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CaxeTak

JoHusyjyhe 3payerbe NpeacTaBrba enekTpoMarHeTHO U YeCTUYHO 3pa-
Yere Koje noceayje AOBOSbHY €Heprujy Aa usas3oBe joHusauujy atoma.
EdbekTn 3payena 3aBuce of eHepruje 1 BpCcTe 3padera, Matepuje Kpos
KOjy 3payerse nporasu, [o3e 3payera 1 dase henujckor Luknyca.
Mpupoaa joHusyjyher 3padera 4ONPUHOCK BaXKHOCTU TeMaTuKe paguo-
NOLLUKUX Nperneaa TpyaHULA, O4HOCHO EBEHTYarnHOM pUsuky 3a TpyaHohy
n nnopg. Pusuk 3a owrtehere nnoaga 3asmcy of ancopboBaHe [o3e 3paye-
Ha n goba TpyaHohe. Hajsehu pusmk je Tokom opraHoreHese 1y paHoM
dheTanHoM nepuoay, HeWTo Mawu je y APYroM TPUMECTPY, @ HajMaku
je Tokom Tpeher TpumecTpa TpyaHohe. Linrb oBor mpernegHor ynaHka
je nsHowewe aunema n eTnyknx npobnema ca kojuma ce cpehy KnmHu-
Yapu 1 TpyaHULE Y CBaKOAHEBHOj pagvonoLlKkoj npakcu. Paguonor je y
obaBe3un fa nauvjeHTa ynosHa ca npoueaypoM Koja je nraHupaHa, Hauu-
HOM M3BONeHa 1 eBeHTyanHMM KoMnnukauujama, anv 6u caonwtaBare
AvjarHose v npegnor Tepanuje, YKonuko je notpebHa, Tpebano ga 6yae
y AOMeHy nekapa Koju je ynyTuo nauuvjeHta Ha npernes. MehyHapoaHa
KOMUCWja 3a 3awWwTuTy Of 3payera, kaga ce pasmatpa npumeHa 3pade-
ta Kof TpyaHvua, caBeTyje Aa ce deTyc cMaTpa NpUnagHUKOM oniTe
nonynaumje v Aa ce NpuMeksyjy OnwiTa orpaHuyera fo3e 3payerba. Y
cknagy ca TUM, Y NPOLEHN puU3nKa U KOPUCTW Of MEeAMLMHCKOr uanara-
tba 3payery, Mopajy ce y3eTn y ob63up ase ocobe, majka u aete. Kaga
ce y3me cBe y 003vp, py3VK Of PaAMOIIOLLKOr Mperneaa rno TPpyaHULY K
nnopd, O4HOCHO OAHOC M3Mehy KOpUCTM U WTETE Ce NpoLekyje y OAHOCY
Ha CBaku MHAMBMAYanHW criyyaj nocebHo, y AOroBopy nekapa, TpyaHuLe
N ApYrvx 3avHTEpecoBaHMx ocoba.

KrbyuHe peum: eTnuku npoGnem; paguorowky nperneg
TPpyAHMUa; Ao3a joHu3yjyher 3payersa; MpoueHa puauka
3pavetsa

YBop,

3HavajaH TeXHONOLLKN HanpeAak y nocnefHnx HEKOMMKO
JeueHvja omoryhuo je pasBoj HanpegHux ypehaja 3a pa-
AMONOLLKY AunjarHocTuky. LLnpoka A4OCTYnHOCT MogepHUX
TEeXHWKa paavonoLKMX npernega je gosena Ao Tora ga je
AaHac, oA CBMX BeLUTa4ykux ussopa joHunsyjyher spaversa,
YOBEK HajBYILLE U3NOXEH 3payery AMjarHOCTUYKMX pagno-
nowwkux ypehaja [1].
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Abstract

lonizing radiation is electromagnetic or particle radiation that has suffi-
cient energy to cause ionization of atoms. The effects of radiation depend
on the energy and type of radiation, the matter through which the radia-
tion passes, the radiation dose and the phase of the cell cycle.

The nature of ionizing radiation contributes to the importance of the topic
of radiological examinations of pregnant women, i.e. the possible risk for
pregnancy and the fetus. The risk of fetal damage depends on the ab-
sorbed dose of radiation and the stage of pregnancy. The risk is highest
during organogenesis and in the early fetal period, it is slightly lower in the
second trimester and the lowest during the third trimester of pregnancy.
The aim of this review article is to present the dilemmas and ethical prob-
lems faced by clinicians and pregnant women in everyday radiological
practice. The radiologist is obliged to inform the patient about the planned
procedure, the way it is performed and possible complications, but com-
municating the diagnosis and proposing therapy, if necessary, should be
the responsibility of the doctor who referred the patient for examination.
When considering the use of radiation in pregnant women, the Interna-
tional Commission on Radiological Protection advises that the fetus be
considered a member of the general population and that general radia-
tion dose limits apply. Accordingly, in evaluating the risks and benefits of
medical radiation exposure, two persons must be considered, the mother
and child. When everything is taken into account, the risk of a radiological
examination for the pregnant woman and the fetus, i.e. the relationship
between the benefit and the risk is assessed in relation to each individual
case separately, in agreement between the doctor, the pregnant woman
and other interested persons.

Key words: ethical problem; radiological examination of
pregnant women; dose of ionizing radiation; radiation risk
assessment

Introduction

Significant technological progress in the last few decades
has enabled the development of advanced devices for
radiological diagnostics. Wide availability of modern ra-
diological examination techniques has led to the fact that
today, of all artificial sources of ionizing radiation, man is
most exposed to radiation from diagnostic radiological de-
vices [1].
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JoHunayjyhe 3paven-e Moxe ga Oyae enekTpoMarHeTHO Unm
YECTMYHO 3padvere Koje mocefyje AOBOSbHY eHeprujy ga
n3asoBe joHM3auunjy atoma. Edektn 3padera 3aBuce opf
eHeprvje n BpCTe 3payvyera, Matepuje Kpo3 Kojy 3padere
nponasu, Jo3e 3payera 1 dase henmjckor umknyca y Ko-
joj ce henuja Hana3su. NMNocToje 4ETEPMUHUCTUYKN N CTOXa-
CTUYKM edekTH, TO jeCT edpeKkTU Ymje ncnorbaBare 3aB1Cu
o[, KOnuuMHe NpuYMIbeHe Jo3e U eeKkTu Koju He 3aBuce
of nNpuMereHe [o3e, Beh caMo n3narawe 3padyery Moxe
posecTu o oapeheHux nopemehaja [2].

Y3umajyhu y 063up npupody joHusyjyher 3padera eTtuu-
kv npobnemu y paguonoruju gobujajy Ha 3Hadvajy, a mehy
HbMMa Cy YBEK aKTyenHe eTuyke Auneme Kop pagmoro-
LWKMX npernega TpyaHuua [3].

Linrb oBor nperneda nutepaTtype je ykasvBake Ha YecTe
cuTyaumje ca Kojuma ce cycpehy KnuHudapu u TpyaHuLe y
CBaKOAHEBHOj pagMOoroLLKOoj Npakecu, a umajyhm y suay 3a-
OpUHYTOCT KOja CKOpPO YBEK MOCTOjU Kada TpyaHuue Tpeba
na byny v3noxeHe paguvornoLwikoM npernegy. Y oBoMe ce
HajBuMLUe Orneaa akTyernHocT OBe Teme.

Oocapawra cazHawba

JoHu3syjyhe 3payer-e n npumeHa y paguonoruju

Y pagvonoLukoj aujarHocTvum ce kopucte X-3pauu, oa-
HOCHO PEHArEeHCKO 3payeHe Koje je 4obuno HasmB no He-
MadkoM usndapy PeHarery, koju je 3acnyxaH 3a otkpuhe
OBVX 3paka v noveTak npumeHe. PeHareHcku 3apaum cy 4eo
enekTpoMarHeTHoOr cnektpa usmefny yntparbybudactux u
rama 3paka. [laHac cy y wnpokoj ynotpebu anapatu 3a pa-
OMOMOLLKY ONjarHOCTUKY YMju je paj 3acHOBaH ynpaBo Ha
0BOj BPCTU joHuayjyher 3pademna. Ty cnagajy MHOrobpojHu
MOZen KOHBEHLMOHANHUX peHAreHckux anapara 3a pa-
3nnMYMTE HaMeHe, opTonaHu, Mamorpadu, KomnjyTepuso-
BaHa Tomorpadwmija (LUT) n gpyru ypehaiju.

lMpumeHa joHusyjyher 3paversa y MeanumHn nogpasymeBa
W MpoLEeHy KOnMuMYnHe 3padvera, Tako Aa je geduHucaHo
Hekonvko jeauHuua y MehyHapogHoM cuctemy jeanHuua
(Systeme international d’unités, Sl), op Kojux cy Hajyewwhe
y ynotpebu jeanHuua 3a ancopboBaHy 403y 3payera rpej
Gray — Gy, koja je oapeheHa KONMYMHOM eHepruje 3pade-
Ha Koja je ancopboBaHa y jeauHMLM Mace o3padeHe Ma-
Tepuje (1 Gy = J/kg), Kao 1 jeouHuLa 3a €KBUBAIIEHTHY,
OOHOCHO edheKTMBHY A03y 3payera cuBepT Sievert — Sy,
Takofhe uspaxeHa y ogHocy 1 Sv = J/kg. EkBmBaneHTHa
[03a 3payera ce ogHOCK Ha BMONOLLKM edekaT 3padera
W n3padyHaBa ce Tako LUTO ce ancopboBaHa f03a NOMHO-
XM ca (pbakTopom KBanuTeTa 3padera Q (3aBucK of BpcTe
3payverna) u ca daktopom N Koju 3aBUCK Of BPEMEHA U
3anpemMyviHe Tena Koje je M3noXeHo 3payery, BpCcTe U3no-

lonizing radiation can be electromagnetic or particle radi-
ation that possesses sufficient energy to cause ionization
of atoms. The effects of radiation depend on the energy
and type of radiation, the matter through which the radia-
tion passes, the dose of radiation and the phase of the cell
cycle of the cell. There are deterministic and stochastic ef-
fects, that is, effects whose manifestation depends on the
amount of received dose and effects that do not depend
on the administered dose, rather, the exposure to radiation
itself can lead to certain disorders [2].

When considering the nature of ionizing radiation, ethical
problems in radiology gain on importance, and among
them are always present ethical dilemmas regarding radio-
logical examinations of pregnant women [3].

The aim of this literary review is to indicate the frequent sit-
uations faced by clinicians and pregnant women in daily ra-
diological practice, bearing in mind the concern that almost
always exists when pregnant women need to be exposed
to a radiological examination. This is where the topicality of
this subject matter is reflected the most.

Current findings

lonizing radiation and application in radiology
Radiological diagnostics uses the "X" - rays, i.e. X-ray ra-
diation, named after the German physicist Wilhelm Roent-
gen, who is credited with the discovery of these rays and
the beginning of their application. X-rays are part of the
electromagnetic spectrum between ultraviolet and gam-
ma rays. Today, devices for radiological diagnostics, the
work of which is based on this type of ionizing radiation,
are widely used. These include numerous models of con-
ventional X-ray machines for various purposes, panoramic
radiographs, mammographs, computed tomography (CT)
and other devices.

The application of ionizing radiation in medicine also im-
plies an assessment of the amount of radiation, therefore
several units are defined in the International System of
Units (Systéme international d'unites, Sl), of which the
most commonly used are the unit for the absorbed dose of
radiation "Gray" - Gy, which is determined by the amount
of radiation energy absorbed in the unit of mass of irradi-
ated matter (1 Gy = J/kg), as well as the unit for the equiv-
alent, i.e. effective dose of radiation "Sievert" - Sy, also
expressed in the ratio 1 Sv = J/kg. The equivalent dose of
radiation Ht refers to the biological effect of radiation and is
calculated by multiplying the absorbed dose with the radi-
ation quality factor Q (depending on the type of radiation)
and with the factor N which depends on the time and vol-
ume of the body exposed to radiation, the type of exposed
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XKEHor TkMBa, na u Bpcte buha. ®aktopn Q u N 3ajegHo
YMHE TEXMHCKN (hakTop 3padera riW [4].

Kana je pev o gosama 3pavyersa NpuMkomM pagmosioLKmx
npernega, ancopboBaHe Jo3e 3payera Cy peaa BenuymHa
Koje ce mepe munurpejuma (mGy). N36op metoae nperne-
[Ja cBakako 3aBuCU o[, BuLe dpakTopa, YKiby4yjyhn n knu-
HWYKY CNMKY naumjeHTa, cTawbe unmn oborbene 360r Kojer
je ynyheH Ha npernen, aHaTOMCKY perujy Koja ce nperne-
0a, anu je yeek Lnsb CMakuTK nanarawe joHn3yjyhem spa-
Yery KOMUKO rog je To Moryhe, y3 nowtoBawe npuHUmna
ALARA (As Low As Reasonably Achievable/ Tonnko HUCKO
KOMUMKO je To pasymHo moryhe noctuhn) [5].

Pusuum paguonolukux npernega TpyaHuua

C 0631pom Ha noTeHUmjanHo WTeTHe edpekTe peHAreHCKor
3pavera, nocebaH Npobrem jecy paguonoLLkM nperneau
TpyAHULa.

MosHaTo je Aa pu3uk 3a owTehewe nnoga 3aBucK of arn-
copboBaHe fo3e u goba TpyaHohe. Hajsehu pusuik je To-
KOM opraHoreHese 1 y paHoMm dheTanHoM nepuogy, HeLWTo
MatbM je y OpYyroM TPUMECTPY, a HajMary PU3MK je TOKOM
Tpeher TpumecTpa.

Ha npumep, fose senu4dmHe og 100 mGy go 500 mGy y np-
BMX HEKONMUKO Heferba nocne 3adyeha cy yapyxeHe ca no-
BULLEHUM PU3NKOM 3a cMpT nnoga. lNMocebHo je oceTrbuB
LeHTparnHu HepBHM cuctem doeTyca, MOroToBo y NpBa ABa
TpumecTpa. NojaBa mandopmalmja HepBHOr cucTema nva
npar gose og 100 mGy, a detanHa gosa og 1000 mGy
MOXe JOBECTU A0 TELIKe MeHTanHe petapgauuje y nepu-
ooy po 25 Heferba, a HapouuTo npe 15 Hegerba cTapocTu
TpygHohe [6, 7].

YonwTeHo ce y3uma fa je MakcumarnHa Jo3BOorbeHa [o3a
Ha geTyc 100 mSy, kao 1 ga gose 3payera ucnog 50 mSv
nMajy 3aHeMaprbuB pu3unK 3a nojasy mandopmauuja, oa-
HocHo Aa fose Behe og 150 mSv Hoce noBuLLIEH PU3KK 3a
nojasy mandopmauuja nnoga [8]. Mnak, pagn nopehera
Tpeba HanomeHyTu, NpocevyHa 4o3a MPUIMKOM npernega
KomnjyTepusoBaHoM Tomorpacdujom je ncnog 50 mGy, a
[03e KOO KOHBEHLMOHanHe paauorpaduje (ctaHgapgHo
PEHATEHCKO CHUMaH-E) Cy BMLLECTPYKO Mamse [9, 10].

CmaTpa ce fga nsnoXeHocT 403n Mawoj og 50 munurpeja
(mGy) Huje noeesaHa ca rybutkom TpygHohe mnm owrTe-
herwem nnoga [5]. MNMpoceyHe go3e 3payersa Kojuma eTyc
MOXe OMTW U3NOXEH Y OOHOCY Ha BPCTY nperneja v aHa-
TOMCKY peruvjy cy npvkasaHe y Tabenu 1 [9].

tissue and the type of being. Factors Q and N together
make the radiation weighting factor rw [4].

When it comes to radiation doses during radiological ex-
aminations, absorbed radiation doses are of the order of
magnitude measured in milligrays (mGy). The choice of
examination method certainly depends on several factors,
including the clinical picture of the patient, the condition or
disease for which they were referred for examination, the
anatomical region to be examined, but the goal is always
to reduce the exposure to ionizing radiation as much as
possible, while respecting the ALARA principle (As Low As
Reasonably Achievable) [5].

Risks of radiological examinations of pregnant women
Given the potentially harmful effects of X-ray radiation, ra-
diological examinations of pregnant women are a particu-
lar problem.

It is known that the risk of damage to the fetus depends on
the absorbed dose and the stage of the pregnancy. The
highest risk is during organogenesis and in the early fetal
period, it is slightly lower in the second trimester, and the
lowest risk is during the third trimester.

For example, doses of 100 mGy to 500 mGy in the first few
weeks after conception are associated with an increased
risk of fetal death. The central nervous system of the fe-
tus is particularly sensitive, especially in the first two tri-
mesters. The appearance of malformations of the nervous
system has a dose threshold of 100 mGy, and a fetal dose
of 1000 mGy can lead to severe mental retardation in the
period up to 25 weeks, and especially before 15 weeks of
gestational age [6, 7].

Itis generally accepted that the maximum permissible dose
to the fetus is 100 mSy, as well as that radiation doses be-
low 50 mSv carry a negligible risk of malformations, i.e.
doses greater than 150 mSv carry an increased risk of fetal
malformations [8]. However, for the sake of comparison, it
should be noted that the average dose during a computed
tomography examination is below 50 mGy, and the doses
during conventional radiography (standard X-ray imaging)
are several times lower [9, 10].

Exposure to a dose of less than 50 milligray (mGy) is not
thought to be associated with pregnancy loss or fetal harm
[5]. The average doses of radiation to which the fetus can
be exposed with regard to the type of examination and the
anatomical region are shown in the Table 1 [9].
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Tabena 1: lNpoceyHe Oo3e 3padera kojuma getyc moxxe Table 1: Average doses of radiation to which the fetus can
OMTN M3NOXEH y OOHOCY Ha BPCTY npernega n aHatomcky be exposed in relation to the type of examination and ana-
tomical region [8].

perwujy [8].

Peruja npernena

KoHBeHUMoOHanHa paguorpacduja

KomnjyTtepusoBaHa paguorpaduja

Examination region

Conventional radiography

rnaBa / head < 0,001 mGy
rpyAaHu Kow / chest 0,0005 - 0,01 mGy
abgomeH / abdomen 0,1 - 20 mGy
kapnuua / pelvis 0,1 - 20 mGy

Computerized radiography
< 0,01 mGy
0,01 - 0,66 mGy
1,3 - 35 mGy
10 — 50 mGy

[lokasaHo je ga je nojaBa ManurHux oborberwa koa gele u
ofpacnux noesesaHa ca mnsnarawem joHn3yjyhem spadersy.
Kaga ce pasmaTpa pv3uK Of kapuuHOreHese kopg npeHa-
TarnHe M3noXeHocTn, yTBPHEHO je Aa NOCTOjU HELUTO BULLIK
pu3unK, anu ce cmaTpa da je Taj pusnk OTIpUnuKe jeaHak
Kao 1 pu3MK y onwToj nonynauunju geue [6] ykonuko de-
TYC Huje BMO OMPEKTHO n3noxeH. MehyTnm, ako je detyc
1O OMPEKTHO N3MNOXEH, Kao Ha NpuMep Kog npernega ab-
OOMeHa U1 Kaprvue, pU3unK o KapuuMHOreHese Moxe 6utu
NMOBULLIEH C 003MPOM Ha MPUMIbEHY [03Y, NpocevHo 20-50
mGy [7]. Pagu Ta4uHe npoLeHe NpMMer-eHe 403€ U PU3unkKa,
y OBMM CIlyYajeBMMa je HeONXxo4Ha KoOHCynTaumja UCKycHor
MegmumHckor dmsnyapa [7, 9].

Mpernen moryhux edekarta joHusyjyher 3padera y 3aBu-
CHOCTW Oof npara Jo3e je npukasaH y Tabenu 2 [11].

Ta6ena 2: Moryhu edpekTn joHusyjyher 3payersa y ogHocy
Ha rectaumoHo goba y 3aBucHocTu og npara go3se [10].

Moryhwu echektn

[ob6a rectauuje

It has been proven that the occurrence of malignant dis-
eases in children and adults is associated with exposure
to ionizing radiation. When considering the risk of carcino-
genesis from prenatal exposure, it was determined that the
risk is slightly higher, but this risk is thought to be about the
same as the risk in the general population of children [6]
if the fetus was not directly exposed. However, if the fetus
has been directly exposed, such as during abdominal and
pelvic examinations, the risk of carcinogenesis may be ele-
vated given the dose received, an average of 20 — 50 mGy
[7]. In order to accurately assess the applied dose and risk,
in these cases, consultation with an experienced medical
physicist is necessary [7, 9].

An overview of the possible effects of ionizing radiation de-
pending on the dose threshold is shown in the table 2 [11].

Table 2: Possible effects of ionizing radiation in relation to
gestational age depending on the dose threshold [10].

Mpar gose (MGy)

Possible effects Gestational age Dose threshold (mGy)
nobauaj MpBa Heperba 100
miscarriage First week
nobauyaj 250-500
miscarriage 2-6 Hegerba
mandopmauuje nnoaa 2-6 week 200

fetal malformations

MeHTarnHa petapgauuja
mental retardation
mandopmMaumje nnoga
fetal malformations

MeHTarnHa petapgauuja
mental retardation

cMmameme IQ
lowering of IQ

CcMaH-eH:€ Mace nroga
fetal mass reduction

neanjaTpujcKn ManurHuTeT
pediatric malignancy

apynTHU ManurHuTeT
adult malignancy

10-17 Heperba
10-17 week

TOKOM Liene TpyaHohe
during the entire pregnancy

6e3 npara gose
without dose threshold

500

120

18-27 Heperba
18-27 week

120

200-250
6e3 npara gose
without dose threshold

6e3 npara gose
without dose threshold
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KoHTpacTHa cpeacTBa

Huje camo 3padere aktop pusuka, Beh je TO 4ecTo 1
AaBare OOHOCHO npumeHa KoHTpacTa. KoHTpacTHa cpen-
CTBa KOja Ce NpuMewyjy y paguorormju cy cycneHsuje
UNU pacTBOpPU MHEPTHUX jeduHersa Koja ce y 3HayajHoj
Mepu cacToje o eremeHara BUCOKOr atomckor 6poja. 3a
peHareHcke u LT npernege ce Hajuyewhe kopucte jogHa
KOHTpacTHa cpeactBa. Kaga cy y nuTtamwy npernegm mar-
HETHOM pe30HaHLUMjOM, KOpUCTE Ce napamMarHeTHa KOH-
TpacTHa cpeacTBa koja cy 6asvpaHa Ha jeankewnma ra-
aonvHujyma (Gd).

Mako peTko, NOBpeEMEHO Ce jaBibajy HeXerbeHn edekTH,
nodeBLUM Of MojaBe Onaror epuTema y pervju yopusrasa-
Ha, NPEKo ypTukapuje, na cee 4o pasBoja reHepanunsosa-
He aHagunakThyKe peakuuje.

C 063upom Ha TO Aa NpYMeHa joOHUX KOHTPacTHUX cpea-
cTaBa TOKOM TpyaHohe MoOXe yTuuatn Ha nopemehaj ak-
TMBHOCTU LITUTACTe Xnesde, npenopyyyje ce ga jogHa
KOHTpacTHa cpeacTtBa Tpeba msberaBatu kof TpyaHULA,
OCMM YKONWKO je TO HeomnxogHo [9, 11].

MarHeTHa pe3oHaHUuWja je meToda npernega koja He 3pa-
4M, anu je BaXHO HanomeHyTW Ada napamMarHeTHa KOH-
TpacTHa cpefcTBa MOry AOCneTn y petanHy LmpKynauujy.
MHTpaBeHCcKka npumeHa ragonvHujyma je TepatoreHa Kop
XMBOTUHA, anu y Jo3amMa Koje Cy HEKONWKO nyTa BuLle of
npenopyyeHnx A03a 3a NMpUMeHy Kog rbyau. Mnak, nako
MoCTOje AoKkasmn Aa Cy OBa KOHTpacTHa cpeacTsa 6e3beaHa
3a NpMMeHy ToKkoM TpyaHohe, npenopyyyje ce aa ce ogny-
Ka O HUXOBOj YNnoTpebu AoHece HaKOH NaXIbMBOT pasma-
Tpaka HEONXOAHOCTM nperneaa ca KoHTpactom [9, 11].

ETtnuyke guneme

Kaga je notpebHo ypaguTn paguonoLukn npernes TpyaHu-
Lie, Nekap ce cyo4yaBa Ca HEKONMKO ETUYKUX Aurema.

Y npakcu je npuxsaheHo Aa 3awTuTa of 3padersa Huje no-
TpebHa y MpBUX HEKONMUKO AaHa uuknyca — npasurno 10
aaHa (10-day rule), c o63upom ga ce y ToM nepuogy Lu-
Knyca He o4ekyje TpygHoha [12].

Pagvonor je y o6aBe3n ga naumjeHTKMHbY yrno3Ha ca npo-
LedypoM Koja je nnaHvpaHa, Ha4MHOM M3Bohera 1 eBeH-
TyanHum komnnukauumjama [8, 13]. Nako je pusmk 3a owTe-
hewe nnoga HU3ak, OH NOCTOjM, N 06aBE3HO je MaXIbMBO
pasmaTtpake KOpUCTK O nperrnega u noTeHuujanHe wre-
Te. TpygoHa naumjeHTKMHba uMa npaBo Aa 3Ha 0CobuHe n
TUN NOTeHUujanHux edpekata 3padvena Ha nnog [6].

Hekaga nauuwjeHTKMHa HMje curypHa ga nu je TpyaHa v
Taga Tpeba npernoctaBnTy Aa TpyaHoha nocToju.

Contrast agents

Radiation is not the only risk factor, but often it is also the
administration or application of contrast agents. Contrast
agents used in radiology are suspensions or solutions of
inert compounds that are largely composed of elements
with a high atomic number. lodine contrast agents are most
often used for X-ray and CT examinations. When it comes
to magnetic resonance examinations, paramagnetic con-
trast agents based on gadolinium (Gd) compounds are the
ones used.

Although rare, side effects occasionally occur, starting with
the appearance of mild erythema in the injection region,
followed by urticaria, and finally the development of a gen-
eralized anaphylactic reaction.

Given that the use of iodine contrast agents during preg-
nancy can affect thyroid gland activity, it is recommended
that iodine contrast agents should be avoided in pregnant
women, unless necessary [9, 11].

Magnetic resonance imaging is a non-radiative examina-
tion method, but it is important to note that paramagnetic
contrast agents can enter the fetal circulation. Intravenous
administration of gadolinium is teratogenic in animals,
however at doses that are several times higher than the
recommended doses for human administration. However,
although there is evidence that these contrast agents are
safe for use during pregnancy, it is recommended that the
decision to use them be made after careful consideration
of the necessity of the contrast examination [9, 11].

Ethical dilemmas

When it is necessary to perform a radiological examination
of a pregnant woman, the doctor is faced with several eth-
ical dilemmas.

It is accepted in practice that radiation protection is not
needed in the first few days of the cycle - the 10-day rule,
given that pregnancy is not expected to occur during that
period of the cycle [12].

The radiologist is obliged to familiarize the patient with the
planned procedure, the method of peformance and possi-
ble complications [8, 13]. Although the risk of fetal damage
is low, it does exist, and careful consideration of the bene-
fits of screening against the potential harms is mandatory.
A patient who is pregnant has the right to know the char-
acteristics and type of potential effects of radiation on the
fetus [6].

Sometimes the patient is not sure if she is pregnant and
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lMocebHe cy OKONMHOCTU y Crny4yajeBnMa HeOUYeKMBaHOr U3-
narawa nnoga 3payerby, Ha NpuMep, KoA yHanpen 3aka-
3aHor nperneaa KoMMjyTepnsoBaHoM ToMorpadgumjomMm kaga
naunjeHTKMHa y TPEHYTKY NnaHnpaksa nperneia Huje 3Ha-
na 3a TpygHohy, 0QHOCHO HuWje Ourna TpyaHa, a NpoLsio je
BULLE Heferba o 3aKka3uBaka U nauunjeHTKnba je y Meny-
BpEMeHy 3aTpyaHena.

MocToje n cuTyaumje kaga je nperneg obaBrbEH Y XUTHOM
CTakby, Kafa uanarake pagmornoLLKoj npoLeaypy Moxe Ao-
BECTM [0 CrnacaBaksa XMBOTa Majke, a y TOM TpeHyTKy 0e3
NPEeTXOA4HO AOCTYNHUX nogaTtaka o nocrojehoj TpyaHohu. Y
TUM cry4ajeBMMa je HeONXoOHO YNOo3HaTW MauujeHTKUHY
ca ocobuHama ypaheHor npernega, NPUMEHEHOM [030M
3payvera 1 eBeHTyarnH1UM O4YekMBaHUM nocneguuama [14].

HopaTtHa gunema nocToju NPUIMKOM MHAMKOBaka paau-
OrOLLKMX Mperneda Ko nauvjeHTKMba Koje ce nede of
cTepunurera.

MocebHO nMuTame Koje ce Hamehe y paguonoruju jecte
[aBane gujarHo3e naumjeHty. CaonwtaBawbe anjarHose u
npegnor Tepanuvje, YKonuko je notpedHa, tpebano 6m ga
Oyne y ooMeHy nekapa Koju je ynyTvo naumjeHTa Ha npe-
rmeg [13].

Y MHOrMM 3emrbama Baxke npernopyke ga ce usberasajy
paguvjaumoHe npouenype TokoM TpygHohe. Kaga je Heon-
XOOHO, MOpa ce nocMaTpaTu CBaku criyyaj MHausuayanHo,
y 3aBWCHOCTM O CTApOCTW Nnofa, NPeanoXeHe AujarHo-
CTuuKe npouenype, obyxsaheHor gena geTyca y o3pade-
HU BOJTYMEH M O4YeKMBaHe [03€e 3padveH-a.

3akrby4ak

TpygHuWLE Cy CKOPO YBEK 3a0pUHYTE Kafa MM ce Npeanaxe
Heka o[, paaMonoLLKMX Npoueaypa, yrnaBHoM 360r onwTe
nepuenuuje joHnsyjyher 3padena. 36or Tora Tpeba y not-
NMyHOCTM YNO3HaTW MauunjeHTKUHEe ca HaYMHOM n3Bohena
npernega v noTeHuuMjanHum pusmumMmMa mnsnarawa TOKOM
TpyAHohe.

[ose 3pauersa Koje ce npumMekbyjy kog Hajeher 6poja npe-
rmega He JoBofe A0 3Ha4yajHO MOBULLEHOT pu3nKa 3a npe-
HaTanHy CMpT NMoAa, HATU 3a MandopMauuje n MeHTanHy
peTapgauujy. Mperneamn pervje kapnuue 1 abgomeHa Hoce
HeLLTO NOBMLUEH PU3MK OO KapuuHoreHese deTyca. Kaga
je y nutawy AaBare KOHTPacTHMX cpefcTasa, npenopyka
je foa ce He npyYMemsyjy YKONTMKO HUje HEOMXOAHO.

MehyHapofgHa komucuja 3a 3alTuTy Of 3pavera, kaga
ce pasmatpa npumMeHa 3paderba koA TpyaHuLa, caBeTyje
[a ce peTyc cmaTpa npunagHUKoM onwiTe nonynauuje, u
Ja ce NprYMeksyjy onwTa orpaHuyersa fose. Y cknagy ca

then it should be assumed that the pregnancy exists.

There are special circumstances in cases of unexpected
exposure of the fetus to radiation, for example, during a
pre-scheduled computerized tomography examination,
when the patient did not know about the pregnancy at the
time of planning the examination, i.e. she was not preg-
nant, and several weeks have passed since making the
appointment and the patient has become pregnant in the
meantime.

There are also situations when the examination is per-
formed in an emergency, when exposure to a radiological
procedure can lead to saving the mother's life, whereby,
at that moment, information about the existing pregnancy
were not available. In those cases, it is necessary to fa-
miliarize the patient with the characteristics of the exam-
ination performed, the applied dose of radiation and any
expected consequences [14].

An additional dilemma exists when performing radiological
examinations in patients who are being treated for sterility.

A special issue that arises in radiology is giving a diagnosis
to the patient. Communicating the diagnosis and proposing
therapy, if needed, should be the responsibility of the doc-
tor who referred the patient for examination [13].

In many countries there are recommendations to avoid
radiation procedures during pregnancy. When necessary,
each case must be considered individually, depending on
the age of the fetus, the proposed diagnostic procedure,
the part of the fetus included in the irradiated volume and
the expected dose of radiation.

Conclusion

Pregnant women are almost always concerned when some
of radiological procedures is proposed to them, mainly
because of the general perception of ionizing radiation.
Therefore, patients should be fully briefed about the meth-
od of performing the examination and the potential risks of
exposure during pregnancy.

The doses of radiation that are applied in the largest num-
ber of examinations do not lead to a significantly increased
risk of prenatal death of the fetus, nor of malformations and
mental retardation. Examinations of the pelvis and abdo-
men carry a slightly increased risk of fetal carcinogenesis.
When it comes to administering contrast agents, it is rec-
ommended not to administer them if not necessary.

When considering the use of radiation in pregnant wom-
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TUM, Y MPOLEHM pU3nKa 1 KOPUCTK o MeguumuHckor n3na- en, the International Commission on Radiological Protec-

rakba 3padyerby Mopajy ce y3etu y 063up ABe ocobe, majka tion advises that the fetus be considered as a member of

n pete. the general population, and that general dose limits should
apply. Accordingly, in evaluating the risks and benefits of

Kapa ce y3me cBe y 063up, pusnk o paguonowkor npe- medical radiation exposure, two persons must be consid-

rmega no TpygHWUy W nrnof, OOHOCHO ofgHoc m3Mely ko-  ered, the mother and child.

pUCTY 1 LITETE Ce NpoLekyje y OQHOCY Ha CBaKu MHOUBU-

dyanHu cnyyaj nocebHo, y goroBopy nekapa, TpygHuue n - When everything is taken into account, the risk of a radio-

OpYr1x 3anHTepecoBaHnx ocoba. logical examination for the pregnant woman and the fetus,
i.e. the relation between benefit and harm is evaluated with
regard to each individual case separately, in agreement
between the doctor, the pregnant woman and other inter-
ested persons.

INlutepatypa / References

1. Radiation Sources and Doses [Internet]. Environmental Protection Agency; [updated 2023 February 16; cited
2023 May 21]. Available from: https://www.epa.gov/radiation/radiation-sources-and-doses

2. Halperin EC, Wazer DE, Perez CA, Brady LW. Perez and Brady’s Principles and Practice of Radiation Oncolo-
gy. 7th ed. Wolters Kluwer; 2019. ISBN: 9781496386823

3. Malone J, Zolzer F. Pragmatic ethical basis for radiation protection in diagnostic radiology. The British Journal
of Radiology. 2016; 89(1059):20150713. https://doi.org/10.1259/bjr.20150713

4. National Research Council (US) Committee on Evaluation of EPA Guidelines for Exposure to Naturally Oc-
curring Radioactive Materials. Evaluation of Guidelines for Exposures to Technologically Enhanced Naturally
Occurring Radioactive Materials [Internet]. Washington (DC): National Academies Press (US); 1999. Appen-
dix, Radiation Quantities and Units, Definitions, Acronyms; [cited 2023 May 21]. Available from: https://www.
ncbi.nlm.nih.gov/books/NBK230653/

5. Yoon |, Slesinger TL. Radiation exposure in pregnancy [Internet]. Treasure Island (FL): StatPearls Pub-
lishing; 2023 Jan [updated 2023 May 1; cited 2023 May 21]. Available from: https://pubmed.ncbi.nim.nih.
gov/31869154/

6. International commission on radiological protection. Pregnancy and Medical Radiation, Publication 84. Annals
of the ICRP 2000; 30;1-1. https://doi.org/10.1016/S0146-6453(00)00024-5. PMID: 11108925

7. Paediatric Imaging Reference Group. Diagnostic Radiology and Pregnancy. Version 2.0. Sydney: The Royal
Australian and New Zealand College of Radiologists; 2017.

8. Kim E, Boyd B. Diagnostic imaging of Pregnant Women and fetuses: Literature review. Bioengineering. 2022;
9(6):236. https://doi.org/10.3390/bioengineering9060236

9. Committee Opinion No. 723: Guidelines for Diagnostic Imaging During Pregnancy and Lactation. Obstet Gy-
necol. 2017; 130(4):e210—e216. https://doi.org/10.1097/A0G.0000000000002355. Erratum in: Obstet Gyne-
col. 2018; 132(3):786. https://doi.org/10.1097/A0G.0000000000002858

10. Radiation safety [Internet]. Reston, VA: American College of Radiology [cited 2023 May 21]. Available from:
https://www.acr.org/Clinical-Resources/Radiology-Safety/Radiation-Safety

11. Eskandar O, Eckford S, Watkinson T. Safety of diagnostic imaging in pregnancy. Part 1: X-ray, nuclear med-
icine investigations, computed tomography and contrast media. The Obstetrician & Gynaecologist. 2010;
12(2):71-8. https://doi.org/10.1576/toag.12.2.71.27571

12. Carmichael JHE, Warrick CK. The ten day rule — principles and practice. The British Journal of Radiology.
1978; 51(611):843-6. https://doi.org/10.1259/0007-1285-51-611-843

206

MACHUK JABHOTI 3[1IPABJbA  roaMWITE 97 CBECKA 2  JyH 2023




Nikola Milosevi¢, Srdan Milanovi¢, Marko Dozi¢, Suzana Sotjanovi¢ Rundic

13. Nenadovi¢ M. Medicinska etika [Medical ethics]. 2nd ed. Belgrade: Univerzitet u Pristini, Medicinski fakultet;
2007. Serbian.

14. Scharwachter C, Roser A, Schwartz C, Haage P. Prenatal Radiation Exposure: Dose Calculation. R6Fo -
Fortschritte auf dem Gebiet der Rontgenstrahlen und der bildgebenden Verfahren. 2015; 187(05):338-46.
https://doi.org/10.1055/s-0034-1398817

KopecnoHpgeHuuja / Correspondence

Hukona Munowesuh - Nikola MiloSevié
milosevicnikola43@gmail.com

207

SERBIAN JOURNAL OF PUBLIC HEALTH  VOLUME97 NUMBER2 JUNE 2023




