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OF INTRACADIAC BLOOD FLOW

N. Zlatareva, M. Dotseva, Y. Tomova
MBAL ,Sveta Sofia“— Sofia

Hanocrnegbk ¢ pasBUTMETO Ha HOBUTE TEXHONMOTMM CTaHa Bb3MOXHO [a CE OLEHM WHTPaKapauanHus KpbBOTOK. EauH
OT OCOBHWUTE METOAM, M3MON3BaH NOHACTOSLLEM, € TpaHCcTOpakanHata exokapavorpadcka oueHka ype3 HyperDoppler
intracardiac flow dynamics. Tol1 ce 0cHOBaBa Ha LIBETHO AONNEPOBO kapTorpadmpaHe Ha kpbBoToka Ypea Color Doppler
flow mapping (CDMF) TexHonorvsi. B gonmbnHeHne KbM KOHBEHLMOHANHATa TpaHCTOpaKnaHa exokapavorpadus tasu
MeTOoAMKa AaBa Bb3MOXHOCT 3a BM3yarnu3auma 1 Konn4ecTBeHa OLeHKa Ha UTpakapAauanHua KpbBOTOK. D,oxaaaa ce, 4ye
LigrnocTHaTa oLeHKa Ha MHTpaKapauanHuTe CTPYKTYPU, KaKTo U UHTpaKaBUTapHWUAT UM BUXPOB MOTOK MoraT Aa Aafatr
BBb3MOXHOCT 32 OTKpUBAHE Ha NaTororiMyHo NPOMEHEHM XapaKTepPUCTUKM Ha NOTOKa. TOBa OT CBOS CTpaHa naeHTdmumpa
HOBY MaTOU3NONOMYHN MEXaHU3MU B PasBUTMETO Ha CbpAEYHO-CbOBUTE 3abonsBaHus. MeToaute HU NpeacTaBsaT
JOMbIIHUTENHA MHAOPMaLMS 38 XeMOoaMHAMUKaTa, C NMOTEHLMan 3a paHHO OTKPKUBAHE Ha CbpaeyHa AMCYHKUMS U noa-
nomaraHe no OTHOLLEHME Ha NEYEHNETO U NpeBeHLMsTa Ha 3abonsiBaHusTa. KOHBEKLMOHAHMTE eXOKapanorpadicki 13-
MepBaHus Ha CbpeyHaTa MexaHuka 0OMKHOBEHO He pasKpuBaT 3HAYNUTENHN NMPOMEHM, JOKATO HAMA SBHA AMCHYHKLNS,
KOETO I NpaBy No-Manko ehekTMBHY 3a paHHa AMArHOCTMKA W NleYeHne Ha CbpAeYHO-CbaoBUTE 3abonsBaHus. [uHamu-
kaTa Ha KpbBOTOKa O1Ba He3abaBHO 3acerHata npu NPOMsiHA Ha CbpAeYHaTa XeMOANHAMUKA, CNEOBATENHO HETOBOTO
aHanusnpaHe o0TBapsA HOBM MEepCneKkTUBK 3a NPOrHO3NpPaHeTo U paHHaTa AnarHoCcTuka Ha 3abonsBaHuaTa. AHanMU3bT Ha
VHTPakapananna noTok e pasnuyeH U CbBpeMeHeH NoAX0A 3a OLeHKa Ha CbpAaeyHaTta ('byHKLWIH, NpeaocTaBsll BaXHa U
OOMbITHATENTHA I/IH(*)OpMaLWIﬂ KbM KOHBEHLWOHaNHUTe noaxoaun, 6aampaH|/| Ha CbpAeYvHaTa MexaHuka.

TpaHCTOpaKanHa exokapanorpadus, Xunepaonnep AMHamMUKa Ha UHTpaKapauanHus MoTOK, BUXPOB MOTOK

a-p Mapus Jouesa, MBAJ1,,CeeTa Cocus*, k. MaHacTupcku nueaay, 6yn. Benarpapus Ne 104, 1618 Codhus,
e-mail: mariya.dotseva@abv.bg

One of the main methods currently used is the transthoracic echocardiographic evaluation by HyperDopler intracardiac
flow dynamics. It is based on color Doppler mapping of the blood flow by CDMF/Color Doppler flow mapping/technology. In
addition to conventional transthoracic echocardiography, this technique enables visualization and quantitative assessment
of intracardiac blood flow. HyperDoppler methodology represents a new paradigm in the analysis of cardiac function
with the potential for sensitive risk identification and prediction of impending cardiac damage.It has been shown that a
comprehensive assessment of intracardiac structures as well as their intracavitary vortex flow can enable the detection of
pathologically altered flow characteristics. Which in turn identifies new pathophysiological mechanisms in the development
of cardiovascular diseases. Our methods provide additional information on hemodynamics, with the potential for early
detection of cardiac dysfunction and assistance in disease treatment and prevention. Convection echocardiographic
measurements of cardiac mechanics usually do not reveal significant changes until there is significant dysfunction, making
them less effective for early diagnosis and treatment of cardiovascular disease. Blood flow dynamics are immediately
affected when cardiac hemodynamics change, therefore analyzing it opens new perspectives for the prediction and early
diagnosis of diseases. Intracardiac flow analysis is a different and modern approach to assess cardiac function, providing
important and complementary information to conventional approaches based on cardiac mechanics.
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BbBEAEHME

lMocokaTa, cKOpoCTTa 1 3aBUXPAHETO HA KPBHBOTOKA
B CbpOEYHMTE KYXMHU Ca TACHO CBbpP3aHu ¢ Mopdoro-
maTa n yHKUMATa Ha CcbpAedHo-CboBaTa cucTema.
lMpe3 nocnegHWTe rogvHW OMNpaBOaHO Ce MOBULLABA
MHTEpeca OTHOCHO BaXkHaTa pons Ha AvHamukata Ha
KPBbBOTOKA MPWY HAKOW NaToOMNOrMYHN CbCTOSIHWSA KaTo Ha-
npuymMep: nsiBokaMepHa 1 AsicHoKaMmepHa AMCYHKUMS,
KnanHu 3abonssanusa n apyru [1, 3, 6]. 3aBuxpsHeTo e
OCHOBEH eMeMeHT 3a AUHaMUYHWUS BanaHc mexay ump-
KynupaLius KpbBEH NOTOK M MMOKapaHaTa TbkaH. Criea-
BalKM Tasu HOBa KOHLEMNUMS, CTaHa Bb3MOXHO Oa ce
AvarHoCTUUmMpar paHHUTE NpM3HaLm 3a CbpgeyHa yBpe-
4a 1 B pesynTaT Ha ToBa Aa NpeacTaBu MPOrHOCTMYHA
MHdopMauus 3a ObAeLLO peMogenupaHe Ha CbpaeqHN-
Te KyxuHu [1-6]. Hanocneabk ¢ pa3BuUTUETO Ha HOBUTE
TEXHOMOMMM CTaHa Bb3MOXHO [a Ce OLEHW MHTpakap-
OVATNHWSA KpBBOTOK. EQMH OT OCOBHUTE MeTOAM, M3Mon3-
BaH MoHacTosLWeM e TpaHCcTopakanHaTa exokapau-
orpacpcka oueHka ype3 HyperDoppler intracardiac flow
dynamics [3, 6]. Ton ce ocHOBaBa Ha LBETHO AOMNNepo-
BO kapTtorpadupaHe Ha kpbBoToka upe3 CDFM/Color
Doppler flow mapping/TexHonorus. B gonbnHeHne Kbm
KOHBEHUMOHanHara TpaHCTopaknaHa exokapauorpa-
dus, Tasm MeToaMKa gaBa Bb3MOXHOCT 3a BM3yanu-
3auUMsa M KONMMYECTBEHa OLUEHKa Ha WHTpakapguanHus
KpbBoTOK. HyperDoppler metogmkata npegcTtaBnsiBa
HOBa MapagurmMa B aHanmsa Ha cbpaedHaTa yHKUWs C
noTeHuman 3a YyBCTBUTENHA MAEHTUMKaLMSA Ha pycka
1 MPOrHo3upaHe Ha NPeACTosiLLa cbpaeyHa yBpeaa.

CBHbBPEMEHHU METOAUKU HA OLIEHKA
HA UHTPAKAPOUAJNTHUA KPBbBOTOK

3a nbpeu NbT Npe3 2012 r. ce onucBaT OCHOBHUTE
MeTOAVKM 3a OLEeHKa Ha MHTPaBEHTPUKYNapHUs KpbBO-
TOK, KOUTO Ce OCHOBaBaT [MaBHO Ha MarHUTHOPE30HaHC-
Ho uscneggaHe (MRI), yntpassykos gonnep (ultrasound
Doppler) n KOHTpacTHa CKOpPOCT Ha M30bpa3siBaHe Ha
yactuum (contrast partical imaging velocimetry [1]. Jo-
Ka3Ba ce, Ye MofenuTe Ha KpbBHUTE MOTOLM Ca TACHO
CBbp3aHu ¢ Mopdonorusita n yHkuMaTa Ha cbpaey-
HO-cbfOBaTa cuctema. Te3n Mogenu oTpassiBaT U3-
KrnounTenHaTa aganTMBHOCT Ha CbpaevHO-CbaoBaTa
cMcTeMa 3a nogabpXaHe Ha HOpMarHOTO KpbBOOOpa-
LLlEHMEe B LUMPOK AManas3HoH Ha HaToBapBaHMs. TOYHOTO
n3BnMYaHe Ha MHopMaLIMs OTHOCHO KPbBOTOKa € B1no
npean3BrKaTencTBO OTHOCHO MpoLecuTe, yYacTBalim B
KapTorpadvpaHeTo Ha nofnetata Ha KpbBOTOKa U Hero-
BaTa ckopocT. OTHOCHO MexaHukaTa Ha KpbBOTOKa ce
npeactaes uHgopmaums, Ye Tom GuBa HectaburneH,
KoraTto e Hanvue dparMeHTMpaHe U CMecBaHe Ha BU-
XpU U NpOTMBOBMXPU. Ta3n HectabunHocT ce obycna-
BSl, KOraTo KMHETUYHA EHEPrnsl Ha KPbBOTOKA (KOSITO €

INTRODUCTION

The direction, velocity, and vorticity of blood flow
in cardiac cavities are closely related to the mor-
phology and function of the cardiovascular system.
In recent years, interest has justifiably increased in
the important role of blood flow dynamics in some
pathological conditions, such as left ventricular and
right ventricular dysfunction, valvular diseases, and
others [1, 3, 6]. Vortex is an essential element for
the dynamic balance between the circulating blood
flow and myocardial tissue. Following this new con-
cept, it became possible to diagnose the early signs
of cardiac damage and, as a result, to provide prog-
nostic information for future remodeling of the car-
diac cavities [1-6]. Recently, with the development
of new technologies, it has become possible to as-
sess intracardiac blood flow. One of the main meth-
ods currently used is the transthoracic echocardio-
graphic evaluation by HyperDopler intracardiac flow
dynamics [3, 6]. It is based on color Doppler map-
ping of the blood flow by Color Doppler flow map-
ping (CDMF) technology. In addition to convention-
al transthoracic echocardiography, this technique
enables visualization and quantitative assessment
of intracardiac blood flow. HyperDoppler methodol-
ogy represents a new paradigm in the analysis of
cardiac function with the potential for sensitive risk
identification and prediction of impending cardiac
damage.

MODERN METHODS OF ASSESSMENT
OF INTRACARDIAC BLOOD FLOW

For the first time in 2012, the main methods
for assessing intraventricular blood flow were de-
scribed, which are mainly based on magnetic res-
onance imaging (MRI), ultrasound Doppler and
contrast particle imaging velocimetry [1]. Blood flow
patterns have been shown to be closely related to
the morphology and function of the cardiovascu-
lar system.These patterns reflect the exceptional
adaptability of the cardiovascular system to main-
tain normal blood circulation over a wide range of
workloads. Regarding the mechanics of the blood
flow, information is presented that it becomes un-
stable when it faces fragmentation and mixing of
vortices and countervortices. This instability occurs
when the kinetic energy of the blood flow (which
is proportional to its velocity V squared) is greater
than the rate of energy dissipation (proportional to
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nponopLmMoHarnHa Ha HeroeaTa ckopocT "V* Ha kBagparT)
€ ro-ronsiMa CrnpsiMoO CKOPOCTTa Ha pasceriBaHe Ha
eHeprusTa (nponopumoHanHa Ha V/D, kegeto "D e an-
amMeTbpbT Ha cbaa). Korato ABMXKEHNETO Ha TEeYHOCTTa
cTaHe HecTaburHo, BnocneacTeve ctasa TypOyneHTHO.
To ce xapekTepuaupa ¢ XaoTU4HW, HECTAUMOHAPHN BU-
XpW, yBEnM4aBally CMECBaHeTO, TPMEHETO U pa3ceriBa-
HeTo Ha eHeprugaTa. Mpu TypbyneHTHOCT cKkopocTTa Ha
eHeprusitTa n pa3ceriBaHETO N ce yBenu4yaeart, 3a da ce
Oobnxkat 0o TOBa Ha BXOAALLATA KMHETUYHA EHEPrusl.
[okasBa ce, 4ye TakvMBa KpbBHU NOTOLM Ce YCTAHOBSBAT
camo Mpu NaTonornyHn cbCTosHMA. MarHMTope3oHaHc-
HOTO m3criegBaHe € MHOTOMYHKLMOHANEH, HO CIOXeH
N TEXHUYECKN TPYOHO Npunoxmm metod. CbnbTCTBaH
€ C MOo-ronsiMo BpeMeTpaeHe Ha 13creaBaHeTo, Henpu-
NOXMM € MPU MHOro criyvyan (MMnnaHTUpaH NoCTOSHEH
enektpokapguoctumynartop, MRI, metanHu cteHToBe n/
UK KanHu nNpotean 1 T.H). He e noaxogsiy 3a 6bp3 u
KpaTbK aHanM3 Ha CbpaeYHUs KpbBOTOK. LIBETHMAT fo-
nnep (color Doppler) e pa3paboteH olue npe3 1980 r. B
KMMHWYHaTa NpakTuKa Ta3n TEXHUKA € M3Mof3BaHa Karto
Ka4ecTBEeH MeToq 3a YCTaHOBSIBAHE Ha MaTorornyHM
KPBbBHM NOTOLM 1 BU3yanu3aums Ha TypboneHumm [7].

TpaHcTopakanHata exokapguorpadus e gokasaH
MeToA, 3a BM3yanusauus Ha MHTPaKaBUTAPHMS MOTOK.
ChbLUo Taka e yCbBbpLUEHCTBaHa 3a BM3yanu3auus Ha
yNTPa3ByKOB MOTOK C BMCOKAa BpemeBa pasgenvrenHa
CrnocobHOCT, NecHO MpuUNoXxuma e u e noaxogsiia 3a
PYTVHHA OLEHKa Ha CbPOEYHUTE KYXMHW, Ha TaxHaTa
Mopdpornorust n yHkumMs. B nunoTtHaTta nyonukaums, ak-
LeHTMpaLla BbpXy MHTpakaBUTApHUSA MOTOK, 32 MbpBU
MbT Ce CNOMeHaBa 3a n306pa3siBaHe Ha KPbBOTOKA YPE3
KapTorpadvpaHe nocpeacTBoM exorpadckm MeToaukm
[1]. MpeocTaBeH e meTon, HapeyYeH exoOuHamMmozpagusi
(echo-dynamography), wnn eekmopHo kapmoepachu-
paHe Ha kpbeomoka (vector flow mapping — VFM) [8].
Tasn TexHMKa CbYeTaBa U3MEPEHUTE aKCUarnHu u pagu-
arHM CKOPOCTM Bb3 OCHOBA Ha (pM3NYeckn NMPUHLIMNW.
OcHOBHOTO NpunoxeHne Ha nbpeaTa Bepcust VFM e, ye
npeacTaBs Lenus NOTOK U BCEKU paauyc B e4HO M300pa-
XeHve n Moxe ga 6bae AEeKOHCTpupaH B NlaMUHAPHO
OBWKEHME 1 BbB BUXPOB KOMIMOHEHT (dour. 1).

CneppalumaT MeToq, KOMTO e NpeacTaBeH B nyonu-
KauusaTta, € rpakmu4yecko usMepeaHe Ha cKkopocmma
Ha Kpbeomoka (particle image velocimetry — PIV) [9,
10]. Tasn TexHuka ce obycnaBsl C XapakTepu3npaHeTo
Ha nocokaTa Ha MoToKa KaTo BEKTOP B TEYHOCTUTE. Y-
Tpas3ByKOBUTE NTbYM Ca M3MOMN3BaHM KaTo M3TOYHMK Ha
n3obpaxkeHns, KOeTO MO3BOMsABa BU3yanuanpaHe Ha
KPBbBHMS MOTOK B HEMpO3payHa cpefa. 3a nbpBu NbT €
JoknagsaHo npunoxeHneto Ha PIV metogukarta 3a ua-
obpsA3sBaHe Ha KaonMHOBM YacTuUM Npu M3crenBaHe
Ha HaToBapeH CbC ceammeHT noTok [11]. Ha dwr. 2 ca
npeacTaBeHn kapTorpacdmpaHeTo n nocokara Ha OCHOB-
HWUTE MOAENW Ype3 NIMHMM Ha KPbBOTOKA, KAKTO 1 30HNUTE
Ha 3aBUXPSIHE N pasnpPOCTPaHeHue Ypes MeToga.

V/D, where D is the diameter of the court). When
the fluid motion becomes unstable, it subsequently
becomes turbulent. It is characterized by chaotic,
unsteady vortices that increase mixing, friction and
energy dissipation. In turbulence, the rate of en-
ergy and dissipation increases to approach that of
the incoming kinetic energy. It is proved that such
blood flows are found only in pathological condi-
tions. Magnetic resonance examination is a multi-
functional, but complex and technically difficult to
apply method. It is accompanied by a longer dura-
tion of the examination, it is not applicable in many
cases (implanted permanent pacemaker-incompati-
ble with MRI, metal stents and/or valve prostheses,
etc.). It is not suitable for quick and short cardiac
blood flow analysis. Color Doppler was developed
as early as 1980. In clinical practice, this technique
has been used as a qualitative method for estab-
lishing pathological blood flows and visualization of
turbulence [7]. Transthoracic echocardiography is a
proven method for visualization of intracavitary flow.

It is also advanced for visualization of ultrasound
flow with high temporal resolution, easily applicable
and suitable for routine evaluation of cardiac cavities
and their morphology and function.

In a publication focusing on intracavitary flow — it is
mentioned for blood flow imaging by echocardiography,
for the first time [1]. A method called echo-dynamog-
raphy or vector flow mapping (VFM) is presented [8].
This technique combines the measured axial and ra-
dial velocities, based on physical principles. The main
application of the first version VFM is that it represents
the entire flow and each radius in one image and can
be deconstructed into laminar motion and into a vortex
component (Fig. 1).

The next method that is presented in the publica-
tion is the practical measurement of blood flow velocity
(article image velocimetry — PIV) [9, 10]. This technique
is conditioned by the characterization of the flow direc-
tion as a vector in liquids. Ultrasound beams were used
as the imaging source, allowing visualization of blood
flow in an opaque environment. The application of PIV
imaging to kaolin particle imaging in the study of a sed-
iment-laden stream was reported for the first time [11].
In Fig. 2 the mapping and direction of the basic pat-
terns by blood flow lines are presented, as well as the
vorticity and propagation zones by the method.
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®ur. 2. Exo-PIV nuHuKM Ha kpbBOTOKA. JIMHMMTE Ha NoToKa ca LBeT-
HO KOAMPaHW C KMHETMYHa eHeprus, nory4yeHa oT exokapanorpad-
ckaTa CKOpOCT Ha n3obpassBaHe Ha yacTuumTe. [oToKbLT e nokasaH
npwu exorpadckun obpas (cpes no Abnrata oc) Ha NsaBaTa kamepa no
BpeMe Ha CbpAeyHus umkbn. A — paHHa gunactona; B — kbcHa gnac-
Tona; C — dpasa Ha natnacksaHe. N3toutnk: Emerging Trends in CV
flow visualization, JACC Cardiovasc Imaging. 2012 Mar; 5

Fig. 2. Echo-PIV lines of blood flow. The flow lines are color-coded
with kinetic energy derived from the echocardiographic imaging
velocity of the particles. Flow is shown in an echographic image/
long-axis slice/of the left ventricle during the cardiac cycle. A — early
diastole; B — late diastole; C — phase of pushing. Emerging Trends
in CV flow visualization, JACC Cardiovasc Imaging. 2012 Mar; 5

PIV meTogukaTa ce M3no3ea Han-4ecTo 3a OLeHKa
Ha OWHamukaTa Ha dnynanTe B CbpOeyHO-CbAoBaTa
cuctema in vitro. lNo-cneunanHo 3a ouUEHKa Ha HOBU
0bpasHu metogukn [12-14], KakTo 1 KnanHa natonorus
[15, 16].

TpaHcTopakanHuaT exokapauorpadckm Meton —
HyperDoppler intracardiac flow dynamics, n3obpa3ss-
Ba NpuUTOKa Ha KpbB B naeata kamepa (J1K), konTto ce
XapekpeTtuampa ¢ obpasyBaHETO Ha BUXPU OT KPbBOTO-
Ka, HaBnu3all B Hes. B nsiBata kamepa no Bpeme Ha
anacTtona ce obpasyBaT [Be 3aBMXPSHWS OT OCHOBUS
KPBBOTOK, KOUTO Ce OTAENAT No4 OCTbP bIbf. ToBa OT-
JOernsiHe Ha OBeTe 3aBMXPsiHUSA ce obycnass OT paHHUS
TpaHCMUTPareH KpbBOTOK, 3amno4yBall OT AUCTanHuTe
KpauLla Ha MUTpanHuTe KnanHum nnatHa. MNpu natono-
TSl Ha MNnaTtHaTa ce reHepupa acMMETPUYEH BUXBP,
KOWTO Ce pasnpocTpaHsaBa BCTpaHW OT MuUTpanHata
knana. MNpu nunca Ha naTtonorus OCHOBHOTO MPeAHO
3aBUXpSHE Ce BbPTU MO MOCOKa Ha YaCoBHMKOBAaTa
cTpernka (CUH LBAT), @ BTOPMYHOTO 3a4HO — MO NOCo-
Ka obpaTHO Ha YacoBHUKOBATa CTpernka (YepBeH UBAT)

(cour. 3 n cpur.4).

®ur. 1. BeKTOpHM noneTta Ha CKOPOCTTa, MOSyYeHU 4Ype3 BEKTOPHO
KapTtorpadupaHe Ha kpbBoToka — VFM. lNonetata Ha ckopocTTa Ha
KPpBBOTOKa Ce HacnareaT BbpXy LBETHUTE AONMNEPOBU M300paxeHus
(Image of Tokuhisa Uejima, Cardiovascular Institute, Tokyo, Japan.
Emerging Trends in CV flow visualization, JACC Cardiovasc Imaging.
2012 Mar; 5)

Fig. 1. Velocity vector fields obtained by blood flow vector mapping-
VFM. Blood flow velocity fields are overlaid on color Doppler images.
Image of Tokuhisa Uejima, Cardiovascular Institute, Tokyo, Japan.
Emerging Trends in CV flow visualization, JACC Cardiovasc Imaging.
2012 Mar; 5

PIV methodology is most often used to assess fluid
dynamics in the cardiovascular system in vitro. Espe-
cially for evaluation of new imaging methods [12-14],
as well as valve pathology [15, 16].

The transthoracic echocardiographic method —
HyperDopler intracardiac flow dynamics, depicts the
blood flow in the left ventricle, which is character-
ized by the formation of vortices from the blood flow
entering it. In the left ventricle during diastole, two
vortices are formed from the underlying blood flow,
which separate at an acute angle. This separation of
the two vortices is due to the early transmitral blood
flow, which originates from the distal ends of the mitral
valve leaflets.

In pathology of the leaflets, an asymmetric vortex
is generated, which spreads to the side of the mitral
valve. In the absence of pathology, the primary front
vortex rotates clockwise (blue color), and the sec-
ondary-rear counter-clockwise (red color) Fig. 3 and
Fig. 4.
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Apical Long Axis (ALAX)

VORTEX: compact region of vorticity
BLUE: clockwise rotation
RED: counterlockwise rotation

®dur. 3. O6pasyBaHeTo Ha Buxbpa. WMarmeg ALAX (A3CH),
UNCTpUpaLL, aCMMeTPUYeH BUXbP, OTAENSL, ce OT AucTanHute
BbpPXOBE Ha MuTpanHata knana. ALAX — anukaneH cpes no abn-
rata oc; A3CH — TpukyxuHeH cpes; Vortex — 3aBUXpsiHE/BUXBP;
Blue — 3aBuxpsiHe No YacoBHMKOBa cpenka; Red — 3aBuxpsiHe 06-
paTHO Mo YacoBHMKOBATa CTpenka. M3moyHuk: Picture of Esaote-
WP-Cardio-HyperDoppler-160000187MA-V01

Fig. 3. The formation of the vortex. ALAX (A3CH) view, illustrative
asymmetric vortex emanating from the distal tips of the mitral
valve. ALAX — apical section along the long axis; ASCH — three
cavity section; Vortex — vortex/vortex; blue — swirl clockwise; red —
swirl counterclockwise; Picture of Esaote-WP-Cardio

Mo Bpeme Ha AvacTasa BUXbPbT Noaabpxa Bbp-
TENnMBOTO CU ABWxeHue. Bnocneacteue no Bpeme Ha
npeacbpaHaTa KOHTPaKUMst HacTbNBa BTOPW BUXPOB
MPbCTEH M KbCHaTa HambrBalla CTpysi ce KOMGUHMpa
C OCTaTbYHMS1 paHeH BUXPOB NpbCTeH. Mo Bpeme Ha
M30BONyMETpPUYHATA KOHTPaKUMUS MOTOKbT Ha KpbBTa
ce HacoyBa KbM M3XOOHWUSI TPaKT Ha nsiBaTa kamepa
c obpasyBaHe Ha edVH OCHOBEH BUXbpP, Cred KOeTo
KpbBTa Ce M3Tnackea oT NnsiBaTa kamepa (dur. 5).

Early filling Diastasis Late filling

Pressure
gradients

Streamlines §

Circulation

E wawve

Transmitral
flow
velocity

Echo-PIV

VFM

Hyperflow
adapted to
CDFM

Conventional
PW Doppler

®dur. 4. HyperDopler kapTorpdupaHe Ha cKOpoCcTTa M mnocokata Ha
KPbBOTOKa, MOKa3BaLL, pasfiMyHOTO POTALMOHHO ABMXKEHNE Ha MPEeaHOTO
1 3agHOTO 3aBuxpsiHe. LV — nsBa kamepa; Ao — aopta; Anterior (main)
vortex, clockwise — ocHOBHO-NpeaHO 3aBMXPsIHE, MO YacOBHMKOBAaTa
ctpenka. Posterior (secondary) vortex, counterclockwise — BTopuyHo-
3aHO 3aBMXpsiHe, 0B6paTHO Ha YaCcOBHWMKOBATa CTPenka. M3moyHUK:
moducpukayusi om Mele et al., JASE. 2019 Mar;32(3):319-332.

Fig. 4. HyperDopler mapping of the velocity and direction of blood
flow, showing the different rotational motion of the anterior and
posterior vortices. LV — left ventricle; Ao — aorta; Anterior (main)
vortex, clockwise; Posterior (secondary) vortex, counterclockwise —
secondary — rear vorticity, counterclockwise. Modified from Mele et
al. JASE. 2019 Mar;32(3):319-332

During diastasis, the vortex maintains its rotational
motion. Subsequently, during atrial contraction, a sec-
ond vortex ring occurs and the late filling jet combines
with the residual early vortex ring. During the isovolu-
metric contraction, the blood flow is directed to the left
ventricular outflow tract with the formation of one main
vortex, after which the blood is pushed out of the left
ventricle (Fig. 5).

®ur. 5. Mogndumkaums Ha BMXbpa, Bb3HUKBALL MO Bpe-
MEe Ha CbpAEYHMS LUKBbM NpU pasfnuYyHUTE ynTpasBy-
KOBW MeToaukun, cpaBHeH c HyperFlow-CDFM. echo-
PIV — practical image velosimetry; VFM — vector flow
mapping; hyperFlow-CDFM — color Doppler flow mapping
conventional PW Dopple. M3TouHuk: Picture of Esaote-
WP-Cardio-HyperDoppler-160000187MA-V01

Fig. 5. Modification of the vortex during the cardiac cycle
in the different ultrasound methods compared with Hy-
perFlow-CDFM Echo-PIV: Practical image velocimetry.
VFM - Vector flow mapping; hyperFlow-CDFM — Color
Doppler flow mapping Conventional PW Doppler; Picture
of Esaote-WP-Cardio- HyperDoppler-160000187MA-V01
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HyperDoppler meToaukata e yCbBbpLUEHTBAH Me-
TO4 3a u3crnedBaHe Ha WHTpakapauanHute noTouMW.
Tow ce ocHOBaBa Ha LBETHO OOMMAEPOBO KapTorpadu-
paHe Ha kpbBoTOKa 4pes color Doppler flow mapping
(CDFM) texHonoruda. Ha cur. 6 e npeacrtaBeHa gnHa-
MUKaTa Ha MHTpakapamanHus KpbBOTOK MpPW NaumeHT
CbC CTPYKTOPHO 34paBoO CbpLe M Npu nuue ¢ gunara-
TamBHa kapguomuonaTtua OKMIT.

BekTopHaTa kapta Ha CKOpOCTTa Ha KpPbBOTOKA,
perucTpmpaHa npv naumeHTa CbC CTPYKTYPHO 34paBo
cbpLe, Nokassa KpbBeH MOTOK, LIMPKYNMpaLLl, B MOCOKa
KbM U3XOOHUA TPaKT Ha ngasata kamepa — UTIIK (A).
[MapameTpuyHaTta KapTa Ha UMpKynaumsTa npeacrass
CTpynBaHe OT HSKOMKO KPbBOTOKA HEMNOCpeacTBEHO
nog aopTtHaTa knana (B). AHanu3bT Ha KMHETUYHaTa
eHeprus paskpuea, Ye B Hal-BMCOKUTE HMBA Ha eHep-
rms GuBat n3obpaseHn B YEPBEH LBAT 1 Ce NpoekTupat
B UTINK (C). O6partHoTo e npu naumeHTta ¢ OKMI —
BEKTOPBLT Ha CKOPOCTTa Ha KPbBOTOKA LMpKynupa no
nocTeponaTeparnHarta CTeHa v ce 3aBUXps KbM Bbpxa
Ha naBa kamepa (D). B napameTpryHaTta kapTa Ha ump-
Kynauusita ce u3obpassiBa eqHO OCHOBHO 3aBUXpsiHE
Ha KpbBOTOKA, KOWTO Ce BbPTW MO NOCOKAa Ha YaCOBHW-
KoBaTa cTperika (B CMHbO) KbM BbpXa Ha nsiBa kamepa
(E). Mpw naumneHTa ¢ AKMI1 aHanu3bT Ha KMHETUYHaTa
eHeprus rnokasea, 4Ye Han-BUCOKUTE EHEepPruiHu HuBa
(B 4epBeHO) ce HamupaT Ha Bbpxa Ha nsBaTa Kamepa,
Aaney ot uaxogHus n tpakt (F).

B Tabnvua 1 ca npeacraBeHn npegMmcTBata U He-
JocTaTbUMTE Ha BCEkM eanH OT metogmTte. Hain-6bp3a
W AOCTBMHa AMarHoCTUKa ce noctura 4Ypes exokapamo-
rpadockute (ExoKI) metogmkm — echo-PIV un color
Doppler, cnpsamo MRI. MarHUTHOpe3oHaHCHOTO uances-
BaHe NpeBb3xoXaa Apyrnte ABa Metoaa ¢ no-gobpa pe-
30MI0UMSA U NPTPaHCTBEHAa pasgenuTenHa crnocobHOCT.

Normal subject

HyperDoppler technique is an advanced method
for studying intracardiac flows. It is based on color Dop-
pler blood flow mapping using CDMF/Color Doppler
flow mapping/ technology. (Fig. 6) shows the dynamics
of intracardiac blood flow in a healthy patient and in a
patient with dilated cardiomyopathy-DCM.

The vector map of blood flow velocity recorded in
the healthy patient shows blood flow that circulates in
the direction of the left ventricular outflow tract-LVT
(A). The parametric map of the circulation shows a
pooling of several blood flows immediately below the
aortic valve (B). The kinetic energy analysis shows
that the highest energy levels are depicted in red and
are projected in ITLC (C). The opposite is true in the
DCM patient — the blood flow velocity vector circulates
along the posterolateral wall and swirls toward the left
ventricular apex (D). The parametric map of the circu-
lation depicts a major eddy of blood flow that rotates
clockwise (in blue) toward the apex of the left ventri-
cle (E). In the DCMP patient, kinetic energy analysis
shows that the highest energy levels (in red) are at
the apex of the left ventricle, away from the outflow
tract (F).

Table (1) presents the advantages and disadvan-
tages of each of the methods.

In 2013, the physiology of blood flow in the car-
diac cavities was thoroughly examined, by means of
visualization of intracardiac flow [17]. The study of

®ur. 6. O6pa3u npu 3gpaB naumeHT (A, B, C) n nauueHT c
OKMI (D, E, F). An D — 2D kapTa C BEKTOPHU JaHHW 3a CKOPOCT-
Ta Ha KPbBOTOKA, HacroxeH Bbpxy TpaauumoHHus CMF; B n E
— napaMeTpuyHa KapTa Ha LUMpKynaumsaTa, B KOATO 3aBUXPSHUATA
ca npeAcTaBeHN KaTo KOMMaKTHU 06racTu, OLBETEHM UMN B CUHLO
(BbpTEHE Ha KPBBOTOKA MO YaCOBHMKOBATA CTperka) unm B Yyepee-
HO (BbpTEHe Ha KpbBOTOKa 0OpaTHO MO YaCOBHUKOBATA CTperka);
C 1 F — n3o6paxeHns Ha kapTu Ha KMHeTuYHaTa eHeprus. Picture
of Dr. Donato Mele, Cardiology Unit and LTTA Center, University
of Ferrara

Fig. 6. Images in a healthy patient (A,B,C) and a patient
with DCM (D, E, F). A & D — 2D vector data map of blood flow
velocity superimposed on traditional CMF; B & E — parametric
map of the circulation in which eddies are represented as compact
regions colored either blue (clockwise rotation of blood flow) or
red (counter-clockwise rotation of blood flow); C & F — images of
kinetic energy maps. Picture of Dr. Donato Mele, Cardiology Unit
and LTTA Center, University of Ferrara
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Ta6bnuua 1. TexHonorum 3a BU3yanusaumsa Ha KpbBoToka (M3TouHuk: Emerging Trends in CV flow visualization, JACC
Cardiovasc Imaging 2012)

Table 1. Flow-Visualization Technologies (Emerging Trends in CV flow visualization, JACC Cardiovasc Imaging 2012)

SApeHo-MarHMTeH pe3oHaHc
Phase-Encoded MRI

Exokapauvorpadwmsa //

Echocardiography

Echo-PIV

Color Doppler

PaspenutenHa cnopo6b-
HOCT MO OTHOLLEHME Ha
3D npocTpaHcTBO

[obpa npocTpaHcTBeHa pa3genvTenHa
crnocobHOCT BbB Bbcuykm 3D unu 2D
n3obpaxeHnst

[o6pa pasgenuTenHa cnocobHUCT
B 2D paBHWHa v B gpyru npu
HeobxoaumocT

Bucoka npoctpaHcTBEeHa
pesontoumst B 2D; nobpa
pesontoums B 3D

Resolution and coverage
relative to all 3D of space

Good spatial resolution in all 3D or in 2D
in shorter acquisition times; unrestricted
access

Good spatial resolution in 2D
planes, and in multiple planes if
required

High spatial resolution in 2D;
good resolution in 3D

MokpuTtne no oTHoLeHne
Ha BCWYKY 3 MOCOYHM KOM-
MOHEHTa Ha CKopocTTa

Beuukm 3D morat ga 6baat npugobuTtn
NoCTaBeHV BbB BCSIKakBa paBHWHA

MpencrtaBeHun ca 1 ggata
KOMMOHEHTa B paBHMHATa, HO He 1
npeMvHaBallaTa paBHUHa

CamMo eauH KOMMOHEHT
HacoyeH KbM Unun oT
TpaHcatocepa

Coverage relative to all
3-directional components
of velocity

All 3 can be acquired, or 2, or 1, through
a plane placed in any orientation

Both in-plane components
represented but not the through-
plane

Only the 1 component directed
to or from the transducer is
currently measurable clinically

BpemeBa pasgenutenHa
crnoco6HocCT.

O6ukoBeHo 20-50 ms. BbB Bcsika dhasa
ce u3uncnsiea ot npupaobrBaHe Ha MHOTO
CbPAEYHU LIUKIN

Bucoka BpemeBa pasgenutenHa
cnocobHocT (4-20 ms), no3sonsiBa
oLleHKa Ha ckopocTTa AopK No Bpe-
Me Ha kpaTku a3 Ha M30BOMyMHa
KOHTaKUMs 1 penakcaums

[obpa BpemeBa pasgenutenHa
cnoco6HocT B 2D (4-20 ms),
CpaBHUTENHO Hucka B 3D

Temporal resolution

Typically, 20-50 ms, each phase is
calculated from acquisition over many
heart cycles

High temporal resolution (4-20
ms), allows assessment of velocity
fields even during brief isovolumic
contraction and relaxation phases
over few heartbeats

Good temporal resolution in 2D
(4-20 ms), relatively low in 3D

Bpewme 3a ckaHupaHe

Owbnru 5-10 min 3a HaGop oT AaHHK, 06-
XBallall Bcuykn 3D 1 BCUYKM 3-NOCOYHN
KOMMOHEHTU, HO PSIAKO B pearHo Bpeme

KpaTko Bpeme 3a ckaHupaHe

Bbpso ckaHunpane,
BU3yanusauus B pearnHo
Bpeme

Scan time

Long (5-20 min) for a dataset covering all
3D and all 3-directional components but
seldom real-time

Both scan time and offline analysis
can be done over few heartbeats in
minutes

Rapid scan times, real-time
visualization

3agbpxaHe Ha abxa

Sam:p)KaHe Ha ObXa, N3non3BaHo 3a
KpaTku, e HOMNOCOYHU yCBOABaHUA

Ha CKOPOCTTa Unn HaBurauuna Ha
,u,macpparmaTa 3a ObJrn ycsoABaHuA no
BpemMe Ha CcBOGOAHOTO AuLlaHe

MN306paxeHneTo e 3HauuTenHo
Mo-NecHo Npu 3agbpXXaHe Ha abxa,
HO € Bb3MOXHO U M0 BpeMe Ha
aviiaHe.

He ce nsuckea

Breath-holding

Breath-hold used for short, unidirectional
velocity acquisitions, or diaphragm
navigation for long acquisitions during
free breathing

Imaging is relatively easier during
breath-hold but also possible during
respiration

Not required

ToyHOCT Npu H1CKa
cKopocT

HuckuTe ckopocTy ca usmepumm,Ho ca
No-Marnko TOYHU, aKO BUCOKWUTE CKOPOCTM
cblUo Tpabea aa 6baaT nsmepeHu

[o6pa Bu3yanusauus

Bb3MOXHO nogueHsiBaHe

Low-velocity accuracy

Low velocities are measurable but less
accurate if high velocities also have to be
measured

Well-visualized

May be underestimated or
affected by noise

BucokockopocTHa
TOYHOCT

WamepBsa ce fo nsbpaHata rpaHuua
VENC

Bb3MOXHO nogueHsiBaHe

[o6po oueHsiBaHe

High-velocity accuracy

Measurable up to the chosen VENC limit,
but only where a stream or jet core is
wide enough to include whole voxels

May be underestimated

Well-resolved within aliasing
limit

nencMmenkbpu nsknoysat AMP

MpunoxeHns Bunayannsaum Ha notoka n namepsaHe Bunayanmaaumsi Ha NoToka Npes BCUYKMN CbpAEYHN KyXMHW, OLieHKa
Ha obemeH NOTOK Mpe3 BCUYKN CbPAEYHM | HAa aOPTHUS KPBbBOTOK MOXE [la U3NCKBa TpaHce3odareanHa
Kamepu 1 ronemMm cbaose exokapawuorpadusi

Applications Flow visualization and measurement of Flow visualization through all cardiac chambers, aortic flow
volume flow through all cardiac chambers | evaluation may require use of transesophageal echocardiography
and large vessels

MmnnaHtupyemn MeTanHu cTeHToBE UK KNanHu puHrose | MOTOKBLT MOXe Aa ce BM3yanuaupa npy Hanmune Ha uMnnatupyemm

ycTponcTea npuyMHABaT apTedakTui, MoBe4eTo CbpAeyHu auBancu

Implanted devices

Metal stents or valve rings cause local
artifact; most pacemakers rule out MRI

Flow can be visualized through implanted cardiac devices, and in the
presence of pacemakers and defibrillators
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Mpe3 2013 r. No-o6CTONHO e pasrnegaHa U3o-
niorvsTa Ha KpbBOTOKA B CbpAeYHUTE KYXMHWU Nocpes-
CTBOM BM3yanu3aums Ha MHTpakapamnanHms notok [17].
M3cnepBaHeTo Ha NoBeAeHNETO Ha CbpAEYHUS KPbBEH
MOTOK Lienu ga ocurypu no-godpo pasbupaHe KakTo Ha
(PU3NONOrMYHUTE, Taka M Ha MNaTororMyHUTE Npome-
HW Ha MUoKapgHaTa dyHKuMs. ToBa gaBa noTeHuman
Ha HOB MHCTPYMEHTapuyM 3a no-gobpa AnarHocTuka,
ONTMMK3aUNS Ha NEYEHNETO M MPOrHo3a Ha Cbpaed-
Ho-cbaoBUTe 3abonsaBaHusa. TyKk OTHOBO ca CloMeHaTu
OCHOBHMTE METOAUKM 3a AMarHocTuka, a uMmeHHo: MR,
echo-PIV n VFM. NHTepecHOTO e, Ye ce yTBbpXaaBa
KoMOUHauusaTa oT obpasu ¢ colorDoppler n speckle
tracking ¢ uen no-npewmsHa HopmaLmsa 3a CKOpoCT-
Ta 1 3aBUXPSHETO Ha KpbBOTOKa [18] (dour. 7).

MpencTaBeHn ca pesynTati NocpeacTBOM M3Mep-
BaHe Ha KpbBOTOKa B KOpenaums ¢ KNMHUYHK 1 exoKap-
anorpadckn nokasatenu (Tabnmua 2).

the behavior of cardiac blood flow aims to provide
a better understanding of both physiological and
pathological changes in myocardial function. This
gives the potential of a new toolkit for better diagno-
sis, optimization of treatment and prognosis of car-
diovascular diseases. Here again, the main diagnostic
methods are mentioned, namely: MRI, Echo-PIV and
VFM methods. It is interesting that the combination
of images with ColorDoppler and Speckle tracking
is confirmed, with the aim of more exact information
about the speed and vorticity of the blood flow [18]

(Fig. 7).

Results are presented by means of blood flow
measurement in correlation with clinical and echocar-
diographic indicators (Table 2)

A — kamepHo nbfHeHe; C — un3oBony-
MeTpuyHa penakcauus; D — wustnacksa-
He; A — chamber filling; C — isovolumetric
relaxation; D — ejection

®dur. 7. KombrHaums ot strain, colorDop-
pler n speckle tracking Bu3dyanusauus
Ha CbpAeYHUss KPbBOTOK, pa3paboTeHa
ot Bermejo et al.: 1) ToykoBUTE NUHUK —
npeacTaBaneaT nocokara Ha CKOpPOCTTa;
2) uBeTHaTa neHTa — koauduKaums Ha
CTOMHOCTWUTE Ha CKOPOCTTa; 3) BUXPOBUTE
aapa — B 6410 — N0 Mocoka Ha YacoBHU-
KoBaTa CTpernka, U B 3eneHo - obpato no
rnocoka Ha 4YacoBHMKOBaTa cTpenka; 4)
LBeTHa neHTa Ha hasnte Ha CbpAeYHUAT
UMKBIT — 65N UBAT — W30BONyMETpUYHa
penakcauus, YepBeH LBAT — dasa Ha u3-
TrackBaHe, CVH LBAT — KAMEPHO MbIHEHe.

l‘|ele/ITe MapKMpPOBKN NOKa3BaT OT NIABO HAAACHO: MMKOBa CKOPOCT Ha E-BbnHa, Ha4anoto Ha A-BbJlHa 1 NMKoBaTa CKOPOTCT Ha A-BbnHaTa

Fig. 7. Combination of strain, color doppler and speckle tracking visualization of cardiac blood flow developed by Bermejo et al.: 1) The dotted
lines represent the direction of the speed; 2) The color bar-codification of the speed values; 3) Vortex cores-in white clockwise and in green-
counter-clockwise; 4) Color bar of cardiac cycle phases-white color — isovolumetric relaxation, red color — ejection phase, blue color — ventricular
filling. Black markings show from left to right: E wave peak velocity, A wave onset, and A wave peak velocity

PasmepbT Ha Buxbpa (ObNOOYMHA, ObIHKMHA, LUK-
pvHa 1 CHEPUYHOCT) AOKa3aHO € TSCHO CBbp3aH CbC
cuUcTonHaTa (pyHKUMs Ha nsBaTta kamepa [19], gopu 1
npy cneumduyHN MOMEHTU Ha CbPOEYHMS LMKBIT KaTo
nsoBynMmeTpuyHa penakcaums [20]. HTeH3nTeTbT Ha
BWXPOBUSI MOTOK, M3MEPEH KaTo OTHOCUTENHA Cuna, Kope-
nauysa Ha nyrcauum, MakcuMareH LMpKynaTopeH MoTok
nnu 3abaesiHe NpyU JOCTUIaHe Ha HEroBMS MakCMMyM, ce
CBbP3Ba KaKTO CbC CUCTONHAaTa, Taka W C auactonHara
ancdyHkumsa [21]. Mosnumara, unm nokauusaTa Ha noToka
“ma NepcucTMpaLLIO anukarHo 3aBUXPsiHE MO BpeMe Ha
n3TrnackeaHe 1 e TACHO cbp3aHa ¢ JIK cuctonHa dyHKums
[22]. Mpennonaraemata pons Ha J1K 3aBuxpsHe B 3anas-
BaHETO Ha eHepryisiTa e CBbp3aHa KOMOMHaLUWS OT TSAXHO-
TO MECTOMONOXeHWe, pa3mep 1 MHTeH3nTeT. Cneggawure

Vortex size (depth, length, width, and sphericity)
has been shown to be closely related to left ventric-
ular systolic functio [19], even at specific moments of
the cardiac cycle, such as isovulmetric relaxation [20].
Vortex flow intensity, measured as relative strength,
pulsatility correlation, peak flow, or delay in peak flow,
is associated with both systolic and diastolic dysfunc-
tion [21]. The flow position or location of persistent
apical vorticity during ejection is closely related to LV
systolic function [22]. The putative role of LV vortices
in energy conservation is a related combination of
their location, size, and intensity. The following evi-
dence focusing on intracavitary blood flow analyzed
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Ta6bnuua 2. U3acnegBaHMTe NnapameTpu ca: pa3mep Ha Buxbpa(vortex size); UHTeH3UTeT Ha Buxbpa (vortex intensity);
no3uuusitTa Ha Buxbpa(vortex location) (M3TouHuk: Intracardiac flow visualization: current status and future directions.
Eur Heart J Cardiovasc Imaging, 2013;14:1029-1038, doi:10.1093/ehjci/jet08

Table 2. Flow measurement: correlation to clinical and echocardiographic indices (by Intracardiac flow visualization:
current status and future directions. Eur Heart J Cardiovasc Imaging, 2013;14:1029-1038, doi:10.1093/ehjci/jet08)

PervioH W3mepBaH napameTbp Kopenauus TexHuka
Region Measured parameter Correlation Technique
JlaBa kamepa Pasmep Ha Buxbpa HamaneHa cuctonHa dpyHKUms Ha nasa
Left ventricle e |ObmxuHa Kamepa
e |[lbn6oynHa
e |VMHAaekc Ha cdepuryHoCT
e tlnpuHa
Vortex size Decreased LV systolic function Echo-PIV, VFM
e | Length
e | Depth
e | Sphericity index
o 1 Width
WHTeH3nBHOCT Ha BUXBbpa JleBokamepHa cucTonHa ANCAYHKLMSA
e |OTHOCUTENHA cuna JleBoKamepHa cucTonHa 1 AnactonHa
o |Kopenauus Ha nyncauyumTe ANCAYHKLMA
e tBpeme 00 nuKoBa KMHETMYHA wupok QRS, nesonpeackypaHa AvnaTtaums
eHeprus
e |O6eM Ha noToka Echo-PIV, VFM
Vortex intensity e LV systolic dysfunction
¢ | Relative strength e LV diastolic dysfunction
e | Pulsation correlation e Wider QRS, LV dilation
e 1 Time to peak kinetic energy
e | Flow volume
MecTonoxeHue Ha BUXbpa o JleBOKaMepHa cUCTONHa AUCAHYHKUNS
MepcucTrpaHe Ha BUXbPa No BpeMe Ha
n3TnackesaHe VFM
Vortex location e LV systolic dysfunction
e Persisting at apex during ejection
AsacHa kamepa OundpepeHumnanHa pernoHanHa dyHkumsa | [lecHokamepHa cucTonHa AUCYHKLUMS.
[lecHo kamepHa yHKLMA Npu NyfMOHanHa
XVUNEepPTOHUSE CMR 3D-ex0
Right ventricle Blood residence time RV systolic function
RV function in pulmonary hypertension
JlaBo npeacbupave Buxposo obpasysaHe MpenoTBpsATABaHE Ha 3acTOS Ha KpbBTa
CMR
Left atrium Differential regional function Prevention of blood stasis
KnanHa Gonect Kopenauun ¢ xemognHamnyHu unm
Valve disease KonunyecTBeHo onpeaensHe Ha o6pasHun 3naTHW cTaHaapTy
MpeacvwpaeH aedexr, KPBbCTOCAHUA MOTOK CMR. VEM
KOapKTauus Ha aopTara Solid correlations with haemodynamic ’
Atrial septal defects Vortex formation or cross-flow quantification imaging gold
Aortic coarctation standards

AoKa3aTencTea, akueHTpaLy BbpXy WHTpakaBUTapHWSA
KPBbBOTOK, aHanua3vpaT BEKTOPHOTO kapTorpadupaHe Ha
eHepruaTa Ha kpbBoToka B JIK npu Bb3pacTHm [o6poBor-
LM CbC CTPYKTYPHO 34paBo cbpue [23]. Kato HoBa ExoKI
TEXHOMNOMS 3a BU3yanu3auusi Ha CbpOeqHMs KPbBOTOK €
O0Ka3aH MeToabT Ype3 BEKTOPHO kapTorpadumpaHe. Lien-
Ta Ha NPOyYBaHETO € Aa Ce YCTaHOBAT peddepPEHTHN CTOW-
HOCTM 3a 3arybaTta Ha KMHETWYHA EHEeprusi B M3XOOHUS
TpakT Ha JIK npyn Bb3pacTHM NaumMeHTN CbC CTPYKTYPHO
30paBu CbpLa, KakTo 1 Aa ce U34NCIN MHAEKC Ha eHep-
rMnHa ePekTMBHOCT (OedVHMPaH Kato CbOTHOLLEHWE Ha
KMHETUYHAaTa eHeprusi KbM 3arybata Ha eHeprus 3a egvH

vector mapping of left ventricular blood flow energy
in healthy adult volunteers.(23) The vector mapping
method was demonstrated as a novel echocardio-
graphic technology for cardiac blood flow visualiza-
tion. The aim of the study was to establish reference
values in healthy adult patients for the loss of kinetic
energy in the left ventricular outflow tract, as well as
to calculate an index of energy efficiency (defined as
the ratio of kinetic energy to energy loss for one car-
diac cycle). The methodology performed was through
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cbpaeyeH uyKbn). MsBbplueHaTa MeTogvka e Ypes TpaH-
ctopakanHa ExoKI™ oueHka Ha 50 3gpasu gobposonuy,
aganTupaHu no napameTpute, NpeacraseHn B Tabn. 3.

CobxpaHeHuTe obpasn ca aHanusvpaHu, Bnocnes-
CTBME Ca M34MCreHu: 3arybata Ha eHeprus, KUHeTNY-
HaTa eHprus n B 3aKkIiOYeHe MHOEKC Ha eHepruHaTa
e(PeKTMBHOCT, KaTo ca MNosfiyyeHn pedrepeTHn CToWn-
HOCTW 3a u3crnedBaHuWTe nauueHTu. PesyntatuTe ca
cnepHuTe: cpefgHa 3aryba Ha eHeprus 3a eguH cbpae-
YeH uukbn Bapupa ot 10,1 go 59,1 mWm (cpegHo +
SD, 27,53 £ 13,46 mW/m) ¢ pedepeHTeH ananasoH oT
10,32 ~ 58,63 mW/m. CpegHata cuctonHa 3aryba Ha
eHeprua Bapupa ot 8,580,1(23,52 + 14,53 mW/m), ¢
pedepeHTeH gmanasoH ot 8,86 ~ 77,30 mW/m. Cpega-
HaTa guacTonHa 3aryba Ha eHeprusa Bapupa oT 7,9-86
(30,41 £ 16,93) mW/m, ¢ pedepeHTeH gmanasoH oT
8,31 ~ 80,36 mW/m. CpegHaTa KMHETUYHA EHeprus B
N3XOOHMSA TPAKT Ha NsiBa Kamepa Npu eguH CbpaeyveH
umkbn Bapupa ot 200-851,6 (449,74 £ 177,51) mW/m
c pedepeHTeH amanasoH oT 203~833 mW/m. NHae-
KCbT Ha eHeprunHaTa epekTMBHOCT Bapupa oT 5,337,6
(18,48 £7,74), c pedhepeHTeH AnanasoH ot 5,80 ~ 36,67
mW/m. EHeprunHuTe 3arybu, KnHeTuyHaTa eHeprus u
pedepeHTHNTE CTOMHCOTU Ha MHOEKCa Ha eHeprumHa-
Ta ePeKTUBHOCT Ca onpeaerneHn ¢ NOMOLLTa Ha BEKTOP
KapTorpadmpaHe Ha KpbBOTOKa (cour. 8).

Mpu npeacTtaBeHnsa npumep Ha obpas ,,a“ ce uso-
OpassBaT CUMHKAT, BbPTSLL Ce MO NOCOKa Ha YaCOBHU-

a transthoracic echocardiographic assessment of fifty
healthy volunteers adapted according to the following
parameters — Table 3.

The stored images were analyzed, subsequent-
ly the energy loss, the kinetic energy and finally the
energy efficiency index were calculated, obtaining
reference values for the examined patients. The re-
sults are as follows: average power loss per cardi-
ac cycle ranged from 10.1 to 59.1 mWm (mean *
SD, 27.53 + 13.46 mW/m) with a reference range
of 10.32 ~ 58.63 mW /m. The mean systolic ener-
gy loss ranged from 8.5-80.1 (23.52 + 14.53 mW/m),
with a reference range of 8.86 ~ 77.30 mW/m. Mean
diastolic energy loss ranged from 7.9-86 (30.41 *
16.93) mW/m, with a reference range of 8.31 ~ 80.36
mW/m. The mean kinetic energy in the left ventricu-
lar outflow tract per cardiac cycle ranged from 200-
851.6 (449.74 £ 177.51) mW/m with a reference
range of 203 ~ 833 mW/m. The energy efficiency
index ranges from 5.337.6 (18.48 + 7.74), with a ref-
erence range of 5.80 ~ 36.67 mW/m. Energy losses,
kinetic energy and reference values of the energy
efficiency index were determined using vector blood
flow mapping (Fig. 8).

In the example image presented, “a’depicts the
strong clockwise and weak counterclockwise swirl

Tabnuua 3. flemorpacbcku n exokapguorpacCckum AaHHM Ha U3crneaBaHuUTe nauneHTu (M3TouHuk: Vector flow mapping
analysis of left ventricular energetic performance in healthy adult volunteer. BMC Cardiovascular Disorders (2017)

Table 3. Demographic and echocardiographic data of the studied patients (by Vector flow mapping analysis of left
ventricular energetic performance in healthy adult volunteers. BMC Cardiovascular Disorders, 2017)

[o6poBonuu-mbxe Male 42 (84%)
Bb3pacT (roamHun) Age (years) 29.5+4.38
Bucounna (cm) Height (cm) 170.8+7.3
Terno (kg) Weight (kg) 65.5+10.9
NTM (m?2) BMI (m?) 1.76 £ 0.16
CbpaeyHa vectota (ya./min) HR (bpm) 65.3+9.6
TenegunactoneH pa3mep (mm) LVEDD (mm) 419+53
TenecucTtoneH pa3mep (mm) LVESD (mm) 26.9+4.3
JleBokamepHa hpakuuns LVFS 0.36 £ 0.07
E (cm/s) E (cm/s) 66 + 17

A (cm/s) A (cm/s) 38+8

E/A E/A 1.8+0.5

e’ (cm/s) e’ (cm/s) 119+1.8
a’ (cm/s) a’ (cm/s) 7.7+18
Ele’ Ele’ 5614

U3nonseaHu cbkpaweHus: // Abbreviations used: U'TM — nHgekc Ha TenecHa maca; E, A, E/A, e, a’, E/e’ — anacTtonHa yHUKUMUS Ha NsBa ka-
mepa; BMI — body-mass index; HR — heart rate; LVEDD - left ventricular end-diastolic diameter; LVESD - left ventricular end-systolic diameter;
LVFS — left ventricular shortening fraction; E, A, E/A, €', @', E/e’ — left ventricular diastolic function
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®ur. 8. Npumep Ha BeKTOpHO M3obpassBaHe Ha KPbBOTOKA Mpw 3apas fobposonel (3touHuk: Vector flow mapping analysis of left ventricular
energetic performance in healthy adult volunteer. BMC Cardiovascular Disorders, 2017)

Fig. 8. Example of vector imaging of blood flow in a healthy volunteer (by Vector flow mapping analysis of left ventricular energetic performance

in healthy adult volunteers. BMC; Cardiovascular Disorders, 2017)

KoBaTa cTperika, BUXbp U crnabust — obpaTHO Ha 4Ya-
COBHMKOBaTa CTperka, Noka3aHu no BpeMe Ha paHHa
anactona. Ha obpas "b*“ ce nsobpassasa cnaboto 3aBu-
XpsiHe 06paTHO Ha YaCOBHUKOBATa CTPErkKa, KOeTo Ha-
MarnsiBa No MHTEH3UTET, @ CUSTHUAT — MO YaCOBHKOBATA
CTpenka ce Hamupa B LieHTbpa Ha nsiBata kamepa no
BpeMe Ha cpefaTa Ha gnactonara. O6pas "c“ nokasea,
Yye 3aBUXPSIHETO MO YAaCOBHMKOBATa CTPerika € B OCHO-
BaTa Ha NngBaTa kamepa nopagu npeacbpaHaTa KoH-
Tpakuus No Bpeme Ha kbcHaTta amactona. Obpas "d”
n306passBa Kak BUXPOBUAT MMMYIIC YrEeCcHsBa noToka
Ha n3TnackeaHe No Bpeme Ha paHHa cuctona. [Nocnean-
HUAT obpa3s "e" MMCTpMpa NPEMUHABAHETO HA KPb-
BOTOKa OT KyxvHaTa Ha nsiBata kamepa KbM U3XOOHUS
n TpakT. 3arybaTta Ha eHeprusTa, KMHETUYHaTa eHep-
MMSA U MHOEKCHT Ha KMHETUYHATa eHeprusi, N34McrneHu
ypes BEKTOPHO kapTorpadupaHe Ha kpbBoToka (VFM),
AaBaT Bb3MOXHOCT 3a €K3aKTHa OLeHKa Ha pasfnnyHu
CbpAeYHN CbCTOSHNS BbB BCSKA KITMHWYHA CUTyauus.
Taan meToguka nogobpsiBa guarHoctukara, npocneas-
BaAHETO M MPOrHO3UPAHETO Ha CbPAEYHO-CHA0BMUSA CTa-
TyC Ha naumeHTa. B nopeneH HayyeH Tpya ce fokasBa
KNMMHWUYHOTO NPUMOXEHNE Ha UHTpaKpauanHisa aHanma
Ha KpbBOTOKA 4pe3 exokapauorpadus [24]. Tyk OTHO-
BO Ce Habnsra Ha OCHOBHWTE METOAMKM 3a OLEeHKa Ha
MUoKapaHaTa MexaHuka U UHTPaBEHTPUKYNapHUS Kpb-
Botok — MRI, VFM, Echo-PIV. HoBoTto B ctatusara e,
Yye ce obocobaBaT KONUMYECTBEHN NapaMeTpu 3a npe-
LuesvpaHe Ha NneBOoKaMepHUsi BUXPOB MOTOK. [MbpBuaT
napameTbp € MEeCTOMOMNOXEHNETO Ha BuXbpa. 3a Aa
ce oueHu, Tpsabea ga ce onpepenaT AbnboynHaTta Ha
Buxbpa (VD) n BuxpoBoTo HanpeyHo nonoxexue (VT).
VD e BepTuKanHOTO NOSIOXKEHNE Ha LieHTbpa Ha BUXb-
pa cnpsaMo Abfrata oc Ha nsiBata kamepa, a VT e Ha-
NMPEeYHOTO MOMOXEHNE CNpsSIMO NMocTepocenTanHaTa oc

(cpurr. 9) [25].

seen during early diastole. Image “b” shows the weak
counterclockwise swirl decreasing in intensity, and the
strong clockwise swirl located in the center of the left
ventricle during mid-diastole. Image “c” shows that
the clockwise swirl is located at the base of the left
ventricle due to atrial contraction during late diasto-
le. Image “d” depicts how the vortex pulse facilitates
ejection flow during early systole. The last image “e”
illustrates the passage of blood flow from the cavity
of the left ventricle to the outflow tract. Energy loss,
kinetic energy, and kinetic energy index calculated
by vector blood flow mapping (VFM) enable accurate
assessment of various cardiac states in any clinical
situation. This methodology improves the diagnosis,
follow-up and prediction of the patient’s cardiovascu-
lar status.

In another scientific work, the clinical application
of intracardial blood flow analysis by echocardiogra-
phy is proven [24]. Here, the main methods for evalu-
ating myocardial mechanics and intraventricular blood
flow are again emphasized — MRI, VFM, EchoPIV.
What is new in the article is that quantitative param-
eters for precession of the left ventricular vortex flow
are identified. The first parameter is the location of the
vortex. To estimate the vortex depth (VD) and vortex
transverse position (VT) must be determined. VD rep-
resents the vertical position of the center of the vortex
relative to the long axis of the left ventricle, and VT is
the transverse position relative to the posteroseptal
axis (Fig. 9) [25].
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Kato npumep ce npefcrass, ye npu MaumeHTn c
OCTbp MVOKapAeH MH(ApPKT Ha npegHata CTeHa, KoUTo
MmaT anukanHa akMHe3us Unu QUCKMHe3us1, no-Hucka VD
(rpaHnyHa ctonHocT: 0,45) nokassa 3Ha4YMTENHO NO-BUCO-
Ka YecToTa Ha obpasyBaHe Ha anukasnHa TpoMbo3a (dur.
10) [25]. CnepoBaTtenHo 3anasBaHETO Ha anuKanHusi Bu-
Xbp € OT peLuaBallo 3HavYeHve 3a npegoTBpaTsiBaHe Ha
0bpasyBaHETO Ha anukanHu TpomOo3u Mpu MauMeHTw,
KOMTO MMaT anuKkasiHa akvMHe3nst Unm QUCKnHe3ns. dpyru
Npoy4YBaHNS coYar, Ye MECTOMOMNOXKEHNETO U NMPOSBITKU-
TENHOCTTa Ha BUXPOBMWSA MOTOK Ca 3HAYUTENHO MPOMEHe-
HW NPpU NaLNEHTU CbC CUCTONHA ANCHYHKLMS.

CnepgBawuaTt napameTbp 3a OLeHKa Ha KpbBOTO-
Ka e mopchonorusita Ha Buxbpa. AbmkuHaTa Ha BUXb-
pa (VL), wupunata (VW) 1 nHaekcsT Ha chepuyHOCT
(SI) ca konnuecTBeHn NapameTpu 3a n3obpassaBaHe Ha
Mopdponornsita Ha OCHOBHWSI NIeBOKaMepPEH BUXbP Ha
KpbBOTOKa. VL ce M3MepBa 4pe3 NOoHrMTyguMHanHata
ObIDKMHA Ha BMXbpa CNpsAMO AbIKMHATa Ha nsBata
kamepa. VW moxe ga ce nsmepu 4pes XxopusoHTanHa-
Ta AbJPKMHA Ha BUXbpa CNpsSIMO NieBoKamepHaTta ObIi-
XuHa. S| MOXe fa ce N34Mcnm Ypes CbOTHOLLEHNETO Ha
VL kbm VW [26]. Mopdhonorusata Ha Buxbpa nokassa

As an example, it is presented that in patients
with acute myocardial infarction of the anterior wall,
who have apical akinesia or dyskinesia, a lower VD
(cut-off value: 0.45) showed a significantly higher fre-
quency of apical thrombosis formation (Fig. 10) [25].
Therefore, preservation of the apical vortex is critical
to prevent the formation of apical thromboses in pa-
tients who have apical a or dyskinesia. Other studies
have shown that the location and duration of vortex
flow are significantly altered in patients with systolic
dysfunction.

The next parameter to evaluate blood flow is vor-
tex morphology. The vortex length (VL), width (VW)
and sphericity index (Sl) are quantitative parameters
to depict the morphology of the main left ventricular
blood flow vortex. VL is measured by the longitudi-
nal length of the vortex, relative to the length of the
left ventricle. VW can be measured by the horizontal
vortex length relative to the left ventricular length.
Sl can be calculated by the ratio of VL to VW [26].

®ur. 9. OnncaHre Ha KONMYeCTBEHNTE NapamMeTpy Ha MEeCTOMNOMNOXEHNETO 1 popmaTta Ha BUXbpa: AbMnboynHa Ha BUxbpa (A — YepHa NnHNs),
BMXPOBO Hanpe4Ho nomnoxeHue (B — yepHa nuHus), obmkrmHa Ha Buxbpa (C — vyepHa cTperka) 1 WwuprHa Ha Buxbpa (D — yepHa cTpenka). (13-
ToyHuK: Son et al. [25])

Fig. 9. Description of the quantitative parameters of the location and shape of the vortex: eddy depth (A — black line), eddy transverse position
(B — black line), eddy length (C — black arrow) and eddy width (D — black arrow) (redrawn from Son et al. [25])

®ur. 10. [MNapameTpuyHO NpeacTaBsHE Ha HEMPEKBCHTUSA KPBBEH MOTOK
B rpyna A — naumeHTn 6e3 anvkanHa Tpomb6o3a 1 rpyna B — nauneHTtn
¢ anukanHa Tpom6o3a. MNpu rpyna A LeHTbPbT Ha OCHOBHMUSI BUXPOB MO-
TOK € Ha BbpxbT Ha JIK. Mpu rpyna B LeHTLPBT Ha BUXPOBKS MOTOK € B
ocHoBaTta Ha JIK. YepHaTta cTpenka nokasBa pasfnuyHusi BUXPOB MOTOK
Ha Bbpxa Ha JIK mexay asete rpynu naumeHtn. VD — gbnboyHuHa Ha
BUXbpa. M3TouHuK: Son et al. [25]

Fig. 10. Parametric representation of continuous blood flow in group
A-patients without apical thrombosis and group B-patients with apical
thrombosis. For group A, the center of the main vortex flow is at the top of
the LC. In group B, the center of the eddy current is at the base of the LC.
The black arrow shows the different vortex flow at the LV tip between the
two groups of patients. VD — vortex depth. Redrawn from Son et al. [25]
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ONHaMUYHM BapuaLlmm nNo BpemMe Ha CbpAeYHNUTE LINKIN.
Hskonko npoyyBaHWs [OKa3BaT, Ye pasmepsT 1 hopma-
Ta Ha Buxbpa (Obn6oYMHa, ObMMKMHA, NMAOLW, U MHOEKC
Ha chepuvHOCT) ca TACHO CBbP3aHM KaKTO CbC CUCTOM-
HaTa, Taka n ¢ guactonHarta yHkums [26]. Cbobwasa
ce 3a Kopenauusita ocobeHo npu cneuuuyHn MomeH-
TW MO BpeME Ha CbPAEYHMS LUKBI, KaTo HanpvmMep no
BpeEME Ha M3000eMHa KOHTpaKuusa unm guacrasa [27].
lMyncupalara MHTEH3MBHOCT Ha BMXbpa € NapameTsp,
BKIOYBALL,: OTHOCUTENHa skocT (RS), BUXpoBa OTHOCU-
TenHa cuna (VRS) v Kopenauusi Ha BUXpPOBUTE Myrca-
unm (VPC) Ha naBata kamepa. OTHocuTenHaTta sipkocT
€ curarta Ha nyncupaLms KOMMNOHEHT Ha BUXbpa Crpsi-
MO CpefHVs BUXbP B LdAnaTa nssa kamepa. Buxposa-
Ta OTHOCWTENHA Cuna € CbLLOTO CbOTHOLIEHUE, HO Cb-
NMOCTaBEHO He KbM BMXbpa Ha NnsBaTa kamepa, a KbM
nyncvpawms komnoHeHT. VPC e kopenauusata mexagy
cTtabunHocTTa 1 NyncaTMBHOCTTa Ha BMXbpa.

B pasnuyHM KNWHWYHWM YyCIOBUS MHTEH3MBHOCTTA
Ha nyncauusita Ha BUXbpa € No-HN1CcKa, KaTto Hanpumep
nNpy NauMeHTn CbC CMMMTOMATU4HA CUCTOMNHa W/Mnu
anacTtonHa amcdyHkumm [26, 27]. BpemeTo 3a o6pasy-
BaHe Ha Buxbpa (VFT) e napameTbp, NpeacTaBnssaly
NPOOBIDKMTENHOCTTA Ha paHHaTa guacTona, oTpass-
BalKM Ka4eCTBOTO Ha KaMepHOTO NbrHeHe. ETo 3awo
VFT ce cunTa 3a MOLLEH MHCTPYMEHT NpU OLleHKaTa Ha
anactonHata yHkums [28, 29]. MHgekewbT VFT Beve e
AoKasan cBosiTa NPUNOXMMOCT Npu OTKpMBaHE Ha npo-
MEHV B e(eKTUBHOCTTa Ha TPaHCMUTParHus NOTOK U
Bpb3KaTa My C NpOrHo3aTa Ha NauneHTUTe CbC CbpaeY-
HO-CbZOBW 3abonaBaHusa B gbnrocpodeH nnax [30]. B
nybrnvkaumsita 3a NbpBY MbT Ce NPEACTaBs aHanM3 Ha
BMXPOBWSI KPBBOTOK B NIAABOTO nMpeacbpaue. Bvnpeku
Yye KOHBEHLUMOHanHaTta gonnepoBa exokapavorpadus
€ HaW-LUMPOKO U3MON3BaH M NPOCT AMArHOCTUYEH Me-
TOZ 3a OLEeHKa Ha (byHKUMSTa Ha NABOTO Npeackpaue,
B eXe[HeBHaTa npakTuka MMa HSAKOMKO OrpaHuYeHus.
lMpumep 3a TOBa e oueHKaTa Ha paHHUTE XeMoauHa-
MWYHM NPOMEHU, HACTbMNBALLM B MNSBOTO NPEACHPUE,
1 NpOrHosmpaHe Ha TPomboeMBoNUYHNSA pUCK Npu na-
LUMeHTU ¢ npeacbpaHo MbxaeHe (MM). Toea moxe ga
Ce OLEeHM 4Ype3 aHanu3 Ha NeBONpPeaCbpPAHMS BMXPOB
notok ¢ nomowta Ha PC-CMR un TpaHcesodgareaneH
CEPIV (dwur. 11). Mo TO3M HaumH ce onpegerna Konu-
YECTBEHO BUXPOBMAT MOTOK, KOWTO HU JaBa NPOrHoc-
TUYHa MHdOopMaLMsa 3a TPOMBOEMOONUYHUA PUCK NP
naumeHTn ¢ MM, BbNpekn nuncata Ha Tpombo3a B ne-
BOnpeacbpHOTO yxo [31, 32].

[okasBa ce, 4ye UANOCTHATa OLEHKa Ha WHTpa-
KapavanHute CTPYKTYpU, KaKTO U MHTpaKaBUTapHUAT
UM BMXPOB NOTOK MOXe Aa fafe Bb3MOXHOCT 3a OT-
KpMBaHe Ha MaToNOrM4YyHO NMPOMEHEHWN XapaKTepucTu-
KM Ha NoToKa, KOeTO OT CBOS CTpaHa ugeHtuduumpa
HOBW NaTOM3MONOrMYHN MEXaHN3MN B Pa3BMTUETO Ha
cbpaedHocbOoBMTE 3abongasaHus. Metogute npeg-

The morphology of the vortex shows dynamic vari-
ations during cardiac cycles. Several studies have
demonstrated that vortex size and shape (depth,
length, area, and sphericity index) are closely relat-
ed to both systolic and diastolic function [26]. The
correlation has been reported particularly at specific
times during the cardiac cycle, such as during isovol-
umetric contraction or diastasis [27]. Vortex pulsatile
intensity is a parameter including relative strength
(RS), vortex relative strength (VRS), and vortex pul-
sation correlation (VPC) of the left ventricle. The rela-
tive brightness represents the strength of the pulsat-
ing component of the vortex relative to the average
vortex in the entire left chamber. The vortex relative
strength is the same ratio, but compared not to the
left ventricular vortex but to the pulsatile component.
VPC is the correlation between vortex stability and
pulsatility.

In various clinical settings, vortex pulsation in-
tensity is lower, such as in patients with symptomatic
systolic and/or diastolic dysfunction [26, 27]. Vortex
formation time (VFT) is a dimensionless parameter
representing the duration of early diastole, reflecting
the quality of ventricular filling. Therefore, VFT is con-
sidered a powerful tool in the assessment of diastolic
function [28, 29]. The VFT index has already proven
its applicability in detecting changes in transmitral
flow efficiency and its relationship with the prognosis
of patients with cardiovascular disease in the long
term [30]. The publication presents for the first time
an analysis of the vortex blood flow in the left atrium.
Although conventional Doppler echocardiography is
the most widely used and simple diagnostic method
to assess left atrial function, it has several limitations
in daily practice. An example of this is the assessment
of early hemodynamic changes occurring in the left
atrium and prediction of thromboembolic risk in pa-
tients with atrial fibrillation (AF).

This can be assessed by analysis of the left
atrial vortex flow using PCCMR and transesopha-
geal CE-PIV (Fig. 11) In this way, the vortex flow is
quantified, giving us prognostic information about
the thromboembolic risk in patients with atrial fibril-
lation, despite the absence of thrombosis in the left
atrial ear [31, 32].

It has been shown that a comprehensive as-
sessment of intracardiac structures as well as their
intracavitary vortex flow can enable the detection of
pathologically altered flow characteristics. Which in
turn identifies new pathophysiological mechanisms
in the development of cardiovascular diseases. Our
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®ur. 11. MNapameTpnyHo npeacTtassHe Ha JIM: A n
D — noctosiHHo noto4Ho none; B n E — nyncupato-
To akocTHo none; C n F — npu KoHTponHaTta rpyna
(ropHust naHen) un rpyna nauueHtn ¢ NM (gonHus
naxen). JleBonpeacbPAHWSAT NOTOK NPY KOHTPOK-
Te Mokasa HSKOMKO BMXbpa CbC CUIHa myrcartop-
HocT B nepudepusita (B n C — yepBeHa obnacr),
fokato npu nauvenTute ¢ MM Buxpute ca cnety,
cepnyHn n cbe cnaba nyncaums (E n F — cuHbo
ouBeTeHa obnacT), npegpasnonarawy Tpomo6o-
obpasyBaHe. Ao — aopTta; LV — nsBa kamepa, RS
— oTHocuTenHa cuna. N3tounuk: Park et al. [32]

Fig. 11. Parametric representation of the LV (A and
D), constant flow field (B and E), pulsatile strength
field (C and F) in the control group (upper panel)
and a group of patients with atrial fibrillation (lower
panel). Left atrial flow in controls showed several
vortices with strong pulsatility in the periphery (B

and C, red area), whereas in AF patients the vortices were confluent, spherical, and weakly pulsatile (E and F, blue colored area) suggestive of
thrombus formation. Ao — aorta; LV — left ventricle, RS — relative force. Redrawn from Park et al. [32]

CTaBAT JONbAHUTENHA MHPOPMAaLMSA 3a XeMoAMHaMK-
KaTa, ¢ noTeHuuan 3a paHHO OTKpMBaHe Ha CbpaedvHa
ONCOYHKLNS 1M nofgnomMaraHe no OTHOLLUEeHME Ha nede-
HWETO M NpeBeHLMATa Ha 3abonsaBaHuaTa.
Han-akTyanHo kbM MOMEHTa Mo Temara € uscneasa-
He, KOEeTO NMoKa3Ba OLeHKaTa Ha MHTPaKaBUTAPHUSA KPbBO-
TOK Ha NnsiBaTa kamepa 1 brbia Ha OTKNOHeHneTo My (BD)
npv TpuMa naumeHTa B AeTcka Bb3pacT [33]. EanHuaT ot
TSX € CbC CTPYKTYPHO 34paBo CbpLe, ApyruTe ABamMa ca
¢ BpoaeH MexaykamepeH gedekt (MKO). LienTta Ha npo-
y4YBaHETO € [1a NPEeACTaBn 1 OLIEHN bIbria Ha OTKIIOHEHWE
Ha CbpAeYHMs BUXPOB KPBbBOTOK KaTo HOB NapamMeTbp 3a
OLeHKa Ha neBokamepHaTa dyHkums. lNpeanonara ce, ye
MO-BMCOKO OTKIMOHEHME Ha brbna We ce Habnopasa B
cnyYam Ha cbpgedHa aucdyHKUMs unm 3abonsisaHe, Cb-
MOCTaBEHO CbC CTPYKTYPHO 34paBo CbpLe. V3non3saHu-
AT exorpadpCkv METOA, 3a OLieHKa Ha NeBOKaMepPHUS Kpb-
BOTOK € T.Hap. blood speckle imaging (BSI). Tosa e HOB
brbI-He3aBMUCUM YNTPasByK, ¢ Oa3vpaHa Ha n3obpake-
HWSi MOZArHOCT, KOMTO NpOoCrneasiBa curHan Ha cnekbna
OT KPBbBHUTE KMETKM NPEe3 MHOXECTBO BMCOKOCKOPOCTHU
paMKu 3a M300paxeHusi, KOUTO M3obpassiBaT CKOPOCTHO
none [34-36]. PazpaboTeHa e nepcoHanuanpaHa nporpa-
ma MATLAB 3a oueHka Ha OTKITOHEHMETO Ha bibfa Ha
KPBBOTOKA C U3Morn3BaHe Ha AaHHM OT MOreTo 3a CKOPoCT
Ha BSI. BpemeBuTe TO4KM, Ypes3 KOUTO AaHHUTE Ca aHanu-
3upaHn, ca Bb3 OCHOBA Ha MOMEHTa, KOraTo MuTparnHara
Krnana e HambJIHO OTBOpeHa 1 JoOpe 0hOPMEHMST BUXBP
Ha KpBbBOTOKa Ce HamMupa B KyXuHata Ha nsiBata kamepa.
Tasu BpemeBa To4Ka € NpMbIM3nTENHO MO BPEME Ha Cpe-
OaTa Ha avactonarta. M3BbpLUeH e cerMeHTeH aHanmsa 3a
OLleHKa Ha NoTeHLuuarna Ha BrnusiHve Ha 6rnmskmTe cbpaey-
HW CTPYKTYpPU BbpXY MOLENUTE Ha MOTOKa U CbOTBETHUS
bMbJ1 HA OTKNOHEHUe. Hanprmep KpbBOTOKBLT MOXe a ce
OTKIMOHsIBa Mof, dhopmata Ha enunTuyeH nbT (dur. 12),
TbI KaTo KPbBTA Ce NpeHacoyBa KbM U3XOL4HUS TpakT
Ha ngBaTa Kamepa W crefoBaTenHo B Ta3u obnact
MOXe [ja Ce O4aKBa Mo-BMCOK bIbfl HA OTKIMOHEHME.

methods provide additional information on hemody-
namics, with the potential for early detection of car-
diac dysfunction and assistance in disease treatment
and prevention.

The most relevant at the moment on the subject is
a study that shows the assessment of the intracavitary
blood flow of the left ventricle and its angle of devia-
tion (BD) in three children patients [33]. One of them
has a structurally normal heart, the other two have a
congenital ventricular septal defect (VSD). The aim of
the study is to present and evaluate the deviation an-
gle of the cardiac vortex blood flow, as a new param-
eter for the assessment of left ventricular function. It
is hypothesized that a higher angle deviation will be
observed in cases of cardiac dysfunction or disease
compared with a structurally healthy heart. The ultra-
sound method used to assess left ventricular blood
flow is the so-called BSI (Blood Speckle Imaging). This
is a new angle-independent ultrasound, with an im-
age-based modality that tracks the blood cell speckle
signal through multiple high-speed imaging frames that
depict a velocity field [34, 35, 36]. A custom MATLAB
program was developed to estimate the deviation of
the blood flow angle using data from the BSI veloci-
ty field. The time points through which the data were
analyzed were based on the moment when the mitral
valve was fully open, and a wellformed vortex of blood
flow was located in the left ventricular cavity. This time
point is approximately during mid-diastole. A segmental
analysis was performed to assess the potential influ-
ence of nearby cardiac structures on flow patterns and
the corresponding deflection angle. For example, the
blood flow may deviate in the form of an elliptical path
(Fig. 12) as the blood is diverted to the left ventricular
outflow tract and therefore a higher angle of deviation
can be expected in this area.
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®ur. 12. Blood Speckle Imaging (BSI) gaH-
HW, NOKa3BalUy xapakTepHUsi BUXbP B AeTcka
nasa kamepa. A) OTKINOHEHWEeTO Ha brbna
(6D) mexay enunTuyHaTa TaHreHTta (0T, xbn-
Ta CTpenka) W pencTBuMTenHaTa u3mepeHa
nocoka Ha Bektopa (M, yepBeHa cTpenka).
BbTpelwHaTa KOHUEHTPWMYHA enunca e u3o-
OpaseHa OT MyHKTUPaHa IMHWUA C OTKMOHe-
HMe Ha brbna Ha npeAcTaBsHe B Toyka Ha
enunca. KpbBHUAT NOTOK MOXe fAa ce BUAM,
Ye ce OTKMOHABA OT eNUNTUYHUS NbT HA MSC-
TOTO, KbAETO 3anoyBa [a HaBnusa B nAsarta
kamepa. B) YeTtupn kBagpaHTa Ha enuncara,
13non3BaHW B CerMeHTHWs aHanui. Ckana-
Ta BASACHO MoKasBa cKopocTTa B m/s (M3TOu-
Huk: Investigation of a novel intracardiac flow

parameter using blood speckle imaging. Journal of Clinical Images and Medical Case Reports 2023)

Fig. 12. Blood Speckle Imaging (BSI) data showing the characteristic vortex in a child’s left ventricle. A) The angle deviation (6D) between the
elliptic tangent (6T, yellow arrow) and the actual measured vector direction (6M, red ar-row). The inner concentric ellipse is depicted by a dashed
line with a deviation of the representation angle at a point on the ellipse. Blood flow can be seen to deviate from the elliptical path where it
begins to enter the left ventricle. B) Four quadrants of the ellipse used in segmental analysis. The scale on the right shows the speed in m/s (by
Investigation of a novel intracardiac flow parameter using blood speckle imaging. Journal of Clinical Images and Medical Case Reports 2023)

To3n aHanu3 e HanpaBeH 4Ype3 CerMeHTupaHe Ha
nsgBata kamepa B 4eTupu KBagpaHTa (cpur. 12B), B
CbOTBETCTBME C KOOpAMHATHaTa paBHMHHA CUCTEMA,
LensLwo oueHka Ha cpefHaTa CTOMHOCT Ha brbra Ha
OTKIOHEHWE B CbOTBETHUSA KBagpaHT. Pesyntatute ca,
ye npu nauneHTnte ¢ MK ce Habnogasa no-sBucoka
cTonHoCT Ha 8D (75.2 £22.3°n 77.6 £ 10.7°) B cpaBHe-
HVe C NauMeHTW CbC CTPYKTYPHO 34paBo cbpue (69,2
+ 16,0°). Tean pesyntaTu nokasear, Yye 6D moxe ga ce
yBeNnuuM 3aedHo C nporpecusita Ha 3abonsiBaHeTo u
cneposaTenHo Aa 6bae noneseH nokasarten 3a OueH-
Ka Ha cbpaedHata dyHkuusa. B 6baewy nnaH nscnea-
BaHMSTA LLe BKMYaT pas3lmpsBaHe Ha nonynayusra
NaLMeHTU KaKTo CbC CTPYKTYPHO 34paBu CcbpLa, Taka
N C ucxemMuyHa 6onecTt Ha cbpLeTo. AKLEHT LWe ObaaT
30paBuTe NauUMEeHTH, C Lien onpeaensiHe Ha pedoepeHT-
HWM CTOMHOCTM 3a CpaBHeHME C GONECTHU CbCTOSHMS.

3AKNIOYEHUE

KoHBeKUnoHanHute exokapguorpadckm unamep-
BaHMS Ha CbpAevyHaTa MexaHuka OOMKHOBEHO He
pasKkpuBaT 3HAYMUTENHU MPOMEHM OO0KATO HsAMa sIBHA
ONCOYHKUNS, KOETO M MpaBu MO-Manko egekTUBHU
3a paHHa OMarHocTuka U fnedeHne Ha CbpaevYHOCHAOo-
BUTe 3abonsieaHus. [QuHamukata Ha KpbBoTOKa GumBa
He3abaBHO 3acerHata npu NpPoMsiHa Ha cbpAedHaTa
XemoavHamuka, cregoBaTenHo HEeroBoTo aHanmsu-
paHe OoTBaps HOBM MEPCNEKTUBU 3a NPOrHO3MpPaHeTo
W paHHaTa AuarHoctuka Ha 3abonsBaHuATa. AHanu-
3bT Ha UHTpaKapguanus noTtok € pasnuyeH n cbBpe-
MEHEeH MoAaxod 3a OLUEHKa Ha cbpaedHaTa yHKUuS,
NPeAoCTaBsLl BaXkHa U OOMbIHUTENHA MHopMaums
KbM KOHBEHLUMOHANHUTE Noaxoau, 6asvpaHu Ha Ccbp-
AeyHaTta mexaHuka. HyperDoppler meToabT gaBa nec-
Ha n Obp3a oueHKa Ha KPbBOTOKA B CTPYKTYpUTE Ha

This analysis was done by segmenting the left
ventricle into four quadrants (Fig. 12B), according to
the coordinate plane system, aiming at the estima-
tion of the average value of the deviation angle in the
corresponding quadrant. The results were that the
patients with VSD had a higher value of 6D (75.2 £
22.3°and 77.6 + 10.7°) compared to the patient with a
structurally healthy heart (69.2 £ 16.0°). These results
indicate that 8D may increase along with disease pro-
gression and therefore be a useful index to assess
cardiac function. Future studies will include expand-
ing the patient population, both those with structurally
healthy hearts and those with ischemic heart disease.
Emphasis will be placed on healthy patients, in order
to determine reference values for comparison with
disease states.

CONCLSION

Convection echocardiographic measurements of
cardiac mechanics usually do not reveal significant
changes until there is significant dysfunction, making
them less effective for early diagnosis and treatment
of cardiovascular disease. Blood flow dynamics are
immediately affected when cardiac hemodynamics
change, therefore analyzing it opens new perspec-
tives for the prediction and early diagnosis of dis-
eases. Intracardiac flow analysis is a different and
modern approach to assess cardiac function, provid-
ing important and complementary information to con-
ventional approaches based on cardiac mechanics.
The HyperDopler method gives an easy and quick
assessment of the blood flow in the structures of the
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CbpUETO M MNpeacTaBa MHGOPMaLWA B AbITOCpPoYeH
nnaH OTHOCHO PeMOoAeNMPaHEeTO Ha CbPAEYHUTE KyXU-
HU. MMopeanua oT TEXHUYECKM NMOCTUKEHUS OTKIoYMXa
Bb3MOXHOCTTA 3a BMU3yanuanpaHe 1 aHanusa Ha uHTpa-
KapavanHoTo [ABWXEHWEe Ha KPbBOTOKA, reHepupanku
HOBW OMUUW Ha U3crieaaHe Ha MofenuTe Ha noToka. Te
OT CBOSI CTpaHa MpPefoCTaBsAT AOMbIIHUTENHA UHGOP-
Mauusi 3a (PYHKLMOHANHOTO CbCTOSIHME Ha Cbpaey-
Ho-cbfoBaTa cuctema. Pe3ynTtatuTe oT npeacTaBeHu-
Te Hay4Hu Ny6rnvKauuM nokasear noteHuMana Ha Tesu
TEXHUKW 33 OTKpMBaHE Ha MaTorlorMyHo NMPOMEHEHUTE
XapeKTEePUCTMKM Ha KpbBOTOKA M MaeHTUdMUMpaHe Ha
HOBW MaToMexaHu3Mu 3a pas3BuTMe Ha Obaella Cbp-
[leYHa naTonorus.

He e OeknapupaH KOHGIUKM Ha UHMepecu
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