigHo 3 anroputmom NCRP [23] pna pisHux

aHriorpadiyHux npoekuin (Taén. 1)

Figure 6. The ratio of spectrum integral doses in the left (L/E) and the right (R/E) hippocampus to the effec-
tive dose determined by two dosimeters according to NCRP double algorithm [23] for different angiographic

projections (Table 1)

TeTUYHUX CHEeKTpiB mig uyac mpouenyp IP Moxe
MPU3BECTU HAaBiTh A0 OLIbIIOTI aCUMETpil y OIpO-
MiHEHHi MO3KY.

Lle o3nauvae, 1o npu opmMaIbHOMY HeETlepeBUIIICHHI
BCTaHOBJICHUX JiMiTiB e(peKTUBHOI 103U (20 M3B Ha pPiK),
JI031 Ha TinoKaMIl, Oy1y4u BABiYi OiTbIIMMMU, TIEPEBUIILY-
BaTUMYTh LEl JIMIT. 3 ypaxyBaHHSM TOro, IO PidyHi
e(eKTUBHI 1031 IHTEPBEHIIMHNX KapmioJIOTiB 31e0ib-
1IOT0 3HaxonsdThes y mianmazoni 1—11 m3B [17, 25, 26],
MOXHa OYiKyBaTH, 110 piuHa J03a Ha TillOKaMI MOXe
3HaxoauTuch y Mexkax 20—40 m3B. TakuM YMHOM, MEHII
Hixx 3a 10 pokiB mpodeciiiHoi AisTbHOCTI iHTepBEeHIIIIHI
pamiosorn MoXyThb Hakonuuutd o3y 300 mM3B — Ha
piBHI MMOBIpHOTO MOPOTY HelporcuxiaTpuuyHuX ehek-
TiB. PaHiie Oyyo rmoka3zaHo, 1110, MOYMHAIOYU 3 TaKUX
J103, OIIPOMiHEHHSI MOX€ CHPUUYMHSITU paaiolepeo-
palibHi e(peKTH, TaKi SIK MOIYJISILIisl HeliporeHe3y, 110 3a-
Oe3rneuyye KAITUHHMIA BHECOK y CXeMM TillOKaMILY,
BiAMOBiIa/bHI 32 HaBYaHHS i mam’aTh [27]. € nmaHi, 110
BKa3ylOTh Ha BaXJIMBICTh BpaxXyBaHHSI 3MiHU XeMOKiHO-
BOI CUTHadi3allil MpyM HU3bKUX [03aX, 110 MOTEHLIHO
MOXKe MaTy 3HAYEHHS JJ1s1 TUX, XTO 3a3HA€E BILJIUBY i0Hi-
3yI04Or0 BUMNPOMIiHIOBAHHSI B Pi3HUX MpodeciiiHuX
Ta/ab0 MeAMIHUX clieHapisx [28].

photon energy, utilization of lower energy spectra
in course of IR practice can result in even larger
left/right asymmetry of the brain exposure.

The main findings of our study show that potential-
ly an interventional cardiologist would receive radia-
tion doses to the hippocampus that are two times over
the regulatory limit of the effective dose (20 mSv
annually). If interventional cardiologists’ annual
effective doses are typically within 1—11 mSv-y! [17,
25, 26], one can expect the annual dose to the hip-
pocampus to range between 20 and 40 mSv-y.
Therefore, in less than 10 years of professional activ-
ity, an interventional cardiologist can accumulate the
dose of 300 mSy, thus reaching the level of a probable
manifestation of neuropsychiatric effects. It was
shown earlier that, starting from these levels, expo-
sure may provoke brain effects, such as alterations of
the neurogenesis mainly in the hippocampus,
responsible for memory and learning, as well as emo-
tions and behavioral disturbances [27]. There are
some data underlying the importance alteration of
chemokine signaling at low doses, that potentially
can impact those exposed to X-ray exposure in differ-
ent occupational and/or medical settings [28].
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KpiM Toro, Mu mob6avyuiau, 1o A03U OMPOMiHEHHS
JIIBOTO Ta MpaBoro rimokamMiia ayxe 3ajaexaTb Bill Ipo-
eKllii, i 1J1s TIeBHUX MPOEeKILiil BIAMiHHICTb MiXK A03aMU
OINPOMiHEHHS JIiBOTO Ta MPaBOTO TilToKaMIla MOXKe CS-
raTv JBOX 3 MOJIOBMHOIO pa3a. BomHouac, Halli mmomne-
penHi JOCHiIKEHHS BUSBUIN KOPTUKO-TIMOIUHY AMC-
¢ yHKIIiIO JTiBOI, TOMiIHYI0O4Oi, ITiBKYJi TIiCJS BIIJIUBY
paniaiii 3a pi3HUX CUTYyallili OIIPOMiHEHHSI BHACTiTOK
YopHoOMABCHKOT KaTacTpodu: rocTpa IIpoOMEeHeBa
XBOpO0a, XpOHiYHE OMPOMiIHEHHS B HU3bKUX J03aX Ta
onpoMiHeHHd in utero [27]. JaHi unx TOCHiIXKeHb OY-
JIV He3aJIeXXHO MMiATBepAKeHi pi3HUMU TpylnaMu Bye-
HUX KibKoX KpaiH [29—32]. Hapa3zi Mu npumyckaemo,
110 MiABUINEHUN HEMporeHe3 JiBOi KOPTUKO-JTiM-
0iYHOI CUCTEMM, TOJJOBHUM UYMHOM, Y JIiBOMY TrillO-
KaMIli, € liepeOpaJbHOI0 OCHOBOIO JIaTepali30BaHUX
HelporncuxiaTpuyHux egeKTiB, IMOB’SI3aHUX 3 pali-
ari€ero.

TakyM 4MHOM, CymnepIio3uliis OibIl BHUCOKOTO OIl-
pOMiHEHHS JIiBOi MiBKyJi TOJOBHOIO MO3KY iHTEep-
BEHLIMHUX KaphiojoriB abo iHIIMX MEIAUYHUX
MOpalLiBHUKIB, 110 BUKOPUCTOBYIOTb PadioJOTiuHi Mpo-
HeaypHu, 3 OUTBIIOI0 PamioYyTINBICTIO came M€l (JiBOi)
MiBKYJi, OYEeBUAHO, MOXKE€ IOTEHIIfHO MaTu CHUHEp-
TeTUYHUI e(DEeKT i MPU3BECTHU J0 3HAYHO OUTBIIIOL IITKOIU
3J0POB’10 .

AcumeTpisd Ta MOpylIeHHSI HeilporeHe3ly BHACIiAOK
BIUIMBY iOHi3yIOYOTO BUITPOMIiHIOBAHHS B HU3BKUX J03aX
MpU yHTaTepaIbHOMY ONPOMIHEHHI MalOTh CTaTH TIpel-
METOM KJIIHiYHUMX JOC/iIKEeHb in vivo 3a J1OMOMOIOIO Cy-
yacHMUX HeWpoBidyasizaliiiHux MeTodiB. sl BUSIBIEHHS
MOXKJIMBUX KOTHITMBHMX ITOPYILI€Hb, IOB’SI3aHUX 3 YIII-
KOIXeHHSIM MOo3Ky, IlizaHchkuii yHiBepcuteT (ITaumis)
3MiIICHUB TMOPiBHSIHHS OLIIHOK, OTPUMMAaHUX Yy cepii Heu-
POTICUXOJIOTIYHUX TeCTyBaHb TepcoHaTy (KapIioyioriB Ta
orepalifHuX MeacecTep), 110 Mpallloe B JJabopaTopii Ka-
tetepu3aliii cepust Cath Lab, 3 KOHTPOJIBLHOIO HEOTTPOMi-
HEHOIO TPYIIOI0, sSIKEe ITOKA3aJ0 HAasSBHICTb KOTHITUBHOTO
IediluTy, TIepeBaKHO BepOAJIbHOTO, IO CBITYWUTH TIPO
JUCHYHKIIiIO JIiBOI MiBKYJ/Ii TOJOBHOTO MO3KY. Pe3ynbsratu
HEWPOIICUXOJIOTIYHUX TecTiB y 83 OMpoMiHEHUX Kap-
JIiOJIOTiB Ta MeacecTep, SIKi MpalloloTh B 1ad0opaTopii KaTe-
Tepu3allii cepiis, OyJu TTOPiBHSAHI 3 83 HeompOMiHEeHUMM
ocobamu. HeitporncuxosoriyHa oIliHKa MpoOBOAMIACS 3a
noromoroto 6atapei TectiB “KopoTke Heliporicuxosoriu-
He obctexkeHHs1” (Esame Neuropsicologico Breve). Omnpo-
MiHEHi Majli 3HAaYHO HMXKYi Oalu 3a BiACTPOUEHUM Bif-
TBOPEHHSIM, Bi3yaJIbHOIO KOPOTKOUACHOIO MaM’SITTIO i ce-
MaHTUYHUMMU 3MIOHOCTSIMU Y TIOPIiBHSIHHI 3 HEOIPOMiHe-
HUMMU. 3aJI€XKHOCTI Bif 103U OMPOMiHEHHS HEe OYJIO BUSIB-
JieHo. OmpoMiHeHi MaJIM TipIi mam’ Tk i ITBUIKICTE MO-

In addition, it was evident that radiation doses of
the left and right hippocampus depended essen-
tially on the type of projections. Again, the differ-
ence between radiation doses of the left and right
hippocampus of certain projections can reach a
factor of 2.5. Previously, prominent impairment of
corticolimbic system were revealed in the left,
dominant, cerebral hemisphere after different irra-
diation conditions following Chernobyl accident:
acute radiation syndrome, chronic low dose expo-
sure and irradiation in utero [27]. Our data were
independently supported by different groups of
researchers in several countries [29—32]. We pro-
pose with cautions that the impaired neurogenesis
in the left cortical-limbic system, mainly, in the
left hippocampus, might constitute the cerebral
basis of for certain projections neuropsychiatric
effects.

Therefore, superposition of higher exposure of
the left cerebral hemisphere of interventional car-
diologists, or of other medical professionals utiliz-
ing radiation procedures, as shown in this study,
together with a higher sensitivity to radiations of
the same (left) hemisphere, can potentially result
in a synergistic effect leading to a more severe
health detriment.

Neurogenesis asymmetry and its disruption fol-
lowing exposure to low doses of unilateral ionizing
irradiation should be studied in vivo in humans by
the modern neuroimaging technics. In order to
detect possible cognitive impairments suggestive of
brain damage, one Italian group performed a com-
parison of the scores of a battery of neuropsycho-
logical tests in professional staff (cardiologists and
operating nurses) working in the cardiac catheter-
ization laboratory (Cath Lab), and a matched
group of healthy control unexposed subjects, that
showed an existence of cognitive deficit, mostly
verbal, that suggests some left hemisphere dys-
function. Neuropsychological tests scores in 83
exposed cardiologists and nurses working in the
cardiac catheterization laboratory, were compared
with 83 non exposed controls. The neuropsycho-
logical assessment was carried out by means of a
battery called “Esame Neuropsicologico Breve.”
Exposed participants showed significantly lower
scores on the delayed recall, visual short-term
memory, and semantic lexical access ability than
the non-exposed ones. No dose response could be
detected. Exposed participants showed lower
memory and verbal fluency performances, as com-
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BU. Lli 3MeHI1IeHi TOKa3HUKY MOXYTh CBITUYMATH MIPO 3MiHU
HU3KU CTPYKTYD JIiBOI ITiBKYJIi TOJIOBHOTO MO3KY, IKa OiJlb-
111010 MipOo10 BpazjMBa A0 il i0Hi3yl0uOro BUIIPOMiHIO-
BaHHSI Yy TMepCcoHay iHTepBeHIiliHOi Kapmiosorii. Ha
MiACTaBi WX Pe3yJIbTaTiB MOXHA AIMTU BUCHOBKY, 1110 3a-
XUCT TOJIOBU € 000B’SI3KOBUM Y HAJIEXKHIil KITiIHIYHiA mpaK-
TULI], 11100 3MEHIIUTU e(DEKTU OITPOMiHEHHSI Ha TOJIOBHUIA
MO30K TepCOHaTy iHTepBEHUIMHOI Kapaioorii Ta iHIIMX
npodecioHaiB, sIKi 3a3HaI0Th ONPpOMiHEeHHS) [33].

BUCHOBKU

YucnoBe MoIeIOBaHHS OMPOMIHEHHST iHTepBEHLIIHUX
KapIioJIoriB JEMOHCTPYE, IO MPOTSATOM IpodeciitHoro
CTaXy 103U Ha TiMOKaMII JTiKapst MOXYTb CSATaTh BEJTUIUH,
P TKUX MOXKYTh 3 IBUTHACS 3HAYNMi KOTHITUBHI TOpPY-
menHs. KpiMm Toro, 3aBasiKu TpaguiiiHOMY BiZTHOCHOMY
pO3TalllyBaHHIO PEHTIeHiBChbKMX YCTAHOBOK i omepawiii-
HUX CTOJIiB BiIOYBA€EThCS IMEPEBAXKHO JIIBOCTOPOHHE OIl-
POMiHEHHSI IHTEpPBEHLIHUX KapAioJoriB, HEMPOXipypriB
Ta pamionoriB. Hacnigkamu Takoro rnpodeciiiHoro omnpo-
MiHEHHSI MOXYTh OyTM KOTHITUBHMI Ae(iluT Ta iHIIi
HEPBOBO-TICUXiUHi PO3/1aau, aIxKe Yepe3 0COOJIUBY (PYHK-
LiOHAJIbHY acCHUMETpilo JliBa MiBKY/Jsl MO3KY BUIAETHCS
OLIBII pamdialliiHO ypa3JMBOIO, HiXK IIpaBa, HaBiTb IpU
PiBHOMiIpHOMY 30BHILIHBOMY OIPOMiHEeHHi. O4eBUIHO,
SIKIIIO OMNPOMIHEHHS BiIOYBAETHCS IEPEBAXKHO 3 JIIBOIO
00Ky, pU3UKU e(EKTIiB pi3KO 3pOCTalOTh Uepe3 CUHEP-
TeTUIHU epeKT uuX ABoX hakTopiB. Ciia 3ayBaxkKUTH, 1110
X04ya HeoOXigHe Mofaiblie INTMOOKEe BUBYEHHST e€(heKTiB
OMPOMiHEHHS MO3KYy MpaliBHUKIB iHTEpBEHLiHOI
paniosorii, O4ikKyBaHi pU3UKK MOTEHLIMHUX 3MiH Ii3Ha-
BaJIbHOI 3Mi0OHOCTI Ta BUHUKHEHHS iHIINX HEPBOBO-
TMICUXiYHUX PO3JIaliB Y MepCOHaTy MaloTh OYyTY BpaxoOBaHi
BXe 3apa3 y MoarGikoBaHili KOHLEMLil paaialiiHOro 3a-
XUCTY IHTePBEHILIMHUX pamiosoriB. Tak, 00OB’SI3KOBUM
Mae OyTH 3aCTOCYBaHHS 3aXMCHMX eKpaHiB, KabiH, abo 3a-
cO0iB iHAMBIAYaTbHOTO 3aXMCTy TOJIOBU ITpalliBHUKA.
[HIIMM e(eKTUBHUM 3aX0A0M paavKaJIbHOIO ITOKPAIIeH-
HSI CTaHy pafialliiHOrO 3aXMCTy iHTepPBEHLIMHUX pamio-
JIOTiB MOXe CTaTH 3MiHa (Biga3epKajaeHHs) TpaauLiiiHOro
po3TailyBaHHSI poOOYOro Miclsl iHTEPBEHLIMHOTO
pazioJiora (3 mpaBoro Ha JiiBuii 6iK orepaliifHOro cToiy).

CMUCOK BUKOPUCTAHOI NITEPATYPU

1. LleHTpaniaoBauii iHaMBIgyanbHUiA O3UMETPUYHMIA KOHTPOMb NPODECii-
HOrO OMPOMIHEHHST MEAVYHUX NMPaLBHUKIB YKpaiHu: 25-piyHnin JOCBig po-
6ot / 1. 1. CragHuk, 1. O. SBoH, |. B. ManyeHko, I. M. CMupHosa // Ykp.
pagion. xypH. — 2007. — T. 15. — C. 91-100.

2. Vano E. Radiation exposure to medical staff in interventional and cardiac
radiology / E. Vano, L. Gonzalez, E. Guibelalde [et al.] // Br. J. Radiol. —
1998. — Vol. 71(849). — P. 954-960.

pared with non-exposed. These reduced skills sug-
gest alterations of some left hemisphere structures
that are more exposed to ionizing radiation in
interventional cardiology staff. On the basis of
these findings, therefore, head protection would be
a mandatory good practice to reduce effects of
head exposure to ionizing radiation among inva-
sive cardiology personnel (and among other
exposed professionals) [33].

CONCLUSIONS

A numerical simulation of exposure of the inter-
ventional cardiologists, suggested that during the
professional career, hippocampal doses can reach
magnitudes which might cause significant cognitive
disorders. Moreover, because of the traditional
arrangement of the X-ray equipment and operating
tables, the left-sided exposure of interventional
cardiologists, neurosurgeons, and radiologists is
mostly occurring. Cognitive deficit and other neu-
ropsychiatric disorders may result from such an
occupational exposure, due to a special functional
asymmetry of the left brain that seems to be more
radiosensitive than the right one, even being
exposed to uniform external radiation. Obviously, if
irradiation occurs mainly from the left side, the
risks raise dramatically due to a synergetic effect of
these two factors. It should be noted that, although
further investigations of the effects of brain irradia-
tion in interventional radiology staff are needed,
the expected risks of potential changes in cognitive
abilities and occurrence of others neuropsychiatric
disorders have to be considered right now in a mod-
ified concept of the radiation protection of inter-
ventional radiologists. Thus, the use of protective
shields, cabins, and individual protective head
gears should be mandatory. Another efficient meas-
ure of radical increasing of radiation protection of
the interventional radiologists’ workplace would be
the change (mirroring) of traditional location of
the interventional radiologist (from right to the left
side of the operational table).
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