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11306pa3siBaHETO Ha TOYHA MOPONOrYHA AMarHo3a npu AeTe C psiaka U KOMMeKCHa BpogeHa CbpaeyHa Mandopmauus
(BCM) € OT M3KNKOUMTENHO 3HAYEHME NPU NNAHUPAHETO Ha XMPYPri1YHaTa KOPEKLMS M N0 Bb3MOXKHOCT 3a peayLypaHe Ha
onepaTtuBHUs puck. MpeacTaBsme Cnyyail Ha 3-MeCcevHo KbpMaye C psabk BapuaHT Ha TOTanHO aHOMarHo BfWBaHE Ha
6enoapobHu Bexn (TABBB) oT pasnpbcHaT (CMeCceH) Tun, KOTO UMocTpypa nonaata ot ynotpebara Ha AOMbIHUTENHM
00pa3HN MeTOLM U TEXHUKI NPU ONEepaTUBHOTO NNaHupaHe. AHOManHWAT ApeHax Ha 6enoapobHuTe BeHu (BB) Ha naum-
€HTa € KaKTo CreaBa: nsiBa 1 AscHa fonHu bB — gpeHnpanm B KOpoHapHWS BEHO3EH CUHYC, ApeHaX Ha ropHaTta nsisa bB
ype3 BepTHKaneH Cb/ KbM BeHa MHOMWHATA W ApeHax Ha ropHa AsacHa BB kbMm ropHa npasHa BeHa. KnuHuyHaTa kapTuHa
ce 13pa3siBa B pa3BUTHeE Ha CbpAeyHa HedocTaTbyHOCT, 6enoapobeH BEHO3eH 3aCTOM U NeKOCTENEHHa XMNOoKCeMus B
paMKuTE Ha MbpBUTE AHU Crief paxaaHeTo. TpaHcTopakanHaTa exokapauvorpadus (TTE) aemoHcTpupa kputepunte Ha
TABBB, Ho 4pe3 MeToaa € TPYAHO ONpeaensHeTO Ha BCUYKM OT M3DPOEHUTE aHaTOMUYHK 0cobeHocTU. ToyHaTta Mopdo-
NOrMyYHa AuarHo3a e noctaBeHa Ype3 KOHTPACTHa KOMMIOTbpHa akcuanHa Tomorpadms (KAT). [JonbnHUTENHUTE TEXHUKN
Ha 3D mopenupare 1 3D npuHTUpaHe Ha naumeHT-cneumduyeH mogen Ha 6asa Ha npoeefeHata KAT gonpuHecoxa 3a
nnaHupaHe Ha xupyprinyHata ctpaterus. MauueHTbT e onepupaH Ha 3- MecevHa Bb3pacT, KaTo YHUKAMHOTO 3a Cryyas e,
Ye Npy ornepawymsTa ca 13nomn3saHu BCUYKM OnepaT BHU TEXHWKM 3a kopekuus Ha TABBB — fepyuHr Ha KopoHapeH BEHO-
3€H CUHYC, aHaCTOMO3a Ha JpeHnpaLL b KbM NsBO Npeacbpame 1 Warden TexHuka 3a TyHenupaHe Ha ropHonobapHuTe
pecHu 6enoapobHU BeHW OT YCTUETO Ha ropHa npasHa BeHa KbM NsBo npeacbpame. ObpatHata Bpb3ka OT onepaTuBHuS
€eKu1n nokasea, Ye AOMbAHUTENHUTe 06pa3sH1 MeToAW U NpUHTUpaHUAT 3D MogLen NpeaCcTaBsT NaToNorMyYHUTE 0COBEHOCTM
B CTereH, HambHO 0TroBapsilla Ha WHTpaonepaTUBHaTa Haxogka.

TOTanHO aHoManHo BnueaHe Ha GenogpobHW BeHW, BpofeHa cbpheyHa mandopmauus, 3D mogenupane; 3D
NPUHTUpaHe
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Accurate imaging of the morphology in a child with a rare and complex congenital heart disease (CHD) is crucial for the
surgical planning and, if possible — the minimization of operative risk. We present a case of a 3-month-old child with a rare
variant of Total Anomalous Pulmonary Venous Return (TAPVR) — mixed type — which illustrates the benefit of additional
imaging modalities and techniques for the operative planning. The patient's anomalous drainage of the pulmonary veins
(PV) is as follows: left and right lower PV's drained in the coronary venous sinus, left upper PV drained via a vertical vein
into the innominate vein and the right upper PV drained into the superior vena cava (SVC). Clinical findings consist of heart
failure (HF), pulmonary venous congestion and mild hypoxemia developing within the first days after birth. Transthoracic
echocardiography (TTE) demonstrates the features of TAPVR, but the modality is unable to differentiate all of the described
anatomic details. Accurate morphological diagnosis is obtained via contrast Computed Tomography (CT). The. additional
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techniques of 3D modelling and 3D printing of a patient-specific model, based on the acquired CT, contributed to the
planning of the surgical strategy. The patient underwent a radical operation at age of 3 months. The unique aspect of the
case is the application of all possible operative techniques for correction of TAPVR — coronary sinus deroofing, anastomosis
of a draining vessel into the left atrial appendage and Warden procedure which involves tunnelling of the right upper PVs
from the SVC into the left atrium. Feedback from the surgical team shows that the additional imaging methods and the
printed 3D model represent the pathology in detail that completely corresponds to the intra-operative findings
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BbBEAEHE

ToTanHOTO aHomanHo BnvBaHe Ha 6enogpobHu
BeHn (TABBB) e psigka BpogeHa cbpedHa Mandgop-
mMauus (BCM) — 2% ot Bcuukm BCM [1]. Xapaktepu-
3Mpa ce C nunca Ha AMPEeKTHa KOMYHMKaUUsa Mexay
OenogpobHNTE BeHM K NABOTO npeacbpave. benoa-
pobOHMTE BEHW Ce ApeHMpaT KbM CTPYKTYpU HA CUCTEM-
HaTa BEHO3Ha UMpKyrauus Unmn AUPEKTHO KbM LSICHO-
TO npeacwpave. Cnpamo HauvHa Ha gpeHax TABBB
aHaTOMWUYHO Ce Knacuduumpa no crnegHus HaumH: 1.
CynpakapananeH Tun — gpeHax Ha bB upes BepTukan-
Ha BeHa (BEHO3€EH KONeKTOp) KbM CMCTEMATa Ha ropHa
npasHa BeHa — npubnuautenHo 50% ot cnydvauTte. 2.
WHTpakapananeH Tvn — oTAeneH camocToaTeneH ape-
HaX Ha yeTupute BB B gsicHOTO Npeacwpaune wnu gpe-
Ha)Xk Ha OOLLMSI BEHO3€EH KOMEKTOP B KOPOHAPHWSI BEHO-
3eH cuHyc — 20%. 3. VIHppakapguaneH tmn — oTBex-
OaHe Ha obwwmst 6enogpobeH BEHO3EH KOMEKTOP KbM
cucTemaTta Ha [AornHa npasHa BeHa. BeHO3HMAT konek-
TOp NpemMunHaBa Avadparmarta Har-4ecTo npes esoda-
reanHusi OTBOP U Ce JpeHMpa B nopTanHaTta BeHa, Yep-
HogpobHaTa BeHa unun gonHarta npasHa BeHa. Habnto-
pasa ce npu okono 20% ot cnyyaute Ha TABBB. 4.
PasnpbcHat (cmeceH) Tun — KOMGMHaUKMs OT HSAKOW OT
onuncaHuTe BapuaHT — npu 10%. Jluncata Ha gupekT-
Ha KOMyHMKauusi Ha 6enogpobHUsA BEHO3EH KPbBOTOK
C NSIBOTO MpeAcbpamne 03Hadaea, Ye uMpkynauusita e
CbBMECTMMA C XMBOTa MPU HanM4MeTo Ha NpoxXoanMu
deTanHy KoMyHuKaumMm — popamMeH oBarne u apTepu-
areH KaHarn, KOUTO YecTO ca HalvyHW U MPOXOAMMM
npu 3abonsiBaHeTo. OCHOBHUTE XEMOLMHAMWUYHU Xa-
PaKTEPUCTMKN Ca pas3nuyHMsa no creneH GenoapobeH
BEHO3€H 3acTOW, KOWTO NPSIKO 3aBUCK OT HANMYMETO Ha
obcTpykumMa no xoga Ha 6enogpobHust BEHO3EH gpe-
HaXX; OWacTONHOTO [JdeCHOKamMepHO obpeMeHsBaHe;
3a0bIDKMTENEH ASCHO-NAB WHHT Npe3 npeacbpaHa Ko-
MyHMKaLWs — popamMeH oBare nnvm mexaynpeacbpaeH
nedekT. HanuumeTto Ha o6CTpyKumMs no xoga Ha 6enoa-
pobHMSA BEHO3€EH ApeHa nopagun CTeHO3a Ha BEHO3€EH
KONeKTop Ha oTaenHu BB nnu pecTtpukTMBHOCT Ha ¢o-
pameH oBarie onpeens no-Texka KMMHU4YHa KapTuHa
C Texxbk 6enogpobeH BeHO3eH 3acTou, egem, noctka-

total anomalous pulmonary venous return; congenital heart disease; 3D modelling; 3D printing
Dr. Dobri N. Dobrev, Paediatric Cardiology Department, National Cardiology Hospital, 65, Koyovitsa Str., BG - 1309

INTRODUCTION

Total anomalous pulmonary venous return is
a rare CHD — 2% of all CHD [1]. The main char-
acteristic of the disease is the lack of direct com-
munication between the pulmonary veins and the
left atrium. PVs are drained into structures of the
systemic venous circulation or directly into the right
atrium. According to the drainage path TAPVR is
classified as the following types: 1. Supracardiac
type — PVs are drained via a vertical vein (common
venous collector) into the system of the SVC - ap-
prox. 50% of TAPVR cases. 2. Intracardiac type —
PVs are separately drained into the right atrium or
via a common venous collector into the coronary
sinus — 20% of TAPVR cases. 3. Infracardiac type
— the common venous collector drains the PVs into
the system of the inferior vena cava. The venous
collector passes the diaphragm most commonly
through the esophageal orifice and drains into the
portal vein, hepatic vein or the inferior vena cava.
Infracardiac type is observed in approx. 20% of
TAPVR cases. 4. Mixed type TAPVR - consists of
a combination of the forementioned variants and is
approximately 10% of all cases. The lack of direct
communication between the PVs and the left atrium
means that circulation is viable if there are patent
fetal communications — foramen ovale and arteri-
al duct — which are commonly present in TAPVR
cases. Major hemodynamic characteristics include
various pulmonary venous congestion which de-
pends on the presence of obstruction on any level
of the PV drainage; right ventricular diastolic over-
load; mandatory right-to-left shunting through an
interatrial communication (foramen ovale or atrial
septal defect). The presence of obstruction of the
PV drainage determines worse clinical findings with
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nunsipHa 6enogpobHa XMNepToHUs, 3Ha4YMMa XUMoKce-
Mus. Han-yecto obcTpykumsi/cteHo3a ce Habniogaea
npu nHdpakapamanHua tTun TABBB nopaan npemuHa-
BaHETO Ha oOLUMA BEHO3EH KOMeKTop npe3 guadpar-
maTta. OBCTpyKTUBHUAT BapuaHT Ha TABBB e cnewHo
CbCTOSIHME B [eTckata Kapauonornsi ¢ ussesa cnej
paxgaHeTo 1 Hanara He3abaBH Mepku [2]. OcHoBHaTa
KNMHWYHaTa n3siBa Ha HeobeTpykTMBHMA Tn TABBB e
CBbp3aHa CbC CbpAeyHa HegocTaTbyHOCT (CH) 1 neka
KbM yMEpeHa XUMNoKCeEMUS, pa3BnBaLLn ce CKOPO creq
paxgaHeto. MapaknuHu4yHaTa Haxodka BKIOYBa Aec-
HOKaMepHO obpemMeHsiBaHe Ha ernekTpokapguorpadu-
ata (EKI), kapguomeranusa ¢ gunataumst Ha gecHuTe
KyXWUHW 1 ycuneH 6enogpobeH pUCYHBK Ha PEeHTreHo-
rpadusa oo ondysHo 3aceHdBaHe Ha ©enogpobHuTe
noreta nopaau OTOK Mpu OOCTPYKTUBHWUTE BapUaHTMW.
[narHosaTta ce BepudmLmpa c TpaHcTopakanHaTa exo-
kapauorpadgus (TTE), koaTo geMoHCTpupa gunaTtauu-
ATa Ha OECHUTE KYXUHW, 3aAbIDKUTENHUSA ASCHO-NSAB
LWBHT HA NPECbPAHO HUBO, KAKTO M aHAaTOMUYHUTE OCO-
BeHocTn — nunca Ha koMyHuKaumst Ha BB kbm naBoTo
npeacbpane 1 CbAOBUTE CTPYKTYPU, KOUTO OTBeXaaT
©enogpobHNA BEHO3EH KPBBOTOK KbM MpPa3HUTE BEHU
Unn OsSCHOTO npeacbpane. PyHKUMOHANHO exokapau-
orpadusATa ycTaHoBsBa 1 Hanmumne Ha obCTpykuus no
xoaa Ha 6enoapobHus apeHax. OcobeHo 3aTpyaHeHne
3a exorpadpckata guMarHocTvka npeacTaBnsaBaTt peaku-
Te BapuaHTh Ha TABBEB ot pasnpbcHaT Tun. ToBa ce
ObIDKM Ha HanNU4MeTo Ha MHOXECTBO KOMYHMKaLUW,
pas3nonoxeHn B HernocpeacTBeHa OnM3ocT OO0 Hop-
MarnHu CbAOBMU CTPYKTYpPU, KAKTO U Ha MecTa, HeaocC-
TbMNHW OT TpaHCTOpakanHuTe exorpadyckm npo3opum.
KoHTpacTHaTa KOMMKTbpPHaA akcuanHa Tomorpadusi
(KAT) nma 3Hauum nNprvHOC B AMArHOCTUYHWUS NpoLec,
0COBEeHO B criyyau, Npy KOUTO onpedensiHeTO Ha BCUY-
K/ aHaTOMUYHM OCODEHOCTM e TPYAHO Aa Ce NOCTUrHe
exorpadckn. KAT npegoctaBs Bb3MOXHOCT 3a 3D mo-
AenupaHe 1 NpuMHTMpaHe Ha naumeHT-cneyndundeH 3D
MOZ€en, KOWTO aKypaTHO NpeacTaBsi KOHKpEeTHaTa aHa-
Tomusa [3, 10]. dedmHutneHoto neveHne Ha TABEBEB
€ pagukanHaTa xumpyprudHa kopekums [4], npyu KoaTo
ypes3 pasfnyHU TEXHUKN Ce Bb3CTAHOBSBA ApPEHaXbT
Ha BB kbM NABOTO Npeacbpane — AMPEeKTHa aHacTOMO-
3a Ha o6LL, BEHO3€eH KONeKTop KbM M51BO npeacbpane,
AepyuvHr Ha KOpoOHapeH BEHO3EH CUHYC — NPY OpeHax
Ha 6enogpobHM BEHU B KOPOHapHWS BEHO3EH CUHYC.
Warden npouegypa — npu gpeHax Ha 6ernogpobHu
BEHW B YCTUETO Ha ropHa npasHa BeHa [7].

KNUHUYEH cnyYyAn

MpeactaBamMe 3-mMeceyHO KbpMade, POAEHO Ha
TEPMUH MO ornepaTtvBeH MEXaHU3bM U C HOPMarnHu Te-
NecHo Terno v pbCT nNpu paxaaHeTto. OT paxaaHeTo
AeTeTo e CbC CyOKNMHUYHKM nposiBun Ha CH ¢ ocHoBHa

severe pulmonary venous congestion, pulmonary
edema, postcapillary pulmonary hypertension and
significant hypoxemia. Obstruction can be found at
the level of the common venous collector, separate
PVs, or due to a restrictive foramen ovale. It is ob-
served most commonly in infracardiac variants of
TAPVR due to the passage of the common collector
through the diaphragm. The obstructive variant of
TAPVR is considered an emergent condition which
manifests after birth and requires immediate ac-
tion [2]. Most common clinical manifestations of the
nonobstructive variants of TAPVR is HF and mild
hypoxemia which develop soon after birth. Addition-
al findings include right ventricular hypertrophy in
ECG, cardiomegaly with dilation of the right cavities
and increased vascular markings on X-ray, includ-
ing features of severe pulmonary congestion and
edema in the obstructive variants. TTE verifies the
diagnosis and demonstrates the dilated right atrium
and ventricle, the mandatory right-to-left shunt at
the interatrial communication and the anatomic fea-
tures — lack of communication between PVs and the
left atrium and the various venous structures that
direct pulmonary blood flow to the systemic veins or
right atrium. Echocardiography can determine the
presence of obstruction of the PV drainage. Mixed
variants of TAPVR present a particular challenge for
echographic assessment. This is due to the pres-
ence of multiple abnormal vessel communications
adjacent to normal structures and in locations that
are mostly difficult to visualize or unavailable via
TTE windows. Contrast CT has significant benefit in
the diagnostic process, especially in cases in which
obtaining all anatomic features is difficult through
TTE. CT also provides the option of generating and
printing a patient-specific 3D model which accurate-
ly represents the examined anatomy [3, 10]. Defini-
tive treatment of TAPVR is radical surgery [4] which
uses various techniques to restore drainage of PVs
into the left atrium. They include direct anastomosis
of the common venous collector into the left atri-
um, deroofing of the coronary sinus when PVs are
drained in the coronary sinus and the Warden pro-
cedure when PVs are drained in the SVC [7].

CASE PRESENTATION

We present a 3-month-old infant born at term via
cesarean section with normal weight and height at birth.
Soon after birth the child develops subclinical signs of
HF, the main feature of which is failure to thrive. This
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nposiBa Ha He3a40BONUTENEH TErNMoBeH npupact. Toea
€ 1 MOBOf, 32 HEKOMKOKpaTHa NMpoOMsHa B M3MOMn3BaHu-
Te aganTupaHu mreka. Kem BTOpusi Mecel, NposiBuTe
Ha CH HanpepBar, kaTto ce oTOensi3Ba TaxuauCrHesl.
Mpw nperneg npu o6LLONPaKTUKYBaLLMSA fiekap € 4orno-
BEH N CbpAeyeH LUYM, KOETO € MOBO[, 3a KOHCYNnTauusi
C petcku kapawuonor. lNMbepBoHayanHata guarHosa us-
BbH Hawwna LeHTbp € TABBB — nHTpakapavnaneH, He-
0BCTPYKTMBEH TUM, NOPaanN KOETO OETETO € HACOYEHO C
npenopbka 3a xocnuranuaauus.

Mpn npuema B KnuHukaTta no getcka kapguosorus
e ¢ nposieu Ha ymepeHa CH. Mma neka nepuopanHa
N akpoumaHo3a (KMcropofHa catypauus oT KpbBHOM-
as3oBus aHanua u nyncokcumetpusata — 84-86%). Knu-
HWYHaTa KapTuHa ce n3passiBa B 3aTpygHEHO XpaHeHe
N CbOTBETHO M30CTaBaHe BbB (PU3NYECKOTO pasBuUTME
(TenecHo Terno < 1 nepceHTUn; z score = -2.9; pbCT 3
nepceHTun; z score = -1.9); anacopesa; TaxmancrnHes
C MHTEpKOCTaneH n enuracTpaneH Tupax; dpusnkanHa
Haxofka C BMAMMMW nyrncaumm Ha npekopguyma ¢ pas-
LUMPeEH UKTYC kopauc; xenatomeranug. EKIC 3anunceT e
CbC CUHYCOBa Taxmkapaus, AscCHa OC U eCHOKaMepHO
obpemeHsaBaHe. PeHTreHorpadusaTa e CbC 3Ha4YUTENHO
ycuneH 6enoapobeH Cb40B PUCYHBK M KapauoMeranus
3a CMeTKa Ha gunaTtaums Ha OeCHUTE KyXWHU Npu Kap-
auoTtopakarneH nHagekc 64%.

Exokapauorpadpckuat aHanma npu TpaHcTopakar-
HW M3cnenBaHnsi NMoKasea CUTYC CONMUTYC C HOpMareH
OpeHaX Ha npasHWTe BEHU B OACHOTO Mpeacbpaue,
aunaraumsi Ha ECHUTE KyXUHM Npy abHOPMEH MHOEKC
OsicHa Kkamepa/ngaBa kamepa — 1, nHBepcHa cenTtanHa
KMHETUKA, BMCOKOCTEMEHHA TpUKycnvaanHa WHcydu-
umeHuuns. OyakBaHOTO HamnsiraHe B AECHUTE KyXMHU
n 6enogpobHata aptepusa e go 50 mm Hg. Ha npega-
CbpPAHO HMBO Ce perncTpupa MoCTOSHEH ASCHO-ISB
LWBHT Npe3 pasterHaT popameH oBane. [ipeHaxbT Ha
©enogpobHuTe BeHM ce obobLaBa kato TABBB — pas-
npbCHaT (CMeCceH) TUM 1 ce ONMCBa NO CNEAHUSA HAYMH:
KbM 3HAYMTENHO AunatvpaH KOpOHapeH BEHO3EH Cu-
HyC ce ApeHupar 2 gecHu n gonHonobapHara nasa BB.
lopHonobapHaTa nsiea BB e ¢ BepTukaneH xon (Bep-
TMKanHa BeHa) MU 4Ype3 BeHa MHOMMHAaTa ce ApeHupa
KbM ropHata npasHa BeHa ([T1B). B yctneto Ha [TIB ce
ONucBa HOpMareH ApeHax Ha BeHa a3uroc, KaTto Kpb-
BOTOKbT B [TIB e yckopeH. ToBa NocTaBu CbMHEHUE 3a
Bb3MOXEH AOMBIIHUTENEH APEHAaX Ha eOuHNYHa rop-
HonobapHa asacHa BB B yctuneto Ha [TIB. [JonnepoBu-
AT aHanm3 OTXBbPMs Hanu4ume Ha obCTpyKuMs No xoda
Ha 6enoapobHMs BEHO3EH OpeHaXx U CbOTBETHO Mpes3
npeacbpaHaTa KOMyHUKaL s,

KapaovoxvpyprmyHoto obcbxaaHe Ha crydas B3e
npensua KNMHWYHUTE faHHM 3a CH 1 napaknvHu4HuTE
OaHHKn 3a pasnpbcHat Tmn TABBEB cbe 3Hauvma gynata-
LS Ha OECHUTE KyXUHW U OYakBaHa cybcucteMHa b6enoa-
pobHa xunepToHus. ToBa NocTaes MHAMKALMK 3a onepa-

led to multiple changes of the used adapted milk for-
mulas. At age of 2 months the signs of HF have ad-
vanced and tachypnea and dyspnea are noted. When
examined by the general practitioner a heart murmur
was found. This leads to a consultation with a pediat-
ric cardiologist. Initial diagnosis outside our center is
TAPVR - intracardiac, nonobstructive type — thus the
child is referred for hospitalization.

At the time of admission in the pediatric cardiol-
ogy ward the child manifests with moderate signs of
HF and mild perioral and acrocyanosis (saturation
from the blood-gass analysis and pulse oximetry —
84/86%). Physical signs include difficult feeding with
corresponding failure to thrive (weight < 1 percentile;
z score = -2.9; height at 3 percentile; z score = -1.9);
diaphoresis; tachypnea and dyspnea with intercostal
and epigastric retraction; visible precordial pulse with
wide ictus cordis; hepatomegaly. ECG recording shows
sinus tachycardia, right axis deviation and right ventric-
ular hypertrophy. Chest X-ray presents significantly in-
creased pulmonary vascular markings and cardiomeg-
aly with right sided dilation and cardio-thoracic index
of 64%.

Echocardiographic analysis with TTE studies
shows situs solitus with normal drainage of systemic
veins into the right atrium, dilated right atrium and ven-
tricle with an increased right ventricle/left ventricle in-
dex = 1, inverse movement of the intraventricular sep-
tum, severe tricuspid insufficiency. Expected pressure
in the right ventricle and pulmonary artery is approxi-
mated at 50 mmHg. Constant right-to-left shunting is
recorded through a dilated foramen ovale. PV drainage
is described as a mixed type TAPVR with drainage of
the 2 right PVs and the left lower PV into a significantly
dilated coronary sinus. The left upper PV is drained via
a vertical vein into the innominate vain and SVC. A nor-
mally drained azygos vein into the proximal segment
of the SVC is reported. Blood flow is increased at this
location. This raises suspicion for additional drainage
of a single right upper PV into the proximal segment of
the SVC. Doppler analysis excludes the presence of
obstruction of PV drainage and through the interatrial
communication.

Clinical and surgical discussion took regard of the
signs of HF and the findings of TAPVR with significant
dilation of the right ventricle and pulmonary hyperten-
sion. The formerly described physical findings and ana-



148

. Hobpes, A. KnHesa, Cm. Jlazapos u dp.

TMBHO Jle4eHne B KpaTbK CPOK M Mpu BUCOK pUCK. Mviarikn
npensuva pasnpbcHatua Tun TABBB, KakTo 1 mocTaBeHOTO
CbMHEHVEe 3a OOMbIIHUTENEH ApeHax Ha ropHonobapHa
nacHa BB kem yctueto Ha MIB npeanodetoxme aa pas-
LLUIMPVM OMarHOCTUYHMS NpoLec ¢ nposexaaHe Ha KAT.

KAT. 3D MOBENUPAHE. 3D NPUHTUPAHE

lNMpoBeageHata koHTpacTHa KAT c BnpbCkBaHe Ha
KOHTpacCT B nepudpepHa BeHa Ha Kpaka OOMbIHWUTEN-
HO YyTOYHKN 6enoapobHUS BEHO3EH APEHAX MO CrieaHus
HauYvH: ApeHax Ha naBaTa M AscHarta gonHornobapHu
BB kbm gunatvpaH KOpoHapeH BEHO3eH CUHYC, Ape-
HaX Ha nsiBata ropHonobapHa BeHa ¢ BepukanHa BeHa
N ypes BeHa MHommHata kbM [T1B, gpeHax Ha ropHo-
nobapHute gecHm BB ¢ gBa cbha M CbLOTBETHO ABa
oCTMyMa KbM naTepanHarta cteHa Ha [TIB B 6nusoct
[0 YCTMETO 1 B OACHOTO npeacbpane (dur. 1).

Kato gonbnHuTEenHO HaarpaxgaHe Ha OCHOBHaTa
obpa3Ha MopanHocT m3nona3Baxme TexHukata Ha 3D
mogenupaHe n 3D npuHTUpaHe. MeToabT € CBbp3aH C
N3roTBSIHE Ha NauMeHT-CneumMdUYeH Kyx Mogern, KONTo
BbB BMCOKa CTEMEeH MpeacTaBs M3crefBaHata aHaro-
MUSI B TP M3MEPEHUs N CbLLO Taka Mo3Bonsea oTre-
yatBaHe B nnactmacoB Matepuan [9]. M3rotBeHuAT no
TO3W HAYMH MOAEN Ce M3MOoN3Ba 3a UMCTPUPaHe Ha ns-
cnefBaHaTa NaTonornsa 1 CbLLO MOXe Aa NOCAYXU nNpu
obcbxKaaHe Ha TepaneBTMYHaTa TexHUKa. MNMpouecsT 3a-
noyesa cbC copTyepHa o6paboTka Ha OCHOBHUST Macus
nanHm ot KAT. Msnonseaxme cneuncmyeH cesoboaeH
codbtyep — 3D Slicer [5, 6]. OcHoBHaTa 0bpaboTka Ha
n300paxeHnsiTa ce Hapuda cermeHtTupaHe. Mapkupar
ce mnscredBaHuTe CTPYKTYpU OT 30HaTa Ha UHTEpec Ha
0asa Ha oTHocuTenHa nbTHOCT (Hounsfield egmHnm).

tomic features indicate the patient for operative treatment
in short terms and under high risk. We decided to perform
additional imaging with contrast CT because of the mixed
type TAPVR and the suspicion of additional drainage of
a right upper PV into the proximal segment of the SVC.

CT. 3D MODELING. 3D PRINTING

CT was conducted with contrast injection through a
peripheral vein on the lower extremity. Imaging findings
describe the following details: the left and right lower
PVs are drained into a dilated coronary sinus, left up-
per PV is drained via a vertical vein into the innominate
vein and the SVC, right upper PVs with two vessels
and two separate ostiums drained into the lateral side
of the SVC in its proximal segment at the entrance of
the right atrium. (Fig. 1)

We used the additional techniques of 3D model-
ing and 3D printing to further enhance the main im-
aging modalities. With this method a patient-specific
hollow 3D model is generated, which resembles the
examined anatomy in very high detail. It also allows
to print a model in plastic material [9]. The 3D model
and its plastic print are used to illustrate the patient’s
pathology and can be used to discuss the therapeutic
strategy. The process begins with software process-
ing of the raw CT data array. We used specific open-
source software — 3D Slicer [5, 6]. The major image
processing is called segmentation. Areas form the re-
gion of interest are highlighted based on their relative
density (Hounsfield units). In practice it is possible to

dwur. 1. A) peHax Ha nsiBaTa ropHonobapHa BB ypes BepTukanHa BeHa kbM BEHa MHOMU-
HaTa; B) apeHax Ha ropHonobapHu fecHu BB kbM natepanHata cteHa Ha [T1B; C) gpeHax
Ha ngBaTta 1 AsicHaTa A0NHONo6apHN BEHN B KOPOHAPHWS BEHO3EH CUHYC

Fig. 1. A) Drainage of left upper pulmonary vein via vertical vein into the innominate vein;
B) Drainage of right upper pulmonary vein into the superior vena cava; C) Drainage of both
right and left lower pulmonary veins in the coronary sinus
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Ha npakTunka e Bb3MOXXHO CErMeHTUpaHe Ha KoUTo 1 aa
€ CTPYKTYpu C JOCTaTbyHO J0OBLP KOHTPACT U PA3KOCT
(mocTaTbyHO ronsiMa pasnuka B OTHOCUTENHaTa MibT-
HOCT/KOHTpacTupaHeTto). [Npu cermMeHTMpaHe Ha Cbp-
0eYHN/CbO0oBU CTPYKTYPU HaW-4ecTo ce M3nonsea ,oT-
NMBBYHA" TEXHUKA, NPU KOSTO Ce MapKkupa pa3TBOPEHMS]
B KPbBTA KOHTPACT, U3MbITHAM CbOTBETHUTE KYXUHW/Cb-
[oBU CTpykTypy. Cneg AONbAHUTENHO PbYHO M3YNCTBA-
He OT noTeHuuanHu aptedakTu, Ha NoryyYeHns Mogen
MOXe [a ce Cb3aafe KyxuHa, KosiTo [ja NoBTapsi KOHTY-
pa Ha oTnmBkaTa. [1o To31 HauMH ce nony4vasa ANPEKTHO
OTPaXeHNe — OTNMBKA Ha CbpAEYHUTE KYXUHU U npune-
XawmTte cbaose. Ha cur. 2 e ogeMoHCTpupaH npouecsT
Ha cerMeHTMpaHe Ha MoAena Ha NpeacTaBeHNst Cryyan.

Ha dur. 3 e geMoHcTpupaH KpaHuaT obpaboTeH
3D mogen. 3a HyxauTe Ha oOCbXOaHETO U OEMOH-
CTpMpaHeTo Ha Mofena Ham-4ecTo ce OTCTpaHsiBaT
(“oTBapAT”’) cBOOOOHATA CTEHA Ha OSACHOTO Mpeacbp-
Ove N OsicHa kamepa, KakTo M CTEHM Ha CbOOBMU UIK
OPYIY KYXUHHW CTPYKTYPU, KOUTO NPeACTaBnaBaT UHTe-
pec. Mo To3n HauMH MoraT fa ce orfiegat cenTanHuTe
CTPYKTYpPY M 30HUTE Ha UHTEpPEC OTBbLTpE.

segment any structure with good enough contrast and
sharpness (high enough difference in the relative den-
sities). Segmentation of cardiac and vascular struc-
tures most commonly involves a blood-pool (“cast”)
technique. Contrast matter, dissolved in the blood into
the examined cavities/vessels is highlighted. After ad-
ditional manual removal of artifacts, the primary 3D
model is created. The solid volume acquired this way
is turned hollow and the final model represents a cast-
ing of the cardiac cavities and the adjacent vessels.
Fig. 2 demonstrates the process of segmentation in
the presented case.

Fig. 3 represents the final post-procedure 3D mod-
el. In order to present the model for discussion the free
wall of the right atrium and right ventricle are removed
(“opened”), as well as the walls of any other cavities or
vascular structures, that are examined. This way the
septal structures and any region of interest can be ap-
preciated from the inside.

®dur. 2. Ha nsobpaxeHMeTo e npeacTaBeH npoleca Ha CerMeHTUpaHe Ha KOHTpacTMpaHUTe CbpAeYHU KyXMHW B MacuBa n3obpaxkeHus ot
KAT — naHenbT B NSIBO JEMOHCTPMPA CerMeHTMpaHaTa OT/MBKa OT KOHTpacTupaHa KpbB. [TaHenbT B ASICHO NpefcTaBsiT KyxvMHaTa cb3gageHa
B ouepTaHus 06em, KoeTo onpegens kpanHua Bug Ha 3D mogena. M3obpaxeHusaTa ca n3BnedveHmn ot paboTHust nnoT Ha nporpamata 3D Slicer

Fig. 2. The process of segmentation of the CT blood volume — panels on the left demonstrate the selected blood-pool area. Panels on the right
demonstrate the hollowed segmented volume that produces the final 3D model. Images are a screenshot from the 3D Slicer software working panel

®ur. 3. J1aB naHen — nsobpaxkeHne oT gUruTanHus
3D mogen ¢ pop3aneH uarneq; [eceH naHen — U3o-
OpaxeHue ot aurntanHus 3D mogen ¢ BeHTpaneH
narmepn; LUPV — nsiBa ropHono6apHa BB; RUPVs
— pecHu ropHonobapHu bB; LLPV — naBa gonHo-
nobapHa BB; RLPV — gacHa gonHonobGapHa BB;
CS — kopoHapeH cuHyc; RA — [IcHo npeacbpave;
FO — ®opameH oBane; SVC — [opHa npa3Ha BeHa

Fig. 3. Left panel — screenshot of the 3D model
from a posterior view; Right panel — screenshot
of the 3D model from an anterior view; LUPV —
left upper pulmonary vein; RUPVs — right upper
pulmonary veins; LLPV — left lower pulmonary
vein; RLPV — right lower pulmonary vein; CS —
coronary sinus; RA — right atrium; FO — foramen
ovale; SVC — superior vena cava
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Monyyenunat 3D mogen Moxe ga ce nogage Kbm
3D npuHTep n ga ce uspabotn nnactuka. Ksnonsea-
XM€e HanuyHusa B knuHukata 3D npuHTep — Ultimaker
3. MoaroTBeHUAT Moaen NnpuHTUpaxve B Mmawab 1:1 oT
6sana purngHa nnactmaca Tmn ABS (dur. 4).

3D mopenbT 6e pasrnmegaH npegonepaTtMBHO Y
NPUNOXeH KbM AOKYMEHTaUMATa Ha nauMeHTa 3a au-
PEKTHO CpaBHEHME C UHTpaonepaTMBHaTa Haxogka.

JIEUEHUE

B pamkute Ha cblus npecton B KnvHukarta 6e 13-
BbpLUEHA pagukanHa onepatuBHa kopekuusi. UHTpa-
onepaTtuBHaTa Haxofka Ce CbMOCTaBu C NpegocTaBe-
Hust 3D Mogern, KaTo ce OTYeTe MbITHO CbBMNAaZeHVe Ha
aHaToMu4HUTE 0cobeHoCTU. 3a 0OeKTMBM3NpPaHe Ha fAa-
HHWUTE OT CPaBHEHMETO Ha XMPYPIUYHUS eKun ce npea-
CTaBW aHKeTHa KapTa 3a oueHka Ha 3D moaena (dowr. 5).

YHUKaNHOTO Ha crniyyas e, 4ye onucaHusat 6eno-
OpobeH BEHO3eH OpEeHaXX HanoXu npunaraHeTo Ha
BCUYKM MO3HATU ONepaTUBHU TEXHUKM MPU KOpeKums
Ha TABEB. MsBbplweH e gepyduHr Ha KOpoHapHUS
BEHO3€H CMHYC 3a OTBEX[daHe Ha KPbBOTOKa OT AsiC-
HaTa n ngBaTta gonHu BB kbm nsBoTO npeacwkpave.
HanpaBeHa e aHacTomMo3a Ha BepTUKarHUs KONEKTop
Ha nsBa ropHa BB kbM yxoTo Ha nABOTO Npeackpave.

dur. 4. MapkupaHuTe B CUHBLO CTPYKTYpW nokassat 6ernoapobHusi BEHO3eH
ApeHax, hopaMeH oBane 1 AunatupaHns KOpoHapeH BEHO3eH CUHYC

The acquired 3D model can be sent to a 3D print-
er to develop a physical copy in plastic material. We
used in the clinic’s available 3D printer — Ultimaker 3.
The model was printed in 1:1 scale with white rigid ABS
plastic material. (Fig. 4).

The 3D model was examined prior operation and
was attached to the patient’'s documentation in order to
obtain direct comparison with the intraoperative findings.

TREATMENT

During the same hospitalization the patient under-
went radical operative correction. The intra-operative
findings were compared with the provided 3D model
and a complete match of the anatomic features was
recorded. We presented a questionnaire to the surgical
team to verify the findings and get feedback regarding
the 3D model (Fig. 5).

The case is unique, because the described pul-
monary venous drainage required all known surgical
techniques for correction of TAPVR. Deroofing of the
coronary sinus was performed in order to drain the left
and right lower PVs into the left atrium. The vertical
vein of the left upper PV was anastomosed into the left
atrial appendage. The right upper PVs and the proxi-
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Fig. 4. Blue markings represent the pulmonary venous drainage, foramen

ovale and the dilated coronary sinus

®wur. 5/ Fig. 5
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lopHonobapHuTe aecHn BB ca TyHenupaHu 3aegHo
C NpoKcuManHus kpan Ha TIB AnpekTHO KbM NsiBOTO
npeacvpane, a npekbcHatata gucranHa Jact Ha [T1B
(Hag HMBOTO Ha gpeHaxa Ha 6enogpobHWUTE BEHW) e
peaHacTomMo3MpaHa KbM yXOTO Ha OSCHOTO Mpeacbp-
ave — npoueaypa Ha Warden. NHTpaonepaTnBHO 1 B
paHHWs cnegonepaTuBeH nepuop, (4o NbpBus nNpernes
cnepa M3nMCBaHETO) He ce HabniogaBaxa YCrOXKHEHNUS.

OBCBHXAOAHE

PasnpbcHatnat tun TABEB e Haln-pegkuat Bapu-
aHT Ha aHomaneH gpeHax Ha BB n ce xapakTepuanpa
C Hal-ronsiMa aHaToMmmuyHa BapuabunHoct. TTE octa-
Ba OCHOBEH MeTOoZ Npuv AuarHoctmkarta. XMpypruyHoTo
obcbxaaHe U NnaHMpaHeTo Ha Har-onTumanHaTa Te-
paneBTUYHA CTpaTerns U3ncKea OnNuUcaHue Ha BCUYKM
aHaTOMWYHU OCOBEHOCTN U AaBHOPMHU KOMYHUKALIUN.
ToBa e 1 NpegnocTaBka 3a YCNELIHO fleYeHne 1 onTu-
MU3MpaHe Ha nepuonepatuBHust puck. CbLyo Taka ce
pegyumpa BpeMeTo 3a MHTpaonepaTuBHO BepudunLn-
paHe Ha aHaTtomudaTa. Cuntame Ye oNMCaHUAT crny4van
OEeMOHCTpupa nonsata npu M3nonsBaHe Ha AOMbIHW-
TenHW un3obpasutenHn TexHukn. [NpoBexgaHeTo Ha
koHTpacTeH KAT e 6bp3 1 HeMHBa3neH HauvH ga gobu-
eM Heobxogumara nHdopmaums. Mankarta Bb3pacT 1
HWMCKOTO TENECHO TErNOo Ha NaLMeHTa NoCcTaBAT BbMPOC
3a Ka4YecTBOTO Ha N306pakeHneTo Npu TomorpacdusaTa.
ToBa ce ObImkM Ha Mankusa paboTeH o6em 1 Ha MHOro
no-ronemMus puck OT ApuratenHu aptedaktu. 3a ga no-
Acurypym ontumanHo nsobpassasare npu KAT Ha kbp-
MadeTa U Marnku geua npunarame peavua cpencrsa.
M3cneaBaHeTo YeCTo ce M3BbpLIBA NPY BEHO3HO Ceaun-
paHe (Har-yecTo ¢ ynotpeba Ha midazolam 0,1 mg/kg
oonyc) n dukcupaHe Ha OeTeTo NOCPenCcTBOM cCreLu-
PUYHO 3a uUenTa CbOpbXEeHUe — ogearno, MU3MbIIHEHO
C nAcbkonogobHa matepusi, KOeTo MoXe Aa obrbpHe
[eTeTo, Oa ce UKcMpa € Npes3pamMKkn 1 ga orpaHnym
OBWXEHWsITa, crieq KaTto ce U3Terny Bb3ayxa OT Cbopb-
XeHueTo — cur. 6. Tesu cpeacTea pefyumpaTt B 3Ha4U-
Ma CTeneH ApuraTenHuTe aptedakTu.

KoHTpacTupaHeTo ce noctura ¢ aBToMaTtuyeH WH-
XKEKTOP, CUHXPOHU3MpaH ¢ anaparta. CTtaHgapTHOTO
WHXXEKTUPaHe Ha KOHTPACT MO BEHO3€eH W3TOYHWUK Ha
KybutanHa BeHa (Ha ropeH KpanHuK/B ropHaTa 4acT Ha
TANOTO) HaW-4eCTO NPeaM3BMKBa 3a4bpKaHe Ha KOH-
LleHTpMpaHa KoHTpacTHa matepus B [T1B no Bpeme Ha
CkeHunpaHeTo. KoHueHTpupaHata KoHTpacTHa matepusi
MOXe [a cb3dage apTedakTeH obpas BbpXy CbCeLHU
npunexaiim CTpyKTypu, OCODEHO Mpu Kbpmayeta U
Marnku geua, nopagu Marnkmsi paboteH o6em, a B KOH-
KPeTHUS cryYyam ga KomnpomeTvpa nu3obpassiBaHETO
Ha apeHaxa Ha BB. V3non3saHeTo Ha KOHTpacTupa-
He npe3 BeHO3eH U3TOYHMK B A0NHAaTa 4acT Ha TAnoTo
npu kbpMaveTa nogobpsiea obpasHuTe AaHHW, 3apagum

mal end of the SVC were tunneled directly into the left
atrium. Thus, the interrupted distal segment of the SVC
(above the PV drainage) was re-anastomosed into the
right atrial appendage — Warden procedure. No compli-
cations were observed during operation and within the
short-term post-operative follow-up (first outpatient visit
after hospital dismissal).

DiscussION

The mixed type of TAPVR is the rarest variant of
anomalous PV drainage and is characterized by high
anatomic variability. TTE remains the main diagnostic
imaging modality. Surgical discussion and planning the
most optimal approach require a detailed description of
all anatomic features and abnormal communications.
This is also a good basis for a successful treatment
and, if possible, for reduction of operative risk. Other
possible benefit is the reduced time of intra-operative
dissection and verification of the diagnosis. We con-
sider that the presented case demonstrates well these
benefits with the use of additional imaging techniques.
Contrast CT is a fast and non-invasive way to acquire
the needed anatomic information. The early age and
small body weight of the patient are problematic in
terms of image quality during CT scan. This is due to
the small scan area and the high risk of movement ar-
tifacts. In order to ensure optimal image quality during
CT scanning of infants and small children we apply
certain measures. CT is often performed under intrave-
nous sedation (most often with Midazolam — 0.1mg/kg
i.v. bolus). Additionally, the child is immobilized with a
specific contraption — double layer blanked, filled with a
sand-like substance which wraps around the child and
is fixed with quick-release straps. Air is pumped out of
the contraption and this way it can restrict free move-
ment — Fig. 6. These measures significantly reduce
movement artifacts during CT.

Contrast matter is introduced via automatic in-
jector, synchronized with the CT machine. Standard
injection of contrast through a cubital vein (through
the upper extremity/in the upper body half) most of-
ten leads to retention of concentrated contrast matter
in the SVC during the scan. This concentrated con-
trast matter can produce image artifacts on adjacent
structures — especially in infants and small children
— due to the smaller scan area. In the presented case
this can compromise the imaging of the PV drainage.
The injection of contrast matter through a vein on the
lower extremity (lower body half) improves the im-
age quality in infants, because it avoids the retention
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®dur. 6. Ogesno 3a ukcMpaHe Ha Manku geua no Bpeme Ha npoeexaaHe Ha KAT. OpeanoTto e U3nbiIHEHO C nsicbkonogobHa cybcTaHums u
ce 3aKkpens ¢ peMbly ¢ kaTapamu. Knanata B fOMHWS KB Kpaii NMo3BoMsiBa Aa ce U3TErM Bb3ayxXbT OT OAEANIOTo Ypes pbyHa nomna. Mo Tosn
HauYH CbOPBKEHMETO Cce (hMKCMpa PUMMAHO OKOMO AETETO U 3HAYUTENHO peayLmpa HexenaHuTe ABUKEHNS

Fig. 6. Blanket for fixation of small children during preparation for CT scan. Blanket is filled with sand-like substance and is fixed via quick-release
straps. The valve in the lower left end allows to pump out the air in the blanket so that the contraption is fixed rigidly around the child reducing

unwanted movement.

n3bArBaHeTo Ha 3adpbXKaTa Ha KOHLIEHTpMpaHa KOH-
TpactHa matepus B [TIB [8]. N3nona3BaHeTo Ha Be-
HO3€H M3TOYHMK Ha [ONEH KPaWHWK 32 KOHTPacTHOTO
n3crieqBaHe B KOHKPETHUS Criyyan nma AonbIliHUTENHa
nonsa. Hannuneto Ha TABBEB o3HauvaBa peuupkynupa-
He Ha VHXEKTUPaHWsi KOHTpacT Nopagu HanMyneTo Ha
LBHT MO MbTHA: BEHO3HA CMCTEMA — A0NHA Npa3Ha BeHa
— [eCHU KyxrHu n 6enogpobHa aptepusa — 6enoapobeH
napeHxum — 6enogpobHy BEHW — CUCTEMHU BeHw/ge-
CHU KyXWHW... dpenunpaHute BB B cuctemata Ha [T1B
Ce KOHTpacTupaT OQUPEKTHO Mo BpeMe Ha nscrnensaHe-
TO OT Taka Cb3ganus ce WHhHT. ToBa NO3BOMM C rongma
TOYHOCT Aa ce n306pa3n JOMbIHUTENHUA OPEHaX Ha
ropHonobapHute aechu BB kbm ITIB, kakTo 1 nogpob-
HOTO aHaTOMMWYHO NPeACcTaBsHe Ha ocTaHanute BB.
Mpu npoueca Ha 3D mogenupaHe nosHaT Hegoc-
TaTbK € TPYAHOTO UMM HEBB3MOXHO CEerMeHTMpaHe Ha
MUHWATIOPHU CTPYKTYpU C pa3Mepu B ckanata nog 1
MM, KakTO U TbHKUTE MOABMXHU CTPYKTYPWU KaTO Ha-
npumep CbpaeYHUs KnamneH anapar — Bb3MOXHO €
€[MHCTBEHO MOCOYBAHE Ha MecTata Ha TEXHUTE MH-
cepuuun. B onucaHus crniydanm mmame exorpadockute
OaHHW 32 MOPAONOrMYHO MHTAKTEH KraneH anapar.

3AKNIOYEHUE

Penknte n komnnekcHn BCM noctaBaTt cneunduny-
HW N3NCKBaHUA KbM ObpasHaTta guarHocTtuka. Mankara
Bb3pacT, TPYAHUTE exorpaddCku Npo3opuu, YHUKaNHU-
Te ocobeHocTn Ha aHaTtomusaTa npu BCM 3HauuTenHo
YCINOXHABAT MPOBEXOAHETO M WMHTepnpeTaumsaTa Ha
KOHBeHUnoHanHaTta TTE. PasBntnetro Ha TexHonornu-

of concentrated contrast matter in the SVC [8]. The
cannulation of a lower extremity vein in the present-
ed case has an additional benefit. The presence of
TAPVR means that the injected contrast matter will
recirculate because of the shunt as follows: venous
system — inferior vena cava — right atrium and ventri-
cle — pulmonary arteries — pulmonary parenchyma —
pulmonary veins — systemic veins/right atrium... PVs
drained in the SVC are directly contrasted during the
CT scan because of the described shunt. This allowed
a very accurate imaging of the additional drainage of
right upper PVs into the SVC, as well as the detailed
description of the other PVs.

Known disadvantage of 3D modelling is the difficult
or impossible segmentation of microscopic structures
(<1 mm), as well as thin and mobile structures such as
cardiac valves. It is possible to illustrate their insertion
location. In the described case we have echographic
evidence of a morphologically intact valves.

CONCLUSION

Rare and complex CHD have specific require-
ments for imaging diagnostics. Early age, poor
acoustic windows and the unique anatomic features
of a CHD are a significant factor and also a com-
plication during conventional TTE. Technological
development enables new techniques for advanced
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Te NMo3BOfsiBa M3MOM3BaHe Ha HOBW TEXHUKM Mpu 06-
pasHaTa OMarHocTvka Ha CrOXHW BPOAEHW Mandop-
Mauun. 3D MogenvpaHeTo Hafrpaxga KoHTpacTHara
KOMMIOTbpHa Tomorpadus n npegoctass 3D-namepeH
ob6pas, KOWTO B ronsiMa cTeneH oTroBapsi Ha u3crnegBa-
HaTa aHaTtoMus. Cb3gafeHuAT OT HaC NaumneHT-cneun-
dhunyeH mogen cnocobceTBa 3a nNnaHvpaHe Ha Tepanes-
TUYHUA NOAXO0A, KaTo ocurypu no-gobparta NnoaroToeka
Ha nauueHTa 1 Ha onepupaLLms ekun u gonpuHece 3a
BnarononyyHns 3xo4 OT NPOBEAEHOTO feYeHNe.

He e OeknapupaH KOHGRUKmM Ha uHmepecu
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