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ISUOG Practice Guidelines (updated): sonographic screening
examination of the fetal heart
Clinical Standards Committee
The International Society of Ultrasound in Obstetrics
and Gynecology (ISUOG) is a scientific organization that
encourages safe clinical practice and high-quality teaching and research related to diagnostic imaging in women’s
healthcare. The ISUOG Clinical Standards Committee
(CSC) has a remit to develop Practice Guidelines and Consensus Statements that provide healthcare practitioners
with a consensus-based approach for diagnostic imaging.
They are intended to reflect what is considered by ISUOG
to be the best practice at the time at which they are issued.
Although ISUOG has made every effort to ensure that
Guidelines are accurate when issued, neither the Society
nor any of its employees or members accept any liability
for the consequences of any inaccurate or misleading data,
opinions or statements issued by the CSC. The ISUOG
CSC documents are not intended to establish a legal standard of care because interpretation of the evidence that
underpins the Guidelines may be influenced by individual circumstances, local protocol and available resources.
Approved Guidelines can be distributed freely with the
permission of ISUOG (info@isuog.org).

vary widely17 . Some of this variation can be attributed
to differences in examiner experience, maternal obesity,
transducer frequency, abdominal scars, gestational age,
amniotic fluid volume and fetal position18,19 . Continuous
feedback-based training of healthcare professionals, a low
threshold for echocardiography referrals and convenient
access to fetal heart specialists are particularly important
factors that can improve the effectiveness of a screening
program8,20 . As one example, the detection rate of major
cardiac anomalies doubled after implementation of a
2-year training program at a medical facility in Northern
England21 .
The cardiac screening examination of the fetus is
designed to maximize the detection of heart anomalies
during a second-trimester scan22 . These Guidelines can be
used in the evaluation of low-risk fetuses examined as part
of routine prenatal care23 – 25 . This approach also helps
to identify fetuses at risk for genetic syndromes and provides useful information for patient counseling, obstetric
management and multidisciplinary care. Suspected heart
anomalies will require more comprehensive evaluation
using fetal echocardiography26 .

GENERAL CONSIDERATIONS
INTRODUCTION
This document constitutes a revised and updated version
of the previously published ISUOG guidelines for cardiac
screening in midgestation1 and reflects current knowledge about prenatal detection of congenital heart disease
(CHD). The new ISUOG recommendation that outflow
tract views as well as the four-chamber view be added to
routine screening is evidence-based and parallels recent
guidelines and recommendations from other professional
bodies2 – 5 .
CHD is a leading cause of infant mortality, with an estimated incidence of about 4–13 per 1000 live births6 – 8 .
Between 1950 and 1994, 42% of infant deaths reported
to the World Health Organization were attributable
to cardiac defects9 . Structural cardiac anomalies were
also among the abnormalities most frequently missed
by prenatal ultrasonography10,11 . Prenatal detection of
CHD may improve the outcome of fetuses with specific
types of cardiac lesions12 – 16 , but prenatal detection rates
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Despite the well-documented utility of the four-chamber
and outflow tract views, one should be aware of the potential diagnostic pitfalls that can prevent timely detection
of CHD27 – 29 . Detection rates can be optimized by performing a thorough screening examination of the heart,
recognizing that the four-chamber view is much more than
a simple count of cardiac chambers, understanding that
some lesions are not discovered until later in pregnancy,
and being aware that specific types of abnormalities (e.g.
transposition of the great arteries or aortic coarctation)
may not be evident from the four-chamber plane alone.
Complementing the four-chamber view with the outflow
tract views in the cardiac screening examination is therefore an important step to improve detection of CHD.

Gestational age
The cardiac screening examination is performed optimally
between 18 and 22 weeks’ menstrual age, although many
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anatomical structures can still be visualized satisfactorily
beyond 22 weeks. Some anomalies may be identified during the late first and early second trimesters of pregnancy,
especially when increased nuchal translucency thickness
is identified30 – 35 . Screening at 20–22 weeks’ gestation is
less likely to require an additional scan for completion
of this evaluation, although many patients would prefer to know about major defects at an earlier stage of
pregnancy36 .

Technical factors
Ultrasound transducer
Higher-frequency probes will improve the likelihood of
detecting subtle defects, at the expense of reduced acoustic penetration. The highest possible transducer frequency
should be used for all examinations, recognizing the
trade-off between penetration and resolution. Harmonic
imaging may provide improved images, especially for
patients with increased maternal abdominal wall thickness during the third trimester of pregnancy37 .

349
Table 1 Assessment of fetal situs/laterality and the four-chamber
view
Situs and general aspects
Fetal laterality (identify right and left sides of fetus)
Stomach and heart on left
Heart occupies a third of thoracic area
Majority of heart in left chest
Cardiac axis (apex) points to left by 45◦ ± 20◦
Four chambers present
Regular cardiac rhythm
No pericardial effusion
Atrial chambers
Two atria, approximately equal in size
Foramen ovale flap in left atrium
Atrial septum primum present (near to crux)
Pulmonary veins entering left atrium
Ventricular chambers
Two ventricles, approximately equal in size
No ventricular wall hypertrophy
Moderator band at right ventricular apex
Ventricular septum intact (apex to crux)
Atrioventricular junction and valves
Intact cardiac crux
Two atrioventricular valves open and move freely
Differential offsetting: tricuspid valve leaflet inserts on ventricular
septum closer to cardiac apex than does mitral valve

Imaging parameters
Cross-sectional gray-scale imaging is still the basis of a
reliable fetal cardiac scan. System settings should emphasize a high frame rate, with increased contrast and
high resolution. Low persistence, a single acoustic focal
zone and a relatively narrow image field should also
be used.
Zoom and cine-loop
Images should be magnified until the heart fills at least
one third to one half of the screen. The cine-loop feature
should be used to assist the real-time evaluation of normal
cardiac structures, for example, to confirm movement of
heart valve leaflets throughout the cardiac cycle. Image
magnification and use of cine-loop may help in identifying
abnormalities.

CARDIAC EXAMINATION
Considering the time elapsed since the publication of
the initial ISUOG guidelines1 , and recent evidence from
the literature, the cardiac screening examination should
now include both the four-chamber and outflow tract
views38 – 46 .

Four-chamber view
The four-chamber view involves careful evaluation of
specific criteria and should not be mistaken for a simple
chamber count. The main elements for examination of
the four chambers are shown in Table 1 and Figures 1
and 2. To assess cardiac situs, it is necessary that fetal
laterality i.e. identification of fetal right and left sides, be
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determined first, prior to ascertaining that both stomach
and heart are on the left side of the fetus. A normal heart
is usually no larger than one third of the area of the chest.
Some views may reveal a small hypoechogenic rim around
the fetal heart, which can be mistaken for a pericardial
effusion. An isolated finding of this type usually represents
a normal variation47,48 .
The heart is mainly situated on the left side of the
chest and its long axis normally points to the left by
about 45 ± 20◦ (2 SD)49 (Figure 1). Careful attention
should be paid to cardiac axis and position, which can
be evaluated easily even if the four-chamber view is not
visualized satisfactorily50 . Situs abnormalities should be
suspected when the fetal heart and/or stomach are not
found on the left side. Abnormal axis increases the risk of
a cardiac malformation, especially involving the outflow
tracts. This finding may also be associated with a chromosomal anomaly. Abnormal displacement of the heart
from its normal anterior left position can be caused by
a diaphragmatic hernia or space-occupying lesion, such
as cystic adenomatoid malformation of the lung. Position
abnormalities can also be secondary to fetal lung hypoplasia or agenesis. A shift of the axis to the left may also
occur with fetal gastroschisis and omphalocele.
Normal heart rate and regular rhythm should be confirmed. The normal rate ranges from 120 to 160 beats per
minute (bpm). Mild bradycardia is observed transiently in
normal second-trimester fetuses. Fixed bradycardia, especially heart rates that remain below 110 bpm51 , requires
timely evaluation by a fetal cardiac specialist for possible
heart block. Repeated heart rate decelerations during the
third trimester can be caused by fetal hypoxia. Occasional skipped beats are typically not associated with an
increased risk of structural fetal heart disease and are
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Figure 1 (a) Abdominal situs is ascertained in a transverse view of the fetal abdomen. After determining fetal laterality from position of the
fetus in utero, the stomach should be identified on the fetal left side with the descending aorta (D. Aorta) and inferior vena cava (IVC) to the
left and right sides of the spine, respectively. A short segment of the umbilical vein (UV) is seen. (b) Cardiac position and axis: the heart is
mainly on the left (L) side. The cardiac apex points to the left by 45 ± 20◦ in relation to the anteroposterior axis of the chest. LA, left atrium;
LV, left ventricle; R, right; RA, right atrium; RV, right ventricle.

often benign and resolve spontaneously. However, some
cases may occur with clinically significant dysrhythmias
and are an indication for fetal echocardiography52 – 54 .
Alternatively, reassurance can be provided by more
frequent Doppler auscultation and a targeted scan to
rule out effusions and confirm normal views of the
fetal heart. Mild tachycardia (> 160 bpm) can occur
as a normal variant during fetal movement. Persistent
tachycardia (≥ 180 bpm)55 , however, should be evaluated further for possible fetal hypoxia or more serious
tachydysrhythmias.
Both atrial chambers normally appear similar in size
and the foramen ovale flap should open into the left
atrium. The lower rim of atrial septal tissue, called the
septum primum, should be present. This forms part of the
cardiac ‘crux’, the point where the lower part of the atrial
septum meets the upper part of the ventricular septum
and where the atrioventricular valves insert. Pulmonary
veins can often be seen entering the left atrium and, when
technically feasible, visualization of at least two of these
veins is recommended.
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The moderator band, a distinct muscle bundle that
crosses the right ventricular cavity, is seen near the apex
and helps to identify the morphological right ventricle.
The left ventricular apex appears smooth and forms the
apex of the heart. Both ventricles should appear similar in size and have no evidence of thickened walls.
Although mild ventricular disproportion can occur as
a normal variant in the third trimester of pregnancy,
overt right–left asymmetry in midgestation warrants further examination56 ; left-sided obstructive lesions, such as
coarctation of the aorta and evolving hypoplastic left heart
syndrome, are important causes of this disparity57,58 .
The ventricular septum should be examined carefully
for cardiac wall defects, from the apex to the crux. Septal
defects may be difficult to detect. The septum is best seen
when the angle of insonation is perpendicular to it. When
the ultrasound beam is directly parallel to the ventricular
wall, a defect may be suspected falsely because of acoustic
‘drop-out’ artifact. Small septal defects (1–2 mm) can be
very difficult to confirm if the ultrasound imaging system
fails to provide a sufficient degree of lateral resolution,
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Figure 2 Four-chamber view. The key elements of the normal mid-trimester four-chamber view include heart area no more than one third of
chest area, right- and left-sided structures approximately equal (chamber size and wall thickness), a patent foramen ovale with its valve in the
left atrium, an intact cardiac ‘crux’ with normal offset of the two atrioventricular valves and intact ventricular septum. The morphological
right ventricle (RV) is identified by the presence of the moderator band and tricuspid valve, this valve inserting more apically in the septum
than does the mitral valve (normal offset). D. Aorta, descending aorta; L, left; LA, left atrium; LV, left ventricle; R, right; RA, right atrium.

especially if fetal size and position are unfavorable. However, in most cases these are of limited clinical significance
and may even undergo spontaneous closure in utero59,60 .
Two distinct atrioventricular valves (right-sided, tricuspid; left-sided, mitral) should be seen to open separately
and freely. The septal leaflet of the tricuspid valve is
inserted into the septum closer to the apex when compared with that of the mitral valve (i.e. normal offset).
Abnormal alignment of the atrioventricular valves can be
a key sonographic finding for cardiac anomalies such as
atrioventricular septal defect.

Outflow tract views
Views of the left and right ventricular outflow tracts
(LVOT and RVOT) are considered an integral part of
the fetal cardiac screening examination. It is important
to ascertain normality of the two vessels, including their
connection to the appropriate ventricles, their relative
size and position and adequate opening of the arterial
valves. It is recommended that in cases when this cannot
be confirmed, further evaluation be carried out.
At the very least, examination of the outflow tracts
requires that the great vessels are approximately equal
in size and cross each other at right angles from their
origins as they exit from the respective ventricles (normal
‘cross-over’, Appendix S1, Panel 1). A large obstetric
ultrasound survey of over 18 000 fetuses61 examined the
standardized practice of incorporating the four-chamber
view and, when technically feasible, evaluation of the
outflow tracts, into the routine 30-min examination.
Most (93%) examinations that included an adequate
four-chamber view were also associated with satisfactory
evaluation of the outflow tracts. Non-visualization rates
were: 4.2% for the LVOT, 1.6% for the RVOT and 1.3%
for both outflow tracts.
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Additional cross-sectional views show different aspects
of the great vessels and surrounding structures, but are
part of a continuous sweep starting from the RVOT and
include the three-vessel (3V) view and the three vessels
and trachea (3VT) view (Appendix S1, Panel 2). In a study
involving nearly 3000 low-risk pregnancies examined by
one operator, the 3V view and the 3VT view were added to
the standard four-chamber view as part of routine screening. The average time to obtain the cardiac views was
just over 2 min (135 s; SD, 20 s) but in approximately one
third of cases the cardiac examination was postponed by
15–20 min due to unfavorable fetal lie (anterior spine)46 .
The evaluation of outflow tracts increases the detection rates for major cardiac malformations above those
achievable by the four-chamber view alone20,40,42,62,63 .
The inclusion of outflow tract views is more likely to
identify conotruncal anomalies such as tetralogy of Fallot, transposition of the great arteries, double outlet right
ventricle and truncus arteriosus43 – 46,64 – 69 .

Sonographic technique
Performing a transverse sweep (sweep technique) with
cephalad movement of the transducer from the fetal
abdomen (at the level of the standard abdominal circumference) through the four-chamber view and towards the
upper mediastinum offers a systematic way of assessing
the fetal heart and provides the various views through
which normality of the outflow tracts views can be ascertained: LVOT, RVOT, 3V and 3VT views70 , (Figure 3).
In the ideal exam, all outflow tract views can be obtained
with relative ease. However, it may not be technically
feasible to demonstrate all of these in every patient
during routine screening. Hence, being familiar with all is
desirable.
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Figure 3 The five axial views for optimal fetal heart screening. The color image shows the trachea (Tr), heart and great vessels, liver and
stomach, with the five planes of insonation indicated by polygons corresponding to the gray-scale images, as indicated. (I) Most caudal
plane, showing the fetal stomach (St), cross-section of the descending aorta (dAo), spine (Sp) and liver (Li). (II) Four-chamber view of the
fetal heart, showing the right and left ventricles (RV, LV) and atria (RA, LA), foramen ovale (FO) and pulmonary veins (PV) to the right and
left of the dAo. (III) Left ventricular outflow tract view, showing the aortic root (Ao), LV, RV, LA and RA and a cross-section of the dAo.
(IV) Slightly more cephalad view (right ventricular outflow tract view) showing the main pulmonary artery (MPA) and the bifurcation into
the right (RPA) and left (LPA) pulmonary arteries and cross-sections of the ascending aorta (Ao) and dAo aorta. (V) Three vessels and
trachea view showing the superior vena cava (SVC), pulmonary artery (PA), ductus arteriosus (DA), transverse aortic arch (from proximal
Ao to dAo) and trachea (Tr). IVC, inferior vena cava; L, left; R, right. Modified with permission from Yagel et al.70 .
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Figure 4 Fetal heart scanning technique. The four-chamber view is obtained through an axial scanning plane across the fetal chest. Cephalad
tilting of the transducer from the four-chamber view towards the fetal head gives the outflow tract views sequentially: left ventricular
outflow tract (LVOT), right ventricular outflow tract (RVOT), three-vessel (3V) and three vessels and trachea (3VT) views.

The LVOT and RVOT views can be obtained by sliding
(or angling) the transducer towards the fetal head (sweep
technique) (Figure 4), starting from a four-chamber view
to obtain the normal cross-over of the aorta and main
pulmonary artery at their origin. Details of the pulmonary
artery bifurcation can also be seen (Appendix S1, Panels
1 and 2). Alternatively, a variation in the method for
evaluating the outflow tracts in the fetus has also been
described: the rotational technique41 (Appendix S2, Panel
1). From a four-chamber view of the heart, the transducer
is first rotated towards the fetal right shoulder. This technique, more easily performed when the interventricular
septum is perpendicular to the ultrasound beam, may
require slightly more manual skills but optimizes visualization of the LVOT, especially the septoaortic continuity.
It also allows visualization of the whole ascending aorta,
as opposed to only its proximal part as with the sweep
technique. With both techniques, once the LVOT view
is obtained, the transducer is angled cephalad until the
pulmonary artery is observed with a direction almost
perpendicular to that of the aorta.
Additional views of the aorta and pulmonary artery
can be obtained by further sliding or tilting the transducer
towards the fetal head from the RVOT. These views correspond to the 3V view and the 3VT view, in which the
relationship of the two arteries with the superior vena
cava and trachea is shown. The ductal arch as well as
the transverse aortic arch can also be imaged at this
level64 – 67 .
Left ventricular outflow tract (LVOT) view. The LVOT
view confirms the presence of a great vessel originating
from the morphological left ventricle (Figure 5). Continuity should be documented between the ventricular septum
and the anterior wall of this vessel, the aorta. The aortic
valve moves freely and should not be thickened. It is
possible to trace the aorta into its arch, from which three
arteries originate into the neck. However, identification
of these aortic arch vessels is not considered as a routine
part of the cardiac examination. The LVOT view helps to
identify outlet ventricular septal defects and conotruncal
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abnormalities that are not seen during examination of the
four-chamber view alone.
Right ventricular outflow tract (RVOT) view. The
RVOT view confirms the presence of a great vessel originating from the morphological right ventricle (Figure 6):
the pulmonary artery normally arises from this ventricle
and courses towards the left of the more posterior ascending aorta. It is usually slightly larger than the aortic root
during fetal life and crosses the ascending aorta at almost
a right angle just above its origin. At this level, as seen in
Figure 6, the superior vena cava is often seen to the right
of the aorta. This view is similar to the 3V view, described
by Yoo et al.64 .
The pulmonary valve moves freely and should not be
thickened. The vessel originating from the RVOT can be
confirmed as the pulmonary artery only if it branches
after a short course. The take-off of the right branch
of the pulmonary artery comes first and the left branch
subsequently. This division cannot always be seen owing
to fetal position. The normal pulmonary artery continues
distally towards the left side and into the ductus arteriosus that connects to the descending aorta (Figure 6 and
Appendix S1).
Three-vessel (3V) view and three vessels and trachea
(3VT) view. Visualization of the 3V view and 3VT view is
desirable and should be attempted as part of the routine
cardiac screening examination, although it may not be
technically feasible to obtain them in all patients.
These two standard ultrasound planes define three vascular structures, and their relationships with each other
and with the airways (trachea). Yoo et al.64 described
the 3V view to evaluate the pulmonary artery, ascending
aorta and superior vena cava, and their relative sizes and
relationships (Figure 7). Briefly, an assessment of vessel
number, size, alignment and arrangement needs to be
made. From left to right, the vessels are the pulmonary
artery, the aorta and the superior vena cava. The pulmonary artery is the most anterior vessel and the superior
vena cava is the most posterior. Their relative diameters
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Figure 5 Left ventricular outflow tract (LVOT) view. This view shows a vessel connected to the left ventricle (LV). It is important to
demonstrate continuity between the interventricular septum and the anterior wall of this vessel, which in the normal heart corresponds to
the aorta. The aortic valve should not be thickened and should be shown to open freely. The aortic valve is closed in (a) and open in (b).
D. Aorta, descending aorta; L, left; LA, left atrium; R, right; RA, right atrium; RV, right ventricle.

decrease from left to right, with the pulmonary artery
being larger than the aorta, and the aorta larger than the
superior vena cava. Typically, certain abnormalities associated with a normal four-chamber view, such as complete
transposition of the great arteries, tetralogy of Fallot and
pulmonary atresia with a ventricular septal defect, are
likely to have an abnormal 3V view. Yagel et al.67 subsequently described the 3VT view, which is a more cephalad
image, in which the transverse aortic arch is better visualized (‘aortic arch view’) and its relationship with the
trachea emphasized. The trachea is usually identified as a
hyperechogenic ring surrounding a small fluid-filled space.
Both the ductal and aortic arches are positioned to the left
of the trachea and form a ‘V’ shape as they both join the
descending aorta (Figure 8). The aortic arch is the most
cranial of the two arches, therefore to image both arches
simultaneously may require some transducer adjustments,
away from the plane that is parallel to the four-chamber
view. The 3VT view is likely to enable detection of lesions
such as coarctation of the aorta, right aortic arch, double
aortic arch and vascular rings.
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COLOR FLOW DOPPLER
Although the use of color flow Doppler is not considered
mandatory in these Guidelines, becoming familiar with
its use and adding it to routine screening is encouraged71 .
Color flow mapping is an integral part of performing
fetal echocardiography and its role in the diagnosis of
CHD cannot be underestimated. Color Doppler imaging
can also be used during routine screening, if the operator feels competent with its use. Color flow mapping
may facilitate imaging of the various cardiac structures
as well as highlighting abnormal blood flow patterns.
It may also constitute a valuable tool in the evaluation
of cardiac anatomy in obese patients72 and may further improve detection rates of major CHD in low-risk
pregnancies46,73 .
Optimal color Doppler settings include the use of a
narrow color box (region of interest) as this has the
greatest impact on frame rate, appropriate pulse repetition frequency, low color persistence and adequate
gain settings to display flow across valves and vessels
(See Appendix S2).
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Figure 6 Right ventricular outflow tract (RVOT) view. This view shows a vessel connected to the right ventricle (RV). In the normal heart
this vessel crosses over the aorta, which helps in identifying it as the main pulmonary artery (PA). The pulmonary valve should not be
thickened and should open freely. In (a), the bifurcation of the PA into both pulmonary branches can be seen. The pulmonary valve is closed.
In (b), the plane of insonation is slightly more cephalad. The PA, right pulmonary artery (RPA) and arterial duct are seen. D. Aorta,
descending aorta; L, left; LPA, left pulmonary artery; R, right; SVC, superior vena cava.

FETAL ECHOCARDIOGRAPHY
A fetal echocardiogram should be performed if CHD is
suspected, if the normal four-chamber and outflow tract
views described above cannot be obtained at the time of
screening or if recognized risk factors indicate increased
risk for CHD. Specific details of this specialized procedure have been published previously26 and are not within
the scope of this article. A high proportion of cases of
CHD detectable prenatally occurs in patients without
any risk factors or extracardiac anomalies63 ; hence the
importance of screening. Healthcare practitioners, however, should be familiar with some of the reasons why
patients should be referred for a comprehensive cardiac
evaluation74 . For example, increased nuchal translucency
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thickness of greater than 3.5 mm at 11–14 weeks’ gestation is an indication for a detailed cardiac evaluation even
if the measurement subsequently falls into the normal
range75 – 78 .
Fetal echocardiography should be performed by specialists who are familiar with the prenatal diagnosis of CHD.
In addition to the information provided by the basic
screening examination, a detailed analysis of cardiac
structure and function further characterizes visceroatrial situs, systemic and pulmonary venous connections,
foramen ovale mechanism, atrioventricular connection,
ventriculoarterial connection, great vessel relationships
and sagittal views of the aortic and ductal arches.
Other conventional sonographic techniques can be
used to study the fetal heart. For example, Doppler
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Figure 7 Three-vessel (3V) view. This view best demonstrates the relationship between the pulmonary artery, aorta and superior vena cava
(SVC) in the upper mediastinum. It is important to note the correct position and alignment of the three vessels as well as their relative size.
The pulmonary artery, to the left, is the largest of the three and the most anterior, whereas the SVC is the smallest and most posterior.
D. Aorta, descending aorta.
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Figure 8 Three vessels and trachea (3VT) view. This view best demonstrates the transverse aortic arch and its relationship with the trachea.
In the normal heart, both the aortic arch and the ductal arch are located to the left of the trachea, in a ‘V’-shaped configuration. L, left;
R, right; SVC, superior vena cava.

ultrasonography can measure blood flow velocity or
identify abnormal flow patterns across valves and within
heart chambers. M-mode echocardiography is also
an important method for analyzing cardiac rhythm,
ventricular function and myocardial wall thickness.
Newer techniques that have become more widely available, such as tissue Doppler and volume sonography
(three-dimensional (3D)/4D/spatiotemporal image correlation (STIC)), can also be incorporated into a more
detailed anatomical and functional assessment of the
fetal heart. 4D fetal echocardiography has been shown
to contribute to the diagnostic assessment in cases
of complex heart defects including conotruncal malformations, aortic arch abnormalities and abnormal
pulmonary venous return79 – 81 . Additional ultrasound
modalities, such as speckle tracking, are currently
being used mainly in research settings but may become
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an important clinical tool in evaluating fetal cardiac
function.
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Appendix S1 Additional B-mode panels: outflow tracts
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