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Feasibility of Fetal Heart Scanning in First-trimester Using Four-dimensional

Spatiotemporal Image Correlation
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Abstract: [Objective] To assess the intra- and inter-observer repeatability of the evaluation of fetal cardiac structures and
measurement from the volumes obtained by four-dimensional spatiotemporal image correlation (STIC) technology in first-trimester of
pregnancy. [ Methods] STIC volumes were obtained from 115 singleton pregnancies with normal fetal heart from February 2012 to June
2013 at gestational age of 11 to 13 weeks. Four standard cardiac views as well as ten measurements of the fetal heart were evaluated
by two different reviewers respectively. The reliability of qualitative variables was evaluated using Cohen’s kappa while that of
quantitative parameters was assessed using the intraclass correlation coefficient (ICC).  [Results] Satisfactory scanning were
considered in more than 85% of cases. The differences between gray-scale and color Doppler imaging were statistically significant in
identifying three vessel view. Good or excellent intra- and inter-observer agreement (K > 0.82) was obtained for all four standard
cardiac views. Regarding the quantitative cardiac measurements, ICC values were above 0.86 for 7/10 parameters. [ Conclusion ]
Cardiac examination from STIC volumes showed a high repeatability between and within observers in first-trimester. STIC technology
for assessing first-trimester heart are feasible and repeatable.
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AR D T s R 22 57 (e = 0.05, P<0.05) .
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Table 1 Visualization success rate of the different cardiac
views among the 115 cases with normal heart on STIC

analysis by different observers

Observer A Observer B
Grayscale CDFI Grayscale  CDFI p
(%) (%) (%) (%)
4CV 100 97.4 0.25 100 97.4 0.25

LVOT 87.8 93  0.056 84.3 91.3 0.01
RVOT  87.8 92.2 0.078 85.2 90.4 0.22
3Vv 53.9 87  0.005 49.6 86.1 0.034

4CV: four chamber view; LVOT: left ventricle outflow view;
RVOT: right ventricle outflow view; 3VV.: three vessel view; CDFI.

color Doppler flow image

2.3 STICHEARBREZFKRERILOREREYIE
RIEE AN —BE

W5 %38 ] STIC $ AR 7 22 A g L
SO JIRE A v B0 T A 2 ) R 2 P — Bt 2 IR
FE R Je CDFT 2548 F Wi 58 & 41 18] S 4 P9
O NEAAREDITH A9 K B > 0.8, 21 1A S 240 g —
R
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i8] R 42 ) — B
Table 2 Inter— and intra—observer agreement in the
evaluation of different cardiac views using STIC

technology

Inter—observer Intra—observer

Grayscale K K(Observer A) K(Observer B)
4cvh - - -
LVOT 0.86 0.88 0.93
RVOT 0.82 0.84 0.86
3VV 0.92 0.93 0.91
CDFI

4CV 1.00 0.99 0.99
LVOT 0.94 0.86 0.94
RVOT 0.90 0.88 0.95
3Vv 0.89 0.89 0.89

1)Owing to 100% satisfactory responses, kappa index could not

be calculated for intra— or inter—observer agreement.
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Table 3 Intra— and inter—observer reliability of STIC—

based cardiac measurements

Inter— observer ICC

Intra—observer ICC (95%CI)

Parameter
(95%CI) Observer A Observer B

HTD 0.96(0.95~0.97)  0.98(0.98~0.99) 0.95(0.93~0.96)
HA 0.97(0.96~0.98)  0.99(0.98~0.99) 0.97(0.95~0.98)
HC 0.94(0.91~0.96)  0.95(0.94~0.97) 0.94(0.91~0.96)
LVID 0.99(0.99~0.99)  0.99(0.99~1.00) 0.95(0.92~0.96)
RVID 0.95(0.93~0.97)  0.97(0.96~0.98) 0.96(0.94~0.97)
IVST 0.45(0.29~0.59)  0.66(0.44~0.76) 0.52(0.37~0.64)
AO 0.90(0.85~0.93)  0.90(0.85~0.93) 0.91(0.86~0.94)
PA 0.86(0.80~0.90)  0.92(0.89~0.95) 0.91(0.86~0.94)
AAi 0.55(0.35~0.70)  0.79(0.67~0.87) 0.59(0.40~0.73)
DA 0.55(0.31~0.70)  0.57(0.37~0.71) 0.68(0.52~0.80)

HTD, heart transverse diameter; HA, heart area; HC, heart
circumference; LVID, left ventricular internal diameter; RVID, right
ventricular internal diameter; IVST, interventricular septum
thickness; AO, aortic valve annulus diameter; PA, pulmonary valve

annulus diameter; AAi, aortic arch isthmus diameter; DA, ductus

arterious diameter

The A -plane is the acquisition plane,

the B —plane is the
orthogonal plane vertical to the A —plane and the C —plane is the
orthogonal plane horizontal to the A—plane.
B 1 12 FBRJLOAE STIC FRHE FEEKER
Fig.1 STIC volume of a 12-week fetus displayed in the

multiplanar mode
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A the four—chamber view; B the left ventricle outflow view; C: the right ventricle outflow view; D the three vessel view. LA left atrium;

LV left ventricle; RA: right atrium; RV : right ventricle; LVOT: left ventricle outflow view; RVOT: right ventricle outflow view; AO: aorta; PA:

pulmonary artery; SVC: superior vena cava

B2 BREKMEHET STIC R OERIREYIE

Fig.2 Displays difference cardiac views in offline re—examination of STIC volume

A': the four—chamber view; B the left ventricle outflow view; C; the right ventricle outflow view; D the three vessel view.
3 E’R CDFI £ T STIC FRAOHESHREYE

Fig.3 Displays difference cardiac views in offline re—examination of Color Doppler STIC volume

Showing measurement of heart transverse diameter (A, 1), heart

area/heart circumference (A, 2), right ventricular internal diameter
(B, 1), light ventricular internal diameter (B, 2), interventricular
septum thickness (C), aortic valve annulus diameter (D), pulmonary
valve annulus diameter (E), ductus arterious diameter (F, 1) and
aortic arch isthmic diameter (F, 2). Dimensions in images a—c were
recorded at end—diastole; the others were taken at end-systole.
B4 E STIC FMALIER K MEFLER
Fig.4 Composite image of fetal cardiac measurements

from STIC volume
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