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NSASIDNISHIVIUYDYD
wotomsnluasssn
(fetal cardiac function
assessment)

a

F92nT WIYINY
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ﬂ”li(ﬂi’sﬁ]ﬂauLﬁﬁNﬁ’muaﬁjﬁﬁ’ﬂﬁmﬁﬂIUﬂiiﬁ (fetal echocardiography) Junsasraiie
Wadeanuinisvesilamanusiiia ludagiun1snsia fetal echocardiography tuannsavhle
g @L%awmmqmumeammsmLLa“msﬂiumsﬂmﬂaaumaﬂmnmmﬂswﬂﬁ]
uaﬂmﬂuum'ﬁmw fetal echocardiography uumaamﬂwwz wazUsraunsalagaunnlunisngia
dHownnarmaesedeanuimeinudnninemasmaianiaraedudosnuigeugadioly
Idnmidaauismeiiieanusainsitadonngilafimswiduinaldegnagnies usnainnis
»324 fetal echocardiography Laan1sasIanIsinauuesiilanisnluassa (fetal cardiac function)
ﬁ:ﬁmmﬁwﬁagLLaxLﬂudauﬂszﬂawﬁwaﬂ fetal cardiography msdesmalunsniidinmiilafinng
Lm'ﬁwLﬁmLﬁaﬁ%ﬁﬂﬁmmsﬂwmmaﬂiﬂmwﬁwLLazmmsmNLLmumi@LLa%fﬂmmfmwé’maam
IuUWﬂiﬂmﬁlﬁiiUﬁNﬂ’ﬂuiLﬁEJ’JﬁJULVlﬁﬁﬂm’Wl'ﬂﬁ]U'igLﬁuﬂ’]ﬁﬁ’m’]u%ﬁ]ﬂﬁﬂﬁmﬁﬂLL'U‘UGII’N q 1l

Tuwndfidermnyaansahanuiluldnnaussdunmshauvesiilamsnluassildedignes

STUUNISIRALIEUEDAYDINISNUATIA

szuunslvaioudenvessnlunssdisgui 19 saeiimsnegluassdunsmansensuas
9ONTLAUILAINIINUITANIUINLASHIUN WA DALEOAMAEdzAD (Uumbilical vein) Usunauden
wnninfesas 50 aglvalivusinumasaiden ductus venosus MFuEuiNguasaideni inferior
vena cava andrudimasszshminfivdeidsfuremsamaasaidensi portal ndwanidonld

ruviaendien inferior vena cava faziingmlaosuuu (right atrium) anntiudngialaviesdne
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ULHTNS foramen ovale luduveadonanuasnidens superior vena cava tuaglvainies
YNUURIUAY tricuspid valve aunihlavesvnaudiguindunasaidion pulmonary artery
widesananufululesvesmsniteglunssigudenisivasinuvasadendn o 7ied1 ductus
arteriosus (right-to-left shunt) FaazrUnasnanendu ligamentum arteriosum M&IIINNITNARDALE?
\Eon97n ductus arteriosus uavvaaadonundivg aorta axlnaieunduliisndnaderunimaen

\BoAuasaneazhe (umbilical artery)

g‘d‘ﬁ 1. uansnslradisudenveamsnluassa®
SVC: superior vena cava, RA: right atrium, RV: right ventricle, PA: pulmonary artery, LA: left atrium,
LV: left ventricle, PV: pulmonary vein, FO: fossa ovalis, DA: ductus arteriosus, DV: ductus

venosus, UV: umbilical vein, UA: umbilical artery, IVC: inferior vena cava
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29AINNSTINUVBIRINSATUATIA (the cardiac cycle)
yasmevhaesialamsnlunsasiiviome 5 szes®? fagui 29 fo

1. Early diastole Jutsiivilaiosdns (ventricle) Sausudishninwalavesuy (atria)
wlhdenlnanilavesuusinauile tricuspid waz mitral valve Tnglaifinsdudn (passive
manner)

2. Atrial contraction 1Jugasfialaviesuuduiiladendiufindendailavesans (ate
diastole)

3. Isovolumic contraction phase Dugrefiwladudumludonedan tricuspid Wag
mitral valve 2s¥ausiay aortic waz pulmonary valve \Jasauslifinisiudsuwlacssunsie
Inaisuvesdonlutsi

4. Ejection period futsfianusudonlutiosdnagamotiaziinsdulhidenlvarinuau
aortic Wag pulmonary valve

5. Isovolumic relaxation phase Judamnezisudures diastole Mé’ﬂ’aﬂﬂﬁgu aortic Way
pulmonary valve Télnasmusudonluiilavosananadudineiagliimsivaiouvesden

W13 098NANHILINDIAN

The ventricles fill
with blood.

Aortic valve

E3 When the aortic and Pressure in the ventricles falls,
pulmonary valves open, and since pressure is now
blood is pumped out greater in the aorta and
_Q' the ventricles and pulmonary arteries, the aortic
into the aorta and and pulmonary valves slam
pulmonary arteries. shut.

The ventricles contract,

the atrioventricular valves close,
and pressure in the ventricles
builds up until the aortic and
pulmonary valves open.

At the end of ventricular
diastole, the atria contract,
completing ventricular filling.

The ventricles start to relax. J

atrium

%
Atrioventricular /
valves

¢ ventricle
Right ventricle

Ventricular diastole Ventricular systole

UM 2. uannsasmshanuvesilamsniuassd®

ﬂ’]‘i‘l]‘i'é;’Lﬁuﬂ’]‘iﬁ’]\‘l’]usdE]Qﬁ’)elﬁlﬂ']iﬂoluﬂiiﬁ
nMsUszEunTNuresilanisnaiusaiitld 2 wuu fe
1. Qualitative assessment LJun1snsiagnsieuvesissiilamenalaedungain
dnwaurn1siummnnuimsnluassniineg cardiomegaly, atrioventricular valve regurgitation
way hydrops fetalis Ssnmzdnanuansienisiauvesilansniiiaunisududesinismsn

IWUU quantitative assessment maly
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2. Quantitative assessment LJunsaTIausziliunsituvesiewnlalaeldinaiinnig
maw’hmﬁmﬁmmmﬁqﬂmmmqqﬁdaa”[,umimm msUssfiunsyiauvesilamsniuananse
wUsleiu 3 sgnsfnansseazdenlunsed 12 fe

2.1 Systolic function

2.2 Diastolic function

2.3 Global cardiac function

AN5199 1. LAAIAINITASIILALMATANISUTEIUNSYINaTUYBItan1sn?

TVI: time velocity integral, TDI: tissue doppler imaging, STIC: spatiotemporal image correlation

AN591523

AINURUY

Tnua/wmadin

Systolic function

Blood volume estimation

Ejection fraction

dnaruvaaianiioanunanniila

Toaandbulsasasiladusa

2D, M-mode, 2D speckle tracking

Cardiac output (g‘LJ‘ﬁ 3)

Yunsveuidendiguanesnain

laviesansluisazund

2D, conventional doppler, STIC

Myocardial motion

Annular displacement (E‘U‘ﬁ' a)

msldsunlasszeenisimaaulm

U84 atrioventricular valve

M-mode or 2D speckle tracking

Systolic annular peak velocity

A34 L%’J‘U@\Tﬂ’]ﬂﬂ%ﬂﬂiﬂ’}

atrioventricular valve

Spectral or color TDI

Myocardial deformation

Strain summaamuﬂéauuﬂaagﬂéw Color TDI or 2D speckle tracking
imaging
Strain rate mmLéamaqnWitﬂﬁﬂuLLﬂaﬂgﬂiWQ Color TDI or 2D speckle tracking

imaging

Diastolic function

Precordial vein blood flow
patterns (gﬂﬁ 5)
(DV and others)

AnwalrNSaEuTBAaDR b

wudenningila

Conventional doppler
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AINIINTID

AINURNY

Tnua/wmadin

E/A ratio (g‘dﬁ 6)

gR31dI1UTENIN early (E) and

late (A) ventricular filling

Spectral or color TDI

valve agn15iUauad mitral valve

velocity

E/E ratio #n31dUA1M5IVBS transmitral- | Conventional doppler and spectral
to-mitral annular diastolic TDI
velocity ratio

IRT (E‘U‘ﬁ' 7) 32881IA1581119N15UAY88 aortic | Conventional doppler or spectral/

color TDI

Global cardiac function

MPI (myocardial performance
index) (5Ufl 7)

dMNI1@IUVDY isovolumetric times

(contraction + relaxation) LLag

Conventional doppler or spectral/
color TDI

ejection time

Gn -4.0

WMF 120 Hz
SV Angle 0
Size 4.0mm
Depth 78.4mm
Frq mid

PRF 4.4kHz

LVOT-Vmax -0.525m/
LVOT-Peak PG 1.10mmHg
LVOT-TAmax  -0.326m/!
LVOT-TAmean -0.078m/
LVOT-Mean PG 0.49mmHgd
LVOT-VTI 0.057

15— & ¥ )

“\‘ff

"

-30—

-45— |

3U7 3. uanen153a time velocity integral (TVI) 1ieA13as cardiac output lagldgnsAun

(cardiac output = stroke volume x heart rate; stroke volume = TVI x valve area)
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JUN 5. wanan15n precordial vein blood flow patterns lngluguuansnisiavasaidion ductus

venosus
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MV-EWave -41.28cm/|
MV-AWave -52.69cm/|

Depth 74.5mm
rq mid

31]17{ 6. L@nIN15I9 E/A ratio (E: early diastole, A: atrial contraction)

Gn -4.0 - — -
A0 : LVOT-ICT 29m

SV Angle 0 : - EX( LVOT-IRT 5Tm
Size 6.0mm 2

Depth 75.8mm - : LVOT-EjectTime (b) 158m
Frq mid

PRF 5.5kHz - \ LVOT-TEI (ICT,IRT) O§

SRI 11 3/CRI 2

311‘17‘; 7. k@nIN13In myocardial performance index (MPI)
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wiatiaflglunisasradsediunisvinaueasialanisnluassa
1. Conventional spectral doppler

M3nsransvihauvesidlansnluassdlagld conventional spectral doppler (il
wnsranguazdinaglumuugaeing o 1w american institute of ultrasound in medicine (AIUM)
guidelines® Tnan15m519NALATIVANBULVOY the atrioventricular waveform, the semilunar
doppler waveform ez myocardial performance index (MPI)

Fetal atrioventricular valve

1530 atrioventricular valves doppler waveforms 2z¥a E/A ratio #1Uadis fetal diastolic
function Tny E wave Aaidoniilnaainiiesuuasgiosdslnefindruievlonateda A wave
Foniilnantiilaviesuuasgriesansaniivilaresuudui Unfuds E/A shaedlrtdesndn 1 tu
wansiludene diastole @onfiasginlaresasdruanninannsiivsvesilmiosuy deegassd
wnFundunilevilavediamuBangumnduriilien £ wave frngedudsualsian £/A ratio fidngedu

meRagun 8

Atrioventricular valve doppler with advancing gestation

el el

AN .
12 weeks 20 weeks 38 weeks

Wy e |
. .b‘

JUN 8. uanar E/A ratio iiusnnuniuengassa”

A1 E/A ratio veswilatiesraviniiilaresdiedntes” wimnSeuiisuanusives
E/A waveforms udafilaviesrnazginiiiesieidniioy

Fetal semilunar valve

N1591933239 doppler waveform fruauila aortic valve way pulmonary valve 3gLL&n3
fmumUMIUTRIaanianlalene (peripheral vascular resistance) 1ne doppler waveform
firudu aortic valve wansiisruiumuTeaendenTiaste ToarauULTeITEMEITY dues
Tuwnizdl doppler waveform #iHuAY pulmonary valve uaAsEeAEUMUYDIADALdDNT
L?iyma’iawzhuéwuassﬂ Ineanwauzas doppler waveform firu aortic valve uae pulmonary valve

\Judnwair monophasic waveform f33ufl 3 An1sasaafiamsaialdainnisin doppler w1y
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semilunar valves a1iife peak systolic velocity, acceleration time, velocity time integral
(VTI), ejection time (ET) wav pulsatility index anan1sasadildisanunsathunvinisdiuim
cardiac output fauansluguil 9 lawen right cardiac output (RCO) AxdlAannnin left cardiac

output (LCO) wazAnduiesas 50-60 w89 cardiac output iavsn®

Cardiac output measurement

PV-Diam. 0.61cm

BN \lcasurements:
PV-Diam - valve diameter (VD)
PV-VTI - velocity time integral

Calculations:

Valve area = nix(VD/2)?

4

SV = VTl x valve area

4

CO =8V x HR

3UM 9. uansn1sAWIn cardiac output®

SV: stroke volume, CO: cardiac output, HR: heart rate, VTI: velocity time integral, Diam: diameter

Myocardial performance index

1wl a.a. 1996 Tei uazauz® lalauonisnsiaussliunsiauresialanisnluassnme
3% myocardial performance index (MPI) Fuafausn Tne MPIfunnsasaausyidiu global ventri-
cular function Ssdusiusiiu systolic waz diastolic time MnWUIMMIATATIE systolic dysfunction
98ATIINUIAN isovolumic contraction time (ICT) axiiAanniuluvadigmisnil anae diastolic
dysfunction 2gn51ANUI1AT isovolumic relaxation time (IRT) EilAmnTu A MPI fuaaann
ICT+IRT/ET ¥1ANUIIAT MP| ﬁmqa%uuamﬁwmiﬂﬁﬂnz ventricular dysfunction w#31nA1 MPI

Aunfusienalianunsalenlaimisnilnnig systolic ¥ie diastolic dysfunction warAd@1AgYALin
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AziinTasunlamnn1siansssvsenisniaun@sea IRT @1 MPI in1swasunladdntios
AADANITAIATIAMEANRABUDS MPI Wiy 0.36 (0.28-0.44)"Y n15ns1939An left MPI fduans

Tusuil 7 wazm1sei 2

A1999 2. LanamAtlANIInSI9TRAT left myocardial performance index (MPI)®

Janaule five-chamber view

WUIUBY ascending aorta Aasdl angle of insonation UeBAI1 20 B9FN

Wi mitral valve wag aortic valves T9Lau

1Wa doppler sample gate 3-4 1.

274 sample gate ATANTENINGAU mitral valve wag aortic valves

an doppler gain LWoan noise Way artifacts

U5U wall motion filter aglusesiu high

18911 valve clicks fasn doppler waveforms

TAAIVIUA 3 AT

A1 MPI u@nsiie global cardiac function @sanansauanstaniIsusumvesmlanisnszyy
usn 9 Waudsszegndulsauad Tumsnifinnelatiluasssden MPI aglinsiasuntaailosann

12 JAns@nwinuin MPI danunndulunisnidiniglagntuassatuuueianang

P15nVINDBNTLAU
Munuluddonasensarfadunftulandin MP daUasullasnauianuAunIuYaduaen
upsEeaznevzAnUnA™? wonanuudlinsAneidenuin MPI dnsiasulladlundaninssnn

WuunmnuuarideunsndeauainassauHaLUU twin-to-twin transfusion syndrome (TTTs) %

2. Tissue doppler imaging (TDI)

TDI 91938171 doppler myocardial imaging 38 myocardial velocity imaging Junis
mawi::Lﬁuﬂé’mLﬁ@ﬁ’ﬂ%@qmiﬂimEJ‘vTﬂmimm@ﬂﬁ‘ﬁ‘uGT’JLLawmaJL%ﬁluﬂ”uil,ﬂ?{aulmﬁuamé’m
devhlamsnnsasuulamwenuiveinsudulsimuannsalunmsdushvesndunieila
oo TDI gfinsthanldiitedfiade cardiac dysfunction lugiausnvesmsnusnantiugianinsa

119 Gagunt 10" TOI Wunisiuiunusives

MueMinnEmMINYean LasNsNdeTin’
AN5TUMIBINAULLBILALAEFLATIZNANNNSURSULUAIAITUDVBIARULEINAIINELTIOUINN

nenudavilamsn en TDI lsvununislwadeureadenluresilawstuniunseasulmvesiiaila
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E/Ea=8.4

p 0.03 mmHg
Frq 0.30 kHz

Ea =9cm/s

2

g‘lh?i 10. uAAN13IA E/Ea ratio Ineld tissue doppler imaging®

Ea: early diastolic velocity of the longitudinal motion of the mitral annulus

3. M-mode

M-mode %38 motion-mode 1umaluladfiflinumnudilas M-mode fiogluiiosmsia
pdudssmufigmniuynuuilaglud ae. 1971 $n1581 M-mode wldlumsnsransawes
salaglngafusn™ M-mode Ssanansoldnsaifaduesfisunvesmasiuresiilansn nsre
fn cardiac dimensions WU Auvvesksiilauaznavesesinlafaguil 11¢

M-mode aunsathunlgussiiiunsinanueesnlanisnlaenisin shortening fraction (SF)

SF = (end-diastolic ventricular diameter-end-systolic ventricular diameter / end-
diastolic ventricular diameter) éﬁ'ﬂgﬂ‘ﬁ 12 A1 SF fiRaUnRagduiusHu late stages of deterioration
YOI SF Usdl radial myocardial function® mafinnsly M-mode ns393nAN SF fauans
Tusnsnadi 3¢

M-Mode eanunsalduseiiiu slobal longitudinal function TnensianisiUdsuntases

20, 21

tricuspid tag/use mitral valve annulus® 2" TngAinsuseiliuiilgagisonin tricuspid %39 mitral

annular plane systolic excursion (TAPSE w3a MAPSE) Tngin TAPSE wag MAPSE thuflaanuduiug

fiu ventricular systolic performance®*”
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3UN 11. uanan1sld M-mode Ussilluntioiila auavewinlanesasdiguazyin®

48.02%

SUN 12. uansni1sld M-mode @ shortening fraction (SF)
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A19597 3. LARIMALAN1IITI9TAAT shortening fraction (SF)®

UFuyuuean1snsialilanin four-chamber view

four-chamber view Haswiy anterior, posterior lag interventricular septum g19%ALAU

18NN LPUTEUNUABI LAV INTNAINUA

natsl M-mode wiilvikuivesnauldeerIufgwiyuamIniu interventricular septum

1800 50/50 screen display \iorenenInves M-mode

USUAIUL52989 M-mode TidiusiuaIsnaeanIsAny mndeen1sin SF wustlrlgainusung

nalal freeze wagldflenidu cine loop wielwldnmiRNgn

14 caliper ¥ end-diastolic diameter (EDD) waz end-systolic diameter (ESD)

1w SF Lmelldgms EDD-ESD/ EDD x 100 (Aunid SF >Feeay 28)

4. Speckle tracking technique
Strain and strain rate
nsiasuuamesmuemvesndunierlalnonduniorlassineniuluses diastole
wazflmueniiduaduszey systole nsdsunlasiinaniauddyiunisianisieures
#lamsn® Strain Ae MsTAnsasunassrezvesnduiiierla strain rate fe MTaAILE
TunsAsundasszezvasnduiionla T strain fuanangas Strain = L-L/L (L szozgaving
yeandnnieiuasuuas L, svermaduneuiindnieleszidsuuias) Tnonseuias strain

wag strain rate fodld software NilluiATawmsIIRdUdssANNDgleASoREAIMAINllAY

o
v a Y o W 1

gnlud@dsgun 139 egndlsinunisldnisasamaiialdildodiamaisegnsuluienisnsin
ARUHEIANUDEIRRN software TRy AsABelinTYIMsAnwIdeieriumnimatiau

TalrnnTunaunaziiunlgeg19wnsraie
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gﬂﬁ 13. L@AINTT strain WA strain rate ely software®

Sphericity index (SI)

Msn519TA sphericity index vewhlaresnarsiasdrearsitlalaensutsissilady
wosanau 24 drudaust base fa apex luusiaeios® SI azgndalasdrludfuazaldsnd
(normal curves) 984 SI WlavesvndrauazdieaazgnuansoonumuiseIAsIAfaguR 14
iesannmsnga Shiflumedalunsnsatadmeinuvesiilawuulminazfosord software 1
Lildfluesemvnaudssauigmniaiesdseadosdinshnisinuideliundeuhanldly

N19AaHN



n DEANEAOSSOUATY W&EDE

Tib 0.4 10:00:13
Ml 1.0 C1-6-D

ES Border

\

WLongitudinal Strain (Endo ) %)

T ﬁ,-,lwsnms

;Jﬂﬁ 14. @nan159A sphericity index

5. Spatiotemporal image correlation (STIC)

STIC \Hunsadunmanmafiudeyauuy volume data set Tums sweep wAndsnds
Amdilgainms STIC ansadnundayuuainuiwIwny X, Y, Z laegredaseiiilivieitadeniny
AaUnavesilavesmsnlunssslauiugrty uonaniideiinisih M-mode wldiu STIC Sen STIC-M
wildlunis¥a TAPSE waw MAPSE Tifiaugnifeuaszutugiunndudagud 15

Fo311n1831159579 STIC FegnTiasosiinisiiu volume data Faaumnwefivzanse
thifeyaunsi postprocessing evaluation leusiflasannsifiu volume data iunsifiudeyaiiies
1 50Ul (cardiac cycle) wihiushlimaifudeyalildnmidamudululdonmamenuiiuvie
wsanglaussiazylrnmdilalidaaumnneiisziundsadiuna esndumedadivhlann
FosenfeUsraumsalvosunmdinianaziniesnsianaudesniuigeifesd software Sumnzda

Wunisenazdmadasinanuldlunieeain
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231Hz/0.

§1J17'i 15. uanan1sly spatiotemporal image correlation M-mode (STIC-M) 1473@ mitral annular

plane systolic excursion (MAPSE)

6. Cardiovascular profile score (CVP)

cvP Wunsusadiumsvianuvesiilamsnmmsaarmedenlaseandonisasiandudes
mmﬁquﬁai’ﬂLLazﬂisLﬁummimw 5 @1 fig hydrops, venous doppler (umbilical vein and
ductus venosus), heart size, cardiac function wag arterial doppler lngvnandilgunfiasler
2 AziuuAluudl 10 Azuuudnandusull 169 Huhta wazauz® TaTinssenunslden cvp
WioUszifiunmsrhauwesiilamsnadasnlud ae. 2001 9nntuiinsinededn cvp e

N1395IANANTNUNLIIIWIENIENABNINKAZNTAETRIM TN~ >
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Normal - 1 point - 2 points

Ascites or

Hydrops pleural effusion or pericardial Skin edema
effusion

Venous Doppler
(umbilical vein and ductus

venosus)
Heart size >0.20 and <0.35
(Heart area/Chest area) (2 pts)

Normal TV and MV ) Holosystolic MR or
RV/LV SF >0.28 Holosystolic TR or TR dP/dt 400
e GVES RV/LV SF <0.28 ket 4
B|phaswc(g|astpl|c filling 4 e monophasic filling
pts)

Cardiac function

Arterial Doppler
(umbilical artery)

UA (AEDV) UA (REDV)

31]17; 16. LansaruUsznaUves cardiovascular profile score (CVP)!”
AEDV: absent end-diastolic velocity, DV: ductus venosus, LV: left ventricle, MR: mitral
regurgitation, MV: mitral valve, REDV: reversed end-diastolic velocity, RV: right ventricle,

SF: shortening fraction, TR: tricuspid regurgitation, TV: tricuspid valve, UV: umbilical vein

GELY

nsasansinuvesialanisnluasss (fetal cardiac function) Saudifadueeiad
wansdudiuusyneunilawesn1snsin fetal cardiography LL‘W‘V]Ejﬁj\JIILGTJIEJ’JGU’]ZyJVlNﬁﬁun%ﬂﬁﬁm%uﬁ@’]
LLagmﬁﬂ‘LumaﬁﬁaquﬁLLWWﬁiﬂﬁﬂaﬁmm fetal echocardiography A359¢iAINIHAZAI
Frunglun1smsrade fetal cardiac function tlelsiannsathmanisnsatlunsumuuImImsgua

Shwimsnudsraensisluiieanlonaninisnasiinneymnaniniasidutinas
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