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Evaluation on cardiac function in fetus with conotruncal defects
using spatiotemporal image correlation technique

YING Qian, WU Yurong, CHEN Sun, SUN Kun"
(Department of Pediatric Cardiology, Xinhua Hospital Af filiated to
Shanghai Jiao Tong University School of Medicines
Shanghai 200092, China)

[Abstract] Objective To evaluate cardiac function of fetuses with conotruncal defect (CTD) using spatio-temporal image
correlation. Methods Totally 39 fetuses with CTD confirmed by echocardiography (CTD group) and 39 normal fetuses
(control group) were enrolled. STIC was used to evaluate fetal cardiac function, and the parameters were compared
between the two groups. including the diameter of pulmonary artery (PA). left ventricular end diastolic diameter
(LVDD), right ventricular end diastolic diameter (RVDD), left ventricular end systolic diameter (LVDS), right
ventricular end systolic diameter (RVDS), fractional shortening (FS), left ventricular end-diastolic volume (LVEDV) and
right ventricular end-diastolic volume (RVEDV) . left ventricular end-systolic volume (LLVESV) and right ventricular end-
systolic volume (RVESV), stroke volume (SV) and ejection fraction (EF). Results Compared with control group. the
diameter of PA and PA/AQO were smaller in CTD group (both P<C0.001), while there was no significant difference of
LVDD, LVDS, RVDD, RVDS., LVEDV, LVESV, RVEDV nor RVESV between the two groups (all P>>0.05). FS, EF
and SV in CTD group were lower than those in control group (all P<(0.05). CTD fetuses had significantly larger RVDD/
LVDD (P<C0.001). Additionally, RVEDV was higher than LVEDV (P <C0.05), and left ventricular SV and left
ventricular EF were lower than right ventricular SV and right ventricular EF in CTD group (all P<<0.05). Conclusion
CTD may have prenatal impact on fetal cardiac function, which may result increased right ventricle function while
enlargement of right ventricle is not obvious.

[Key words]  Spatiotemporal image correlation; Conotruncal defect; Fetus; Cardiac function

DOI:10. 13929/;. 1003-3289. 201707084

B 18] - 2= 18] 5< BX A 45 35 A V1 1 [ 5 30 Bk T
ey 72 B JL /O Th BE

ﬁ %ai&—ﬁ.%a)%\ 3%:’}‘]‘ étab*
C b 58 38 R 22 B8 2 B () g A B e /N LG A B, B3 200092)

(# ZE] B W HER-2S [RECH R (STIO BRI B HE 2 Ik T WE (CTD G L0 BRE ., Ak SRS ILE A
LB ENZWIG 39 i CTD IR JL(CTD 4 Fl 39 IG1E & L O IR ZE) . SR STIC £ AR $FA% 2 4Lk LAY O ThBE £ 45 il 3 ik
(PAY AZ 20 AT SR AR N A2 (LVDD) Rl A7 .0 % &7 3K R 1 42 (RVDD) L 2.0 A R I N A2 (LVDS) A7 .0 Z ISR
WIN 12 (RVDS) 4 55 43 B0 (FS) L 20 BAF Ik R A BU(LVEDV) A7 0 EEF i R B AL (RVEDV) L 42 0 %5 I 45 K 51 45 1
(LVESV) £7 0 W4 R W &= BURVESVY) (& 4 8 (SO S I B (ED) 38 bR - i 2 2 57, &8 5t

[(BRE&TB] Rigmiat KRBT =F473hH 0 (GWIV-23) | H T 9% B B 7 240 3 AR B A BT H (SHDC12015102)
[E—1EE] WEA991—), & ILHERIRA 4 BB, BF5E 71 R LOMERE A . E-mail: yezxyinggian@163. com
[EBEEE] PV, LV 30 Ao BE 2 g B s ol A8 B2 Be /0 LoD LA B, 200092, E-mail : sunkun@ xinhuamed. com. cn

(W BEH] 2017-07-18 [f&E B H] 2018-05-29



[ BE A AR AR 2018 4E58 34 %5 9] Chin ] Med Imaging Technol,2018, Vol 34,No 9 e 1285 -

A LH, CTD A I JL PA W& K PA/AO /) (P #<C0.001), LVDD, LVDS, RVDD, RVDS, LVEDV, LVESV,

RVEDV J RVESV 2 S ¥ T4 115 2 L (P #>0.05) . /& 470 % FS.EF K SV ¥JFEL (P 7<C0. 05, LVDD/RVDD B

IR (P #<C0.01) .CTD ## ,RVEDV & T LVEDV(P<C0.05),Z£.0:% SV & EF M T4 05 (P ¥<0.05), %&ig
CTD 77 1 BI AT %G L0 D Be i e, 70 & D Re A AU SR R L, I A .08 KON

[ 417 ]
[(RESHZS] R714.3; R540.45 [XE#RIZEG] A

[ £ 35 ik T W # (conotruncal defect, CTD) 248
— 2 FR TR B kT TE IR G A ek R b B R T
Fny S KA O IR IE 2 S 2 LB H UL R A At L e R
PR I, HC i 38 800 1M 3 3l ) 2 AR A T S B LG
REZ ML BT, AW S A GG L O
o & A B [A)-425 (8] 5C BE A 1% (spatiotemporal image
correlation, STIC) AKX} CTD I JLAY 0> Dy RE 47 25
G VPG LUIERXT CTD Y93 3 A4 31 2= () B A%, JF 48 =
L= 4
1 #REFE
L1 —fgegert  #HR 2015 4F 3 2016 4F 10 H T4
We ez i L 4 0 3l A A5 /9 39 Jif CTD i JL(CTD
D) R4, 22~37 %P1 (29. 413,60 % L H 21~
30 P48 (24, 97 £ 2. 43) JA] 5 v 9 DUIRAE 16 /i |
RENWKEE AL 10 i (58 R BNk AL 9 16 B IEE R 3h
BKEEAL 1 I AT DU T 9 R kARSI IR T 3 G
B ik (pulmonary artery, PAY I SI-& I A0 O 1
e, IARRIE: IR AT R 22 20~40 B ILAERK AR E
520 A ARAE s 77 B A BE2 IR L CTD JF 47 5 8 A ik
S AN TEH A O A I K Gl 0 1A S i s A A, ik
R CTD 414 A AHDT T | HL 70 3l A 25 G L
CIEZGS A TE 1Y 39 iR 1E B IR JL A X BRZH, 28 40 AR i
20~36 %, F-35(29. 1£3. H F, 4 2170 ~317 i, 7 1y
(25.052.45) ] . 2 A AR IS (20 6] 22 S e e it 2%
(P ¥=>0.05) , AHFSE A e 4 B 22 B 23 W B
I B AT SR A I B A R O B S R S
1.2 X5 5E  KH GE Voluson E8 #BE 2 Wi{Y,
Z 6 = ARk RM6C, % 4~8 MHz, fiiJfi GE
4D View version 10. 5 &R/ 3k 47 R J5 AL 3,
L2.1 Z#elAf A R 2 U0 m W 35 By b ik
Xf B JLHEAT A A o 0 Sl R A A b v U T K0 JIE S5 4, )
i L0 E R AR R 3 Bk Caorta, AO) IR N 42\ PA
MR NI 3 LUE (PA/AO) I 3 A2 0 % &7
KK B N 42 (left ventricular end diastolic diameter,
LVDD) fl 45 0> 2 &F 5k K B N 42 (right ventricular end
diastolic diameter, RVDD) , {118 — & th{H (RVDD/

PR [ -2 18] SE TR B AR A A 5 [ 4 3 Bk W 5 i L5 0 D e
[XEHS]

1003-3289(2018)09-1284-05

LVDD) ; Il & £ 0> ZF U 46 K N 42 (left ventricular
end systolic diameter, LVDS) I 45 .0 F W46 A I N2
(right ventricular end systolic diameter, RVDS), 1
B O FE 45 8 4 B (left ventricular fractional
shortening, LVFES) K 77 .0 % 45 & 7 %0 (right
ventricular fractional shortening, RVFS),

1. 2.2 STIC EMRAIARIBCE 3B LU ofiE 4 Jis 0 D) T
Shy 25 FRAR MR 400 s 10 T % % JBORE HE IR B L B L AR
208 B R AR AL B 8 S B A D 20°~40°, R B
IR 10. 0~12. 5 s, ff 2 BUBUREAE g R T DU Ji 0 1)
T 3RO FRBOE . SR STIC-VOCAL Ji5 Ab B AR X
S35 e A 0 B A B AL e BT R R A
(left ventricular end-diastolic volume, LVEDV), £
L % FF 7k K #] & FH (right ventricular end-diastolic
volume, RVEDV) 7.0 Z Wi 45 A 25 FH (left ventricular
end-systolic volume, LVESV) K £ 0> 2 W 48 K W] 2 1
(right ventricular end-systolic volume, RVESV), WL 1;
IRt B A 0 E Bt & (left ventricular stroke
volume, LVSV) £y .» % 4 # i th & (right ventricular
stroke volume, RVSV) K Z& . = &t il 4 0 Cleft
ventricular ejection fraction, LVEF) 145 .0> & &t 1M 43 4%
(right ventricular ejection fraction, RVEF),

1.3 Geit2ea i R SPSS 24. 0 G it b 4, x)
Bl JEAT IE SPGB A S I A S0 A 10T R TR
T SRR, 2 A TE OB L BCR T ML FE A ¢ A
5, CTD W R JLZE A 0 % 25 BRUFE AR HBCR FH B X o«
Kig, P<<0.05 NZERAGI¥E XL,

2 #R

2.1 YRS HLE CTD 4145 X it 41 5]
LVDD,LVDS.RVDD # RVDS 22 5 ¥ 4t i 5 X
(P¥>0.05), CTD %41 RVDD/LVDD & J X it 2
(P=0.011). BBk CTD 4l #y 3 i KA sl ik T ), 2
H A0 W ZER LG8 X (P=0.361).CTD 4
JLPA AR K PA/AO /N T3 A (P #5<C0. 001)
W1, CTD 4l LVFS #l RVFS ¥4 x5 it 28 9] i
ik (P ¥j<<0. 001, L3 2,



2 B

e 1286 - i E BE 2R R B R 2018 4E5S 34 #5255 9 8] Chin J Med Imaging Technol, 2018, Vol 34,No 9
# 1 CTD 45 A — 4l i Pl it S 80 C o s, n=39)
25 LVDD(mm) LVDS(mm) RVDD(mm) RVDS(mm) RVDD/LVDD PA A4 (mm) AO N4 (mm) PA/AO
CTD 4 9.07+1.32 6.0240. 86 9.624+1.50 6.4140.97 1.07+0. 14 3.534+1.08 5.0540.97 0.73+0. 30
X R 21 9.41+1.41 5.9140. 87 9.5241. 36 5.9740.97 1.01£0.05 5.2240. 65 4.86+0.75 1.07=+0.05
Xz 1. 104 —0.561 —0.332 —1.982 —2.630 8.163 —0.920 6.950
P1{a 0.273 0.576 0. 740 0.051 0.011 <20. 001 0. 361 <20. 001

1 B STIC-VOCAL H A I 2 0> 28 7R 1

2.2 ABIEHLE CTD4H 5% M4 E LVEDV K&
LVESV 22 ¥ 5 it %2 X (P ¥>0.05),{H CTD
H LVSV(P=0.017) & LVEF(P<C0.001) 3 % %} I8
AW T CTD 4 5% 41 RVEDV . RVESV 2 5%
WG L (P $>>0.05) ,fH RVSV(P=0.029)
J RVEF(P<C0. 001) ¥4 X} M4 B i TR, UL3R 3.

#Fz2 CTDHE AR LVFS &
RVFS 4 ( =+ 5. n=239)

2759 LVFS(%) RVFS(%)
CTD 4 33.4143.28 33,3642, 64
X HEZH 37.08+4. 04 37.28+3.74

t1H 4. 402 5. 350

P{E <20.001 <0. 001

2.3 CTDAHMBILE A OERBERLE CTD H
4 )L RVEDV & T LVEDV(i=—2.737, P=0.008),

LVESV 5 RVESV 2 2 K4 it
¥ Y (t= — 1.223, P
0.225),RVSV 1 RVEF ¥ & F
LVSV #l LVEF (t= — 3.189,
—2.570, P=10.002.,0.012), I
%4,
3 itig

VI 2950 165 N ER AT 5 G
JLC D RE AR , i L0 ik I
DR CENET RS G
Ll IR e S Ny 1L
S WL g 1) " i FR B L VT AR I L
O REA AT B2 04T B 4
PRt d SR

H & A ZFi 48 b5 ] 1 T1F
fli i LD ag . W 4R T B dE bRt
£55 2y Jok it 3 0 O R o0 I 4
DB, TSR = A R AL RS
LVSV Ml RVSV .0 % §F 1fiL 43 %X
EIN T T KR N A
E g A gIgEE E/A D= IS
199 &7 5k B R &k g 0 A o AL
Kz 8 B DL KA A = 0 WLiE Bh B L
SR BRAh, Tei F800T R 0 F AR BE . 2R
JLC BRI 0 AR G 3 45 IR 52, iz A% 52 G
JLAR 7 0 3l A G L0 T BE AT 4k IR HEDY . STIC
FAR T 2003 0w 4R L 38 o A RIS R R L0
JE = AR J5 AT AR B JIE AR — >0 2l JE 5T P o8 3
B B R A B A SRR TE 3 A IERL
J7 ) b e e % M AT A B AT R O X iR LG
JE G548 AT = 2 B WL Lo A R o 55 L kb T 4k
7 HURE AR IBCA R U T A AN 2 (8 B A R TR A R
NG LG W 19 25 8] Sr AR 254 . ik Ak, STIC A A H]
J A SR AR AR 0 B A R B RSE TL A B 8 R
W HE— 25 AT L0 2 B Pl L O i A R I )
BAE PG O I BE S OR HE . SR, STIC 25 B o2
TE 4E 8 7 R A a1 3 g, e AR R B

1

BOEBERE M 15", 2% 08T 0 EWN, XA
A A Y 12 AN R T8 — 1 250 BT, B0 B 3o As i AR



[ BE A AR AR 2018 4E58 34 %5 9] Chin ] Med Imaging Technol,2018, Vol 34,No 9 e 1287 -
#3 CTDASXALEARBIBEILE (-5, n=39)

28 %) LVEDV (ml) LVESV(mD) LVSV (mD LVEF(%) RVEDV (mD RVESV(mD RVSV(ml) RVEF(%)
CTD#  1.17+0.28 0.4640.11 0.7140. 20 60.00+5. 31 1.25+0. 32 0.4940.13 0.76740. 22 60. 15+4. 87
YRR 1.2940.43 0.4240.13 0.8740.35 66.46+6.48 1.3440.42 0.4440.15 0.90740. 32 66.8246.01

18 1. 466 —1.428 2. 464 4. 814 1. 005 —1.690 2. 230 5. 379

P 0.147 0.157 0.017 <20. 001 0.318 0.095 0.029 <20. 001

*4 CTDAMILE AEBEFIEBMILE (£ 5n=39)

%=, BA U OES L

SH  ERORMAR (D AR (mD B R D SR fAOERERTAZLE B

FELE 1.17+0. 28 0.46-0. 11 0.71+0. 20 60. 0045, 31 FoEfIEE/AO0EHBLE N

b E 1.35+0. 31 0.4940.13 0.86+0. 22 63.08+5. 26 1.0~1.5, B3 Fi% H ] bt 22
fi —2.737 —1.223 —3.189 —2.570 N )

P 0. 008 0.225 0.002 0.012 E‘J@fﬂﬁ Ujﬁ%uf’ ?}Qﬁ'ﬁ’ LVEF

WO T 2 A R T . R &5, STIC 4y
Mrad FH T R 0 e e B PRI L AR 7 25 D PR i 45 %
JFH 4 8 75 M LA 3J A5 4 2 D) T 1 5 481

ABEFEXT CTD f JL#EAT 88 75 48 b 43 B Ao D) BE
VAR, &85 IE % G JLAH . CTD i L PA W21
W O DI REFE br AN AR R B L 2R B0 5 E 8 iR JLAH
IL.CTD JIG LI PA KB U R E. B CTD L
RVDD/LVDD & T IE# G JL(P=0.011), {H L {H 13
<1 2,8 22 A D B R E O, X AT REJE
T LG B 00 5 ik M o 31 FL L sh Bk A R D L IF
H CTD i # & I K = 8] b St , 22 A7 0 Z (8 A7 7E
ML 4 38 P 7E — B B L SR A 0 2 I R ) B LR
BEAE O EIME R A0 ERTEAER ., A0
S8 HAb W 45 T BB F5 AR 45 R B8 CTD A 78 A O
FIAE DR AR R R B, R R O B R
R AR B 25 R e o SO0 400 e 5 L S L 5 B g A o
RG5O BRAL A b 25 A e it 2 AR I E
I, W™ 5 /) CTD AJ B 5 P9 B E X R L0 2
REIE L —E BB m . A ¢ CTD g LY. D) se A
FEH A, AL AR 7R R 0 T RE B 52 I ) Bk IE S,
Oosterhof %51 4341 42 1 4 A0 IE A £ 3 (32 ] 32
WPUBCAE . 10 6] PA B B0 2= ThRE L 45 51 Bos 470
ERBEOM N $3 LVEF fl RVEF ¥ F [, W
[F) B A7 A A 0 28 TR T 87 £ 38 0 D2 i el A 0 3 0 T
REAR 4. BR LG 3R 4 ok M B e T A O E R
J1 WA ML ) 71 22 28 A LA B0 D) Re 8 A T B LR
A I8 20 Ty BN 42 10 BIDIR S

A A BESE B CTD 6L ZE A0 % 4 LIS
B, R B AE O ZE R KR I B B A A RS I o3 2
PR T A LR, B9 47 0= 7 I LA 5 o8 i e

1 RVEF 7 & A~ 2 Ji] i JE 7%

R, H3EAR—5" . AW
HL,CTD 45X B4 6] RVEDV 2 % L4 2F a8 X,
R CTD LA L EY KRB AH S, H CTD 4 h
RVEF Bl & F LVEF, il B AR8 T 430 %= .0 U e 4
5 AR EE B

AR B REE. OCTD A 4 AT LEOCRE
AR 2IEIFAOEEANR X 2 "™ 55 R PE0 ik
o WY 2 0] S i Lo 2 R i R Wi S AT B I 4 T
5, QCTD A FEA B FE G153 Bt B 5 & A= i
s QU2 Wi i CTD i JL O Ty BE 15 B, % 3
1.0 I BE B AT) 75 4K 22 B D7 WL 5%

i LR . CTD G JL PA K &H# 2. H CTD A Xf
L0 Iy RE 1 i — 2 AR B S . Il DR L %% D)WL £% | Bt
Ui CTD G LG DI RETE B0, O A 3810 181 7 ) 457 2 4 it
WHE . STIC H AR FIAE A % 48 88 75 .0 2l P Y 2 4b 78
1M A R4S i LG T RE

[ 5% 3Tk ]

(1] ZEmesm, AR, $5 18, 55 . 2 DAl B 75 160 i JL A 2 00 1 R i
VLI E AL % T RE. A =4 BR R % A 4, 2013, 35 (21):
2375-2379.

[2] Messing B, Gilboa Y, Lipschuetz M, et al. Fetal tricuspid
annular plane systolic excursion ({~-TAPSE): Evaluation of fetal
right heart systolic function with conventional M-mode ultrasound
and spatiotemporal ( STIC ) M-mode.
Ultrasound Obstet Gynecol, 2013,42(2):182-188.

(3] FMsl, sk, 95 % 88, 55 . I -5 (] S I AR 12 AR I f 18 3 iR JL O
e . o e B2 2 AR ROR , 2011, 27 (1) 1 202-203.

[4] Crispi F, Fetal

image correlation

Gratacos E. cardiac  function: technical
considerations and potential research and clinical applications.

Fetal Diagn Ther, 2012,32(1-2):47-64.
[5] Mori A, Uchida N, Ishiguro Y, et al. Evaluation of cardiac



(6]

(7]

(8]

(9]

(10]

[11]

1288 -

i E BE 2R R B R 2018 4E5S 34 #5255 9 8] Chin J Med Imaging Technol, 2018, Vol 34,No 9

function of the fetus by inferior vena cava diameter pulse
waveform. Am Heart J, 2007,154(4):789-794.

Comas M, Crispi F. Assessment of fetal cardiac function using
tissue Doppler techniques. Fetal Diagn Ther, 2012, 32 (1-2):
30-38.
Vinals F, Poblete P, Giuliano A. Spatio-temporal image
correlation (STIC): A new tool for the prenatal screening of
congenital heart defects. Ultrasound Obstet Gynecol, 2003, 22
(4):388-394.

Oosterhof T, Tulevski Ilivliegen HW, Spijkerboer AM, et al.
Effects and/or overload secondary to

of volume pressure

congenital heart disease ( tetralogy of fallot or pulmonary

stenosis ) on right ventricular function using cardiovascular
magnetic resonance and B-type natriuretic peptide levels. Am ]
Cardiol, 2006,97(7):1051-1055.

Tulevski II, Hirsch A, Dodge-Khatami A, et al. Effect of
pulmonary valve regurgitation on right ventricular function in
patients with chronic right ventricular pressure overload. Am ]

Cardiol, 2003,92(1):113-116.

Mielke G, Benda N. Cardiac output and central distribution of
blood flow in the human fetus. Circulation, 2001, 103 (12):
1662-1668.

Kenny JF, Plappert T, Doubilet P, et al. Changes in

(12]

[13]

[14]

[15]

(16]

intracardiac blood flow velocities and right and left ventricular
stroke volumes with gestational age in the normal human fetus:
A prospective Doppler echocardiographic study. Circulation,
1986, 74(6):1208-1216.

De Smedt MC, Visser GH, Meijboom EJ. Fetal cardiac output
estimated by Doppler echocardiography during mid- and late
gestation. Am J Cardiol, 1987,60(4):338-342.

Oberhoffer R, Hégel J, Lang D. Normal characteristics of
cardiac dimensions and function in the fetus. Eur J Ultrasound,
1995,2(2):93-106.

Simioni C, Nardozza LM, Araujo JE, et al. Heart stroke
volume, cardiac output, and ejection fraction in 265 normal fetus
in the second half of gestation assessed by 4D ultrasound using
spatio-temporal image correlation. J Matern Fetal Neonatal
Med, 2011,24(9):1159-1167.

Brooks PA, Khoo NS, Mackie AS, et al. Right ventricular
function in fetal hypoplastic left heart syndrome. ] Am Soc
Echocardiogr, 2012,25(10):1068-1074.

Zhang J, Zhou Q, Zhao Y, et al. Evaluation of right ventricular
function in fetal hypoplastic left heart syndrome using spatio-
temporal image correlation ( STIC). Cardiovasc Ultrasound,

2016,14:12.

BEARLC (LG RETERERERERERGERERETEREGERERGE R REGEREGE R RE G REGE G R RERE RN R RE R RN RLE (LG RE R R R R RE RO

(| B2 22 S AR B AR ) W K i e e o s O

([ BR 2 S AR HOR O 2 A v b R 2 B 4 v RS B 7 2 T 5 B T 0 1 [ K e AR B0 D B DL R
JE A SR -

Hh LRG3 T

(@ ¥is ERTIE-SE PN Pl e iRt

Hh [ B8 SCEE TR T O [ B A O 8 D
Hh [ k2 5 SR A L 9

WHO( P R X R K 5] ) (WPRIMD R I

Ay = (B 2 S )AL 3 )
e ] R 2 S ) A7 T 38 )
A3 30 S 2% A AR D59 1)

CH AR 2 BOR R4 [ SCERECE 3 ) (JST China) Wi 53¢ 38 1l



