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ABSTRACT. This study aimed to investigate the spectrum and
features of congenital heart disease (CHD) in Xi’an, China using
fetal echocardiography. All pregnant women referred for fetal
echocardiography underwent a systematic fetal echocardiographic
examination. Each case of complex defects was diagnosed according
to the predominant pathophysiology, and the overall frequency of each
defect was recorded and classified according to its location in the fetal
heart. CHD was diagnosed in 195 fetuses. The top 5 types of CHD were,
in order, single ventricle (15.9%, 31/195), atrioventricular septal defect
(12.3%, 24/195), ventricular septal defect (VSD) (11.8%, 23/195),
tetralogy of Fallot (10.8%, 21/195), and double-outlet right ventricle
(8.2%, 16/195). The 195 cases of CHD comprised 316 defects in
total. The most common defect was ventricular malformation (40.5%,
128/316), followed by great artery anomalies (38.0%, 120/316),
endocardial cushion abnormalities (11.7%, 37/316), atrial abnormalities
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(6.6%,21/316), and semilunar valve abnormalities (3.2%, 10/316). VSD
accounted for the largest proportion (24.4%, 77/316) of the ventricular
malformations. The total proportion of obstructive lesions in this group
was much higher for the right than for the left side of the heart (18.4%
(58/316) vs 9.5% (30/316), respectively). The spectrum of fetal CHD
detected by echocardiography was much different compared to that
accepted in the past. Complex defects were more common prenatally.
Ventricular malformations were the largest constituent of all of the
defects associated with fetal CHD, and VSD was the most common
component of complex defects. Chinese fetal CHD encompassed more
right-sided than left-sided obstructive lesions.

Key words: Fetal echocardiography; Spectrum;
Congenital heart disease

INTRODUCTION

Congenital Heart Disease (CHD) refers collectively to gross structural abnormalities
of the heart or intrathoracic great vessels that are of potential or actual functional significance
(Mitchell et al., 1971). The incidence of CHD is generally stated to be 8-10 per 1000 live
births. In the past, data concerning the incidence of each type of CHD came largely from hos-
pital-based study cohorts, and the results of such surveys consistently indicate that the 3 most
common types of CHD are ventricular septal defect (VSD), atrial septal defect (ASD), and
patent ductus arteriosus (PDA), followed by complex forms of CHD (Wu et al., 2010; van der
Linde et al., 2011). Several studies (Allan et al., 1985, 1994; Hsiao et al., 2007) have indicated
that the spectrum of CHD differs greatly between fetuses and live-born infants. However, it is
still difficult to ascertain the precise distribution of the types of CHD during the fetal period;
this is especially true for the complex forms of CHD that might cause early neonatal mortal-
ity, for which studies of live-born infants could thus lead to considerable underestimation of
their fetal incidence. Advances in prenatal ultrasonographic screening techniques as well as
the use of fetal echocardiography have greatly improved the diagnostic accuracy of fetal CHD
in recent years, and this has greatly increased the accuracy of estimations of the prevalence of
CHD during the fetal period. In the present study, we performed systematic echocardiographic
examination including 10 sections of the fetal heart in 4370 pregnant women who were re-
ferred for fetal echocardiography because of various high-risk traits and diagnosed a total of
195 cases of fetal CHD. The purpose of our study was to investigate the spectrum and features
of fetal CHD in Xi’an, China using echocardiography.

MATERIAL AND METHODS

Cases

The study was conducted from March 2008 to July 2012 at the Second Affiliated
Hospital of Xi’an Jiaotong University and the Maternal and Child Health Hospital of Shaanxi
Province. All women aged 18 to 43 years (mean, 26 years) with high-risk pregnancies who
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were referred for fetal echocardiography during the study period (N = 4370) were enrolled
retrospectively in this study. The gestational age at the time of the examination was between
18 and 40 weeks in all cases. This study was conducted in accordance with the Declaration of
Helsinki and with the approval of the Ethics Committee of Xi’an Jiaotong University. Written
informed consent to participate was obtained from all participants. The risk factors included
family history of CHD, maternal age older than 35 years, concomitant maternal disease (e.g.,
diabetes mellitus or collagen vascular disease), exposure to teratogens or rubella infection, and
chromosomal abnormalities. Cases in which routine prenatal ultrasound screening showed an
abnormal 4-chamber view, abnormal heart rhythm, or certain extracardiac abnormalities were
also included.

Apparatus and methods

All of the examinations were performed by experienced investigators who had under-
gone uniform training and had completed >200 systematic echocardiography examinations.
All cases of suspected CHD were confirmed by a senior cardiologist. The ultrasound machines
used were the GE Vivid 7 (New York, USA), the Philips IE33 (Ende Huo Fen City, Holland),
and the HD15 (Ende Huo Fen City, Holland). The transducer frequency used was 2.5-5.0
MHz, and the fetal heart preset was selected.

All of the pregnant women laid in the supine position for the examination. A system-
atic examination, including 10 consecutive sections of the fetal heart, was performed as fol-
lows. 1) The fetal position was determined according to the position of the head and spine of
the fetus. 2) Five transverse views were obtained following the method of Yagel et al. (2001).
The first view was a transverse plane through the upper abdomen. In this view, the liver and
inferior vena cava were located to the right and the stomach and aorta to the left of the spine.
The second was the 4-chamber view, which showed the right and left ventricles and atria, the
ventricular septum, the atrial septum, and the foramen ovale; this is the most important view
for fetal echocardiography. The third was the 5-chamber view showing the aortic root. The
fourth transverse view was slightly more cephalad and showed the right ventricular outflow
tract, the main pulmonary artery, the bifurcation of the left and right pulmonary arteries, and
cross-sections of the ascending and descending aorta. The final transverse view was the 3 ves-
sels and trachea (3VT) plane showing the pulmonary trunk, proximal aorta, ductus arteriosus,
distal aorta, superior vena cava, and trachea. 3) The fetus was scanned longitudinally along
the spine to obtain the 3 long-axis views: the aortic arch, ductus arch section, and the long-
axis view of the inferior and superior vena cava. 4) The probe was rotated 90° around the long
axis of the heart to obtain the other 2 short-axis views of the heart: the aortic root short-axis
view and the biventricular short-axis view. 5) Open color Doppler was performed on a clear
2-dimensional image to check for signal consistent with abnormal blood flow. The flow spec-
trums of each valve orifice, the foramen ovale, and the ductus arteriosus were recorded using
pulsed Doppler.

Definition and classification methods

Simple persistent left superior vena cava, isolated fetal arrhythmia, and other causes
of heart dysfunction were excluded in accordance with Mitchell’s definition (Mitchell et al.,

Genetics and Molecular Research 13 (4): 9412-9420 (2014) ©FUNPEC-RP www.funpecrp.com.br



Spectrum and features of CHD using fetal echocardiography 9415

1971). In addition, hypertrophic cardiomyopathy and dilated cardiomyopathy are primary
myocardial diseases and were thus not included as CHD (Hoffman and Kaplan, 2002).

In this study, hearts with >1 lesion were classified according to the most important
lesion, and only one diagnosis was recorded for each case. This classification scheme will
tend to underestimate the total frequency of common components of complex disease, such
as pulmonary stenosis (PS), coarctation of the aorta (CoA), and VSD. Therefore, in order to
ascertain the frequency of each cardiac structural defect, this study classified the cardiac de-
fects of each case of CHD into 5 categories according to the location of the lesions in the fetal
heart. These categories were: 1) ventricular malformations, referring to lesions of either ven-
tricle and/or the ventricular septum and comprising VSD, single ventricle (SV), hypoplasia of
left heart syndrome (HLHS), and hypoplasia of right heart syndrome (HRHS); 2) great artery
anomalies, referring to lesions of the aorta and pulmonary artery and comprising persistent
truncus arteriosus (PTA), PS, pulmonary atresia (PA), aortic stenosis (AS), CoA, double-outlet
right ventricle (DORV), transposition of the great arteries (TGA), and interrupted aortic arch;
3) atrioventricular valve and endocardial cushion-related lesions, referring to lesions of the
mitral and tricuspid valves and endocardial cushion and comprising atrioventricular septal de-
fect (AVSD) and mitral or tricuspid atresia or stenosis; 4) atrial lesions, referring to lesions of
the 2 atria and comprising single atrium (SA) and triatriatum; and 5) semilunar valve lesions,
referring to lesions of the aortic and pulmonary valves.

In cases of unfavorable fetal position, the examination was repeated the same day or
the following day. Autopsy was performed in cases of complex lesions in which the pregnancy
was terminated. In cases of CHD in which the pregnancy resulted in a live birth, all newborn
infants diagnosed prenatally with CHD were re-examined by neonatal echocardiography to
confirm the diagnosis.

RESULTS

Spectrum of CHD diagnosed using fetal echocardiography

Among the 4370 pregnancies, 195 cases of CHD were diagnosed using fetal echocar-
diography, for a frequency of 4.5%. Each specific type of CHD and the coexisting malforma-
tions are shown in Table 1 and Figure 1A. We were able to reassess the diagnosis of complex
CHD in 44 cases, including 21 cases in which pregnancy was terminated and an autopsy
performed and 23 cases in which the infant was examined postnatally by echocardiography.
Among these 44 cases, the rate of coincidence of the prenatal echocardiographic diagnosis of
fetal complex CHD and the autopsy or postnatal diagnosis was 100%.

The 5 most-common types of CHD were, in order, SV (15.9%, 31/195), AVSD (12.3%,
24/195), VSD (11.8%, 23/195), TOF (10.8%, 21/195), and DORV (8.2%, 16/195).

Locations of cardiac structural defects

A total of 316 defects were detected in the 195 cases of CHD. The most common
lesions in the fetal heart with CHD by location were, in order, ventricular malformations
(40.5%, 128/316), great artery anomalies (38.0%, 120/316), endocardial cushion abnormali-
ties (11.7%, 37/316), atrial abnormalities (6.6%, 21/316), and semilunar valve abnormalities
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(3.2%, 10/316) (Table 2 and Figure 1B). The most common components of complex fetal
CHD lesions were, in order, VSD, PS/PA, and PTA.

Table 1. Spectrum and associated lesions of the 195 cases of fetal CHD.

Type of CHD N (%) Coexisting malformations

SV 31(15.9) 4 cases associated with SA; 7 cases associated with PTA; 9 cases associated
with SA and PTA; 5 cases associated with PS; 3 cases associated with TGA;
2 cases associated with AVSD; 1 case associated with CoA

AVSD 24 (12.3) 5 cases associated with PTA; 4 cases associated with DROV;
2 cases associated with PS; 1 case associated with SA;
1 case associated with CoA

VSD 23 (11.8)

TOF 21 (10.8)

DORV 16 (8.2) 5 cases of Taussig-Bing syndrome; 5 cases associated with PS;
3 cases associated with interrupted aortic arch; 2 cases associated with AS

HLHS 14(7.2)

PTA 11 (5.6) 6 cases associated with VSD; | case of mitral atresia;

TGA 10 (5.1) 4 cases of corrected TGA associated with VSD; 3 cases of complete TGA;
1 case associated with VSD;

PS 9(4.6) 1 case associated with large ASD and VSD;

Tricuspid atresia 6(3.1) 1 case associated with TGA; 1 case associated with DORV and interrupted;
aortic arch

CoA 6(3.1) 3 cases associated with VSD;

HRHS 5(2.6)

SA 4(2.1) 1 case associated with VSD

Ebstein anomaly 4(2.1)

PA 4(2.1) 1 case associated with SA and PTA;

AS 4(2.1) 1 case associated with VSD

Triatriatum 3(1.5)

CHD = congenital heart disease; SV = single ventricle; AVSD = atrioventricular septal defect; VSD = ventricular
septal defect; TOF = tetralogy of Fallot; DORV = double-outlet right ventricle; HLHS = hypoplasia of left heart
syndrome; PTA = persistent truncus arteriosus; TGA = transposition of great arteries; PS = pulmonary stenosis;
ASD = atrial septal defect; CoA = coarctation of the aorta; HRHS = hypoplasia of right heart syndrome; SA = single
atrium; PA = pulmonary atresia; AS = aortic stenosis.
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Figure 1. A. Distribution and proportions of the types of fetal CHD among the 195 cases. B. Distribution and
proportions of the 316 cardiac lesions among the 195 cases of fetal CHD.
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Table 2. Frequency and distribution of the 316 cardiac lesions among the 195 cases of fetal CHD.

Type of lesion Frequency (%)
Ventricular malformation 128 (40.5)
VSD 77 (24.4)
NY% 31(9.8)
HLHS 14 (4.4)
HRHS 6(1.9)
Great artery anomaly 120 (38.0)
PTA 33(10.4)
PS and PA 42 (13.3)
CoA 722)
Interrupted aortic arch 4(1.3)
TGA 13 (4.1)
DORV 21 (6.6)
Endocardial cushion-related lesion 37 (11.7)
Tricuspid atresia 6(1.9)
Mitral atresia 1(0.3)
Ebstein anomaly 4(1.3)
AVSD* 26 (8.2)
Atrial lesion 21 (6.6)
SA 19 (6.0)
Triatriatum 3(0.9)
Semilunar valve lesion 10(3.2)
AVS 4(1.3)
PVSP 6(1.9)

2As a component of AVSD; VSD in AVSD was classified as an endocardial cushion-related lesion rather than a
ventricular lesion. *Includes defects in TOF. For other abbreviations, see legend to Table 1.

In this group, the total proportion of right-sided obstructive lesions, including TOF,
PA, PS, HRHS, and tricuspid atresia, was much higher than that of left-sided obstructive le-
sions, including CoA, AS, HLHS, and mitral atresia [18.4% (58/316) vs 9.5% (30/316)].

DISCUSSION

In this study, the top 5 types of prenatally detected CHD were, in order, SV, AVSD,
VSD, TOF, and DORV. SV was the most common type of CHD in this group, accounting for
16.1% of cases (31/195). The spectrum of prenatally detected CHD was completely different
from that seen postnatally, in which simple types of CHD (VSD, ASD, PDA, etc.) were the
most common. Complex defects were detected by fetal echocardiography much more often
than were simple defects, possibly due to the high prenatal detection rate and large proportion
of perinatal loss in cases of severe, complex cardiac anomalies. The technological advances
and broader application of fetal echocardiography have allowed the prenatal diagnosis of all
types of CHD by experienced practitioners (Allan and Sharland, 2001), greatly altering our
understanding of the spectrum of fetal CHD. The sensitivity and specificity of fetal echo-
cardiography for the diagnosis of complex CHD have been shown to be 94.4% and 99.8%,
respectively (Plesinac et al., 2007). A review by Germanakis and Sifakis (2006) encompassing
7 large-scale studies of fetal cardiac diagnosis indicated that an overall reduction of 15% be-
tween the prenatal and postnatal prevalence of CHD was expected and that the estimated im-
pact of prenatal diagnosis on the prevalence of live-born CHD was greater for complex CHD,
such as HLHS (almost 40% reduction) and AVSD, SV, and TA (21-27% reduction each), and
less pronounced for the remaining types of CHD (<10% reduction). Fetuses with severe and
complex CHD, especially if complicated by extracardiac malformations or chromosomal ab-
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normalities, have a low rate of survival after birth. Furthermore, selective pregnancy termina-
tion may be an option in cases of complex defects. Therefore, the true frequency of complex
CHD during the fetal period may be much higher than estimates based on the prevalence
among newborns or children.

We compared the top 5 types of prenatally detected CHD in this group with the find-
ings of other authors from different geographical areas (Eronen, 1997; Tegnander et al., 2006;
Yang et al., 2009), and the results are shown in Table 3. The series had some common char-
acteristics: (1) complex defects were more common prenatally in all of the series; (2) despite
differences in their rankings according to the frequency of detection, almost all of the series
found AVSD among the 5 most common types of fetal CHD; and (3) VSD was the only simple
CHD to appear among the 5 most common types of CHD in these prenatal series.

Table 3. Comparison of the spectrum of fetal CHD among different geographical areas.

Authors Location Spectrum and percentages of the top 5 types of CHD
1 2 3 4 5
Allan et al. (1994) London AVSD HLHS CoA Ebstein VSD
(17.6%) (16.0%) (11.2%) (7.5%) (6.0%)
Tegnander et al. (2006)  Norway AVSD TGA HLHS CoA VSD
(21.6%) (17.5) (10.3%) (9.3%) (9.3%)
Eronen (1997) Finland VSD HLHS AVSD SV DORV
(21.8%) (20.0%) (14.5%) (12.7%) (5.5%)
Yang et al. (2009) Beijing AVSD VSD TOF SV/TGA/DORV  PS
(15.9%) (15.2%) (13.2%) (9.3%) (5.3%)
Hsiao et al. (2007) Taiwan Atrial isomerism ~ HLHS TOF DORV PS/PA
(22.3%) (11.6%) (10.7%) (10.7%) (6.8%)
Present study China SV AVSD VSD TOF DORV
(15.9%) (12.3%) (11.8%) (10.8%) (8.2%)

For other abbreviations, see legend to Table 1.

In this study, the overall percentage of right-sided obstructive lesions, such as TOF,
HRHS, PS, and PA, was much higher than that of left-sided obstructive lesions, such as CoA,
AS, HLHS [(18.4% (58/316) vs 9.5% (30/316)]. The frequencies of CoA and HLHS, which
were not among the top 5 types of CHD, were 2.5 and 7.2%, in contrast with the much higher
values reported in Western studies (9.3-11.2% and 10.3-20.0%, respectively), as shown in
Table 3. Other previous studies have also suggested that Asian children have fewer left ven-
tricular obstructive lesions and more right ventricular outflow tract lesions compared with
Caucasian children (Jacobs et al., 2000). In a study from Hong Kong, the distribution of types
of CHD among 666 children showed significantly more with critical PS and fewer with AS
and HLHS (Sung et al., 1991). Another Asian study found frequencies of CoA and AS only
approximately one-fourth to one-fifth of those in Western reports (Lue, 1988). These findings
were also confirmed by results from Taiwan, California, and elsewhere (Pradat et al., 2003; Wu
et al., 2010). The present study found that Chinese fetuses are more likely to have right-sided
obstructive lesions and less likely to have left-sided obstructive lesions, but the reasons for
this are not clear. Differences in genetic origin and race may provide a possible explanation.

The present study also found a significant preponderance of ventricular malforma-
tions rather than great artery anomalies and endocardial cushion defects. Atrial and semilunar
valve lesions were less commonly detected by fetal echocardiography (shown in Table 2).
This might result from embryonic cardiac development, which needs to be further studied.
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On the other hand, the overall percentage of ventricular malformations (40.5%) and atrial
lesions (6.6%) was 47.1%, which coincided exactly with the percentage of CHD that can be
diagnosed from the 4-chamber view of the fetus. Previous studies have shown that about 30-
50% of fetal CHD, generally the ventricular malformations such as SV, HLHS, HRHS, and
AVSD, can be detected in the 4-chamber view of the fetus (Bull, 1999; Wong et al., 2003).
Addition of the ventricular outflow tract view and the 3-vessel view allows the diagnosis of
great artery abnormalities and increases the detection rate to 70-90% (Carvalho et al., 2002;
Sklansky et al., 2009). This rate was consistent with the total percentage of ventricular mal-
formations, atrial lesions, and great artery anomalies in the present study (85.1%). Therefore,
the combined use of different fetal echocardiography views is valuable for the diagnosis of
CHD, especially complex CHD with multiple malformations of different parts of the heart.
The present study also showed that although simple VSD was not the most common type of
fetal CHD, it was the most common component of complex defects and accounted for 24.3%
of the total number of CHD lesions, as shown in Table 2. Knowing the relative frequencies
of the different lesions may aid our diagnostic process by prompting us to consider common
lesions before rarer lesions. For epidemiologists, the frequencies of various lesions may help
to understand their causes.

In summary, the spectrum of fetal CHD detected by echocardiography differed greatly
from past assumptions. Prenatally, complex defects were more common than simple defects.
Ventricular malformations accounted for the largest part of all CHD lesions, and VSD was the
most common component of complex defects. Chinese fetal CHD comprised more right-sided
obstructive lesions than left-sided obstructive lesions. Reliable information about the common
types of CHD is important because it may lead to better insight into their etiologies.

The present study does have certain limitations. The study was conducted in high-risk
pregnancies retrospectively, and the sample size was fairly small; in addition, a considerable
number of cases lost to follow-up, and the quantity of follow-up data in the remaining cases
was limited owing to cultural and religious reasons. An accurate picture of the true prevalence
of CHD will require a large prospective study of a series of pregnancies representative of the
entire population. However, the current simplicity and accuracy of fetal echocardiography
makes this by no means impossible.
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