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CHD, the most common birth defect1, can be asymptomatic in 
fetal life but cause substantial morbidity and mortality after 
birth1–3. Compared to postnatal diagnosis, fetal diagnosis 

can improve neonatal outcomes and surgical and/or interventional 
planning4–6 and could enable in utero therapies7,8. Distinguishing 
normal fetal hearts from complex CHD requiring referral to a fetal 
cardiologist is therefore a critical and universal need. Low sensitivity 
in this task can limit palliation options, worsen postnatal outcomes 
and hamper research on in utero therapies, while low specificity can 
cause unnecessary additional testing and referrals.

A fetal survey (fetal screening ultrasound) is recommended for 
every pregnancy worldwide9,10 in the second trimester and generally 
includes five clinically recommended cardiac views (Fig. 1a) that 
together could allow clinicians to diagnose up to 90% of complex 
CHD11,12. In practice, however, detection is often as low as 30%1,13,14, 
even where ultrasound is universal9,10,14. Specificity is also subopti-
mal, as low as 40–50%1.

Two reasons for this gap between possible and commonplace 
CHD detection are (1) inadequate expertise in interpretation and/
or (2) inadequate acquisition of diagnostic-quality images15,16. 
Causes of inadequate imaging include poor acoustic windows, fetal 
motion and the small size of the fetal heart. Furthermore, a fetal sur-
vey includes thousands of image frames spanning multiple struc-
tures per single video ‘sweep’, so the diagnostic frames of interest 
for CHD may be only a handful and are thus easily missed. Finally, 
the prevalence of CHD in the population (~0.8–1%) is low enough 
that non-experts see it only rarely and may discount or overlook 

abnormal images. Together, these make CHD detection one of the 
most difficult diagnostic challenges in ultrasound. Quality control 
studies aimed at addressing these challenges succeeded in increas-
ing CHD detection rates considerably17,18, showing that improving 
image acquisition and interpretation can bridge the diagnosis gap; 
however, these small, single-center programs are difficult to sustain 
and scale.19

Deep learning (DL) is a state-of-the-art type of machine learning 
useful in image analysis20–24. DL has been applied to adult cardiac 
ultrasound25,26, besting clinicians on view classification on small, 
downsampled datasets27. DL can be used to classify images or to 
segment structures within images; several DL models can be used 
together in an ensemble fashion. We hypothesized that DL could 
improve ultrasound analysis for CHD.

Results
To test whether DL can improve fetal CHD detection, using mul-
timodal imaging and experts in fetal cardiology, we implemented 
an ensemble of neural networks (Fig. 1b) to (1) identify the five 
diagnostic-quality, guideline-recommended cardiac views (Fig. 1a) 
from among all images in a fetal ultrasound (survey or echocardio-
gram), (2) use these views to provide classification of normal heart 
versus any of 16 complex CHD lesions (Table 1) and (3) calculate 
the cardiothoracic ratio (CTR), cardiac axis (CA) and fractional 
area change (FAC) for each cardiac chamber (Extended Data Fig. 2).

To train the various components in the ensemble, up to 107,823 
images from up to 1,326 studies were used. Five test datasets  
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to intra-labeler Jaccard values (range, 0.53–0.98; mean, 0.76). 
Example labels and predictions for segmented structures are 
shown in Fig. 4.

Normal cardiothoracic circumference ratios range from 0.5 to 
0.6 (ref. 1). Mann–Whitney U testing showed no statistical differ-
ences among clinically measured and labeled CTRs for normal 
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contrast is a good example of this). We found that prediction prob-
ability was an indirect representation of the model’s quality assess-
ment and that using cutoffs for high-prediction-probability images 
improved model performance.

While it is the most common birth defect, CHD is still relatively 
rare. Moreover, unlike modalities such as photographs21,23, electro-
cardiograms40 or chest X-rays, each ultrasound study contains thou-
sands of image frames. Therefore, designing a model that could 
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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 teach-
ing and research related to diagnostic imaging in women’s
healthcare. The ISUOG Clinical Standards Committee
(CSC) has a remit to develop Practice Guidelines and Con-
sensus 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 stan-
dard of care because interpretation of the evidence that
underpins the Guidelines may be influenced by individ-
ual circumstances, local protocol and available resources.
Approved Guidelines can be distributed freely with the
permission of ISUOG (info@isuog.org).

INTRODUCTION

This document constitutes a revised and updated version
of the previously published ISUOG guidelines for cardiac
screening in midgestation1 and reflects current know-
ledge 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 esti-
mated 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

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 pro-
vides useful information for patient counseling, obstetric
management and multidisciplinary care. Suspected heart
anomalies will require more comprehensive evaluation
using fetal echocardiography26.

GENERAL CONSIDERATIONS

Despite the well-documented utility of the four-chamber
and outflow tract views, one should be aware of the poten-
tial diagnostic pitfalls that can prevent timely detection
of CHD27–29. Detection rates can be optimized by per-
forming 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 there-
fore 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

Copyright © 2013 ISUOG. Published by John Wiley & Sons, Ltd. ISUOG GUIDELINES
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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 evalu-
ated 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.

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 sim-
ilar 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 fur-
ther 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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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 evalu-
ated 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.

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 sim-
ilar 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 fur-
ther 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. How-
ever, in most cases these are of limited clinical significance
and may even undergo spontaneous closure in utero59,60.

Two distinct atrioventricular valves (right-sided, tricus-
pid; 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 com-
pared 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.

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 screen-
ing. 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 detec-
tion 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 Fal-
lot, 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 circum-
ference) 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 ascer-
tained: 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 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 asso-
ciated 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 subse-
quently described the 3VT view, which is a more cephalad
image, in which the transverse aortic arch is better visu-
alized (‘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.

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 oper-
ator 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 fur-
ther 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 rep-
etition 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 proce-
dure 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, how-
ever, should be familiar with some of the reasons why
patients should be referred for a comprehensive cardiac
evaluation74. For example, increased nuchal translucency

thickness of greater than 3.5 mm at 11–14 weeks’ gesta-
tion 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 special-
ists 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 viscero-
atrial 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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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 proce-
dure 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, how-
ever, should be familiar with some of the reasons why
patients should be referred for a comprehensive cardiac
evaluation74. For example, increased nuchal translucency

thickness of greater than 3.5 mm at 11–14 weeks’ gesta-
tion 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 special-
ists 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 viscero-
atrial 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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๏ Mobilité spontanée 
๏ Activité cardiaque (chiffrer la fréquence cardiaque si elle parait 

inhabituelle). 
๏ Diamètre bipariétal exprimé en millimètres (mesure selon la 

méthodologie proposée par le CFEF) 
๏ Périmètre céphalique exprimé en millimètres (mesure selon la 

méthodologie proposée par le CFEF) 
๏ Périmètre abdominal exprimé en millimètres (mesure selon la 

méthodologie proposée par le CFEF) 
๏ Longueur fémorale exprimée en millimètres (mesure selon la 

méthodologie proposée par le CFEF) 
๏ Estimation du Poids Fœtal exprimé en grammes et en centiles, calculé 

selon la formule de Hadlock établie sur 3 paramètres (périmètre 
cranien, périmètre abdominale, longueur fémorale) avec mention de la 
marge d’erreur. 

๏ Aspect du contour de la boîte crânienne 
๏ Aspect des ventricules latéraux 
๏ Aspect de la ligne médiane 
๏ Présence et forme du cavum du septum pellucidum 
๏ Aspect de la fosse postérieure et du cervelet 
๏ Continuité de la lèvre supérieure 
๏ Aspect du profil fœtal (subjectif) 
๏ Aspect des poumons   
๏ Position du cœur 
๏ Aspect des quatre cavités cardiaques 
๏ Equilibre des cavités 
๏ Position et aspect des gros vaisseaux  
๏ Position et aspect de l’estomac 
๏ Aspect des anses intestinales  
๏ Aspect de la paroi abdominale antérieure 
๏ Position et aspect de la vessie 
๏ Position et aspect des reins  
๏ Aspect du rachis. 
๏ Présence de quatre membres 
๏ Présence des trois segments de chaque membre  
๏ Estimation subjective du volume amniotique. 
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๏ Eventuellement, constat d’un consentement à l’examen (arrêté du 
14 janvier 2014). 

๏ Contenu de l’examen *: 
๏ Nombre de fœtus  
๏ Mobilité spontanée 
๏ Activité cardiaque (chiffrer la fréquence cardiaque si ellle semble 

inhabituelle) 
๏ Longueur crânio-caudale exprimée en millimètres et 1/10 de 

millimètres (après information spécifique, et si la patiente le 
souhaite, cette information pourra être intégrée dans la cadre du 
calcul de risque de trisomie 21, combiné au premier trimestre ou 
intégré). 

๏ Epaisseur de la clarté nucale exprimée en millimètres et 1/10 de 
millimètres (après information spécifique, et si la patiente le 
souhaite, cette information pourra être intégrée dans la cadre du 
calcul de risque de trisomie 21, combiné au premier trimestre ou 
intégré). 

๏ Diamètre bipariétal (exprimé en millimètres) 
๏ Contour de la boîte crânienne 
๏ Aspect de la ligne médiane 
๏ Aspect de la paroi abdominale antérieure 
๏ Attestation de la présence de quatre membres comprenant 

chacun trois segments. 
๏ Volume amniotique (appréciation subjective). 
๏ Aspect du trophoblaste ou placenta. 
๏ En cas de grossesse multiple :  

๏ les informations relatives à chacun des fœtus doivent être 
clairement individualisées.  

๏ En particulier, les éléments de repérage de chaque fœtus, 
facilitant leur identification lors des examens ultérieurs 
doivent aussi documentés et aussi précis que possible. 

๏ Pelvis extra-utérin 
๏ Descript ion d’une éventuel le masse annexiel le 

inhabituelle. 
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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 avail-
able, such as tissue Doppler and volume sonography
(three-dimensional (3D)/4D/spatiotemporal image cor-
relation (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 mal-
formations, 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

an important clinical tool in evaluating fetal cardiac
function.
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relation (STIC)), can also be incorporated into a more
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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 asso-
ciated 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 subse-
quently described the 3VT view, which is a more cephalad
image, in which the transverse aortic arch is better visu-
alized (‘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.

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 oper-
ator 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 fur-
ther 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 rep-
etition frequency, low color persistence and adequate
gain settings to display flow across valves and vessels
(See Appendix S2).
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What are the novel findings of this work?
Screening for congenital heart defects (CHD) in a low-risk
population is known to be challenging. This study shows
that the quality of the cardiac planes obtained during
the second-trimester standard anomaly scan (SAS), rather
than circumstantial factors, plays an important role in the
prenatal detection of CHD, which can be improved by
increasing the volume of examinations performed by each
sonographer per year.

What are the clinical implications of this work?
This study shows that adequate quality of the
second-trimester SAS, especially in abnormal cases, is
essential for prenatal detection of CHD. By setting up
large screening centers, in which sonographers perform a
high volume of examinations alongside sufficient training
and monitoring of quality, the prenatal detection rate of
CHD may further improve to the goal of 80%.

ABSTRACT

Objective Congenital heart defects (CHD) are still missed
frequently in prenatal screening programs, which can
result in severe morbidity or even death. The aim of this
study was to evaluate the quality of fetal heart images,
obtained during the second-trimester standard anomaly
scan (SAS) in cases of CHD, to explore factors associated
with a missed prenatal diagnosis.

Methods In this case–control study, all cases of a fetus
born with isolated severe CHD in the Northwestern
region of The Netherlands, between 2015 and 2016,

Correspondence to: Dr A. E. L. van Nisselrooij, Department of Obstetrics and Fetal Medicine, Leiden University Medical Center, K6-35,
Albinusdreef 2, 2333 ZA Leiden, The Netherlands (e-mail: a.e.l.nisselrooij@lumc.nl)

Accepted: 20 May 2019

were extracted from the PRECOR registry. Severe CHD
was defined as need for surgical repair in the first
year postpartum. Each cardiac view (four-chamber view
(4CV), three-vessel (3V) view and left and right ventricular
outflow tract (LVOT, RVOT) views) obtained during the
SAS was scored for technical correctness on a scale of
0 to 5 by two fetal echocardiography experts, blinded
to the diagnosis of CHD and whether it was detected
prenatally. Quality parameters of the cardiac examination
were compared between cases in which CHD was detected
and those in which it was missed on the SAS. Regression
analysis was used to assess the association of sonographer
experience and of screening-center experience with the
cardiac examination quality score.

Results A total of 114 cases of isolated severe CHD at
birth were analyzed, of which 58 (50.9%) were missed
and 56 (49.1%) were detected on the SAS. The defects
comprised transposition of the great arteries (17%),
aortic coarctation (16%), tetralogy of Fallot (10%),
atrioventricular septal defect (6%), aortic valve stenosis
(5%), ventricular septal defect (18%) and other defects
(28%). No differences were found in fetal position,
obstetric history, maternal age or body mass index (BMI)
or gestational age at examination between missed and
detected cases. Ninety-two cases had available cardiac
images from the SAS. Compared with the detected
group, the missed group had significantly lower cardiac
examination quality scores (adequate score (≥ 12) in 32%
vs 64%; P = 0.002), rate of proper use of magnification
(58% vs 84%; P = 0.01) and quality scores for each
individual cardiac plane (4CV (2.7 vs 3.9; P < 0.001),
3V view (3.0 vs 3.8; P = 0.02), LVOT view (1.9 vs 3.3;
P < 0.001) and RVOT view (1.9 vs 3.3; P < 0.001)). In

© 2019 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley & Sons Ltd ORIGINAL PAPER
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Comparaison	des	échos	de	58	CHD	méconnues	vs	56	CHD	dépistées

49% des loupés: problème d’obtention ou de qualité des images

31% des loupés: CHD visibles, défaut d’identification malgré « bonnes images »

20% des loupés: CHD malgré « bonnes images » et anatomie normale  

CHD  méconnues CHD  dépistées

qualité	>	12 32% 64% p = 0,002

zoom	suffisant 58% 84% p = 0,01

qualité	4CV 2,7 3,9 p < 0,001

qualité	3Vx 3,0 3,8 p = 0,02

qualité	VEG 1,9 3,3 p < 0,001

qualité	VED 1,9 3,3 p < 0,001

Fetal Cardiac Screening
What Are We (and Our Guidelines) Doing Wrong?

ow can we improve at prenatal detection of congenital heart
disease (CHD)? Despite worldwide efforts to teach and to
train, despite all of technology’s newest bells and whistles

and promises, and despite raising the bar with the most recent sets of
guidelines for fetal cardiac imaging,1–6 prenatal screening for CHD
remains flawed, still commonly missing major forms of CHD. 

During the last 30 years, important weaknesses of prenatal
screening programs have been recognized and addressed; guide-
lines for fetal cardiac imaging have been revised; and detection rates
have improved. Increasing recognition of the importance of evalu-
ating the beating heart (rather than still-frame images)7–9 and of the
importance of evaluating the outflow tracts along with the 4-chamber
view10–12 has resulted in improved rates of detection and revisions
of guidelines.1,2,4,5 Expansion of fetal cardiac screening to include
the 3-vessel and trachea view has been suggested as a means to facil-
itate detection of outflow tract and aortic arch abnormalities, and
many have recommended that clips should include sweeps to
demonstrate the relationship of one cardiac segment to the next.1
As color flow fetal cardiac imaging has been found to facilitate detec-
tion and evaluation of CHD,13–14 guidelines now generally include
the routine use of color when performing fetal echocardiography1,3,5

but disagree on the role of color during the fetal cardiac screening
examination.1,2,4 Guidelines from the International Society of
Ultrasound in Obstetrics and Gynecology, for example, recommend
clips and encourage color flow imaging,2 whereas guidelines from
the American Institute of Ultrasound in Medicine recommend nei-
ther clips nor color flow imaging in low-risk pregnancies.4 Finally,
although 3-and 4-dimensional fetal cardiac imaging may ultimately
facilitate prenatal detection of CHD,15,16 this technology remains
unavailable in many settings and requires further study. 
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Unfortunately, despite these insights, and despite rais-
ing the bar with recent sets of guidelines, fetal cardiac screen-
ing programs continue to miss major forms of CHD. In our
opinion, the reason (and solution) is 2-fold and applies as
much to those who perform detailed fetal echocardiography
as to those who perform fetal cardiac screening.

The first reason, although simple and intuitive, has
received little formal attention, even in recent guidelines for
fetal cardiac screening and fetal echocardiography.1,2,4,5

Effective fetal cardiac imaging requires not only the proper
views of the beating heart but also something else that com-
monly goes overlooked—good image quality. Even the
most recent guidelines for fetal cardiac imaging, although
detailing laundry lists of structures and views to be obtained,
do not emphasize the need to obtain these views with any
specific level of image quality.1–5 Although guidelines com-
monly acknowledge “acoustic limitations” and review tech-
nical considerations (such as transducer frequency, field of
view, and focal zones), practical scanning approaches
toward overcoming such limitations are rarely mentioned as
options, let alone formally recommended. Instead, guide-
lines from the American Institute of Ultrasound in Medi-
cine and the American Heart Association merely suggest
that some patients may need a return visit if imaging is sub-
optimal.1,4 Guidelines from the International Society of
Ultrasound in Obstetrics and Gynecology go a bit further,
mentioning the importance of imaging perpendicular to the
ventricular septum.2

Scanning needs to optimize image quality not only by
optimizing the technical settings on the machine but also,
perhaps more importantly, by optimizing fetal/maternal
positions and probe placement and by applying sufficient
transducer pressure. Furthermore, scanning must be per-
formed with the proper angles of acquisition. Evaluation
of ventricular inflows, for example, can be optimized with
the angle of acquisition relatively parallel to the ventricu-
lar septum,17 while evaluation of the inlet and outlet por-
tions of the ventricular septum, as well as the left and right
ventricular outflow tracts, may be optimized with the
angle of acquisition relatively perpendicular to the ven-
tricular septum.2,5,17 In general, imaging with the apex
oriented toward the probe tends to provide higher-quality
imaging than imaging with the cardiac apex directed away
from the probe.17 With proper scanning technique (includ-
ing having the patient walk around the room or use the
restroom, when necessary), imaging limitations such as
fetal lie and maternal habitus can be dramatically reduced.
Virtually every large, busy academic institution has missed
cases of tetralogy of Fallot because of inadequate angles of
acquisition, and cases of hypoplastic left heart syndrome

because of poor image quality. For those who evaluate the
beating 4-chamber and outflow tract/3-vessel and trachea
views, inadequate attention to these imaging considera-
tions, in our view, accounts for most missed cases of CHD.

Secondly, effective detection of CHD from even
pristine clips, however, requires prior knowledge of the
appearance of CHD. Someone who encounters a case of
transposition of the great arteries without ever before see-
ing such a case is far less likely to recognize the defect as
abnormal than someone who has previously detected a
case of transposition. Those interpreting fetal cardiac
examinations should be experienced not only with views
and sweeps of normal hearts but also with the sonographic
appearance of major forms of CHD. Although textbooks
and articles can be useful, cardiac abnormalities must be
viewed in real time or from cine clips, not from a series of
still-frame images. Such experience can be obtained in clin-
ical settings seeing high volumes of fetal cardiac abnor-
malities, or through a variety of symposia or educational
multimedia presentations. 

To facilitate recognition of cardiac abnormalities,
some clinicians (including Dr DeVore) may flip the real-
time image vertically/horizontally while scanning to con-
form to standard views, whereas others (including Dr
Sklansky) maintain the display to correspond to the posi-
tion of the fetus within the maternal abdomen. Either
approach can be used to optimize effective interpretation,
but the importance of image quality remains, regardless of
the orientation of the display.

We have written this commentary because we believe
we understand why fetal cardiac screening continues to fal-
ter. Like so many others, we want to see detection rates
improve substantially, aiming for greater than 90% detec-
tion rates for all pregnancies screened by 2025. Much of the
solution, in our opinion, is for those involved with fetal car-
diac imaging to strive as much to optimize image quality and
the angle of acquisition as to obtain the requisite views, and
for future sets of guidelines to emphasize explicitly that req-
uisite views should not only be acquired but also be acquired
above a certain minimum standard of image quality, includ-
ing appropriate angles of acquisition. Furthermore, training
needs to include greater exposure to cardiac pathology.

Fetal cardiac imaging and congenital heart surgery have
both evolved dramatically over the past 30 years. Surgery
for CHD, having achieved dramatically improved survival
for affected infants, now has shifted its focus beyond sur-
vival to improving neurodevelopmental outcomes.18

Likewise, fetal cardiac imaging, now having expanded to
include additional views and modalities, needs to take the
next step, raise the bar still further, and focus on image quality.
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In summary, the time has come for a paradigm shift
beyond requisite views and modalities. Fetal cardiac imag-
ing should no longer be considered as a laundry list of views
and imaging modalities; moving forward, it is also the qual-
ity of the clips, and the angles at which they are acquired,
that may make all the difference.
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Why Don’t Physicians Follow
Clinical Practice Guidelines?
A Framework for Improvement
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CLINICAL PRACTICE GUIDE-
lines are “systematically de-
veloped statements to assist
practitioner and patient de-

cisions about appropriate health care for
specific clinical circumstances.”1 Their
successful implementation should im-
prove quality of care by decreasing in-
appropriate variation and expediting the
application of effective advances to ev-
eryday practice.2,3

Despite wide promulgation, guide-
lines have had limited effect on chang-
ing physician behavior.4-7 In general,
little is known about the process and
factors responsible for how physi-
cians change their practice methods
when they become aware of a guide-
line.8,9 Physician adherence to guide-
lines may be hindered by a variety of
barriers. A theoretical approach can
help explain these barriers and possi-
bly help target interventions to spe-
cific barriers.

In this article, we review barriers to
physician adherence to practice guide-
lines. Such knowledge can help devel-
opers of guidelines, practice directors,
and health care services researchers de-
sign effective interventions to change
physician practice.

METHODS
Data Sources
We conducted a systematic review of
the literature to identify barriers to

guideline adherence. We searched all
articles, limited to the English lan-
guage and human subjects, published
from January 1966 to January 1998
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Context Despite wide promulgation, clinical practice guidelines have had limited ef-
fect on changing physician behavior. Little is known about the process and factors in-
volved in changing physician practices in response to guidelines.

Objective To review barriers to physician adherence to clinical practice guidelines.

Data Sources We searched the MEDLINE, Educational Resources Information Center
(ERIC), and HealthSTAR databases (January 1966 to January 1998); bibliographies; text-
books on health behavior or public health; and references supplied by experts to find En-
glish-language article titles that describe barriers to guideline adherence.

Study Selection Of 5658 articles initially identified, we selected 76 published stud-
ies describing at least 1 barrier to adherence to clinical practice guidelines, practice pa-
rameters, clinical policies, or national consensus statements. One investigator screened
titles to identify candidate articles, then 2 investigators independently reviewed the
texts to exclude articles that did not match the criteria. Differences were resolved by
consensus with a third investigator.

Data Extraction Two investigators organized barriers to adherence into a frame-
work according to their effect on physician knowledge, attitudes, or behavior. This
organization was validated by 3 additional investigators.

Data Synthesis The 76 articles included 120 different surveys investigating 293 po-
tential barriers to physician guideline adherence, including awareness (n = 46), familiar-
ity (n = 31), agreement (n = 33), self-efficacy (n = 19), outcome expectancy (n = 8), abil-
ity to overcome the inertia of previous practice (n = 14), and absence of external barriers
to perform recommendations (n = 34). The majority of surveys (70 [58%] of 120) ex-
amined only 1 type of barrier.

Conclusions Studies on improving physician guideline adherence may not be gen-
eralizable, since barriers in one setting may not be present in another. Our review of-
fers a differential diagnosis for why physicians do not follow practice guidelines, as
well as a rational approach toward improving guideline adherence and a framework
for future research.
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CLINICAL PRACTICE GUIDE-
lines are “systematically de-
veloped statements to assist
practitioner and patient de-

cisions about appropriate health care for
specific clinical circumstances.”1 Their
successful implementation should im-
prove quality of care by decreasing in-
appropriate variation and expediting the
application of effective advances to ev-
eryday practice.2,3

Despite wide promulgation, guide-
lines have had limited effect on chang-
ing physician behavior.4-7 In general,
little is known about the process and
factors responsible for how physi-
cians change their practice methods
when they become aware of a guide-
line.8,9 Physician adherence to guide-
lines may be hindered by a variety of
barriers. A theoretical approach can
help explain these barriers and possi-
bly help target interventions to spe-
cific barriers.

In this article, we review barriers to
physician adherence to practice guide-
lines. Such knowledge can help devel-
opers of guidelines, practice directors,
and health care services researchers de-
sign effective interventions to change
physician practice.
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using the MEDLINE, Educational Re-
sources Information Center (ERIC),
and HealthSTAR databases. To find
candidate titles that describe barriers to
adherence, we included titles that ap-
peared in 2 searches. The first used
medical subject heading (MeSH) de-
scriptors clinical practice guidelines or
physicians’ practice patterns. The sec-
ond used the descriptors behavior,
knowledge, attitudes, and practice, atti-
tude of health personnel, guideline ad-
herence, or the text words behavior
change. We also examined candidate
titles of papers describing theories of
physician behavior change to find con-
structs useful in describing barriers. We
used candidate titles with the MeSH
descriptor or text words behavior and
1 of the following terms: “model, orga-
nizational,” “model, theoretical,” “model,
psychological,” or “model, educa-
tional.” We identified additional can-
didate articles by reviewing the bibli-
ographies of articles from the search;
contacting experts in psychology, man-
agement, and sociology; and review-
ing bibliographies of textbooks of health
behavior and public health.

Data Selection
We included articles that focused on
clinical practice guidelines, practice pa-
rameters, clinical policies, national rec-
ommendations or consensus state-

ments, and that examined at least 1
barrier to adherence. A barrier was de-
fined as any factor that limits or re-
stricts complete physician adherence to
a guideline. We focused on barriers that
could be changed by an intervention.
As a result, we did not consider age, sex,
ethnic background, or specialty of the
physician as barriers. In many of the ar-
ticles, respondents indicated barriers via
responses to survey questions. For
qualitative studies, major themes from
focus groups or interviews identified
barriers.

One investigator (M.D.C.) screened
titles and/or full bibliographic cita-
tions to identify candidate articles. Two
investigators (M.D.C. and P.-A.C.A.)
then independently reviewed the full
text to exclude articles that did not ful-
fill our criteria. Differences were re-
solved by consensus with a third in-
vestigator (H.R.R.).

Data Extraction
Two investigators (M.D.C. and
P.-A.C.A.) then abstracted the follow-
ing information from each article:
description of barrier, description of the
guideline, the percentage of respon-
dents describing the barrier, demo-
graphics of the respondents, and study
characteristics. If possible, we calcu-
lated the percentage of respondents
affected by a barrier as the difference

between 100% and the sum of the per-
centage with no opinion and those not
affected.

All barriers abstracted from the ar-
ticles were grouped into common
themes, then further organized into
groups based on whether they affected
physician knowledge, attitude, or be-
havior. The organization of these cat-
egories was validated by 3 additional in-
vestigators (A.W.W., N.R.P., and C.S.R.)
and was based on a model that de-
scribes an ideal, general mechanism of
action for guidelines, the knowledge, at-
titudes, behavior framework6 (FIGURE).
Before a practice guideline can affect pa-
tient outcomes, it first affects physician
knowledge, then attitudes, and finally
behavior. Although behavior can be
modified without knowledge or atti-
tude being affected, behavior change
based on influencing knowledge and at-
titudes is probably more sustainable than
indirect manipulation of behavior alone.

Factors limiting adherence through
a cognitive component were consid-
ered barriers affecting knowledge,
through an affective component were
considered barriers affecting attitude,
and through a restriction of physician
ability were considered barriers affect-
ing behavior.

Based on previous work by Davis and
Taylor-Vaisey,10 the following terms
were used: adoption refers to a provid-

Figure. Barriers to Physician Adherence to Practice Guidelines in Relation to Behavior Change

Sequence of
Behavior Change

Barriers to
Guideline
Adherence
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 Guideline Recommendations
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Education Gaps

1. Fetal cardiac screening during anatomical surveys and fetal

echocardiography may not discern all congenital heart defects.

2. Fetal cardiac screening during anatomical surveys presents challenges with

the adoption of newer and more sophisticated imaging recommendations.

3. Fetal echocardiography can aid in the diagnosis of fetal heart disease, but

may not be universally available because of clinician unavailability, remote

geographical location, and insufficient payer status.

Abstract

Congenital heart defects are among the most common fetal structural

malformations, with a prevalence of 8 in 1,000 live births, and are a significant

source of infant mortality. Women with low-risk pregnancies are screened for

fetal cardiac disease by anatomical ultrasonographic surveys. Fetal

echocardiography is typically reserved for pregnant womenwith a suspected

fetal cardiac lesion based on fetal survey and pregnancies at high risk for fetal

congenital heart defects. Prenatal diagnosis allows for collaboration and

consultation with multiple services, improved recognition of associated

extracardiac anomalies, and early detection of underlying genetic anomalies.

Theoretically, prenatal diagnosis should offer opportunities to improve

postnatal management and long-term outcomes. However, the evidence to

suggest benefit to prenatal diagnosis is mixed and the benefit seems to be

dependent on the specific cardiac lesion. To facilitate the appropriate

utilization of fetal echocardiography, it is necessary to understand how the

study is currently being performed, its cost considerations, and how clinicians

and sonographers can use it effectively to ensure appropriate image

acquisition and interpretation.

Objectives After completing this article, readers should be able to:

1. Recognize the significance of antenatal detection of congenital heart

defects on counseling and care coordination.
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2. Appreciate the limitations of screening for congenital heart defects based

on anatomical surveys and fetal echocardiography.

3. Appreciate the current limitations of universal fetal echocardiography for

screening for congenital heart defects.

4. Describe potential solutions to improve fetal cardiac assessment.

BACKGROUND

Congenital heart defects are among of the most common
fetal structural malformations, with an estimated preva-
lence in the United States of 8 in 1,000 live births. The
majority of defects occur in pregnancies without risk
factors. (1) Approximately 25% of infants with complex
congenital heart disease will require some form of neo-
natal intervention. (2) Congenital heart defects continue
to remain a common cause of infant mortality in the de-
veloped world. (1) Given the prevalence and burden of
disease, recognition and diagnosis are essential to facilitate
timely and effective surveillance and therapy.

However, significant barriers prevent fetal diagnosis
of cardiac disease. Fetal echocardiography has its limi-
tations; the highest reported detection rates of fetal car-
diac abnormalities approach 90% when performed by a
pediatric cardiologist. (1)(3)(4) In addition, with expanded
indications for fetal echocardiography, changes in recom-
mendations of imaging standards (eg, visualization of
outflow tracts), and patient demographics (eg, obesity), the
demand and workload has increased for fetal echocardi-
ography. (5)(6) Lastly, the availability of clinicians—from
sonographers to physicians—who are capable of capturing
and interpreting the imaging studies appropriately is lim-
ited, making it difficult for patients from low-resource
communities to effectively access and receive appropriate
studies. (4)

This review will examine fetal cardiac imaging, its
impact on the management of congenital heart defects,
the current utilization and impact of fetal echocardiogra-
phy in the health-care system, and potential strategies to
improve access to fetal echocardiography.

CONGENITAL HEART DEFECT IMAGING AND
DIAGNOSIS

Most pregnant patients in the United States undergo a
screening fetal cardiac examination at approximately 18 to
22 weeks’ gestation during the basic anatomy survey. (7)
This study is often the only fetal ultrasonography that

women experience during their pregnancy. These initial

fetal cardiac screens incorporate a series of recommended

images outlined in the American Institute of Ultrasound

Medicine (AIUM) guidelines that include a 4-chamber

view combined with visualization of the outflow tracts.
(5) The 4-chamber view alone is able to identify 40% to

60% of congenital heart defects and the addition of the

outflow tract views enhances this detection rate to 60%

to 90%. (8)(9) More recent work has suggested that the

inclusion of other views in the basic anatomy survey

may further enhance the screening and diagnosis of con-
genital heart defects. For example, the 3-vessel view and 3-

vessel trachea view provide better imaging of the great

arteries, upper venous system, and surrounding anatomy

in the upper mediastinum. This additional imaging can

help diagnose certain congenital heart defects that would

not otherwise be seen on a 4-chamber view, including (but

not limited to) transposition of the great arteries, right-
sided aortic arch, and left persistent superior vena cava.

(10) By combining the 4-chamber, outflow tract, and 3-vessel

trachea views, the sensitivity of cardiac disease detection

has been reported to be 83.7%. (8) Although these addi-

tional views are not currently part of the basic anatomical

survey and cardiac screening, they may be added in the
future because these views are increasingly being studied

and implemented. (11)
Fetuses with suspicious findings on anatomy survey

or those who have significant risk factors for congenital
heart defects are often referred for further imaging with

fetal echocardiography. (12) Fetal echocardiography differs

from cardiac screening in that it is designed to identify and

confirm cardiac disease. It includes the elements previ-

ously mentioned while also including axial views (short

and long); long views (aortic arch, ductal arch, and superior
and inferior vena cavae); blood flow through systemic

veins, pulmonary veins, foramen ovale, atrioventricular

valves, and semilunar valves; and long views of the atrial

and ventricular septa. (12) The technique to obtain the spec-

ified images and expected views of the heart are beyond the

scope of this review, but are available in multiple sources.
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Abstract

Objective. To evaluate the effects of postgraduate education in obstetrical ultra-
sound on the prenatal detection rate of congenital heart disease. Setting. Ter-
tiary care center. Population. Experienced and less experienced midwives
performing ultrasound scans. Methods. Number of fetuses and live-born chil-
dren with severe congenital heart malformations were extracted from patient
records. The detection rates of experienced and less experienced midwives were
compared following a postgraduate training program in obstetrical ultrasound.
Main outcome measures. The prenatal detection rate of complex congenital
heart malformations. Results. The prenatal detection rate for the entire unit
increased significantly during the study period (32 vs. 69%, p < 0.05). Follow-
ing education, we observed a significant increase in detection rates (21 vs.
67%, p < 0.01) among experienced midwives. In the group of less experienced
midwives, we found a positive effect of training with considerably higher detec-
tion rates compared with results achieved by their more experienced colleagues
before the program (40 vs. 21%). Conclusion. There is a clear improvement in
the prenatal detection rates of complex heart malformations following a post-
graduate education in obstetrical ultrasound. Similar training should be offered
to both midwives and doctors performing routine scans to increase the stan-
dards of antenatal screening for congenital heart disease.

Introduction

Congenital heart disease is one of the major causes of
perinatal mortality and morbidity (1). It is one of the
most common birth defects, occurring more often than
both neural tube defects and chromosomal aberrations
(2). Approximately 1% of live-born children are affected
and half of these cases require major surgery or other
types of interventions in infancy (3). The prenatal diagno-
sis of major heart malformations has been shown to have
an impact on both neonatal survival and morbidity for cases
with hypoplastic left heart syndrome and transposition of
the great arteries (4,5). Postnatal hemodynamic distress can
be avoided through planned deliveries at specialized cen-

ters improving neurocognitive outcomes in the children
(6).

The uptake of screening ultrasound examinations
among pregnant women in Sweden is almost universal.
In most regions the examination is performed at 16–
20 weeks of gestation and in some counties an additional
scan is also offered during the third trimester to detect

Key Message

The detection rate of congenital heart disease can be
improved by offering postgraduate education to mid-
wives performing prenatal ultrasound screening.
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sound on the prenatal detection rate of congenital heart disease. Setting. Ter-
tiary care center. Population. Experienced and less experienced midwives
performing ultrasound scans. Methods. Number of fetuses and live-born chil-
dren with severe congenital heart malformations were extracted from patient
records. The detection rates of experienced and less experienced midwives were
compared following a postgraduate training program in obstetrical ultrasound.
Main outcome measures. The prenatal detection rate of complex congenital
heart malformations. Results. The prenatal detection rate for the entire unit
increased significantly during the study period (32 vs. 69%, p < 0.05). Follow-
ing education, we observed a significant increase in detection rates (21 vs.
67%, p < 0.01) among experienced midwives. In the group of less experienced
midwives, we found a positive effect of training with considerably higher detec-
tion rates compared with results achieved by their more experienced colleagues
before the program (40 vs. 21%). Conclusion. There is a clear improvement in
the prenatal detection rates of complex heart malformations following a post-
graduate education in obstetrical ultrasound. Similar training should be offered
to both midwives and doctors performing routine scans to increase the stan-
dards of antenatal screening for congenital heart disease.

Introduction

Congenital heart disease is one of the major causes of
perinatal mortality and morbidity (1). It is one of the
most common birth defects, occurring more often than
both neural tube defects and chromosomal aberrations
(2). Approximately 1% of live-born children are affected
and half of these cases require major surgery or other
types of interventions in infancy (3). The prenatal diagno-
sis of major heart malformations has been shown to have
an impact on both neonatal survival and morbidity for cases
with hypoplastic left heart syndrome and transposition of
the great arteries (4,5). Postnatal hemodynamic distress can
be avoided through planned deliveries at specialized cen-

ters improving neurocognitive outcomes in the children
(6).

The uptake of screening ultrasound examinations
among pregnant women in Sweden is almost universal.
In most regions the examination is performed at 16–
20 weeks of gestation and in some counties an additional
scan is also offered during the third trimester to detect

Key Message

The detection rate of congenital heart disease can be
improved by offering postgraduate education to mid-
wives performing prenatal ultrasound screening.
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Abstract
Objective: We surveyed obstetric sonographers, who are at 
the forefront of the screening process to determine how bar-
riers to prenatal cardiac screening impacted screening abili-
ties. Methods: We performed a cross-sectional national sur-
vey of obstetric sonographers in the United States using a 
sampling frame from American Registry of Diagnostic Medi-
cal Sonography mailing lists. The web survey measured the 
ability to obtain and interpret fetal heart images. Several 
cognitive, sociodemographic, and system-level factors were 
measured, including intention to perform cardiac imaging. 
Regression and mediation analyses determined factors as-
sociated with intention to perform and ability to obtain and 
interpret cardiac images. Subgroup analyses of sonogra-
phers in tertiary versus nontertiary centers were also per-
formed. Results: Survey response rate either due to noncon-
tact or nonresponse was 40%. Of 480 eligible sonographers, 
~30% practiced in tertiary settings. Sonographers had lower 

intention to perform outflow views compared to 4 cham-
bers. Higher self-efficacy and professional expectations pre-
dicted higher odds of intention to perform outflow views 
(OR 2.8, 95% CI 1.9–4.2 and 1.9, 95% CI 1.1–3.0, respectively). 
Overall accuracy of image interpretation was 65% (±14%). 
For the overall cohort and nontertiary subgroup, higher in-
tention to perform outflows was associated with increased 
accuracy in overall image interpretation. For the tertiary sub-
group, self-efficacy and feedback were strongly associated 
with accuracy. Conclusions: We identified several modifi-
able (some heretofore unrecognized) targets to improve 
prenatal cardiac screening. Priorities identified by sonogra-
phers that are associated with screening success should 
guide future interventions. © 2019 S. Karger AG, Basel

Introduction

Congenital heart disease (CHD) is the most com-
mon birth defect and a leading cause of neonatal deaths; 
yet, screening for CHD is challenging [1]. Approxi-
mately 80% of CHD occurs in fetuses of mothers with-
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Physician Barriers and Facilitators for
Screening for Congenital Heart
Disease With Routine Obstetric
Ultrasound
A National United States Survey
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Stephen Miller, MD, Sarah Ellestad, MD, Nina Gotteiner, MD, Theresa Tacy, MD, Guo Wei, MS,
L. LuAnn Minich, MD, Anita Y. Kinney, PhD

Objectives—Prenatal detection of congenital heart disease with obstetric screen-
ing remains at less than 50% in most population studies, far from what is
thought to be achievable. We sought to identify barriers/facilitators for screening
from the perspective of interpreting physicians and to understand how these bar-
riers/facilitators may be associated with interpretation of screening images.

Methods—Our mixed-methods studies included 4 focus groups in centers across
the United States with obstetric, maternal-fetal medicine, and radiology providers
who interpreted obstetric ultrasound studies. Themes around barriers/facilitators
for fetal heart screening were coded from transcripts. A national Web-based survey
was then conducted, which quantitatively measured reported barriers/facilitators
and measured physicians’ ability to interpret fetal heart-screening images. Multivar-
iable generalized linear random-effect models assessed the association between
barriers/facilitators and the accuracy of image interpretation at the image level.

Results—Three main themes were identified in the focus groups: intrinsic barriers
(ie, comfort with screening), external barriers (ie, lack of feedback), and organiza-
tional barriers (ie, study volumes). Among 190 physician respondents, 104 inter-
preted ultrasound studies. Perceptions of barriers varied by practice setting, with
nontertiary providers having lower self-efficacy and perceived usefulness of cardiac
screening. Facilitators associated with the odds of accurate interpretation of screen-
ing images were knowledge (odds ratio, 2.54; P = .002) and the volume of scans
per week (odds ratio, 1.01 for every additional scan; P = .04).

Conclusions—Some of the main barriers to cardiac screening identified and pri-
oritized by physicians across the United States were knowledge of screening and
minimal volumes of scans. Targeting these barriers will aid in improving prenatal
detection of congenital heart disease.

Key Words—barriers; congenital heart disease; prenatal diagnosis; screening;
survey; ultrasound

S ince greater than 80% of congenital heart disease (CHD) occurs
in mothers who have no identifiable risk factors for delivering an
affected child, prenatal detection is challenging and relies on

population-level screening.1 The sensitivity of obstetric ultrasound can
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Abstract
Background:	Fetal	echocardiography	can	accurately	diagnose	critical	congenital	heart	disease	
prenatally,	 but	 relies	 on	 referrals	 from	 abnormalities	 identified	 on	 routine	 obstetrical	 ultra-
sounds.	Critical	congenital	heart	disease	that	is	frequently	missed	due	to	inadequate	outflow	
tract	 imaging	 includes	 anomalies	 such	 as	 truncus	 arteriosus,	 double	 outlet	 right	 ventricle,	
transposition	of	the	great	arteries,	tetralogy	of	Fallot,	pulmonary	stenosis,	and	aortic	stenosis.
Objective:	This	study	evaluated	the	prenatal	detection	rate	of	critical	outflow	tract	anomalies	
in	 a	 single	 urban	 pediatric	 hospital	 before	 and	 after	 “AIUM	 Practice	 Guideline	 for	 the	
Performance	 of	 Obstetric	 Ultrasound	 Examinations,”	 which	 incorporated	 outflow	 tract	
imaging.
Design:	Infants	with	outflow	tract	anomalies	who	required	cardiac	catheterization	and/or	sur-
gical	procedure(s)	in	the	first	3	months	of	life	were	retrospectively	identified.	This	study	evalu-
ated	two	time	periods;	pre‐guidelines	from	June	2010	to	May	2013	and	post‐guidelines	from	
January	2015	to	June	2016.	June	2013‐December	2014	was	excluded	as	a	theoretical	period	
necessary	for	obstetrical	practices	to	implement	the	revised	guidelines.
Results:	Overall,	prenatal	diagnosis	occurred	in	55%	of	infants	with	critical	outflow	tract	anom-
alies;	of	the	three	most	common	defects,	prenatal	diagnosis	occurred	in	53%	of	D‐transposition	
of	the	great	arteries,	63%	of	tetralogy	of	Fallot,	and	80%	of	double	outlet	right	ventricle	pa-
tients.	Pre‐guidelines,	prenatal	diagnosis	occurred	in	52%	(52	of	102)	infants	with	critical	out-
flow	tract	anomalies	requiring	early	cardiac	 intervention.	Post‐guidelines,	prenatal	diagnosis	
occurred	in	61%	(33	of	54)	infants,	not	significantly	different	than	the	prenatal	detection	rate	
pre‐guidelines	(P	=	.31).
Conclusions:	 Despite	 revised	 obstetrical	 guidelines	 highlighting	 the	 importance	 of	 outflow	
tract	imaging,	referrals	and	prenatal	diagnosis	of	these	types	of	critical	congenital	heart	disease	
remain	low.	Education	of	obstetrical	sonographers	and	practitioners	who	perform	fetal	ana-
tomic	 screening	 is	vital	 to	 increase	 referrals	 and	prenatal	detection	of	 critical	outflow	 tract	
anomalies.
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Abstract
In fetal cardiology, imaging (especially echocardiography) 
has demonstrated to help in the diagnosis and monitoring 
of fetuses with a compromised cardiovascular system poten-
tially associated with several fetal conditions. Different ultra-
sound approaches are currently used to evaluate fetal car-
diac structure and function, including conventional 2-D im-
aging and M-mode and tissue Doppler imaging among 
others. However, assessment of the fetal heart is still chal-
lenging mainly due to involuntary movements of the fetus, 
the small size of the heart, and the lack of expertise in fetal 
echocardiography of some sonographers. Therefore, the use 
of new technologies to improve the primary acquired im-
ages, to help extract measurements, or to aid in the diagno-
sis of cardiac abnormalities is of great importance for opti-
mal assessment of the fetal heart. Machine leaning (ML) is a 
computer science discipline focused on teaching a comput-
er to perform tasks with specific goals without explicitly pro-
gramming the rules on how to perform this task. In this re-

view we provide a brief overview on the potential of ML tech-
niques to improve the evaluation of fetal cardiac function by 
optimizing image acquisition and quantification/segmenta-
tion, as well as aid in improving the prenatal diagnoses of 
fetal cardiac remodeling and abnormalities.

© 2020 S. Karger AG, Basel

Introduction

Fetal echocardiography was introduced to assess fetal 
cardiac function only 15 years ago (the first study was 
performed in 2004). It has evolved from the description 
of cardiac anatomical abnormalities toward quantitative 
assessment of cardiac dimensions, shape, and function 
and has been demonstrated to be useful in the diagnosis 
and monitoring of fetuses with a compromised cardio-
vascular system related to several fetal conditions, such as 
intrauterine growth restriction (IUGR), twin-to-twin 
transfusion syndrome, and congenital heart disease [1–
3]. Moreover, some cardiac parameters have already 
shown to be helpful in predicting perinatal problems and 
long-term cardiovascular outcomes [4].

Different ultrasound (US) approaches are currently 
used to evaluate fetal cardiac function, including conven-
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Digital medicine 
More than meets the AI: refining image acquisition and resolution
Since the discovery of x-rays by Wilhelm Röntgen in 
1895, scientists have been able to capture images of the 
human body with ever increasing clarity. Technology has 
evolved to the point that a full body CT scan can be taken 
in a matter of seconds at a lower radiation dose than 
would typically be received from about 3 years of natural 
background radiation. The main driver of this progress is 
the principle of reducing radiation dose, known as ALARA 
(as low as reasonably possible). Artificial intelligence (AI) 
has the potential to further reduce ionising radiation dose 
for imaging modalities that require it, such as x-ray, CT, 
and nuclear imaging.

Deep-learning-based AI in radiology has, until now, 
largely focused on perceptual tasks involved with 
diagnosis and clinical decision making, and improving the 
accuracy and speed of scan interpretation. The advantages 
of machine vision have been established in principle for 
bolstering expert human detection and classification of 
diseases and some hospitals and health-care providers are 
entering the early adoption stage of such technologies. 
These clinical decision support systems aim to enhance the 
practice of radiologists by replicating and automating the 
repetitive visual tasks that these professionals undertake 
in their daily workload.

In parallel, efforts are being made to improve image 
resolution and reduce the time for image acquisition. In 
radiology, workflow starts and ends with the patient, with 
visual perception and human clinical decision making 
only one part of the overall care pathway. The potential 
for AI to perform tasks outside of the diagnostic realm 
has been a focus of research. And now deep learning is 
being applied for potential uses outside the capabilities 
of humans, such as image reconstruction from sparse or 
undersampled data.

Scans are currently acquired and processed largely 
by quasi-linear image reconstruction methods that 
produce high-resolution images. The aim is to reduce the 
inherent noise produced during the physical acquisition 
of the image (created by such factors as motion artifact 
and radiation scatter) while maintaining a faithful 
representation of the underlying anatomical structures 
and pathology. These techniques are limited by two 
factors: the energy input into the human body and the 
signal-to-noise ratio output emitted from the body. For 
ionising imaging techniques such as x-ray and CT, the 
energy input can be increased by increasing the radiation 
dose or the time exposure. For non-ionising techniques 
such as MRI, the energy input is that of magnetic fields 
which have a practical upper limit of around 7 Tesla 
and take time to impart their effect. For some patients, 

the time it takes to acquire MRI scans can lead to 
claustrophobia and discomfort.

AI has the potential to be of use in predicting the 
appearance of high-resolution scanning from a lower 
resolution image. In this way, images acquired by low-
dose radiation or sparsely acquired MRI data could 
theoretically be enhanced by using neural networks 
to produce images equivalent to a full dose or full 
acquisition scan. Although research is ongoing and 
validation of many techniques is still needed, some 
commercial companies offer to decrease MRI scan time, 
enable recreation of contrast-enhanced scans from non-
contrast acquisitions, reduce the dose of gadolinium, or 
even predict the appearances of MRI based only on an 
input CT scan. 

However, the use of deep-learning-based AI in radiology 
is not without critics. Some argue that predicting what 
a high-resolution image could look like is a dangerous 
task, because rare or subtle alterations in anatomy 
outside of the training data of the neural network can 
never be faithfully recreated. Others warn that such AI 
could actually fabricate or “hallucinate” pathology where 
there isn’t any, although this remains to be conclusively 
proven. Additionally, there is the important question 
of the downstream resources required to interpret the 
potential increase in imaging that could be enabled by 
this technological leap. There is already a global shortage 
of radiologists and increasing their workload is unlikely 
to help matters. How best to benefit our patients and 
support the work of radiologists must guide ongoing 
efforts to further develop the potential of deep-learning-
based AI in this field.
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Automatic quality assessment for 2D fetal
sonographic standard plane based on multitask
learning
Bo Zhang, MDa, Han Liu, BEngb, Hong Luo, MDa,∗ , Kejun Li, BEngc

Abstract
The quality control of fetal sonographic (FS) images is essential for the correct biometric measurements and fetal anomaly diagnosis.
However, quality control requires professional sonographers to perform and is often labor-intensive. To solve this problem, we propose an
automatic image quality assessment scheme based onmultitask learning to assist in FS image quality control. An essential criterion for FS
image quality control is that all the essential anatomical structures in the section should appear full and remarkable with a clear boundary.
Therefore, our scheme aims to identify those essential anatomical structures to judgewhether an FS image is the standard image, which is
achieved by 3 convolutional neural networks. The Feature Extraction Network aims to extract deep level features of FS images. Based on
the extracted features, the Class Prediction Network determines whether the structuremeets the standard and Region Proposal Network
identifies its position. The schemehasbeenapplied to3 typesof fetal sections,which are the head, abdominal, andheart. The experimental
results show that ourmethod canmake a quality assessment of an FS imagewithin less a second. Also, ourmethod achieves competitive
performance in both the segmentation and diagnosis compared with state-of-the-art methods.

Abbreviations: ACC = accuracy, AP = average precision, AUC = area under the receiver of operation curve, BSI = biometry
suitability index, CNN =Convolutional Neural Network, CPN = class prediction network, F1= F1-score, FC= fully connected, FEN =
feature extraction network, FLOPs= floating point operations, FPN= feature pyramid network, FS= fetal sonographic, GAP= global
average pooling, IoU = Intersection over Union, mAP =mean average precision, MSP =mid-sagittal plane, Pre = precision, ROC =
receiver operating characteristic (ROC), ROI = region of interest, RPN = region proposal network, Sen = sensitivity, Spec =
specificity, SPP = spatial pyramid pooling.

Keywords: convolutional network, fetal sonographic examination, multitask learning, quality control

1. Introduction

1.1. Background

Fetal sonographic (FS) examinations are widely applied in clinical
settings due to its noninvasive nature, reduced cost, and real-time

acquisition.[1] FS examinations are consisted of first, second, and
third trimester examinations, and limited examination,[2] which
covers a range of critical inspections such as evaluation of a
suspected ectopic pregnancy,[3,4] and confirmation of the
presence of an intrauterine pregnancy.[5–7] The screening and
evaluation of fetal anatomy are critical during the second and
third trimester examinations. The screening is usually assessed by
ultrasound after approximately 18 weeks’ gestational (menstru-
al) age. According to a survey,[8] neonatal mortality in the United
States in 2016 was 5.9 deaths per 1000 live births, and birth
defects are the leading cause of infant deaths, accounting for 20%
of all infant deaths. Besides, congenital disabilities occur in 1 in
every 33 babies (about 3% of all babies) born in the United States
each year. In this case, the screening and evaluation of fetal
anomaly will provide crucial information to families prior to the
anticipated birth of their child on diagnosis, underlying etiology,
and potential treatment options, which can greatly improve the
survival rate of the fetus. However, the physiological evaluation
of fetal anomaly requires well-trained and experienced sonog-
raphers to obtain standard planes. Although a detailed quality
control guideline was developed for the evaluation of standard
plan,[8] the accuracy of the measurements is highly dependent on
the operator’s training skill and experience. According to a
study,[8] intraobserver and interobserver variability exist in
routine practice, and inconsistent image quality can lead to
variances in specific anatomic structures captured by different
operators. Furthermore, in areas where medical conditions are
lagging, there is a lack of well-trained doctors, which makes FS
examinations impossible to perform. To this end, automatic
approaches for FS image quality assessment are needed to ensure
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2. Methods

The framework of our methods can be illustrated in Figure 3.
First, the original image is smoothed by the Gaussian filter, and
input to feature extraction network (FEN). Second, FEN will
extract a deep level feature of image by convolutional neural
network and input to Region Proposal Network (RPN) and Class
Prediction Network (CPN) respectively. Then CPN will judge
whether the organs meet the standard as well as predict the class,
and RPNwill locate the position of essential organs with the help
of feature pyramid network. Lastly, the 2 networks will combine
information together and output the final result. In this section,
wewill briefly introduce the network structure and then elaborate
the feature extraction, the region of interest (ROI) localization,
and the organ diagnosis in detail. Our study is approved by Ethics
Committee of West China Second Hospital Sichuan University.

2.1. Feature extraction network

In the feature extraction network, we have made many
improvements compared with the traditional CNN-based
approaches: the convolutional neural network is used as a
thematic framework, and many state-of-the-art deep learning
techniques such as relation module, spatial pyramid pooling
(SPP) layer, are integrated into the framework to further increase
the feature extraction efficiency. The CNN has unique
advantages in speech recognition and image processing with
its special structure of local weight sharing, which can
greatly reduce the number of parameters and improve the
accuracy of recognition.[23–25] CNN typically consists of pairs of

convolutional layers and average pooling layers and fully
connected (FC) layers. In convolutional layer, several output
feature maps can be obtained by the convolutional calculation
between input layer and kernel. Specifically, suppose f nm denotes
the mth output feature map in layer n , f n!1

k denotes the k th
feature map in n – 1 layer,Wn

m denotes the kernel generating that
feature map, then we can get:

f nm ¼ reluð
XN

k¼1

ðWn
m$f

n!1
k Þ þ bn Þ

wherebn is the bias term in the n th layer, relu denotes rectified
linear unit, and is defined as: relu(x)=max(x,0). It is also worth
mentioning that we use global average pooling (GAP) instead of
local pooling for pooling layers. The aim is to use GAP to replace
FC layer, which can regularize the structure of the entire network
to prevent overfitting.[26] The setting of convolution layer is
shown in Table 2.
To fully utilize relevant features between objects and further

improve segmentation accuracy, we introduce the relation
module presented by Hu.[27] Specifically, first the geometry
weight is defined as:

wmn
G ¼ max0;WG⋅eGðf mG; f

n
GÞ

where f mG and f nG are geometric features, eG is a dimensional
lifting transformation by using concatenation. After that, the
appearance weight is defined as:wmn

A ¼ dotðWKf
m
A ;WQf

n
AÞffiffiffiffi

dk
p

Figure 3. The framework of our method. We train the network end-to-end to ensure the best performance. The framework contains 3 sections: Feature Extraction
Network (FEN), Region Proposal Network (RPN), and Class Prediction Network (CPN). The will help to extract the deep-level features of the image with the help of
the relation module and Spatial Pyramid Pooling (SPP) layer, which is the input to RPN and CPN. The RPN will locate the position of essential structures based on
the anchors generated by Feature Pyramid Network (FPN), and the CPNwill help to judge and classify the structures. The final output will be a quality assessment of
each essential structure and its location.
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Evaluation of deep convolutional 
neural networks for automatic 
classification of common maternal 
fetal ultrasound planes
Xavier P. Burgos-Artizzu  1,2 ✉, David Coronado-Gutiérrez  1,2, Brenda Valenzuela-Alcaraz1, 
Elisenda Bonet-Carne1,3,4, Elisenda Eixarch  1,3,4, Fatima Crispi1,3,4 & Eduard Gratacós1,3,4

The goal of this study was to evaluate the maturity of current Deep Learning classification techniques 
for their application in a real maternal-fetal clinical environment. A large dataset of routinely acquired 
maternal-fetal screening ultrasound images (which will be made publicly available) was collected from 
two different hospitals by several operators and ultrasound machines. All images were manually labeled 
by an expert maternal fetal clinician. Images were divided into 6 classes: four of the most widely used 
fetal anatomical planes (Abdomen, Brain, Femur and Thorax), the mother’s cervix (widely used for 
prematurity screening) and a general category to include any other less common image plane. Fetal 
brain images were further categorized into the 3 most common fetal brain planes (Trans-thalamic, 
Trans-cerebellum, Trans-ventricular) to judge fine grain categorization performance. The final dataset 
is comprised of over 12,400 images from 1,792 patients, making it the largest ultrasound dataset to 
date. We then evaluated a wide variety of state-of-the-art deep Convolutional Neural Networks on this 
dataset and analyzed results in depth, comparing the computational models to research technicians, 
which are the ones currently performing the task daily. Results indicate for the first time that 
computational models have similar performance compared to humans when classifying common planes 
in human fetal examination. However, the dataset leaves the door open on future research to further 
improve results, especially on fine-grained plane categorization.

Ultrasound (US) examination is an essential tool to monitor fetus and mother along pregnancy, providing an 
economic and non-invasive way to observe the development of all fetal organs and maternal structures. Several 
measures obtained from maternal-fetal scans are commonly used to monitor fetal growth1. The most commonly 
used biomarkers in clinical practice for the screening of fetal abnormalities are fetal biometries, estimates of fetal 
weight, and/or Doppler blood flow2. For example, nuchal translucency measurement is the basis for the first 
trimester screening of fetal aneuploidies3, estimated fetal weight is used to detect abnormal growth4, fetal lungs 
can be used to predict neonatal respiratory morbidity5 and uterine cervix can be used to determine the risk of a 
preterm delivery6,7.

The acquisition of fetal and maternal ultrasound images in most fetal medicine centers is done following 
international guidelines promoted by scientific committees8,9. This means that images are obtained following the 
same protocols in a repeatable way. Indeed, images need to be acquired in a specific plane to be useful for diag-
nosis, to decrease the inter- and intra-observer variability and to allow the measurement of specific structures. 
Typically, more than 20 images are acquired for each ultrasound examination within mid-trimester screening 
ultrasound8. Occasionally, three dimensional (3D) images and videos can also be acquired to complete the clinical 
examination.

Both in a clinical setting and in research projects, a fetal specialist reviews the sonographer’s examinations, 
selecting images containing the structures of interest. Usually, trained research technicians, followed by a valida-
tion from a senior maternal-fetal expert, manually perform this task. However, since each screening ultrasound 
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Fast and accurate view classification of echocardiograms using
deep learning
Ali Madani1, Ramy Arnaout2, Mohammad Mofrad 1 and Rima Arnaout3

Echocardiography is essential to cardiology. However, the need for human interpretation has limited echocardiography’s full
potential for precision medicine. Deep learning is an emerging tool for analyzing images but has not yet been widely applied to
echocardiograms, partly due to their complex multi-view format. The essential first step toward comprehensive computer-assisted
echocardiographic interpretation is determining whether computers can learn to recognize these views. We trained a convolutional
neural network to simultaneously classify 15 standard views (12 video, 3 still), based on labeled still images and videos from 267
transthoracic echocardiograms that captured a range of real-world clinical variation. Our model classified among 12 video views
with 97.8% overall test accuracy without overfitting. Even on single low-resolution images, accuracy among 15 views was 91.7% vs.
70.2–84.0% for board-certified echocardiographers. Data visualization experiments showed that the model recognizes similarities
among related views and classifies using clinically relevant image features. Our results provide a foundation for artificial
intelligence-assisted echocardiographic interpretation.
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INTRODUCTION
Imaging is a critical part of medical diagnosis. Interpreting medical
images typically requires extensive training and practice and is a
complex and time-intensive process. Deep learning, specifically
using convolutional neural networks (CNNs), is a cutting-edge
machine learning technique that has proven “unreasonably”1

successful at learning patterns in images and has shown great
promise helping experts with image-based diagnosis in radiology,
pathology, and dermatology, for example, in detecting the
boundaries of organs in computed tomography and magnetic-
resonance images, flagging suspicious regions on tissue biopsies,
and classifying photographs of benign vs. malignant skin lesions.2–4

However, deep learning has not yet been widely applied to
echocardiography, a noninvasive, relatively inexpensive, radiation-
free imaging modality that is an indispensable part of modern
cardiology.5

A transthoracic echocardiogram (TTE) consists of scores of video
clips, still images, and Doppler recordings measured from over a
dozen different acquisition angles, offering complementary views
of the heart’s complex anatomy. The majority of the acquired
information is represented as video clips; only pulsed-wave
Doppler (PW), continuous-wave Doppler (CW), and m-mode
recordings are represented exclusively as single images. Deter-
mining the view is the essential first step in interpreting an
echocardiogram.6 This step is non-trivial, not least because several
views differ only subtly from each other. In principle, a CNN can be
trained to classify views, requiring only a training set of labeled
images from which to learn; given a new image, a well-trained
model should then be able determine the view almost
instantaneously. The versatility of training in deep learning
represents a significant advantage over earlier machine-learning

methods, which have sometimes been applied to echocardio-
graphy. Previous methods often require time-consuming and
operator-dependent manual selection and annotation of features
(e.g. manually tracing the outline of the heart) in each of a large
number of training images, and are out-performed by deep
learning on complex, high-dimensional problems, such as image
recognition.7–11

To assist echocardiographers and improve use of echocardio-
graphy for precision medicine, we tested whether supervised
deep learning with CNNs can be used to automatically classify
views without requiring prior manual feature selection. We report
a model that achieves nearly 98 percent overall test accuracy
based on a variety of video and still-image view-classification
tasks.
To achieve translational impact in medicine, novel computa-

tional models must not just achieve high accuracy but must also
address clinical relevance. We did this in three main ways. First, we
used randomly selected, real-world echocardiograms to train our
model, including a variety of patient variables, echocardiographic
indications and pathologies, technical qualities, and multiple
vendors to ensure that our deep learning model would be
clinically relevant. Second, deep learning approaches are often
considered “data hungry;” we sought to achieve high accuracy on
view classification with minimal data. Third, deep-learning models
are sometimes considered “black boxes” because their internal
workings are at first glance obscure. To address this issue, we used
several methods to look inside our model to show that
classification depends on human-recognizable clinical features
within images.
Taken together, these results suggest that our approach may be

useful in helping echocardiographers improve their accuracy,
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Introduction: Echocardiography is widely used because of its portability, high temporal

resolution, absence of radiation, and due to the low-costs. Over the past years,

echocardiography has been recommended by the European Society of Cardiology

in most cardiac diseases for both diagnostic and prognostic purposes. These

recommendations have led to an increase in number of performed studies each requiring

diligent processing and reviewing. The standard work pattern of image analysis including

quantification and reporting has become highly resource intensive and time consuming.

Existence of a large number of datasets with digital echocardiography images and recent

advent of AI technology have created an environment in which artificial intelligence (AI)

solutions can be developed successfully to automate current manual workflow.

Methods and Results: We report on published AI solutions for echocardiography

analysis on methods’ performance, characteristics of the used data and imaged

population. Contemporary AI applications are available for automation and advent

in the image acquisition, analysis, reporting and education. AI solutions have been

developed for both diagnostic and predictive tasks in echocardiography. Left ventricular

function assessment and quantification have been most often performed. Performance

of automated image view classification, image quality enhancement, cardiac function

assessment, disease classification, and cardiac event prediction was overall good but

most studies lack external evaluation.

Conclusion: Contemporary AI solutions for image acquisition, analysis, reporting and

education are developed for relevant tasks with promising performance. In the future

major benefit of AI in echocardiography is expected from improvements in automated

analysis and interpretation to reduce workload and improve clinical outcome. Some of

the challenges have yet to be overcome, however, none of them are insurmountable.

Keywords: echocardiography, cardiac imaging, artificial intelligence, image analysis, diagnosis, prediction
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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 asso-
ciated 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 subse-
quently described the 3VT view, which is a more cephalad
image, in which the transverse aortic arch is better visu-
alized (‘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.

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 oper-
ator 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 fur-
ther 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 rep-
etition frequency, low color persistence and adequate
gain settings to display flow across valves and vessels
(See Appendix S2).

Copyright © 2013 ISUOG. Published by John Wiley & Sons, Ltd. Ultrasound Obstet Gynecol 2013; 41: 348–359.
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greatest impact on frame rate, appropriate pulse rep-
etition frequency, low color persistence and adequate
gain settings to display flow across valves and vessels
(See Appendix S2).

Copyright © 2013 ISUOG. Published by John Wiley & Sons, Ltd. Ultrasound Obstet Gynecol 2013; 41: 348–359.
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3VT
3V

RVOT LVOT

Four-chamber

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 tech-
nique, more easily performed when the interventricular
septum is perpendicular to the ultrasound beam, may
require slightly more manual skills but optimizes visual-
ization 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 cor-
respond 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). Continu-
ity 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

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 origi-
nating from the morphological right ventricle (Figure 6):
the pulmonary artery normally arises from this ventricle
and courses towards the left of the more posterior ascend-
ing 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 arterio-
sus 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 vas-
cular 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 pul-
monary artery is the most anterior vessel and the superior
vena cava is the most posterior. Their relative diameters

Copyright © 2013 ISUOG. Published by John Wiley & Sons, Ltd. Ultrasound Obstet Gynecol 2013; 41: 348–359.
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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 teach-
ing and research related to diagnostic imaging in women’s
healthcare. The ISUOG Clinical Standards Committee
(CSC) has a remit to develop Practice Guidelines and Con-
sensus 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 stan-
dard of care because interpretation of the evidence that
underpins the Guidelines may be influenced by individ-
ual circumstances, local protocol and available resources.
Approved Guidelines can be distributed freely with the
permission of ISUOG (info@isuog.org).

INTRODUCTION

This document constitutes a revised and updated version
of the previously published ISUOG guidelines for cardiac
screening in midgestation1 and reflects current know-
ledge 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 esti-
mated 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

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 pro-
vides useful information for patient counseling, obstetric
management and multidisciplinary care. Suspected heart
anomalies will require more comprehensive evaluation
using fetal echocardiography26.

GENERAL CONSIDERATIONS

Despite the well-documented utility of the four-chamber
and outflow tract views, one should be aware of the poten-
tial diagnostic pitfalls that can prevent timely detection
of CHD27–29. Detection rates can be optimized by per-
forming 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 there-
fore 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

Copyright © 2013 ISUOG. Published by John Wiley & Sons, Ltd. ISUOG GUIDELINES
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Figure 1. Standardized transverse scanning planes for fetal echocardiography include an evaluation of the 4-chamber 
view (1), arterial outflow tracts (2 and 3), and the 3-vessel and trachea view (4). Ao indicates descending aorta; Asc Ao,
ascending aorta; LA, left atrium; LV, left ventricle; PA, pulmonary artery; RA, right atrium; RV, right ventricle; and Tra, trachea.
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2e		
trimestre

Silhouettes des images à fournir lors de l’échographie de dépistage du troisième trimestre.

3e		
trimestre

๏ Mobilité spontanée 
๏ Activité cardiaque (chiffrer la fréquence cardiaque si elle parait 

inhabituelle). 
๏ Diamètre bipariétal exprimé en millimètres (mesure selon la 

méthodologie proposée par le CFEF) 
๏ Périmètre céphalique exprimé en millimètres (mesure selon la 

méthodologie proposée par le CFEF) 
๏ Périmètre abdominal exprimé en millimètres (mesure selon la 

méthodologie proposée par le CFEF) 
๏ Longueur fémorale exprimée en millimètres (mesure selon la 

méthodologie proposée par le CFEF) 
๏ Estimation du Poids Fœtal exprimé en grammes et en centiles, calculé 

selon la formule de Hadlock établie sur 3 paramètres (périmètre 
cranien, périmètre abdominale, longueur fémorale) avec mention de la 
marge d’erreur. 

๏ Aspect du contour de la boîte crânienne 
๏ Aspect des ventricules latéraux 
๏ Aspect de la ligne médiane 
๏ Présence et forme du cavum du septum pellucidum 
๏ Aspect de la fosse postérieure et du cervelet 
๏ Continuité de la lèvre supérieure 
๏ Aspect du profil fœtal (subjectif) 
๏ Aspect des poumons   
๏ Position du cœur 
๏ Aspect des quatre cavités cardiaques 
๏ Equilibre des cavités 
๏ Position et aspect des gros vaisseaux  
๏ Position et aspect de l’estomac 
๏ Aspect des anses intestinales  
๏ Aspect de la paroi abdominale antérieure 
๏ Position et aspect de la vessie 
๏ Position et aspect des reins  
๏ Aspect du rachis. 
๏ Présence de quatre membres 
๏ Présence des trois segments de chaque membre  
๏ Estimation subjective du volume amniotique. 

Page �  sur �70 87

๏ Eventuellement, constat d’un consentement à l’examen (arrêté du 
14 janvier 2014). 

๏ Contenu de l’examen *: 
๏ Nombre de fœtus  
๏ Mobilité spontanée 
๏ Activité cardiaque (chiffrer la fréquence cardiaque si ellle semble 

inhabituelle) 
๏ Longueur crânio-caudale exprimée en millimètres et 1/10 de 

millimètres (après information spécifique, et si la patiente le 
souhaite, cette information pourra être intégrée dans la cadre du 
calcul de risque de trisomie 21, combiné au premier trimestre ou 
intégré). 

๏ Epaisseur de la clarté nucale exprimée en millimètres et 1/10 de 
millimètres (après information spécifique, et si la patiente le 
souhaite, cette information pourra être intégrée dans la cadre du 
calcul de risque de trisomie 21, combiné au premier trimestre ou 
intégré). 

๏ Diamètre bipariétal (exprimé en millimètres) 
๏ Contour de la boîte crânienne 
๏ Aspect de la ligne médiane 
๏ Aspect de la paroi abdominale antérieure 
๏ Attestation de la présence de quatre membres comprenant 

chacun trois segments. 
๏ Volume amniotique (appréciation subjective). 
๏ Aspect du trophoblaste ou placenta. 
๏ En cas de grossesse multiple :  

๏ les informations relatives à chacun des fœtus doivent être 
clairement individualisées.  

๏ En particulier, les éléments de repérage de chaque fœtus, 
facilitant leur identification lors des examens ultérieurs 
doivent aussi documentés et aussi précis que possible. 

๏ Pelvis extra-utérin 
๏ Descript ion d’une éventuel le masse annexiel le 

inhabituelle. 
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Abstract:

Background: The detection rate of congenital heart defects is barely 
acceptable. Since 2016, the French National Conference on Obstetrical 
and Foetal Ultrasound updated its recommendations by the inclusion of 
an examination of the left ventricular outflow tract (LVOT) in the second 
and third trimester of pregnancy. 
Objectives: This study aimed on the one hand to evaluate the practices 
related to the realization of the LVOT in the setting of fetal 
echocardiography in low-risk populations, and on the other hand to study 
the possible modifications of the practices secondary to the introduction 
of quality criteria. 
Study Design:  We conducted a multicentric, retrospective and 
prospective, descriptive, longitudinal study divided into three distinct 
periods: before 2016, in 2017, and in 2020. Seven quality criteria were 
investigated and rated from 0 to 1 for LVOT screening. Files were 
randomly selected from three centers, then average total and specific 
scores were calculated. 
Results: LVOT images were present in ultrasound reports in more than 
93% of cases. Before 2016, the average quality score was 5.49/7 (95% 
CI: 5.36-5.62), in 2017 5.91/7 (95% CI: 5.80-6.03), and in 2020 5.70/7 
(95% CI: 5.58-5.82) for the three centers. There was no significant 
difference following the introduction of the quality criteria; 2017 vs. 
2020, p = 0.054. Kappa coefficients of the inter- and intra-operator 
variables were all within 0.601 and 1. 
Conclusion: Left ventricular outflow tract images were present in most of 

BJOG: An International Journal of Obstetrics & Gynaecology

Exem
ple :

 Voie d
’éje

ctio
n gauche et

 individualisa
tion des c

ritè
res

 de q
ualité

  

 
 

 

1 : la
 cav

ité 
ventric

ulair
e si

tuée à
 gauche av

ec l
a v

isu
alis

atio
n jusqu’à l

a p
ointe d

e v
entric

ule e
t 

du se
ptum interv

entric
ulair

e (e
xiste

nce 
ou non de la

 ca
vité 

ventric
ulair

e / 
visu

alis
atio

n ou non 

du ventric
ule e

t du sep
tum jusqu’à l

a p
ointe) 

 

2 : l’
anneau

 valv
ulair

e e
t l’

origine d
u vaiss

eau
 su

s-ja
cen

t (p
rés

ence 
ou non d’un vaiss

eau
 iss

u 

du ventric
ule s

itué à
 gauche)  

3 : l
a p

arti
e a

ntéro
supérie

ure 
de la

 ca
vité 

ventric
ulair

e s
ituée 

à d
roite,

 au
-dess

us, e
t au

 m
ilie

u 

des 
valv

ules
 se

mi-lu
naire

s (v
isu

alis
atio

n ou non de c
ette

 zo
ne a

néch
ogène E

T de s
a p

ositi
on 

au-dess
us d

es 
valv

ules
 sem

i lu
naire

s)  
 

4 : l’
oreil

lett
e si

tuée 
à g

auche e
t en

 arr
ière

 de la
 valv

e a
trio

ventric
ulair

e g
auche e

t au
-dess

ous 

des 
valv

ules
 se

mi-lu
naire

s (v
isu

alis
atio

n ou non de c
ette

 zo
ne a

néch
ogène E

T de s
a p

ositi
on 

au-dess
ous d

es 
valv

ules
 sem

i lu
naire

s)  

5 : la 
rela

tion entre 
la 

valv
e atri

oventric
ulair

e situ
ée 

à gauche et 
le 

vais
sea

u sus-ja
cen

t 

(co
ntinuité 

/ disc
ontinuité)

  

6 : 
la 

rela
tion entre 

le 
sep

tum interv
entric

ulair
e et 

le 
vais

sea
u sus-ja

cen
t (c

ontinuité 
ou 

disc
ontinuité 

sep
to – gros vaiss

eau
 sus ja

cen
t s’

il e
xiste

) 

7 la 
visu

alis
atio

n des v
alv

ules
 sem

i-lu
naire

s (n
orm

al /
 dysplas

iques)
  

8 : l’
aorte 

thorac
ique (g

auche / 
droite)

 

 
 

Maud	REGOUIN	MD	(1),	Julien	MANCINI	MD	PhD	(2),	Mr	Antoine	LAFOUGE	(3),	Coralie	DUMONT	MD	(1),	Nathalie	

FONTAINE	MD	(1),	Stéphanie	ROUSSIN	MD	(4),	Mr	Jimmy	GUICHARD(5),	Edwin	QUARELLO	MD	PhD	(6,7)	

Article submitted
2016	/	2017	/2020

3	centres	
.	GHS	Réunion	

.	St	Joseph	Marseille	

.	Cabinet	du	Var

10	opérateurs 900	dossiers

La qualité est bonne mais pas toujours OPTIMALE

Journées SOFFOET 24/09/2021



Journées SOFFOET 24/09/2021
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Demain…. Images	fixes IA	et	dépistage
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Demain…. Images	fixes

Critère	1 Critère	2	+	7 Critère	3 Critère	4 Critère	5 Critère	6

IA	et	dépistage
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Demain….

Critères Simultanés

En	temps	réel IA	et	dépistage
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Demain….

Critères Séparés

Critère	1 Critère	2	+	7 Critère	3 Critère	4 Critère	5 Critère	6

IA	et	dépistageEn	temps	réel
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Conclusion

.	Nous	sommes	arrivés	à	une	limite	humaine

.	ConFnuer	les	formaFons	/	workshop	/	Hands	on	/	etc..

.	Réfléchir	à	partager	«	nos	recekes	»

.	ObjecFver	la	qualité	et	les	critères	de	qualité	

.	Contribuer	au	développement	de	l’IA

IA	et	dépistage
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