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Abstract. Diagnostic value of four-dimensional ultrasonog-
raphy with spatio-temporal image correlation (STIC) technique
combined with two-dimensional ultrasonography for fetal
cardiac malformation and chromosomal abnormalities in early
pregnancy was investigated. Medical data of 178 pregnant
women enrolled in Tianjin Central Hospital of Gynecology
and Obstetrics for screening of fetal cardiac malformations
and chromosomal abnormalities from January 2014 to March
2016 were collected. According to the results of the pregnant
women's biopsy and the results of labor induction and delivery,
95 fetuses were diagnosed with chromosomal abnormalities
and cardiac malformations, 40 fetuses with cardiac malforma-
tions and no chromosomal abnormalities, and 43 fetuses with
neither cardiac malformations nor chromosomal abnormalities.
Fetal cardiac malformations and chromosomal abnormalities
were diagnosed by three methods: single two-dimensional
ultrasonography, single four-dimensional ultrasonography
with STIC, and a combination of two-dimensional ultrasonog-
raphy and four-dimensional ultrasonography with STIC. The
two-dimensional ultrasonography diagnosed 97 cases of fetal
cardiac malformation and 61 cases of chromosomal abnormal-
ities, four-dimensional ultrasonography with STIC diagnosed
122 cases of fetal cardiac malformation and 81 cases of chro-
mosomal abnormalities. The combination of two-dimensional
ultrasonography and four-dimensional ultrasonography diag-
nosed 130 cases of fetal cardiac malformation and 90 cases
of chromosomal abnormalities. The sensitivities of four-
dimensional ultrasonography with STIC and the combination
of two-dimensional ultrasonography and four-dimensional
ultrasonography were significantly higher than that of single
examination by two-dimensional ultrasonography (P<0.05),
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while the diagnostic sensitivities by four-dimensional ultra-
sonography with STIC and the combined diagnosis were not
statistically significant (P>0.05). The diagnostic accordance
rates of the single four-dimensional ultrasonography and the
combined diagnosis for fetal cardiac malformations and chro-
mosomal abnormalities were not much different (P>0.05), but
both were greatly higher than that of single two-dimensional
ultrasonography diagnosis (P<0.05). Thus, a combination
of four-dimensional ultrasonography with STIC and two-
dimensional ultrasonography is recommended for screening
fetal defects.

Introduction

Fetal cardiac malformation, a congenital heart disease that
damages the life and health of the fetus, is one of the main
causes of fetal death (1). Therefore, screening for heart disease
in pregnant women during early pregnancy is of great clinical
significance, and plays an important role in the birth rate and
birth quality of fetus (2). Various factors could cause fetal
cardiac malformations in fetus, and many of them are related
to chromosomal variation, which, even at a small degree, may
cause severe structural abnormalities in the fetal heart, thereby
inducing fetal cardiac malformation (3,4). Two-dimensional
ultrasonography has been widely used as a basic examination
method in the diagnosis of fetal cardiac malformation (5). The
screening for chromosomal abnormalities is mainly carried
out by serum detection in the second trimester; further diag-
nosis by amniocentesis or ultrasonography will be performed
if abnormalities are found, and the pregnancy is terminated
once chromosomal abnormalities are confirmed (6). Although
amniocentesis has a high diagnostic accuracy, the action of
puncture or termination of pregnancy in the second trimester
will cause greater harm to pregnant women, so great clinical
significance is attached to finding a non-invasive method with a
high accurate rate of chromosomal abnormality screening (7).

Ultrasound testing, as the most commonly used non-inva-
sive method of prenatal examination, plays an important role
in fetal cardiac malformation and chromosome screening (8,9).
Two-dimensional ultrasonography is commonly applied in
the screening of fetal cardiac malformation and chromosomal
abnormalities, but it has defect due to the limitation that its
planar image can only display one side of the fetus and can only
detect limited indexes (10,11). Compared with conventional
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two-dimensional ultrasonography diagnosis, four-dimensional
ultrasonography with spatio-temporal image correlation
(STIC) technology can offer a more comprehensive and intui-
tive observation of the fetal heart dynamically or statically (12).
Although the current four-dimensional ultrasonography with
STIC technique has been reported in some studies on the diag-
nosis of fetal cardiac malformation, few studies have explored
its application in chromosome screening. Therefore, to compare
with the conventional two-dimensional ultrasonography,
this study explored the diagnostic value of four-dimensional
ultrasonography with STIC combined with two-dimensional
ultrasonography in screening fetal cardiac malformation and
chromosomal abnormalities in early pregnancy.

Materials and methods

General information. A retrospective analysis was carried out
on the medical data of 178 high-risk pregnant women (average
age of 24.71+3.64 years) with abnormal fetal indications
who enrolled in Tianjin Central Hospital of Gynecology and
Obstetrics (Tianjin, China) for screening of fetal cardiac malfor-
mations and chromosomal abnormalities from January 2014 to
March 2016. According to the results of the pregnant women's
biopsy and the results of labor induction and delivery, 95 fetuses
were diagnosed with chromosomal abnormalities and cardiac
malformations, 40 fetuses with cardiac malformations and no
chromosomal abnormalities, and 43 fetuses with neither cardiac
malformations nor chromosomal abnormalities. Inclusion
criteria: high-risk pregnant women with fetal heart malforma-
tions or chromosomal abnormalities, who was <3 months
pregnant and received prenatal care in Tianjin Central Hospital
of Gynecology and Obstetrics. Exclusion criteria: pregnant
women with a history of congenital heart disease; with severe
liver and kidney dysfunction; with severe infections; with
puncture contraindications; with cognitive or communication
disorders and pregnant women who refused the biopsy.

This study was approved by the Ethics Committee of
Tianjin Central Hospital of Gynecology and Obstetrics. All
pregnant women and their families agreed to participate in
the study and signed an informed consent. The basic patient
information is shown in Table I.

Inspection method

Two-dimensional ultrasonography. All the pregnant women
were screened by two-dimensional ultrasonography, at a probe
frequency of 5 to 7 MHz using the Voluson E§ model of color
ultrasonic diagnostic equipment by GE Healthcare. During the
two-dimensional ultrasonography examination, all patients
were kept in the supine position to expose the abdomen for
observing the fetal heart structure. Various parameters of
the fetal heart appearance, ventricular septum, pulmonary
aorta, mitral valve and other regions were recorded to detect
abnormal ultrasound findings, and chromosomal abnormali-
ties were diagnosed based on fetal soft indicators (including
ventricular highlights, strong bowel echo, single umbilical
artery, renal pelvic dilatation, choroid plexus cyst and tricuspid
regurgitation).

Four-dimensional ultrasonography. Voluson E8 model of
color ultrasonic diagnostic equipment by GE Healthcare was
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Table 1. Patient characteristics [n (%)].

Pregnant women

Factor (n=178)
Age (years)

>24 105 (58.99)

<24 73 (41.01)
BMI (kg/m)

>21 101 (56.74)

<21 77 (43.26)
Educational level

> Junior middle school 121 (67.98)

< Junior middle school 57 (32.02)
Blood coagulation

APTT (sec) 27.97+2 .81

PT (sec) 11.77x1.11

FIB (g/l) 3.41+0.25

TT (sec) 14.23+1.41
Average pregnancy time 25.39+3.29
Liver function index

Total protein (g/1) 72.61+2.55

Alanine transferase (umol/l) 28.52+4.77

Total bilirubin (zmol/l) 11.56+2.09
Renal function index

Creatin (zmol/l) 68.54+4 .37

Serum urea (zmol/l) 5.29+0.74

Uric acid (xmol/l) 288.65+12.41

used. The frequency of four-dimensional ultrasonic probe
(RAB4-8-D) was 2.5-7.0 MHz, and the QLAB software was
equipped with four-dimensional ultrasonography to support
STIC technology. All women were in supine position to
expose the abdomen, and then the four-dimensional ultra-
sonography was used to collect images of the four-chamber
view of the fetal heart or the long axis section of the aortic
arch, and to scan the fetal heart, large blood vessels and neck.
The four-chamber heart, the left ventricular outflow tract, the
right ventricular outflow tract, the three-vessel tracheal plane,
the short-axis view of the heart, the long axis plane of the
aorta, the long axis plane of the pulmonary artery, and the
longitudinal section of the superior and inferior vena cava
are displayed to determine the fetal heart malformation. The
STIC technique was performed to acquire a collection of the
relevant volume data. Two ultrasound doctors without knowl-
edge of the two-dimensional diagnosis results independently
analyzed the data. This diagnosis was limited to the diagnosis
made by the four-dimensional STIC technique, and no diag-
nostic report was issued. Chromosome abnormal soft index
detection criteria: i) neck transparent (NT) thickening, NT in
11 to 13 + 6 weeks of pregnancy detected by ultrasound is
greater than the 95th percentile; ii) ultrasound median sagittal
section nasal bone strong echo suggests nasal bone dysplasia
or loss; iii) intestinal strong echo and bone tissue strength
are equivalent to intestinal echo enhancement; iv) single
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Two-dimensional

Four-dimensional

ultrasonography ultrasonography Combined diagnosis
Pathology Pathology Pathology Pathology Pathology Pathology
Diagnostic result (malformation) (normal) (malformation) (normal) (malformation) (normal)
Diagnosis (malformation) 97 17 122 13 130 13
Diagnosis (normal) 38 26 13 30 13 30
Total number 135 43 135 43 135 43

umbilical artery; v) choroidal echo shows ovarian cyst in
elliptical or round cystic structure; vi) ventricular strong echo
flare; vii) unilateral or bilateral lateral ventricle width up to
10-15 mm suggests lateral ventricle dilatation; viii) renal
pelvis separation; and ix) the length diameter of femur is less
than 2 standard deviations in normal gestational age.

Observation indicators. According to the labor induction or
diagnosis of the newborns, the sensitivity, specificity, diag-
nostic accordance rate, positive predictive value and negative
predictive value were compared between the three examina-
tion methods: the single two-dimensional ultrasonography, the
single four-dimensional ultrasonography with STIC techniques,
and the combination of two-dimensional ultrasonography and
four-dimensional ultrasonography with STIC. According to
the diagnosis of chromosomal variation by amniocentesis, the
screening results of chromosomal abnormalities of the three
examination methods were compared.

Statistical analysis. The SPSS 20.0 software (IBM Corp.) was
used for the analysis of the experimental data. The Chi-square
test was used for enumeration data, and the t-test was used for the
measurement data. P<0.05 was considered to indicate a statisti-
cally significant difference. Results are presented as percentage.

Results

Diagnostic value of two-dimensional ultrasonography,
four-dimensional ultrasonography with STIC and the
combined diagnosis for cardiac malformation. Ninety-seven
cases of fetal cardiac malformation were diagnosed by
two-dimensional ultrasonography, 122 by four-dimensional
ultrasonography with STIC, and 130 by the combination of
two-dimensional ultrasonography and four-dimensional ultra-
sonography with STIC (Table II). The sensitivity, specificity,
diagnostic accordance rate, negative predictive value, and the
positive predictive values of the two-dimensional ultrasonog-
raphy diagnosis were 71.85, 60.47, 69.10, 40.63, and 85.09%,
respectively; those of the four-dimensional ultrasonography
with STIC diagnosis were 90.37, 69.77, 85.39, 69.77, and
90.37%, respectively; those of the combined diagnosis were
96.30, 51.16, 85.39, 81.48 and 86.09%, respectively. The sensi-
tivities of four-dimensional ultrasonography with STIC and the
combined diagnosis were statistically much higher than that of
two-dimensional ultrasonography diagnosis (P<0.05), and the
sensitivity of the combined diagnosis was slightly higher than

that of four-dimensional ultrasonography with STIC, but the
difference was not statistically significant (P>0.05). The nega-
tive predictive value of combined detection was significantly
higher than that of single two-dimensional ultrasonography
and single four-dimensional ultrasonography with STIC,
and the difference was statistically significant (P<0.05). The
negative predictive value of four-dimensional ultrasonography
with STIC was also significantly higher than that of two-
dimensional ultrasonography (P<0.05). The specificity and
positive predictive value of four-dimensional ultrasonography
with STIC were higher than those of single two-dimensional
ultrasonography and the combined diagnosis, but the differ-
ences were not statistically significant (P>0.05). No significant
difference was detected in the diagnostic accordance rate
between four-dimensional ultrasonography diagnosis and the
combined diagnosis (P>0.05), but both were statistically much
higher than the diagnostic accordance rate of the single two-
dimensional ultrasonography (P<0.05) (Table III).

Performance analysis of the three examination methods for
diagnosis of fetal chromosomal abnormalities. Sixty-one
cases of fetal chromosomal abnormalities were diagnosed by
two-dimensional ultrasonography, 81 by four-dimensional
ultrasonography with STIC, and 90 by the combined diag-
nosis (Table IV). The sensitivity, specificity, diagnostic
accordance rate, negative predictive value, and the positive
predictive value of the two-dimensional ultrasonography diag-
nosis were 64.21, 60.24, 62.36, 59.52, and 64.89%, respectively;
those of the four-dimensional ultrasonography with STIC diag-
nosis were 85.26, 73.49, 79.78, 81.33, and 78.64%, respectively;
and those of combined diagnosis were 94.74,63.86, 80.34,91.38,
and 75.00%, respectively. The sensitivity of combined diagnosis
was significantly higher than that of the single two-dimensional
ultrasonography diagnosis and the single four-dimensional
ultrasonography with STIC, and the difference was statistically
significant (P<0.05); while the sensitivity of four-dimensional
ultrasonography with STIC was statistically much higher than
that of two-dimensional ultrasonography diagnosis (P<0.05).
The negative predictive value of the combined diagnosis was
statistically much higher than that of the two-dimensional
ultrasonography and the four-dimensional ultrasonography
with STIC (P<0.05); and the negative predictive value of
the single four-dimensional ultrasonography with STIC was
also significantly higher than that of the two-dimensional
ultrasonography (P<0.05). No significant difference in speci-
ficity and positive predictive value was shown between the three
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Table III. Performance analysis of the three examination methods [n (%)].

Four-dimensional

Two-dimensional ultrasonography Combined
Diagnostic value ultrasonography with STIC diagnosis y* value P-value
Sensitivity 97 (71.85) 122 (90.37) 130 (96.30) 36.84 <0.001
Specificity 26 (60.47) 30 (69.76) 22 (51.16) 3.113 0.210
Diagnostic accordance rate 123 (69.10) 152 (85.39) 152 (85.39) 19.66 <0.001
Negative predictive value 43 (40.63) 30 (69.77) 22 (81.48) 16.51 <0.050
Positive predictive value 97 (85.09) 122 (90.37) 130 (86.09) 1.843 0.398

STIC, spatio-temporal image correlation.

Table I'V. Diagnosis of fetal chromosomal abnormalities.

Two-dimensional

Four-dimensional

ultrasonography ultrasonography Combined diagnosis
Pathology Pathology Pathology Pathology Pathology Pathology
Diagnostic result (malformation) (normal) (malformation) (normal) (malformation) (normal)
Diagnosis (malformation) 61 33 81 22 90 30
Diagnosis (normal) 34 50 14 61 5 53
Total number 95 83 95 83 95 83
Table V. Performance analysis of the three examination methods [n (%)].
Four-dimensional
Two-dimensional ultrasonography Combined
Diagnostic value ultrasonography with STIC diagnosis y* value P-value
Diagnostic value 61 (64.21) 81 (85.26) 90 (94.74) 30.64 <0.050
Sensitivity 50 (60.24) 61 (73.49) 53 (63.86) 3.465 0.177
Specificity 111 (62.36) 142 (79.78) 143 (80.34) 1941 <0.050
Diagnostic accordance rate 50 (59.52) 61 (81.33) 53 (91.38) 20.92 <0.050
Negative predictive value 61 (64.89) 81 (78.64) 90 (75.00) 5.057 0.080

STIC, spatio-temporal image correlation.

methods of diagnosis (P>0.05); the diagnostic accordance rates
in the four-dimensional ultrasonography with STIC and the
combined diagnosis were not statistically significant (P>0.05),
but both were significantly higher than the diagnostic accor-
dance rate of two-dimensional ultrasonography diagnosis, and
the difference was statistically significant (P<0.05) (Table V).

Discussion

Ultrasound testing is the most commonly used test for prenatal
examination, and plays an important role in screening fetal
cardiac malformation and chromosomal abnormalities (13,14).
However, in the screening of fetal chromosomal abnormalities,
prenatal invasive diagnosis such as amniocentesis which
remains the gold standard for diagnosing abnormalities in

fetal chromosomes, is a traumatic operation with high risk of
infection and abortion that makes pregnant women unwilling
to accept it (15). In spite of the wide application of ultrasound
in fetal cardiac malformation, few studies are reported on the
screening of fetal cardiac malformation by four-dimensional
ultrasonography with STIC technology. Search for a
non-invasive, easy-to-accept and effective screening method
for chromosomal abnormalities is urgent, therefore, screening
of fetal chromosomal abnormalities when screening fetal
cardiac malformations by four-dimensional ultrasonography
with STIC was conducted.

In this study, the performance analysis of the three exami-
nation methods for diagnosis of fetal cardiac malformation
was performed. According to the results, the sensitivities of
single four-dimensional ultrasonography with STIC and the
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combined diagnosis were significantly higher than that of
single two-dimensional ultrasonography (P<0.05), and the
sensitivity of the combined diagnosis was slightly higher than
that of the single four-dimensional ultrasonography with STIC,
but the difference was not statistically significant (P>0.05);
the negative predictive value of the combined diagnosis was
significantly higher than that of the single two-dimensional
ultrasonography and single four-dimensional ultrasonography
with STIC (P<0.05), and the negative predictive value of the
single four-dimensional ultrasonography with STIC was also
significantly higher than that of the single two-dimensional
ultrasonography diagnosis (P<0.05); no significant difference
in the specificity and the positive predictive value was detected
between the three examination methods (P>0.05); no signifi-
cant difference presented in the diagnostic accordance rates
between the four-dimensional ultrasonography diagnosis and
the combined diagnosis (P>0.05), but both were significantly
higher than the diagnostic accordance rate of the two-dimen-
sional ultrasonography diagnosis (P<0.05). Although capable
of making analysis of the fetal heart shape and size, the two-
dimensional ultrasonography section can hardly show a clear
view for the complex internal structure of the fetus (16). The
four-dimensional STIC imaging can not only offer the four-
dimensional information of the fetal heart through volumetric
scanning to ensure a more stereoscopical observation, but also
adjust section for different pregnant woman to improve the
diagnostic accuracy for cardiac malformation (17,18).

A previous study stated that four-dimensional ultrasonog-
raphy with STIC has a higher diagnostic rate than traditional
two-dimensional ultrasonography in the diagnosis of fetal
cardiac malformation, which is consistent with the result of this
study (17). The study doubted that the imaging feature of STIC
would impact the fetal chromosomal abnormality screening,
but no such impact has been reported so far. Therefore, our
study made comparison of the three examination methods in
the diagnosis of fetal chromosomal abnormalities. According
the results of chromosomal abnormality diagnosis, the sensitivi-
ties of the combined diagnosis and the single four-dimensional
ultrasonography with STIC were much higher than that in
the single two-dimensional ultrasonography (P<0.05), and
the sensitivity of the combined diagnosis was much higher
than that in the single four-dimensional ultrasonography with
STIC (P>0.05). The negative predictive value of the combined
diagnosis was significantly higher than that of the single
four-dimensional ultrasonography with STIC (P<0.05) which
had much higher negative predictive value than the single
two-dimensional ultrasonography (P<0.05). No significant
difference in specificity and positive predictive value was
shown between the three methods of diagnosis (P>0.05). The
diagnostic accordance rates in the four-dimensional ultraso-
nography with STIC and the combined diagnosis were not
statistically significant (P>0.05), but both were significantly
higher than the diagnostic accordance rate of two-dimensional
ultrasonography diagnosis (P<0.05). At present, there are a
large amount of common soft indicators in ultrasonography
for chromosomal abnormalities in early pregnancy, such as
cardiac malformation, NT thickening, nasal bone truncation
and tricuspid regurgitation (19). Specific soft indicators were
not given in this study, but fetal chromosomal abnormality
was diagnosed according to the soft indicators. Although the
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appearance of ultrasound soft indicators does not mean that
the fetus must have chromosomal abnormalities, it suggests
that the fetus has some unknown risk and is an important
suggestion of chromosomal abnormalities (20). A previous
study (21) showed that the sensitivity of screening for chro-
mosomal abnormalities with a single soft index is lower than
screening with multiple soft indicators. Further research on
the comparison of sensitivity need to be performed.

In summary, the four-dimensional ultrasonography with
STIC has a higher diagnostic value and less injury to the fetus
in the diagnosis of fetal malformations and chromosomal
abnormalities in pregnant women than the conventional two-
dimensional ultrasonography. Additionally, the combination
of four-dimensional ultrasonography with STIC and two-
dimensional ultrasonography is recommended in abnormality
screening, since the combined diagnosis had a higher diag-
nostic value than the single four-dimensional ultrasonography
with STIC diagnosis. There may be some children with
both cardiac malformation and chromosomal abnormalities.
Therefore, application of ultrasound in fetal cardiac malforma-
tion and chromosomal abnormality screening is still required.
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