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Introduction

Fetal echocardiography is an essential tool for screening of the 
fetal cardiac anatomy. Congenital heart disease is the most 
common abnormality in the human fetus, occurring in ap-
proximately 8−9 per 1,000 live births [1]. Prenatal diagnosis 
of cardiac defects is important because it allows families 
to receive appropriate counseling and to properly prepare 
for the birth of a child with congenital heart disease. Upon 
diagnosis of a cardiac defect, fetuses should be referred to a 
tertiary center for proper management. Two-dimensional im-
aging is still the gold standard and commonly used in fetal 
echocardiography. Therefore, we present standard views of 
the normal fetal heart obtained during the second trimester 
by two-dimensional ultrasound, and color and pulsed wave 
Doppler. We also present first-trimester fetal echocardio-
graphic findings and a modified myocardial performance 
index (Mod-MPI), which is a useful tool for evaluating fetal 
cardiac function. 

Determining the abdominal situs

Before scanning the fetal heart, it is important to determine 
whether abdominal situs is normal because congenital heart 
diseases are frequently associated with abnormal abdominal 
situs. On the basis of fetal position, several planes can exist. 
In a fetus with breech presentation, the left side of the fetus 
should be proximal to the transducer when the fetal occiput 
is on the left side of the mother (Fig. 1A). When the fetal 

occiput is on right side of the mother, the left side of the 
fetus should be distal to the transducer (Fig. 1B). When the 
fetus is positioned face up, its left side appears on the right 
side of the screen, and when the fetus is lying face down, its 
left side appears on the same side of the screen. In a fetus 
with vertex presentation, determination of abdominal situs 
is reversed (Fig. 1C, D). While it can be difficult to determine 
abdominal situs when the fetus is in the transverse position, 
the right–hand rule of thumb can reliably determine fetal 
situs (Fig. 2) [2]. With this simple approach, the palm of the 
right hand corresponds to the fetal abdomen, the dorsal 
side of the forearm to the fetal back, and the fist to the fetal 
head. The direction of the thumb always corresponds to the 
left side of the fetus regardless of the fetal position.
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Transverse view of the abdomen

A transverse abdominal view is shown in Fig. 3. The stomach 
and liver are located on the left and right, respectively. The de-
scending aorta (DAo) lies anterior and to the left of the spine, 
whereas the inferior vena cava (IVC) lies anterior and to the 
right of the DAo. By moving the transducer cranially, the car-

diac apex should be located on the same side as the stomach. 
Abdominal situs abnormalities, such as those present in het-

Fig. 1. Schematic images and transverse abdominal views of fetuses with breech and vertex presentations. (A) Breech presentation with 
fetal occiput on the maternal left side. (B) Breech presentation with fetal occiput on the maternal right side. (C) Vertex presentation with 
fetal occiput on the maternal left side. (D) Vertex presentation with fetal occiput on the maternal right side.

A  B

C  D

Fig. 3. Transverse abdominal view. The fetal stomach is on the left 
side and liver is on the right side. The descending aorta is posterior-
left located and the IVC is anterior-right located. Lt, left; Rt, right; 
IVC, inferior vena cava.

Fig. 2. Right-hand rule of thumb for transabdominal scanning. 
The palm of the right hand corresponds to the fetal abdomen, the 
dorsal side of the forearm to the fetal back, and the fist to the fetal 
head. The direction of the thumb always corresponds to the left 
side of the fetus.

Fetal head

Fetal abdomen

Always fetal left side
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erotaxy syndrome, can be detected with careful observation of 
this view (Fig. 4).

Four-chamber view

The four-chamber view (4CV) is not only the easiest view to 
obtain, but also the most important view of the fetal heart. 
The 4CV is easily visible by moving the transducer cranially 
from the transverse abdominal view (Fig. 5A). Approximately 
60% of congenital heart disease cases are detected with 
this view [3]. Examiners should carefully assess heart struc-
ture to rule out congenital heart disease, using the following 
criteria: 
  1)	�A normal heart is approximately one-third of the thorax 

in size, and this proportion (cardiothoracic area, C/T 
area) is constant throughout gestation [4]. When the C/
T area is greater than two standard deviations, cardio-
megaly may be suspected [5]. 

  2)	�The cardiac axis lies at a 45° angle to the left of the 
midline [6]. 

  3)	�The two atria are equal in size and separated by the 
atrial septum. The flap of foramen ovale lies in the left 
atrial cavity. 

  4)	�The two atrioventricular valves are equally opened and 
differentially inserted: the septal leaflet of the tricuspid 
valve is inserted more apically than the mitral valve in 
the ventricular septum. Blood flow across both valves 
should be evaluated by color Doppler imaging to en-
sure that both ventricles fill equally in diastole without 
regurgitation (Fig. 5B). Doppler waveforms across both 
atrioventricular valves are shown in Fig. 5C, D. The E 
wave, which corresponds to the early ventricular filing of 
diastole, is followed by the A wave, which corresponds 
to the active ventricular filling of diastole (atrial contrac-
tion). The A wave is always higher than E wave in the 
normal fetus. The peak velocity of both waves is 30−60 
cm/sec, and is constant throughout gestation [7]. 

  5)	�The crux of the heart, the area of junction of atrial sep-
tum, atrioventricular valves, and interventricular septum 
are intact. 

  6)	�The two ventricles are equal in size, although the right side 
of the heart becomes larger as gestation progresses [8]. 

  7)	�The right ventricle contains the moderator band. 
  8)	The ventricular septum is intact. 
  9)	Pulmonary veins are connected to the left atrium. 
10) The DAo is located anterior and to the left of the spine.

Fig. 4. Transverse abdominal views of both forms of heterotaxy syndrome. (A) Fetus with right atrial isomerism (breech presentation) 
shows juxtaposition of the aorta and IVC on either left side of the spine. The right-sided stomach and the midline liver are also shown. (B) 
Fetus with left atrial isomerism (vertex presentation) shows invisible IVC with dilated azygos vein, suggestive of an interrupted IVC with 
azygos vein continuation. Lt, left; Rt, right; IVC, inferior vena cava.

A  B
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Beside the evaluation of 4CV, assessment of great arteries’ 
connections further detects about 90% of serious congenital 
heart diseases [3].

Left ventricular outflow tract view 

A slight tilt of the transducer from the lateral 4CV, which is 
positioned the ventricular septum perpendicular to the ultra-
sound beam, toward the cardiac apex yields a left ventricular 
outflow tract (Fig. 6A). This view shows the left ventriculoarte-
rial connection as well as the intact ventricular septum. Blood 
flow across the aortic valve is laminar flow with no turbulence 
in systole and no regurgitation in diastole (Fig. 6B). Peak 
systolic velocity in the aorta increases linearly with advancing 
gestation, and it ranges from approximately 30 cm/sec at 19 

weeks to 100 cm/sec at full term [9,10]. Peak systolic velocity 
in the aorta is greater than in the pulmonary artery [11].

Right ventricular outflow tract view

This view is obtained by sweeping the transducer from left 
ventricular outflow tract to the fetal head (Fig. 7A). The cross-
ing nature of the great arteries can be confirmed by moving 
the transducer slightly up and down. This view demonstrates 
the right ventriculoarterial connection. Using color Doppler 
imaging, laminar flow across the pulmonary valve is confirmed 
(Fig. 7B). Peak systolic velocity in the pulmonary artery also in-
creases linearly with advancing gestation, and it reaches 100 
cm/sec at full term [10,11].

Fig. 5. (A) Apical four-chamber view of the fetal heart. (B) 
Color Doppler image shows forward flow from both atria to 
both ventricles. (C) Doppler waveforms of tricuspid and (D) 
mitral valves show a biphasic pattern. The E wave corresponds 
to early ventricular filing of the diastole, and the A wave cor-
responds to active ventricular filling of the diastole (atrial 
contraction). (D) Because of the continuity between mitral and 
aortic valves, the Doppler waveform at the mitral valve shows 
aortic outflow. Lt, left; Rt, right; LA, left atrium; RA, right 
atrium; LV, left ventricle; RV, right ventricle; PV, pulmonary vein.A 

B C D
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Three-vessel view

This view is obtained by moving the transducer cranially main-
taining a transverse position from the 4CV (Fig. 8). The main 
pulmonary artery, ascending aorta, and superior vena cava 
(SVC) are arranged in a straight line from the left anterior to 

the right posterior aspect. The pulmonary artery is the larg-
est in size, followed by the ascending aorta and the superior 
vena cava. The main pulmonary artery is divided into left and 
right pulmonary arteries. The thymus is also clearly visible in 
this view. The three-vessel view (3VV) is useful in diagnosing 
conotruncal cardiac abnormalities [12].

Fig. 6. Left ventricular outflow tract view. (A) This view shows the ventriculoarterial connection and intact ventricular septum. (B) Color 
Doppler across the aortic valve shows laminar flow and no turbulence in systole. Lt, left; Rt, right; LV, left ventricle; RV, right ventricle; Ao, 
aorta.

A  B

Fig. 7. Right ventricular outflow tract view. (A) This view shows the right ventriculoarterial connection. (B) Color Doppler image demon-
strates laminar flow across the pulmonary valve. Lt, left; Rt, right; RV, right ventricle; PA, pulmonary artery.

A  B
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Three-vessel-trachea view (transverse 
aortic and ductal arch view)

Aortic and ductal arches are combined into the DAo, which 
appear as a V-shaped confluence (Fig. 9A). Both arches are 
similar in size and located to the left side of the trachea. 
The thymus is also visible in this view. Color Doppler imag-
ing demonstrates the same direction of blood flow in both 
arches (Fig. 9B). This view allows comparison of both arches 
and assessment of aortic arch abnormalities, including aortic 
arch hypoplasia and coarctation of the aorta [13]. 

Aortic arch view

By rotating the transducer 90 degree either clockwise or 
counterclockwise from the 3VV, a ‘candy cane-like’ aortic 
arch is seen (Fig. 10A). The aortic arch gives rise to the three 
arterial branches, namely, the brachiocephalic, left common 
carotid, and left subclavian arteries. All three branches are 
clearly visible by color Doppler imaging (Fig. 10B). Because 
the innominate vein is the largest vessel in the mediastinum, 
it is often observed in front of the brachiocephalic artery [14]. 

Fig. 8. Three-vessel view. The main pulmonary artery, ascending aorta, 
and superior vena cava are arranged in a straight line from the left ante-

rior to the right posterior aspect. The pulmonary artery is the largest in size, 
followed by the ascending aorta and the superior vena cava. The thymus 
is clearly visible anterior to the three vessels. Lt, left; Rt, right; MPA, main 
pulmonary artery; RPA, right pulmonary artery; DA, ductus arteriosus; Ao, 
aorta; SVC, superior vena cava; DAo, descending aorta.

Fig. 9. Three-vessel-trachea view. (A) This view demonstrates a V-shaped confluence of aortic and ductal arches at the descending aorta. (B) 
The trachea is located to the right side of the aorta. Color Doppler shows the same direction of blood flow in both arches. Lt, left; Rt, right; 
PA, pulmonary artery; DA, ductus arteriosus; AAo, ascending aorta; DAo, descending aorta; SVC, superior vena cava.

A  B
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Ductal arch view

By sliding the transducer from the aortic arch view to the 
left, a ‘hockey stick-like’ ductal arch is visualized (Fig. 11). 
This view mainly shows the right ventricle, pulmonary valve, 
and main pulmonary artery, which is connected to the DAo 
through the ductus arteriosus. Unlike the aortic arch, the duc-
tal arch does not give rise to any branches. 

Bicaval view (SVC and IVC view)

This view is obtained in a right parasagittal plane (Fig. 12). 
The SVC and IVC drain into the posterior aspect of the right 
atrium. The SVC and IVC are similar in size; however, the IVC 
is widened as it enters the right atrium because of interflow 
from the ductus venosus and hepatic veins.

Fig. 10. Aortic arch view. (A) A ‘candy cane-like’ aorta gives rise to the three arterial branches, namely, the brachiocephalic, left common 
carotid, and left subclavian arteries. (B) These three branches are also visible by color Doppler imaging. LA, left atrium; RPA, right pulmo-
nary artery; AAo, ascending aorta; DAo, descending aorta; BCA, brachiocephalic artery; LCA, left common carotid artery; LSA, left subcla-
vian artery.

A  B

Fig. 11. Ductal arch view. (A) The ductus arteriosus connects the main pulmonary artery to the DAo, forming hockey stick-shaped arch. (B) 
Laminar flow across the pulmonary valve is also shown. RV, right ventricle; PA, pulmonary artery; DA, ductus arteriosus; DAo, descending 
aorta.

A  B
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First-trimester screening of fetal heart

Advancements in ultrasonography have paved the way for 
first-trimester fetal echocardiography since the 1990s [15-
17]. Fetal echocardiography performed during the first-tri-
mester is advantageous for at least two reasons. First, early 
diagnosis of cardiac defects allows families to make well-
thought-out plans (i.e., to receive counseling, and/or prepare 
for the birth of a child with a congenital heart disease). Sec-
ond, early screening relieves the anxiety of high risk patients 

who have previous family history of cardiac defects. 
The examination of the fetal heart during early gestation 

includes the normal situs, cardiac axis, cardiac connections, 
atrioventricular junction, and septoaortic continuity [18]. If 
these structures are normal, most structural abnormalities 
can be excluded. The ultrasonographic findings of a nor-
mal heart at 13 weeks of gestation are shown in Fig. 13. 
Furthermore, increased nuchal translucency and abnormal 
ductus venosus flow increase the risk of not only chromo-
somal anomalies, but also congenital heart disease [19,20]. 
Therefore, these indicators are important for early detection 
of cardiac defects. 

Modified myocardial performance index 

Assessment of fetal cardiac function is now considered as a 
routine evaluation of fetal status. MPI was originally proposed 
by Tei et al. [21] for the evaluation of cardiac function in 
adults. MPI is calculated as the sum of the isovolumetric con-
traction time and isovolumetric relaxation time divided by the 
ejection time. Hernandez-Andrade et al. [22] further modified 
MPI, and this method is now commonly used (Fig. 14). The 
Mod-MPI is useful tool for evaluating fetal cardiac function 
in several conditions, such as intrauterine growth retardation, 
pre-eclampsia, maternal diabetes, and twin-to-twin transfu-
sion syndrome [23-26]. It is also useful in planning for fetal 
therapy or childbirth. 

Fig. 13. Ultrasonographic images of fetuses with a normal heart at 13 weeks of gestation. (A) Four-chamber view. (B) Three-vessel view. (C) 
Left ventricular outflow tract view. Lt, left; Rt, right; LA, left atrium; RA, right atrium; LV, left ventricle; RV, right ventricle; MPA, main pulmo-
nary artery; Ao, aorta; SVC, superior vena cava.

A B C

Fig. 12. Bicaval view. The SVC and IVC drain into the posterior 
aspect of the right atrium. The IVC is widened as it enters the right 
atrium because of interflow from the ductus venosus and hepatic 
veins. RA, right atrium; IVC, inferior vena cava; SVC, superior vena 
cava.
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Conclusion

Fetal echocardiography is a part of the routine evaluation of 
normal fetus. The prenatal diagnosis of cardiac defects de-
pends on the knowledge, skill, and experience of practitioners. 
Therefore, obstetricians should be completely familiar with 
abovementioned anatomy of the fetal heart in order to detect 
any abnormalities that might be present.
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