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Introduction

Congenital heart disease is the most common fetal

anomaly, which has a significant impact on perinatal

mortality and morbidity. In addition, most infants

with cardiac malformations are born to mothers

with a low-risk pregnancy. Therefore, prenatal

detection of congenital heart disease is largely

dependent on routine obstetrical ultrasonographic

scanning. In recent years, the ultrasonographic

imaging systems for the fetal heart have markedly

improved and provide a high degree of diagnostic

accuracy in the detection of congenital heart disease,

even at an early gestational age1. The addition of

pulsed and color flow Doppler to the modality

provides additional imaging information2,3 . We

present our experience with the prenatal diagnosis

of major congenital heart disease including

hemodynamically significant fetal arrhythmias in our

institution, and analyze its clinical impact on a

perinatal medical practice.
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Abstract

Over a five-year period, we reviewed 19 fetuses who were prenatally diagnosed with

congenital heart disease, including hemodynamically significant arrhythmias. Five of them had

fetal tachyarrhythmias, and 14 had structural heart disease. The outcomes were: six

intrauterine deaths, five neonatal deaths, and three infant surgeries. Six of the fetuses had

chromosomal abnormalities, four had extracardiac anomalies, and two had hydrops fetalis. Of

the 96 neonates with congenital heart disease found during the study period, the overall

detection rate was 20％; 16％ of the neonates with structural cardiac defects and 83％ of the

neonates with arrhythmias. Some of the complex cardiac defects with normal fetal four-

chamber view were difficult to detect prenatally. During the course of the pregnancy, 37％ of

the fetuses with prenatally diagnosed congenital heart disease were found to have intrauterine

growth retardation, and 26％ were found to have an abnormal amniotic fluid volume. In view

of our findings, a comprehensive screening system should be more frequently considered in

order to improve both detection rate and perinatal management.
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Table 1　Classification of the fetal diagnosis 

・Structural anomaly: 14
VSD（9）
DORV（2）
TGA＋ DORV（1）
TOF（1）
Ebstein’s anomaly（1）

・Hemodynamically significant arrhythmias: 5
Supraventricular tachycardia（4）
Atrial flutter with 2 : 1 conduction（1）

＊ VSD: Ventricular Septal Defect　DORV: Double 
Outlet of Right Ventricle　TGA: Transposition of 
the Great Arteries　TOF: Tetoralogy of Fallot　

Table 2　Prenatal detection rate of congenital heart disease

detection 
rate

prenatal 
diagnosis

Number of 
the patients

16%1490Structural anomaly

83%56Hemodynamically 
significant arrhythmias

20%1996

Patients and Methods

From April 1999 through April 2004, antenatal

records from obstetrical ultrasonographic

examinations and postnatal diagnostic records for

cardiovascular abnormalities from our neonatal

intensive care unit were retrospectively reviewed.

During the five-year study period, we had 9,152 live

births, and 52 stillbirths and�or intrauterine fetal
deaths at our institution. To evaluate the efficacy of

prenatal diagnosis of congenital heart disease,

including hemodynamically significant arrhythmias,

on fetal and neonatal clinical course, we analyzed the

diagnosis, outcome, and obstetrical factors of the

fetuses. We also reviewed all neonates with major

congenital heart disease during the same study

period, regardless of whether the condition was

prenatally diagnosed; problems with prenatal

diagnosis are also presented.

In this study, congenital heart disease signifies

major structural malformation of the heart and�or
the great vessels which requires surgery or catheter

intervention within the first six months of life, and

hemodynamically significant arrhythmias with

structural normal heart.

Delayed closure of a ductus arteriosus in a

premature infant and ventricular septal defects of

the muscular type were excluded from the study. At

our maternity hospital, women attending for routine

prenatal care are offered two ultrasonographic

examinations, at 20～24 weeks and at 28～32 weeks

of gestation by specially trained obstetrician or

pediatric cardiologist.

Results

During the study period, 19 fetuses were

diagnosed with congenital heart disease; 14 had

structural anomalies and five had hemodynamically

significant fetal arrhythmias. A ventricular septal

defect（VSD）was the most frequently observed form

of defect（nine cases）, following by two cases of a

double outlet of the right ventricle（DORV）, one case

of tetralogy of Fallot（TOF）, and one case of

transposition of the great arteries（TGA）with DORV

and Ebstein’s anomaly.

Precise evaluation for fetal arrhythmia was done

with M-mode echocardiography. Four of the patients

were diagnosed with supraventricular tachycardias

and one was diagnosed with atrial flutter with 2 : 1

atrioventricular conduction（Table 1）. We found a

total of 96 affected neonates during the study period;

90 had structural heart disease and six had

hemodynamically significant arrhythmias. Therefore,

the overall detection rate was 20％（19�96）; 16％（14�
90）of the neonates with structural anomalies, and

83％（5�6）of the neonates with arrhythmias（Table
2）. Of the 19 prenatally diagnosed fetuses, six

suffered a fetal demise, five were neonatal deaths,

and corrective surgery was performed in three

infants（Table 3）.
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Table 3　Outcomes

・Corrective surgery 3（VSD 2, TOF 1）
・Medically treated 5（SVT 4, AF 1）
・Fetal demise 6（VSD 4, DORV 2）
・Neonatal death 5（VSD 3, Ebstein 1, DORV ＋ TGA 1）

＊VSD: Ventricular Septal Defect
SVT: Supraventricular Tachycardia
DORV: DoubleOutlet of Right Ventricle
AF: Atrial Flutter
TGA: Transposition of the Great Arteries 
TOF: Tetoralogy of Fallot

Table 4　Diagnosis of structural heart disease

Structural heart disease: 90

Neonatal transferred: 36
（without prenatal diagnosis）

Inborn patients: 54

Fetal diagnosis: 8
VSD 3, DORV 2 
TOF 1 
Ebstein’s anomaly 1 
TGA+DORV 1

Postnatal diagnosis: 46
aside from simple VSD 
CoA 4, TOF 4, TGA 3 
TAPVR 2, AVSD 2 
PA/IVS 1

＊ VSD: Ventricular Septal Defect　TGA: Transposition of the Great Arteries 
CoA: Coarctation of the Aorta　TAPVR: Total Anomalous of Pulmonary venous 
Return　TOF: Tetralogy of Fallot　AVSD: Atrioventricular Septal Defect 
DORV: Double Outlet of Right Ventricle　PA/IVS : Pulmonary Atresia with Intact 
ventricular Septum

All five patients with fetal arrhythmias were

successfully treated with transplacental anti-

arrhythmic agents. Chromosomal abnormalities were

found in six patients; three were trisomy-18, one was

a trisomy-21, one was a trisomy-13, and one was a

4p-syndrome. We found three cases of omphalocele,

one case of esophageal atresia with

tracheoesophageal fistula, and two cases of hydrops

fetalis. Seven fetuses had intrauterine growth

retardation of unknown etiology, and five fetuses

had an abnormal amniotic fluid volume. Of the 90

neonates with structural congenital heart disease, 36

infants were transported from other hospitals, and

had not been prenatally diagnosed. Of the remaining

54 infants born in our hospital, 46 were not

prenatally diagnosed with a cardiac defect. Aside

from a simple VSD, the diagnoses not made in utero

were four cases of coarctation of the aorta（CoA）and

TOF, three cases of TGA, two cases of totally

anomalous pulmonary venous return（TAPVR）, one

case of atrioventricular septal defect（AVSD）, and

one case of pulmonary atresia with an intact

ventricular septum（PA�IVS）（Table 4）. There was
no false positive case in prenatal diagnosis of

congenital heart disease. The pregnancy weeks at

prenatal diagnosis was 27.4±7.2（16～38）in total

patients; 25.4±7.1（16～38）weeks of gestation in case

of structural heart disease and 33.2±2.7（31～37）

weeks of gestation in hemodynamically significant

arrhythmias.

Discussion

Congenital heart disease is the most common

severe congenital abnormality with an incidence of

about 8 in 1,000 live births4,5. Half of these are minor

and easily corrected by surgery; however, the

remainder account for more than half of the deaths

from congenital abnormalities in childhood6. This

condition is life-threatening and requires

intervention in the early neonatal period7. Antenatal

detection of cardiac defects would facilitate

pregnancy counseling and provide more time to

develop an appropriate therapeutic strategy.

Early maternal or neonatal transportation to a

perinatal tertiary care center with pediatric cardiac

facilities ensures optimum conditions for cardiac

intervention. Fetal echocardiography has become

widely accepted as a useful technology for detecting

congenital heart disease in an obstetrical practice.

However, with the widespread use of fetal

echocardiograms, it has been found that a different
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spectrum of diseases is observed in prenatal life

than that found in fetuses who survive to infancy8.

Fetuses diagnosed in utero frequently have more

severe forms of cardiac defects than those diagnosed

postnatally; furthermore, those diagnosed in utero

have a higher incidence of associated extracardiac

lesions or chromosomal abnormalities. In addition, a

significant number of affected fetuses spontaneously

terminate as an intrauterine demise9. Therefore, the

overall outcome for fetuses with congenital

structural cardiac abnormalities is unfavorable8, and

this situation was confirmed in our series; six fetuses

died in utero and five died in the neonatal period.

Among our 19 prenatally diagnosed patients, six

had chromosomal abnormalities , four had

extracardiac anomalies, and two were hydropic with

an intra-uterine demise. Conversely, all five cases of

fetal hemodynamically-significant arrhythmias were

treated successfully with maternally-administrated

digoxin. Because protocols for transplacental anti-

arrhythmic treatment are well established ,

particularly for tachyarrhythmias10 , prenatal

diagnosis of fetal arrhythmias facilitates the

achievement of a good outcome.

The reported detection rates for fetal

cardiovascular abnormalities varies significantly. In

our study, the overall detection rate was 20％ of all

neonates with congenital cardiac abnormalities; 16％

of the neonates with structural heart disease and

83％ of the neonates with hemodynamically

significant arrhythmias. The four-chamber view of

the fetal heart is commonly imaged during routine

screening, because it does not require specialized

skills and is easily obtained. This technique has been

found to be an effective method for detecting

several of the severe cardiac malformations in utero.

Specifically, several cardiac abnormalities are readily

visualized with a normal fetal four-chamber view,

such as CoA, TOF, TGA and TAPVR. In our series,

four cases of CoA, four cases of TOF, three cases of

TGA, and two cases of TAPVR could not be

diagnosed prenatally; these conditions are difficult to

identify with only a fetal four-chamber view. To

improve the detection rate, scanning of the great

vessels’outflow tracts in addition to the four-

chamber view has been proposed16. However, despite

the fact that the vast majority of fetuses with severe

congenital heart disease occur in low-risk

pregnancies, it is currently controversial to routinely

apply this study because it, requires significant time

and skill. To address this dilemma, the clinician

should take into account any risk factors of

congenital heart disease, such as a family history of

congenital heart disease , maternal diabetes ,

exposure to teratogens in early pregnancy, the

detection of an extracardiac fetal anomaly, and

severe intrauterine growth retardation.

Related obstetrical factors, which were found in

this study, were intrauterine growth retardation of

unknown origin（37％）, and an abnormal amniotic

fluid volume（26％）. Fetal echocardiography provides

additional information about the development of the

heart in the presence of structural or functional

disease; thus , it contributes to a better

understanding of the natural history of congenital

heart disease. Although only a small percentage of

fetuses with congenital heart disease can be

prenatally detected, there is evidence that fetuses

with some types of defects experience decreased

morbidity and mortality when a prenatal diagnosis is

made, particularly in cases of ductus-dependent

complex cardiac lesions17. In the future, cost-and

time-effective screening procedures should be

included in educational programs for sonographers

because the initial detection of major fetal

malformations is almost completely dependent upon

routine obstetric ultrasonographic scanning.
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