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chapter

Yasuki Maeno

Definition

m Abnormal cardiac structure, rhythm and functlon can
be detected before birth by echocardlography and
other modalities.

Key Features

m Congenital heart disease in the fetus.can be detected ERREE
by prenatal echocardlography from 13 weeks of gestat:on
or earlier.

u Screening for fetal cardiac disease is important if a
significant impact is to-be made on the prenatal diagnosis of
congenital heart disease.

& Intrauterine progression of anatomic and functional
problems: can be observed

Clinical Imphcations

planned

m Prenatal nonirdim
started. -

" diagnosis.™

The development of ultrasound techniques has allowed us to
visualize cardiac anatomy in utero from 13 weeks of gesta-
tion by the transabdominal approach,™* and from as early
as 10 weeks of gestation by the transvaginal approach.®
Because of the surrounding amniotic fluid and the fact that
the fetal lung is not inflated, fetal echocardiography at 18
to 20 weeks of gestation can provide precise cardiac ana-
tomic information—even in the pulmonary arteries and
veins—some of which cannot be obtained by postnatal echo-
cardiography. Using the technique of fetal echocardiogra-
phy, it is now becoming possible to investigate the prenatal
evolution of the normal and abnormal cardiac anatomy that
has been seen postnatally.

Prenatal diagnosis of congenital heart disease (CHD) had
been shown to improve the outcome of the affected fetuses.
However, there are several issues regarding the prenatal diag-
nosis of cardiac disease. Skillful fetal echocardiographic tech-
nique and precise anatomic diagnosis are essential for prenatal
diagnosis, but are not in themselves sufficient. Effective prena-
tal screening for congenital heart disease is important if prenatal
echocardiography is to have a significant impact. In addition,
assessment of cardiac function and hemodynamics, prediction
of the development of cardiac structure during gestation, and
effective perinatal management are required to improve out-
comes in affected fetuses.

_ CONGENITAL HEART DISEASE

Prenatal Diagnosis of Congenital
Heart Disease

DESCRIPTION OF TECHNIQUE

There are two basic steps in examining the fetal heart;

m screening for the presence of abnormalities of anatomy,
function, and rhythm, using three cross-sectional i 1mages
such as the four-chamber view,"* the three—vessel view,®
and the three-vessel and trachea view”; and

& assessment of precise cardiac and great vessel anatomy
and detailed cardiac function using 2D, 3D, M-mode,
and Doppler echocardiography.

Screening of the Abnormal Fetal Heart

First, the edge of the fetal heart is defined. A longitudinal
section of the fetus parallel to the spine is imaged with the
fetal head at the right side of the screen. Regardless of fetal
position, a fetal transverse section, obtained by 90-degree
clockwise rotation of the probe, should be obtained to visua-
lize the fetus from inferior to superior, so that the side of the
heart and stomach can be defined.®

The next step is to obtain three quite simple transverse
sections of the fetal chest, the four-chamber view, the three-
vessel view, and the three-vessel and trachea view, which will
detect almost all major intracardiac and great vessel abnor-
malities. Screening using these three simple views may be
completed in most cases within 3 minutes during routine
obstetric ultrasonographic examination and detects up to
75% of the fetuses with heart anomaly.’

A four-chamber view of the fetal heart is easily obtained
by a transverse section of the lower part of the fetal chest
wall, because the fetal heart is positioned more horizontally,
the lung is uninflated, and the diaphragm has a higher posi-
tion (Fig. 104.1)."° Systematic assessment of this four-
chamber view can detect more than 50% of intracardiac
abnormalities, such as single ventricle, atrioventricular septal
defect, and Ebstein’s anomaly. This view is also useful for
qualitative assessment of cardiac function and rhythm.

The second transverse view of the chest, the three-vessel
view (see Fig. 104.1), can be easily obtained by a simple supe-
rior sweep from the four-chamber view.® Systematic assess-
ment of this three-vessel view can indirectly detect abnormal
connections between the ventricles and the great arteries, such
as transposition of the great arteries and tetralogy of Fallot,
which are often missed by the four-chamber view alone.

The last screening view, three-vessel and trachea view (see
Fig. 104.1), can be obtained by farther superior sweep from
three-vessel view.” This three-vessel and trachea view is use-
ful for detecting variable vascular rings, which sometimes
cause marked airway problems postnatally.®
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Three-dimensional echocardiography may have an impor- Color Doppler echocardiography may provide additional
tant role for the screening of abnormal fetal heart, since information for screening. A parallel sweep from the four-
chapTER  these threc simple transverse views for screening can be  chamber to the three-vessel view with color Doppler will
obtained from the 3D data set.!! demonstrate the cross-relation of both ventricular outflow

3-vessel and trachea view

¢

SRS 3-vessel view

\ &cham?)er-viéw

1. The heart occupies approximately

__ona third of the thorax.

2. There are two atria of equal size.

3. There are two ventricles of equal
size that contract equally briskly.

4. The ventricular septum is intact.

5. The two atrioventricular valves meet
the atrial and ventricular septum at
the crux. (The tricuspid valve has a
more apical insertion.)

6. The foramen ovale opens to the
left atrium. .

7. The puimonary veins drain to the

dAo left atrium. - i

1. Alignment: straight line from
the left anterior to the right
posterior.

2. Arrangement: left to right
order = mPA, aAo, SVC.

3. Vessel size:
mPA > aAo > SVC

4. The descending aorta
positioned at left side of
the spine.

Fig. 104.1 Evaluation of four chamber, three-vessel, and three-vessel and trachea views. A, Three parallel transverse sections of the
fetal chest demonstrate the four-chamber view, the three-vessel view, and three-vessel and trachea view. B, Relation between the cardiac
structure and each view. €, A schema of the four-chamber view and checkpoints. D, An echocardiographic picture of four-chamber view.
E, A schema of the three-vessel view and checkpoints. F, An echocardiographic picture of the three-vessel view. G, A schema of the three-
vessel and trachea view and check points, H, An Echocardiographic picture of the three-vessel and trachea view. aAo, ascending aorta;
dAo, descending aorta; mPA, main pulmonary artery; SVC, superior vena cava.




Aottic  Ductus
SVC  arch arteriosus

1. Both the ascending aorta
and the pulmonary artery
are connected to the
descending aorta (positioned
left side of the spine) via the
aortic arch and ductus
arteriosus, respectively.

G Trachea

2. Trachea is positioned
. posterior to the aortic arch.

Fig. 104.1—cont'd

tracts. Location of the pulmonary venous return can be con-
firmed by color Doppler flow. In addition, abnormal blood
flow, such as stenotic flow or regurgitant jet, can also be
detected.

Recently, a new method of screening high-risk fetuses for
congenital heart disease has been proposed. The presence
of a thickened nuchal translucency at 10 to 14 weeks of ges-
tation can be used to identify high-risk fetuses.’> A clinical
application for this method is now being investigated.

Evaluation of the Fetal Cardiac Anatomy

Once some abnormal finding is detected, detailed intracar-
diac and functional assessment is required for precise
diagnosis. The cardiac anatomy is examined using a seg-
mental approach in a similar manner to that used in post-
natal echocardiography. Recent high-resolution 2D
cchocardiography can provide high quality images of
detailed intracardiac and extracardiac anatomy as early
as 14 weeks of gestation. In addition, detailed assessment
of the peripheral pulmonary artery and veins, which can-
not be seen by postnatal echocardiography, is possible
during the fetal period because the fetal lung has not been
inflated by air.

M-Mode Echocardiography

M-mode echocardiography is used to assess cardiac rhythm and
function.’*'* An M-mode trace of ventricular and atrial motion
demonstrates the cardiac rhythm and rate. A simultaneous
record of both ventricles and atria (Fig. 104.2) is especially use-
ful for assessing the atrioventricular electric connection in
fetuses with arrhythmias, such as complete heart block, atrial
fibrillation, and ectopic beat.

An M-mode trace perpendicular to the ventricle provides qual-
itative information on ventricular systolic function. However,
because of the variable position of the fetus, the M-mode cursor
has to be carefully positioned so that it is perpendicular to the
ventricular septum.

Doppler Echocardiography

Pulse and continuous-wave Doppler echocardiography are
used to examine cardiac anatomy and to assess cardiac
rhythm and function.'” The interpretation of some Doppler

Fig. 104.2 Simuitaneous M-mode recording of both ventricles
and atria (dotted line). M-mode recording in a fetus with complete
atrioventricular block reveals complete dissociation of atrial and
ventricular contraction with a ventricular rate of 65bpm. Open arrows,
ventricular contractions; closed arrows, atrial contractions. LA, left
atrium. LV, left ventricle. RA, right atrium.

signals in the prenatal period require understanding of fetal
hemodynamics.

The velocity of Doppler flow at the correct angle (less than
20 degrees) at either side of the inflow to'® and outflow from
the ventricles!® and at the ductus arteriosus'” provides the
anatomic and functional information. The waveform of the
pulsed Doppler is especially important to assess the cardiac
function and hemodynamic condition of the fetus. Doppler
waveforms obtained at the inferior vena cava,'® pulmonary
veins, foramen ovale, midcerebral artery, umbilical artery
and vein, and isthmus of the aortic arch?® change according
to many fetal hemodynamic conditions, such as cardiac func-
tion and vascular resistances in various locations, including
the placenta and brain.

A simultaneous record of the superior vena cava and the
ascending aorta is used for assessing cardiac arrhythmias
(Fig. 104.3). Beginning of reverse flow at the superior
vena cava created by atrial contraction and beginning of
forward flow at the ascending aorta created by ventricular




