Utjecaj "low dose" CT zra enja na ljudsko tijelo:
sustavni pregled literature

osi , lvan

Master's thesis / Diplomski rad

2023

Degree Grantor / Ustanova koja je dodijelila akademsWnivesgity afi stupar
Split / Sveu iliate u Splitu

Permanent link / Trajna phttpszfucmnsk.hr/urn:nbn:hr:176:148681

Rights / Priveapyrightaati eno autorskim pravom.

Download date / Datum pre20241j40

Repository /| Repozitorij:

= Sveucilidni odjel zdravstvenih studija
== SVEUCILISTE U SPLITU Repository of the University Department for Health

Studies, University of Split

aodar

DIGITALNI AKADEMSKI ARHIVI I REPOZITORILII

zir.nsk.hr


https://urn.nsk.hr/urn:nbn:hr:176:148681
http://rightsstatements.org/vocab/InC/1.0/
http://rightsstatements.org/vocab/InC/1.0/
https://repo.ozs.unist.hr
https://repo.ozs.unist.hr
https://zir.nsk.hr/islandora/object/ozs:1517
https://repozitorij.svkst.unist.hr/islandora/object/ozs:1517
https://dabar.srce.hr/islandora/object/ozs:1517

69(8y,/,a7( 8 63/,78
3RGUXAQLED
69(8y,/,a1, 2'-(/ ='5%$9679(1,+ 678',-%
',3/206., 69(8y,/,a1, 678",-

5$',2/2a.( 7T(+12/2%,-(

,YDQ GRVLI

87-(&$- 3/2: '26(° &7 =5%$y(1-$ 1$ /-8'6.2
TIJELO: SUSTAVNI PREGLED LITERATURE

Diplomski rad

Mentor.

,]JY SURI GU VF .UH&ALPLU 'ROLUO GL

Split, 2023.



69(8y,/,a7( 8 63/,78
3RGUXAQLED
69(8y,/,a1, 2'-(/ ='5%$9679(1,+ 678',-%
',3/206., 69(8y,/,a1, 678",-

5$',2/2a.( 7T(+12/2%,-(

,YDQ GRVLI

87-(&$- 3/2: '26(° &7 =5$y(1-$ 1$ /-8'6.2
TIJELO: SUSTAVNI PREGLED LITERATURE

IMPACT OF 3LOW DOSE " CT RADIATION ON THE
HUMAN BODY : SYSTEMATIC LITERATURE REVIEW

Diplomski rad / Master's Thesis

Mentor.

1Y SURI GU VF .UHA&AQLPLU 'ROLU

Split, 2023.

G L



Zahvala

=DKYDOMXMHP VH VYRP PHQWRUXLIKY QBURND W RFHF Y UHPEH. @
VWUXpQLPVEGRDPQLP RGIJRYRULPD SXQLPD SRPRiUL 8 VYDNEF
RGJRYRULWL QD VYDNR PRMH SRVWDYOMHQR SLW#eQMH ND
sam mu na tomeuzetno zahvalan.

IDMYLaAH ELK VH ]DKY RakgdnasYpRIMARD FRREG WaHi)ddorS REYR U L
ANRORY D Q Muda, raaG @dfiddnp kako bih bio tu gdje sam danas.

7 D N R fvdld svim prijateljima, kolegama s fakulteta uz koje moje cjelokupno obrazovanje
ostajenezaboravno.



TEMELIJNA DOKUMENTACIJSKA KARTICA

DIPLOMSKI RAD

6YHXPLOLEWH X 6SOLWX
6YHXpLOLAQL RGMHO JGUDYVWYHQLK VWXGLMD
6WXGLM UDGLROR&NH WHKQRORJLMH

=QDQVWYHQR SRGUXpMH %LRPHGLFLQD L JGUDYVWYR
=QDQVWYHQR SROMH .OLQLpNH PHGLFLQVNH JQDQRVWL

Mentor: Izv. prof.dr. VF UHAaLPLU 'ROLUO GU PHG

87-(&$- 1,6.2'2=12* &7 =5%$y(1-$ 1$ /-8'6.2 7,-(/2

SUSTAVNI PREGLED LITERATURE
, YDQ U6BY368

6DAHWDN

6DPLP WHKQRORANLP QD sdlikdbyvixbiiinovatv@id korismiRm&ddaX NRULAWHQM X
kompjutorizirane tomgrafije. Suvremenu upotrebu niskodoznog-&Tow dose CTLDCT), kako u odrasloj
WDNR L X GMHpMRM GREL VPDWUDPR JODWQLP VWDQ GQUDGWRD JELRIRNUERMF
primjeni CT dijagnosike danas, prije 17 JRGLQD UDVRHHL POMDIOR XNLGDQMX VDPRJ &7 S
NDPSDQmbBePGéntly NRMD MH Isttabé pddipt@jEkihnRdliologa 200§odine te zamjenoms
X O W U D Jpreglpdpm(BZV) odnosno magneiem rezonanconiMR) kaometodanaizbora dijagnostike kod
djece No, samu kampanju zaustavio je razvoj i usvajatgsh & 7 WHKQLNH NRMD RVLP @aWR VDPR Y
pLQL NUDuULP VPDQMEM®DL B& HQ]U D pGIRMQ D-&, WKorsNsporheRUbMmEYEGEQUM D & 7
LGX L KLWQH NOLQ4aptN\vHH ¥ Q G XN&OF SMH NORNWHH WH QHSUHVWDQR L]ODJDQM
LRQLJLUDMEKHBABMD QHRYLVQR UDGL OL VH:;R@E@IMIQAMDL®W DRNG/WDYYOH. B & 6 H/
upotrebuLDCT-a, gdje je protokol svakome pacijentlivid XDOQR SUVGIMIMRPFEQMRP PRJIJXURP GR
LRQL]JLUDMXUHJ JUDpHQMD X] GRVWDWQX NYDOLWHWX GRELYHQLK VQLF

6YDNRGQHYQR NRN IXa /BN NRONRYyHU SRVWDYOMD EURMQD SLWD
BURQDOD]LPR UD]OLpLW ZnanhktaeDaVzEj€iMde oXpQueaahiodti LY2dDiPaavoju karcinoma,
VWRJD MH L]@kzRdW@IR SREXPROFLMX XNO M XKathkexistkedamoy U @M H UD]OLD
dijelove tijela L]O R a H Q L P DorijeUddifpje@$dog ] U D p 4 QilMm osiguanja GD MH NRULAWHQR ]Q
znanstveno utemeljenoirazumn®@VSUNRY GRLVWD YHOLNRP EURM SURYHGHQLK LVWI
LDCT-D SRVWRMH L GUXJDpLMD PL&OMH Qakskpjdin hidt udoznatirsrddesionaiR VO MHG L
koji svakodnevno u praksi koriste &&o metodu izbora.

.OMXpQH&VLMHRL 8=9 05 )ODVK &7 GR]H ]JUDpHQMH
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Abstract:

Through technological progress alone, we have come up with a large nhumber of advanced and useful
methods in the use of CT devices. We consider the modern use-dbkenCT (LDCT)both in adults and in
children, to be the gold standard due to a very wide range of different indications. Despite the widespread use of
&7 GLDIJQRVWLFV WRGD\ \HDUV DJR WKHUH ZDV DQ LGHD RI DEROLVI
*H Q W &npaign, which was initiated by pediatric radiologists in 2006, and replacing it with an ultrasound
examination or magnetic resonance imaging as a choice of diagnostic methods for children. However, the
campaign itself was stopped by the development aogtimsh of the Flash CT technique, which, in addition to
shortening the imaging time, also reduces the radiation dose. In addition to the aforementioned reason for the
sustained utilization of CT, urgent clinical imperatives that require CT examinatiorengonthg exposure to
varying degrees of background ionizing radiation are also beneficial to the mentioned examination, irrespective
of whether the patient demographic is pediatric or adult. On the other hand, contemporary medical practice
increasingly endrses the usage of LDCT, where the imaging protocol is cutgiboned to each patient, with the
primary objective being the minimization of ionizing radiation dosage while maintaining image quality.

The daily use of LDCT in practice also raises numeraiwesiipns about its harmfulness and impact.
Different viewpoints within the scientific community regarding the connection between LDCT and cancer
development are indeed wétlunded. Therefore, when contemplating the application of ionizing radiation in
clinical contexts, it becomes essential to meticulously account for key variables, including the specific population
under research, the characteristics of the radiation employed, and the anatomical regions subjected to radiation in
order to insure the adheree to a scientifically grounded and rational approach. Despite the large number of
conducted studies advocating the use of LDCT, there are also different opinions about the use and consequences
of LDCT, with which not all professionals who use CT as tle¢hwd of choice in daily practice are familiar.

Keywords: CT; LDCT; UZV; MR; Flash CT, doses; radiation
Thesis contains:56 pages28 figures 72 references

Original in: Croatian
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1. UVOD

6YL &LYL RUJDQL]PL QD SODQHWL =HPOML QHSUHVWDC
LIYRUD LRQL]JLUDMXUHJ JUDPpHQMD NDR aWR VX NR]JPLpNR
materijali. 8VSUNRY SRJUHEQR XYULMHAaHQRP IPLLEZ@IM HLOWX QGO @&
straneumjetnih izvoraNRMLPD XSUDYOMD pRYMHN NDR QDSULPMHU
.DNR EL VH L WD GR]D |JUDpHQMD VPDQMLOD QD PLQLPXP V
kompjutorizirane tomografijeDCT (engl.Low Dose Computed Tomograpli¥).

U svrhu detaljnijeg pregledal R U Laa Wjé¢&pMDCT-a, potrebno je razupeti i sam
razvoj CT(engl.Computed Tomographyx UHYyDMD NUR] SRYLMHVW QMHJIRYH
UDGD PHKDQLPpNH NRPSRQHQWH WH GR]JLPHWULMVNH PHWR

=ERJ VYH YH¥ID BRWNREHEWHQMD &7 XUHYyDMD VYH VH [
VWXGLMH X ]1QDQVWYHQLP NUXJRYLPD YH]IDQD X] QMHJRYX
koje proizvodi 1 D Mejpiiehj koja VH SIRXMHASRWUHEX & 7KRUHegowd D MHV W
NRULSWIHQOERYHVWL GR UD]J]YRMD NDUFLQRPD \Wdh AaRaH OL
SUHWSRVWDYND SRWSXQR RGEDFLWL 3UHJOHGRP EURMQLI
VH GRUL GR RGJRYRUD QD QDYHGH Q R-akaopoDzgdvidhetdd&k N Y L U X
izborau dijagnostic. . DNR EL ]DNOMXpDN PRJDR ELWL YMHURGRVWI
NOMXpQR MH X REJLU X]JHWL VDPX LVWUDA&InpD akliku SRSXODF
NRULAWBPOMRLAWDJIQRVWLPpNH VYUKH LOIRGDN y]IDQHR G/LLMHHEAIRLY
LOL NRULAWHQMH &7 SUHJOHGD NRG WUXGQLFD

SUHJOHGRP EMRHEBRAMIR J'&MW S UHJO HeGivrdiiRpvstdgadjey 0 H
indikacija koje ukazm na promjene DNAengl. Deoxyribonucleic acigprije i nakon samog
GLMDJQRVWLpPNRJ SRVWXSBDQ 05 RMHRSRIMXM B WLMGR&D]DWL
LIPHYyX VWXGLMD QD aLYRWLQMDPD VD VWXGLMDPD QD OM
LV Wahja.a L

1D VDPRP NUDMX UDGD REUDGLW iiH VHaSRiljsiLYQL L
]JDNOMXpDN GRRLQDQDRR®HQREUD]ORAHQLK VWXGLMD NRMH
RGUHVHQX VIHU X-ari/I[aasikQ Halow L /' &7



2. CILJ RADA

U ovome diplomskome radu, cilje definirati pozitivne i negativhe utjecaje koje
niskodozna kompjutorizirana tomografipaedstavlja za ljudsko tijel& R P Roieledaniza
znanstvenditerature NRULVWHUOL VH VXVWDY QURPRavRdetld @ HaCadaje MR P U
predstaviiUD]OLpLWH J]QDQVWYHQH VWXGLMH L QMLKRYH UH]XC
utjecaje LDCTa.



3. IZVORI PODATAKA | METODE

'LSORPVNL UDG QDSLVDQ MH NRULA&AWHQWHH FS ISRIGID QHGIE
unutar internetskibaza podataka (Pubmed.gov, Science Dirbicibi) te pregledomV W U Xp QLK
PHGLFLQVNLK XGAEHQLND L ]QDQVWY HQrténetskuMaziiDe QDY HG
XSLVRP N O MowpdpiekCT hakirH ehefits i biological effects low dose radighmr
VX4HQ QD QDMUHOHYDQWQLMH VWUXpXlittratiinedReveHce NQM L Jt
NRULAWHQH X SLVDQMX RYRJ GLSORPVNRJ UDGD L]GYRMLO



4. RASPRAVA

4.1. KOMPJUTORIZIRANA TOMOGRAFIJA (CT)

Kompjutorizirana tomografijagdnosno CTengl.Computed Tomography UDGLROR&ND
je digitalna slikovna tehnika koja u svome radu konstidgenskerake, snopaste formacije
koja nalikuje lepezi a rezultattakvog QDpLQD UDGD VX DNVLMiR@QH SRS
SRGYUJQXWRJ VDPRP SUHJOptighati sGRIW mxakivHkBrRpjokziRr& i
aksijaha tomografija, odnosnGAT (engl. Computed Axial Tomograph{2).

4.1.1. Povijest i razvoj kompjutorizirane tomografije (CT)

2 W Nro teindtyenskih zraka 8tudenogl895. godinedolazi do velike revolucije u
medicini. Otac prve pmjene rendgenskih zraka bio jgVvWHPDpNL SURWiWRU IL]JLNF
Conrad Rntgenkoji je LVWUDALYDR XWMHFDMH YLSBN&Q MHIB\RH X G
vakuumskih cijevisUD U LM H y H Q L Bpa&fa@jén@dReXttoReDna visoki napon, Wilhelm
Conrad Ratgen prinijetio je kako | R W R J U D | iép&srelioRbpKpagijevi postajecrna, a
SRMHGLQL NULVWDOL RNROR VX VYivaHaNdcnX fetodpafskal ¥ W DY N R
i fluorescentrRP HNUDQX SRPRUX QHW RbivaRiidhjakia Y © MKH § WHNIR G R
QHSUR]JLUQH NXWLMH 2GPDK VH XYMHULR NDNR SRPRUX W
XQXWUDAQMRVW OMXGVNRJ WLMHOD 9ho@GReBAddte ztdkd KHOP &
nazvax]UDNDPD =DKYDOX ]D VY RdddtbvBinhisdoadon aRsahtézraikel R M H
X b DV Wk3 EagislWif@ nazivaju se regdnskim zrakama §3

CT pregled pstajePR J ¥krazvoMHP LQIRUPDW L p NHHgodaKe€aRIORJL M H
LGHMQLERPHNRWMEPD VH PRAH WHPHOMLWL UD]J]YRM VDPH NRP
pratiti od 1917. godine kadaustrijski P D W H P [Jakanp Radlon dokazuje u svome
LVWUDALYDpPNRP UDGX PRJXUQRVW UHNRQVWUXBWDQMD O
SURMHNFLMD 3UYH SULPMHQH RYH WHRULMH LVNRULaAWH(¢

pozitivnhe odgovore medicine (4)

Prvi princip za mMRIJX U QR VW UHN R Qnhaviabrohi Fglawe H 961 OpRdvatdorj®
D P HU bhduidlog i izumitelj medicinskk XUHYyDMD QD OHGLFLQVNRP IDNX

4



Kalifornija u Los Angelesu i bolnici Brentwood Veterans Administraton William Henry
Oldendorf(5).

1H ]QDMXUDr.]Oldandd@a,aPHULPpNL IL]LpDU URYHAanX -XaQR
MacLeod CormacknastavM D GDOMQMD LVWUDALYDQMD X SODQLUDQM
PRIXUQRVWL SULND]JLYDQMD pDN L QDMVLWQLMH UD]JOLNH X
(4,6).

3UYD X8 MHEAPMHQD WHRULMMa R tek 29KU dodliikhtA j(R VW Y D U
eQJOHVNL LQAHQMHU 6LU *RGUIKXP\LIWHZER GE VRX QOILGILDGI L X
XUHYPRPWSLR LIQHQDGLWL FLMHOL PHGLFLGY Nianyehapdd W + R X
svojin pretKk RGQLND GROD]L GR MHGQRD R @& K®IVFIQDLp DIWCELLNRL K HR
PRGHUQLMLK NRPSMXWRUD L EROIMNL.BMXHQ G JKDQNRI LXKD NIRMOH 3
JUDND NUR] QHNL REMHNW SRPRUX QHNROLNR VPMHURYD X
rekonstrukcije unutar snimanog objek?). 6 YRMLP SR YVaajédh@ 3AlleH MacLeod
Cormackom Q D J U D yéb€owdd nagradomzRW N UL U H X9 Hydihdtd sQ hjemu
X pDVW ifivddti®dfe predstavljaju atenuacijske sposobnosti tkiva Hdunsfield
units) (6, 8, 9).

ORIXUQRYWIK &7 XUHyYyDMD ELOH VX RJUDQLpPpHQH QD Sl
GUXJRP JHQHUDFLMRP XUHYDMD RGELWL $REUQHBGRRIILY M XL
]JDELOMHAHQD NOLQLPRNSXNBRRR ISDE LAMHQW XEMKkMadiDMHP SR
obavljena je 1972godine ubolnici Atkinson Morley,London pod vodstvom neuroradiologa
dr. Jamea Abrahana Edwarca Ambrosa(slikal.). OHU QDNRQ SU YLK OSMXW O R JVDH
XpLANWRVWL L YDaQRW WU LD Q W HPOHLG/DNV L URRYWDXORRRUID USHUA K
7R MH 1QDpDMQR RGMHNQXOR takoPH S UBLYQR\PN G IR ENLUDXR] RWLLWW? B C
RWNULUD X GLMDJQRV WL p-A&akd189mycdinB(A) B 10, MI12RI3. RWNULUD [



Slikal.D 3UYL &7 XUH Y DoMSIka skemayhog pacijenta @7 XUHYDMX NRMD
SULND]XMH FLVWLPpQL DVWURFLWRP

Izvor. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8555965/

4.1.2. Generacije i princip rada CT-a

5D]YRM &7 XUHYyDMD XEU]DP R Q/IHR RFEDM/MINHLD Q GHXWW R L
QDSUHWND PHGLFLQVNLK XUHYyDMD 1RYLMH L EUAH NRPSR
samoj brzini procesuiranja, spremanja i obraditakNYDOLWHWL VQLPDQMD WH PI
pacijenata i osoblja.

Raniji znanstveni, odosnomedicinski krugovi definirali spetgelHUDFLMD &7 XUHVL
notaSRGMHOD QD JHQHUDFLMH SRVI&/WRIHL QW & R RVWQHDQD Y P&V R G
VSLUDOQLP VQLPDQMHP RG Q RabrRjetBameieR Ppri D@ E MK BHNR M
detektora, rotira stol s pacijento(f).

x Prva generacija

U prvoj generaciji koristila se kombinacija translacijsktacijskog pomaka
rendgenske cijevi ok@amogsubjekta snimanja 6DPR MH MHGDQ X@bioSUDYRN
usmjeren prema detektort UALR PNMHWMUBIQO@X QDNRQ L]YUAHQMD MHGQH
L UHQGJHQVND FLMHY NUHUX VH RNR VXEMHNWD VQLPDQ
1HGRVWDWDN RYRJ QDpPpLQD VQLPDIQPGDaBfbRidap@ediNdg EURM L


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8555965/

sloja kojaje vremenski mogla trajaB-5 minuta teR J U D Q L9nih@RY WN O MIxvp L Y R
vrata (2, 10).

x Druga generaga

'UXJD JHQHUDFLavidDi kevnDihbRij HttdnskEcijskootacijskog pomaka
UHQGJHQVNH FLMHYL O6DPL SULQFLSHQDBGD RIIRMA.RRYRL B HY H GF
detekora, VN U D i H Q R PeK¢pdHdRefLQ %60 sekundi) i]QDpDMQRP VPDQMHQMX
pacijenta. Ovom generacijodobivamo P R Jn0O#t snimanjatijela pacijenta (14

x 7UHUD JHQHUDFLMD

IDGDOMH WUHUOD JH Q détdRtrskdddlukéWevidyehBke ReifelooD M H
RGUHYVHQ RtjeledGénvhlie®®d VQRSRP ]UDLHHRNWD Kearbtetistika ove
JHQHUDFLMH MH detekobaQreruyenske @iy je fiksan Jedna ekspoziaj
VDGUAL VWXSQVIBIFD GRMWNODMHDL MMMSR]LFLMH GURBVWLpPQR
VHNXQGL 3RYHIWOQWVWWMREPEODRWDNKRKHU MHMWHQBMPD RQRP XUHYD
RPRIJXUHQR VNHQLUDQMH VYLK RUJDQD NRML LPDMX UD]JQH

crijeva i sl.(2, 10, 14).
X YHWYUWD JHQHUDFLMD

8 pPHWYUWRM JHQHUDFLML GROD]L GR e|@0pbrfaQLMHI ¢
detektora (120@000iYLAG6IDP VPMHAWDM GHWH Npstid B WWRH RAERXAIW D XIMNH!
neprestanuotaciju te tako kreirametodupoznatiju kaospiralno snimanjeOvdje se vrijeme
HNVSR]LFLMH GUDVWHRPRQGMHD QmDIRYHU MH SRSXW WUHUH
brzine skeniranja pogodna metoda za snimanje svih orgaj@slip LWLP ILJLRORANLP IX

(2, 10).
x Peta generacija

2YD JHQHUDFLMD ]D UD]JOLNX R G kitarjeréndgetsRe.dievd HQ HU D
i detektorate umjesto toga koristi bezlektronH X &L U RaJ kOR bémbardirgju YHUL EURM
paralelnih anod&oje su masivneElektroni bivaju postavljeni u prstenasto obliku oko
pacijentate HPLWLUDMX UHQGJHQVNR JUDpHQMH =EdRUnd¢,UHPHQD
RYD JHQHUDFLMD NRULVWLQ@O0O. VH |D NDUGLRORANH SUHWUL



X 6SLUDOQL &7 XUHyYyDML

Zarazliku od prégtodniKk JHQHUDFLMD V&kwl2aeegprekidnuxraiadijuD M
detektora rendgenskeijevi u R G U H ystinj2i Bko pacijent&oji VH VD VWRORP &7 XU
automatskiSRPLPpH NUR] S samihizhb@enskityRiSjekom ekspozicije. Takge i
XUHYDM G Rd$pldt” MHUYUHQGJIJHQVND FLMHY X RGQRVX QD SDF
Neke RG SUHGQRVWL RYRJ XUHYyDMD MHVX PRJXUQRVW SUHJC
kratkom razdoblju EH] ]DXVWDYOMDQMD L]PHgmametbrgdhddiu RPRJIX U
trodimenzionalnom prikausfizio OR&NL P S RaNg K WpeuRijski CTi sl.) (2, 15).

x SSCT éngl.Single slice CT

BUHYDM NRML VH QH U D]O-h.NG¥avha rd2ka [eRiiveid RetBk@ra 6 & 7
nizu koji tvore 1D niZslika2.), (16).

x MSCT (engl.Multi SliceCT)

2YDM Xdoridty ¥ Ma H UddrGiliRI¥tEktora(slika 2.)za generiranjgY HUHJ EURMD
slojeva yednostrukoflURWDFLML 3UHGQRVWL VX |1QDpDMQR VPDQMHOQ
SUHJOHGD Y H athréssRv@okpatkdrDrreémeiz).

x DSCT (engl.Dual source CT

Nadalje, DSCT korist2 rendgenske cijevi kao izvoeamog]U D p H Q kafim NIR/ M & H
podkutem od 90 stupnjeva nasuprot detektodva niza '6&7 |QDpDMQR SREROMA&DY
slike snanjivanjem artefakata podta iiznimno je korisna metoddSSE UHJOHGD NDUGLRC
bolesnika(15, 17).

X-ray fan beam

Scanned
- slice -—

Slice plane,
“thickness T ™

X-ray beam
™ thickness T /\'

z-axis—p z-axis—p

Slika 2. Razlika SSCT lijevo i MSCT desno na slici

Izvor. https://www.sciencedirect.com/topics/neuroscience/sialipe-computedtomography
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https://www.sciencedirect.com/topics/neuroscience/single-slice-computed-tomography

413. 'LMHORYL &7 XUHYDMD

*ODYQL GLMHORYL &7 XUHyDMD VDVWRMH VH RG

x

. X L &(anBl.gantry)
x Visokofrekventni generator

x

Stol za pacijenta
Radna stanica
BUHYDML ]|D SRKUDQX VOLND

x

x

BQXWDLEAWRUIQDOD]LPR QDMELWQLMH GLMHORYH XUHYD
SRVHEQH VXVWDYH KODYHQMD NRML VX QHRSKE®EQL ]D G
Nalazimo i transformatoréd O H N W U L p Q HlokEvQljeivdjdrbtivhHie ddeldtdra iievi oko
VXEMHNWD SRGYUJQXWRPaWDL M BIIRasUtinetarkl kol gp8iaiaxa

pacijenta prije snimanj&(10).

414, 'RILPHWULMVNH PHWRGH &7 XUHyYyDMD

OMHUHQMH GR]D QD &7 XUHYyDMX ]D UD]JOLNX RG NODVL
komSOLNDFLMD JERJ VDPH URWDFLMH FLMHYL RNR SDFLMHQW
WLMHOD =ERJ SRVHEQH WHKQLNH VQLPDQMD &7 XUHYDM G

x CTDI (CT dozni indek¥

Definiramo kao SULPDUQL SRND]DWHO Mu @8 HG YWDpYHIOWED SQJOR \
apsorbiranu dozuPoznajemo tri varijacije CTBa- (C7", WHALQVNL &7', &7',Z
volumni CTDI (CTDlIvol)) (19).

CTDI100 mjerimo uvijek iz jednog aksijalnog presjeka jedne rotacije rendge
cijevii OHWRGD PMHUHQMD RPRJXUHQD MH VSHFLMDOQRP LRCQC
YHOLpPLQH PLOLPHW D U DmNeéwDrotddije §jeviD EahtomX kejiDuP
VWDQGDUGQLP YHOL p teQtinBtd(sliKa3 R {19). LOL

CTDIw predstavja SURVMHpPQX GR]X GWXALPDWH®R X YROMBDAQM I
snimanog volumena u aksijalnim presjecin@ DIw uzimau obzir centralna i periferna
&7", PMHUHQMD X]LPDMXUuL XK&i&t] séJkod bitd § QM B WVCDN N pWRLUPH
stolom (19 20).



CTDlvol nastajeazvojemspiralnin CTX U H WD WIIDA H Gtel 24 NIk 6 CDDIw
SUHGVWDYOMD SURVMHpPQX GR]X GXa FLMHORJ SROMD VQLF
X VSLUDOQLP SUHVMHFLPD 1DGRXYNUDEXMHV &L ,ZRXNIADEKH
razmakekoji mogu nastati dok se St0V SLUDOQR 9PRB®IFp M H J]QDWL NDNR &'7
SUHGVWDYOMD GR]X NRMX SDFLMHQW SULPL YHU SUHGVW]I
metoda usporedbe doza raznih protokola R]Jdd PHyX UD]QLP &2D). XljgiHg DML P D
MHGLQLFD NRMRP L niligraygM®yPR)&7', MH

X DLP (Produkt duljine doze)

Za razliku od CTDI koji ne pokazuje ukupnu energig) QH RYLVL R GXAaLQL \
produkt duljine dozegngl. Dose Length Produytdefiniramo kao svu apsorbiranu erigrg

tijekom cijelog snimanja na G (21).
x SSDE 3URFMHQD GR]H VSHFLILpQD ]D YHOLpLQX WLMHOD

=ERJ SR W prawrRrimjerenjudoa ][ERJ YHOLpPpLQH L WHALQH SDFL
a, SPHULPNR XGUXA&HQMH PHGLFLQVNLKmdtbdu petemedo$30 GR
] U D p Hh@dvimenom SSCE (engl. Size Specific Dose Estimptevedenu iz CDTHa
NRUHNFLMRP YULMHGQRVWL WHA&LQH R@GQRIGIDR uXitdasepLQH V
X RE]JLU YHOLpPLQD SDFLMHQWD WH V Hndijidudlhixi @ristypomV U H G Q N
pacijentu, QH VDPR VWDQGDUGQLP SDUDPHWULPD ka&G&®&aOR VH
LRQL]JLUDMX#HJ JUDpHQMD
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Slika3 PrikazDNULOQRJ FLOLOYGHADEAIRIHID QAVWPRWY LRQL]DFLMVNRP
RORYNH X VUHGLAQMHP RWYRUX |D PMHUHQMH

Izvor. https://pubs.rsna.org/doi/epdf/10.1148/rg.210107

42.,21,=,5$-80( =5$y(1-(

,RQLJLUDMXUH JUDPpHQMH X VYWRI®DHE j& doRifasl Wako Wiw Y DU D
izbijanjem elektroa iz atoma proizvela ione. Proces u kojem atomi iz neutralnog stanja postaju

pozitivno nabijeni nazivamo ionizacija (22

,RQLJLUDMXUH JUDpMOWIHR CGRRMARVYPWHG®GMiosko|]lUDpHQI
HOHNWUR P D JIQWWIpdEasEskuarndgp Elektromagnetl R JUDpHQMH PRAH
(rendgelQVNR YDOQLK GXOMLQD UDVSRQD QDQRPHNMUPB @GNRHS U
YDOQLK GXOMLQD NUD)LyK VRVA p QR STUNIRoRHHQ/MUHD A HVQHVOHL P R
(sastavljeno odbrzih atomskih jezgri helijaje beta] UDpHQMH VDVWDYOMHQR RG
EHWD PLQXV pHVWLFD LOL GRA4LWMEBRQD EHWD SOXV pHVWLI

Papir, koza, Plastika, staklo Gusti metali, beton,
odjeca laki metali zemlja ili tlo

Alfa cestice @

Betacesticé wassunsas B i el ‘

Gama cestice \/\/\ W\/\ W\/\

Slika 4 Prodornost alfa, betalDPD pHVWLFH

Izvor. https://www.fondnek.hr/radioaktivnost/
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421. JHORYDQMH LRQLJLUDMXiHJ JUDpHQMD

.RULAWHQMH LRQLJLUDMXuUHJ JUDPpHQMD X PRGHUQRM L
od QHLIRVWDYQLK PHWRGD XQDWRp VWDOQRP QDSUHWNX PF
RG NRQYHQFLRQDOQLK UDGLRORANLK PHWRGD SRSXW &7 Gl
i u radioterapijiprimjerice |JUDpHQMHP PDOLJQLK WXR&ZUD RQNRORANLK

8] UDJQH GLMDJQRVWLpPpNH L WHUDSLMVNH NRULVWL L
UL]LPQH &WHWQH SRVOMHGLFH QD OMXGVNR WLMHOR ,PDN\
GLMDJQRVWLpPNLP PHWRGDPD SRVW kakuPkRistndprafHzfikaP RUD P R
(24 6DPL SUROD]DN LRQL]JLUDMXuUHJ JUDPpHQMD NUR] QHNX
2]JUDPHQMHP GROD]L GR PROHN X®RPYLKQ IS URPMNKH @ DWX WIL
RAWEBMH ALYLK VWDQLFDQWHRE]JDY QK@ MGG IR s
PROHNXODPD YRGH NRML X GMHORYDQMX]V '"1$DEARY RGHRO®R ¢
promjene LJUDYQLP GMHORYDQMHP ]8O HDRMQLPRORPWDOWRP ]
molekulom DNA)te mutacijske promjene (genetske ilnsmtske). Genetske mutacije djeluju
na potomstvo dok somatske dovode do tjelesnih promjena poput karcinoma, leukemije,
ubrzanog stenja i sl.(22).

Lin X VYRPH pODQNX JRGLQHHREMDRAGMD DD JD MO R
9HLQX GRND]D R &WHWQLP XpLQFLPD (WDpHQMD L]YODpL L]

X IMXGH NRML VX Sbohddudspd@lL DWRPVN

,]O R & H QtifekonVKIGMMD JQRVWLPNLK SUHWUDJD

Profesionale koji su u svakodnevnom radus) YRULPD.]JUDpHQMD
IMXGH LIORAHQR WYDIN-REGMHPY QLSULURGQLK L]JYRUD

x

x

x

|z podataka tihist Da LMY D @GNRMD D]L GR ]D Nafeckgnkdblakl BoNiRka
]D LIDJLYDQMH NDUFLQRPD ]pBlikaR],Kl) YHESEEARGNg!. Ut/
Nations Scientific Committee on the EffectsAtdmic RadiationizvMH&UH Ldodine
WDNRYHU Y UL MHEGIQ®RMNG) siRaBagornjifmgranicama vrijednosti niskih doza

]UDp E.MD
.RG GLMDJQRVWLYNOWKM SNHAMKIMBAK X RE]JLU NDNR MH SLU
primjerice CT abdomena oko 10 mSQ HP D ]1Q D WO &MWHRWX NUDUHP YUHPHC

YLAH SXWD SULVWXa®PLQ R M R\PD 8l RHUHD 196G X)WBQDIW RW H VDUV B XYW k
ULJLNX ]D UD]JYRM NDUFLQRPD NRG L]JORAHQRVWL LRQL]JLUDI
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]D GLMDJQRVWLpPpNL SUHJOHG uUH QDGPDaLWL UHODWLYQR

RYLP VPMHUQLFDPD XYLMHN PRXDRRMPOWDLRPpBOMKXP XDa®DbDF
SURL]YHVWL D SRJRWRYR SURIHVLRQDOFL NRML VYDNRGQ

Time to accumiulate
Radiation comparable natural
Examination dose (mSvy background dose
Computed tomography
Sinuses 0.6 2 mo
Head 2.0 £ mo
Chest 7.0 2y
Chesi ( pulmonary
cmbolism) 10.0 3y
Abdomen and pelvis 10.0 iy
Multiphase abdomen
and pelvis 310 10 ¥
Radiography
Extremuity 0,001 =1d
Chest 0.1 10d
Lumbar spine 1A i mo
Abdomen 1.2 5 mo
(ther
Mammography 0.7 3 mo
Bone densitometry (DEXA) 0.001 <ld
Nuoclear medicine
Lung ventilation/perfusion 2.0 E mo
Bone scan 4.2 l v, 4mo
Cardise perfusion {sestamibi) 125 4y
Flooroscopy
Bariam swallow 1.3 fr mo
Coronary angiography 5-15 motwSy
* DEXA = dusl-energy x-ray absorptiometry.
B These doses are cffective doses, which are theoretical quantitics pro-
posed by the Iniemational Commission on Radiation Protection to as-
sess the health risks of low doses of iomzing radiation.”

Slika5 8VSRUHGED GR]D JUDpHQMBRIDGDQYRY W ILJXRK P HOCF

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2996147/pdf/mayoclinproc_85 12 011.pdf

lzvor.

42.2. 8pLQFL LRQLJLUDMXiUHJ JUDPpHQMD

UpLENLRQL]JLUDMXUHJ JUDPpHQMD GLMHOLPR X GYLMH VN

X "HWHUPLQLVWLpPpNH QHVWRKDVWLpPpNH

X 6WRKDVWLpPpNH
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'HWHUPLQLVWLpPNL XpLQFL QDVWDMX SULPMHQRP MDN
YLGOMLYL QHSRVUHGQR QDNRQ JUDPpHQMD 3RVOMHGLFD C
JXELWDN EURMD VWDQLFD =D OMXGVNL RUJDQddstamjaVvDPL JX
]1QDpDMDQ SUREOHP V RE]JLURP QD VYDNRGQHYQD RGXPLUD
vrlo visokog postotka stanica u nekom organu dovodi do oslabljene funkcije samoga organa
AWR X NRQDpPQLFL PRAH G R XekvddetSrRinv\W UKL & D BIDQULXPR] O M |
NR&H LOL HULWHPL ILEUR]JH RAWHUHQMD (fi#fe®@H@BHUH DNXV

SWRKDVWL e Fazllpd. RMGH GHWHUPLQL VWL p NQ KR GURIHYCDRRIR
vremena latencijevfemena potrebnog za pojavu prvih simptoma). U njih ubrajamo mutacije,
UD]QH QDVOMHGQH SURPMHQH QP R/ XPildvitjet BMWVRRK BavDplLp N H
ne postojilimit NRML R @dzHgoxéhmi]D L]D]JLY D Q MHD XHdpMMORKDVWLpNFH
XpL@PNRHH LID]YDWL pD®IRIDPLUILIPH@MWIIX VW R KDWMhLpANL XpLQ
nasljedne promjeneastajanjem u spolnim stanicandavode i do mutacija somatskih stanica
WH R]JELOMQLK SURPMHQD SUHQR am&idrbpldderuRdjaRrd® VWY R U
karcinomimailli X NRQDpPQLFL (slikdB))@6L. SORGD

() Mortality ) Stochastic effects with a threshold-like response
D Incidence Tissue reactions with an LNT-like response
(][] Radiation effect categories  {_

\7 Effects in question
{Stochaslic effects|
Original | \__(LNT model) —— deterministic effects

definition | /~ Fatalcancers ™, (threshold model)

( Thyroid cancer  Skin cancer )
Cataract  Skin changes
- Hereditary effects / (__,)

Non-stochastic or

[Stochastic effects| 2

/ 2 B
| (LNT model) / Thyroid! !
/ Fatalcancers 1 =< (eme

Current |\ Thyroid cancer |'l"// Skin %
situation Heritable eﬁects‘ wcancer iy

|Non-lite-threatening disease|

(Life_threatening disease|

Future | - " "
( Circulat N .
approach \_\Falal cancers diseas:y /,' Cat Sl
e —— Thyroid cancer Skin cancer
Hearitable effects
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Sikn6 6KHPDWVNL SULND] XpLQDND LRQL]JLUDMXUHJ JUDpPpHQM

Izvor. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4100010/pdf/rru019.pdf

4.23. Doze LRQL]JLUDMX({HJ JUDPHQMD

Kako bismo mogliizDp XQDWL GR]X L]QRORQPIWD MXWDRB XY WD PpHQM
definiratiti RVQRYQH YHOLpPLQH

X Apsorbirana doza

Apsorbirana dozgD) definira se kaolL]L N D O Q D koyokh Orijgpim@ddednju
vrijednostapsorbirae (primljeng energije |JUDp HREGWHYH QH PN)ja&fh j@diNitaYy D
NRMRP L] UdpsoibiadPd®zu nazivangoay (Gy) (27).

x Ekvivalentna doza

Ekvivalentna dozéH) MH YHOLpPpLQD NRMD VH RGQRVL QBa RJUDpH(
UD]OLpLWUBPpHQOWWMID .RULVWLPR MH ]D SURBMaQX)&GHWHUPL
mjerna jedinica koja prikazuje ekvivalentnu doZa razliku od apsorbirane doze, ekvivalentna
GR]D XNGWRXDKMWMULMVNX Y ULMWHGRQRWN),&BiNVRRSEIHW X M H P R
srednje vrijednostRVMHWOMLYRVWL SRMHGLQRJ WNLYD LOL RUJDQ
ljudi kod oba spoldslika7.), (27).

x Efektivha doza

Efektivnu dozu(E) PRAHPRL@GIHIDWL NDR Y HOdanmol QidnSEMRP GF
izlaganaQHNROLNR RVRED X LV WILNRPHVRIGULENDX IPLEDHW O WR L X\
LRQL]LUD M X ieHjud3ke Bijplék@rdtbnoje ]D SURFMHQX VWRNMjBrianv Lp N LK
jedinica kojom L] U D & Defdhtiiu dozuista je kao za ekvivalentnu dozuSy). Kako
pojedino tkivo nije jednako os@ OMLY R QD LR Q efektivriao¢dide elkvivalertriaM H
XN O MXpW H &tiolQ\W (likalD, (27, 28).
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zaititna veli¢ina | izloZeni radnici | osobe na obuci 1| javnost
(stariji od 18 | studenti (dob 16-18
godina) godina)
1 mSv godidnje u
efektivna doza 100 mSv  tyekom posebnim
uzastopnih 5 godina, | 6 mSv godignje slufajevima mozZe se
ali maksimalno 50 dozvoliti 1 vifa doza
mSv tijekom jedne unutar 1 godine pri
godine Cemu prosiek 3
uzastopnih godina ne
smije prijeéi 1mSv/
godinu
ekvivalentna doza
za ofnu lecu 150 mSv 30 mSv 15 m&v
ekvivalentna doza
za koiu, 3ake, | 500 mSv 1530 mSv 30 8w
podlaktice, stopala,
cleinjeve

Slika 7. PreporukaJ U D @ Hdm&prema BSSu [Council of the European Union 1996]

Izvor. https://hrcak.srce.hr/148773

424 =DaWLWD RG LRQL]JLUDMXUHJ JUDPpHQMD

Jedan od primarnihasnovnih ciljlevasame] DAWLWH ReSu§gdd BpEBQNMPMH SRMD
determiQLVWLpPNLK L RIUDWRKBYWHPpSRKIDOMPWHQDND NROLNR MH
NRMLPD PREHIKENRODOLWHWQR L VWUXpPpQR YRYHQMH X FLOM
LRQL]JLUDMX{HJ JUDPpHQMD GHILQLUDQD VX VQIMHHG HDi L] P a88M0LE
RG JUDpHQMD

X Opravdanost

MoramoELWL SRWSXQR VBRVINLLI N DO RWIGHREI¢{alneaNMRHM M W R
NRMX PR&HPR SURXJURpPLWL NRU D&\ HQMHPRIVRAQLLF L SHRWKIGHLX
(slika8.), (29).
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X Optimalizacija

DrdHiUL VH PHYXQDURGQRLARALEAD WsRLOWQAB [RigsanBbly
Achievabl¢ pPRYMHUHQVWYD ]D ,pbzEdtijeOlrRdRCR @myh Werkéational
Commission of Radiological Protectiprsvaka doz#&ilo kojeg izvoraLRQL]JLUDMXUHJ JUD|
kojom se pojedinaci @ DaH PRdhiangPR1IXUD RGQRVWRIRJoARKIROE NR
WR UD]XPQPRostvdRitI XBHLWRP XYDaDYDMXiL VYH HNRQRPVNH
PbLPEH@ALNH

x 2JUDQLpHQMH GR]H

.RULVWHIiL QD]DHQR HR SW I B QWDH HNFRRMERMHGLQFD PRUD
zakorsko propisanih norm{29).

=DAVBUWKHVLRQDOQR L]JORAHQLK UDGQLND L RVWDOLK F
RG LRQLJLUDMXiHJ JUDpHQMD

Broj snimanja prsnog

;ﬂk:;j:a kosa klasi¢cnom
CT pregledi doza radiografijom koji bi
rezultirao istom
(mSv) dozom

Glava 2 100
Vrat 3 150
Pulmonarna 5.2 260
angiografija
KraljeZnica [ 300
Prsni ko3 8 400
Koronarna angiografija 8.7 435
Abdomen 10 500
Zdjelica 10 500
Prsni kos (pluéna 15 750
embolija)

Slika 8 Popis doza kojpacijent primitijekom CT pregledaUsporedba brojem ekspozicija
NODVLpQLP UHQGJHQRP NRMH EL UH]XOWLUDOH

Izvor. https://lwww.kbd.hr/wpcontent/uploads/2022/11/EWPA_Inf-za-pacijente_Brosura.pdf
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4.3.LOW DOSE CT (niskodozniCT)

Niskodozni&7 PRAHPR GHILQLUDWL NDR SULODJRYHQH SURMW
regulacijom struje cijevi, rekonstruktivnim metodama slike, individualnim pristupom
pacijentima ovisno o konstituciji (vgiLQL SDFLMHQ Wima oSI0. prif Kriakdn Y M H & U
pregOHGD X] SULGUADYDQMH VYLK QDpHOD ]DAWLWH RG ]JUI
GLMDJQRVWLpPpNL LVSUDYQX VQLPNX X] LIQLPQR QLVNH GF
pregleda.

8pHVWDOR &R WU Migpfliipihnekoliko godina dovelo je do zabutostii
brojnih pitanjaR QMHJRYRM aWHWQRVWL XD Yo gotiehpdr@ jeP SUH G (
kakoVH EURM &7 SUHJOHGD X VYLMHWX JRGLaAQMH SRYHUDYD
JRGLAOMHDPLP UD]J]YRMHP WHK®R®G RHWVMHD RGH S| X ¥EH). & M DNADLN
Upravo zbog takvih podataki RGHUL VH QD ) Ho@R 8o patieb& za niskodoznim
CT protokolima

4.3.1. Low doseCT u dijagnostici glavei vrata

CT kao metoda izbora dijagnostike gldlv SRVWDOD MH Q lddgpovbH aQD P H
GLMDJQRVWLFL WUDXPD JODYH 6YRMRP SRX]GDQRVWL L Y
UDGLROR]J]LPD NYDOLWHWQR SRVWDYOMDQMH GLMDJQR]H X]
RVMHWOMLYRVWL Q BamRQitidimblDEITpidbkpllidealHi @uMkako bi dozu
JUDpHQMD VPDQMLOL QDMPDQMH WRMPRORVW] GRVWDWQX NYLC

Zbog navedenih razlog&/u i suradniciRG VLMHpQMD GRAiIB&URVLQFD
L V WaunjD arovedenom na 72 paciiendtBRML VX LPDOL SR imradéghiahdg GLM D JC
krvarenja ICH (englintracerebral Hemorrhage SRWYUGLOL VX NDNR NRUL&WH
protokola dovodi do smanjenja doze od 4B&spram standardnog CT protokaladovoljno
kvalitetnei pouzdanesnimke. Pacijenti su bili podijeljeniudUXSH WH VX ELOL VQLPDC
protokolima u rasponu od (25200,150i 100mAs). ' RaOR VH GR ]D M@rjexdnN D NDNFR
vremena ekspozicijez260 na100P$V PRAHPR ]QDWQR VPDQMLWL GR]X QD
NRML VX XSLOL QDM YIGX GHRJ R ]B RDPHMHND M D& @RtiMéigrmakii VOLQRY
PRIJXUQRVW UD]Y(RiNaB)XBRAUFLQRPD
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SlikaQ A- SULND] HIHNWLYQH GR]JH JUDpHQMD ]D BD]OLpLWD \
diferencija trinajosjetljivia tkiva UD]J]OLpLWRP VWUXMRP FLMHYL

Izvor. https://pubmed.ncbi.nim.nih.gov/32214915/

UzosMHWOMLYR SR GdlaXeiMrataN FORSEMOH-RYMHP LR QkapL UD M X i t
SRWHQFLMOD R MWEOXWISHGLMDWULMH Lih@@palbcisRdpcH G QX R G
QRYRURVHQpPDG

StogaP. Morton i suradnici u svojoj studiji odjela zam&d RNLUXUJLMX GMHpMH
6HDWWOHX :DVKLQDOMR® staXdakifr €Ty ptdtiokolamX W Y Wzgiapd XK1 Q R
smanjenje doze kod djecepatologijama glave. 62gretrage obavljene sua CT-u niskom
dozom dok je standardnoimzom obavljeno 2150 pretragaazmaku od 12 mjeseci. Polovica
L MHGQD WUHULQD TGR]NRWW W B Q H Gk sRiNdikdtije/28 KT LML
SUHJOHG X RYRM VWX Giehbta pyobudginlitdj€xipgledRZDog YHoostaljagjd
katetera kod bolesti hidrocefalusa (70%) te postoperativnih kraniosinostoza (12%). Kvaliteta
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snimaka niskom dozom bilajfDGRY RO NLDSYPWYHIYM DD XNOMXPpHQLK OLMFE
su sudjelovali u ovoj studije nije bilo potebe za ppovnimsnimanjma standardnim Gbm
(slika10),(33).

A

Slika 10. Usporedba kvalitete aksijalne snimigave W U RJ R G L & Q Ms$fahdardhHOW,HWD  $
B-niskodozni CT, Gniskodozni CT dilterom

Izvor. https://pubmed.ncbi.nim.nih.gov/23971634/

&KL L VXUDGQLFL WDNRYHUMNK®MUY CWRXH ] QUDD DHIGINRD VNP
patologijama paranazalnginusau prospektivnoj studiji provedenoj od svibnja do 31 rujna
2017. godine & MH VX XVSRUHYHQL /'&7 SOMRWR QR @ NNHR Y R DWWHDQ@ M H
kV u kombinaciji lash tehnikomkoja VN UDULYD QMHP Y U shiakjupsDN ROV § R QL L N
JUDpHIGsMmaJ GQL &7 SURWRNR &V NIRstahdawtirtejQteéhRi¢? vremena
ekspozicijeU studiji je sudjelovalo 80 djece podijeljene u dvije gr@e 34, 3%.

x Grupa A:standardni protokol 88V u razdoblju odl. svibnja do 31 prosinca 2017.
godine GMHFH LPXaNQKNLK SURWMHND JRGLQD

X Grupa B:ultra LDCT protokol D kV u razdoblju od 1.V L M Hip QIMsipnja 2018.
JRGLQH GMHFH P grasjekakgadina 4,(8lRaLM ), (R9, 34, 35).
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https://pubmed.ncbi.nlm.nih.gov/23971634/

Parameter Group A (n=40] Group B (n=40) p-Value

CT dose index [mGy) 1.57+0.009 0.39+00004 <0001

Dose—length product 1988+2101 6.31+052 <0001
(mGy - cm)

Effective dose [mSv] 007900016 0.024=0.005 <001

Slika 11 Doze standardnog i ultra LDCT protokaslkadije Chi | suradnika.

Izvor. https://www.clinicalradiologyonline.net/article/S039260(20)3037&/ /fulltext

4.3.2. Low doseCT u dijagnostici SUVQRJ NRAaD

=QDMPDINR &7 SUHJOHG PRaH SUXAaLWL UD]J]QH EHQHILWH
]JERJ VYRMH QLaH GR]H XSRWUHED /X&F RRUWERWSRNR/OLDY SYRRVGAHDI¥
VPUWL VYLK NDUFLQRPD X(3YLMHWX NDUFLQRPD SOXuD

2013. godineNLST (engl.Nationd Lung Screening TriaJ X VY RPH LvgkkbgH & G X
ispitivanja provedenog u razmaku od 2002. do 200dingo u 33 centra dillem SAB na
53454 pacijentauV SR U NOXDIMH. p Q L U HI(DGD ptdokslonXaiddla¥ido rezultata
kako NR UL aW H Qsl kh® meét&deé izh@ u preventivnoj dijagnostici RUFLQRPD SOXUul
dolazi do smanjenjasmrtnodR G NDUFL QRPED > Q X ¥ R N Bskiupihiphdpeatd
SXaDRlLY B L SuXiZudirno nskuefektivnu dozu od 1.5 mSglikal12.),(37).

LDCT CXR

MW Stage | W Stage |
Stagell Stage ||

W Stagelll W Stage |l

M Stage IV W Stage |V

Slikal2 3RVWRWDN SR]JLWLYQLK GLMDJQR]D NO/6FLL]QEMME 5 O X i
8VSRUHGED /'&7 L VWDQGDUGQH VQLPNH VUFD 1

Izvor. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4817217/pdf/nihms769581.pdf
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https://www.clinicalradiologyonline.net/article/S0009-9260(20)30376-7/fulltext

Nadalje, L VW U D a L &der@ Mdrads ihehY od 1998. do 2006. godimt@ DMH MR& ERO!I
UH]XOWDWH WH QD SDFLMHQDWD NRMLPD MBCRWNULR
protokolom,5-godiaQMH SUHALYOMHQMH L]JQRVL

U rujnu 2003. godine pokrenuta @M YHUD HXURSVND VoXeGg&kMD 1(/62
DNURQLP SURYHGHZ2mke i Bétgiel)napkbXIED sudionika pokazala je
WDNRYHU JQDWQR VPDQMHQMH VPUWQRVWL SDFLMHQDWD
OX4ANDUFLPD QDNRQ JRGLQD SUDUHQM®, BRINQMH Q& HVQ-D P D
procijenjena bolja prognoza od 3®tijekom JRGLQD SlkdisH, GMD

Slkal3 1(/621 VWXGLMD /'&7 WRUDNVD JRGLAQMHJ SDFLMF
a), b) nodus volumena 303 mntifekom prvog pregleda, c) dhodus volumena 576 mms3.
.RQWUROD QDNRQ PMHVHFD XND]XMH QD SRYHUDQMH S

Histopatologija reseciranog nodusa ukazuje na planocelularni karcinom.

Izvor. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3266562
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Potaknuti nedavnom globalnom pandemijom COVID 19, Suliman i suradnici 2023.
godine.u p O D Qubka¢/nim pregledom literatugd 2019.pa nadalie XVSRUHyYyXMX UD]OlL
PHWRGH GLMDJQRVWLNH &29,'UD]®UpRIHPL K 7SB B RMWHRQIRWD |
USSRUHYy X MR WIRDBRMH NRULAWHQMHP /'&7 SURW®RNda2D QDVSL
GR ]DNOMXpND R ]QDpDMQRP VPDQMHQMX GR]H JUDpPpHQM
standardnog CT protokoRLDCT | ULDCT protokolom kao metodom izbora uz dovoljnu
GLMDJQRVWLPNX WRpQRQY W D NN ket DEIRMESLD. ;- (U0 H Q W D

| (a) CTDI,,,

=) [ JuLD
— LDCT

— STD
]
)

(b) Effective dose
]

o [ JuLD

———— [ JLoct
— [ |STD
- _ |
0

~

T T T T T

1 2 3 4 5 6 7
Effective dose (mSv)

Slika 14 Usporedba doznih parametara standardnog CTKmietsLDCT | ULD protokola.
Sustavni pregled literature raznih autora.

Izvor. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10146316/pdf/life00992.pdf
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4.3.3. Low dose CTu dijagnostici abdomenai zdjelice

Spomenuti knstantan rast upotrebe @Tkao metodézboranalazi svoje mjesto u
dLMDJQRVWLFL DEGRPHQD L (@BtkibeOldI®x pokazujgDspupishvQl SRUDV
dijagnosticiMHG Q RJ RIGK QKILMp(HLAKI N Qak@riop BddEmeh@aY @M VY LPSWRPD L
]JODNRYD RAWUH L LJUDAHQELERPMLXSW W EXQ&Q RIND CEQXS CPMR & H
NLUXUAaN X (4R EWpa®Xzbog ovakvih simptoma @HILQLUDQH ORNDFLMH
projekcije boli &7 NDR GLMDJQRVWLPpNR VUHGVWYR RG L]QLPQH M

StogaORORQH\ L VXUDGQLFL X SURVSHNWLYQRM YWXGLML
RaXMND JRGLQH XVSdRdaHfiRMpotdkdl d dijagnostici akutnog
abdomenametodamaekonstrukcijesnimaka. U ovoj studiji sudjelovala su 57 pacijenta, od
togal7 PXaAaNDUDFD L A HZodiBaU RE G RANAHIDNOMXpND NDNR MH
LDCT protokola dovelodo smanjenja doze 087% EH] ]Q D pddstu@aRjdu kvaliteti
snimaka(slikal15.),(41).

LD-MBIR CD-ASIR

All BMI <25 kg/m’ BMI =25 kg/m’ All BMI < 25 kg/m® BMI =25 ky/m’
DLP (m(y.cm) 158.5 (118.6) 7782 (50.78) 2216 (1185) 469.1 (325.8) 23006 (142.9) 6554 (307)
ED {mSv) 2IRLTR) 116 (0.76) 332(1.78) T4 (4.89) 346 (2.14) 983 (4.61)
CTDIvol (miy) 340274 166 (1.08) 476287 957 (6.26) 492 (3.00 13.2(5.71)
SSDE (mCy) 3709 24(1.16) 483 (181 10,74 (5.5) 632 (2.28) 14.2 (4.85)

Slika 15 Sumirani prikaz specijalnih dozimetrijski HO Lp L Q D &twdip¢ WelgneyM D

suradnici Usporedbaekonstruktivnog protokola standardnog i LD@T

Izvor. https://pubmed.ncbi.nim.nih.gov/30448900/

1D M p tizéolt akutne boi DEGRPHQD PHyYyX SRSXOéakathavupdta VY DND
crvuljka (engl.Acute Appendicitig. Akutni apendicitis ili akutna upala crvuljjadna je od
patologijakod koje&7 LPD VYRMX YHOLNX Sb(eMKgxun@ladstirep 8=9
RG JODYQLK PHWRGD L]JERUD GLMDJQRVWLNH DNXWQRJ D¢
manjHJ L]ODJDQMD LRQL]JLUDMXUHP JUDpHQMX NR®ERGUDVOL
VH X RYRM VLWXDFLML pLQL NDRDINGRHWWEIEDP XWR BXQ BWM I
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QHJDWLYQH VWUDQH SRSXW YLVRNRJ aXPD Vdijeney JERJ Y
VDGUAMAD L VO

ZERJ WLK UD]JORJD +DLMDQHQ L M XtuiBnGgRDELghdifeHiy X W U L
6YHXPLOLAQRM & RiGskoL FEURYWRNGH SURVSHNWLYQR NRKRUW
XVSRUHYXMX GLMDJQ R Vawi Lgtaddardnogom-@ RiValjagriostizi akutnog
apendicitisa.8 N X S Q R SDFLMHQDWD XNOMXpPHQR MH X RYR LVW
LDCT protokoly GRN V X SDFLMHQWD ELOD SRGYUJQXWD VWDQG
VH GR3ZOR GR VOLpPQLK UMPAMIMDD GX. MVERIFQRR M \Wali RS- X WAEDY D
/'&7 LPDR ]QDpDMQR VPDQMHQMH GR]H ,VWUDALYDQMH MH
30kilogramaSR PHWUX NYDGUDWQRP VWRJD MH /'& hagdedB R U X p H ¢

tielesnu masi?2).

-Ra M bdGdjpdgnoza s kojom se svakodnevioX VU H UHP R jexnafddd@) NV L
bubUHAQLK NDPHQD FiID88%pdpRIadije&&'YDUHQR MH RYRP QHXJRGQI
(44). Pretpostavka je dsebarem 1, PLOLMXQD SRVMHWD IGIRUYDRM JE@XAE
Q D S D G D Mib k&meRdd$4 3.

CT se LVWNDR VD ¥redstddQu detekciji kamenazhog njihovog sastavee
pPRND]XMH VDYUAHQRSRYWRRQDLVWROMND EXBak6l&ANIMK NDPHQ
prednost u detekciji kamenaca naspram VN O D V tepd@&dzbog svoje visoke doze
dovodi u pitanjeopravdanoskao metode prvog izbora u dijagnostici kamendgadatan
SUREOHP QDP SUHGVWDYOMD VDPR SRGUX prapiddiktyM HW O M L
organ) NRMH JERJ RGUHYHQH Y H lidévotRIQ XhDLRV YefelithMrié dB22F L M H Q W
Tu svoje mjesto svakako pronalazi LDCT protokal Cheng i suradnicWUD aH eéReRIGDOL W
VPDQMHQMX GR]H X] GRVWIHA®QX GLMDIJQRVWLPNX WRPpQRVW]

U retrospektivnp studiji od kolovoza 2016. dor HOMD p H , evaluRaBiLsQ H
podacisvih pacijenat&oji su u tom periodu podvrgnuti ultra LDCT protokolkamencima
urinarnog trakta Q ML K =DNOMEFLORRWR BEGRO LPD |]QDpDMQX XO
malih i udaljenih kamenac&E H] |QDpDMQRJ J X ErhakaNdok IN YriD @érdjathdV H V Q
istibiOL QH]DPLMHUHQL QD 879/®WHGOMEX|QDDMWRR HILAX GR]X

sredstvom preporuke u detekciji kamenaca urinarnog t(akka 16.), (43).
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Number of ULD CT scans 118

Number of ULD CT scans with ureteral stones 50

Stone size, mm 6.0 -2.9

Male 98.0%

Age 671

BMI, kg/m? 30.1-96

Effective dose, mSv 1.04 — 0.41

ULD CT scans in patients with previous history of stones 30

ULD CT scans in patients with prior ureteroscopic procedures 21
Laboratories Creatinine, mg/dL. 13 — 0.4 eGFRE, mL/min/1 73 m2 62 8 - 182
Number of scans in patients with positive WBCs (=25 WBCs) on urinalysis 6

MNumber of scans in patients with positive leukocyte esterase on urinalysis 8

Number of scans in patients with positive nitrites ot urinalysis 2

Slkale 2VQRYQH NDUDNWHULVWLNH HYDOXLUDQLK SDFLMHQ

kamenaca.

Izvor. https://pubmed.ncbi.nim.nih.gov/31663371/

4.3.4. Low dose CT u dijagnosticilokomotornog sustava

Lokomotorni sustav iliVXVWDY |D NUHWDQMH pLQHlijagRogtitiL PLALG
patologije kostiju CT se nD P H k&b zlatha metoda GLMDJQRVWLNH =QDMXUuL
SRLVWRYMHIUXMHRR GRIRPDWQGRVWDHR GDUGQLK XUHYDMD NI
JUDpHQMH YH{RQPD ®RAUXUMD SULODJRYHQH VWDQGDUGQH .
] U D b KoQ Mj&gnostikdraktura kostiju. UpotreborhtDCT i ULDCT protokolasama doza
X] GLMDJQRVWLPNX WRpQRYV Wsdhid thrie efirhinitali W potp@cipelliQ R QL a
AWHWX YH]D@EHQRVWL LRQL]JLUDMXUHP JUDpPpHQM X

Xiao i suradniciradeXSUDYR WDNY X SURYVSHNWtude@X 200 XGLMX |
25. travnja 2021. godine] GMH R E Xfrakfudel ¥ pomakaglobrih sustava ramena,
NROMHQD UXpQOKJQORIEFMYWH XVSRUHYyXMX GLMDdQRVWLpD
ULDCT-a u evaluaciji fraktura6 WXGLMD MH XNOMXpLYDOD SDFLMHQ)\
standardnom CT protokolu te kontrolnodLDCT protokolu u razmaku od-2 tjedna.
Standardni CT protoR O N R U L V W tijevi dHL 20KY @ \atiDjé Xijevi od 150120,120i
50mAs RYLVQR R VQLPDQBG BREdXPYRVLOL VXYROWRX ALLAKH
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od 80 kV i 52, 1111, 4 mAs struje cijevi(41). U dijagnostici su su@jovala dva iskusna
radiologa sGXJRIJRGLAQMLP LVNXVWYRP X GLM®se@EARAUOMFL ORNR
UH]XOWDWR GRIEMXIR. K UH]XOWDWD X NYDOLWdbkVie kvdQ L PD N D
ULDCT-D ]|DELOMHAHQD ]QDW QsRkaQLR®@HH I HNWLYQD GR]D

Slika17. Usporedb&valitete(a, c) standardnog CTULDCT (b, d) protokola u giagnostici

fracture bez pomaki@, b) ramena, (c, d) koljena.

Izvor. https://pubmed.ncbi.nim.nih.gov/36882617/

Usporedbu WDCT-a i standardnog G& kostju PRaHPR YLGMHWL L X VWX
suradnika provedenol [PHYy X WUDY@QMNDHpQMD X AYREDQWNRM 6YHXp!
bolnici Balgrist 30 pacijenata bilo je podvrgnuto standardnom OLDCT protokolu koji je
koristio filter kositra. Taj filterV O XL NDNR EL HOLPLQLUDR QH®BRWUHEQH
smanjio dozue G U DV W L p QlvalfduSslik® kothirotokola niskih dozg45). Evaluirala
se dijagnostika kostiju zdjelice. SDQMHQMH G R ]HLDCH Wiotokdld firéhiP 8
kositra blo je ogromnih 84% naspram standardnog CT protokola sa sredefgktivnom
dozom od 7 m6Y &WR VH JRWRYGRIDWBGROPNVNQRQRI VQLPDQI
UHQGJHQVNLP XUHYyDMHP 2EME LAMMDN RiEaitehk Ryiiskadiosel VX GRE
ULDCT L]IGYRMLR VYRMLP GUDVWLpPQLP VPDQkbi@MMER GR]H NR
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0.41mSv

Slikal8 8VSRUHGED GR]D L NYDOLWHWH VQLPNH X GLMDJQ|
pacijerta. (ad) standardni CT, (@) ULDCT sfiltrom kositra.

(2,e)55JRGLAQML IIDANWXWRP WDNUXPD EH] SRPDND E | :
osteoartritisom, F J JRGLAaQM Dmidghentdit-kQkKd/IGFR V. JRGLaAQMD

pacijentica steomom

Izvor. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8379132/

4.3.5. Low dose CT u dijagnostici trudnicai djece

Prema Kutanzi i suradnicim&a MHFD VX YLAH L]JORAHQD UL]JLNX RG LF
odraslih(47). Razlog je njihov razvoj tijela RpHNLEROIIL ALYRWQL YLMHN QDNI
L]IYRULPD LRQL]L W 2)MNIGN H| Y Bul it B 38, 34) upotreba LDCTa
u dijagnosticiJODYH NRG GMHFH GUDVWLp Qrezdetavijjdridik& R1 X aW
L XNXSQX GR]X theRovh G LMHR &/MPRBDYLMHND VNXSLWL RG UD]QLK

—ERJ ]DAW loWidagarMBFHRQL]LUDMXUHP ]U pgkiéiutd je JR
kampanja od straneefijatrijskih radiologa nazvana (enginage Gentty NRMD MH ]D ]DGD
LPDOD SRGL]IDQMH VYLMHVWL R aWHWQRVWLPD NRMH LRQL
CT kao méoda izbora gotovo se istisnukao izbor u dijagnostici djece smatralo se kako
UzZV i MR (engl. Magnetic Resonangamoraju biti gotovo jedinemetode izboraNaglim

razvojem tehnologije i pojavom Flash tehnologijeip@trebomLDCT protokolasmanjilo se
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YULMHPH HNVSR]JLFLMH L NROLpLQH GR]J]H WH MHKa&&OR GR
metode izbora kod djecd8, 49.

BULPDUQL ]DEUL QkbdDupdirsb¥Cil-a uRiiMgviestiti trudnicai djece
izlaganjeje ploda LRQL]JLUDM X G (30. 3008 padieM&ER (American College of
Radiology izdaje smjernice za postupanjg& sLMDJQRVWLpPpNLP L]YRULPD LRQL]L
WUXGQRUL WH SULND]XMH SUHGY LYV hisoj dabl(§Ilkdl19.PAGRORG SR |
JRYRUL NDNR Q HiBEKa ZpQpbd PaMaz&idpod 100 mE&ykao najbitniju stavku
QDSRPLQMH REDYH]QR X]LPDQMH X RE]JLU PHYXQDURGQR SU
JUDpHQMD $/$5% EH] GD VH XJUR]JL GLMDJQRVWLPND YULMHC(
idealni kadaostaju jedina metoda dijagnostike trudnica nakon WMVIR-a koje ne koriste
LRQL]JLUDMXSDH JUDpHQMH

Menstrual or . <50 mGy (<5
Gestational age Conception age rad) 50-100 mGy (5-10 rad) >100 mGy (>10 rad)
0-2 weeks
Prior to conception |None None None
(0-14 days)
3rd and 4th weeks |[1st-2nd weeks Possible spontaneous
None Probably none

(15-28 days) (1-14 days) abortion.

Potential effects are

e . Possible malformations
scientifically uncertain and

5th—-10th weeks 3rd-8th weeks

(29=70 days) (15-56 days) None probably too subtle to be |ncreel|5|ng in likelihood as
. dose increases
clinically detectable.
Potential effects are :E;f:l ig:::ésar::nlq or of
11th=17th weeks  [9th=15th weeks None scientifically uncertain and increasing in fre l..u;n
(71-119 days) (57-105 days) probably too subtle to be g ) quency
. and severity with
clinically detectable. . \
increasing dose
18th-27th weeks  [16th—25th weeks None None 10 deficits not detectable
(120-189 days) (106—175 days) at diagnostic doses
>27 weeks >25 weeks (>175 None applicable to
days) None None diagnostic medicine
(>189 days) ¥ &

Slkal9 6D&HWDN GHWHUPLQLVjakbjbbi K XpLQDND SR J

Izvor. https://www.acr.org/media/acr/files/practicparameters/pregnapts. pdf
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Prema Kumaru i suradnicim& RWHQFLMDOQH aWHWH hédhH LRQL]L
WUXGQRUH PR&H L]D]YDWL PRAHPR SRELMHOLWL X pHWLUL

Xx *XELWDN WUXGQRUH
x Razne malformacije ploda
x 3BRUHPHUDML UDVWD L UD]J]YRMD SORGD

x Mutacijski i kancerogeni efekti

=D UD]JOLNX RG RVWDOLK L]YRUD LRQL]L,WCDKoXasHJ JUDpt
QDMYHUX GR]X NRMRP MH SORG LJ]ORAHQ 6DPD NROLpPLQD
XYHOLNH RYLWINRYDRIGRIM BN X ]D O D &HRR H WDrp HEMWHXO I3AH. B Q R
dozukoju plod prima i iznosoko50 mGy(51 ,DNR VH pLQL |1QDWQR YHOLNRP
MH X JUDQLFDPD X NRMLPD QHdéapoR&HPMQLK aWHWQLK SRV

Zbog tako velike doze koju CT proizvodi svakako trebamo razmisliti o ostalim
opcijama dijagnostike trudnica poput UZA/ MR-D LOL NODVLPpQRJ UHQGJHQD
NRQDPQR RGOXpLPR ]D &7 NDR PHWRGX L]JERUD

Yoon i suradnici govore upravo o ostalim metodamiaoia dijagnostikeu raznim
hitnimi NOLQLpNLP VLWXDFLMDPD X NFRILBDV®NXpWWXGCQIDTFOHPRL
spominju MR kao prvu metodu dijagnostike, ddkRG XSDOH aXpQRJ PMHKXUD Y
NYDOLWHWQX PHWRGX L]JERUED B+ E >XSEAYHDI P HWORNGRY HYEW U B
NDPHQDFD GRN WHN NRG KLWQLK 4 pdpdtRDaabdoiningini@ LMD JQF
trauma &7 YLGH NDR PHWRGX L]JERUD X] SRV W &g dogaMuelavnd LK PR J
minimum (53. Tu opet svoje mjestonalaze LDCT protokolikoji vidjeli smo iz prethodnih
studjaGUDVWLPQR PRIJX VPDQMLWORRELERMRPREH@®DMND

U retrospektivnoj studiji Polleti i suradnika provedenoML M Hp Q M D GR SUF
2016.godinena trudnicama starijimad 18 godina uz njihovu suglasnost, sa sumnjom na
DNXWQX XSDOX FUYXOMND XVSRUHYH @Radd HostugrioBtMRI QD /'& 7
D QLMH ELODN@RDIGOMR MX ELOL XVSRUHYHQL &ididixm®@iWDWL VI
utvrdilo se znatnomanjenjedoze SURVMHpPQD HIHNWLWSYRQ Iz isvéf&nk G
dijagnRVWLPpNX WRPpQRVW H' &H F BRWRNRIR X p X MUz didoii PHW R G
UZV-uispred standardnog G (53).

Nadalje Adler-Levy i suradnici u retrospektivnoj studiji evaluiraju kinNH VQLPNH
podatkepacijentica koje su zaprimljemaCT pregledijekom WU XGQRYHXpLOLAQX ERO
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+DGDVVDK ,JUDHO L]&odi§ied sVibij@a RGLQINRIE LQH JERJ VXRQMH QD
GLVSOD]LMX SORGD 8 VW3B8QMXNRM H VXRQRNVQBXpHSRRGD
CT protokolatijekom VW XGLMH ®Hka Giskih\dbza®R/ X ELOH L]QLPQR GLMD.
zadovolidY DM X iH X] YHOLNR [WRFR MENQ Mt ERYEKpDN MH ELR NDNTF
biti kvalitetna dopuD 8=9 SUHJOHGX X GLMDJQRVWLFL NRAWDQLK GL
GR]DPD LVSRVWDYLR VH NDR UHODWLYQR VLJXUDQ L PRiUDC
W H &N L KtijekeOW N R GQBDM RORJLML N&tika®0D),GYK GLSOD]LMD

Slika 20. Prikazuje sumaciju studije Adkeevy | suadnika. LDCT protokol slozom od 1.1
P6Y SRWYUyXMH SDWRORJLMX EH] ]|QDpDMQRJ JXELV

Izvor [https://www.ima.org.il/FilesUploadPublic/IMAJ/0/103/51918.pdf
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4.3.6. Low dose CT u radioterapiji

9D&QR MH UD]JOXpLWULWYB/ONH L]W B bMIDWIDN Wu €/thiel DJQ RV W
planiranjauaGLRWHUDSLML 'R]H XN®RIMHDS Q R VW RIGNH&VT Y]QOMW QR V

koje pacijentprimgu tijekom planiranjau radioteragi (55).

6DQGHUXG L VXUDGQLFL X VWXGLML SURYHGHQRM L]PH
XVSRUHUpjaXdIER]H L]PHYyX &7 WRUDNVD XCGtokksd QRWHY LpNH \
planiranja radioterapije. Na 110 pacijenta koji su bili podijeljeni ravnomi@&dds LM DJQRV WL p N
CT, 55 (T u svrhe radioterapije GRaAOR VH GBHVWH]MXDWRWD RHURM GR]L
CT-u u svrhu radioterapije naspram dijaghtVLp NR®P VARUDNVD 1DMYeUH UD]C
primMHUHQH NRG GID&FRM WQHO B{aQ R1P, (BdR V R P

Slika 21 Parametri studije Sanderud i suradnika.

Izvor [https://www.sciencedirect.com/science/article/abs/pii/S1078817415000954

=ERJ YHUH GR]H NRM XeBomFPLOTHRWD GMDPO MR GLRWHUDSL
rizika za tu ionako osjetljivu skupinu. Protokoli kojima bi smanjili ddgakom planiranja
Q X & Qkakd/bX potencijalne rizikevelina najmanjeP R J X (1 H

Davis i V X U D G (ke lobpdvijgnom 2017. godine sustavmpnegledom literature
XWYUyXMX SRWUHEX ]|D GRQRaAHQMHP SURWRNROD X SODQL
dostatnu kvalitetu snimaka koja je izazov u radioterapiji zbog velikih zahtjeva za visokom
SUHFL]QR&UX JGMH VPDQMHQMHW & G R YR B YJREERI R4/ (B B DA D

daljnje erapije pacijenataa karcinomor{b7).
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Upravo zbog tog razloga Kinsuradnici 2017 JRGLQH SURYRGH LVWUDALYD
CIRS ngl. Computerized Imagingd®erence $stemy Koriste standardni protokol od 120
kV i 350mAs te gaXV SR U HIpbiMIifiMY ULMHGQRVWLPD +8 NRG UD]OLpL
100,200,350 i 400 mAs). U zadnjem koraku za dobiveerultatekoristili su IDose 554)
rekonstrk WLYQL DOJRULWDP NRML |D ]EeAl@i 3 poRd2alvVidkd€ MHQ MH
smanjenjem struje cijeviS RY H U B X Brnitnke,ali se NRUL&W H Q MIHiwihUatatd R Q V W U X
poput iDose5 dolazidgQDp DMBRQMHQMD GR]JH G68VPDQMHQMD aXPD

Piliero i suradniciX LVWUDALYDQMX SURY NGHQ&RW HDIAHeS R %l&M H
beam C7 protokola niske doze radioterapiji karcinoma prostatklaze do sianjenja doze
RG NRG VYLK SDFLMHQDWD dm.uMttuleBIRPMHU QH SUROD]L

Kod svih studijau radioterapijiR J U D Q npaijénp Hoze predstavljala je konstitucija
pacijenawW D aWw& YWD WMHOHVQD PDVD PRdote QLRDOM QB DV KD C
DGHNYDWQX NYDOLWHWX VQLPNHGEB99)UDAHQRJ AXPD ELOI

4.3.7. Low dose CT u dijagnostici kardiovaskularnih bolesti

.DUGLRYDVNXODUQH L FHUH E 8uRiXr&k\shiXi © Bvijefuhbreen®d O HV W L
statisticiGBD (engl.Global Burden of Disea3019. Procjenjuje se kako je smrtneskzana
uz kardiovaskularne bolestosegnula preko 18 milijuna ljudi u 2019. godi®d). VRGHUuUuL VH
tim EURMNDPD PR&HPR HRVWOUWHEGDLWD SRNMPJQR\INEGnpAN LP PHW
kardiovaskularnih bolesi VWR WDNR XaXUEDQR UDVWH

CT kao metctGD NOMXpQD MatblogijeGatevadkIbr&tskM [promjendhao i
VXUDGQLFL XSUDYR JHRI DV IHMDHQR\VSRWUBIREL edhwRGE RP &7$
TomographyAngiography YUaH SURVSHNWEM@X WMMHILOWKD L VYLI
godineJGMH NRUWIAWAQOMHPHQWLUDMX SURWRNRO NRML EL GU
GRVWDWQX GLMDJQRVWLPNX NYDOLWHWX

Studija je obuhvatil&8 pacijenatgodijeljenihu dvije grupe. Grupa A od ukupno 38
pacijenata koristila je LD protokol od 70 do BU i aplikaciju kontrastaod 40ml, dok je u
grupi B bilo 40 pacijenata i koristio se standardni napon cijevi ock¥0Daplikacija60 ml
NRQWUDVWD 5H]XOWDWL V Xefskiwdippet9% kDT DokdQkRIaV P D Q M H C
Q L aplikacije jodnog kontrasta51% X] ]DGRYROMDYDMX (X WNIYNDROYWHNUH W X
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napominju kaksse SQRYLMLP JHQHUDFLMDPD XUHYyDMDiaRdiiHNXMX M
smanjenju dozéslika22.),(61).

Slika 22 Usporedba A i B grupu studijiZhao i suradnici. omjer doza i apliciranog
kontrasta.

Izvor. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6447913/

JLOQN L VXUDGQLFL X SURVSHNWLYQRM VWXGLML XNOM,
prilikom podvrgavanja pregledu CTA torakoabdominalne adsteipno 161 pacijent je bio
XN O M X p H QpaoXiijalandiX G dvijexgrupe. GrupA p L Q L O2R phtlienta iH WMHOHV QF
mase,dok jegrupuB pLQLORDFLMHQWD YLaAH W N HPHYID By By HQ
]IDGRYROM®DRNDMPDHIHNRG JUXSH % RPHNLYDQR GR&AOR GR SRV
'ROD]JH GR |DNOMXpPpND NDNR LPSOHPH Qamanjehdgi€iraiiods URW R N
kontrasta naspram standardnog protokola, kod svih vrsta @ktil. Body Mass Indéex
PRAHPR J]QDWQR VPDQMLWL GR]X SDFLMHOQ\sika 23). GRYRON
IDSRPLQMX WDNRYHU NDNR X SRGUXPpMX L&D SHHIBONGD V
XUHyNRWRIiguitd GRQLMHWL ODN&H LPSOKRPHQWDFLMH /' SURWR
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Slika 23 LD protoka CTA pokazuje dostatnu dijagn®8LpNX NYDOLWHWgeRVLP NR(
je ERO XV Sdisékdild @oMeR WHaD QR

Izvor. https://pubmed.ncbi.nim.nih.gov/35328228/

44.%,2/24., 8y,1&, /2: '26(-&ANALIJUDSKO TIJELO

IDYHGHQD LVWUDALYDQMD XQDWRp VMDMQLP UH]XOWD
VPUWQRVWL SULMHYUHPHQLP RWNULYDQM HaroStRMaR©O RJLMD
NDUFLQRPQHSGRMX NRQNUHWDQ RGJRYRU QD ELREORAaNH a

ostavlja na ljudsko tijelo.

6WRJD 6DNDQH L VXUDGQLFL L]P HodieRaodMIdtbrakalne L OL S
kirurgije provode prospektivnu studijit SRNXaDYDMX XWYUGLWL ELRORANH
SOXUD QD VvVDPX '"13%

8 SURVSHNWLYQRM VWXGLML VXGMHORYDOR MH SO
Prosjek godina bio je 67. Pacijenti su bili podjedngkdalijeljeni u dvije grupe te j@07
padjenatabilo podvrgnutaLDCT-u dok sul02 pacijenta bila podvrgnutéasdardnom Cu.

Uzorci krvi za procjenu bili su pregledani 15 minuta prije i nakon snim&8WwW.YUyHQR MH ND
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je gednp efektivha doza za LDCT bildQ D W Q Rizfpkla [ 14-1,7 mSyv, dok jeza

standardni CT iznosila4;:83 mSuDLP HIHNWLYQD L L]JUDpXQDWD GR]D NU)Y
manja kod LDCFD (YDOXDFLMRP UH]XOWDWD EURM GYRODQpPDQL
aberacija nije primM H U0 HQ N RaGlok'skod standardnog @Toroj povHUDYDR 6W XGLN
MH SRND]DOD NDNR QHPD aWHWH QD OMX@K dexa'visbkblRULaW
dozestandardnog CT protokof@imijetia SRWHQFLMDOQD aWsHkaZa),®8). OMX GV N

Slika24 CTdozniSDUDPHWUL NRUL&A&WHQL X VWXGLML 6DNL

Izvor [https://pubs.rsna.org/doi/epdf/10.1148/radiol.202019p389

Studija koju su proveli Maarten i suradnici kako bi uvidlIUHALYOMHQMH OMXGV
nakon izlaganja niskim i visokim dozam#&T (engl. Linear energy transfer JUD p tiQ M D
UDGLRWHUDSLMLQ IV NDR @H p L WNRDOSSHHDREDYYDLQYNRIM LK GR]D SUHA
stanice je bilo malo dok g@poptoza (programD QD VWDQLPpQD VP Ua¥arazZlWDQLFH E
RG QLALK GR]D NRIEHHPQ B RNKB2EEAD W H
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Sika25 2GQRV YLVRNH L QLVNH GR]H /(7 JUDpHQMD QD

Izvor. https://www.redjournal.org/action/showPdf?pii=S038M1 6%2811%29033 3K

45.87-(&$- /2: '26( &7 =5%$y(1-$ .2' 4,927,1-$

Paunensku i suradnic/ PDWUDMX NDNR Y ISRMMH GXDMVAHWER RRRDELI
HIHNDWD JUDPpHQMD QD OMXGVNR WLMH®@RPR HDLNW WRD/YA WD
YUAHIDD KLYRWLQMYV Mlvivo fRIfh @6l PdDk Bhi i suradnici smatraju kako
LVWUDALYDQMD SURY HXG B® BQRD SALLYARWHL.GWLDADLQIWLKY DW O M
UD]JOLNH X WMHOHVQLP WHALQDPD ALYRWQLMD L OMXGL WH
8] WR LVWUDALYDQMD VH QH PRJX XVSRUHYVL¥YOWiro]ERJ UD]

rezultdi nisu prinjenijivi pri in vivo promatranjima (56

,JORAHQRVW &LYRWLQMD GR]DPD LRQL]JLUDMXiHJ ]l
]JQODQVWYHQLFLPD NRML VXGMHOXMX X VYDNRGQHYQLP LVW
kakosuznaVWYHQLFL LJORBBALLSRIRVMBEYPQPIRGLIQMH X]JHYEL X R
NRMH SURYRGH 6PDWUDMX QX&QLP RSWLPL]JLUDQH SURWR
VH YU&H X RYRP Vedgk BaitvbX E@Bsi@( Tomography &7 XUHYDMLPD NDN
doze kojimaVH L]OB&GL L &LYRW L Q Bl M PEDLCOMHH V)P R IMI H Q H
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Iz tog razloga Molins i suradnici provode sjajnu studiju 2018. godine gdje na fantomu
L ALYRWLQMDPD NRULVWHUL Q&r¥Ker BiGspitjsiKa2&®)Lkoris€ D& 7 WY U
protokole te SRWYUWRGWLPQX NYDOLWHWSKXWRLEDAND XR]¥HWLDQ
protokola. Znanstvenicima koji upravljaju aparatomtaeo SUHGYLYD GUDVWLPQR \
JRGLAQMH GR]H $SDUDW MH RPRJXULR GR]JH PDQMH RG
L G H Q Mvdlifet@ ¥nhimaka standardnog protok(stka 27.),(66).

Sika26 8UHYyDM 3(7 &7 6L

Izvor. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6509903/

9HOLND SUHGQRVW RYRJ DSDUDWD MH PRJXUQRVW VN
LIQLPQR QLVNH GR]JH a@awWR X NRPELQDFLML V R&WULMRP VO
REXKYDUDWL L YHUH JUXSH LVWUDALYDQMPVEIDRBOGR]IRX RG
PHVWR NRPSRELIMWAIQHDRH]XOWDWH 2YDNYD SRVWLJQXuUD E
VYUKH JGMH VH LPSOHPHQWDFLMRP VOLpOQ IDKQ BHRWRREKROXp I

dijagnostike (6%
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Slika27 ,]QDG VX SU LdddgirdiDapbkdz# W& fdatokolima smanjenja doza

Izvor. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6509903/

4.6.PREDNOSTI | NEDOSTATCI LOW DOSE CT-A

6YD QDYHGHQD LVWUDALYDQMD L VWXGLMH QDYRGH NTC
LDCT protokolauzm.QLPDOQL JXELWDN NYDOLWHWH VQLPDND WH ¢
u dijagnostici odraslila posebno u dijagnostitiudnica, djece i pacijenatskarcinomima. To
svakako ide u korist LDGT kaoprvoj metodi izbora, n oY HULQD VW XGLNQDPDWRGIL L
nedostatke.

-HGDQ RG QDM]QDpDBCILM ISKJ ) HISRAAAPYMAVdtudija
NRG VNUL QL DD BOXRi DERAi LA kojih dolazi zbogaznih faktora. LRed
SULSUHPOMHQL SURWRNROL NRML Gl®Y¥R&H o8 RinstoyaFbN R J & X |
svakazdravstvenastanova&oja koristi CT kao metodu izboteebala uskladiti protokole kako
EL X] QDM Q@dstighii GRER Y R O MGILWIDM R R¥Y W LuzNOglasnogl éadivbgan X
kojL Rp L \Whimké M X

Pinsky X VYRPH pODQNX JspofiRiiitoj NIDTSsRiMddmdXM H (i27% R
OD&QR SRJLWLYQLK QDOD]D X SUYD GYD NUXJD LVSLWLYDQ
krugu ispitivanja67) /DAQR SR]JLWLYQL QDOD]L ]D VRERP QRVH GRC

dodatnih snimanja postupakéoji su potrebni kako bi se detektirala ili negirala patologija.
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Dodatna snimanja dovode do dodatnih doza kojima je pe@W L]ORAHQ GRN SRVW)
VQ@@pODAaQR B¢ halsvd ¥krimiJ D S O X D d& Reigd@ biopsija daljnjih

komplikacija. UNLTS studiji samo 2, ODAaQR SR]JLWLYQLK QDOD]D ]JDKWL
PHWRGH NRMH VX NDVQLMH GRYRGLOH(@@B3)R PLQLPDOQR MHC

NELSON sWXGLMD SRND]XMH N D N Rko® pegifgiatafoRodeWdoy QL Q D ¢
SV LKL p N RtyrdpRinBRykbDse ipak smanjuje s viemenom 67

|G XL QH Gupketg@na shimand RMLPD VX SDFNBNRWL VHORUNQM
patologija. Patz i suradnici 2014. goding svojoj studiji analiziraju pretjerana izlaganja
snimanjmaSDFLMHQDWD NRG 1/67 VNULQLQJD L XWYUyYyXMX NDN
L ] O &aepotrebnim snimanjima (6®rimjerice u NLST studiji u tri kruga pregledaUH G Y Ly D
se kako pacijent prima ukupnu dozuod 8 (@@). 7X VH SRVWDYOMD SLWDQMH F
SURX]JURPLOD GR]D WH PRJIJXUQRVWL aRdbIR6H iziddanjad- L QR P D
LRQL]JLUDMXUIHMDNVRDERQMM. PR GR KofbjXZIIHI U@ & RYDWDYWHNIR J H C
SUREOHP &7 XU Hijii®j&ddnésEDEEY pdjaRe karcinoma.

Lin (1) govori kako doze do 106Sv ne izazivaju ilne posljedice. Naglasak je na
"ELWQH" MHU SRWHQFLMDOQDVEWHWDL QXiNQBtuQjiodH LVNO

pregledanimu ovome radu

'DKDO L %XGRII X pODQ NgEdireEBMRawWiGnketeddPiterature ne
pronalaze GRND]JH R aWHWQRMWIN LR GHR]D@PMLRQLJLUDMXiHJ ]L
NDUFLQRPD YHU pDN S U#RaQdn® mgkin GoRahB ¢lél/oNleDdN Benefita poput
SWLPXOLUDQMD LPXQRRGCGRENUDY BB DRRAVWH HHRRKH' GR G RN HY & WH
posljedicena ljudsko tijelo. ZANOMXpQR VPDWUDMX NDNR EL SRWHQFL
karcinomaiizlaganjaLDCO ELOD PRJX 0D WDH S RNEDCEVDH ES. Uh&8KaHI@2 D SR p H (
godina od izlaganjé70).

Schultz i suradnici u velikoj studijustavnimpregledom literature od 19780 2017.
JRGLQH WUDA&H S Raftiidn@lR VM .0 © RID BredledaraXQ M X pODQND
WH VX NRQDpQLP SUHJOHGRP LVSXQLOD VYH NULWHUL
QDYHGHQLP VWXGLMLPONDWMBN@RYAD 8 XUSRNNVDQBIOYH]HI L]PHY X
L RVWDOLP L]YRULP D kQnuiativhe G®oRH1QUSY WEOIMPD N ImSs R
SRYHUDQMHP UL]JLND R(Ek&B)YRMD NDUFLQRPD
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Slika28 .ULWHULML NRML VNXOCEBWLOHAHXN OM XRpHRQ VW X G L M|

Izvor. https://pubmed.ncbi.nim.nih.gov/32009606/

=DQLPOMLYD VWXGLMD SRG YRGVWYRP 5DPSLQHOOL L
RG PRJXUHJ UD]YRMD NDUF p&Q®RdgDtimhl $kiGin $0 F O QD W' 7
protokolom. Provele su se dvije analize u Milanu 2@ 2015 te 2015 do 2016. godine
Podkci tijekom JRGLQD ELOL VX HYDOXLUDQL NRG 113 FLMHQW
AHQD NRML VX ELO2283 R@ piotdkphd V685 PHY GA&. 6 WDWLVWLpPNL UH]X
XND]DOL QD YHUX LQFLGHQFLMX 10 n& D)OORjMli podvigRrutiQ RPD NR
skriningu, naspram 1, ][D PXaANDUFH =DNO MXI|SHRY R/ RINHL NFCLNDR. ALIDOIQ D
PRIJXUQRVW UD]Y SdtEjuNDWR.GREDRDYHQL UH]XOWDBairdmR &H E LW
QD GUDVWL p Q RindsE ad(kadtdih@da ipowaritusranim otkrivanjem na skringu
(72).

6YDNDNR WUHED QDSRPHQXWL NDNR S kridiFpiddjensi LYD QM I
OLMHp@LNERWNWUDKD RG SRVOMHGLFD NRMH JUDpHQMH P
AWHWX RG NRULVWL-dKdovhetdde @M HP /'&7
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5. =$./-8y$.

8 V S R U HEDCW ptathkole sa standardnim CT protokoliomavome raduP RaHP R
] DN O MkdKoL MDCT prdokoli u gotovo sim studijima pokazuu | DGRYROMDYDM X
GLMDJQRVWLEN Xp BDMWR LQ R X SH UdtdRda@iVOT pobEoPGUDVWLPQR
VPDQMHQMH GR]JH @4WR X NRQD)pQLFhp&GRYid@Edlju@sko tippMHJIDY D
IDMYHUX SULPMHQX YLGLPR NRG VNULQLQJ PHWRGD SRSXW
NDUFLQRPD SOXUD JGMH /'&7 p Yitlahd/ RetGdd &thorsl Y dijaghbsBdv HV W R
SDWRORJLMH NDUFLQRPD SOXUD 6YDNKDN®Re pdpWagj&D L]ERU
QDMYHURP UDGLITRIHXWLGWWNMNRRVYLWILUXGQLFD NDGD QDP 05 NI
JUDpHQMD QLMH GRVWXSQD /'&7 X WLP VLWXDragpvdbPD SRN
VWDQGDUGQRJ &7 SURWRNROD Xdpémad/mRwdendritti@jim@ RAKW L p N X
RG SRMDYH aWHWQLK SRV O shraguje-ia nifn@uim] LUDM XUHJ JUDPpHQ

1HNH PDQH SRSXW OD a kbR seéRjavivjlzba LskareDeOkidtez
snimaka L S R M D&'tel néigkBstva radiologsb UL R pdnimak® aMnastajuprimjerice

SRNXaAaDMHP VPDQMHQMD VW UXWHKEKMIB®S B U WH WD PD SRM R G M
LDCT protokol svaNDNR (H V idalvijrD MHWIHULP QDSUHWKRBH,7 LQG)
GRYHVWL GREBEROMABOPHNDD L DOJRULWDPD 5 RI8skWav SRPHQ)
tehnikaL O L N R fitera wopu@d&denodiltra kositra.

Svakako WUHED SRVY HWalLreddviteS Bdaikadijesvin profesionalcakoji
svakodnevngades dozamalL R Q L ] L U D2 K HigeM\ebinarg znanstvenih radoviasl.
te ih usmjeritina stvaranjekvalitetnih SURWRNROD NDNR EL /'&7 GRWRHOL GI
pouzdanijenetodea WLPH ]DAWLWLOL VYH L]ORAHQH OMijek@™H L HOLF
SURYRVHQM Doz kbjaKaddiRitbl tjekom LDCT protokola iako vrlo niske ne
smijemo podcijeniti i smatrati kakQ H SRV W R M L zQ ljuddRd\tij}¢ b Pé&tjerjvabiem
i/ili podcjenjivanjem rizika koju nosi doza na LDCX PRAHPR SURXJURpPLWL YHQ
koristi, pogotovo u dijagnostici djecetrudnica.lako studije pokazuju kako nema direte
SRYH]DQRVWL L]PHYX QLVNLK GR]D LRQL]LODNX\WHW HUDDp HOQM
DNA, studije ipakRVWDYOMDMX VWDWLVWLPpNX PRIXUQRVW NRMX C

PregledomOLWHUDWXUH ]JDNOMXpXMH NedaNdpadtrborg X HEIDIO M Q M |
QX&4&MDNR EL GRELOL \W&lp@tima HmSRGIDRMMH GRLVNH GR]H LRQL]
] U D p Hje€xdhBCT snimanjgSSRWHQFLMDOQR PRJX SURX]JURpLWL
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8.323,6 , 2%-$4a1-(1-( .25,a7(1,+ .5%$7,&$

CT zeng. Computed Tomograpliiompjutaizirana tomografija)

LDCT-eng. Low Dose Computed Tomography (niskodozna CT tomografija)

CAT- eng. Computed Axial Tomograph@T aksijalna tomografija

HU- eng. Hounsfield unitsHounsfieldovgedinice)

MSCT- HQJ OXOWL 60OLFH &RPSXWHGTiorRégRafje) D SK\ YLAHVORMC
MRI *eng. Magnetic Resonance Imaging (magnetska rezonanca)

UZV- eng.Ultrasound (ultrazvuk)

DSCT-eng. Dual6 RXUFH &RPSXWHG 7RPRJUDSK\ &7 V GYD L]JYRUL
SSCT- HQJ 6LQJOH 6RXUFH &RPSXWHG 7RPRJUDSK\ &7 V MHG
CTDI zeng. CT Doserldex (CT dozni index)

DLP- eng. Dose Length Product (product duljine doze)

SSDE eng.Size Specific Dosi (VWLPDWH 3URFMHQD GR]H) VSHFLILpQD
DNA- eng.DeoxyribonucleicAcid (deoksiribonukleinska kiselina)

ALARA- eng. As Low As Reasonably AéY DEOH QDMQLaH PRJXUH D GD
prihvatljivo)

IRCP- eng.International Commission oD GLRORJLFDO 3URWHFWLRQ OHYXC
UDGLROR&GNX |DaWLWX

ICH- eng.Intracerebral Hemorrhadetracerebralno krvarenje)
NLST- eng. National Lung Screening Trialgcionalni skrining pK 0 D
BMI zeng. Body Massndex (index tjelesne mase)

ULDCT- eng. Ultra Low se CT (CT ultra niskih doza)

ACR zeng. American College of Radiology

CBCT- eng. Cone Beam CT (coeamCT, x-zrakaVWRAaDVWRJ REOLND
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CIRS eng.Computerized Imaging Reference Systdik@mpjutaizirani slikovni referentni

sustav)
CTA- eng.Computed Tomographymgiography CT angiografija)
LET- eng. Linear Energy Tansfer (linearni prijenos energije)

PET- eng. Psitron Emission ®mography (pozitronska emisijska tomografija)
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Slika24. &7 GR]QL SDUDPHWUL NRULAWHQL X VWXGLML 6DNDQH

Izvor |https://pubs.rsna.org/doi/epdf/10.1148/radiol.202019D389

Slika25 2GQRV YLVRNH L QLVNH GR]H /(7 JUDpHQMD QD OMXGYV

Izvor |https://www.redjournal.org/action/showPdf?pii=S038ML6%2811%29033 3K

Slika26. BUHYyDM 3(7 &7 6L

Izvor.[https://www.ncbi.nim.nih.gov/pmc/articles/PMC6509903/

Slika27. ,]QDG VX S UL Ndgil@nQ prikaH#RA\LIBUptotokolima smanjenja doza

Izvor |https://www.ncbi.nlm.nih.gaypmc/articles/PMC6509903/

Slka28 .ULWHULML NRML VX ELOL XNOMXpHQL L LVNOMXpHQL

Izvor [https://pubmed.ncbi.nlm.nih.gov/32009606/
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