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Introduction

Congenital heart disease (CHD) is one of the most common conge-
nital anomalies,1)2) and approximately half of infant deaths are due to 
CHD.3)4) The reported prevalence of moderate and severe CHDs in 
the United States is about 6 per 1000 live births, and the preval-
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ence of CHDs, including mild forms, is 75 per 1000 live births.5) Re-
cent studies report that the overall prevalence of CHDs is 8.1-18.7 
per 1000 live births,4)6)7) and the prevalence of major CHDs (defects re-
quiring intervention during the first year of life) is 3.0-4.4 per 1000 
live births.4)8)

Because early detection of CHD makes early medication, trans-
catheter intervention, or even surgery possible, prenatal diagnosis is 
considered essential. Use of fetal echocardiography (echoCG) for 
prenatal diagnosis has increased since it was introduced in 1964.9) 
Prenatal diagnosis with fetal echoCG has improved the preoperative 
condition,3)10)11) morbidity,10)12)13) and mortality11)13) of patients with 
CHD. Fetal echoCG is now widely used in pediatric cardiology and 
perinatology14) and even for fetal cardiac intervention.10)15) 

As a tertiary referral center in South Korea, we aimed to investi-
gate recent trends in the indications of fetal echoCG, postnatal out-
comes of CHD, and the discrepancies between pre- and postnatal 
echoCG. Particularly, we intended to evaluate the reliability of fetal 
echoCG as a method for prenatal diagnosis.
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Subjects and Methods

Subjects
We searched our database for fetal echoCGs performed at Seoul 

National University Children’s Hospital from January 1, 2008, th-
rough April 8, 2011, and reviewed the medical records of these preg-
nant women and fetuses. The clinical data we collected for this retro-
spective study were gestational age (GA) at exam, maternal age at 
exam, indications and results of fetal echoCG, and postnatal courses, 
including treatments and outcomes. 

A total of 313 fetuses of 290 women were examined by fetal echo-
CG. The difference between the number of women and fetuses is due 
to twin or triplet pregnancies and examinations in siblings. The mean 
GA at prenatal diagnosis was 26.2±5.2 weeks. The mean age of mo-
thers at prenatal diagnosis was 31.7±3.8 years. This study was per-
formed after obtaining approval of the Institutional Review Board 
at our institution (H-1109-050-378). The requirement for informed con-
sent was waived because of the retrospective nature of the study.

 
Indications

We created a classification system for indications based on the in-
dications reported by John and Schowengerdt.14) The two major ca-
tegories of indications were fetal risks, and maternal or familial risks. 
We further classified fetal risks into 6 subcategories: abnormal car-
diac findings of obstetric screening ultrasonography (USG), abnormal 
extracardiac findings of obstetric screening USG, arrhythmia, twin-
to-twin transfusion syndrome (TTTS), increased nuchal translucency at 
the first trimester, and other fetal risk (such as hydrops fetalis or twin 
reversed arterial perfusion syndrome). Maternal or familial risks in-
cluded 5 subcategories: maternal diabetes mellitus (DM), previous 
child with CHD diagnosis, parents with CHD diagnosis, maternal sys-
temic lupus erythematosus or lupus nephritis, and other maternal or 
familial risk (such as another twin pregnancy suspicious for CHD or 
another twin pregnancy with increased nuchal translucency).

 
Fetal echocardiography results and the postnatal outcomes 
in fetuses with congenital heart disease

Referring to the grading of the CHDs that Choi et al.16) suggested, 
we defined 5 classes of fetal echoCG results: normal, minor abnor-
malities, simple cardiac anomalies, moderate cardiac anomalies, and 
complex cardiac anomalies. The criteria of these classes are as fol-
lows: simple cardiac anomalies are defined as a simple defect or a 
defect able to be corrected completely by medical treatment, such 
as ventricular septal defect (VSD), atrial septal defect (ASD), possi-
ble coarctation of the aorta (possible CoA). Moderate cardiac anom-
alies are defects able to be corrected surgically with a low risk for 
reoperation, such as tetralogy of Fallot (TOF), CoA, atrioventricular 

septal defect (AVSD), complete transposition of the great arteries 
(TGA). Complex cardiac anomalies are defined as defects able to be 
corrected anatomically by surgery but with a high risk for sequelae 
or a Fontan operation candidate, such as double outlet right ventri-
cle (DORV), TGA with pulmonary stenosis (PS), critical PS, and Fontan 
candidates {pulmonary atresia with intact ventricular septum (PA 
with IVS), functional single ventricle (f-SV), hypoplastic left heart syn-
drome (HLHS)}.

We added 2 more classes for nonstructural anomalies: arrhyth-
mias and TTTS. We gathered the following data for cases in each 
class: completion of pregnancy (aborted or not aborted), treatments 
for cardiac problems, and results of cardiac treatments. Thus, we 
could describe the brief postnatal outcomes of disease for each class 
of fetal echoCG results, with particular interest in the CHD classes 
(simple, moderate, and complex cardiac anomalies).

Comparison of prenatal and postnatal echocardiography results
We compared the results of fetal and postnatal echoCG to as-

sess the reliability of fetal echoCG as a method for prenatal diagno-
sis. Based on Berkley’s suggestions, we classified differences as mi-
nor or major difference. A minor difference is one that does not re-
sult in a change in treatment plan, and a major difference does re-
sult in a change in treatment plan.17) If the surgical plan changed sig-
nificantly, we identified the difference between fetal and postnatal 
echoCG as a major difference (e.g., if total correction of multiple 
anomalies was required when a simple defect closure had been 
planned, or if biventricular repair was planned but a univentricular 
repair strategy was ultimately adopted).

 
Statistics

We used the Statistical Package for the Social Sciences (SPSS), 
version 19 (SPSS, Inc, an IBM Company, Chicago, IL, USA) and Micro-
soft office Excel 2007 (Microsoft, Inc., Redmond, WA, USA) for statis-
tical analysis of data. With SPSS, we estimated the mean value of 
the maternal and GA at fetal echoCG. With Microsoft office Excel 
2007, we sorted the data and tabulated frequencies. Data are ex-
pressed as means±standard deviation. We rejected null hypotheses 
of no difference if p were less than 0.05.

Results

Indications
We were able to identify indications for fetal echoCG in 279 cases 

(Table 1). The most common indication was abnormal cardiac find-
ings of obstetric screening USG (52.0%). The second most common 
indication was abnormal extracardiac findings of obstetric screening 
USG (10.4%). Approximately two-thirds of fetal echoCG were due to 
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abnormal findings of obstetric screening USG, which was performed 
at 18-22 weeks of gestation. Obstetricians were consulted in most 
cases. Among maternal or familial risks, the most common indica-
tion was a previous child with a CHD diagnosis (6.1%).

 
Fetal echocardiography results and the postnatal outcomes 
in fetuses with congenital heart disease

Among the 313 fetal echoCG results, 127 (40.6%) were normal, 
13 (4.2%) were minor abnormalities, 35 (11.2%) were simple cardiac 
anomalies, 50 (16.0%) were moderate cardiac anomalies, 60 (19.2%) 
were complex cardiac anomalies, 16 (5.1%) were arrhythmias, and 
12 (3.8%) were TTTS. Fetal echoCG results and brief courses of the 7 
classes of CHD are summarized in Table 2.

There were 145 diagnoses of CHD (simple, moderate, and com-
plex), and their clinical courses are outlined in Fig. 1. Of 35 fetuses 
with simple cardiac anomalies, 20 were born at our hospital. One of 

the 20 neonates expired immediately after delivery because of hy-
drops fetalis. The other 19 neonates survived after observation (n= 
14) or operation (4 VSD and 1 bicuspid aortic valve).

Of 50 fetuses with moderate cardiac anomalies, 43 were born at 
our hospital. Five of these 43 neonates were placed under observa-
tion (3 neonates with TOF and 1 neonate with Fallot-type DORV 
were initially under observation with later surgery planned, when 
they are stable; the other case was severe PS). One neonate with 
CoA with left ventricle (LV) and mitral valve hypoplasia was on me-
dical treatment only (the diameter of the isthmus of the aortic arch 
was acceptable after birth, and we planned to observe his lesion). 
Four underwent percutaneous interventional treatment only (all of 
them were severe PS). One case of complete AVSD with TOF was re-
ferred to another hospital because there was no bed available for a 
new admission at the time of delivery. Two of the 43 neonates ex-
pired before surgery (1 TOF with bilateral renal agenesis, 1 complete 
AVSD with stillbirth). Thirty patients were treated surgically; 2 of 
them, both with complete AVSD, expired after surgery. Twenty-eight 
of 30 were still alive at the time of this study: 14 cases of TOF, 6 cas-
es of TGA, 4 cases of CoA, 3 cases of complete AVSD, and 1 case of 
Fallot-type DORV. Of the 30 neonates who underwent surgery for 
moderate cardiac anomaly, 1 with complete AVSD had a staged op-
eration for univentricular repair and survived. Twenty-seven patients 
underwent 1-stage repair, and all survived. We were unable to clas-
sify 2 surgeries for complete AVSD; both of these patients died.

Thirty-nine of 60 fetuses with complex cardiac anomalies were 
born at our hospital; pregnancy was aborted in 3 cases. We lost 18 
fetuses to follow-up. Of the 39 neonates, 2 were placed on medical 
treatment only (1 for RV and tricuspid valve hypoplasia, the other for 
Ebstein anomaly); 1 case of PA with IVS was managed with interven-
tional treatment (balloon pulmonary valvuloplasty) only; 3 expired 
before surgery (1 f-SV, 1 4-chamber enlargement, and 1 Ebstein an-
omaly) and 33 underwent operation. Of the 33 neonates who under-
went surgery, 23 were living at the time of this study: 3 cases of 

Table 1. Indications for fetal echocardiography

Indication Number (%)
Fetal risk (80.3%)

Abnormal obstetric screening USG (cardiac) 145 (52.0)

Abnormal obstetric screening USG (extracardiac) 29 (10.4)

Arrhythmia 16 (5.7)

Twin-to-twin transfusion syndrome 12 (4.3)

Increased nuchal translucency at the first trimester 16 (5.7)

Other fetal risk 6 (2.2)

Maternal or familial risk (19.7%)

Maternal DM 11 (3.9)

Previous child with CHD diagnosis 17 (6.1)

Parents with CHD diagnosis 6 (2.2)

Maternal SLE or lupus nephritis 11 (3.9)

Other maternal or familial risk 10 (3.6)

Total 279 (100)

USG: ultrasonography, DM: diabetes mellitus, CHD: congenital heart dis-
ease, SLE: systemic lupus erythematosus

Table 2. Fetal echocardiographic results and the courses in fetuses with congenital heart disease

Result
Delivery (n) Abortion (n)

(%)
Follow up loss (n)

(%)
Total (n)

(%)Live (%) Expired (%)

Normal 74 5 - 48 127 (40.6)

Minor abnormality 12 - - 1 13 (4.2)

Simple cardiac anomaly 19 1 - 15 35 (11.2)

Moderate cardiac anomaly 39 4 - 7 50 (16.0)

Complex cardiac anomaly 26 13 3 18 60 (19.2)

Arrhythmia 8 - - 8 16 (5.1)

Twin-to-twin transfusion 7 5 - - 12 (3.8)

Total 185 (59.1) 28 (8.9) 3 (1.0) 97 (31.0) 313 (100)

n: number
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double inlet LV, 3 cases of PA with IVS, 2 cases of TGA with VSD, 2 
cases of HLHS variant, 2 cases of Taussig-Bing anomaly, and 11 cases 
of other complex CHDs. Ten of 33 who underwent surgery expired 
postoperatively: 4 cases of HLHS; 2 cases of PA; and 1 case each of 
f-SV, TOF with PA, TGA, and tricuspid atresia. 

Of the 33 neonates who underwent surgery for complex cardiac 
anomalies, 14 underwent a staged procedure for univentricular re-
pair, and 8 of these survived. Eleven patients underwent 1-stage re-
pair and all survived. 

 
Distribution of congenital heart diseases diagnosed by fetal 
echocardiography

Congenital heart diseases were diagnosed by fetal echoCG in 145 
fetuses. The distribution of CHDs diagnosed by fetal echoCG was 
shown in Table 3. The most common CHD was TOF, including TOF 
with absent pulmonic valve and TOF with PA (23 cases, 15.9%). The 
second most common CHD was isolated VSD (19 cases, 13.1%). 
There were 9 (6.2%) cases each of complete AVSD, TGA and DORV, 
and 8 (5.5%) cases each of CoA, HLHS, PS (not including critical PS), 
and PA with IVS. Notably, DORV accounted for only 9 cases, because 
we counted these separately from biventricular physiology and f-SV 
with univentricular physiology (6, 4.1%).

Comparison of prenatal and postnatal echocardiography results
For the 313 fetuses that underwent echoCG, 213 neonates were 

born in our center, and 148 of these underwent echoCG after birth. 
We compared fetal and postnatal echoCG results. The difference was 
minor in 10.1%. Major differences resulting in a change of treatment 
plan, especially surgery, occurred in only 1.4%. Cases with normal 
prenatal results that were diagnosed as secondary ASD, peripheral 
PS, PDA, or patent foramen ovale (PFO) after birth were considered 
to have no difference in prenatal and postnatal echoCG. There were 
2 cases with major differences. The first was diagnosed as perimem-
branous VSD in utero but the postnatal diagnosis was TOF. The sec-
ond case was diagnosed as TGA with VSD and PS in utero, but the 
postnatal diagnosis was PA with VSD (the confluent pulmonary ar-
tery was present).

Discussion

Indications for fetal echoCG have changed with time. In the 1990s, 
the major indications for fetal echoCG were a family history of CHDs, 
maternal DM, and arrhythmia.18-20) In 2004, Friedberg reported that 
the most common indication was family history of CHD (23%), and 
the second most common indication was maternal DM (18%). Ob-
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Fig. 1. Postnatal outcomes of simple (A), moderate (B), and complex (C) cardiac anomalies on fetal echocardiography. Of 35 fetuses with simple cardiac 
anomalies, 20 were born at our hospital and 19 neonates survived after observation or operation. Forty-three of 50 fetuses with moderate cardiac anoma-
lies were born at our hospital, 28 were survived after surgery in 30 patients. Thirty-nine of 60 fetuses with complex cardiac anomalies were born at our 
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stetrical ultrasound suspicious for CHD accounted for only 13%.19) Si-
milar results were obtained by Meyer-Wittkopf, who reported that 
the most common indication for fetal echoCG was family history of 
CHD (44.5%). In the latter study, however, the second most common 
indication in 2001 was suspected CHD on obstetric scan (25.8%), in-
stead of maternal DM.21) In these 2 studies, abnormal cardiac find-
ings of obstetric screening USG accounted for 18%19) and 25.8%21) 
of indications, and these increased from 4-5% in the 1990s.18)20) Ob-
stetric screening USG has recently found an even greater preval-
ence of cardiac abnormalities. Our results show that approximately 
half of all fetal echoCGs were performed because of abnormal car-
diac findings of obstetric screening USG (52.0%). Family history of 
CHDs, maternal DM, and arrhythmia accounted for only 8.3%, 3.9%, 
and 5.7% of fetal echoCGs, respectively. The distribution of indica-
tions can be expected to differ according to institute and nation. At 
our tertiary referral center, with a dedicated fetal cardiologist and an 
obstetrician familiar with fetal echoCG, more than half of fetal echo-

CGs are now due to abnormal cardiac findings of obstetric screen-
ing USG. For the 145 cases diagnosed with CHD by fetal echoCG, 
102 neonates were born in our hospital. We lost one-third of those 
with complex heart diseases and about one-half of those with sim-
ple he-art diseases to follow-up. Most with moderate heart diseas-
es were born in our hospital. Regarding complex heart diseases lost 
to follow-up, pregnancies may have been aborted at other hospi-
tals. In our study, most fetuses with moderate heart disease were 
born after parental counseling, which shows the importance of 
counseling after fetal echoCG.

There is a delicate issue involved in evaluating the course of dis-
ease in this context. We could not follow-up artificially terminated 
pregnancies. In South Korea, induced abortion is legal only in cases 
of hereditary or infectious parental disease as specified by presiden-
tial decree, pregnancies due to sexual assault, pregnancies between 
close relatives, or high-risk pregnancies. In reality, many illegal abor-
tions are performed because of fetal anomalies. In our study, the 3 
terminations due to complex CHD were performed in 2008. No pre-
gnancies have been terminated at our hospital since 2009. Many of the 
pregnancies involving fetuses that were lost to follow-up, espe-
cially those with complex heart disease, were probably terminated 
illegally. This is an important legal and ethical issue in South Korea.

In general, isolated VSD is the most common CHD defect, and ASD 
is the second most common.4-7) Among cyanotic CHDs, TOF is consi-
dered most common.5)6) In our study, however, TOF (15.9%) was the 
most common CHD, and isolated VSD (13.1%) was the second most 
common. Because our patients were referred and we performed fe-
tal echoCGs, the distribution of CHDs we observed may differ from 
the distribution of CHDs in live births. Several studies have reported 
results similar to ours; the most common CHD diagnosed with pre-
natal echoCG is not VSD, but TOF19) or HLHS.17)22) To explain this dif-
ference, we considered the detection rate of prenatal echoCG for 
certain CHDs. Zhang et al.4) showed that the prenatal detection 
rate for major defects (requiring intervention or surgery during the 
first year of life) is higher than the rate for minor defects (83% vs. 
3%, p<0.0001). This may be because the structural anomalies of 
moderate to complex CHDs can be detected much more easily by 
fetal echoCG than those of simple CHDs. In particular, secondary 
ASD, small VSD, and mild PS, which are common in CHDs, are very 
hard to identify in the fetal period; thus, most of them are diag-
nosed by postnatal echoCG. Some neonates with normal cardiac 
findings on fetal echoCG would have minor cardiac abnormalities 
or mild CHDs.

In our study, of the 148 paired prenatal and postnatal echoCGs, 
29 were normal before birth. Of the 29 neonates with normal pre-
natal results, 17 had CHD: 7 cases of secondary ASD; 3 cases of VSD; 
2 cases of isthmus hypoplasia of the aorta; 2 cases of isolate pe-

Table 3. Congenital heart diseases diagnosed by fetal echocardiography

Congenital heart disease Number (%)
TOF (including TOF with absent PV, TOF with PA) 23 (15.9)

Isolated VSD 19 (13.1)

Complete AVSD 9 (6.2)

Complete TGA 9 (6.2)

DORV (not including f-SV) 9 (6.2)

CoA (CoA with VSD, CoA with SubAo AS) 8 (5.5)

HLHS (including variant) 8 (5.5)

PA with IVS 8 (5.5)

PS (not including critical PS) 8 (5.5)

f-SV & f-SV with heterotaxy  6 (4.1)

ASD 3 (2.1)

DILV 3 (2.1)

Ebstein anomaly 3 (2.1)

Taussig-Bing anomaly 3 (2.1)

Tricuspid atresia 3 (2.1)

Bicuspid AV 2 (1.4)

IAA 2 (1.4)

Pericardial effusion 2 (1.4)

Possible CoA 2 (1.4)

Critical PS 2 (1.4)

Others 13 (9.0)

Total 145 (100)

TOF: tetralogy of Fallot, PV: pulmonary valve, PA: pulmonary atresia, VSD: 
ventricular septal defect, AVSD: atrioventricular septal defect, TGA: trans-
position of the great arteries, DORV: double outlet right ventricle, f-SV: 
functional single ventricle, CoA: coarctation of the aorta, SubAo AS: sub-
valvar aortic stenosis, HLHS: hypoplastic left heart syndrome, PA with IVS: 
pulmonary atresia with intact ventricular septum, PS: pulmonary valve ste-
nosis, ASD: atrial septal defect, DILV: double inlet left ventricle, AV: aortic 
valve, IAA: interruption of the aortic arch
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ripheral PS; and 1 case each of PDA, PFO, and RV enlargement. These 
are minor abnormalities or simple defects that do not require a ch-
ange in treatment.

Many studies have mentioned discrepancies between prenatal 
and postnatal echoCG results23-25); however, few articles describe 
the diagnostic accuracy of fetal echoCG with respect to the fre-
quency of these variations.17)21)26) Only Berkley qualified the degrees 
of the discrepancy.17) They reported that 3 (5.7%) of 53 paired pre-
natal and postnatal echoCG reports had minor variations, and 3 
(5.7%) had major variations.17) In comparison, we observed a lower 
rate of major differences, 1.4%, and 10.1% minor differences. We 
could assume that minor differences are acceptable, because they 
do not result in a change in treatment plan17) or surgical strategy. If 
we consider minor differences in diagnosis of CHD to be acceptable, 
then the diagnostic accuracy of fetal echoCG in our study is 98.6%. 
This is within the previously reported range of the diagnostic ac-
curacy of fetal echoCG (94.3-99.0%).17)21)26) 

The diagnostic accuracy of fetal echoCG performed by a pediatric 
cardiologist is much higher than the reported diagnostic accuracy 
of screening USG performed by an obstetrician (59%).21) Thus, it is 
reasonable for obstetricians to consult with pediatric cardiologists for 
fetal echoCG if findings of obstetric screening USG are suspicious.

In conclusion, the recent increase in abnormal cardiac findings 
of obstetric USG screenings that indicate fetal echoCG. Complex or 
moderate CHD is likely to account for more cases of CHD diagnosed 
by fetal echoCG at a tertiary referral center. We found that TOF is the 
most common prenatal CHD diagnosis. Fetal echoCG is still a good, 
accurate diagnostic method for CHD.
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