
Ultrasound Obstet Gynecol 2010; 36: 272–278
Published online in Wiley Online Library (wileyonlinelibrary.com). DOI: 10.1002/uog.7685

Reliability of the first-trimester cardiac scan by
ultrasound-trained obstetricians with high-frequency
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ABSTRACT

Objective To examine prospectively the reliability of
ultrasound-trained obstetricians performing a first-
trimester fetal cardiac scan with high-frequency transab-
dominal probes, by confirming normal or abnormal heart
anatomy, in pregnancies referred for increased nuchal
translucency thickness (NT).

Methods Trained obstetric operators assessed the fetal
heart in 133 fetuses with increased NT (> 95th
centile) at 11–14 weeks of gestation. A high-frequency
transabdominal probe was used to confirm or refute
normal cardiac anatomy rather than to establish a
specific diagnosis. Following this preliminary screening
by the ultrasound-trained obstetrician, specialized fetal
echocardiographers rescanned the fetal heart in order
to confirm the accuracy of the obstetric operators’
findings and to establish a diagnosis in abnormal cases.
Fetal cardiologists repeated the examinations at 20
and 32 weeks of pregnancy. Postnatal follow-up lasted
2 years. Twelve fetuses with normal karyotype and
normal anatomy were lost to follow-up.

Results A total of 121 fetuses with increased NT between
11 and 14 weeks’ gestation were studied. Congenital
heart disease (CHD) was detected in 20/121 (16.5%)
fetuses. In addition, there were three with mild ventricular
disproportion, the right ventricle being larger than the left,
considered as a minor non-specific cardiac abnormality.

CHD was associated with chromosomal anomalies in
12/20 (60%) cases. Among the 121 fetuses, there was
agreement between ultrasound-trained obstetricians and
fetal cardiologists in 116 (95.9%) of the cases, and the
ultrasound-trained obstetricians correctly identified 18
cases with major cardiac defects. However, there was
disagreement in five cases: two with small ventricular
septal defects and three with ventricular disproportion.

Conclusions Our results provide evidence that obstetri-
cians, trained to study the heart in the second trimester,
can also differentiate reliably between normal and abnor-
mal heart findings in the first trimester, when using a
high-frequency transabdominal ultrasound probe. Copy-
right  2010 ISUOG. Published by John Wiley & Sons,
Ltd.

INTRODUCTION

Congenital heart disease (CHD) is among the most fre-
quent of all congenital anomalies. Prenatal detection of
CHD is limited mainly to the second trimester because
screening programs among unselected populations are
usually performed during the routine second-trimester
scan. Fetal nuchal translucency thickness (NT) measure-
ment screening programs create a new population of
at-risk pregnancies and there has been a resultant increase
in demand for early fetal echocardiography as extensive
studies have reported an association between increased
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NT (> 95th centile) measurement and increased risk
for CHD1–5. The majority of CHDs, however, occur
in low-risk patients6–9. Currently, prenatal management
of pregnancies with increased fetal NT includes invasive
fetal karyotyping and a midgestation sonographic eval-
uation of fetal extracardiac and cardiac morphology. In
a few specialized centers, fetal cardiologists carry out
an early fetal cardiac investigation. Previously, transvagi-
nal sonography was the preferred approach10 because
it offered better image resolution. However, in the last
10 years, distinctly higher diagnostic accuracy has been
reported with transabdominal ultrasound due to improve-
ments in transducers and processors11 and this is currently
the ultrasound method of choice for fetal cardiologists.
Unfortunately, for financial reasons it is not feasible,
even in specialized centers, to perform expert cardiac
study on all fetuses with increased NT and only cases
with NT above the 99th centile are offered early fetal
echocardiography.

It would be optimal to involve first-level operators
in performing a preliminary selection of fetuses with
NT between 95th and 99th centiles in order to
reassure women in cases with normal findings and
to offer an early study by fetal cardiologists in cases
with suspected anomalies. We designed a prospective
multidisciplinary study aiming to examine the reliability
of obstetricians, who were trained in and had extensive
experience of ultrasound techniques, when performing
a first-trimester fetal cardiac scan using high-frequency
transabdominal probes12 (≥ 7.5 MHz) in pregnancies
referred for increased NT.

PATIENTS AND METHODS

This was a prospective multidisciplinary study conducted
between June 2003 and June 2005, during which we
recruited 133 fetuses with increased NT measurements
at 11–14 weeks’ gestation referred to our tertiary center
(Prenatal Diagnosis Unit, Department of Obstetrics and
Gynecology, University of Milan, Italy) for a more detailed
investigation. NT measurements were between the 95th
and 99th centiles in 50 fetuses and above the 99th
centile in 83 fetuses. We obtained approval from our
institutional ethics committee for the study and written
informed consent was obtained from each participant.
All fetuses were examined initially by ultrasound-trained
obstetricians (C.D., C.L., G.R.), who categorized the heart
as normal or abnormal. These operators were experienced
in routine cardiac anomaly screening in the second and
third trimesters and also had specialist training, for the
purposes of this study, in the first-trimester cardiac scan,
using the same protocol as that used in the second and
third trimesters and applying color Doppler flow mapping
for morphological evaluation of the four chambers and
the great vessels. The duration of the cardiac examination
did not exceed 30 min. Their diagnostic interpretations
were then verified during the same session by one of
two fetal cardiologists (M.B., V.F.) who were blinded
to the findings of the obstetrician; in abnormal cases,

diagnoses were established. All scans were carried out
transabdominally using either a 15–8-MHz linear probe
(Acuson Sequoia 512, Siemens, Erlangen, Germany) or a
7.5-MHz curvilinear probe (Aloka Prosound SSD 5500,
Tokyo, Japan). The mechanical index (MI) in B-mode and
the thermal index for soft tissue (TIS) in color-flow mode
were set not to exceed a value of 1.

The heart scan was performed according to the standard
criteria used in the second-trimester scan13. Cases with
inconclusive scans were rescheduled within 2 weeks,
according to protocol. Women were routinely offered
chorionic villus sampling to determine fetal karyotype
and were referred for multidisciplinary counseling to
explain the findings and limitations of the examination.
Termination of pregnancy (TOP) beyond 90 days of
gestation was supported in the presence of abnormal
karyotype or major malformations and parental consent
for subsequent pathological examination was always
requested. Pathological investigation was carried out
through microscopy. When the pregnancy continued,
the fetuses underwent a complete ultrasound scan and
echocardiographic examination by a fetal cardiologist at
20 and 32 weeks’ gestation. Postnatal echocardiography
and complete neonatal evaluation was performed in
liveborn cases.

RESULTS

All 133 fetuses with NT measurements above the 95th
centile at 11–14 weeks of gestation had a complete
morphological and cardiac ultrasound evaluation both
by an ultrasound-trained obstetrician and by a fetal
cardiologist. Twelve fetuses with normal karyotype and
normal anatomy were lost to follow-up and were excluded
from analysis. Of the remaining 121 fetuses comprising
the study group, 42 had increased NT measurements
between the 95th and 99th centiles and 79 had NT above
the 99th centile. The median maternal age was 36 (range,
18–44) years. The median crown–rump length was 66
(range, 46–84) mm. Nine fetuses were between 11 + 0
and 11 + 6 weeks, 37 fetuses were between 12 + 0 and
12 + 6 weeks and 75 fetuses were between 13 + 0 and
13 + 6 weeks. We obtained adequate results at the first
scan in 119/121 (98%) women; only two patients were
re-examined within 2 weeks, before reaching 14 weeks’
gestation.

The population was subdivided for purposes of analysis
into three groups according to karyotype and associated
anomalies diagnosed by a fetal cardiologist at the 11 + 0
to 13 + 6-week scan. Group A included fetuses with
normal karyotype and normal extracardiac and cardiac
morphology (n = 81/121 (66.9%)); among this group, 39
fetuses had NT between the 95th and 99th centiles and
42 fetuses had NT above the 99th centile; the median NT
was 3.2 (range, 2.5–6.1) mm. Group B included fetuses
with chromosomal anomalies (n = 28/121 (23.14%));
three fetuses had NT measurements between the 95th
and 99th centiles (with normal cardiac morphology) and
25 fetuses had NT above the 99th centile (14 of which

Copyright  2010 ISUOG. Published by John Wiley & Sons, Ltd. Ultrasound Obstet Gynecol 2010; 36: 272–278.



274 Bellotti et al.

had cardiac anomalies) (Table 1); the median NT was
3.2 (range, 2.5–10.4 mm). Group C included fetuses
with normal karyotype and cardiac and/or extracardiac
anomalies (n = 12/121 (9.91%)); all fetuses had NT
measurements above the 99th centile (nine of which had
cardiac anomalies); the median NT was 3.75 (range,
2.8–5.1) mm. Their characteristics are summarized in
Table 2.

There were 23 cases with cardiac anomalies. Twenty
(16.5%) cases of CHD were diagnosed and this was asso-
ciated with chromosomal anomalies in 12 (60%) cases
(Table 3), and there were three cases with a minor cardiac
abnormality: mild ventricular disproportion, the right
ventricle being larger than the left, not associated with
any specific cardiac diagnosis, in two cases of trisomy 21
(Group B) and in one with body stalk anomaly (Group C).

We observed a modification over time of cardiac
features with respect to the initial findings in two cases
in Group B. In one fetus with trisomy 21 and mild
pyelectasis, two proportionate ventricles were observed
at 11 weeks; however, a week later moderate ventricular
disproportion developed, the right ventricle being larger
than the left, with normal mitral and aortic valves,
without tricuspid regurgitation and with no apparent
aortic arch anomaly. Autopsy information, however,
was not reliable after TOP because of inadequate fetal
material. In the second fetus, with a 45,X0 karyotype,

the fetal cardiologist diagnosed coarctation of the aorta,
ventricular septal defect and a small left ventricle with
opening mitral valve at 14 weeks; a week later, at autopsy,
the left ventricle was found to be hypoplastic.

Agreement between obstetricians and cardiologists

The overall agreement between ultrasound-trained obste-
tricians and fetal echocardiographers was 95.9%
(116/121 cases): the obstetricians correctly classified as
abnormal all 18 cases with major cardiac defects, but
did not detect five cases with minor cardiac anomalies,
comprising two cases of small ventricular septal defects,
and three cases with ventricular disproportion, the right
ventricle being larger than the left. All 42 fetuses with NT
between 95th and 99th centiles were correctly identified
as being normal by the ultrasound-trained obstetricians.

Outcome

TOP was performed in 41/121 (33.9%) cases: in 26/28
(92.8%) of Group B cases, in 11/13 (84.6%) of Group
C cases and in 4/80 (5%) Group A cases. The Group
A women opted for TOP before 90 days of gestation
due to an isolated cystic hygroma. All women with
fetuses affected by major CHD opted for TOP, all but
one having associated anomalies (Table 3). The three

Table 1 Characteristics of 28 fetuses with increased nuchal translucency at 11–14 weeks and with chromosomal anomalies (Group B)

Associated anomaly
Isolated

Chromosomal
anomaly n

chromosomal
anomaly Cardiac anomaly only

Extracardiac anomaly
with normal heart

Cardiac + extracardiac
anomaly

Trisomy 21 17 n = 9 n = 6 (1 minor) n = 1 n = 1 (minor)
AVSD (n = 4) Bilateral hydronephrosis Mild ventricular disproportion*
Small VSD (n = 1) at 12 weeks (normal
Mild ventricular proportions at 11 weeks) +

disproportion* (n = 1) mild bilateral pyelectasis

Trisomy 18 4 n = 4
AVSD + holoprosencephaly (n = 1)
DORV + skeletal anomalies (n = 1)
Malaligned VSD +

renal hypoplasia (n = 1)
DORV + holoprosencephaly

+ renal dysplasia (n = 1)

Trisomy 13 1 n = 1
AVSD + cystic hygroma

45,X0 3 n = 1 n = 2 n = 0
CoA + VSD§ Cystic hygroma (n = 2)‡

Other 3 n = 2 n = 1
46,XX/47,XX(+9q)† 45,XY(der15,18),(q10; q10) +

46,XX-der8 AVSD + holoprosencephaly +
exomphalos

Overall n = 28 n = 11 n = 7 n = 3 n = 7

All cases except those indicated † and ‡ underwent termination of pregnancy. *Right ventricle larger than the left; minor cardiac anomaly.
†Delivered at term and did not present any malformation after birth, or at 12-month follow-up. ‡Intrauterine death at 17 weeks. §Small left
ventricle with opening mitral valve observed at 14 weeks; left ventricle found to be hypoplastic at autopsy 1 week later. AVSD,
atrioventricular septal defect; CoA, coarctation of the aorta; DORV, double outlet right ventricle; RV, right ventricle; VSD, ventricular
septal defect.
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Table 2 Characteristics of 12 fetuses with increased nuchal translucency at 11–14 weeks and with normal karyotype and cardiac and/or
extracardiac anomalies (Group C)

Anomaly n Details Outcome

Isolated ECA 3 Diaphragmatic hernia (n = 1) TOP 16 weeks, autopsy NR
Bilateral hydronephrosis (n = 1) IUD 20 weeks, autopsy NP
Hypoplasia cerebellum, pterygium colli, club foot, TOP 16 weeks, undefined specific syndrome, recurrent in
female genitalia in 46,XY karyotype (n = 1) the second pregnancy

Isolated CHD 4 AVSD (n = 1) TOP 18 weeks, autopsy NP
DORV (n = 1) TOP 15weeks, autopsy NR
TGA (n = 1) TOP 16 weeks
Pulmonary atresia + intact ventricular septum

(n = 1)
TOP 15 weeks

CHD + ECA 5 HLH + hydrocephalus + renal dysplasia (n = 1) TOP 14 weeks
VSD (n = 1) TOP 22 weeks (at 20 weeks agenesis of corpus callosum

+ right hydronephrosis + left kidney double ureter)
Ectopia cordis + hydrothorax + body stalk

anomaly (n = 1)
TOP 12 weeks

AVSD + hypoplastic aorta + holoprosencephaly
(n = 1)

TOP 14 weeks, autopsy NR

Mild ventricular disproportion* + body stalk
anomaly (n = 1)

TOP 12 weeks, autopsy NR

Overall n = 12 TOP (n = 11)
IUD (n = 1)

*Right ventricle larger than the left; minor cardiac anomaly. AVSD, atrioventricular septal defect; CHD, congenital heart disease; DORV,
double outlet right ventricle; ECA, extracardiac anomaly; HLH, hypoplastic left heart; IUD, intrauterine death; NP, not performed; NR, not
reliable; RV, right ventricle; TGA, transposition of the great arteries; TOP, termination of pregnancy; VSD, ventricular septal defect.

cases with ventricular disproportion also had extracardiac
or chromosomal abnormalities and opted for TOP.
Intrauterine death occurred in five (4.1%) cases, between
14 and 20 weeks’ gestation. Four of these five cases, the
fifth being a 45,X0 fetus, had normal karyotype and no
other anomalies.

Two of the TOPs were performed in another institution
and autopsy was not attempted. Of the 39 performed at
our institution, following TOP we obtained fetal material
for pathological examination and attempted autopsy in 23
(59%) cases; however, reliable pathological conclusions
were possible in only 12 (31%) cases. Seventy-five of the
121 (62%) cases continued pregnancy and the infants
were delivered at term. The postnatal follow-up (median,
21 (range, 12–29) months) confirmed absence of cardiac
and extracardiac abnormalities in 73/75 cases (97.3%);
two cases were found to have minor extracardiac defects.

DISCUSSION

In a previous study12 we provided evidence that, using
a high-frequency transabdominal probe, an ultrasound-
trained obstetrician can distinguish normal from abnor-
mal fetal hearts in a low-risk population at 11–14 weeks’
gestation. These findings formed the basis of this multi-
disciplinary study aimed to demonstrate the reliability of
early fetal heart assessment in cases with increased NT,
performed by trained operators using such probes.

The motivation for our study was an increased demand
for early fetal heart assessment in fetuses with an increased
NT measurement above the 95th centile, several reports
having indicated an increased association of cardiac

anomalies1–4. In cases with NT measurements above the
99th centile, there is general agreement that specialized
early fetal echocardiography is indicated7,12. The problem
arises in cases with NT measurements between the 95th
and 99th centiles, in which the risk of cardiac anomalies
is doubled with respect to the prevalence in the normal
population8,14, but in all of which it is not feasible to offer
early fetal echocardiography due to limited resources. Yet
these cases represent 4% of the population undergoing
NT study. Pregnant women in this group are counseled
that their risk for fetal cardiac anomalies is increased, but
in most cases they will not undergo evaluation of the fetal
heart until the cardiac scan at 20 weeks’ gestation. It is our
opinion, therefore, that in these cases ultrasound-trained
obstetricians should carry out an early scan to identify
normal versus abnormal cardiac morphology, allowing
selection of a subset of women to undergo early fetal
echocardiography.

The first reports of cardiac malformations detected
prior to 14 weeks of gestation were by expert fetal
echocardiographers using transvaginal probes in popula-
tions at risk mainly for increased NT measurement10,15,16.
The transvaginal approach was also used in an unse-
lected population to perform early screening for cardiac
anomalies17, although the rate of complete visualiza-
tion of cardiac morphology was low. However, women’s
tolerance of transvaginal scanning is, in our opinion,
questionable. Furthermore, there is a substantial learn-
ing curve to acquire the skills to carry out fetal heart
assessment with the transvaginal approach. It is likely
that these reasons contribute, along with improvements
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in the resolution of transducers, to the fact that trans-
abdominal scanning is now the preferred approach by
fetal cardiologists: in recent years, fetal cardiology stud-
ies at 11–14 weeks’ gestation have been based mainly
on this approach18,19. However, a recent randomized
controlled trial20 of 36 299 fetuses highlighted the low
prenatal detection rate of major CHD at both 12 and
18 weeks’ gestation; at 12 weeks, the four-chamber view
was obtained successfully in 10 274 of 18 148 (56.6%)
fetuses. In contrast, in our study, fetal cardiologists con-
firmed the recognition of abnormal cardiac findings by
ultrasound-trained obstetricians in all cases of major
cardiac defects. Moreover, there were no false-positive
results from the obstetricians’ first scan and the five false-
negative diagnoses were related to small ventricular septal
defects and minor abnormalities (ventricular dispropor-
tion without other specific cardiac findings). Findings of
ventricular disproportion are notable because they may
indicate further evolution to a specific cardiac lesion,
namely coarctation of the aorta. Our current study thus
confirms the feasibility of ultrasound-trained obstetricians
performing a cardiac scan before 14 weeks, specifically in
the group of fetuses with NT measurements between the
95th and 99th centiles (with moderate risk for CHD), in
which our operators correctly identified the heart anatomy
in all 42 fetuses.

The reliability of examinations performed by our
ultrasound-trained obstetricians can be attributed to sev-
eral factors. With recent improvements in ultrasound
technology, it is now possible during the first trimester
to achieve, using high-frequency transabdominal trans-
ducers, increased spatial and axial resolution, thus giving
a trained obstetrician the possibility to obtain all the
standardized sections. Color flow mapping within a ded-
icated clinical setting could improve the sensitivity in the
examination of cardiac structures in the first trimester.
Moreover, with our study protocol, the learning curve
of the obstetricians was optimized as they could com-
pare their findings directly with those of an expert
fetal cardiologist. Thus, despite the possibility of var-
ious factors, such as maternal body mass index and
fetal position, impairing the visualization rate of the car-
diac structures during the first trimester, inconclusive
scan findings were obtained in only two patients (2%
of the population). These cases were quickly resched-
uled and successfully rescanned before reaching 14 weeks’
gestation.

Gestational age plays a determinant role in the early
heart scan: Smrcek et al.21 highlight that the rate of
successful evaluation of the fetal heart in the first trimester
increases with increasing gestational age. These results are
consistent with the high success rate of our cardiac scans,
performed in 86% of cases in fetuses between 12 and
13 + 6 weeks.

A potential limitation of our study was the relatively
small number of cases and obstetricians involved.
However the strength of the study is that the distribution
of the detected cardiac anomalies corresponded to an

expected prevalence of congenital heart lesions and that
the planned follow-up was adequate.

With most CHDs being already present by 14 weeks,
their detection rate in the first trimester is potentially
high, approximately 87% according to another recent
study by Smrcek et al.22. However, in agreement
with other investigators22,23, our study confirmed the
limitations of first-trimester fetal heart assessment
regarding the progressive and unpredictable development
of certain cardiac anomalies (e.g. coarctation of the
aorta, hypoplastic left heart, cardiomyopathies), which
evolve with advancing gestational age and may not be
diagnosed until the second- or third-trimester scans or
even postnatally. In cases showing early potential signs
of CHD, such as those with ventricular disproportion,
counseling should emphasize the fact that it is not
possible to predict the outcome in the first trimester. Two
of our cases showed early evolution of cardiac defects
within a short time interval: one towards hypoplastic left
heart syndrome, as described in another case by Axt-
Fliedner et al.23, and in another, with trisomy 21, we
observed progression from two proportionate ventricles
at 11 weeks to moderate ventricular disproportion, the
right ventricle being larger than the left, with normal
atrioventricular valves and great vessels, without signs
of tricuspid regurgitation; this has been reported in the
literature as a negative prognostic sign in early pregnancy
when associated with trisomy 2124.

We encountered difficulties in obtaining clinically
useful material for pathological examination of fetal
hearts following TOP in first-trimester cases diagnosed
with cardiac malformations. In fact, only a few 12/39
(30.7%) of our cases had suitable postmortem fetal
material available to confirm first-trimester findings.
This is in agreement with other reports10,25: Smrcek
et al.22, for example, obtained reliable confirmation
of the prenatal heart diagnosis in only 8/25 (32%)
fetal autopsy specimens. Certainly, only good, reliable
images of the beating fetal heart represent, up to now,
the gold standard for an early diagnosis of cardiac
malformations.

In conclusion, there is an emerging trend for early
assessment of the fetal heart due to significant interest
in first-trimester NT measurement screening, which has
been identified as a marker for chromosomal anomalies
and CHD. However, due to constraints on time and
resources, fetal cardiologists cannot carry out extensive
cardiac studies on fetuses with only a moderately increased
NT measurement (between the 95th and 99th centile)
and thus a moderate risk for CHD. Our study provides
evidence that obstetricians, who are trained to study the
fetal heart at the second trimester, can also be trained
successfully to distinguish reliably between normal and
abnormal heart findings in the first trimester using high-
frequency transabdominal probes, yielding a high negative
predictive value.

Copyright  2010 ISUOG. Published by John Wiley & Sons, Ltd. Ultrasound Obstet Gynecol 2010; 36: 272–278.
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