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1. Introduction

Congenital heart disease (CHD) are the most common form of
birth defects. The incidence of CHD is about eight to 10 per 1000
(0.8%-1%) live-born, full-term births, and it could be 10 times
higher in preterm infants (8.3%)."'? Furthermore, in early gestation,
this incidence is even higher as certain CHDs are complex and have
been show to result in fetal demise. In fact, 50%-60% of the CHD
will require surgical correction and of these, 25% are critical with
CHD a leading cause of infant mortality.>* In this setting, the
survival, extensive medical care, and developmental disabilities
depend on the time of the diagnosis, on the delay of the treatment,
and on the severity of the CHD. Therefore, early fetal diagnosis of a
treatable CHD has been shown to reduce the risk of perinatal
morbidity and mortality.’

Cardiovascular development involves a complex process in
which genetic and environmental factors are involved. Considering
that approximately 49% of pregnancies are unplanned, women
may not take precautionary actions against environmental
factors.® The detection of CHD by fetal echocardiography when
referred by a suspicion of cardiac abnormality on routine obstetric
ultrasound is up to 40% in low-risk populations. However, risk
factors are identified in only 10% of CHD. In this scenario, the heart
should be examined in detail on a routine sonographic scanning,.

In the sonographic prenatal diagnosis of CHD, the fetal heart
remains a challenge that involves sonographers, obstetricians,
radiologists, and fetal medicine subspecialists. High risk for cardiac
defects and the suspicion of a cardiac abnormality on obstetric
ultrasound, even in low-risk populations, are indications for
referral for performance of a detailed fetal echocardiogram. This
manuscript reviews important aspects to improve the prenatal
screening for CHD focusing on ultrasound clues to enable the
diagnosis of the cardiac defects; drawing the management of
cardiac defects in utero and the delivery plan strategies were also
approached in this study.

2. Prenatal screening
2.1. How to screen the fetal heart

The fetal cardiac screening by ultrasound can detect a high
proportion of cases of CHD. However, when the prenatal screening
was based on the visualization of the four-chamber view, it was
inadequate to detect many cases of CHD, especially conotruncal
and outflow defects (ex: transposition of the great vessels,
tetralogy of Fallot, double-outlet right ventricle, truncus arteriosus,
and outlet septal defects). When the evaluation of outflow tracts
was added to the four-chamber view, the sensitivity of ultrasound
screening for CHD increased from approximately 30% to 69%-83%.”
Currently, the three vessels (3 V) and 3 V with trachea (3VT) views
were added to the standard four-chamber and outflows views in

order to improve the detection of CHD.”® The latter one enabled
the detection of lesions such as coarctation of the aorta, right aortic
arch, double aortic arch, and vascular rings, achieving a prenatal
detection rate of congenital heart disease to up 90%. The average
time to obtain the cardiac views was just over 2 min, but in
approximately one third of cases, the cardiac examination was
postponed by 15-20 min due to unfavorable fetal lie (anterior
spine).? A fetal echocardiogram should be performed if the CHD is
suspected on the obstetric cardiac of screening, or if there is a
recognized increased risk (maternal, fetal and/or familial factors)
for CHD >2% to 3%. Fetal echocardiography may be considered
when risk is estimated at 1% to 2%, and when risk approaches that
of the general population (< 1%), this exam is not indicated.!®

2.2. Upper abdomen and four-chamber views

The examination of the upper abdomen (cross-sectional plane)
of the fetus by echocardiography provides the distinction between
the left and the right sides of the fetus. When the situs is normal
(solitus), the aorta and stomach are located on the left side and the
inferior vena cava and liver are placed on the right. Therefore, situs
solitus is the normal arrangement of thoracic and abdominal
organs (Fig. 1). In general, more complex CHD are associated with
abnormalities of the situs. Furthermore, the umbilical vein and the
hepatic veins can be visualized in upper abdomen view.

The four-chamber view is the most important plane. This
approach enables the evaluation of the main cardiac structures, the
position, the size (1/3 of the thorax), the contractility and the
rhythm of the heart. In normal levocardia, 2/3 of the heart is left-

SITUS SOLITUS

Fig. 1. Upper abdomen view showing situs solitus. AO, aorta; IVC, inferior vena
cava; L, fetal left; R, fetal right; P, fetal posterior; A, fetal anterior; S, stomach.
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sided with the axis pointing to the left. Cardiac axis is at 45+/—-20°
and abnormal axis is associated with chromosomal anomaly,
abnormal displacement of the heart (diaphragmatic hernia or
space- occupying lesion), and many CHD, especially in conotruncal
anomalies and univentricular hearts.!! Cardiomegaly can be
evaluated by the global size of the heart and in small fetuses
this should be done by cardiothoracic ratio (CTr = cardiac area/
thorax area). The size of the left and right chambers is similar.
However, in the third trimester, mild over right-left asymmetry can
be a normal variant. Besides the size, the morphological and
functional characteristics of each chamber (atria, ventricles, and
atrioventricular valves) can be analyzed. The left atrium (LA) is
normally located most posteriorly (near descending aorta) and it is
identified by the finger-like appendage. Furthermore, the LA is
characterized by the presence of the foramen ovale flap and its
connection with the pulmonary veins. The right atrium (RA) has a
pyramidal appendage with a broad base and receives the vena cava.

Different to the atria which communicate each other with the
foramen ovale, the ventricles are separated by the interventricular
septum. The muscular part of the septum is the lower two-thirds
and the membranous one is the part of the interventricular septum
adjacent to the aortic, mitral and tricuspid (septal cusp) valves. On
suspicion of a ventricular septal defect (VSD), the heart should be
examined using a lateral view allowing the drop-out effect due to
the insonation angle by a four-chamber view. In a retrosternal
location, the right ventricle (RV) is trabeculated with the presence
of the moderator band and the lumen is shorter than the left
ventricle (LV) lumen (Fig. 2). The LV is posterior to the RV, reaches
the apex of the heart and its lumen is longer than the RV.
Furthermore, the tricuspid valve inserts slightly more apical than
the mitral valve.

Qualitative assessment of the chambers and quantitative
assessment of the atrioventricular valves should be done by
four-chamber view. In addition, the cardiac function and rhythm
assessment should be performed.

2.3. Left and right ventricular outflow tracts

The outflow tracts view (five-chamber view) can be obtained
from the four-chamber view by sliding the transducer to the fetal
head that enables the identification of the origin of the great
arteries. In a normal RV outflow view (RVOT), the pulmonary trunk
can be visualized arising from RV and crossing the ascending aorta.

MODERATOR

Fig. 2. Image showing the four-chamber view. RV with the moderator band,
tricuspid valve more apical than mitral valve, LA with the presence of forame ovale
flap (red arrow), and pulmonary veins draining into LA. L, fetal left; R, fetal right; LA,
left atrium; LV, left ventricle; RV, right ventricle; PV, pulmonary vein; TV, tricuspid
valve; MV, mitral valve; AO, aorta. (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this article.)

To optimize the five-chamber view, focusing on the analysis of the
continuity of the ventricular septum to the aorta, and even the
ascending aorta, the transducer has been rotated to the fetal right
shoulder. The evaluation of LV outflow view (LVOT) and RVOT helps
to identify outflow septal ventricular defects and conotruncal
anomalies.

The LVOT confirms the aorta arising from the morphological LV
as a vessel continuing the outflow ventricular septum as well the
aortic-mitral valve continuity. In this view, the aortic valve can be
recognized and a detailed evaluation of its size and mobility can be
performed. Even, the thickness of the septum is measured by the
five chamber (LVOT) view (IVS raging between 2 and 4 mm during
gestation) (Fig. 3).

In the RVOT view, the pulmonary artery crosses over the
ascending aorta and becomes the vessel on the left. However, when
the great vessels are transposed (TGA), the aorta and pulmonary
arteries run in parallel and don’t cross over each other. The great
arteries short axis view can be obtained by tilting from four- to
five-chambers view and confirms the pulmonary trunk (PT) arising
from RV (Fig. 4). In this view, the bifurcation of the right and left

Fig. 3. Image showing the five-chamber view. Outflow LV tract (LVOT): aorta arising
from LV, aortic valve and the thickness of the interventricular septum (2.3 mm). AO,
aorta; LV, left ventricle; AOv, aortic valve; M, mitral valve; IVS, interventricular
septum; D, diameter.

Fig. 4. Image showing RV outflow short-axis (RVOT). The pulmonary trunk arises
from RV. PV, pulmonary valve; PT, pulmonary trunk; RV, right ventricle; AOv, aortic
valve.



N.J. Bravo-valenzuela et al./Indian Heart Journal 70 (2018) 150-164 153

pulmonary arteries for the PT is best visualized, and also the size
and mobility of the pulmonary valve can be assessed.

2.4. Three vessels and three vessels and trachea views

The three vessels (3 V) view is obtained from the four-chamber
view by moving the transducer in the direction of the upper fetal
and the pulmonary trunk; the arch with aortic isthmus and
superior vena cava (SVC) can be visualized.” The caliber of the
pulmonary trunk is slightly larger than aorta, whereas the SVC is
the smaller and posterior of the arteries. The PT, the right
pulmonary artery, and the ductal arch can be seen. The aortic and
ductal arches are located on the left of the trachea on a V-shaped
configuration.® The trachea is recognized as an echogenic structure
on the right side of the arteries and anterior to the spine. The three
vessels and trachea (3VT) view enables the diagnosis of coarctation
of the aorta, right aortic arch, double aortic arch and vascular rings.
The thymus can be visualized in the front of the three vessels as a
less echogenic structure which is important to detect defects
associated with the 22q11.2 deletion syndrome, facial abnormali-
ties, absent or hypoplastic thymus, and hypocalcaemia.!”? The
measurement of the thymic-thoracic ratio (TT-ratio) is a feasible
and useful tool in fetuses with cardiac defects (Fig. 5)."

Fig. 5. (a) The three vessels view showing the relationship and size of the
pulmonary artery, aorta and superior vena cava (three vessels). The pulmonary
artery, to the left, is slightly larger than aorta and the superior vena cava is the
smallest and posterior vessel. PA, pulmonary artery; AO, aorta; SVC, superior vena
cava; R, right; L, left. (b) The three vessels view showing the aorta and ductus
arteriosus located to the left to trachea. The thymus can be visualized in the front of
three vessels. PT, pulmonary trunk; LP, left pulmonary artery; RP, right pulmonar
artery; AO, aorta; SVC, superior vena cava; T, trachea.

3. Fetal congenital heart diseases
3.1. Cardiac malpositions and isomerism

In normal conditions, the heart is on the left side of the thorax
(levocardia), with situs solitus for the visceral and atrial arrange-
ment. The first step in the assessment of the cardiac position and
situs is to identify the fetal position and the transducer
orientation.' In the normal upper abdomen view, the heart points
to the left anterior thoracic cavity with a normal base-axis of 45°,
left-sided stomach and descending aorta and right-sided liver and
inferior vena cava. Cardiac malpositions include mesocardia,
dextrocardia, dextroposition, and even an ectopia cordis in which
the heart is displaced outside the thorax.'# Dextrocardia is present
when the heart points to the right side of the thorax and
dextroposition occurs when the heart is only displaced to the right
chest preserving the normal cardiac left axis (Fig. 6). Dextrocardia
with situs inversus is known as mirror-image dextrocardia, in which
the inferior vena cava (IVC) and liver are on the left and the aorta
and stomach are on the right. Dextrocardia with situs inversus
totalis has less incidence of cardiac malformations than there
dextrocardia with situs solitus. Dextroposition is caused by a
displacement of the heart due to a congenital diaphragmatic
hernia, left-sided fluid, or masses.'

Conditions with incomplete lateralization of the organs are
known as heterotaxy syndromes or isomerisms or situs ambigus.
Left atrial isomerism is a condition with double left-sided
structures (double left-sided shaped atria and lungs), and an
absence of the RA and IVC. The IVC is interrupted with an azygous
continuation in almost all cases of left isomerism (Fig. 7). As the
right sinus node is absent, the risk of bradycardia due to heart block
is increased in left isomerism. Right atrial isomerism is the reverse
of left atrial isomerism (double right-sided shaped atria and lungs).
Therefore, LA is absent and the pulmonary veins are abnormal.
Total anomalous venous pulmonary drainage is found in about 80%
of right isomerism and the IVC is usually present. Additionally,
asplenia is often associated, resulting in a long-term risk for
infections.’®> The upper abdomen view provides the means of
diagnosing the right or left isomerism in most patients. In left
isomerism, the azygos vein can be seen as a venous structure
posterior to the aorta in upper abdomen view and in right
isomerism, the IVC and aorta are located on the same side of the
spine (right sided).

Fig. 6. Image showing the fetal heart pointing (yellow arrow) to the right side of
fetal thorax (dextrocardia). R, fetal right; L, fetal left; RA, right atrium; RV, right
ventricle; LA, left atrium; LV, left ventricle. (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of this article.)
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Fig. 7. Upper abdomen view showing left isomerism with interrupted inferior vena
cava with azygos continuation (dilated azygos and aorta side-by-side).

3.2. Anomalous pulmonary venous return

During the embryonic development, the common pulmonary
vein empties into the LA and then four independent pulmonary
veins are incorporated into the atrium. The anomalous return may
be partial (3 or <3 pulmonary veins) or total (all four veins).
Anomalous pulmonary venous return (APVR) is frequently
associated with heterotaxy syndrome. In total APVR, there is no
connection between the pulmonary veins and LA. At first step, the
diagnosis of ventricular asymmetry with RV dominance and a
small LA size with the presence of an additional vessel between the
aorta and LA in four-chamber view should increases the suspicion
of total APVR.® Dilated coronary sinus or dilation of the IVC can be
present, depending on the point of the anomalous pulmonary vein
return. Indeed, the absence of pulmonary venous flow into the LA
by color Doppler confirms the diagnosis. Total APVR is classified
into four groups, according to the level of the anomalous
connection: 1- supracardiac; 2- cardiac; 3- infracardiac; and 4-
mix levels of connection. Total APVR requires surgical correction
after birth and, in most cases, in the first weeks of life. The delivery
should be planned in a hospital with pediatric cardiology and
cardiac surgery backup.'®

Partial APVR may be overlooked in utero, especially when it is
an isolated defect and less than three veins are involved. Scimitar
syndrome represents an unusual form of partial APVR in which the
right-sided pulmonary veins return to the IVC, just above or below
the diaphragm. Scimitar is frequently associated with dextrocardia
and right pulmonary hypoplasia caused by a pulmonary seques-
tration. Prenatal diagnosis is possible, mainly using 3D power
Doppler imaging, and enables identification of a collateral vessel
arising from the descending aorta and supplying a portion of the
right lung. Postnatally, neonatal surgical intervention is rarely
required in partial APVR.

Persistent left superior vena cava (SVC) is the most common
variation of the systemic venous. The 3VV enables the diagnosis of
left SVC by showing a supernumerary vessel to the left of the
pulmonary trunk and arterial duct. An enlarged sinus coronary can
be present, as in general the left SVC drains into it (Fig. 8). Isolated,
persistent left superior vena cava has no clinical significance after
birth, however, it can be associated with left-heart obstructive
diseases, conotruncal anomalies and AVSD.” Therefore, the
prenatal diagnosis of left SVC requires a detailed evaluation of
the heart.

Fig. 8. Image showing an atrioventricular septal defect with an enlarged sinus
coronary (red arrow) due to the left SVC draining into it. CS, coronary sinus; RA,
right atrium; RV, right ventricle; LA, left atrium; LV, left ventricle. (For
interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)

3.3. Septal defects

Intracardiac shunt malformations are the most common
congenital cardiac defects leading to left-right shunt after birth.
Atrial, ventricular, and atrioventricular septal defects are included
in this group. These defects can be associated with other cardiac
malformations and, depending on their magnitude, are responsible
for heart failure postnatally, however with no hemodynamic
significance during fetal life.

3.4. Atrial septal defect

Atrial septal defect (ASD) is a common heart malformation
occurring in about 10% to 15% of CHD after birth, and results from
an abnormal embryologic development of the atrial septum.’® In
general, ASD occurs sporadically with a recurrence risk of 7% to
10%. Less frequently, ASD is associated with bone malformations
and syndromes such as Holt-Oram, Noonan and Treacher Collins.
Furthermore, there is a familial form of secundum ASD that has
been shown to be caused by gene mutations (GATA4 and NKX2-5
genes).'” During fetal life the ASD is well tolerated and leads to left-
right shunt postnatally, with symptoms depending on the size and
the type of the atrial defect.? Indeed, it may be isolated or
associated with other cardiac defects as a part of complex CHD. The
types of ASD are: 1-secundum ASD; 2- primum ASD; 3- sinus
venosus ASD; 4- coronary sinus ASD (Fig. 9).

A secundum ASD is the most common ASD (70%), located in the
middle of the atrial septum. During fetal life, this communication is
normal, namely foramen ovale, and has a normal size similar to
aortic diameter.?! Consequently, the prenatal diagnosis of secun-
dum ASD is rarely possible, and it can be suspected when a large
foramen ovale is identified, especially with an absent or deficient
flap. After birth, the flap of the forame ovale produces a functional
closure of this communication. The normal fetal forame ovale
presents right-to-left shunt (R-L) with velocities ranging from 20 to
40 cm/s and, when restrictive, the velocities flow across it is
increased (>100 cm/s) with L-R shunt. Restrictive forame oval is
associated with forms of hypoplastic left heart due to the increased
LA pressure. In general, small secundum ASD (<6mm) close
spontaneously during the first two years after birth. Larger defects
will need closure by catheter intervention or, more rarely, by
surgery.

A primum ASD involves the lower part of atrial septum and is
caused by an absent fusion of the lower atrial septum to the
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ASD Il
(ostium secundum defect)

fossa ovalis

(ostium primum defect)

sinus venosus defects

coronary sinus defect

Fig. 9. Types of atrial septal defect (ASD).

underlying atrioventricular valve. Therefore, primum ASD involves
an abnormality of AV(s) valve(s) and should be categorized as a
form of atrioventricular septal defect (AVSD) which will be
discussed later on the topic of AVSD.

A sinus venosus ASD is a less common septal defect, located in
the posterosuperior (10% of ASD) or posteroinferior portion of the
atrial septum, lying at the junction of the SVC or inferior vena cava,
respectively. Both are frequently associated with anomalous
pulmonary venous return. Coronary sinus ASD is a rare septal
defect in which a communication occurs between an unroofed
coronary sinus and LA. Persistent left SVC draining into the
coronary sinus is almost always present. Both sinus venosus and
coronary sinus ASD have not yet been reported in fetal life. Sinus
venosus and coronary sinus ASD do not close spontaneously and
need to be repaired by surgery postnatally.??

In conclusion, the diagnosis of secundum DSA can be suspected
when the foramen ovale is larger than the aortic diameter on four-
chamber view, and an echocardiogram should be done after birth
to enable this diagnosis. Inversely, when restrictive, the forame
ovale is narrowed with increased flow of velocities (>100c/s) or
even, it can be an absent.?® In such cases, changes in pulmonary
venous flow pattern, such as a reversed wave and the lacking of D
wave, can be useful in detecting restrictive foramen ovale.’* The
atrial septum restriction flow is associated with poor outcome in
cases of left heart hypoplastic syndrome, or aortic or mitral atresia.

3.5. Ventricular septal defect

Ventricular septal defect (VSD) is the most common CHD
occurring in about 30% of neonates with CHD and 7% to 10% in
utero.?® This defect can occur sporadically or in association with
TBX5 and GATA4 genes. VSD may be isolated or multiple and is
commonly associated with other cardiac defects. In fetal life, the
association of VSD with chromosomal anomalies is about 10% to
30%, depending on the type and size of the defect. This rate is
significantly higher than after birth, mainly if the defect is large
and extends to the inlet septum or, even, when associated with
extracardiac defects.?® Ventricular septal defects are classified
according to their location on the ventricular septum as: 1-
membranous (small segment close to the septal cusp of tricuspid
valve and adjacent left heart valves); 2- muscular (lower 2/3 of the

septum); and 3- subarterial doubly committed (supracristal). The
third one is the least common VSD. It is adjacent to the aortic and
pulmonary valves and is caused by the absence of the outlet
septum. Membranous and muscular types can also be subclassified
according to their area of extension: inlet (close to AV valves
implantation); trabecular; and outlet (conus septum) parts of the
septum.”> Indeed, the VSD can be termed malaligned when
different parts of the septum adjacent to the defect are malaligned
to each other (Fig. 10).

In general, VSD causes no hemodynamic disturbances in utero.
Most of all, VSDs evolve to spontaneous closure, even in utero or
during the first year of life. The size and location of the defect
influence the chance of spontaneous closure. Postnatally, small
defects and muscular defects present a greater chance to close
spontaneously.?’ Surgical intervention may be necessary during
the first years of life, when there is congestive heart failure or
depending on the size and location of the defect.

In conclusion, the diagnosis of a fetal VSD can be done by a four-
chamber view using a lateral view to detect more accurately the
bidirectional shunt across the defect. The evaluation of LVOT (five-
chamber view) helps to identify outlet defects, mainly membra-
nous outlet VSD. The great arteries short axis view is useful in
detecting subarterial doubly-committed VSD and some types of
membranous defects. Large defects are greater than the aortic
diameter. Three- and four-dimensional ultrasound with inversion
flow can be used to detect small defects. The goals of the fetal
ultrasound diagnosis of VSD are to define whether the segment of
the ventricular septal is involved and to exclude other cardiac
anomalies. Malaligned VSD and left-right shunt across the defect
should increase the suspicion of left-heart outflow obstructions,
such as coarctation of aorta or interrupted aortic arch.

3.6. Atrioventricular septal defects

The atrioventricular septum defect (AVSD) refers to a group of
cardiac malformations resulting from a defect of atrioventricular
septum that may lead to defects of the interatrial septum (ostium
primum ASD) of the interventricular septum (inlet VSD), and the
division of the atrioventricular valves. AVSD is also known as
atrioventricular canal defect or endocardial cushion defect. The

LV  malalign
VSD

Fig.10. Fetal echocardiogram showing a malaligned VSD in the four-chamber view.
LV, left ventricle; RV, right ventricle; VSD, ventricular septal defect; AO, aorta.
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risk of recurrence of AVSD in children of mothers or fathers with
this defect is 14% and 2%, respectively.

The complete form of AVSD is the most common CHD
detectable in utero.”® The complete form of AVSD includes the
presence of an ostium primum ASD, an inlet VSD and a common
(single) atrioventricular valve. The AVSD is termed partial or
incomplete, when a tongue of tissue joins the superior and inferior
cusps dividing the common valve into two valves (Fig. 11). The
classical partial form of AVSD, also known ostium primum ASD,
combines an atrial defect and a cleft of the left valve orifice.
However, subtypes of AVSD may include both atrial and ventricular
communications.

Furthermore, the assessment of the insertion of the common AV
valve enables the Rastelli’'s AVSD classification (A, B and C types),
which is useful to the postnatal surgical approach (Fig. 12).2°,30
The analysis of the atrioventricular connection and the size of the
ventricles are important tools for the identification of balanced and
unbalanced forms of AVSD. Unbalanced AVSD results in ventricular
disproportion (hypoplasia of one ventricle) and is typically found
in association with heterotaxy syndrome (atrial isomerism).>

Complete AVSD is associated with extra-cardiac malformations
and syndromes such as trisomies 21 (75% of cases), 18 and 13.
Therefore, fetal karyotype should be discussed with parents
whenever this diagnosis is made. Moreover, a sequential detailed
cardiac examination is indicated to identify additional cardiac
anomalies, such as tetralogy of Fallot and double-outlet RV, mainly
in fetuses with trisomy 21.%"

During the fetal life, the AVSD is well tolerated and the delivery
should follow the obstetric routine. Few fetuses will develop
congestive heart failure and non-immune hydrops due to severe
AV regurgitation and/or complete heart block (atrial isomerism).
After birth, complete VSD should be surgically repaired between
three and six months of age by the early risk of irreversible arterial
pulmonary hypertension.>® In cases of unbalanced DSAVT with

NORMAL COMPLETE AVSD

PARTIAL AVSD

Fig.11. Types of AVSD and normal atrioventricular valves (normal heart). The image
shows the partial AVSD with two AV valves and the complete form of AVSD with a
single AV valve. AVSD, atrioventricular septal defect; AV atrioventricular valve.

Fig. 12. Fetal echocardiographic image of four-chamber view demonstrating
atrioventricular septal defect (AVSD) Rastelli’s type B- see the superior bridging
leaflet of atriventricular valve attached over the ventricular septum by an
anomalous papillary muscle of the right ventricle (red arrow). LA, left atrium;
LV, left ventricle; RA, right atrium; RV, right ventricle. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of
this article.)

hypoplasia of one of the ventricles, the postnatal surgical
management will be the same as used for the univentricular heart.
In conclusion, the fetal diagnosis of AVSD can easily be done by
four-chamber view. The best diagnosis clues are: the absence of
crux of the heart, the presence of the primum ASD and the absence
of the usual offset of the AV valves (Fig. 13). In most cases, an inlet
VSD is also present. The four-chamber view can be significantly
improved by measuring the ratio of atrial to ventricular length
(AVL) with a cutoff value of over 0.6.3! Furthermore, this plane is
ideal to assess the relationship of AV junction, the size of the
ventricles, and AV valve insufficiency. The five-chamber view can
identify the characteristics of the LV-outflow view in AVSD: a
narrowed and elongated outflow (also known as gooseneck).

Gen./13.0cm

)
(ABSENCE OF AV SEPTUM)

Fig. 13. Fetal echocardiographic image of four-chamber view showing a balanced
complete atrioventricular septal defect (AVSD). During diastole, the common
atrioventricular valve is open with the absence of AV septum (H-shaped by color
Doppler mapping due to the absence of the AV septum), and large atrial and
ventricular defects. LA, left atrium; LV, left ventricle; RA, right atrium; RV, right
ventricle; ASD, primum atrial septum defect; VSD, inlet ventricular septal defect; AV
atrioventricular valve.
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4. Right heart malformations
4.1. Pulmonary atresia with intact ventricular septum/tricuspid atresia

Pulmonary atresia (PA) with intact ventricular septum account
for about 1% to 3% of CHD diagnosed during fetal life and for 2.5% to
4% after birth. The classification includes two types: Type I (75%) —
stenotic and competent tricuspid valve (TV) and RV with
hypoplasia and Type Il — dysplastic and insufficient TV with a
normal size RV and an enlarged RA.>?

The prenatal diagnosis of PA can be done by the five-chamber
view that enables identification of an immobile and thickened
pulmonary valve and the presence of a reversed flow in the
pulmonary artery from the ductus arteriosus to the pulmonary
valve by color Doppler (Fig. 14). The classification of PA varies
according to the features of the TV. In cases of PA and TV stenosis,
the RV is hypoplastic (Type I), whereas when PA is associated with
adysplastic and incompetent TV (Type 2), the RV is well-developed
and the RA enlarged. Ventriculocoronary connections (fistulas) can
be observed, more commonly in Type I. In all forms, the PA is
smaller than aorta on three-vessel view.>?

Tricuspid atresia is defined as an agenesis of the tricuspid valve
with no direct communication between the RA and the RV. It is a
rare form of CHD (3%-4% in fetal life), with a recurrence risk of
1%.23 This defect is associated with normally related (type I) or
transposed arteries (types Il and III: D and L transposed arteries)
with, or less commonly, without VSD.>? The pulmonary flow could
be normal, decreased (pulmonary stenosis), or absent (pulmonary
atresia). Additional cardiac anomalies, such as coarctation of the
aorta, are present in less than 20% of cases. If the VSD is absent or
small, the restricted flow to RV can lead to severe hypoplasia of the
RV.

The prenatal diagnosis of tricuspid atresia is easily done by
ultrasound. The features of tricuspid atresia in the four-chamber
view are: an echogenic and immobile tricuspid valve; absence of
flow across the TV on color Doppler during diastole; and a
hypoplastic RV with or without VSD. Transposed arteries are
present in about 20% of cases. Sequential follow-up cardiac
ultrasound is indicated to assess the LV function, the size of the
foramen oval and the presence of RV outflow obstruction. Fetal
distress and hydrops are related with very small foramen oval.

Neonates with PA with intact ventricular septum require
administration of prostaglandin E1 at birth to maintain patent
ductus arteriosus until surgery is performed. In cases of tricuspid
atresia with a restrictive foramen oval or secundum ASD, this

Fig.14. Image showing by color Doppler the presence of reversed flow (arrow) in PA
(pulmonary atresia) and a PA with small size in 3 V view. PA, pulmonary artery; AO,
aorta.

communication should be enlarged by ballon or surgical atrio-
septostomy during the first days of life. In both cases, the prenatal
diagnosis will improve the perinatal outcome. Posteriorly, the type
of surgical management will depend on the type of the anatomy.

4.2. Pulmonary stenosis/tricuspid valve stenosis

In pulmonary valve stenosis the thickness and the reduced
motility of the pulmonary valve are variable. Generally, the
severity of the pulmonary stenosis is based on the size of the
pulmonary valve and the direction flow in the pulmonary artery.
Direct evidence of ductal dependence and tricuspid regurgitation
are indicative of severe stenosis (critical pulmonary stenosis). In
cases of critical stenosis, the anterograde pulmonary flow can be
detectable instead of the fully retrograde flow which characterizes
PA. In mild-to-moderate forms, the four-chamber view can be
normal, even an increased pulmonary artery peak velocity is
present. Therefore, an abnormal pulmonary valve echogenicity on
the five-chamber view and patients at a risk (rubella syndrome)
should be followed by a Doppler flow investigation. In cases of
supravalvar pulmonary stenosis, the RV outflow tract obstruction
is located in the pulmonary artery instead of being in the
pulmonary valve, and is commonly associated with syndromes
such as Noonan, Williams, and Alagille.

In the tricuspid stenosis, the tricuspid valve diameter is reduced
with thick cusps and restricted diastolic opening. During the
gestation, the lack of flow across the valve can decrease the RV
development leading to RA dilatation. The four-chamber view with
color Doppler enables the diagnosis of the tricuspid stenosis.

4.3. Ebstein's anomaly and tricuspid dysplasia

Ebstein’s anomaly is characterized by the lack of mobility and
downward displacement of septal and posterior cusps of TV (gap
between the TV and the mitral valve >8 mm). In cases of
ventricular inversion, an Ebstein’s anomaly could be observed
on the left side. The diagnosis can be suspected on a cardiac
screening (four-view chamber) when the RA is enlarged and the
thickened cusps of the TV are displaced down and tethered on the
septal surface. Ebstein’s anomaly is a rare congenital condition (3%
to 7% of fetal CHD), and has been associated with maternal
ingestion of benzodiazepines.>*

When Ebstein’s anomaly is identified prenatally, the fetus
should be closely monitored due to an increased risk of tricuspid
insufficiency progression, cardiac dysfunction, and fetal demise.
Serial fetal echocardiography is recommended, especially during
the third trimester. Depending on the degree of the TV displace-
ment it can result in less or more severe reduction of the functional
RV.2®> After birth, the RV functional area is helpful to predict
prognosis. However, predicting outcomes of fetuses with Ebstein’s
anomaly remains a challenge. Fetuses with pulmonary regurgita-
tion, indicating circular shunt physiology, as well early gestational
age at the diagnosis, have been associated with poor outcome.

Fetal transplacental digoxin theraphy may improve the cardiac
fun