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BbBeaeHne. MeauumHckuTe cneumaniucTy, NpoBeXaaLUM MHTEPBEHLMOHANHM NPOLEAYPYU NOM PEHTTEHOB KOHTPOM B MH-
TEPBEHLMOHarNHaTa kapamonorus, ca U3NoXeHW Ha pUCK OT MbYEBOMHAYLIMPaHa kaTapakTa npy HaaBuLLaBaHe Ha roguiu-
HaTa rpaHuLa Ha fo3aTa Ha ouHaTta newda ot 20 mSv. Llen: LienTa Ha npoy4BaHeTo € fa ce Hanpasy OLeHKa Ha Ao3aTta Ha
OYHaTa fneLa Ha MeaMLUMHCKM cneumaniucTi, paboTeLLm B TpU OTAENEHUS N0 MHTEPBEHLMOHAMNHA Kapanonoris, 4a ce aHa-
nu3upa 3aBUCUMOCTTa MeXay NMbYEBOTO HAaTOBapBaHe Ha NnauyeHTa 1 Jo3aTa Ha OYHaTa nella Ha OCHOBHMS onepaTtop, 1
fja ce uacnenpa eekTMBHOCTTA Ha 3alnTHUTe ouuna Be3 cTpaHn4Hu 0noBHK 3awutu. MaTtepuan u metoam: /A3mepaa-
HMATa Ce NPOBeO0Xa B TPW OTAENEHUS N0 MHBA3MBHA KApAMOMOTKS, KaTo B M3CNeABaHNsTa Ce BKITUMXa YeTUPUMA Nekapu v
LLeCT MeauLMHCKI cecTpu. [lo3aTa Ha 04HaTa nella 6e M3aMepBaHa ¢ NacyBHYM O3UMETPM 3a o4Ha netya EYE-D™ (Radcard).
Pesynratu: lognwHaTta 403a Ha 04HaTa neLya 3a MeguumuHekuTe cectpy Bapupa ot 1,6 mSv 1o 4,3 mSv. OueHeHaTa gosa
Ha oYHaTa neLla 3a 0CHOBHUS onepartop e 0T 3,2 mSv Ao 31,4 mSv. OTcnabBaHeTo Ha 3cneaBaHMTE 3alMTHN ounna 6e3
CTpaHuyHa 3awwmTa e ¢ dakrop ot 1 go 1,1. U3Bogm: Pesynatute nokassar, Ye CbLUECTBYBA PUCK 3@ NPeBHLLaBaHE Ha
rogvluHaTa rpaHuua Ha fosata Ha oyHata newa ot 20 mSv. [lozata Ha 04HaTa nelua 3aBucK oT paboTHOTO HaTOBapBaHe
W KNWHUYHATA CMIOXKHOCT Ha npoeexpaaHuTe npouenypyu. [losaTta Ha oyHaTa newa 3a MeaULMHCKUTE CECTPU € HSIKOMKO
MbTW MO-HUCKA OT rPaH1YHaTa, KOeTo ce 06ACHSABA C NO-rONSAMOTO Pa3CTOsHWE OT NALMEHTA U YaCTUYHOTO eKpaHupaHe oT
OCHOBHUS onepaTtop. 3aluTHuTe ounna 6e3 CTpaHUyHa 3alluTa He ocurypsBat HeobxoaumaTa 3alluTa Ha o4HaTa neLa,
B CIyyall Ha CTpaHu4HO 0BbyBaHe.

JTbY4€BO HAaTOBAapBaHe Ha O4Ha nela, HTepBeHUMOoHanHa kapanonorus, 3amMTH ovnna 6es CTpaHu4Ha 3alumta

[-p AnHa 3aropcka, KnuHuka no HykneapHa mMeauuuHa, ,Amknbanem Cutin Knunuk YMBAT Tokypa“, 6yn. "Hukona .
Banuapos" Ne 51B, Ten. +359898254751, e-mail: zagorska.anna@gmail.com

Introduction: Medical professionals performing fluoroscopy guided interventional procedures in cardiology are exposed
to a risk of radiation induced cataract, especially if the eye lens dose exceeds the annual dose limit of 20 mSv. Aim: The
aim of the current study is to measure the eye lens exposure in three interventional cardiology departments, to analyze the
relationship between patient dose and eye lens dose and to study the effectiveness of lead goggles without side protection.
Material and methods: Measurements were performed in three departments with participation of 4 interventional
cardiologists and 6 nurses. The exposure of the eye lens was measured with EYE-D™ (Radcard) passive dosimeters.
Results: For nurses the annual eye lens dose varied from 1.6 mSv to 4.3 mSv. For the interventional cardiologists the results
were between 3.2 mSv and 31.4 mSv. The dose reduction factor of the studied safety goggles without side protection is 1
and 1.1. Conclusions: There is a risk of exceeding the annual exposure limit of 20 mSv among interventional cardiologists.



OueHka Ha Jo3aTa Ha o4yHaTa Nnella B MHTEepBEeHUMOHanHarta Kapanornorund 97

The eye lens exposure depends on the workload and the clinical complexity of the procedures, as well as on the use of
radiation protection devices. Due to the specifics of the procedures, the use of goggles with side protection is recommended.
The eye lens dose for nurses is lower than the annual limit, which can be explained with the larger distance between the
patient and the nurses and partial shielding by the main operator. Lead glasses without side shielding are not recommended

because the exposure occurs from the side.

eye lens dose, interventional cardiology, protective glasses without side protection
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OuyHata nella e egHa OT Han-MbYeYyBCTBUTENHUTE
TbKaHu B YoBeLkoTo Tano. MNMpes 2011 r. MexayHapoa-
HaTa komucusi o paguonormyHa 3awwmta (MKP3), obs-
BM HamMansBaHETO Ha Mnpara Ha norbrHaTata gosa 3a
Bb3HWKBaHE Ha paaMaLMoOHHO NHAOYLMpaHa KaTtapakta 1
npeanoxu 4pacTMyHO HamarnsiBaHe Ha rogulHaTa rpa-
HULIa Ha eKBMBAreHTHaTa 4o03a 3a O4Ha feLa 3a nepco-
Han, paboTeLl C M3TOYHULM HA MOHU3UPALLY STbYeHUs
(MIAN) — ot 150 mSv goTorasa Ha 20 mSv [1]. Tasu Hosa
rpaHuua bewe BkntoyeHa npes 2012 r. n B 6Gbnrapcko-
To 3akoHopaTtencTeo [2]. Cnopen MKP3 pabotelumte B
WHTEpPBEHUMOHaNHaTa peHTreHonorms ca ¢ Ham-rofisima
BEPOATHOCT 3a HaJBMLLIABaHe Ha HoBaTa roguilHa rpa-
HMLa 3a 04YHa neLla, 0co6eHO NpY HEN3MOMN3BAHETO Ha
3awunTHN cpeacTea [3]. MpaHunuarta Ha gosata ot 20 mSv
necHo Moxe fa 6bae HafBuLeHa B cryyaiTte, B KOUTO
He ce u3nomnseaT OMOBHO 3awuTHU ouuna [4]. Principi
et al. oueHsiBaT roguHaTa go3a 3a O4yHa fella 3a UH-
TepBEHUMOHANHUTe Kapamonosu ot 8 mSv go 60 mSv
rogvLwHoO, Npu paboTHo HatoBapBaHe oT 200 npoueay-
pv roguwHo. 3a MeanLIMHCKMTE CecTpy OLeHeHaTa Josa
Ha o4HaTa newa Bapupa oT 2 mSv 4o 4 mSv roguHo
[5]. YcTaHOBEHO € M 3HAa4YMTENHO HapacTBaHe Ha 4YecTo-
Tata Ha M3MEHEHMEe Ha OvHaTa Newa cpen UHTEePBEH-
LUMOHarnH1TE Kapamornosun u acucTypalLms MeauLMHCKN
nepcoHari, KaTo Tasu 4YecToTa 3a UHTEPBEHLMOHANHUTE
Kapamornosm e NoHe ABa NbTu No-rofisiMa B CpaBHEHUE C
HeobnbyeHuTe nuua [6, 7, 8, 9, 10].

O6nbYBaHETO Ce OBb/MKM OCHOBHO Ha pa3CcesiHoTO
OT naumeHTa peHTreHoBo nbuyeHue [11]. [osata Ha
OTKPUTUTE 4YacTu, BKIIOYUTENHO M O4yHaTa newia, 3a
MeaMLMHCKUTE ChneunanucT 3aBUcU OT MHOXECTBO
(hakTopy — BMAa Ha npoueaypara, U3non3saHnTe ekc-
MOHaUMOHHM napamMeTpu W paguorpadcka TexHuka
[HanpexeHue (kV), konu4ecTBo enekTpmuyecTBo (MAS),
CKOPOCT Ha MMIMyFCHa CKOMWs, BPEME 3a CKOMWs, 13-
nornsBaHo yBenMyeHve Ha obpasa (nyna) v ap.], Tenec-
Ha Maca Ha naumeHTa, No3uLMS U HAKMOH Ha peHTre-
HoBaTa Tpbba, a CbLIO U NO3MLMATA HA MEOUNLMHCKMSA
nepcoHan cnpsiMo aHrvorpadckara ypeaba u naumeH-

INTRODUCTION

The eye lens is one of the most radiosensitive
tissues in the human body. In 2011 The International
Commission on Radiological Protection (ICRP), an-
nounced reduction of the absorbed dose threshold
for the occurrence of radiation-induced cataracts and
proposed a significant reduction of the annual equiv-
alent dose limit for the eye lens for staff working with
ionizing radiation sources (IRS), from 150 mSv to 20
mSv [1]. This new limit was also included in the Bul-
garian legislation in 2012 [2]. According to the ICRP,
medical staff working in interventional radiology are
most likely to exceed the new annual limit for the eye
lens, especially when they are not using a protective
equipment [3]. The dose limit of 20 mSv can easily
be exceeded in cases where lead protective glasses
are not used [4]. Principi et al. estimated the annual
eye lens dose for interventional cardiologists from 8
mSv to 60 mSv per year, with a workload of 200 pro-
cedures per year. For nurses, the estimated eye lens
dose ranged from 2 mSv to 4 mSv per year [5]. There
has also been a significant increase in the incidence
of eye lens alteration among interventional cardiolo-
gists and assisting staff, and this incidence for inter-
ventional cardiologists is at least twice as high as for
non-irradiated ones [6, 7, 8, 9, 10].

Occupational exposure is mainly formed by the
X-ray radiation scattered by the patient [11]. The dose
to the exposed unprotected body parts, including the
eye lens for medical professionals, depends on mul-
tiple factors, such as the type of the procedure, ex-
posure parameters and radiographic technique used
(voltage (kV), tube current-exposure time product
(mAs), pulse rate, fluoroscopy time, image magnifica-
tion (magnifying lens) used, etc., patient weight, po-
sition and tilt of the X-ray tube, and also the position
of the medical staff relative to the angiography equip-
ment and the patient, as well as the use of radiation
protection tools [12, 13, 14]. The combination of high
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Ta, KakTo u ynotpebarta Ha nbyesawnTHUTEe npegnas-
Hu cpeactea [12, 13, 14]. KombuHaumsaTta ot ronemu
MOLLHOCTU Ha fo3aTta U BUCOKO paboTHO HaToBapBaHe
BOAM A0 3HAYMTENHO OOnMbYBaHE Ha OTKPUTUTE YacTu
Ha TANOTO Ha MeguUUHCKUTE cneumanuctu [15].

OtcnabBaHeTO Ha pa3cestHoTO ITbYeHue, OOCTU-
rawio 0o OTKPUTUTE YacTu Ha TAMNOTO MO BPEME Ha WH-
TEepBEHLUMOHANHM MpoLeaypu, ce noctura C pasfuyHn
3aLLMTHU CPEACTBa: MbYe3aLLUUTHN NMPECTUITKA N KU, EK-
paHu, 3aBecu, o4una, pasnnyHu no BuUA LUNEMOBE, MO-
OWNHM ekpaHKn 1 Op., BCAKO OT KOMTO CbC CbOTBETCTBALL,
onoseH ekBmBaneHT. OT TAX 3a 3aLlMTa Ha oYHaTa neLla
cnyxat ouunara, ekpaHute u wnemosete. PakTopbT HA
e(hEeKTUBHOCT Ha Te3M CPEACTBA 3aBUCU OT TAXHaTa KOH-
CTPYKUMS 1 maTtepuman, kato Bapupa ot 1,3 go 33 nbtu
[16, 17, 18, 19, 20]. JonbnHunTENHU hakTopw, BNMsELLn
Ha edEeKTMBHOCTTa MM Ca: Pa3CTOSHUETO A0 U3TOYHU-
Ka, nos3vumsaTa Ha MEOMUMHCKUSI CMeuManmuct crnpsiMo
nauueHTa, KOfIMMUPAHETO Ha CHoMa, Pa3CTOSIHUETO OT
dokyca Ha peHTreHoBaTa Tpbba [0 naumneHTa, BUCOUU-
HaTa Ha onepaTtopa (onpeaensilia BUcoYnMHaTa Ha maca-
Ta), pasCcTosHMETO OT npeobpasysaTens Ha obpasa oo
naumeHTa; u3non3saHnTe paboTHU XxapaKTePUCTUKN Ha
peHTreHoBuUA anapat u ap. [21, 22].

Mpwn ppoHTanHo 0bnbYBaHe, NbYE3aLLUUTHUTE OUN-
na ocurypsieaT HamarnsiBaHe Ha 0bnbYBaHETO OT 5 A0
10 nbTU. Korato 06nbyYBaHETO € CTPaHUYHO, KakKTo B
WHTEpPBEHUMOHANHaTa kapanonorusi, To3n dakTop Ha-
Mansisa u obuyanHo e mexgy 3 n 6 NbT MbTU, B Cy-
Yai Ha 3alLUTHU OYMna, KOHCTPYUpPaHM CbC CTpaHUYHa
3awuTa. 3alMTHUTE o4Mna CbC CTpaHMYHa 3awuTa
ocurypsieat no-gobpa npoTekuus, Tbi KaTto NpOonyku-
TEe MeXay pamKkute 1 rnasara obUKHOBEHO € no-marka
[23]. CbluecTBYBaAT U AaHHW, Ye 3aWwUTHUTE cpeacTaa
mMoraTt Aa cb3gagart hanmneo ycellaHe 3a 3awuTa B
cnyyanTte, B KOUTO JTbYEHUETO Ce Pa3npoCTpaHsBa noja
BB U peanHata uM edheKkTUBHOCT e marka [17].

MpencraBeHnTe NO-rope NUTEPaTypHU OAaHHWU, KaKTO
W niuncata Ha U3MepBaHusa Ha J0o3WTe Ha OYHaTa newa
Ha MeguuUMHCKWUTE crneunanucT B bbnrapus, motmem-
paxa NpoBeX4aHeTo Ha NPEeACTaBEHOTO MPOYYBaHeE.

LEn

LlenuTe Ha HacToALWOTO Npoy4yBaHe ca:

1. NamepBaHe Ha go3aTa Ha ovHaTa nella Ha nep-
COHana B Tpu OTAEeNeHnsa No MHTepBEHLMOHaNHa Kap-
AMOMOornst 1 oLleHka Ha Bb3MOXHOCTTa 3a npesuLLaBa-
He Ha rogvHaTa rpaHuua Ha gosata ot 20 mSv 3a
O4YHa newa;

2. TepceHe Ha 3aBUCUMOCT MeXAy [o3aTa Ha nauu-
€HTa 1 fo3arta Ha ovHaTa NneLla Ha OCHOBHUS oneparop;

3. WNacnepgBaHe Ha eeKkTMBHOCTTA Ha 3alMTHU
ouymna 6e3 CTpaHWYHM OTOBHM 3aLLMTU, N3MNON3BaHU py-
TMHHO B KINMHWYHATa NpakTuKa B ABE OT OTAENeHusTa.

dose rates and high workloads results in significant
radiation exposure to the unprotected body parts of
medical professionals [15].

Attenuation of scattered radiation, reaching ex-
posed parts of the body, during interventional proce-
dures is achieved by various protective means: radi-
ation shielding aprons and collars, screens, curtains,
glasses, visors of various types, mobile screens, etc.,
each with a corresponding lead equivalent. Glasses,
screens and helmets serve to protect the eye lens.
The effectiveness factor of these protective tools de-
pends on their construction and material, ranging from
1.3 to 33 times [16, 17, 18, 19, 20]. Additional factors
concerning their effectiveness are: the distance to the
X-ray source, the position of the medical professional
relative to the patient, the beam collimation, the dis-
tance from the focus of the X-ray tube to the patient,
the height of the operator (determining the height of
the table), the distance from the image detector to the
patient, the exposure factors of the X-ray unit used,
etc. [21, 22].

For frontal irradiation, radiation glasses provide a
5 to 10-fold reduction in the radiation exposure. When
the radiation exposure is lateral, as in the interven-
tional cardiology, this factor decreases and is typically
between 3 and 6 times, in the case of glasses de-
signed with lateral protection. Protective eyewear with
lateral protection provides better protection because
the gap between the frame and the head is usually
smaller [23]. There is also evidence that protective de-
vices can create a false sense of protection, in cases
of angular distribution of radiation and their actual ef-
fectiveness is small [17].

The literature data presented above, as well as the
lack of eye lens dose measurements of medical profes-
sionals in Bulgaria, motivated the present study.

Alm

The aim of the present study is:

1) To measure the eye lens dose to staff in three in-
terventional cardiology departments and to investigate
the possibility of exceeding the annual eye lens dose
limit of 20 mSy;

2) Search for a correlation between patient expo-
sure and primary operator eye lens dose;

3) Investigating the effectiveness of protective eye
glasses without side lead shields, routinely used in clin-
ical practice in two of the departments.
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MATEPUAN U METOOMU

M3mepBaHusaTa ce npoBegoxa B TpWM OTAENEHMS
Nno MHBa3MBHA KapAMOmorusi, Kato B MU3CrneaBaHUATa
ce BKMOYMXa 4-Ma WHTEPBEHUMOHANHW Kapguosno-
31 1 6 meguumMHCKM cecTpu. [losata Ha ovHaTta newia
e M3mMepBaHa C NacvMBHWM OO3MMETPM 3@ OYHa nella
EYE-D™ (Radcard) Ha 6GasaTa Ha TEpMONYMUHUCLEHT-
HW JeTekTopu, KannbpupaHu BbB BenuuMHata UHOU-
BMAyaneH OO30B €KBMBANeHT Ha AbnboynHa 3 mm,
Hp(3), mSv 1 npocrnegumn Ao BTopuyHa ctaHgapTHa
nosmmeTtpudHa nabopatopusa — SSDL, Codus, bbnra-
pus. Bcsko nsamepBaHe e npeactaBeHo C OleHeHaTta
paslimpeHa HeonpeaeneHoCT Ha U3MepPBaHETO, KOATO
€ CTaHgapTHaTa HeonpenerneHocT Ha W3MepBaHEeTo,
YMHOXeHa € (hakTop Ha nokpusaHe k = 2, konTo 3a
HOpMarHO pasnpegerneHne oTroBapsi Ha AoBepuTenHa
BEPOATHOCT OT 95%.

[o3nmMeTbpbT 6e NOCTaBsAH BbPXy OnepaumnoHHara
Lanka, oT cTpaHaTa Ha OKOTO, Pas3noSioKEHO B MO-To-
nsiMa 6nmM3ocT 4O U3TOYHUKA HA PEHTIEHOBO fTbYEHUE,
Han-4ecTo TOBa € NABOTO OKO. [lo3umeTbpbT OaBa
oueHKa 3a 0oOMbYBaAHETO Ha HEe3alWUTEHOTO OKO, 3a-
pagn NOCTaBAHETO MY M3BbLH CTpaHWYHaTa 3alwmTa Ha
OJIOBHUTE O4YMMa M MakcMMarHo 6rnm3o 0o OKOTo (dowr.
1). NamepBaHuaTa Baxa pasgeneHn B OTYETHU nepu-
0OM C NPOABLIDKUTENHOCT OT OKono 1 mecel, Kato ca
HOCEHW MO BpeEME Ha BCUYKM Npoueaypu, N3BbpLUBaHU
npes To3n mecel B otaeneHmetro. OTumtaHeTo um Ge
M3BbpPLUBAHO B Kpasd Ha Bcekn nepwuog. OueHkara 3a
O4YaKBaHOTO rOAMLUHO HaTOBapBaHe Ha O4HaTa nelia
€ HanpaBeHa Bb3 OCHOBA Ha M3MepeHuTe [03M Mpes3
nepuoanTe Ha n3MepBaHe, KaTo U34YNCIIEHOTO CPEAHO
HaToBapBaHe 3a eAuH Mecel, € YMHOXEHO Nno paboTHU-
Te MeceLn U KOPUrMpaHo C rOQULLIHUA OTMYCK B pa3mep
Ha 30 paboTHu gHW. [pn N34MCNIABAHETO € OTYETEHA U

MATERIAL AND METHODS

Measurements were performed in three interven-
tional cardiology departments, and 4 interventional
cardiologists and 6 nurses participated in the study.
Eye lens dose was measured with EYE-D™ (Rad-
card), passive eye lens dosimeters based on thermo-
luminescent detectors calibrated in terms of personal
dose equivalent in 3 mm depth in soft tissue, Hp(3),
mSyv and traceable to the Secondary Standard Dosim-
etry Laboratory, Sofia, Bulgaria (SSDL). Each mea-
surement is represented by the estimated expanded
measurement uncertainty, which is the standard mea-
surement uncertainty multiplied by a coverage factor
of k = 2, which for a normal distribution corresponds
to a 95% confidence interval.

The dosimeter was placed on the operating cap,
on the side of the eye located in closer proximity to
the X-ray source, most commonly the left eye. The do-
simeter provides an estimate of the exposure to the
unprotected eye because of its placement outside the
side protection of the lead glasses and as close to the
eye as possible (Figure 1). The measurements were
divided into reporting periods of approximately one
month duration, and were worn during all the proce-
dures performed that period in the department. They
were reported at the end of each period. An estimate
of the expected annual exposure of the eye lens was
made based on the doses measured during the mea-
surement periods by multiplying the calculated average
exposure for one month by the working months and
adjusting for the annual leave of 30 working days. The

dur. 1. TepmonyMuHucLeHTeH Jo3nmetbp Tun EYE-D™ [24] n HaumH Ha

3aKkpenBaHe

Fig. 1. Thermoluminescent dosimeter type EYE-D™ [24] and method of its

attachment
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NPOOBIMKUTENHOCTTA Ha OTYETHUTE NEPUOAMN U U3MON3-
BaHETO Ha roguLLIEH OTMYCK MO BpeMe Ha U3BbpLUBaHE
Ha n3cregBaHusTa.

Bcuukm ekvnm pyTUHHO M3Non3BaT 3aLUMTHY EKPaHW,
NpPecTunku u sikn. lamepeaHusita 3a oueHka Ha otcrab-
BaHETO Ha 3alMTHUTE o4nna 6e3 cTpaHnyHa 3awmTa ca
U3BbPLUEHN C AOMbIHUTENEH A03MMETBLP, NOCTaBEH OT
BbTpELUHaTa CTpaHa Ha pamMKaTta Ha 3aluTHUTE ounna.
OTtcnabBaHEeTo Ha NMbYEHMETO OT oYMnaTa € OLEeHEHO 3a
Nno eOuH KapAuoror B ABaTa pasnyyHu eKkvna BKIoYEHN
B NpoyyBaHeTo. Ha dur. 2 e npeacTaBeH N HAYMHBT Ha
3akpenBaHe Ha go3vMeTbpa. 3a nepuoga Ha u3MepBa-
HWATa 3a OLEHKa Ha OTCNabBaHETO Ha 3ALUTHUTE OYU-
fna e HOCEH 1 JO3UMETBP 3a OLEeHKa Ha Jo3aTa Ha Hesa-
LLIUTEHOTO OKO, KaKTO € MoKa3aHo Ha cur. 1.

3a BCsika eHa OT W3BbPLUEHUTE KapamMororuy-
HW Mpouenypu Npe3 nepuoga Ha naMepBaHeTo Osixa
perncTpupaHu CTOMHOCTUTE Ha BPEMETO Ha CKOMus
(BC), nponsseneHune kepma-nnouy, (KAI), no-nosHata
B MpakTukata C HauMEHOBaHMETO CU MNpou3BedeHME
posa-nnowy (JAMM) n kymynatusHa gosa (K) Ha naum-
eHTuTe, KaTo cyma oT KAl Ha BCUYKM U3BBPLLEHU MPO-
ueaypv OT AafdeHo nvue OT MeguUMHCKUSA nepcoHan 3a
CbOTBETHUSI OTYeTeH nepuod. OaHHuTe ca cbbupaHu
npocnekTMBHO. Pesyntatnte ca o6paboTeHn n aHanu-
3MpaHM MOCPeACTBOM OECKPUMTMBHM CTaTUCTUYECKU
metogu. B Tabnuua 1 ca npegcraBeny Buaga u 6pos Ha
aHrnorpadckute ypeabu n nepuoga Ha uscneaBaHeTo
BbB BCSIKO OTAENeHune.

calculation also took into account the duration of the
reporting periods and the use of annual leave during
the time of the survey.

All teams routinely use protective screens, aprons
and collars. Measurements of the attenuation of safe-
ty glasses without side shielding were made with an
additional dosimeter placed on the inside of the frame
of the safety glasses. Radiation attenuation from the
glasses was assessed for one cardiologist in each of
the two different teams involved in the study. Figure 2
also shows how the dosimeter was attached. A dosim-
eter was also worn for the period of the measurements
to assess the attenuation of the protective glasses and
to assess the dose to the unprotected eye, as shown
in Fig. 1.

For each of the cardiac procedures performed,
during the measurement period, the values of the flu-
oroscopy time (FT), the air kerma-area product (KAP),
better known as dose-area product (DAP), and the cu-
mulative dose (CD) of the patients were recorded as
the sum of the KAP of all procedures performed by a
given person from the medical staff for the respective
reporting period. Data were collected prospectively.
Results were processed and analyzed using descrip-
tive statistical methods. Table 1 shows the type and
number of angiography units and the period of the sur-
vey in each department.

®ur. 2. HauymH Ha 3aKkpernBaHe Ha JO3MMETBP 3a OLeHKa Ha ePeKTVBHOCTTa Ha 3alUUTHU o4una: a) n3crnefBaHu 3awmTHu oduna B OtaenexHve

1; 6) n3cnenBaHu 3awmTHU ounna B Otaenexue 2

Fig. 2. Method of attaching a dosimeter to evaluate the effectiveness of protective glasses. a) protective glasses tested in Department 1

b) protective glasses tested in Department 2

Ta6nuua 1. Bpoi u BUA aHrmorpad)cky ypeabu B otaeneHusATa U NnpogbiNKUTENHOCT Ha U3crieBaHeTo

Table 1. Number and type of angiography units in the departments and the survey period

OtaeneHue /| Department

Anrnorpadcku ypenou / Angiography unit

Mepwuop Ha uscnenBaHe / Survey period

Otgenetve 1 Innova 3100 (GE Healthcare) n / and

Department 1 Innova 520 (GE Healthcare)

ot/ from 08.02.2016 . o/ to
12.05.2016 r. / year

Otgenexue 2
Department 2

[Be ypenbu Artis zee (Siemens), pasnonoxenu B Ase 3anu (A un B) | ot/ from 10.02.2016 1. go / to
Two units Artis zee (Siemens), in two rooms (A and B)

16.06.2016 r. / year

Otgenexue 3 Allura Xper FD 10 (Philips) n / and

Department 3 Innova 2100 (GE Healthcare)

ot/ from 08.02.2016 r. go / to
10.05.2016 r. / year
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PE3YNTATH

VlsmepBaHe Ha go3aTta Ha Oo4yHaTa neiwja

B Ttabnuun 2 n 3 e npeacraBeHO fTbYEBOTO Ha-
TOBapBaHe Ha O4HaTa nella npes3 pasnuyHuTe nepu-
0OV Ha OTYMTaHe M cymMapHaTa [Jo3a 3a Lenvsi nepu-
0f, CbOTBETHO 3a MeAMUUHCKUTE cecTpu (Tabn. 2) u
kapguonosuTe (Tabn. 3), ydacTBawu B MpoOy4BaHETO.
lMocnegHaTta konoHa npeacTaBs OLeHeHaTa rogulliHa
eKBMBalieHTHa [03a 3a oYHaTa feula.

3a meguumHckuTe cectpu (OtoeneHue 2), yyacT-
Banu caMo C eguH Nepuod Ha U3mMepBaHe He e Hanpa-
BeHa OLieHKa 3a roavllHata ekBMBaneHTHa [o3a Ha
ovYHaTa newla, nopaau KpaTkusi OTYEeTEeH nepuomd, Ho
AaHHUTe ca NpeACcTaBeHW 3a MbiHOTA.

RESULTS

Eye lens dose measurement

Table 2 and Table 3 represent the eye lens ra-
diation dose during different reporting periods and
the cumulative dose over the entire period for the
nurses (Table 2) and cardiologists (Table 3) partic-
ipating in the study, respectively. The last column
presents the estimated annual equivalent dose to
the eye lens.

For nurses (Department 2) who participated with
only one measurement period, an estimate of the an-
nual equivalent eye lens dose was not performed due
to the short reporting period, but the data are included
and presented for completeness.

Tabnuua 2. Pesyntatu oT M3aMepBaHeTO Ha MHAMBUAYalHU eKBUBaNieHTHN [031 3a OYHa Jela 3a CbOTBETHUTE Nepuoan Ha
M3MepBaHe 3a MeAULIMHCKM CeCTpU U OLeHeHa roguilliHa eKBUBaJieHTHa fo3a. Pesyntatute ot usamepBaHusiTa ca AoKnaaBa-
HM C pa3liMpeHaTa HeonpeaeneHoCT Ha U3MEepPBaHETO, KOAATO € CTaHAapTHaTa HeonpeAeneHoCcT Ha U3MepPBaHETO, YMHOXeHa
¢ chakTop Ha nokpuBaHe k = 2, KOUTO 3a HOPMarHO pa3snpeaeneHMe OTroBaps Ha AoBepuTenHa BeposATHOCT oT 95%

Table 2. Results of the measurement of individual equivalent doses for the eye lens for the respective measurement
periods for nurses and estimated annual equivalent dose. Measurement results are reported with the expanded
measurement uncertainty, which is the standard measurement uncertainty multiplied by a coverage factor of k = 2,
which for a normal distribution corresponds to a 95% confidence level

OueHeHa roguiHa eKBUBa-
H,(3), mSv H,(3), mSv H,(3), mSv Cyma / Total TNleHTHa fo3a
| nepuog / | period Il nepuopa / Il period 1l nepuoga / 11l period (mSv) Estimated annual equivalent
dose (mSv)
Otgenenve 1 0,52 +0,15 0,32+0,13 0,71+0,24 1,55 4,07
Department 1 * 0,44 + 0,09 0,83 +£0,21 1,28 4,46
OTtpenexve 2 0,23 + 0,07 0,10 £ 0,03 <0,10** 0,33 1,74
Department 2 0,43+0,12 <0,10** <0,10** - -
0,19 + 0,06 <0,10** <0,10** - -
Otnenexve 3
0,11 £ 0,03 0,15+ 0,05 0,19+ 0,06 0,45 1,60
Department 3

* N3rybeH getektop / Lost detector; ** [o3aumeTbpbT HE € Bun HoceH nNpe3 cboTBeTHUA nepuof / Dosimeter was not worn during this period

Tabnuua 3. PeaynTtaTv oT U3MepBaHeTO Ha MHAMBUAYANHW eKBMBaNeHTHN 003U 3a OYHA feLla 3a CbOTBeTHUTe nepuoam
Ha U3MepBaHe 3a KapAUONo3uTe U OLleHeHa roguLLHa eKBUBarieHTHa ao3a. Pesyntatute ot uamepBaHusiTa ca Aoknagsa-
HM C paswupeHaTa HeonpeaeneHoCcT Ha U3MepBaHeTo, KOSITO € CTaHAapTHaTa HeornpeAeneHoCT Ha U3MepBaHeTo, YMHO-
)KeHa ¢ hakTop Ha nokpuBaHe k = 2, KOUTO 3a HOpMarHo pa3snpegerneHne oTroBaps Ha AoBepUTeriHa BEPOATHOCT oT 95%

Table 3. Results of the measurement of individual equivalent doses per eye lens for the respective measurement
periods for cardiologists and estimated annual equivalent dose. Measurement results are reported with the expanded
measurement uncertainty, which is the standard measurement uncertainty multiplied by a coverage factor of k = 2,
which for a normal distribution corresponds to a 95% confidence interval

OueHeHa roguliHa
Meamumnckn cneumanuct | Hp(3) mSv | H(3), mSv | H(3), mSv | H(3), mSv | Cyma | o pypanentha nosa
i L | nepuog Il nepuog Il nepuon | IV nepuoa | Total .
Medical Specialist | period Il period lll period IV period | (mSv) E.stlmated annual
equivalent dose (mSv)

OTtnenenue 1 Kapguonor 1/ Cardiologist 1 | 2,09 + 0,60 | 3,04 +0,88 | 2,21 +0,64 - 7,34 19,27
Department 1 Kapawonor 2 / Cardiologist 2 | 3,78 + 1,09 | 4,33+1,25 | 3,85+ 1,11 - 11,96 31,39
Otpenenve 2 | Kapavonor 1/ Cardiologist 1 | 0,99 +0,29 | 0,99+0,29 | 1,62 +0,47 - 3,59 15,08
Department 2 | kapnuonor 2 / Cardiologist 2 | 0,25+ 0,07 | 0,35+0,10 | 0,39+0,11 | 0,30 +0,09 | 1,29 3,22
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3aBMcMMOCT Mexay KymyraTMBHaTa
(cymapHarta) KAl 3a nauueHTUTEe M go3aTa
Ha o4yHaTa newja Ha OCHOBHMUA onepaTop

MoTbpceHa Oe 3aBMCMMOCTTa MeXay KymyrnaTus-
HaTta KAl 3a ns3ebpLueHnTe npoueasypu u M3MepeHoTo
[030BO HaTOBapBaHe Ha OYHaTa fella 3a BCEKWU ore-
patop. Purypa 3 npencrtaBs 3aBUCMMOCTTa MexXay
n3mMepeHarta [os3a Ha O4HaTa fewa B Hp(3), mSyv, 3a
KapamornosuTe, NpoBeXxaallm npoueaypuTe B ABETE OT-
JeneHus, n cymapHaTta o3a Ha nauneHTute B KAl 3a
CbOTBETHUTE NEPUOAN HA U3MEpPBAHE.

3a kapguonosuTte ot OTtaeneHve 1 ce Habnogaea
pasnvka oT NpubnmuautenHo 2 MbTU B N3MEPEHUTE 403U
Ha ovHaTa newa. 3a OtgeneHve 2 Te3n pasnukn Mexay
MeOMLIMHCKMTE crneupnanmcTu ca ot 3 4o 4 mbtu (Tabn. 3),
B 3aBUCUMOCT OT pasrnexaaHus nepuog Ha uaMmepBaHe.

3a ycTaHoBsABaHe Ha NpUYMHUTE 3a ronsmara pas-
nuka B M3MepeHuTe 003n Ge n3BbpLUEHO u3crensa-
He Ha pabOTHOTO MM HaTOBapBaHe MO OTHOLUEHWE Ha
Opon nauymeHTn, cymapHa KAl n cboTHOLWEHWE Ha 13-
BbPLUEHN OMArHOCTUYHM U TepaneBTUYHU NpoLeaypu.
O0600LeHnTe gaHHK, No oT4eTHU nepmoaun 3a KA, K[
n BC, paboTHOTO HaToBapBaHe 1 ynotpebarta Ha nbye-
3alUUTHM eKkpaHn, ca NpeacTaBeHn B Taon. 4.

Relationship between cumulative (total)
KAP for patients and the dose of the primary
operator's eye lens

The relationship between the cumulative KAP for
the procedures performed and the measured eye lens
dose for each operator was investigated. Figure 3 pres-
ents the dependence between the measured eye lens
dose in H (3), mSy, for the cardiologists performing the
procedures in the two departments and the cumulative
patient dose in KAP for the respective measurement
periods.

For the cardiologists from Department 1, there was
approximately two times difference in the measured
doses of the eye lens. For Department 2, the differ-
ences in the measured doses of the eye lens ranged
from three to four times (Table 3), depending on the
measurement period.

To determine the reasons for the large difference in
the measured doses, their workload was examined in
terms of number of patients, cumulative KAP, and pro-
portion of diagnostic and therapeutic procedures per-
formed. The summary data, for a reporting period, for
KAP, KD and FT, workload and use of radiation shield-
ing are presented in Table 4.

12000

! 1

E R =046

] ]

§ 1000 /

|- i

H

N> BODD 4

£

=

c

s

5 000 1

H ]

E R =008 Ri=0953

a 10004 3 ‘,,-/)‘

=
]

¢ ; . ; B .

o0 050 100 150 100 250 300 350 400 450
ExBMBAREUTHA AD3A M3 04MTa e, Hpl3), mSe

» Hapgmonor 1 [Orgenerse 2) W Kapgronor 2 [Orgenerme 2
& Kapgponor 1 [Onqenense 1) s Kapgmanor 2 [Orqenerme 1)

12000

1000 +

R = 0,46
&
R = 0,64
EE

&

R = 0,08 /=093

2000 r{/a
]

Cumultative KAP, Gy.cm?, for the reporting

o L1 T T T T T 1
0,00 0,50 1,00 1,50 2,00 2,50 3,00 3,50 4,00 4,50
Personal equivalent dose, Hp(3), mSv
# Cardiologist 1 (Department 7) B Cardiologist 2 (Department 2)
@ Cardiologist 1 (Department 1) & Cardinlogist 2 [Department 1)
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Ha dourypata e npeacraBeH v koeduumeHTa Ha AeTepMUHALNS 3a BCEKU KApAMOSIOr NOOTAENHO

Fig. 3. Dependence of estimated eye lens dose H_(3), mSv on cumulative KAP, Gy.cm? for each of the reporting periods. The figure also presents

the coefficient of determination for each cardiologist separately

Ta6bnuua 4. JaHHu 3a BUA n 6pon U3BbpPLUEHU Npoueaypu 1 ynotpeba Ha 3alMTeH eKpaH 3a yyacTBanuTe B U3crnenBa-

HeTO KapAauonosu

Table 4. Data, for a investigated period, for KAP, KD and FT, workload and use of radiation shielding

Otpenenne 1/ Department 1 Otpenenue 2 / Department 2
Kapavonor 1 Kapawonor 2 Kapawonor 1 Kapavonor 2
Cardiologist 1 Cardiologist 2 | Cardiologist1 | Cardiologist 2
OveHeHa rofuiHa 4032 Ha o4HaTa rnewa, / Estimated annual eye lens dose, H (3), mSv 19,7 314 15,1 3,2
Bpoit npouenypu 3a nscneasaus nepuog / Number of procedures for the studied period 135 216 87 84
gj\g}i/:;;v;;; KA, Gy.cm?, 3a uscneasanus nepuog / Cumulative KAP, Gy.cm?, 3a for the 17468 26527 4222 1803
TepanesTtynn npoueaypu / Therapeutic procedures (PCI) 53 % 48 % 49 % 23 %
Ynotpeba Ha 3aluteH ekpaH / Use of a protective screen na na na na
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U3cnepBaHe Ha erEKTVIBHOCTTa Ha 3allnTHUN
ouyuna 6e3 CTPAHU4YHU OJTIOBHU 3alUUTU

B Otgenenne 1 n Otgenenune 2 pasnonarar ¢ 0fioB-
HW 3aLWUTHM o4mna 6e3 cTpaHu4dHa 3awumTa (gurypa 2a
3a OtgeneHune 1, gurypa 26 3a Otaoenenue 2). B Ta6-
nvua 5 ca nokasaHn U3MepeHNTe CTOMHOCTU Haa 1 nog
3alUMTHUTE O4YuUna 3a No eauH OT OTYETHUTE NEPUOAM.

dakTopbT Ha oTcnabeBaHe Ha AOCTUrHaANOTO A0
n3cneaBaHuTe 3allMTHM OYMna MOHM3NPAaLLO JTbYeHMEe
Bapupa ot 1 go 1,1.

OBCBHXAAHE

[osata Ha oyHaTa fewa 3a yyacTBanute B U3-
cnenBaHeTo MeauLMHCKM cecTpu € oT 4 o 12 nbTu
Nno-HWCKa OT roguHaTa rpaHmua Ha go3ara ot 20 mSv.
ToBa ce 0bsACHsIBa C NO-roNAMOTO pa3cToAHME OT Naum-
€HTa M YaCcTUYHOTO eKkpaHMpaHe OT OCHOBHMUS onepa-
Top. JTb4EBOTO HAaTOBapBaHe Ha MEQULNHCKUTE CeCcTpu
BbB BTOPOTO OTAENEHUe € OTHOCUTENHO MO-HUCKO OT
TOBa B MbPBOTO, KOETO KOpenupa Jobpe CbC CbOTBET-
HUTE 031 Ha KapanonosuTe.

OueHeHaTa roguiiHa eKBMBaneHTHa 403a Ha OYHa-
Ta newja 3a KapamonosuTe nokasea, 4Ye uMma nekapu, ¢
BEPOSATHOCT 3a HaBWLLABaHe Ha roguuHaTa rpaHuua
Ha pgos3ata oT 20 mSv. AHann3bT Ha paboTHOTO HaTo-
BapBaHe Ha kapauonosute B O1genenne 1 nokasea oT-
HOCUTEMNHO paBHOMEPHO pasnpegeneHo paboTHO Ha-
TOBapBaHe Mo OTHOLLEHWE Ha TepaneBTUYHUTE U anar-
HOCTUYHMTE NpoLenypu, NOAKPENEHO MU OT CbOTHOLLE-
HMeTO Ha paboTHO HaToBapBaHe KbM MOKa3aHUSATa Ha
[O03MMETpUTE 3a OLeHKa Ha [o3aTta Ha o4yHaTta newia.
AHanu3bT Ha paboTtaTta Ha JBamaTa KapAvonosn BbB
BTOPOTO OTAENEeHne nokasa, Ye 3a uenvst nepuog Ha
n3cneaBaHeTo ABaMaTta ca yvacTsanv B npubnuanren-
HO egHaKbB Gpon npouenypu, CboTBETHO 87 3a Kapau-
onor 1 n 84 3a kapanonor 2, HO 403UTE Ha NaUMeHTUTE
3a npouenypuTe, M3BbPLLEHM OT MbPBUS KAPAMOIOT, ca
HSIKONKO MbTW NO-BUCOKK, Hanpumep 3a KAl — okono 2
0o 7 nbtn. B cbwoTto Bpeme 49% OT n3BbpLUeHUTE OT
kapguonor 1 npouenypv ca TepaneBTUYHU, a 3a Kap-
auvonor 2 To3u npoueHT e 23%. Opyr chakTtop €, 4e kap-
avoror 1 n3BbpLuBa M NbyYeHaToBapBaLyara npowueay-
pa umMnnaHTaumsa Ha CUCTEMU 3a PECUMHXPOHU3MpaLLa

Investigation of the effectiveness of safety
glasses without side lead shields

Lead glasses without side protection (Figure 2a for
Department 1, Figure 2b for Department 2) are avail-
able. Table 5 shows the measured values above and
below the safety glasses for one of the reporting pe-
riods.

The attenuation factor of the ionizing radiation
reaching the tested glasses ranged from 1 to 1.1.

DiscussIiON

The eye lens dose to the nurses involved in the
study was between 4 to 12 fold lower than the annu-
al dose limit of 20 mSv. This can be explained with
the greater distance from the patient and the partial
shielding by the primary operator. The radiation ex-
posure of the nurses in the second department was
relatively lower than that in the first department, which
correlated well with the respective doses of the cardi-
ologists.

The estimated annual equivalent eye lens dose
for the cardiologists indicates that there are some
of them with a probability of exceeding the annual
dose limit of 20 mSv. The analysis of the workload of
the cardiologists in Department 1 shows a relative-
ly evenly distributed workload in terms of therapeutic
and diagnostic procedures, supported by the ratio of
workload to dosimeter readings for eye lens dose as-
sessment. The analysis of the work of the two cardi-
ologists in the second department showed that, over
the entire study period, both of them participated in
approximately the same number of procedures, 87 for
cardiologist 1 and 84 for cardiologist 2, respectively,
but the patient doses for the procedures performed by
the first cardiologist were several times higher, for ex-
ample, for KAP, about 2 to 7 times. At the same time,
49% of the procedures performed by cardiologist 1
were therapeutic, and for cardiologist 2 this percent-
age was 23%. Another factor is that cardiologist 1 also
performs the high-dose procedure of implantation of

Ta6nuua 5. OueHeH MHANBUAYANTHM eKBUBANIEHTHU 403U 3a OYHa rlela noa U U3BbH ONIOBHO3ALUTHUTE ouunna

Table 5. Measured values above and below the safety glasses for one of the reporting periods

MeauumnHcku cneuymanucTt
Medical specialist

Hp(3), mSv Hap oumna
Above the glasses

Hp(3), noa ouvna U3nonsBaH TN ouuna

Below the glasses Type of glasses used

Otpenenue 1 . .
Kapguonor 2 / Cardiologist 2
Department 1

3,85+ 1,11

Bes cTpaHuyHa 3awmTa, dur. 2a
3,40 £ 0,98 ) . .
Without lateral protection, Fig. 2a

OTtpenexve 2 . .
Kapguonor 2 / Cardiologist 2
Department 2

0,30 £ 0,09

Bes cTpaHnyHa 3awmTa, dur. 26
0,29 + 0,09 ) . .
Without lateral protection, Fig. 2b
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Tepanua (CRT), npu KOATO € NO3MLMOHMPaH B ronsima
©nun3ocT 0o NaumeHTa, KOeTo He No3BonsBa ynoTpebda-
Ta Ha 3aLUWTEH eKpaH.

Pasrnexxgankyi 3aBMCMMOCTTa MeEXAy Kymynatue-
HaTa KAl u 0o30BOTO HaToBapBaHe Ha ovHaTa nelia
Ha Kapguonosute 1 B ABeTe otaeneHus (dur. 3), ce
BMXOa M3BECTHO HapacTBaHe Ha U3MepeHuTe 403U 3a
OovYHaTa newla ¢ HapacTBaHe Ha kymynaTtusHaTta KArT.
HabniogaBaHuTe pasnuku B kopernauusta mexagy pa-
OOTHOTO HaToBapBaHe M Jo3aTa Ha o4vHaTa fewa ce
obsicHaABaT C Mankusi Opor nepmoan Ha U3MepBaHe ”
XapakTepa Ha U3BbpLUBaHWUTE N3CreaBaHns, KOUTO n3-
UCKBaT YecTa MpPOMSIHA Ha W3MON3BaHWUTE MPOEKLUUN.
ToBa NMpoMeHs1 xapakTepa M reoMeTpusTa Ha pasce-
AHOTO NbYeHue, gocTurawo o onepatopa. Cropen
Koukorava n cbaBT. oTHoLWeHneTo mexay KAl n nosa-
Ta Ha OYyHaTa fneLa MoXe Aa ce NPOMeHsl A0 5 NbTu B
3aBMCUMOCT OT u3nonaeaHata npoekuus [17]. NMopaawn
cneumdukata Ha npoBexaaHuTe npoueaypyu B Kap-
aunonorusita, NSBOTO OKO Ha oneparopa e obnbyYBaHO
Han-BeYye CTPaHU4YHO, 3aTOBa CEe U3NCKBA M3MNOM3BaHe-
TO Ha oyuna CbC CTpaHuWyHa 3awmTa [23, 25]. B npo-
yyBaHeTo Ha Martin n cbaBT. naMepBaHMATa NOKa3Bar,
Yye 3alWUTHU o4Yuna CbC CTpaHu4YHa 3awuTa morat Ada
ocurypsiT pakTtop Ha oTcriabBaHe Ha go3arta Ha odHaTa
neuwa ot 3 4o 5 nbTM Npu obnbYBaHe Noa brvn [26].
PesyntatuTte OT TOBa Npoy4BaHEe NOKa3Bar, 4Ye OrIOBHO-
3aLUMTHM o4mna 6e3 cTpaHWyHa 3alymTa NoYTU HEe ocu-
rypsiBat 3aliuTa Ha NsiBOTO OKOTO Ha onepartopa. ToBa
ce 0bsCHsIBa C KOHCTPYKLUMSITA Ha oyurnata — CbLUecT-
ByBaLUUTE NPOMyKM U/Mnm 4acTu OT oumnara, KouTto He
pasnonaraTt ¢ OfoBHa 3almta (Hanpumep nracTMmaco-
BW paMKK) U CTpaHU4HaTa NOCOKa Ha obnbuBaHe Ha
ounTE M rnaBaTa Ha oneparopa kaTo Lo, XxapakTepHa
3a U3BbPLUBaHMTE MPOLEAYPU B MHTEPBEHLMOHANHaTa
PEHTIrEeHONOrus.

OrPAHUYEHUA HA NMPOYYBAHETO

OueHkaTa Ha 3alimrtaTta, KOSiITO ocurypsiaT OnoB-
HO3aLUMTHUTE o4Yuna ce usamepsa TPyAHO, nopaan crne-
uudmkata Ha pabotata n dakrta, Ye A03UMETPUTE He
ca C OOCTaTbHO Manku pasmepu, Taka 4e ga Ovaar
NMOCTaBsiHW NOp, OFIOBHOTO CTBKMO. B HacToswoTo npo-
y4BaHe nosvuusaTa Ha 4o3nMeTbpa € n3bpaHa Taka, ye
Ton ga 6bae B MakcMmanHa Gnm3ocT JO OKOTO, KOETO
ce obnbyBa B No-rofnsiMa CTeneH 1 CbLUEBPEMEHHO Aa
He npeyn Ha paboTaTa Ha MEeAMLUHCKUTE CNeUMnanucTu.

N3soau

PesynaTMTe OT n3MepBaHnATa N oueHkata Ha O0-
31UTe Ha O4HaTa neula Ha OCHOBHUA onepaTtop Nnokas-
BaT, Ye MMa pPUCK 3a npesullaBaHe Ha roguviHaTta rpa-

cardiac resynchronization therapy devices, in which
he is positioned very close to the patient, which does
not allow the use of a protective screen.

The analyses of the results for the relationship
between cumulative KAP and dose to the eye lens
of the cardiologists in both departments (Figure 3),
shows some increase in measured doses to the eye
lens with increasing cumulative KAP. The observed
differences in the correlation between workload and
eye lens dose are explained by the short measure-
ment periods and the type of the examinations per-
formed, which require frequent changes in the pro-
jections used. This changes the characteristics and
the geometry of the scattered radiation reaching the
operator. According to Koukorava et al, the relation-
ship between the KAP and the dose to the eye lens
can differ by up to a factor of 5 depending on the
projection used [17]. Due to the specificity of the
cardiology procedures performed, the operator’s left
eye is mostly irradiated laterally, therefore the use of
glasses with lateral protection is required [23, 25]. In
the study by Martin et al, measurements showed that
protective glasses with lateral protection can provide
an eye lens dose attenuation factor of 3 to 5 times
when angular irradiation occurs [26]. The results of
this study indicate that lead-protective glasses with-
out side protection provide almost no protection to
the operator's left eye. This is explained by the con-
struction of the glasses — existing gaps and/or parts
of the glasses without lead protection (e.g. plastic
frames) and the lateral direction of irradiation of the
operator‘s eyes and head in general, typical for the
procedures performed in interventional radiology.

LIMITATIONS OF THE STUDY

The assessment of the protection provided by lead-pro-
tective glasses is difficult for measurements, because of
the specifics of the work and the fact that the dosimeters
are not small enough to be placed under the lead glasses.
In the present study, the position of the dosimeter was cho-
sen to be as close as possible to the eye, which would be
irradiated the most and at the same time not interfere with
the work of the medical specialists.

CONCLUSIONS

The results of the performed measurements and
the evaluation of the doses to the eye lens of the
main operator show that there is a risk of exceeding
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HuLUa Ha go3aTa Ha ovHaTta newa ot 20 mSv. Jlb4yeBoTO
HaTOBapBaHe Ha O4HaTa fewa 3aBuUCKM OT paboTHOTO
HaTOBapBaHe W KIIMHU4YHaTa CMOXHOCT Ha npoBexaa-
HWUTE npoueaypw, KakTo MU OT MU3MOM3BaHETO Ha Tbye-
3alUNTHM cpeacTBa. M3non3eaHeTo Ha 3alUUTHM ovmna
0e3 cTpaHuMdHa 3awWmTa He ocurypsisa Heobxogumo-
TO oTcnabBaHe Ha PEHTreHOBOTO NbYeHue, 3aToBa €
NPenopbYUTENHO M3NON3BaHETO Ha o4yuna CbC CTpa-
HWUYHa 3alWnTa, B AOoNblIHEHME KbM U3NONI3BAHETO Ha
nbyesalMTeH ekpaH C TaBaHHO OkavBaHe. JlbyeBOTO
HaTOBapBaHe Ha O4YHaTa newa 3a MeauUMHCKUTE ce-
CTPY € HSIKONKO MbTU MO-HMUCKO OT roguiiHaTta rpaHu-
La Ha gosaTa, KoeTo ce 0bsCHsIBa C MO-TONsiMOTO UM
pa3CcTosiHMe OT NauueHTa M YacTUYHOTO eKpaHupaHe,
OCUrypsiBaHO OT OCHOBHUS oneparTop.

He e deknapupaH KOHGIUKM Ha uHmepecu
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