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ABSTRACT

Congenital cardiopathies are the most frequent malformations and represent a
high neonatal morbidity and mortality rate, especially in those neonates without
timely prenatal diagnosis. They appear as the first cause of infant death associated
with congenital malformations. Advances in technology and the standardization of
ultrasound diagnostic protocols have allowed increasingly accurate identification
of congenital heart diseases. However, this has not been sufficient and there
continues to be a high rate of neonates with congenital heart disease undiagnosed
in prenatal surveillance. On the other hand, with the advent of fetal surgery, it is
necessary to identify the presence of any major congenital heart disease that
could cloud the prognosis associated with the underlying fetal pathology that
made intrauterine intervention necessary. Considering the above, both parents
and medical professionals need to be made aware of the importance of screening
for congenital heart disease, especially in those fetuses that are going to undergo
prenatal surgery. There is currently a high rate of errors in congenital heart disease
screening, which causes anxiety in parents. This may be due to inadequate imaging
technique, lack of standardization in the study protocol based on clinical practice
guidelines, or lack of adequate training to perform this type of study. This article
focuses on the most common errors in screening for congenital heart disease during
second trimester morphological ultrasound, based on clinical practice guidelines for
fetal echocardiography.

Key words: Fetal heart, Heart defects, congenital, Prenatal diagnosis;
Echocardiography, Surgery, fetal

RESUMEN

Las cardiopatias congénitas son las malformaciones mds frecuentes y significan una
alta tasa morbimortalidad neonatal, sobre todo en aquellos neonatos sin diagndstico
prenatal oportuno. Representan la primera causa de muerte infantil asociada a
malformaciones congénitas. El avance de la tecnologia y la estandarizacién de los
protocolos de diagnostico ecografico han permitido identificar cada vez con mas
precisién las cardiopatias congénitas. Sin embargo, esto no ha sido suficiente y sigue
habiendo una alta tasa de neonatos con cardiopatias congénitas no diagnosticadas
en la vigilancia prenatal. Por otro lado, con el advenimiento de la cirugfa fetal se
hace necesario identificar la presencia de alguna cardiopatia congénita mayor
que pudiera ensombrecer el prondstico asociado con la patologia fetal de fondo
que hizo necesaria la intervencién intrauterina. Considerando lo anterior, se
necesita concientizar tanto a los padres como a los profesionales médicos sobre
la importancia del cribado de cardiopatias congénitas, especialmente en aquellos
fetos que van a ser sometidos a cirugia prenatal. Actualmente existe una alta tasa
de errores en el tamizaje de cardiopatias congénitas, lo que ocasiona ansiedad en
los padres. Esto puede deberse a una técnica inadecuada en la toma de imagenes,
falta de estandarizacién en el protocolo de estudio basado en las guias practicas
clinicas, o bien la falta de entrenamiento adecuado para realizar este tipo de
estudios. El presente articulo se enfoca en los errores mas comunes en el tamizaje
de cardiopatias congénitas durante la ecografia morfolégica del segundo trimestre,
tomando como base las guias practicas clinicas de ecocardiografia fetal.

Palabras clave. Corazén fetal, Cardiopatias congénitas Diagndéstico prenatal,
Ecocardiografia, Cirugia fetal

INTRODUCTION

Congenital heart disease (CHD) is the most common intrauterine mal-
formation, with an incidence of 8 per 1,000 live births™. One in four of
these infants has critical congenital heart disease and requires early
intervention or surgery during the first year of life®. Between 10% and
20% of congenital heart diseases are related to genetic and chromo-
somal alterations, maternal diseases, exposure to teratogens and fa-
milial recurrence®. In 1994, the World Health Organization attributed
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30% of neonatal deaths to congenital heart dis-
ease®. Many risk factors related to congenital
heart disease have been identified; however,
90% of heart malformations occur in low-risk
patients®.

Late diagnosis of critical heart disease, which
occurs in 20%-30% of cases, causes significant
infant morbidity and mortality®”. Therefore,
early detection is crucial to improve the survival
of these children.

Prenatal diagnosis of congenital heart disease
by echocardiographic screening has improved
clinical outcomes, allowing adequate prenatal
planning and timely interventions of the most
important structural congenital heart diseas-
es®. Likewise, fetal echocardiography is man-
datory in any patient whose fetus is to undergo
prenatal surgery, since the presence of major or
critical congenital heart disease contraindicates
fetal surgery, whereas minor or mild congenital
heart disease does not contraindicate intrauter-
ine intervention. Therefore, the identification of
fetal congenital heart disease and its classifica-
tion determines the course of fetal surgery, as
well as the overall prognosis.

Although fetal cardiac evaluation can current-
ly be performed from the first trimester ultra-
sound, the optimal gestational age for congen-
ital heart disease screening is in the second
trimester morphological ultrasound between 18
and 22 weeks of gestation® since the fetal car-
diac anatomy can be well visualized at this stage
of pregnancy. In addition, a complete fetal ana-
tomical study can be performed and allows for
further evaluation if necessary (advanced fetal
echocardiography, genetic studies, among oth-
ers).

The standard obstetric ultrasound examination
includes evaluation of the four chambers and
ventricular outflow tracts of the fetal heart. The
inclusion of views of the outflow tracts increases
the probability of identifying conotruncal anom-
alies, such as tetralogy of Fallot, transposition of
the great arteries, double outlet right ventricle
and common truncus arteriosus.

This examination has been systematized and
standardized in clinical practice guidelines for
ultrasound screening of the fetal heart by differ-
ent organizations such as the International Soci-
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ety for Ultrasound in Obstetrics and Gynecology
(ISUOG), the American Institute of Ultrasound
in Medicine (AIUM), the American College of Ra-
diology, the American College of Obstetricians
and Gynecologists, and the Society for Mater-
nal-Fetal Medicine (SMFM)(10-12),

Most of the data in the published literature de-
scribe the success of ultrasound for screening of
congenital heart disease by prenatal diagnosis.
In contrast, there are far fewer publications on
errors, false-positive or false-negative interpre-
tations. Therefore, the aim of this article is to ad-
dress the possible reasons for diagnostic errors
in each ultrasound slice and how to avoid them,
knowing the transcendence of the presence of
these cardiopathies in the context of a possible
fetal surgery.

METHODOLOGY

An analytical cross-sectional time series study
was performed in which recorded data were
obtained from guidelines for the performance
of fetal echocardiography and from the training
process of fetal medicine physicians.

In the article we systematically describe the
steps that are performed to generate an effi-
cient fetal cardiac evaluation before deciding to
perform fetal surgery.

FETAL ECHOCARDIOGRAPHY

Fetal echocardiography begins in the axial sec-
tion of the abdomen at the level of the gastric
chamber.

The first step is to determine the fetal presen-
tation and situation. Precising which is the left
and right side of the fetus is the basis for fetal
anatomical orientation.

Fetal cardiac imaging should always be per-
formed at the highest possible transducer fre-
quency to maximize image resolution and at
the highest possible frame rate, preferably > 50
hertz (Hz), due to the rapid motion of the heart
which normally beats between 110 and 160
times per minute.

The standard four-chamber view can be ob-
tained in 95-98 percent of second-trimester
pregnancies13),
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FOUR-CHAMBER VIEW

The 4-chamber view is the most important sec-
tion in the ultrasound examination of the fetal
heart. Knowledge of the anatomy of the fetal
thorax and heart, as well as knowledge of ultra-
sound dynamics, is fundamental for the clinical
interpretation of the image. One should always
start from the cut-off points recommended by
ISUOG to obtain a perfect four-chamber cut-off,
since recognizing the normality of this image ex-
cludes almost 60% of complex malformations of
the fetal heart®.

One of the most frequent errors occurs at the
beginning of the visualization of the cardiac
cross, fundamental at the moment of evaluating
the differential insertion of the atrioventricu-
lar valves (valvular off-setting). Precisely at this
level, when the four-chamber view is apical, the
artifact caused by the fetal sternum could give
the impression of a defect of the interventricu-
lar septum in its muscular portion, leading to a
diagnostic error. Therefore, the evaluation of the
interventricular septum should always be per-
formed in a view of the interventricular septum
with the ultrasound beam incident perpendicu-
larly to the septum (Figure 1).

The use of color Doppler is a point of good prac-
tice and should be applied with proper optimiza-
tion of the pulse repetition frequency (PRF) and

color Doppler gain to avoid inadequate interpre-
tations (Figure 2).

The visualization of conspicuous structures
must be carefully evaluated, such as the pres-
ence of atypical structures in the thorax (among
them the fetal stomach), so it is necessary to
obtain a four-chamber section where only one
costal archis visualized on each side” (Figure 3).

Another common error is to consider as patho-
logical the presence of mild and transient brady-
cardia, which is characteristic in healthy fetuses
in the second trimester. Similarly, the existence
of occasional skipped beats that spontaneous-
ly resolve corresponds to a normal condition
of the maturation of the fetal sympathetic and
parasympathetic systems®,

SECTION OF OUTFLOW TRACTS

Implementing the section of the outflow tracts
gives a sensitivity of up to 80% in the screening
for congenital heart disease in the second tri-
mester. Despite advances in prenatal diagnosis
of congenital heart disease, the greatest error
occurs in conotruncal heart disease®,

Inadequate visualization or insonation in the
outflow tracts can lead to errors in screening for
congenital heart disease. This can be avoided
by always starting from the four-chamber view

FIGURE 1. IMAGE A SHOWS A 4-CHAMBER VIEW OF A FETUS WITH POSTERIOR DORSUM IN CEPHALIC PRESENTATION WITH THE HEART IN APICAL POSITION.
THE ARTIFACT CAUSED BY THE STERNUM AND THE INTERVENTRICULAR SEPTUM ITSELF GIVE THE IMPRESSION OF A PERIMEMBRANOUS DEFECT. IMAGE B
SHOWS THE SAME FETUS IN FOUR-CHAMBER VIEW WITH DORSUM TO THE RIGHT AND INSONATION PERPENDICULAR TO THE INTERVENTRICULAR SEPTUM,
SHOWING THE INTEGRITY OF THE SEPTUM.
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FIGURE 2. IMAGE A SHOWS INADEQUATE MANAGEMENT OF COLOR DOPPLER OPTIMIZATION. A LOW PRF AND INCREASED GAIN LEAD TO A LOW-QUA-
LITY IMAGE AND IN THIS CASE THE IMPOSSIBILITY OF DIFFERENTIATING BETWEEN AN INTACT SEPTUM OR AN INTERVENTRICULAR DEFECT. IMAGE B sHoOws
AN ADEQUATE OPTIMIZATION OF COLOR DOPPLER WITH HIGH PRF AND LOW GAIN, WHICH ALLOWS ADEQUATE DISCRIMINATION OF THE TWO FLOW

CHANNELS IN THE CARDIAC CAVITIES.

FIGURE 3. IMAGE A SHOWS AN INADEQUATE TECHNIQUE OF THE FOUR-CHAMBER VIEW. THE SECTION IS OBLIQUE, SHOWING THE GASTRIC CHAMBER (E)
AND THE HEART (C) IN THE SAME PLANE, EVEN WITH ASYMMETRIC CARDIAC CAVITIES, AND THE CARDIAC AXIS DISPLACED, WHICH COULD LEAD TO AN IN-
ADEQUATE DIAGNOSIS OF CONGENITAL DIAPHRAGMATIC HERNIA. IMAGE B SHOWS THE SAME FETUS WITH AN ADEQUATE FOUR-CHAMBER VIEW SHOWING

ANATOMICAL NORMALITY, FOLLOWING THE REFERENCE POINTS RECOMMENDED BY CLINICAL PRACTICE GUIDELINES.

to the outflow tracts. The main mistake when

locating the sections of the great vessels is to
go directly to look for them without having a
correct 4-chamber view, since this always rep-
resents the starting point to evaluate the out-
flow tracts®O(Figure 4).

Obtaining an optimal 4-chamber plane and then
performing a transversal sweep in cephalic di-
rection with gentle displacement and rocking
movements will allow us to obtain the outflow
tract sections. We can also perform a rotational
movement towards the fetal right shoulder (left
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ventricular outflow tract) and from this point
perform an angulation movement in cephalic di-
rection (right ventricular outflow tract).

A frequent error occurs when applying this ro-
tational technique in an apical cut of 4 cham-
bers, so it is recommended to perform it from
a subcostal section with the ultrasound beam
perpendicular to the interventricular septum@",

The fetal position is of vital importance at the
moment of achieving the correct cuts. There-
fore, it is essential to avoid the mistake of post-
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FIGURE 4. IMAGE A SHOWS AN INADEQUATE CUT OF THE LEFT OUTFLOW TRACT. IMAGE B SHOWS THE SAME SLICE IN WHICH THE FETUS IS SEEN IN
CORONAL VIEW. THIS TECHNIQUE MAY GIVE THE FALSE IMPRESSION OF A PERIMEMBRANOUS DEFECT, WHICH IS EVEN MEASURED IN IMAGE C. IMAGE D
SHOWS THE SAME FETUS WITH AN ADEQUATE CUT OF THE AORTIC OUTFLOW TRACT IN WHICH THE INTEGRITY OF THE LONG AXIS OF THE INTERVENTRICU-
LAR SEPTUM IS CONFIRMED. THE ERROR IN IMAGES A, B AND C IS AVOIDED BY ALWAYS TAKING THE FOUR-CHAMBER SECTION AS THE STARTING POINT

FOR ADDRESSING THE OUTFLOW TRACTS OF THE GREAT VESSELS.

poning the evaluation of the outflow tracts if a
favorable fetal position is observed at the time
of starting the fetal exploration.

THREE-VESSEL TRACHEAL SECTION

The sections corresponding to the 3 vessels (as-
cending aorta, pulmonary artery and superior
vena cava) and their relationship with the tra-
chea (3-vessel trachea) were described by Yoo et
al. and Yagel et al, respectively?,

In these sections we will evaluate the relation-
ship of the vessels to each other in terms of their
size and their relation to the airway (trachea).
Again, it is of utmost importance to visualize the
4-chamber slice in a satisfactory manner and
then perform a transversal sweep in cephalic di-
rection up to the 3-vessel and 3-vessel trachea
section. Finally, our screening for congenital
heart disease would be incomplete if we do not
complement our examination with the applica-
tion of color Doppler. It is an indispensable tool,
and it would be a mistake to do without it, espe-

cially in obese patients where cardiac anatomy
becomes difficult to evaluate.

We emphasize the importance of the basics of
obstetric ultrasound. The determination of the
fetal presentation and situation to determine
the left and right side of the fetus is a pillar in
every fetal ultrasound examination.

Regarding the three-vessel tracheal section, in a
general and panoramic visualization we will have
to see the disposition of the vessels in order not
to make mistakes. Thus, from left to right, from
the largest vessel to the smallest, the pulmonary
artery is located, then the aorta artery and fi-
nally the superior vena cava. The most common
error when using color Doppler is to inappropri-
ately insonate the 'V' sign given by the arrange-
ment of the aorta and pulmonary artery. There-
fore, to avoid this error, the insonation of the
area of interest at the level of the three tracheal
vessels should always be in an anteroposterior
or posteroanterior direction in relation to the fe-
tal spine (Figure 5).
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CONCLUSIONS

During the last decade, fetal medicine has ad-
vanced by leaps and bounds, thanks to advances
in technology and training programs carried out
by major fetal medicine organizations.

Ultrasonographic detection of congenital heart
disease at different stages of gestation is often
difficult because the fetal heart is a small organ,
it is constantly moving, and the fetus is not al-
ways in the best position to evaluate it.

To be able to achieve a level of accuracy in this
study requires highly trained physicians with ex-
tensive training in obstetric ultrasound, as well
as in the diagnosis of congenital malformations
and with knowledge of pathophysiology and
malformations of the fetal heart.

Good equipment technology is also required.
In order to assess fetal cardiovascular anato-
my and function, a high-resolution two-dimen-
sional ultrasound system is needed, optimized
M-mode, integrated with pulsed Doppler, con-
tinuous Doppler and color Doppler systems, and
with real-time analysis commonly used in pedi-
atric cardiology.

Finally, fetal echocardiography is mandatory
in all patients whose fetus is to undergo fetal
surgery, since the presence of major congeni-
tal heart disease contraindicates fetal surgery,
while minor congenital heart disease does not
contraindicate intrauterine intervention.
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