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Anatomical and echocardiographic correlates of
normal cardiac morphology in the late first
trimester fetus
Lindsey D Allan, Rosalba Santos, Tomas Pexieder

Gestational age offetuses
studied
Weeks n
5-6 4
6-7 8
7-8 6
8-9 14
9-10 8
10-11 6
11-12 7

Abstract
Objectives-To describe the normal car-
diac morphology as seen by transvaginal
ultrasound imaging in the first trimester
fetus and to compare it with the morphol-
ogy ofthe heart as seen by microdissection
at the same gestational age.
Design-In 53 mothers undergoing early
sonography, the fetal heart was examined
and the images recorded. The gestational
age range was 5-12 weeks of gestation,
which represents 21 to 70 days after con-
ception. Images were analysed frame by
frame and compared with the anatomy of
embryos and fetuses at the same gesta-
tional ages.
Results-After the 9th week of gestation,
four cardiac chambers, the aortic origin,
and the pulmonary artery could be identi-
fied on cross sectional echocardiography
in conjunction with colour flow Doppler.
At 9 weeks, the apex pointed anteriorly and
the right ventricle and pulmonary artery
lay to the right of the midline. By the 11th
week of gestation, the apex pointed to the
left and the pulmonary artery lay to the left
of the midline as in the older fetus.
Between 9 and 12 weeks' gestation the
aorta was larger than the pulmonary
artery. These findings were confirmed in
the microdissected hearts.
Conclusions-The current quality ofultra-
sound images obtained using transvaginal
transducers in the first trimester fetus
allows the study of fetal cardiac anatomy.
Some of the later developmental changes
can be demonstrated. As technology
improves further the details of earlier car-
diac morphogenesis may also become visi-
ble.

(Heart 1997;77:68-72)
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Advances in prenatal ultrasound imaging, espe-
cially the advent of cross sectional scanning,
allowed the echocardiographic features of the
normal mid-trimester fetus to be correlated
with anatomical sections in 1980.' The study
reported in 1980 showed that most of the fea-
tures that characterise the normal heart in post-
natal life can also be seen in the fetus. However,
it also highlighted some of the differences
between prenatal and postnatal cardiac find-
ings, particularly the more horizontal position
of the heart produced by the size of the fetal

liver and the equality of the right and left ven-
tricular dimensions when imaged in a four
chamber projection. In addition, as was
expected from our knowledge of fetal physiol-
ogy, the patent foramen ovale and the patent
arterial ductal connection were visible in every
normal fetus.

Since 1980 improvements in the resolution
of vaginal transducers have led to the study of
the conceptus at increasingly early stages of ges-
tation. The evaluation of embryological fea-
tures such as the appearance of the yolk sac and
the physiological hemiation of the midgut can
be studied and even used to date the pregnancy
accurately.2 Many of the standard echocardio-
graphic views can be obtained as early as 11 to
12 weeks of gestation' and the atrioventricular
and arterial Doppler flow velocity profiles can
be analysed.4
The heart is one of the first organs to develop

in the embryo, with cardiac motion seen
between 26 and 32 days after conception' (5-6
weeks post-menstrual age), when the crown-
rump length is between 5 and 10 mm. The
atrioventricular endocardial cushions and atri-
oventricular valves develop in post-menstrual
weeks 6-7, the outflow tract septum is com-
pleted between post-menstrual weeks 7-8, and
the interventricular foramen closes between
post-menstrual weeks 8 and 9.6 The tricuspid
valve is the last cardiac structure to complete its
formation at post-menstrual weeks 9-10. We
attempted to evaluate the fetal heart during the
first trimester of pregnancy to see if any part of
cardiac development was currently identifiable
by the most modem high resolution transduc-
ers.

Patients and methods
ECHOCARDIOGRAPHIC IMAGES
In 53 patients the fetal heart was imaged using
an Advanced Technical Laboratories HDI sys-
tem with a 5 or a 9 MHz vaginal tranducer.
These patients were referred for ultrasound
examination to confirm the presence of an
intrauterine pregnancy or to establish viability
after an episode of vaginal bleeding. The
crown-rump length was used to estimate the
gestational age, which ranged from 5 to 12
weeks. The gestational ages studied are shown
in the table. The long axis view of the fetus was
first obtained as in fig 1. The beam was then
located at right angles to this section at the level
of the heart. A horizontal sweep from the
diaphragm to the neck was then recorded as
cross sectional images with a colour flow map-
ping, in a similar fashion to the scanning
method in the older fetus.7
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Figure 1 This image was obtained in a fetus with a
crown-rump length equivalent to 9 weeks 5 days

"j..........gestational age (54 days post-conception). The fetus is
imaged in a longitudinal plane from head to rump. The

........... umbilical vein (UVT) is prominent, passingfrom the cord
through the liver to below the heart. The descending aortais seen passing down the back in front of the spine andconnecting to the umbilical artery (UA) in the cord. A
large head vessel is seen. The heart (H) is seen in the
thoraxjust above the diaphragm. The ultrasound beam is
then positioned at right angles to this plane of section to
cut through the heart in a transverse plane. The beam is
then swept up and down the thorax to produce the type of
images seen in fig 2.

Figure 2 (A-F)Sequential transverse
planes of the fetal thorax.
T'hese images were
obtained in afetus with a
crown-rump lengthequivalent to 9 weeks 2
days gestational age (Sidays post-conception).Note the scal bar at the
right indicating that the
whole thorax at this stage
measures about 1 cm and
the pulmonary artery less
than hfheamillimetre.
(A) The heart liesapposi.tethe spine with the apexpointing directlyanteroposteriorly. The
right heart is located
entirely in the right half ofthe chest. (B) The colour
flow map confirmend this
when the ventricles were
filled. The arrow indicates
the interventricular septum
at the apex. (C) This is a
horizontal section of the
fetal thorax above the fourchamber view. The walls
of the pulmonary trunk
could be clarly defined __
when it lay in this
orientation to the
ultrasound beam. It arose
from the right ventricle
and crossed the midline to
connect to the descending
aorta. (D) The colour
flow map confirmned the
flow in the pulmonary
artery (seen in blue)crossing the midline. (E)In a horizontal section just
above thefour chamberview andjust below the
image of the pulmonaryartery seen infigGCandD, the ascending aorta
could be identified bycolourflow mappingarisingtfrom the leftventricle (coloured red)and coursing righwmardsinitially. Note that thisvessel appears considerablylarger on colourflowmapping than the
pulmonary artery seen in
figs C and D. (F) The
aorta then curves in front
of the spine toform the
arch, seen here in a
transverse section. RV,right ventricle; LV, left
ventricle; Ao, aorta; PA,
pulmonary artery; Aao,ascending aorta.
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Fetal echocardiography at 11–13 weeks by transabdominal
high-frequency ultrasound
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ABSTRACT

Objectives To assess the accuracy of fetal echocar-
diography at 11–13 weeks performed by well-trained
obstetricians using a high-frequency linear ultrasound
transducer.

Methods Fetal echocardiography was performed by
obstetricians immediately before chorionic villus sampling
for fetal karyotyping at 11–13 weeks. Digital videoclips
of the examination stored by the obstetrician were
reviewed offline by a specialist fetal cardiologist.

Results The obstetrician suspected 95 (95%) of the 100
cardiac defects identified by the fetal cardiologist and
made the correct diagnosis in 84 (84%) of these cases.
In 54 fetuses, the defect was classified as major and in
46 it was minor. In 767 (86.6%) cases, the heart was
normal and in 19 (2.1%) the views were inadequate
for assessment of normality or abnormality. A subsequent
second-trimester scan in the normal group identified major
cardiac defects in four cases. Therefore, the first-trimester
scan by the obstetricians and cardiologists identified 54
(93.1%) of the 58 major cardiac defects.

Conclusions A well-trained obstetrician using high-
resolution ultrasound equipment can assess the fetal heart
at 11–13 weeks with a high degree of accuracy. Copyright
! 2011 ISUOG. Published by John Wiley & Sons, Ltd.

INTRODUCTION

Abnormalities of the heart and great arteries are
the most common congenital defects and account for
approximately 20% of all stillbirths and 30% of
neonatal deaths due to congenital defects1. Several
studies have established that routine ultrasound screening

in pregnancy fails to identify the majority of fetuses
with major cardiac defects2,3. By contrast, the majority
of such defects are amenable to prenatal diagnosis
by specialist fetal echocardiography4,5. Consequently,
effective population-based prenatal diagnosis necessitates
improved methods of identifying the high-risk group
for referral to specialists and/or improved standards of
scanning in those undertaking routine screening.

Traditionally, high-risk groups have been identified for
referral for specialist fetal echocardiography, for example,
those with a family history of cardiac defects, maternal
history of diabetes mellitus and maternal exposure to
teratogens. However, the performance of this method
of screening is poor, with a detection rate of only
approximately 10% of cases of fetal cardiac defects6.
A major improvement in screening for cardiac defects
came with the widespread introduction of four-chamber
view screening during the routine mid-trimester scan7.
First-trimester screening for aneuploidies by measurement
of fetal nuchal translucency (NT) thickness identified
another important high-risk group8. A meta-analysis
of studies examining the screening performance of NT
thickness for the detection of cardiac defects in euploid
fetuses reported that the detection rate was 23% for an NT
cut-off of the 99th centile9. There is also evidence that the
detection rate may be improved further by the additional
early sonographic markers of aneuploidy, abnormal flow
through the ductus venosus10 and across the tricuspid
valve11. In the presence of abnormal flow, the risk for
cardiac defects in euploid fetuses is increased.

In the last 10 years, as a consequence of inclusion of
‘aneuploidy sonographic markers’ in screening for cardiac
defects, there has been a shift in specialist fetal echocar-
diography from the second to the first trimester of preg-
nancy12,13. A technical limitation in such early echocar-
diography is visualization of the desired structures.
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Denmark Hill, London SE5 8RX, UK (e-mail: fmf@fetalmedicine.com)

Accepted: 23 December 2010

Copyright ! 2011 ISUOG. Published by John Wiley & Sons, Ltd. ORIGINAL PAPER

Ultrasound Obstet Gynecol 2011; 37: 296–301
Published online 10 February 2011 in Wiley Online Library (wileyonlinelibrary.com). DOI: 10.1002/uog.8934

Fetal echocardiography at 11–13 weeks by transabdominal
high-frequency ultrasound

N. PERSICO*†, J. MORATALLA*, C. M. LOMBARDI‡, V. ZIDERE*, L. ALLAN*
and K. H. NICOLAIDES*§
*Department of Fetal Medicine, King’s College Hospital, London, UK; †Department of Obstetrics and Gynecology ‘L. Mangiagalli’,
Ospedale Maggiore Policlinico, Milan, Italy; ‡Studio Diagnostico Eco, Vimercate, Italy; §Department of Fetal Medicine, University College
Hospital, London, UK

KEYWORDS: cardiac defects; Doppler ultrasound; linear transducer; nuchal translucency

ABSTRACT

Objectives To assess the accuracy of fetal echocar-
diography at 11–13 weeks performed by well-trained
obstetricians using a high-frequency linear ultrasound
transducer.

Methods Fetal echocardiography was performed by
obstetricians immediately before chorionic villus sampling
for fetal karyotyping at 11–13 weeks. Digital videoclips
of the examination stored by the obstetrician were
reviewed offline by a specialist fetal cardiologist.

Results The obstetrician suspected 95 (95%) of the 100
cardiac defects identified by the fetal cardiologist and
made the correct diagnosis in 84 (84%) of these cases.
In 54 fetuses, the defect was classified as major and in
46 it was minor. In 767 (86.6%) cases, the heart was
normal and in 19 (2.1%) the views were inadequate
for assessment of normality or abnormality. A subsequent
second-trimester scan in the normal group identified major
cardiac defects in four cases. Therefore, the first-trimester
scan by the obstetricians and cardiologists identified 54
(93.1%) of the 58 major cardiac defects.

Conclusions A well-trained obstetrician using high-
resolution ultrasound equipment can assess the fetal heart
at 11–13 weeks with a high degree of accuracy. Copyright
! 2011 ISUOG. Published by John Wiley & Sons, Ltd.

INTRODUCTION

Abnormalities of the heart and great arteries are
the most common congenital defects and account for
approximately 20% of all stillbirths and 30% of
neonatal deaths due to congenital defects1. Several
studies have established that routine ultrasound screening

in pregnancy fails to identify the majority of fetuses
with major cardiac defects2,3. By contrast, the majority
of such defects are amenable to prenatal diagnosis
by specialist fetal echocardiography4,5. Consequently,
effective population-based prenatal diagnosis necessitates
improved methods of identifying the high-risk group
for referral to specialists and/or improved standards of
scanning in those undertaking routine screening.

Traditionally, high-risk groups have been identified for
referral for specialist fetal echocardiography, for example,
those with a family history of cardiac defects, maternal
history of diabetes mellitus and maternal exposure to
teratogens. However, the performance of this method
of screening is poor, with a detection rate of only
approximately 10% of cases of fetal cardiac defects6.
A major improvement in screening for cardiac defects
came with the widespread introduction of four-chamber
view screening during the routine mid-trimester scan7.
First-trimester screening for aneuploidies by measurement
of fetal nuchal translucency (NT) thickness identified
another important high-risk group8. A meta-analysis
of studies examining the screening performance of NT
thickness for the detection of cardiac defects in euploid
fetuses reported that the detection rate was 23% for an NT
cut-off of the 99th centile9. There is also evidence that the
detection rate may be improved further by the additional
early sonographic markers of aneuploidy, abnormal flow
through the ductus venosus10 and across the tricuspid
valve11. In the presence of abnormal flow, the risk for
cardiac defects in euploid fetuses is increased.

In the last 10 years, as a consequence of inclusion of
‘aneuploidy sonographic markers’ in screening for cardiac
defects, there has been a shift in specialist fetal echocar-
diography from the second to the first trimester of preg-
nancy12,13. A technical limitation in such early echocar-
diography is visualization of the desired structures.

Correspondence to: Prof. K. H. Nicolaides, Harris Birthright Research Centre for Fetal Medicine, King’s College Hospital Medical School,
Denmark Hill, London SE5 8RX, UK (e-mail: fmf@fetalmedicine.com)

Accepted: 23 December 2010

Copyright ! 2011 ISUOG. Published by John Wiley & Sons, Ltd. ORIGINAL PAPER

lundi 25 avril 2011



Ultrasound in Obstetrics and Gynecology 11

Early fetal cardiac examination Haak et al.

Table 3 shows the visualization success rates for each
examined parameter between 11+0 and 13+6 weeks of
gestation indicating that visualization success rates for
each parameter increased with gestational age. The four-
chamber view was the easiest parameter to visualize (Table 3,
Figure 1). Between 11+0 and 11+6 weeks of gestation, the
four-chamber view could be visualized in 85% of the exam-
inations, increasing to 98% at 13+0 to 13+6 weeks of gestation.
The long axis of the aorta (Figure 2) showed a low visualization
success rate at 11+0 to 11+6 weeks of gestation (22.4%). This
was caused by difficulties in demonstrating the continuity
of the aorta with the ventricular septum. Lack of sufficient
resolution in this sonographic plane was the reason for failure
of visualization in the majority of the cases, as illustrated by
the better visualization success rates with increase of fetal
growth to 91.8% at 13+0 to 13+6 weeks. Table 3 demon-
strates that it is possible to visualize the pulmonary trunk

earlier in gestation than the aortic root (75.3% vs. 32.9% at
11+0 to 11+6 weeks of gestation). This difference disappears
gradually with the increasing size of the fetus (97.6% vs.
95.3% at 13+0 to 13+6 weeks of gestation). The insufficient
resolution at 11+0 to 11+6 weeks of gestation is again the
cause of difficulties in visualizing the three-vessel view, a plane
which requires identification of more detailed structures
(Figure 3). The success rate in this early period was only 40%,
increasing to 96.5% at 13+0 to 13+6 weeks of gestation.

Aside from the visualization rates of each single parameter,
the possibility of performing a full cardiac examination
was explored. If all six parameters defined in Table 1 were
visualized in an individual fetus, the full cardiac examination
was marked as ‘successful’. Table 4 shows that all six
parameters could be visualized in only 20% of the fetuses
at 11+0 to 11+6 weeks of gestation, compared to 60% at
12+0 to 12+6 weeks and 92% at 13+0 to 13+6 weeks of
gestation.

The growth curves of both aortic root and pulmonary
trunk are shown in Figures 4 and 5. The diameter of the pul-
monary trunk was slightly larger than that of the aorta. Both
showed a linear increase with gestational age.

DISCUSSION

Fetal echocardiography in the mid-second trimester is avail-
able in many countries for patients who are at increased
risk of having offspring with cardiac abnormalities. Despite

Figure 1 Ultrasound image of a four-chamber view in a fetus at 13+2 
weeks’ gestation; crown–rump length, 73 mm. RV, right ventricle; RA, 
right atrium; LV, left ventricle; LA, left atrium; Sp, spine.

Figure 2 Ultrasound image of the aorta originating from the left ventricle 
(long-axis view) in a fetus at 13+4 weeks’ gestation; crown–rump length, 
75 mm. RV, right ventricle; LV, left ventricle; Ao, aortic root.

Figure 3 Ultrasound image of the pulmonary trunk originating from the 
right ventricle, with the three-vessel view in a fetus at 13+4 weeks’ 
gestation; crown–rump length, 75 mm. Ao, aorta; SVC, superior vena 
cava; PA, pulmonary artery; Sp, spine.

Table 4 Success rate for full cardiac examination
  

Gestational age (weeks) Success rate (%)*

11+0 to 11+6 20
12+0 to 12+6 60
13+0 to 13+6 92

*Rounded.
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ABSTRACT

Objective Transvaginal echocardiography is still rarely
incorporated into the first-trimester ultrasound examination,
despite the fact that heart defects are the most frequently
encountered congenital malformation. This study was
undertaken to explore the possibilities of fetal echocardio-
graphy in the late first trimester.

Methods In 85 women with uncomplicated singleton
pregnancies, three transvaginal ultrasound examinations
between 11+0 and 13+6 weeks’ gestation were performed.
The examinations were carried out at weekly intervals
and visualization of several echocardiographic planes was
attempted (four-chamber view, aortic root, long axis of
the aorta, pulmonary trunk with three-vessel view, cross-
over of the great arteries). The diameter of the aorta and
pulmonary trunk were measured to establish reference
ranges.

Results The success rate of visualization of the different
parameters increased with gestational age. The ability to
perform a full cardiac examination increased from 20%
in week 11 to 92% in week 13. Longitudinally derived
growth curves of the aorta and the pulmonary trunk
were constructed and both showed a linear increase with
gestational age.

Conclusions The best time in the first trimester to per-
form transvaginal echocardiography is at 13+0 to 13+6
weeks’ gestation. In this period, a full cardiac examination
is possible in 92% of cases. The increase of success rate
compared to earlier studies is likely to result from the use of
better resolution, high-frequency transvaginal probes. First-
trimester echocardiography provides an  opportunity to
examine the fetal heart early in gestation, especially in
patients at risk for cardiac malformations because of a
positive family history or in fetuses with increased nuchal
translucency.

INTRODUCTION

First-trimester transvaginal ultrasound examination has been
an established method to detect many structural abnor-
malities for several years1,2. Despite a few reports on the poss-
ibilities of visualizing and examining the fetal heart at this
early gestational age3–5, transvaginal echocardiography in
the late first trimester remains a rarely applied method. This
despite the fact that heart defects are the most frequently
encountered congenital malformation, affecting 4–8 infants
per 1000 births6.

This study was undertaken to explore the relevance of fetal
echocardiography in the late first trimester of pregnancy and
to construct growth curves of the aortic root and pulmonary
trunk for this gestational age. The study also aimed to deter-
mine the optimal gestational age at which to perform trans-
vaginal echocardiography.

METHODS

Eighty-nine women with singleton pregnancies participated
in the study. They received written information and gave
their oral informed consent. The medical ethical committee
of the Vrije Universiteit Medical Center approved the study.
The women were recruited from the fertility department for
reasons of exact pregnancy dating. Four women were
excluded from the analysis; one because of patient dropout,
one because of fetal malformations (fetal akinesia syn-
drome), one because of a nuchal translucency greater than the
95th percentile and one because of a discrepancy between
crown–rump length (CRL) and known menstrual date. The
remaining 85 women all met the inclusion criteria of certain
gestational age, singleton pregnancy and no family history of
cardiac malformations. Of the 85 women, 24 pregnancies
had been conceived with in vitro fertilization (IVF), 21 with
intrauterine insemination (IUI) and 40 in monitored spon-
taneous cycles. In the IVF and IUI pregnancies, gestational
age was calculated by adding 14 days to the ovum pick up or

Correspondence: Dr M. Haak, Department of Obstetrics and Gynecology, L348, PO Box 7057, 1007 MB Amsterdam, The Netherlands 
(e-mail: mc.haak@vumc.nl)
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better resolution, high-frequency transvaginal probes. First-
trimester echocardiography provides an  opportunity to
examine the fetal heart early in gestation, especially in
patients at risk for cardiac malformations because of a
positive family history or in fetuses with increased nuchal
translucency.

INTRODUCTION
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excluded from the analysis; one because of patient dropout,
one because of fetal malformations (fetal akinesia syn-
drome), one because of a nuchal translucency greater than the
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ABSTRACT

Objective The aim of this study was to explore the diagnos-
tic accuracy of first-trimester transvaginal echocardiography
in fetuses with increased nuchal translucency (NT) thickness,
by comparing the ultrasound diagnosis with the findings on
postmortem examination or mid-gestational ultrasound and
neonatal outcome.

Methods Transvaginal echocardiography was performed in
45 fetuses with a NT > 95th centile. Karyotyping was
performed in 43. In 20 of the 23 pregnancies in which
termination of pregnancy was carried out, postmortem
examination was performed to determine the presence and
type of heart defect. Mid-gestational echocardiography was
performed in ongoing pregnancies and neonatal follow-up
information was obtained. Findings on first-trimester trans-
vaginal echocardiography were compared to those of  second-
trimester echocardiography or the results of postmortem
examination. The mean NT in the fetuses with and without
heart defects was calculated.

Results Of the 45 fetuses, heart malformations were sus-
pected on first-trimester ultrasound in 10 (22%), of which
eight (80%) were found to have a chromosomal abnormality.
Postmortem examination showed minor additional findings
in some cases and major discrepancies occurred in none. Sep-
tal defects were the most common defects in trisomic fetuses.
In three fetuses with a 45X karyotype, hypoplastic left heart
syndrome was diagnosed. Heart defects were diagnosed in
three euploid fetuses in which fetal demise occurred. The sen-
sitivity and specificity for the detection of heart defects of
transvaginal echocardiography were 88% and 97%, respec-
tively. The mean NT  in fetuses with a normal heart (4.3 mm)
was significantly smaller than that of fetuses with heart
defects (7.4 mm).

Conclusion Transvaginal echocardiography can be per-
formed reliably in first-trimester fetuses with an increased
NT. In this study, the proportion of chromosomally
abnormal fetuses with a heart defect was not different from
that found in newborns, except for cases of Turner syn-
drome. Fetal demise occurred in all three euploid fetuses with
a heart malformation. The fetuses with a heart defect had a
larger NT than did those without.

INTRODUCTION

Measurement of the fetal nuchal translucency (NT) thickness
in the late first trimester of pregnancy has become an estab-
lished method for identifying fetuses at risk for aneuploidy1–3.
The frequent occurrence of heart malformations in fetuses
with an enlarged NT, either isolated4–6 or in combination
with a chromosomal abnormality7,8, has gained much
attention. It was suggested that NT thickness measure-
ment could also be used as a screening tool for fetal heart
malformations in an unselected population9. Further-
more, the association of increased NT and heart defects
has led to the theory that impaired cardiac function due to
cardiac malformations might play a role in the development
of increased NT10,11.

Heart malformations in fetuses with a NT > 95th centile
have been studied by postmortem examination7,8,12,13. How-
ever, to our knowledge, there are no reports describing the
correlation between the results of first-trimester transvaginal
echocardiography and postmortem examination or follow-up
studies in ongoing pregnancies of these fetuses.

Our aim was to explore the diagnostic accuracy of
transvaginal echocardiography in fetuses with a NT above
the 95th centile, by comparing the ultrasound diagnosis with
the results of postmortem examination or mid-gestational
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ultrasound, the sensitivity rose to 88% with a false-negative
value of 3% (Table 7).

To compare the mean NT in fetuses with or without a
heart defect, five fetuses in which diagnosis by postmortem
was not established were excluded. In the 40 analyzed fetuses
there was a statistical difference in the NT thickness
between the fetuses with and those without a heart defect.
The mean NT thickness in the 27 fetuses with a normal heart
was 4.3 (standard deviation (SD), 1.7) mm, compared with
7.4 (SD, 2.7) mm in the group of fetuses with a heart defect
(P < 0.001). There was no statistically significant difference
(P = 0.64) in crown–rump length in the two groups. In the
group of fetuses with a normal heart the mean crown–rump
length was 62 (SD, 11) mm and in the group of fetuses with a
heart defect the mean crown–rump length was 61 (SD, 11) mm.
This excludes bias by crown–rump length, as NT thickness
shows a strong correlation with crown–rump length15.

DISCUSSION

First-trimester transvaginal echocardiography has proved to
be a useful method to examine the fetal heart at an early stage
of pregnancy16–20. However, this method is currently limited
to a few centers. The systematic simultaneous application of
first-trimester transvaginal echocardiography in fetuses
with an increased NT has not been described before. Our
data show that echocardiographic examination can be
performed reliably in fetuses with increased NT in the
late first trimester of pregnancy. Transvaginal ultrasound
examination21 was used. Possibly the results could have been

improved if transabdominal ultrasound had been incor-
porated more frequently, in cases in which the visualization
of the heart was not complete22,23. The sensitivity and spe-
cificity (88% and 97%) for the detection of heart defects
is of an acceptable level compared to mid-gestational
echocardiography14,24–26. There were no cases with major
discrepancies between the ultrasound diagnosis and the diag-
nosis on postmortem. Additional malformations were found
on postmortem that were not detected by ultrasound (small
primum ASD, small VSD and aortic arch narrowing). These
defects are also known to be difficult to detect by second- and
third-trimester echocardiography24 and extensive postmor-
tem is furthermore likely to reveal additional malformations.

The encountered defects in the fetuses with trisomies in this
study did not differ from those previously reported8,12,27. In
the cases of trisomies 21 and 18 septal defects were the most
common defects (Figure 4). The number of trisomy 21 fetuses
in this study that were diagnosed with a heart defect (3/7
(43%) fetuses with a successful postmortem) is similar to the
percentage of heart defects found in infants with Down
syndrome28. In four of the seven fetuses with Down syndrome
with a successful postmortem, no heart malformations were
found, despite the increased NT . Therefore, these data do not
support the theory10,29 that cardiac failure due to underlying
heart malformations is the pathophysiological pathway
leading to an increased NT. In this cardiac failure theory, it
is hypothesized that Down syndrome fetuses with heart
defects are over-represented among fetuses with increased
NT. Although the numbers are small, this was not the
case in this study. Furthermore, in all fetuses there was
absence of heart enlargement, ascites and pericardial
effusion, which is found in second-trimester fetuses with
cardiac failure.

The findings in the Turner fetuses were, however, remark-
able. Three of the four fetuses showed a form of hypoplastic
left heart syndrome that could be identified by late first-
trimester echocardiography. Although the numbers were too
small to draw conclusions, this incidence is much higher than
that found in infants with Turner syndrome30. This discrep-
ancy could be caused by the occurrence of intrauterine demise
in Turner cases. Because these pregnancies were terminated
at the request of the parents, the natural outcome had these
pregnancies continued is unknown. Intrauterine demise also
occurred in all the studied fetuses with normal karyotypes

Table 6 Cases in which a heart defect was detected on ultrasound and on postmortem examination, ignoring and not ignoring minor heart defects 
and unsuccessful examinations
  

On postmortem Not on postmortem Total

Overall
On ultrasound n = 7 (Cases 28, 54, 56, 117, 120, 173, 177) n = 1 (Case 43) n = 8
Not on ultrasound n = 6 (Cases 67, 110, 137, 161, 178, 183) n = 26 (Cases 96, 114, 116, 123, 184, 188; A&H ! 20) n = 32
Total n = 13 n = 27 n = 40

With exclusions*
On ultrasound n = 7 (Cases 28, 54, 56, 117, 120, 173, 177) n = 1 (Case 43) n = 8
Not on ultrasound n = 1 (Case 183) n = 29 (Cases 67, 96, 110, 114, 116, 123, 178, 184, 188; A&H ! 20) n = 30
Total n = 8 n = 30 n = 38

*Ignoring minor defects and unsuccessful examinations. A&H, alive and healthy.

Table 7 Performance characteristics of transvaginal echocardiography 
in 40 singleton first-trimester pregnancies with nuchal translucency 
thickness > 95th centile at two levels of agreement
  

Detailed agreement  
(n (%))

General agreement
(n (%))

Sensitivity 7/13 (54) 7/8 (88)
Specificity 26/27 (96) 29/30 (97)
False-positive rate 1/8 (13) 1/8 (13)
False-negative rate 6/32 (19) 1/30 (3)
Positive predictive value 7/8 (88) 7/8 (88)
Negative predictive value 26/32 (81) 29/30 (97)
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ABSTRACT

Objective To evaluate the accuracy of first-trimester
ultrasound examination in detecting major congenital
heart disease (CHD) using a systematic review of the
literature.

Methods General bibliographic and specialist computer-
ized databases along with manual searching of reference
lists of primary and review articles were used to search
for relevant citations. Studies were included if a first-
trimester ultrasound scan was carried out to detect CHD
that was subsequently verified by a reference standard.
Data were extracted on study characteristics and quality,
and 2 ! 2 tables were constructed to calculate sensitivity
and specificity.

Results Ten studies (involving 1243 patients) were
suitable for inclusion. Of these, four used transabdominal
ultrasonography, four used transvaginal and two used
a combination. Pooled sensitivity and specificity were
85% (95% CI, 78–90%) and 99% (95% CI, 98–100%),
respectively.

Conclusion Ultrasound examination of the fetus in the
first trimester is feasible for accurately detecting major
CHD. It may be offered to women at high risk of having
children with CHD. Copyright ! 2006 ISUOG. Published
by John Wiley & Sons, Ltd.

INTRODUCTION

Approximately 1% of live births are complicated by
congenital heart disease (CHD), of which at least half
are major cardiac malformations requiring corrective

or palliative surgery postnatally1,2. In addition, the
presence of CHD increases perinatal mortality. Prenatal
ultrasonography with fetal echocardiography performed
at 18–20 weeks’ gestation is used routinely to screen
for CHD. The ultrasound examination is based on
examination of a ‘four-chamber view’ of the heart, with
additional examination of the great vessels and aortic
arch. The screening specificity and sensitivity of such scans
are variable, with some studies indicating a detection rate
as low as 26% in an unselected population3. However,
fetal echocardiography in experienced hands performed
in the second and third trimesters has a sensitivity of
60–100% for diagnosing major CHD even in a low-risk
screening population4–9.

With improved technology it has become feasible to
obtain images of the fetal heart in the first trimester,
with visualization of both the four heart chambers
and the outflow tracts of the great vessels being
performed from as early as 11 weeks’ gestation10,11. The
majority of the initial studies were carried out using
transvaginal ultrasonography12–14 while more recent
studies have employed transabdominal ultrasonography,
especially after 13 weeks’ gestation15–18. The sensitivity
and specificity of first-trimester pregnancy screening
for the detection of CHD need to be validated in a
screening population. Should this technique be reliable,
early diagnosis would have significant advantages. These
include the ability to reassure high-risk mothers at an
early stage with normal scans and to counsel parents
early about the prognosis of CHD, allowing the option of
termination of pregnancy earlier in gestation.

Specialist first-trimester fetal ultrasound scan services
are rapidly expanding to offer screening of aneuploidy,
using nuchal translucency examination, but evidence
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Table 1 Study characteristics of the articles included in the systematic review of the accuracy of first-trimester fetal echocardiography

Authors

Year of
publication

(study period) Country Study population

Gestational
range scans

done (weeks)

Number
of fetuses

< 14 weeks
Ultrasound
approach

Carvalho et al.27 2004 (1997–2002) England High-risk; increased NT 10–16 79 Transabdominal
Huggon et al.29 2003 (2000–2001) England High-risk; increased NT 11–14 262 Transabdominal
Galindo et al.34 2003 (1997–2003) Spain High-risk; increased NT 12–16 41 Transvaginal &

transabdominal
Weiner et al.30 2002 (1995–1999) Israel High-risk 11–14 392 Transvaginal
Haak et al.28 2002 Netherlands High-risk; increased NT 11–14 38 Transvaginal
Comas et al.33 2002 (1999–2001) Spain High-risk 12–17 117 Transvaginal &

transabdominal
Zosmer et al.31 1999 (1997–1998) England High-risk; increased NT 13–16 17 Transabdominal
Carvalho et al.17 1998 (1995–1997) England High-risk; increased NT 12 to 13 + 6 11 Transabdominal
Achiron et al.32 1994 (1991–1993) Israel Unselected 13–15 201 Transvaginal
Gembruch et al.14 1993 (1988–1992) Germany Unselected 11–16 85 Transvaginal

All studies were carried out in tertiary referral centers. NT, nuchal translucency.

Potentially relevant citations
identified by initial screening
(from all sources searched)

n = 622

Citations excluded as
not relevant

n = 539

Studies that had full
text retrieved

n = 83

1. Gestation > 13 + 6 weeks (n = 9)

(n = 6)

(n = 7)

(n = 19)
(n = 8)
(n = 1)

(n = 23)

2. Breakdown of gestation
       not given
3. Unable to construct
       2 ! 2 table
4. Review
5. Case reports
6. Cardiac measurements
7. Fewer than 10 subjects

n = 73
Studies selected for
systematic review

n = 10

Studies excluded with reasons

Figure 1 Algorithm of the study selection process for systematic
review of the accuracy of first-trimester ultrasound examination in
detecting major congenital heart disease.

The methodological quality of the studies is shown
in Tables 2 and 3. The majority of the studies were
prospective with consecutive enrollment of subjects.
All studies however lacked blinding and the reference
standard was not always adequate in that mid-trimester
scan was used rather than postnatal echocardiography or
postmortem examination.

Table 4 shows the breakdown of the individual
sensitivities and specificities of the studies according to
the ultrasound approach undertaken. The transabdominal
approach had a higher sensitivity than the transvaginal
approach (96% versus 62%). This was statistically
significant (P < 0.01). The overall combined sensitivity
and specificity were 85% (95% CI, 78–90%) and 99%

(95% CI, 98–100%), respectively. The findings among
high-quality studies17,27,28,30,34 had a pooled sensitivity
of 70% (95% CI, 55–83%) and specificity of 99% (95%
CI, 98–100%). Studies predominantly undertaken before
the year 200014,17,30–32 had a lower sensitivity of 56%
(95% CI, 35–75%) compared with those carried out after
200027–29,33,34, which had a sensitivity of 92% (95% CI,
85–96%). This was statistically significant (P < 0.01).
The specificities of first-trimester ultrasound scans over
these two time periods were, however, similar at 99%
(95% CI, 98–100%). The combined positive likelihood
ratio for identifying major CHD with first-trimester fetal
echocardiography was 59.6 (95% CI, 26.5–133.6) and
the combined negative likelihood ratio was 0.25 (95% CI,
0.1–0.6). Figures 2 and 3 show the post-test probability
in low-risk and high-risk mothers, respectively.

DISCUSSION

Our systematic review of the published literature demon-
strated that positive first-trimester ultrasound scans diag-
nose major CHD with high accuracy (specificity approach-
ing 100%). When negative, first-trimester ultrasound
diagnosed fetuses with a normal heart with reason-
able accuracy (sensitivity around 85%). The utility of
the test varied according to prior maternal risk: it
diagnosed disease better in high-risk mothers while it
excluded disease better in low-risk mothers. Interestingly,
transabdominal ultrasonography appeared to be more
sensitive in diagnosis compared with the transvaginal
approach, although study numbers are relatively small.
Furthermore, more recent studies had significantly better
sensitivity, suggesting advances in technology and possibly
experience in first-trimester ultrasonography.

The validity of our findings depends on the quality
of our review and that of the included literature. We
used a prospective protocol, extensive search and detailed
analysis. Most of the studies included in the review were
lacking in the quality of their verification method and
blinding. These deficiencies may exaggerate the value

Copyright " 2006 ISUOG. Published by John Wiley & Sons, Ltd. Ultrasound Obstet Gynecol 2006; 28: 110–116.

Sensibilité globale : 85% (IC 95%, 78-90%)

Spécificité globale : 99% (IC 95%, 98-100%)
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 Situs

 Connections atrio-ventriculaires

 Connections ventriculo-artérielles

 Identification des cavités cardiaques et leur symétrie

 Croisement des gros vaisseaux

 Evaluation du flux: valves, cavités et gros vaisseaux

Que peut-on doit on voir ?
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