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Abstract
In the last few years, the introduction of cell-free DNA has rapidly altered prenatal screening regimens and is increasingly offered as the
second- or, at times, even the first-tier screening test. Should an early anomaly scan also be part of an up-to-date screening policy? This
paper reappraises the value of fetal first-trimester ultrasonography. The primary aims of the first-trimester scan are to establish gesta-
tional age based on the measurement of fetal crown-rump length, to detect multiple pregnancy and chorionicity, and to measure fetal
nuchal translucency thickness as part of a combined screening test for chromosomal abnormalities. With recent advancements in ul-
trasound technology, there is compelling evidence that a majority of fetuses with major structural abnormalities and almost half of them
without chromosomal abnormalities can be detected in the first trimester. We focused on the first-trimester screening of fetal major de-
fects, especially including fetal congenital heart disease and cleft lip and palate by ultrasoundmarkers and views. Moreover, it is critical to
highlight that after a detailed anomaly scan in the first trimester without major structural anomalies and positive genetic tests, the residual
chance of favorable outcome in fetuses with isolated increased nuchal translucency is relatively high. The discussion on the role of
cell-free DNA in prenatal screening is still ongoing. Even in the event of it becoming a first-line screening test for aneuploidies, the impor-
tance of a first-trimester fetal scan, including assessment of markers for other anomalies, remains undisputed.
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Introduction

Since the 1990s, first-trimester ultrasonography has been
widely performed to assess the risk of chromosomal abnor-
malities in the general population of pregnant women by
measuring fetal nuchal translucency (NT) thickness between
11 and 13+6 weeks of gestation.1 Previous studies showed
that a combination of serum analytes (pregnancy-associated
plasma protein A and β-human chorionic gonadotropin)
and sonographic measurement of NT had a detection rate of
82%–95% for Down syndrome with a false-positive rate of
5%.2 In contrast, in the last several years, prenatal screening
using cell-free DNA (cf-DNA) has shown a detection rate
of 99% for Down syndrome with a false-positive rate of
<0.1%.3 An increasing number of pregnant women choose
cf-DNA instead of the first-trimester abovementioned com-
bined screening test. Meanwhile, with recent advancements
in ultrasound technology, there is compelling evidence that
majority of fetuses with themajor structural abnormalities, and
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almost half of fetuses without chromosomal abnormalities,
can be detected in the first trimester. Hence, it is necessary
to reappraise the role of the first-trimester scan in fetal mor-
phological assessment in this cf-DNA era.

Who can benefit from the first-trimester scan?

The primary aims of the first-trimester scan at 11-13+6

weeks are to establish gestational age from the measure-
ment of fetal crown-rump length to detect multiple preg-
nancy and chorionicity and to measure fetal NT thickness
as part of a combined screening test for chromosomal ab-
normalities. Routine fetal anomaly ultrasound scan is rec-
ommended within 20–24 weeks of gestation.4 Most fetal
anomalies have already appeared and can therefore theoret-
ically be identified in themajority of cases during early preg-
nancy. With higher resolution of ultrasound machine and
recognition of fetal early development over the past few
years, the ability to diagnose major fetal anomalies in the
first trimester has been significantly improved.5 The 2013
guidelines of the International Society ofUltrasound inObstet-
rics and Gynecology have suggested anatomical assessment
of the fetal head, neck, face, spine, chest, heart, abdomen,
extremities, placenta, and cord during 11-13+6 gestational
weeks.6 Based on this guideline, some major structural ab-
normalities such as anencephaly, exencephaly, and limb re-
duction defects could be diagnosed by the first-trimester scan.
A retrospective study involving 39,572 pregnant women
compared the detection rates of fetal malformations between
the first and second trimester.7 It was seen that the detection
rates of fetal structural abnormalities in the first and second
trimester were 38% and 47%, respectively, which meant
that around 70%of fetal major structural abnormalities de-
tected prenatally could be detected in early pregnancy.
In a study involving 45,191 singleton pregnancies, Syngelaki

et al.8 reported that fetal non-chromosomal abnormalities can
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be subdivided into three groups in relation to the first-trimester
scan. The first group includes those that should be detectable,
such as acrania, alobar holoprosencephaly, exomphalos,
gastroschisis, and body-stalk anomaly. The second group in-
cludes abnormalities that are undetectable: some of them ap-
pear and develop till the second or third trimester of preg-
nancy, such as fetal tumors, ovarian cysts, microcephaly or
ventriculomegaly; other defects evolve with advancing gesta-
tional age such as short limbs in achondroplasia, fractured
limbs in some types of osteogenesis imperfecta or some car-
diac defects, such as pulmonary or aortic stenosis. The last
group includes abnormalities that are potentially detectable
depending on the screening views, experience of the sonogra-
phers, andwhether there are some soft markers to help detect
anomalies. Some cardiac defects, orofacial clefts (OC), and
open spina bifida are present within this group. Studies have
shown 34% and 5% detection rate of congenital heart dis-
ease (CHD) and cleft lip and palate (CLP), respectively.8

The prevalence of CHD and CLP is relatively high and fe-
tuses with CHD andCLP have high risk of chromosomal ab-
normalities. Studies have also shown that the probability of
chromosomal abnormalities in CHD and CLP were 37.8%
and 40%, respectively, in the first trimester.9,10 Therefore,
the early detection of fetal CHD and CLP is crucial.

The early detection of CHD

Ultrasound markers in the screening of major CHD in
the first trimester

Generally, the detection rate of fetal congenital heart in
early pregnancy is relatively low (16%–48%),11,12 and it re-
quires experienced cardiac sonographers for the diagnosis.
Assessment of sonographic markers has been shown to help
detect underlying cardiac defects including NT, abnormal
flow in the ductus venosus, and tricuspid regurgitation.
When the fetal NT value is greater than the 99th percentile
for crown-rump length, the risk of fetal CHD is 31.0%,
and it increases as NT enlarges. When the NT >8.5 mm,
the incidence of fetal CHD is 64.0%.13 The ductus venous
(DV) is a branch of the hepatic umbilical vein and is directly
connected to the inferior vena cava. The DV blood flow can
indirectly reflect the heart function status. About 50%of se-
rious cardiac structural abnormalities have abnormal blood
flow in the DV.14 According to a large cohort study, re-
versed a-wave of DV can detect 32.9% and 28.2% ofmajor
cardiac defects with a false positive rate of 1.3% and 2.1%,
respectively.15 In addition, some studies have found that the
measurement of fetal cardiac axis in early pregnancy is also
closely related to fetal CHD. The retrospective case-control
study by Sinkovskaya et al.16 involving 197 CHD fetuses
showed that 74.1% (146/197) of fetuses with major CHD
had an abnormal cardiac axis during early pregnancy (>95th

or <5th). Recently, our study indicated that the angle between
ductal artery and aortic arches (“V” sign angle) was also as-
sociated with major CHD.17 Abnormal angle was present in
66.7% of major cardiac defects in the first trimester. When
combining fetal cardiac axis as another CHD screening
marker, the sensitivity for predicting major cardiac defects
can be substantially improved to 93.3% with a false-positive
rate of 7.3%. Soft markers including fetal NT, tricuspid regur-
gitation, and a reversed a-wave of ductus venosus, cardiac
axis, and abnormal “V” sign angle during early pregnancy
are practicable and reproducible. It could be used for early
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fetal CHD screening, and positive cases could be further re-
ferred to superior hospitals for diagnosis and follow-up.

Ultrasound views in the detection of major CHD in the
first trimester

Fetal heart develops from the 18th or 19th day in the embry-
onic period, and development is essentially completed by
8–10 weeks of pregnancy. After 11 weeks of gestation, the
fetal cardiac structure can be assessed by transabdominal
or transvaginal ultrasound scan. It has been shown previously
that first-trimester assessment of the fetal heart using an ap-
proach similar to that of the second-trimester anomaly scan
is feasible, with similar sensitivity for the detection of CHD.
Detection of abnormal four-chamber view and three-vessel
view images is considered an indication for referral to fetal
echocardiography in the second trimester.18 Some cardiac
malformations such as left ventricular dysplasia syndrome
and atrioventricular septal defect may show abnormal im-
aging on four-chamber view. The three-vessel view also
has an important role in the diagnosis of major cardiac
structural abnormalities such as transposition of great arter-
ies, tetralogy of Fallot, double outlets of right ventricle, and
other cardiac diseases. The International Society of Ultra-
sound in Obstetrics and Gynecology guideline suggest a
four-chamber viewwith Doppler in the first trimester.4 Sev-
eral studies have confirmed that the detection rate of CHD
in the first trimester combined with four-chamber view and
three-vessel view is 88.6%, which is significantly higher than
the detection rate of 45.1% through only four-chamber
view.19–21 Since December 2015, we have combined four-
chamber view and three-vessel views in an unselected co-
hort population in the first trimester and achieved compara-
ble detection rate to those views in the second trimester for
major CHD.17Majority of severe cardiac abnormalities such
as atrioventricular septal defect, tetralogy of Fallot, left ven-
tricular dysplasia syndrome, right ventricular double outlet,
tricuspid atresia, and ventricular aneurysm were usually di-
agnosed in early pregnancy. Among them, atrioventricular
septal defect and left ventricular dysplasia syndrome were
the most common CHDs in early pregnancy in this cohort
study.17 On the other hand, we also need to recognize that
some types of CHD such as aortic and pulmonary stenosis
gradually appear with increasing gestational age. Some CHDs
such as cardiac tumors and cardiomyopathy may not be de-
tected until the third trimester.

The screening of OC in the first trimester

OC are the most common congenital malformations of the
facial region and are formed during 6–8 gestational weeks.22

Approximately, 80% of cases of cleft lip are associated with
cleft palate and are related to >180 genetic syndromes and
chromosomal disorders.10 Currently, fetal cleft palate is usually
diagnosed in the second trimester of pregnancy as the result of
routine examination of the upper lip and alveolar ridge using
conventional two-dimensional ultrasound. There was consid-
erable variety in the diagnostic accuracy of two-dimensional
ultrasound in low-risk women, with prenatal detection rates
ranging from 9% to 100% for cleft lip with or without cleft
palate according to different studies.23,24 In the prenatal diag-
nosis of OC, the typical recommended views during the
second-trimester scan are the axial view of the maxilla and
the coronal view of the lips. The diagnosis of CLP in the first
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trimester is even more challenging. The detection rate of OC
ranges from 5% to 46% and could be improved to 86%
using three-dimensional ultrasound.8,12,25 In 2010, Sepulveda
et al.26 first demonstrated the feasibility of evaluation of the
retronasal triangle (RNT) at 11-13+6 gestational weeks. The
coronal view of the RNT is then evaluated widely for early
screening of cleft palate during the NT scan. In 2015,
Chaoui et al.27 proposed that a maxillary gap in the sagittal
view could be used as a new marker for OC in the first tri-
mester and increase the detection rate of CLP.
However, the images of RNT in the coronal view may be

influenced by the shadowing of the nasal bone, and the visu-
alization of maxillary gap in the mid-sagittal view may be
theoretically effective for central and bilateral cleft palate,
rather than unilateral cleft palate. Our previous study found
that visualization of the maxilla in the axial view, which is a
significant screening view for OC in the second-trimester
scan can be easily obtained with 95.2% obtaining rate dur-
ing the first trimester scan. The visualization of this view in
the first trimester improved the detection of OC compared
with the sagittal view of the palatine line and coronal view
of the RNT in the first trimester.28

The re-evaluation of increased NT

For the last decade, first-trimester NT measurement has
played an important role in early detection of fetal aneu-
ploidies. An increased NT is associated with fetal chromo-
somal anomalies and structural defects such as CHD. Preg-
nant women carrying fetuseswith an increasedNT are offered
an invasive genetic test. If the fetal karyotype or chromosomal
array is normal, a detailed anomaly ultrasound examination is
offered in the second trimester including fetal echocardiog-
raphy. With advancements in ultrasound technology, the
first-trimester scan has achieved compelling detection rates
in the diagnosis of lethal or major abnormalities, as com-
pared with the second trimester scan. A study conducted
in our unit provided an overview of the pregnancy outcome
of fetuses with increased NT based on a first-trimester de-
tailed anomaly scan.29 It confirmed that the fetuses with iso-
lated increased NT are at much lower risk of aneuploidies
(3.5%, 3/86) compared to those withmajor structural anom-
alies (43.8%, 32/73) detected in the first trimester anomaly
scan. It is critical to highlight that after a detailed anomaly
scan in the first trimester without major structural anomalies
and positive genetic tests by invasive procedure, the residual
chance of favorable outcome in fetuses with isolated in-
creased NT is relatively high (79/86, 91.9%).

Should a first-trimester “anomaly” scan be part of an
up-to-date screening policy?

In the last few years, the introduction of cf-DNA has rapidly
altered prenatal screening regimens and cf-DNA is increas-
ingly offered as the second-, or, at times, even the first-tier
screening test. cf-DNA testing is supported by the American
College of Obstetricians and Gynecologists and the Society
of Maternal-Fetal Medicine as a screening modality in pa-
tients with singleton pregnancies at increased risk for aneu-
ploidy.30,31 Should an early “anomaly” scan also be part of
an up-to-date screening policy? The advantage of early
pregnancy structural screening is that, on the one hand, a
relatively complete evaluation of fetal anatomy can be per-
formed during early pregnancy, which provides an initial
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confirmation of the general health of the fetus for most
pregnant women in whom an abnormal fetal structure is
not found during early pregnancy. On the other hand, early
detection of structural abnormalities can give clinicians,
pregnant women, and family members more time to con-
duct targeted genetic examination including karyotype test-
ing to detect chromosomal aneuploidies and chromosomal
microarray analysis to identify smaller microdeletions and
duplications, which are collectively referred to as copy num-
ber variants. Further, in recent years, whole-exome sequenc-
ing (WES) has beenmore widely used andmay provide more
genetic information, especially in the face of ultrasound
anomalies or positive family history. A recent cohort study
of pregnancies with unselected fetal structural anomalies
showed that WES identified a well-described genetic cause
in 10% of cases, in which standard testing by karyotype and
chromosomal microarray analysis were negative.32 Notice-
ably, another prospective cohort study showed that in fetuses
with isolated increased NT (≥4.0 mm), the WES had limited
identification of diagnostic genetic variants (in three (3.2%)
of 93 fetuses).33
Conclusion

The discussion on the role of cf-DNA in prenatal screening
is still ongoing. Even in the event of it becoming a first-line
screening test for aneuploidies, the importance of a first-
trimester fetal scan, including assessment of markers for
other anomalies, remains undisputed. Meanwhile, there
is an increasing development in genome-wide sequencing
strategies for evaluation and clinical triage of fetal structural
anomalies. Early detection of fetal structural anomalies with
the first-trimester ultrasound scan can help clinicians to con-
duct targeted genetic examinations earlier.
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