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1. 6%a(7$.

8 RYRP |[DYUAQRP UDGX REUDGLW UHPR &7 VQLPDQMH
QD SOXuQX HPEROLMX EROHVWL NRMD QDMpHAaUH ]DKYD
LIQLPND NRG PODYyLK OMXGL RVRELWR &4HQD 1D SRpHW
SOXUQUK MIROPDQD EH] NRMHJ MH aLYRW QHPRJXU &WR
RQ EXGH ]J]GUDY L IXQNFLRQDODQ 3DWRORJLMX L SDWR
SUHWUDJX &7 VQLPDQMD SOXUQLK DUWHULMD GHWDOMC(
protokole kod aparatsa 16 i 64 slojeva, kao i protokole apliciranja i mjerenja
NRQWUDVWQRJ VUHGVWYD X NUYQRM aLOL 2EMDVQLYV
SDUDPHWUH NRMLPD VH VOXaLPR NRG GLMDJQRVWLNH S
QDVWDWL L RWHADWIWADPVRRUWOBGDWH &DISXiQX DQJLR
WHKQLNDPD NRMLPD GROD]JLPR GR NRQDpPpQH GLMDJQR]H

In this bachelor thesis we will process a CT scan of pulmonary arteries in
suspected pulmonary embolism, a disease thatlysaffdcts older people, but is not
and expection among younger people, especially women. At the beginning we
describe anatomy of the lungs and pulmonary blood vessels, organs without which
life is impossible, as a distinct importance to be healthy anctibaml. Pathology and
pathophysiology of pulmonary embolism and CT imaging of pulmonary arteries will
be explained in detail. Compare the various protocols with 16 and 64 row detectors,
as well as protocols and measurment of application of contrast maditma blood
vessel. We will explain the most common reconstructive parameters we use in the
diagnosis of pulmonary embolism, artifacts that may occur and compare CT
pulmonary angiography with other techniques which use, their advantages and
disadvantage
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2. CILJ RADA

&LOM RYRJ |]JDYUAQRJ UDGD MH XSR]QDWL pLWDWHON
]JDAWR MH YDAQR RGDEUDWL SUDYL GLMDJQRVWLpNL DOD!
i SRpHOD OLMHpLWL ,] WRJ UD]JORJD X UDGX VH RSLV>
QDJODVNRP QD &7 DQJLRJUDILMX SOXUQLK DUWHULMD
GLMDJQR]X SOXUQH HPEROLMH



3. UVOD

3.1 Anatomija

30XUuD VX SDUQL SDUHQKLPDWRAQIRERPDOQPNR IVMNLHDHR
SUVQH aXSOMLQH ,]JPHYyX GHVQRJD SXOPR GH[WHU L OL
VH VUHGRSUVMH PHGLDVWLQXP 6YDNR SOXuUuH REDYLM
QDJLYDPR SOHXURP =DKYDOMXMXUL S/OMDMQD $RYOBREAQD
7TLMHNRP SURFHVD GLVDQMD X SOXuLPD VH REDYOMD
XGDKQXWD JUDND ,] XGDKQXWD JUDND X NUY XOD]L NLV
dioksid.

6YDNR SOXiUH QDOLNXMH SRORYLFL X]GRXQRPBRGLMt
UDJ]OLNXMHPR GRQML &4LUL GLR LOL ED]X EDVLV SXOPR!
SXOPRQLV 8] ED]X L YUK QD VYDNRP SOXuX QDOD]H VH

'RQMD LOL ED]DOQD SRYU&aLQD IDFLHVY GLDSKUDJPD
Konkavnha MH MHU VH R&LW L]JERpXMH X SUVQL NR& .RQYHN
NRMD REOLNRP RGJRYDUD ERPpQLP VWLMHQNDPD SUVQH
SRYUGLQD OHGLMDVWLQDOQD SRYU&ALQD IDFLHV PHGLDYV

naslanja seanorgane sredoprsja.

1D VUHGLQL PHGLMDVWLQDOQH SRYUALQH SOXuUD QD
ulaze i iz njega izlaze glavni bronhi, pulmonalna arterija, bronhijalne grane
KUDQLGEHQRJ RSWRND SOXuUD SXOPRQDOQkNMHQH A&LYF
KLOXVX XOD]H X SOXiUD L L]JOD]JH L] QMLK QD]JLYDMX VH
'"UXJLP ULMHpLPD KLOXV SOXuD MHVW PMHVWR QD NRPX

'RQML UXE PDUJR LQIHULRU UD]GYDMD NRVWDOQ:
SRYUBMWUHD AaQAMOLUURESRVWHULRU |]DREOMHQ MH L QLMH N
SRYU&GLQD EODJR SUHOD]L X PHGLMDVWLQDOQX SRYU&LQ
LV SUHGQMH VWUDQH UD]J]GYDMD QDYHGHQH GYLMH SRYL
pudD 1D OLMHYRPH SOXuX SUHGQML UXE X GRQMHP GL

cardiaca pulmonis sinistri) koga oblikuje srce.

30XuD QLVX MHGQDND 'HVQR SOXuUH NUDUH MH L &aLU
SRYUALQL SOXuD QDOD]H VH BXERIDNHI QONRMAXO 8 RN R MBIXN



EUD]JGH VYDNR SOXiUH GLMHOH QD SOXaQMH UHaAaQMHYH R
LPDMX OREDUQL VDVWDY 'HVQR SOXUH LPD WUL UHaQML
superior, lobus inferior et lobus medius pul@dV GH[WUL D OLMHYR SOXi
UHAQMD JRUQML L GRQML SOXuUQL UHADQM OREXV VXSH
*RUQML L GRQML UHabQM OLMHYRJD SOXa&D UD]J]GYDMD N
GHVQRPX SOXiUX UD]GYDMEK GROMX UHaADEM YRIG RRAWWDWOL L
GHVQRJD SOXuUuD UD]GYDMD YRGRUDYQD SXNRWLQD ILVV>

8 SOXULPD UD]JOLNXMHPR IXQNFLRQDOQL L KUDC
JXQNFLRQDOQLP RSWRNRP GRYRGL VH Y4QVND NU)Y
RNVLIHQLUD RGQRVQR ]DVLUXMH NLVLNRP WH VH I
O9HQVND NUY L] VUFD GROD]JL X SOXUD SUHNR D SX¢
sinistrae.*ODYQD SOXuQD DUWHULMD JUDQD VH X OLMHY
visini otprilike petog WRUDNDOQRJ NUDOMH&AND 'DOMH VH G
lobusima. Desno imamo gornju, srednju i donju koje se dalje dijele ovisno o
GLMHOX NRML RSVNUEOMXMX WDNR X JRUQMHP UHZa
DQWHULRUQX 6UHGQML UH&IQWHUR B XO D RGN Q X H AP
QDMYL&H VXSHULRUQX PHGLMDOQX ED]J]DOQX DQWH
posteriornu bazalnu arteriju. Lijevo se grana gwnju, lingvalnu i donju

SOXUQX DUWHULMX *RUQMD VH GLMHOLjuQD DSLNR
/ILQJYDOQD VH GLMHOL QD VXSHULRUQX L LQIHULR
superiornu, anteromedijalnu bazalnu, lateralnu bazalnu i posteriornu bazalnu

arteriju. 1IDNRQ RNVLJHQDFLMH NUYL X SOXuUuLPD DUWHI
preko vv. pulmones. ¥ YDNRJD SOXuD L]OD]JH GYLMH YY SXOP

+UDQLGEHQLP RSWRNRP SUHKDQMXMH VH SOXUQR WN
GRYRGL VH DUWHULMVND NUY $UWHULMVND NUY X SOXi
(rr. bronchiales). Venska krv hranidbenoga optokeoddse bronhijalnim venama iz
GHVQRJD SOXuD XY DJ\JRV D L] OLMHYRJD SOXuDb X Y K



3230XuQD HPEROLMD

3.21 Povijesni pregled

,DNR MH SOXuQD WURPERHPEROLMD 4aLURNR UD&LUHC
VH WHN RNR VWROMHUD X VSLVLPD LQGLMVNH L NLQH
NLUXUJ 6XVKUXWD RVWDYOMD SUYL SLVDQL WUDJ WL
bolesnikoY X NOLQLpPNX VOLNX ULMHpLPD ARWHNQXWH L EROC

SRPHWNRP VWROMHUD JRGLQH /DsQQHF SLa
QDYRGHUL GD MH AEROHVW NRMX RYDNR QD]JLYDP XpHV\
SRWSXQR QHBRHWODWRGLQD NDVQLMH &UXYHLOKLHU SUYL
QDOD] HPEROXVD X SOXuQLP DUWHULMDPD 8QDWRp ]QD}
&UXYHLOKLHU QLVX SSGRWSGRWGEGDNYQXOLYKN]XRDPIPRIYyX GXER
WURPER]H L HPER@®terjBFLMH SOXUQLK

*RGLQH 5XGROI 9LUFKRZ WDGD WULGHVHWSHWF
wWuULMDV NUYQH VWD]H RJOMHGH VWLMHQNH NUYQH AL
povezanosti s razvojem venske tromboze. Ta je povezanost vjerojatno jedna od
najdugoviHpQLMLK WH]D X PHGLFLQL XRSuUH L WHPHOM MH GD
UL]JLND EROHVWL 3ULVXWQRVW pLPEHQLND UL]JLND SRY}
YHQVNH WURPER]JH L SRVOMHGLPQH SOXUQH HPEROLMH (
venski tromboemblizam t97( NDR L SRWUHEX ]D XYRYyHQMHP SURIL
YLVRNRUL]JLPQLK EROHVQLND

%HQLDPLQR /X]]IDWWR RSLVDR MH JRGLQH QDMPF
HPEROLMH X pODQNX QDVORYOMHQRP A(PEROLMD SOXuQ
sklonosW HPEROL]DFLML GRQMLK SOXUQLK UHAQMHYD X] ]
SULVXWQRVW ALD@HMERWOHM/MQIRNDR pLPEHQLND UL]JLND

SRpPHWNRP VWROMHUD TUHQGHOHQEXUJ SRNX
HPEROHNWRPLMH DOL EH] YHUHJ XVaSidHIgaR, 1924. VPUWL S
JRGLQH 7UHQGHOHQEXUJRY VWXGHQW .LUVFKQHU REDYC
EROHVQLND V DNXWQRP tSSRMWRPDNPERKLMRP VH SRpH)
primjenjivati u SAD X WHN RG JRGLQH 30XUQD kKbmMEROLMD V
bolesti sve do sredine SWLK JRGLQD VWROMHUD NDGD VH S
XYRYHQMHP KHSDULQVNH WHUDSLMH



UYL GLMDJQRVWLpPNL SRVWXSFL X EROHVQLND V SC
JRGLQH SUYLP VQLPNDPD DQJLRJUDILMDI).S0O¢K&QLK DUWFE

AYHGVNL NLUXUJ *XQQDU %DXHU XYRGL YHQRJUDIL
GXERNH YHQVNH WURPER]JH ,VWH WH JRGLQH LVWUDAL"®
UDGLROR&NH J]QDNRYH SOXUQH HPEROLMH L SOXUQRJ LQ
termiQRORJLMX XUL NDR +DPSWRQRY JQDN *XQQDU %DXHU
heparinske terapije kod bolesnika s venskim tromboembolizmom, iako je heparin
RWNULYHQ WULGHVHWDN JRGLQD UDQLMH JRGLQH R

medicine).

DiDJQRVWLND SOXuQH HPEROLMH GUDPDWLpPQR VH &
NDGD GROD]L GR ]QDpDMQRJ QDSUHWND SRVWRMHULK V
QRYLK WHKQRORJLMD X SUYRP UHGX UDGLRORANLK 7I
VXUDGQLFL ]DSRDpls€dutidne SgulmBridlireQ Angiografije u svrhu
GLMDIJQRVWLFLUDQMD SOXUQH HPEROLMH D JRGL
DQJLRJUDIVNH JQDNRYH SOXUQH HPEROLMH ]DNOMXpXM
SXQMHQMD?3 L ASUHNLGL NRQWLSDPLON HIWDIEL RHIQ D | YNV \BHRO
bolesti.

5DGLRQXNOLGQL GLMDJQRVWLpPpNL Sthvgydh&8 FL NRML
SURAORJ VWROMHUD SRODNR SRpPHOL XYRGLWL X NOLC
GLMDJQRVWLNX L SRWDNQXWL QRY@ijeUwddhergeOl6D.QMD R Wi
JRGLQH SRVWDYLR GLMDJQR]X SOXUQH HPEROLMH NRG
WHKQLNH RELOMHADYDQMH PDNURDJUHJDWD KXPDQLK
ventiladgjsko-perfuzijskih radioizotopnih snimanja nastavio se tijekom smhEsetih
NDGD SRpLQMX L SUYL HNVSHULPHQWL V ILEULQROLYV
RWNULYHQRR NMR@ALQD *RGLQH $PHULpND RUJDQL]
lijekove (FDA, eng. Food and Drug Administration) odobrava protokol za primjenu
streptokinazeX OLMHpPHQMX SOXiUQH HPEROLMH D JRGLQX GI
donosi se i za uporabu urokinaze. PIOPED studija 1990. godine dokazuje podjednaku
XPLQNRYLWRVWSHMUHXWLMDNDHF LWAANRNV LIJUDILMH SOXuD X X
pulmonalnom angiograflRP X GLMDJQRVWLFL EROHVQLND V SOXiuC
scintigrafija postaje zlatni standard u dijagnostici bolesti. Od sredind §06dina
SRpLQMH UD]JYRM PXOWLGHWHNWRUVNH YLAHVORMQH NR|
+ multislice computed tomographyX GLMDJQRVWLFL SOXUQH HPEROL

8



WHKQRORANL UD]JYRM XUHYyDMD EROMD SRGQRAOMLYRVW
VX 06&7 DQJLRJUDILMX XpLQLOH &ALURNR GRVWXSQRP
metodom koja od 2005. godine predstavlja zlatni stthda X GLMDJQRVWLFL S
HPEROLMH ,VWRGREQR V GLMDJQRVWLpNLP UD]JYLMDOH
pripravcima  konvencionalnog heparina, potom oralnih  antikoagulansa,

QLVNRPROHNXODUQLK KHSDULQD L SUYLK ILEULQROLWV
EROHVQLND V SOXUQRP HPEROLMRP ]DVQLYDMX VH QD
bolesnika u jedinicama intenzivne skrbi te uporabe novijih antikoagulansa i

fibrinolitika iz grupe rekombinantnih aktivatora tkivhog plazminogena.

322 (SLGHPLRORJLMMika pLPEHQLFL

30XiQD WURPERHPEROLMD MH SR XpHVWDORVWL
GDQDAQMLFH RGPDK QDNRQ DNXWQRJ LQIDUNWD PLRNE
BWRSD VPUWQRVWL SOXiQH HPEROLMH QDGPD&XMH RQ.
otkrivanja bolesti i LJRVWDQND MDVQLK VPMHUQLFD X OLMHpH

bolesnika.

SURFLMHQMHQD LQFLGHQFLMD SOXUQH HPEROLMH
statistikama iz SABD L]QRVL V RNR VOXpDMHYD JR
YRYHQH SRVOLMH KbRsBI& QolrhpjuileriNir&é M tdmugkafiju kao
]ODWQL VWDQGDUG X GLMDJQRVWLFL SOXuQH HPEROL
LQFLGHQFLMD MR& L YHUD 1RYR VYMHWOR X VKYDUDQMW
SUHGVWDYOMD L pLQMHQLKXKW®DGWLO R BVEHXANGD NI VENUHR M W/XOX
HPEROLMH EURMX NRML VX WLMHNRP OLMHpPpHQMD EROH)
dovela do procjene od oko 650 000 do 900 000 bolesnika s fatalnim ili nefatalnim
YHQVNLP WURPERHPEROL]PRP-u. JRcler&@® M¥enskadg 63
WURPERHPEROL]PD QLMH VH ]1QDpDMQLMH PLMHQMDOD W
LQFLGHQFLMX EROHVWL ELW UH MR& WHAaH SURFLMHQLYV
obdukcija. U longitudinalnoj 2 RGLAaQMRM VWXGLML X UD]JGREOMX |
godine stopa obdukcija u SAD pala je s 55% na 30% i pokazuje daljnju tendenciju

pada.

8 EROHVQLND V GXERNRP YHQVNRP WURPER]RP SOX
60- VOXpDMHYD LDNR MH YL4H RG SRORYLFH EROF
hospitaliziranih boless’N\D SOXuiQD HPEROLMD SUHGVWDYOMD WUHI



VOXpDMHYD JRGLAQMH 2EGXNFLMVNH VWXGLMH SR
XPUOLK X EROQLFL LPDOR SOXUuQX HPEROLMX RG pHJD N
SURVSHNWLY Q Dokha2al/ WD dd_ }¢ DiB¥hDbolBsnika koji su tijekom
EROQLpNRJ OLMHpHQMD OHADOL YL&H RG WMHGDQ GDC
Nadalje, duboka venska tromboza bila je dokazana-u 29EROHVQLND OLMHpPpHQ
MHGLQLFDPD LQWH Q |R269Q»lsikal svds$hitdtQrivnD bolEstima Kkoji
VX X NUHYHWX PLURYDOL YLaH RG GDQD WH X pDN |
RSHUDFLMD DRUWRNRURQDURJ SUHPRaAWHQMD 30XuQD
postoperativnih smrti. Amputacije donjih ekstremiteta, opgrakuka, zdjelice i
NUDOMHAEAQLFH XGUXaHQH VX V QDMYHULP UL]JLNRP

3RGDFL R WRPH MH OL PX&4NL VSRO QH]DYLVQL pLPE
HPEROLMH MR& VX XYLMHN NRQWUDGLNWRUQ4u ,SDN DQ
XND]DOD MH QD pLSDMHMPURQ B\DWMHE R@WIRVQLND-RG SOXiQ

YHUD X PX4a4NRM SRSXODFLML ,QFLGHQFLMD YHQVNLK
VWDULMRM PX&NRM SRSXODFLML WDNRVYHU MH YHUD QH.
PODYLK RG JRGLQD LQFLH:EQ®GDMDHSOKIM K BEREROBMRF
MH XNXSQD JRGLAQMD VSROQR L GREQR SULODJRYyHQD L
EROHVWL VOXpDMHYD QD RSiUH SRSXODFLMH :
PHGLEFLQVNLK VHVWDUD XWYUB8 LIODF MGHH R Y M QB VRS DMV VA
HPEROLMH L YHUHJ EURMD VDWL VMHGHQMD WMHGQR &t
LPDOH VX GYRVWUXNR YHi{L UL]JLN SOXiQH WURPERHPER
QD UDGQRP PMHVWX VMHGLOH NUDUH RG VDWL WMHGQ]

PPHYDOHQFLMD SOXUQH HPEROLMH ]QDpDMQR VH SRY
LQFLGHQFLMH GXERNH YHQVNH WURPER]H L SOXUQH HPE
RED VSROD 6UHGQMD GRE EROHVQLND V SOXUQRP HPEI
bolesnika starijeM H R G JRGLQD ,QFLGHQFLMD MH RVDP SXWD

JRGLQD X XVSRUHGEL V RQLPD PODYyLP RG JRGLQI
HPEROLMH X VWDULMLK EROHVQLND SRVWDYOMD VH UN
UHVSLUDWRUQL V IDRUPWRKP N DRHWUR MKRYL yDN L NDGD V
GLMDJQR]D pHVWR VH QH SURYRGL RSWLPDOQD WHUD:

krvarenja u ovoj grupi bolesnika.

10



3.2.3 Tijek bolesti i prognoza

%XGXUL GD MH SOXUQD HPEROLMDDWJPbMMpR@UB LDOILQLY
WLMHN EROHVWL SRWUHEQR MH UD]J]PDWUDWL X VNORS)>
simptomatskin DVFRP LPD SURNVLPDOQL QDWNROMHQLpPQL '9
EROHVQLND NRPSOLFLUD VH UD]JYRMHP SOXUQH HPEROL
embolijopP X SUYRP UHGX RYLVL R SUDYRYUHPHQRP SUHSF
SULVXWQLP NRPRUELGLWHWLPD 9HULQD VPUWQLK VOX|
QHOLMHpPpHQLK EROHVQLND ODQMH RG VYLK VPUWL MD
je istaknuti da antikcagd QW QD WHUDSLMD J]QDpDMQR UHGXFLUD P
30XuQD HPEROLMD V UD]JYRMHP &R N-D0% 6dlesikesS&®RWHQ]LMH
RNR EROHVQLND EH] SRND]DWHOMD aRND LOL KLSRW
desnog ventrikula. Ukupna@QRJRGLAQMD VPUWQRVW SUHPD UH]XOW
ELOD MH RNR ,SDN VWRSD UHFLGLYD MH YLVRND L G
10 godina.

1IDNRQ SOXUQH HPEROLMH NRPSOHWQD UH]JROXFLMH

VOXpDMHYD  %ahiikoBgGlahhhe Devedg)ed oko 50% bolesnika sa
simptomatskim proksimalnim DVIRP LOL SOXUQRP HPEROLMRP UD]YLM
wuL PMHVHFD .RG EROHVQLND NRML VX SURMHOL DQWL
PMHVHFL UL]JLN SRWHQ F Levhbolij&QiEos B.OW R QFROXD D NS DK D QHD
100 bolesnika.

8 NURQLPQH NRPSD ubra)dfl MeH siredrom  venske staze
SRVWWURPERWVNL VLQGURP YHQVNL XONXV L NURC
hipertenzija. Ukupna incidencija sindroma venske staze i vgnskosa u SARu je

RGQRVQR QD OMXGL JREPLERPMWX % REOXHVD LYRH.U
UL]LN QDVWDQND VLQGURPD YHQVNH VWD]H 'YDGHVHW
sindroma venske staze nakon VV@HE proksimalnog DV7a iznosila je oko 2%

RGQRVQR GRN MH NRG YHQVNRJ XONXVD L]JQRVL
WURPERHPEROLMVND SOXUQD KLSHUWHQ]LMD GHILQLUD
RGOQRVQR VUHGQMH YULMHGQRVWL WODND X SOXUQRM D
6 mjeseci nakonSRVWDYOMDQMD GLMDJQR]H ,QFLGHQFLMD N
SOXUQH KLSHUWHQ]LMH X EROHVQLND V 3RWYUYHQRP SO

11



324 3DWRIL]JLRORJLMD SOXuQH HPEROLMH

OHULQD SOXUQLK HPEROXVD QDVWDMH X GXERNRP
ekstremiteta ,OHRIHPRUDOQH YHQH VX L]JYRU YHULQH NOLC
embolija. Procjenjujesedab0 LOLMDpPpQLK IHPRUDOQLK L SRSOLWHI
ispod razine poplitealne vene u potkoljenicama, odakle proksimalno propagiraju.
,SDN SRWNRWWMRRHEL YHYIHORP VSRQWDQRRWMBSDMX L VD
VSRQWDQR 4LUH X QDWNROMHQLFX XNROLNR VH QH OLMF
YHQVNH VWD]H NDR 8WR VX YHQVNL |]DOLVFL L ELIXUNDFL

IDNRQ &aWR GRSXWXMX X SOXuQXu Rdghvidi vda M X YHUL
ELIXUNDFLML JODYQH SOXUQH DUWHULMH LOL OREDUQLK
SRUHPHUDMD ODQML WURPEL SXWXMX GLVWDOQLMH L Q
EROL X SUVLPD YMHURMDWQR XVOLMHGQLSDQ DU NWWL
XJURNXMH RNR WURPED QDMpH&UH X EROHVQLND NR
SRVWRMD-QMOQLKpPRB®HVWL 9HULQD SOXUQLK HPEROXVD
UHAQMHYH

SRVOMHGLFH SOXUuQH HPEROLMH GRPLQDX&& QR VX KH
MH YLAH ROXUQRJ DUWHULMVNRJ VWDEOD RNOXGLUDC
YLAHVWUXNL HPEROXVL PRJX DNXWQR ]J]QDpDMQR SRYLV
NRMX GHVQL YHQWULNXO QH PRA&H DNXWQR NRPSHQ]LU
NOLQLbLND MB RQD LJQHQDGQH VUpPDQH VPUWL XJODYC
GLVRFLMDFLMH %ROHVQLFL VH WDNRYyHU PRJX SUH]H
KLSRWHQ]JLMRP L aRNRP JERJ DNXWQRJ |DWDMHQMD Gt
pridonosi i disfunkcija ljevog VQWULNXOD XVOLMHG L]J]ERpPHQMD L«
VHSWXPD L SRVOMHGLpPQRJ PDORJ XGDUQRJ RGQRVQR Pl

.RG EROHVQLND NRML SUHALYH SUYX HSL]RGX KHPF
HPEROLMH GROD]L GR QHXURKXPRUDOQHnotopsdUiYRP UHGX
kronotropna stimulacija prema Frat kW DUOLQJRYX PHKDQL]PX UH]XOWL
WODNRP X SOXUQRM DUWHULML pLPH VH XVSRVWDYOMD
NRMH QLMH ]DKYDUHQR HPEROLMRP RGUADYD VH SXQM
PLQXWQL YROXPHQ 1D RYDM VH QDpLQ X] SHULIHUQX YL
VLVWHPVNL WODN L SHUIX]LMD 2YR MH SRVHEQR YDAaQR
GHVQRJ YHQWULNXOD ,SDN YULMHGQRVWL WODND NRMFE
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ne prelaze vrijednosti 480 mmHg s obzirom da se radi dominantno o volumenu
RYLVQRM VUpPpDQRM @aXSOMLQL

3RQRYOMHQD KHPRGLQDPVND GHVWDELOL]DFLMD PR
VDWL QDMpH&GH ]JERJ UHFLGLYD HPEROLMH LOL SRS
QHPRJIJXUQRVWL NRPSHQ]JDWRUQLK LQRWURSQLK L NURC
IXQNFLMX GHVQRJ YHQWULNXOD NUR] GX&8H YULMHPH
HPEROLMVNLK GRJDYyDMD 'LVIXQNFLMD GHVQRJ YHQWUL
uslijed nesrazmjera RHYyX SRYHUDQH SRWUHEH ]D NLVLNRP L V
SHUIX]LMH 8] DNXWQR WODpPQR RSWHUHUHQMH GROD]L C
PLPH VH QMHJRYD IXQNFLMD GRGDWQR SRJRUADYD

5HVSLUDWRUQD LQVXILFLMHQFLMD X ERCGHVQLND V S
SRVOMHGLFD KHPRGLQDPVNLK SRUHPHUDMD IHNROLNR
KLSRNVLML WLMHNRP HSL]JRGH SOXiQH HPEROLMH 6Q
SRYHUDQRP GHVDWXUDFLMRP PLMHADQH YHQVNH NUYL
Reducirani protok u PEROLMRP |DKYDUHQLP SRGUXpMLPD V MHGC
HPEROLMRP QH]DKYDUHQLP GLMHORYLPD SOXUQRJ DUW
GRYRGH GR QHVUD]PMHUD YHQWLODFLMH L SHUIX]JLMH pL
.RG RWSULOLNH WUHIDR¥WERDBORUNE KERHUWHQ]LMH G
desnatijevog spoja na razini foramena ovale, dodatne desaturacije arterijske krvi

odnosno hipoksemije.

ODQML L GLVWDOQLML WURPEL LDNR QH GRYRGH GR
mogu izazvati alveolarnuS XOPRQDOQX KHPRUDJLMX V SRVOMHGL
SOHXULWLVRP L PDQMLP SOHXUDOQLP LJOMHYRP SOXUQ
SOXUQX LIPMHQX SOLQRYD QDMpH&a&UH ]DQHPDULY PRJX
bolesnika koji od ranije boluju od nekelil Q W UPBQBQH EROHVWL

335 ' LMDJQRVWLPpNL DOJRULWDP

'LMDJQR]D SOXUQH HPEROLMD SUHGVWDYOMD L]D]R
QHVSHFLILPpQL D GLMDJQRVWLpPpNL WHVWRYL QHVDYUaH
XNOMXpPpLYDQMHP SOXUuQH HPEROLMH X GLIHUHQFLMDOQ X
simptoma u koe SDGDMX LVKHPLMD VUFD SRSXawDQMH VUF
RSVWUXNWLYQH EROHVWL SQHXPRWRUDNV SQHXPRQL

(pacijenti s drepanocitozom) i akutna uznemirenost sa hiperventilacijom.
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2EUDGD ]DSRPLQMH SXO\GRmPRRGERPPHOWAULUIDMRP (.

57* SOXUD MH RELPQR QRUPDODQ PDGD PRAH SRNI
LQILOWUDWH HOHYDFLMX KHPLGLMDIUDJPH L LOL SOHX
JXELWND YDVNXODUQLK VMHQD :HVWHUPDUMRY ]J]QDN S
+DPSWRQRYD JUED ]GHSDVWH VMHQH KLOXVD LOL SU

arterije (Pallasov znak) su sugestivni ali neuvjerljivi znakovi.

3XOVQD RNVLPHWULMD RPRJXuDYD EU]X SURFMHQH
MHGDQ RG ]QDNRYD SOXuQH HPEROLMH

(.* QDMpHaUH SRND]XMH VLOQXVQX WDKLNDUGLMX
QHIJDWLYDQ 7 YDO X GHVQLP SUHNRUGLMDOQLP RGYRGLE
SL. 504). Zubac $i Q3, dubok S zubac, negativansival, P#ulmonale, kompletan
ili nekompletan bk desne grane Hisovog snopapBIimonale i skretanje osi srca
udesno (R > Su¥ XND]XMX QD XpLQDN QDJORJ SRUDVWD W
IDYHGHQL (.* ]QDNRYL LDNR VSHFLILPpQL JQDNRYL DNXW:/(
senzitivni jer se nalaze samoRIN R VOXpDMHYD

I avR V1 v4

|

i [ SREEs J‘, _/\,,,,,\/—\_,"'< P ' \/V‘L i YPL, V“VW,(L SE % 5 'L B ety JL\, Sii g ‘fkw'/" 3 J‘_J‘hﬁ/\; 30
[

v2

A .lL AL II; S &1 S~ AIL B A,,b[,_/\ LK ,,"l, N '; N .]L ) i l{\,,/\,, A “ NS &L,,/\ X

25 om/asc: | 1040

60LND (.* NRG SO XiGurritdr? saF ®dikdddja/min ; S val u |

odvodu s Qvalom , obrnuti Tval i el evacija ST segmenta u Il odvodds(%);

GHYLMDFLMD 456 RVL XGHVQR VD 5YDORP YHUH DPSOLWX
aLoMDVWL 3 YDORYL X ,, RGYRGX
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.OLQLpPND YMHURMDWQRVW |]D L WHPHOMX DQDPQH]H
PDORP NOLQLpPpNRP YMHURMDWQRA&UXUDY XM X ulQOH. HWHE RE IUN
PLQLPDOQD 3DFLMHQWL V XPMHUHQRP VUHGQMRP NO
HPEROLMX SRGYUJDYDMX VH GRGDWQLP SUHWUDJDPD (
NDQGLGDWL ]D QHSRVUHGQR OLMHpPpHQMH dédalinVH SOXuUQTL
GLMDJQRVWLpPpNLP SUHWUDJDPD

J,1,9.$ 6/,.% '97 3
DRUGE DG MANJE VJEROJATNE OD PE 3
65y$1% )5(.9(1&,-$ ! 1,5

,02%,/,=%$&,-$ « '$1% ,/, 23 8187%5 7- 15

RANIJE VTE 15
HEMOPTIZA 1
MALIGNITET 1

J,1,9.$ 9-(52-$71267

VRLO VJEROJATNA >4

NIJE VIEROJATNA

Tablica 1.3UDYLOD NOLQLpPNRJ SUHGYLYDQMD :HOOVRYL NU
embolije Izvor: Belle A et al. JAMA 2006;295:172
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PROCIENA PE PO WELLS-u
PE nije vierojatna PE je vjerojatna
¥

ISKLIUCENA l

PE
ISKLIUCENA

PE
FOTVRDENA

Slika 2. AlgortamGLMDJQRVWLPNLK SUHWURWDBHN&RLetSIOXUQH HP
JAMA 2006;295:179
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4. &7 DQJLRJUDILMD SOXuQLK DUWHULMD

Razvojem multidetektorske kompjuterizirane tomografije s visokom
SURVWRUQRP L YUHPHQVNRP UHJROXFLMRP L NYDOLWHW (
angiografija postala je metodom izbora WIDJQRVWLFL SOXUQH HPEROLMH .
NOLQLpPNRM SUDNVL OHWRGD RPRJXUXMH L]JUDYQX YL]XD
VHIPHQWDOQH UD]JLQH RIJUDQDND SOXUuQH DUWHULMH L L

7TDNRYHU RYRP PHWRGRP P Ratsloyijd kadRold3nika8 L L GUXJH

dispnejom ili bolovima u prsima.

4.1 Protokol snimanja
6YDNL VXYUHPHQL &7 XUHYyDM WUHEDR EL LPDWL SU
DSOLNDFLMH NRQWUDVWQRJ VUHGVWYD |]D L]YRYHQMH &7

Protokolsnimanja sastoji se od:
- topograma
- monitoringkontrasta ili test bolus

- snimanja s kontrastnim sredstvom.

TABLE 16-MDCT Pulmonary Angiography Protocol

Parameter Normal-Sized Patient Large Patient (> 250 1b [113 kgl)

Detector width/reconstruction (mm) 1.251.25 25/1.25

Table speed/rotation {mm) 13.75 6.88

Pitch 1.375:1 0.562:1

Peak kilovoltage 140 140
Milliamperes 380 380

Rotation time (s) 0.5 1.0

Algarithm Standard Standard

Scanning field of view Large Large

Display field of view Rib to rib Rib to rib

7TDEOLFD SBULND]XMH SURWRNR QIzRWittrarMO,RIMOQRI 06&7
| Do It: CT Pulmonary Angiography; AJR:188 May 2002561261)
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64-MDCT Pulmonary Angiography Protocol

Parameter MNormal-Sized Patient Large Patient (> 250 1b [113 kg])
Detector width/reconstruction (mm) 0.625/1.25 0.625/1.25/2.5
Table speed/rotation (mm) 55 55
Pitch 1.375:1 1.375:1
Peak kilovoltage 140 140
Milliamperes 380 380
Rotation time (s) 0.5 1.0
Algorithm Standard Standard
Scanning field of view Large Large
Display field of view Rib to rib Rib to rib

7TDEOLFD SBULND]XMH SURWRNR QIzMoR WittranvQ;RIMQ RJ 06 &7
| Do It: CT Pulmonary Angiography; AJR:188 May 2007; 12561)

6XYUHPHQL 06&7 XUHYyDML LPDMX VYH YHUL EURM VORM
snimanja. Takdge vrijeme snimanja kod 1§lojni MSCT 10 sekunda do ko@W-

VORMQRJ 06&7 YULMHPH VQLPDQMD Le|ktRovier RIDQMH RG
SDFLMHQWL VD SOXUQRP HPEROLMRP GLKoH @®IlilpQL L QH F
SDFLMHQDWD GD EL VPDQMLOL EXNX SRWUHEIQR QKH S
UHNRQVWU XN FL M H sinafjuieb6jetljivadtdetekeieMi@usaal 2, tbl

3).

4.1.1 Priprema pacijenta
SULMH SRpHWND G LM poirébRovi&\th jpaciedt isiR posiaXIeiND

LQWUDYHQVNX NDQLOX YMHOIDINRHEL PRROL BERVMWLGL SRW

kontrastnog sredstva.

3DFLMHQW VH SR]LFLRQLUD -XUDXELMROOQR LMSIRIOR B DO
SOXiQD HPEROLMDPR QMELPNRHBQMGILYAIH WLMHNRP VQLPD

artefakata.

4.1.2 Akvizicija slike i parametri rekonstrukcije
Odluka o izboru akvizicijskih parametara (detektorska konfigurpdigd) i
RGJRYDUDMXULP SDUDPHWULPD UHNRQVWUXNFLMH XYHC
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XUHYyDMD 3URVWRUQD UH]ROXFLMD S pitthfaRMWaNiHQR RYLVL
R XYMHWLPD UHNRQVWUXNFLMH VOLNH %U]JLQD VQLPDQ]
DOL VH PRA&H SRY H jpitkivm P DS\RPHIDPMNHP EUJL-QH JLEDQM
6OLNH VH SULND]XMX X WUL UD]JOLpPLWH VLYH VNDOH

te centar sive skale + PHGLMDVWLQXPD
+

100H).

1D
aLuLQbD VLYH VNDOH
WH SUR]JRU VD GHWHNFLMX SOXUuQH HPEROLMH &LUL

4.1.3 Aplikacija kontrastnog sredstva
Kod CT angiografije, u svrhu boljeg opacificiranja vaskularnih struktura
intravenski se aplicira vodotopivo niskoosmala jodno kontrastno sredstvo kojim
VH RSDFLILFLUDMX DUWHULMH -RG X RUJDQX RG LQWH

DSVRUSFLMX UHQGJHQVNRJ JUDpHQMD 7R UH]XOWLUD
SREROMAaADQMHP SULND]D QD &7 VOLFL

Aplikacija kontrasta kod&7 DQJLRJUDILMH XYLMHN MH X] SRP

ASULFH 9ROXPHQ L EU]JLQD DSOLNDFLMH NRQWUDVWQRJ
se prema unaprijed propisanom protokolu.

J)DNWRUL NRML XWMHpPpX QD RSDFLILNDFLMX NRQ

A) Faktori vezani uz pacijenta
7TMHOHVQD WHAaLQD

1DMYDaQLML IDNWRU YH]DQ X] SDFLMHQWD NRML XW

VUHGVWYD X DQDOL]L YDVNXODUQLK L SDUHQKLPVNLK VV
UD]LQD RSDFLILNDFLMH NRQWUDVWQRJ VUHGVWYD NRG S
je pULPLMHQLWL YHUX NROLPLQX MRGQRJ

NRQWUDVWQRJ VUHGVWYD SRYHUDYD VH

NRQWUDVWD
X RGQRVX V V
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Time after the start of injection (sec)

Grafikon BULND]XMH RGQRYV RSDFLILNDFLMH DRUWH RG SF
100i 125 kg. Vidimo kakosBYHUDQMHP WHALQH RSDGD YULMHGQR
Izvor: Bae, K.T; Intravenous contrast medium administration and scan timing at CT:
considerations and approachégadiology 2010;256:32

6UPDQL XGDUQL YROXPHQ

.RG VUPDQRJ XGDUQRJ &0 %® IdQ BmaRjljay @dkus M H
NRQWUDVQRJ VUHGVWD GLVWULEXLUD VH VSRULMH &WR

SRGUXpMH LQWHUHVD .DG MH YULMHPH VQLPDQMD NULW
WHVW SUDUHQMD

Dob i spol

Opacifikacija kontrasnog UHGVWYD UD]JOLNXMH VH L]JPHyYyX PXaNn
QMLKRYH UD]JOLNH X YROXPHQX FLUNXOLWDWRKOdH NUYL 9
AaHQD X RGQRVX QD PXadaNRJ LVWH WMHOHVQH YLVLQH L
NRQWUDVWQLP VUHGVWYR@RYNIQDVMPAXERDBDUXHQDRX RIGI S|
GLVWULEXFLMRP NRQWUDVWD L] UDJORJD 4aWR V JRGLQDF
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Venski put

2GDELU PMHVWD YHQVNRJ SXWD WDNRYHU XWMHpH Q
VUHGVWYD GR SRGUXpMD lvengkikbtistdy Za aplikabdjp kbatiakstaN R U L a W +
kod CT angiografije je kubitalna vena.

Funkcija bubrega

.DNR EL PRJOL DSOLFLUDWL NRQWUDVWQR VUHGVW
EXEUHJD =D SDFLMHQWRYX VLIXUQRVW NROLPLQD MRC
GLMDJQRVWLpPNL RSUDYGDQD SRWUHEQR MH ELWL RS
SDFLMHQWRYX IXQNFLMX EXEUHJD NDNR MH QH EL GRGDYV

B) Faktori vezani uz kontrastno sredstvo
Vrijeme aplikacije kontrasta

SULMHPH VHRGQDPRWQHDWND GDYDQMD NRQWUDVWD C
NRQWUDVWQRJ VUHGVWYD 'XaH YULMHPH DSOLFLUDQMD
VUHGVWYD a4WR SDN SRYHUDYD EROMX RSDFLILNDFLMX
SDUDPHWULPD VQLPDQMBIMandOLQLpPNLP FLOMHYLPD V

Brzina apliciranja kontrasta

.DGD MH EU]JLQD DSOLNDFLMH ILNVQD YHUD EU]JLQD
FLOMDQR WNLYR DOL VPDQMXMH YULMHPH DSOLFLUDQM
LPDMX NUDWNR YULMHPH V Q Lz KplkacifeDkdnresiiaggH N R U L &\

sredstva su od do 5 ml/s kroz kubitalnu venu.
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Grafikon 2. Prikazuje kako se kod istog volumena kontrasta iste koncentracije joda
opacifikacija razlikuje ovisno o brzini aplikacije konstrastnog sredgtiazor: Bae,

K.T.; Intravenous contrast medium administration and scan timing at CT:
considerations and approachégadiology 2010;256:32)

Koncentracija kontrasta

.DGD VX YROXPHQ EUJLQD L YULMHPH DSOLNDFL
NRQFHQWUDYDLMH YRJWQD VW XSDQM RSDFLILNDFLMH 6WRJD
YHUH NRQFHQWUDFLMH X] WR GD VH VPDQML EU]LQD DSC
NRQWUDVWD L PRIXUQRVWL RAWHUHQMD NUYH 4aLOH NUR]

400 -

350

== 100 mgl/mL

300

=350 mgl/mlL

250 - =300 mgl/mlL

200

Aortic Enhancement (HU)

15 30 45 60 75 90 105 120
Time after the start of injection (sec)

Grafikon3. Stupanj opacifikaCleNRQWUDVWRP UD]QlzpdrVBde, NRQFHQWUD
K.T.; Intravenous contrast medium administration and scan timing at CT:
considerations and approachégadiology 2010;256:32)
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,VSLUDQMH IL]ILROR&G&NRP RWRSLQRP

,VSLUDQMH IL]JLRORANRP RWRSLQRP NRULVQR MH NDI
u sistemu za aplikaciju i perifernim venama iskoristio za samo snimanje, te smanjuje
DUWHIDNW NRML PR&H QDVWDWL RG JXVWRJ NRQWUDVW
JRUQMEO®IMERM YHQL QD VQLPDQMX WRUDNVD $SOLNDFI
ILILRORANH RWRSLQH SRYHUDYD &LOMDN-18PR QFHWUDFLM&
SURGXAaXMH YULMHPHWHNXR/GIUIRYUNKOQR R EU]JLQL DSOLND
NROLPpLQDUPRQ MMSILILROR&ANRP RWRSLQRP MH GR F
SUHSRUXpHQLK QHUH GRGDWQR SREROM&DWL RSDFLILND

Timing Delay (s)
16-MDCT ' 64-MDCT
Normal-Size | Large Patient . Normal-Size | La rge Patient
Injection Patient (> 250 Ib [113 kg]) Patient (> 250 1b [113 kg])

Amount injected (mL) 10 130 110 130
Rate of injection (mL/s)

4 22 30 26 k]|

35 26 M 30 35

3 2 40 36 42

25 K 49 43 51

2 50

61 53 63

Tablica 4 Usporedba aplikacije i tempiranje kontrastnog sredstva kod 16 i 64 slojnog

&7 XUHVDOND PR GD aplRiGnj Kantiadta delay snimanja bude maniji, te

NDNR MH NRG WHAaLK SDFLMHQDWD L]QDG NJ GHOD\ Y
delay kod 64 slojnog GID YHuUL X RED VOXpDMD ]JERJ YHUH EU]JLQH
YUHPHQD GD VH aL{@ur: Rv8tiam Q.| HdwJIDe! X: CT Pulmonary

Angiography; AJR:188 May 2007; 128261)

Faktori vezani za CT

.DNR ELVPR GRELOL DGHNYDWQX NRQFHQWUDFLMX NRC
VQLPDQMD SRWUHEQR MH JQDWL YDKWHWMY IV GLOIXQMBO L' X
NRQWUDVWD 9ULMHPH VQLPDQMD RGUHYVHQR MH EU]JLQR
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Skeniranje se provodi u arterijskoj fazi. VrijeceRMH SURYH RG WUHQXWND D S
kontrastnog sredstva do trenutka maksimalne imbibicije artej@anae tranzitno

YULMHPH L RYLVL R XGDOMHQRVWL RGUHYHQRJ DUWHULI
NRQWUDVWD VUpPDQRP XGDUQRP YROXPHQX () SURPMH:

aneurizme, arteriwenske fistule)

Individualno tranzitno vrijeme M YULMHPH SRWUHEQR GD NRQWUDYV
DUWHULMX NRG SDFLMHQWD PR&AH VH RGUHGLWL WHVW E

Test bolus

Test bolus je metoda kod koje se aplicira bolus kontrastnog sredstva26d 10
PO SULMH VQLPDQ M Dkovitr&s¥Qorsfeddivia. difetli @eRalRterija i na nju
se postavi ROI (eng. region of interest), te se mjeri vrijeme potrebno da se postigne
RGUHYHQD DWHQXDFLMD 3UHGQRVW WHVW EROXVD MH P
WRpPpQD SURFLMHQD Y UMHPHWYQ D NOVRRIBXWD 1HGRVWDWD

mora davati u dva navrata.

SUDUHQMH EROXVD

SUDUHQMH EROXVD SURYRGL VH QD QDpLQ GD VH R
arterije gdje se postavi ROI. Aplicira se bolus kontrast i prati se atenuacija u ROI
VNHQLUDQMH ]JDSRpPLQMH NDG VH SRVWLJQH RGUHYHQD D
GD GRYH GR QHDGHNYDWQRJ VNHQLUDQMD JERJ ORA&aH RC
RGJRGH VNHQLUDQMD WH YHOLND PRJXUQRVW QDVWDQN
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CLT sCmra~nR

Elageed Tine (aec)

/—tﬁ"\

:’A(U

\A//

Larg 177148729, sd 18.11, a 282.67r72
5. OUUrr/h 4 rou |
Tilt: 0.0 £

kv 140

Slika 3 Prikaz ROISRGUXpMD &XWD NUXAQLFD VWDYOMHQRJ X
atenuacije u Hounsfieldovim jedinicama kroz vrijeme u sekundama
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4.2 Parametri akvizicije i aplikacije kontrastnog sredstva

Faza

30XuQD DUWHULMVND

Opseg shimanja

2G SOXUQREWHPD DrUKX S

Smjer snimanja

Kraniokaudalan

Konfiguracija detektora 16 x 0.75 mm
Vrijeme rotacije 0.5 sek

Pitch 0.85

Brzina stola 12 mm/rotacija
kVp 120

mAs 88
Rekonstrukcijski interval PP PHNRWNLYQL SUR]I
Koncentracijekontrasta 350mg joda na ml
.ROLpPpLQD NRQWUDVWD |100ml

Brzina apliciranja kontrasta 4 ml/sek
Monitoring opaficikacije 50-60 HU

,VSLUDQMH IL]JLRORANR

20 ml, brzina aplikacije 3.5 ml/s

Tablica5. 3BULND]XMH RSuUH SDUDPHWUH DNYL]JLFLMH L DSOLN
VORMQL &7 XUHYDM X .%& 6SOLW

JLUXOH
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4.3Procesiranje i analiza slika

Tijekom analize slika bitho je poznavati anatomiju i patozifiziologiju kako
ELVPR PRJOL UD]J]OLNRYDWL DNXWQL RG NURQLpPQRJ HPER

Akutni embolus

SNXWQX SOXU@RIXPEOYDWL SRWSXQD RSVWUXNFLM
QH RSVWUXNWLYQL GHIHNW SXQMHQMD 3RWSXQD RSVWL
NRQNDYQR SXQMHQMH DUWHULMH 1D &7 DQJLRJUDILML F
NRMHJ MH QHPRJXUH YLGMHWL QD GLJIDWRGABBMNRGESW I
potpuQH RSVWUXNFLMH DUWHULMH PRJX iNd opstukiwiY HiUDQMH
GHIHNW SXQMHQMD PR&H ELWL FHQWU Ltp@dimbab HNVFHQW
dobro definirani centralni defekt punjenja arterije.

Slika 4. Slika lijevo prikazueLOXVWUDFLMX SRWSXQH RSVWUXNFLM
SXQMHQMD NRQWUDVWRP 6OLND GHVQR SULND]XMH &7
SRYHUDQMH SURPMHUD
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—

6O0OLND SBULND]XMH SR]JLFLMH HPEROXVD NRG QH RSVWU.

Slika 6. L BULND]XMX &7 VORMHYH DNXWQH QH RSVWUXNWL

.URQLpPQL HPEROXV

.URQLPQX SOXuQX HPEROLMX PRJX L]D]YDWL HPERO?
SOXuQX DUWHULMX LOL QHSRWSXQR .URQLPQR RSVW
smanjenog promjera gHPD SRWSXQRP ]J]DpHSOMHQMX GLVWDOQF
SURPMHUD NUYQH 3aLOH XJURNRYDQR MH NRQWUDNFLMR
SXQMHQMD PR&H L]D]YDWL QHSUDYLOQRVWL LQWLPH NU
pulmonalne arterije.
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Slika8.LiHYR SULND]XMH SULPMHU NURQLPQH RSVWUXNWL
SULND]XMH &7 VORM NURQLPQH QH RSVWUXNWLYQ
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Windowing

Transverzalni slojevi gledaju se u mekotkivnhom prozoru (window width = 400
+8 ZLQGRZ OHYHO GR +8 L SUR]JRUX ]D SOXuQL SC
1500 HU, window level = 800 do- +8 SUHGVWDYOMDMX ED]X ]D G|
interpretaciju. Kada seodkisti samo mekotkivni prozor, posebno u kombinaciji s
MRGQLP NRQWUDVWQRP PRJXUH MH SUHGYLGMHWL PDO
NRULVWL UHODWLYQR aLURN SUR]JRU OHNRWNLYQL SUR]F
GHIHNW SXQMHQMD NrBzQrWekbrigtiz& procienis Koexaij@ artefakta,
koje je rezutatHQGRYDVNXODUQH QHKRPRJHQRVWL NRQWUDVW
30XuQL SUR]JRU WDNRYHU MH ELWDQ ]D GLIHUHQFLMDFLN
bronha i od venske strukture koge mogu opacificirati u ranoj fazi skeniranja.
, VWRYUHPHQR SUDUHQMH VOLND X GYD UD]OLpLWD SUI
VPDQMXMH YULMHPH L PRJXUH JUHANH WLMHNRP DQDOL]F

60OLND $ SNVLMDOQL VORM X PHNRWNLYQRP SUR]RU
prozoru(lzvor Hartmann IJC et al.; Statd-the-art Multi-Detector CT Angiography

in Acute Pulmonary Embolism: Technique, Interpretation and Future Perspectives;

ISBN, Intec)

Multiplanarne rekonstrukcije

Kako transverzalni slojevi predstavljaju bazu ZaQDOL]X SOXUQH HPERC
GRGDWQH UHNRQVWUXNFLMH SRSXW 035 LOL &35 VH N
SUREOHPD .RULVWH VH NRG SOXUQLK DUWHULMD NRMH
kako bi mogli razlikovati centralni embolus od perivaskularnog limfikiga i
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SXOVDFLMVNH DUWHIDNWH RG SUDYRJ HPEROXVD 1DOL

processing tehnikima mora se uvijek potvrditi na transverzalnim slojevima.

Slika 11. Multiplanarni prikaz u A) frontalnoj ravnini B) desnoj kosoj ravnini C)
sagitalnojravnini. (Izvor Hartmann IJC et al.; Statd#-the-art Multi-Detector CT
Angiography in Acute Pulmonary Embolism: Technique, Interpretation and Future
Perspectives; ISBN, Intec)

Maximum intensity projections

6NUDUHQR 0,3 MH RGOLpDQ DOBW ]@8B% URR DY UHONIHRQDS LLI
UHNRQVWUXNFLMX X ELOR NRMRM UDYQLQL ODOL SHULIF
RSDFLILFLUDQL NUYRALOOQL VHJPHQW V PDQMLP GHQ]L)
YHOLpLQH 8SRWUHEQD 0,3 UHNRQVWUXNFLMD SUHSRUXPp
LQLFLMDOQL WUDQVYHU]DOQL VORMHYL QH RWNULYDM X
rekonstrukcija se odnosi na male hipodenzne strukture (endovaskularne emboluse)

koje bi mogH ELWL ]DNORQMHQMH KLSHUGHQ]QLP RNROQLT
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ispunjena kontrastom). Ovo se pojavljuje kada je MIP debljina prevelika ili je prozor
u kojem se gleda preuzak, pa je rezultat slika s premalim kontrastnim rasponom.
6WRJD MH YD aib §ojgvg iRiebrdd pvéid@a N kojem gledamo slike.

Slika12. 3ULND]XMH WUDQVYHU]DOQL &7 VORM SOXuQH DQJ
(Izvor Hartmann 1JC et al.; Statd-the-art Multi-Detector CT Angiography in Acute

Pulmonary Embolism: Technique, Inpeetation and Future Perspectives; ISBN,
Intec)
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60OLND 9ROXPQL SULND] S Qixorcgehoppand RddtebP €T MH 957
angiography for diagnosis of pulmonary embolism: State of th&adiology 2004;
230:329837)
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4 4 Artefakti

441. 7THKQLpNL SRYH]DQL DUWHIDNWL
Artefakti uzrokovani disanje i radom srca

ORJX QDVWDWL NRG VSRULMLK XUHYDMD NRG NRMHJ
QLMH X PRJXUQRVWL ]DGUaAaDWL GDK NUR] WR YULMHPH
VPDQMLWL S dHeteRtQa/ Bd2icioniranjem pacijenta prema aparatu Kkoji
NRULVWLPR WH &7 XUHYyDMHP NRML MH XVNODYHQ HOHN
RGUHyYyXMH NDG uoH DSDUDW VQLPDWL LOL EULAH DUWHIDN

Slika 14 Artefakt uzrokovd@ UDGRP VUFD NRML RQHPRJXUXMH DQDO
srca (lzvorPalacio D. et al.; Multidetector Computed Tomography Pulmonary
Angiography Pitfalls in the Evaluation of Pulmonary Embolism With Emphasis in
Technique; Seminars in Roentgenology July 2@I6 217225

Volumni artefakti

1DVWDMX NDGD VX GYLMH VWUXNWXUH UD]JOLpPpLWLK ¢
X LVWL YRNVHO pLMD MH DWHQXDFLMD QHSRX]GDQD L Q

RYH GYLMH 'LVDQMH LOL UDG VUFD PRJX X]JURNRYDWL
nedostatak prostorne rezolucije.
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Slika 15. A) Prikazuje slabu atenuaciju struktura na sloju debljine 5 mm

B) Prikazuje rekonstrukciju istog sloja na 2.5 mm i dobru atenuaciju struktura
(Izvor Palacio D. et al.; Multidetector Computed TomograpPlaymonary
Angiography Pitfalls in the Evaluation of Pulmonary Embolism With Emphasis in
Technique; Seminars in Roentgenology July 2015; 50:22By

4.4.2Artefakti povezani kontrastnim sredstvom
Trakasti artefakti kontrasta nastaju zbog velike koneen& joda koji
VPDQMXMH SUROD] IRWRQD $UWHIDNW VH PRA&H L]EMHUL

DNR JD XRpLPR PRAHPR QDSUDYLWL UHNRQVWUXNFLMX G
analizu.

Artefakti vezani uz protok kontrasta

Rezultat su dubokog atia pacijenta ili Valsalva manevra. Dubokim udahom
QHRSDFLILFLUDQD NUY L] GRQMH aXSOMH YHQH XOD]L X
odgovor na negativni intratorakalni tlak. Kod Valsalva menevra postoji prekid
dolaska opacificirane krvi zbog pozitvdo LQWUDWRUDNDOQRJ WODND $UV
LIEMHUL GD VH-GRB8RXRGEIIREBO LQVWUXNFLMD |]D GLVDQMH
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Slika 16. Prikazuje artefakt zbog dubokog udaha pacijenta i bolju atenuaciju aorte

$R L JRUQMH aXSOMHOKHQH DWW HQHNR 3% O6WUHOLFH
koji je slabo ocrtan od susjedne arteri{zvor Palacio D. et al.; Multidetector
Computed Tomography Pulmonary Angiography Pitfalls in the Evaluation of
Pulmonary Embolism With Emphasis in Technique; Semnsinn Roentgenology July
2015; 50; 217225
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Slika 17. Ponovljeni je postupak tijekom plitkog disanja i vidimo da je atenuacija
SOXuQH DUWHULMH 3% SXQR YHUD WH VDPLP WLPH RFU
susjedne arterije(lzvor Palacio D. etal.; Multidetector Computed Tomography

Pulmonary Angiography Pitfalls in the Evaluation of Pulmonary Embolism With

Emphasis in Technique; Seminars in Roentgenology July 2015; 5@2517

4.4.3Artefakti vezani uz pacijenta

Nastaju kod pacijenata kojih PRJX ]DGUADWL GDK GRYROMQR ¢
GLVDWL WRNRP VQLPDQMD 3ULMH SUHWUDJH SRWUHEQF
GXJR ]|DGUADWL JUDN DNR SRVWRMH JQDNRYL GLVSHQHM

smije plitko disati.

444aXP VOLNH
MRaH QDVWDWL NRG SUHWLOLK SDFLMHQDWD L SDFLN\
LIOMHYRP 8 RYRP VOXpDMX SUHSRUXpD VH YHUD NROLPD

debljim slojevima.
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5. 8VSRUHGED GLMDJQRVWLPNLK SRVWXS

5.1 V/Q scintigrafija

VIQ VFLQWLJUDILMD MH QXNOHDUQ®RdaPaerziELQVND Gl
SOXuUuD NRMD NRULVWPORD GDRRWNOLEDQ@MH GLMHORYD S(
opskrba s kisikom (ventilacijaV) i krvlju (perfuzija- 4 Q D U XZa pp&flzijsku
scintigrafiju primgnjye se intravensko davanje raddfUP DND X REOLNX pHVWLFL
]IDXVWDYOMDMX X SOXUQLP NDSLODUDPD GRN VH ]D Y&t
radiofarmaka u obliku plinova ili aerosol&®! X G Qembolija dijagnosticira se
istodobno primjenom ventldacMVNH L SHUIX]JLMVNH VFLQWLJUDILM
QHSRGXGDUQRVWL SHUIX]LMH L YHQWLODFLMH RGUHVH
]JDpHSL NUYQX 4LOX NRMD RSVNUEOMXMH WDM GLR SOX
NDUDNWHULVWLPpQL UHJILR EBQ QR DSRYIHP H.iOOLM IV O H @ IXK] L $/
YHQWLODFLMH 1DVXSURW WRPH JRWRYR ELOR NRML GL
RSVWUXNWLYQH LOL QHNH SDUHQKLPVNH SOXUQH EROHYV
YHQWLODFLMH LPDW UH L VOLPQH SRUHPHUDMH SHUIX]LN

Prednost MH &@WR RYD PHWRGD PR&H VD WRpQRA&U

emboliju

Nedostatak MH ®WMRH GRYROMQR VSHFLILp@EBuzi¢eH VH LVSI
PRJX QDuUL NRG EURMQLK EROHVWL SOXuD SOHXUDOQL L

5.2 &7 S O Xiadpbrafja

Prednosti su visoka osjetljivost iVSHF L I(8P% RNy, aWR &7 SOXuUQX
DQJLRJUDILMX PRaH VWDYLWL QD PMHVWR VFUHHQLQJ |
HPEROLMH ORaH VH WDNRYHU QDSUDYLWL YHQRJUDILL
SRVWRMDQMH WURPED NRML QH PRAHPR LVNOMXpPpLWL GX

Nedostacisu 8WR MH PHWRGD LRQL]JLUDMXUD WH SDFLMHC
dozu od 48 mSv. 3ULPMHQD MRGQRJ NRQWUDVWD PRaH L]D]Y]|
EXEUHAQH IXQNFLMH DNR MH YHU RQD QDUXaHQD 7HA&H
EODaL VLPSWRPLO®SRSXWEHADHQ RVMHUD WRrBeOLQH PRJ:
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SULPMHQH NRQWUDVWQRJ VUHGVWYD SRWUHEQR MH S
kreatinina), te nakon primjene pratiti pacijenta do sat vreman kako se ne bi razvile
komplikacije.Otprilike 3% snimanjanMH DGHNYDWQR |]D DQDOL]X SOXuQ
WHKQLpPpNLK UD]J]ORJD LOL DUWHIDNDWD

5.3 Magnetna rezonancija

30XUQX HPEROLMX PRJXiH MH GRND]DWL L PDJQHWOQ!
VQLPDQMH PDJQHWQRP UH]JRQDQFLMRP W UDMNeOR MDNR C
ELOR QHPRJXUH 5D]YRMHP L XQDSUHYLYDQMHP VHNYH
YUHPHQD WUDMDQMD VQLPDQMD RWSULOLNH PLQXV
NRQVWUDVWQR VUHGVWYR X RYRP VOXpDMX JDGROLQLM

Slika 18. A) CT angiografija prikazugW URPE X RED GRQMD SOXuD UHaQM|
tromba MR angiografijom(lzvor Hochhegger B., Leyaporozhan J., Marchiori E.,

Irion K., Soares Souza A., Moreira J. et al.; Magnetic resonance imaging findings in

acute pulmonary embolism; The British Jaairaf radiology 2006;84:28287)

Magnetna rezonancija ima osjetljivost u rasponu od 77 do 100%, s visokom
VSHFLILPQRVWL RG GR 8 GUXJRM PHWD DQDOL]L R
lobarne arterije, 84% za segmentalne arterije, ali samo 408alrIsegmentalne grane
arterija.

Prednosti:. .RULVWL VH NRG GMHFH L RVRED DOHUJLpPOQ
sredstvo.
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Nedostaci: Potreban je izrazit oprez kod bolesnika koji boluju od bolesti

bubrega kako ne bi izazvali nefrogenu sistemsku nefrozu.

5.4 Digitalna substrakcijska angiografija

"'LILWDOQD VXEVWUDNFLMVND DQJLRJUDILMD SOXuQL
metoda. Pretraga se izvodi tako da se katetelam kroz femoralnu ili jugularnu
venu,SURYH NUR] JRUQMX LOL GRQMX aXSOMX YHQX GHVQL
1IDNRQ A4WR VPR GR a@dpli€rdma kbaiissHKDR kdkevbizMiakha od
5 PO VHN RYLVQR R PMHVWX DSOLFLUDQMD L SUDWLPR
kontrasta.

OHWRGD VH GDQDV YL&H QeddvdjhalosjativodtkodL4H UD]ORJ
VQLPDQMD YHOLNLK RJUDQDND EH] VXEVHIJPHQWDOQLK
L]DJLYDQMD UD]QLK VUPDQLK L SOXUQLK NRPSOLNDFLMD

pretrage.

Slika 19. $QJLRJUDP SOXuUQLK DUWHULMD V R]QDpHQLP GHIH
arterije (lzvor Wittram C. et al; Acute and Chronim Pulmonary Emboli:
AngiographyCT Correlation; AJR:186 June 2006; 4229)
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6. =$./-8y8$.

30XUQD HPERD MMHDNRDIJEGOMYDVNXODUQD EROHVW NRM
GLMDJQRVWLFLUDWL NDNR EL VH |IDSRpPHOR OLMHpPpHQMH
YLAH GLMDJQRVWLpPpNLK PHWRGD NRMH VPR XVSRUHGLOL
arterija ima svoje nedosttéd H DOL X XVSRUHGEL V GUXJLP PHWRG
PRIJXUQRVWL VLIJXUQD MH ]D SDFLMHQWD EU]D MH YLVI

RYD PHWRGD MR& GXJR YULMHPH VPDWUDWL NDR ]J]ODWC(
SOXuQH HPEROLMH
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