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ABSTRACT

In the last 20 years, the role of first-trimester ultrasound
screening has expanded from individual calculation of the risk
of aneuploidy through measurement of the nuchal translucency
to a powerful technique to evaluate important aspects of the
fetal anatomy. Traditionally, the full anatomy scan for detection
of structural anomalies has been performed in the second
trimester of pregnancy. However, with the implementation of
the first-trimester scan at 11 to 13 weeks of gestation many of
the structural anomalies traditionally detected in the second
trimester can now be identified earlier in pregnancy. In the first
part of this review we discuss the main ultrasound findings that
may facilitate the prenatal detection of fetal brain, face and neck
abnormalities in the first trimester of pregnancy.
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INTRODUCTION

First-trimester ultrasound screening for chromosomal
abnormalities using nuchal translucency (NT) thickness was
introduced 20 years ago.1 A subsequent multicenter
screening study involving almost 100,000 women
demonstrated that first-trimester ultrasound examination at
11 to 13 weeks of gestation is an important tool for the
screening of chromosomal abnormalities.2 With major
improvements in image resolution and a better systematic
anatomic assessment protocol, ultrasound evaluation of the
early fetal anatomy with greater detail is now achievable,
making the detection of several structural anomalies possible
at this stage of pregnancy.3-5

With recent advances in noninvasive prenatal testing
using cell-free fetal DNA in maternal blood obtained in early
pregnancy,6 it is expected that the role of NT screening for
the early detection of aneuploidy will become less important
than currently is. However, as increased NT thickness is
also an important marker for structural abnormalities,7 this
ultrasound marker will still have an important role for
determining which fetuses with normal karyotype are

candidates for a targeted ultrasound examination in early
pregnancy. Similarly, the 11- to 13-week scan will probably
become an important tool for assessing the early fetal
anomaly in the low-risk population and, therefore, the
detection of structural defects not associated with
aneuploidy will become a major goal of the first-trimester
scan.

Traditionally, most of the congenital abnormalities have
been diagnosed in the second trimester of pregnancy.
However, with the increasing incorporation of the 11- to
13-week scan into clinical practice, this examination is
progressively used for performing an early anatomy scan.
This is not only done at tertiary referral centers but also in
less sophisticated centers so every sonographer, obstetrician
or radiologist performing obstetric ultrasound scan should
be familiar with the normal anatomical findings and the
ultrasound features of the most common anomalies
potentially diagnosable at this early gestational age. The
aim of this article was therefore to review the first-trimester
diagnosis of structural defects and to provide the clinician
with illustrative material to be used in their daily clinical
practice, focusing on those condition affecting the fetal
brain, face and neck.

FIRST-TRIMESTER ANATOMY ASSESSMENT

Several studies have pointed out the utility of a standardized
ultrasound protocol to evaluate the fetal anatomy in early
pregnancy, with notable detection rates for the most severe
malformations.8-10 Table 1 shows a simplified ultrasound
protocol that could be useful when evaluating the fetal
anatomy at the 11- to 13-week scan.

CRANIAL AND BRAIN ABNORMALITIES

The brain is the most prominent fetal organ and, as such, it
is easily accessible for examination during the first-trimester
anatomy scan. Nevertheless, it should be bear in mind that
even at the end of the first trimester it is a relatively small,
underdeveloped structure and careful examination is still
required for the detection of nonobvious central nervous
system (CNS) anomalies. Examination of the brain should
include the skull shape and the membranous gaps between
the cranial bones such as fontanelles and sutures. Although
routine examination of fontanelles and sutures is not part
of the first-trimester scan, the metopic suture is recognized
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Fig. 2: Axial view of the fetal brain shows the prominent choroid
plexuses filling the ventricles (‘butterfly’ sign) in a normal first-
trimester fetus. The left panel shows the level at which this
transverse section is obtained

Fig. 1: Normal first-trimester anatomic features of the fetal brain,
face and neck as depicted by two-dimensional ultrasound from the
midsagittal section of the head. IT: intracranial translucency; NB:
nasal bone; NT: nuchal translucency

Table 1: Suggested ultrasound protocol for the first-trimester anatomy scan

Fetal region Anatomic structures to be evaluated Structural anomalies potentially recognizable

Head Ossification of the cranium, choroid plexuses, Acrania/anencephaly sequence, cephalocele,
midline, thalami, posterior fossa holoprosencephaly, posterior fossa cyst, ventriculomegaly
(fourth ventricle and cisterna magna)

Face Profile, nasal bone, orbits, hard palate, Cleft lip/palate, cyclopia/proboscis, micrognathia,
mandible, retronasal triangle midfacial hypoplasia

Neck Nuchal translucency (NT) Increased Nuchal translucency, cystic hygroma, distended
jugular lymphatic sacs

Spine Curvature, overlying skin Kyphoscoliosis (including VATER association and body stalk
anomaly), spina bifida

Thorax Cardiac position, four-chamber view, Cardiac defects, ectopia cordis (isolated or in association with
outflow tracts, lungs, diaphragm anterior wall defects), pleural effusion, diaphragmatic hernia

Abdomen Stomach, kidneys, bladder, insertion of Gastroschisis, omphalocele, hydronephrosis, megacystis,
the umbilical cord in the anterior abdominal wall abdominal cysts

Limbs Hands, feet, limb segments and position Missing limb, limb reduction defects, polydactyly, talipes
Placenta and Placental location and echogenicity, cord Placental cysts, molar placenta, single umbilical artery, cord
umbilical cord vessels, insertion of the cord in the placental mass cysts, marginal and velamentous insertions

as an important ultrasound landmark as the frontal bones
should not be visualized in the exact midsagittal plane of
the fetal head when the NT and nasal bones are evaluated.11

In this very same sagittal plane, important cerebral midline
structures should be also identified including the thalamus,
midbrain, brainstem, medulla oblongata as well as the fourth
ventricle (also called intracranial translucency) and cisterna
magna (Fig. 1).12 The metopic suture and lower aspect of
the frontal fontanelle are also easily identifiable in the
coronal plane of the face at the level of the retronasal triangle
view above the nasal bones13,14 (see below). On the other
hand, the axial plane of the brain is usually visualized to
measure the biparietal diameter (BPD) at the level of the
thalami.15 Two additional axial sections are also important;
one is at the level of the choroid plexuses, which is slightly
cranial and parallel to the transthalamic view, and the other
is at the level of the posterior fossa, which is obtained by
angulating the transducer posteriorly from the transthalamic
view. The choroid plexuses are very large in the first
trimester and, in an axial section, display a characteristic
butterfly-shaped image (Fig. 2).16 This view provides
important information regarding the cleavage of the
prosencephalon, as the presence of the ‘butterfly’ sign rules
out a serious condition, such as holoprosencephaly by
demonstrating the midline and two lateral cerebral
ventricles.

Acrania/Anencephaly Sequence

Open neural tube defects are severe congenital anomalies
occurring with a prevalence of one in 1,000 to 2,000
pregnancies. Among them, the acrania/anencephaly or
exencephaly/anencephaly sequence is the most severe CNS
malformation, which is characterized by complete absence
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of the calvarium leading to progressive destruction of the
brain tissue.17,18 In the second trimester of pregnancy,
anencephaly is easily diagnosed by the detection of absent
cranial vault and cerebral hemispheres. However, in the first
trimester the diagnosis could be difficult, especially if a
large amount of brain tissue remains intact at the time of
ultrasound examination.19 The ultrasound spectrum of
acrania/anencephaly sequence varies widely, with the
cardinal sign being an absent calvarium with persistence of
different amount of brain tissue (Fig. 3). In about one-quarter
of cases, the ultrasound presentation includes a relatively
normal-appearing, well-preserved brain, in which only the
calvarium is absent. In the remaining 75% of the cases,
different degrees of destruction and vacuolization of the brain
are evident, ranging from disorganized brain structures but
still parts of the cerebral hemispheres being present (the
‘Mickey mouse’ sign)20 to complete or almost complete
absence of the brain. Invariably, the crown-rump length in
these fetuses is getting smaller as pregnancy progresses.18-20

The acrania/anencephaly sequence is primarily due to
failure of closure of the cranial portion of the neural tube.
However, it can also be associated with other conditions
such as amniotic band syndrome; in such cases an amniotic
band, or even the placenta, can be identified attached to the
cranium (Fig. 4). In addition, as progressive destruction of
the brain tissue occurs, the amniotic fluid can be visualized
as more echogenic than the fluid in the extracelomic space,
in clear contrast to what happens in normal conditions in
which the extracelomic fluid is usually more echogenic than
the amniotic fluid.21 In contrast to the finding from Timor-
Tritsch et al,17 who found clear amniotic fluid on

Fig. 3: Acrania/anencephaly sequence at 11 weeks (left panel)
and at 13 weeks (right panel). Note echogenic amniotic fluid and
absent cranial bones with progressive reduction of the amount of
brain tissue

Fig. 4: Acrania/anencephaly sequence associated to amniotic band
syndrome. Note different degrees of vacuolization of the brain tissue
secondary to persistence of the meningeal coverings

amniocentesis in these cases, we confirm that the echogenic
fluid is due to intra-amniotic bleeding (Fig. 5), but it is still
unknown why significant bleeding from brain trauma does
not lead to early intrauterine death in these cases.

Cephalocele

Cephaloceles are serious CNS malformations characterized
by partial protrusion of the brain through a cranial defect.
Large- and medium-sized defects can be easily diagnosed
by examining the cranial contour in the first trimester, at
which time brain tissue outside the cranial cavity can be

Fig. 5: Echogenic amniotic fluid in a first-trimester fetus with acrania/
anencephaly sequence (left panel). Note the clear contrast with
the extracelomic fluid. Amniocentesis for fetal karyotyping revealed
intra-amniotic bleeding (right panel)
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demonstrated (Fig. 6). The prenatal detection of cephalocele
in early pregnancy has significant clinical implications. First,
it can be associated with a lethal autosomal recessive
condition known as Meckel-Gruber syndrome, which is
characterized by the triad of cephalocele, polycystic kidneys
and polydactyly (Fig. 7).22 Due to the normal amount of
amniotic fluid in early pregnancy, the diagnosis is easier to
establish in the first than in the second trimester, as
progressive oligohydramnios frequently makes the detection
of this condition more difficult later on in pregnancy.
Therefore, examination of the fetal kidneys in the first
trimester should be mandatory to determine whether or not
the kidneys are involved. Once Meckel-Gruber syndrome
has been ruled out, careful examination of the fetus is
important to diagnose if the cephalocele is an isolated defect
or associated with other anomalies. Associated anomalies
are usually found in the context of disruptive defects, i.e.
amniotic band syndrome, and they are invariably associated
with a dismal prognosis, whereas isolated defects have
different prognosis depending on the cephalocele content.

Holoprosencephaly

Holoprosencephaly is a severe CNS anomaly caused by an
abnormal cleavage of the prosencephalon, the most cranial
primary cerebral vesicle that plays a critical role in the
subsequent development of the thalamus, cerebral

hemispheres and face.23 Therefore, failure in the cleavage
of this vesicle will result in severe abnormalities affecting
the uppermost segment of the head. Holoprosencephaly is
classified into lobar, semilobar, and alobar types. The
semilobar and alobar types are the most severe ones and
are amenable to be diagnosed in the first trimester.24 Cases
of lobar holoprosencephaly, on the other hand, are difficult
to diagnose even in the second and third trimester. Indeed,
there are no reported cases to date documenting the diagnosis
of lobar holoprosencephaly in the first trimester. Charac-
teristic first-trimester ultrasound features of alobar and
semilobar holoprosencephaly include inability to demons-
trate the ‘butterfly’ sign, absence of the midline, and the
presence of a monoventricular anterior cerebral cavity in
association with fused thalami (Fig. 8).16,24 A small
biparietal diameter as an early sonographic feature of
holoprosencephaly has been recently emphasized.24 Prenatal
karyotyping should be considered in these cases due to the
strong association with chromosomal abnormalities,
particularly trisomy 13.24

Posterior Fossa Anomalies

Posterior fossa abnormalities, including the Dandy-Walker
malformation and Dandy-Walker variant, have been rarely
reported in the first trimester.25,26 However, recent interest
in the systematic examination of the posterior fossa,
triggered by the description of the intracranial trans-
lucency,12 has resulted in an increasing number of fetuses
with posterior fossa malformations being diagnosed early
in pregnancy.27-30 Care should be taken when evaluating
the cerebellum in early pregnancy with high-resolution
transvaginal probes as the vermis is not fully developed at
this stage and can give the wrong impression of a vermian
defect.31,32 On the other hand, cysts of the posterior fossa
can be easily detected in the first trimester if they are big
and should be demonstrated in both the sagittal and axial
planes (Fig. 9) to avoid pitfalls caused by shadowing artifacts
from the occipital or parietal bones over the posterior fossa.
Recently, three-dimensional ultrasound has been used to

Fig. 6: Isolated cephalocele in a 12-week fetus. Transvaginal scan
revealed brain tissue protruding from a defect in the occipital bone
(C, left panel). Examination of abdomen revealed normal kidneys
(K, right panel), ruling out Meckel-Gruber syndrome

Fig. 7: Occipital cephalocele in a fetus with Meckel-Gruber
syndrome (left panel). Note bilateral polycystic kidneys (K, right
panel) and normal amniotic fluid

Fig. 8: Holoprosencephaly in two different first-trimester fetuses
demonstrating absent of the ‘butterfly’ sign (for comparison with
normal, see Fig. 2), absent midline, and an anterior cerebral
monoventricular cavity. Note proboscis in the fetus on the left panel
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Fig. 9: Dandy-Walker malformation. Note enlarged fourth ventricle (arrow, left panel) and posterior fossa cyst (arrow, middle panel) at
13 weeks. At 32 weeks the enlarged cisterna magna and cerebellar vermian defect is evident (right panel)

examine the choroid plexus of the fourth ventricle. In normal
first-trimester fetuses, a clear separation between the fourth
ventricle and cisterna magna is clearly seen whereas in
fetuses with posterior fossa cystic malformation the choroid
plexus is absent or interrupted in the midline, creating a
large communication between the fourth ventricle and
cisterna magna, which is visible on ultrasound in early
pregnancy.33

Ventriculomegaly and Hydrocephaly

These conditions are rarely diagnosed in the first trimester.
However, we have noted that they are frequently seen in
association with triploidy. In these cases, head-to-abdomen
disproportion is also evident even at this gestational age
(Fig. 10).34 To date, no normative data are available in regard
to the size of the lateral cerebral ventricles in the first
trimester, so the diagnosis should be established on
subjective criteria. Recently, three-dimensional ultrasound
has been used to determine the normal width of the lateral
cerebral ventricles in normal and aneuploid fetuses; mild
ventriculomegaly has been noted in fetuses with trisomy
13 and 18.35 However, from the diagnostic point of view,
the detection of other evident ultrasound features in
association with these aneuploidies would probably make
the demonstration of ventriculomegaly in these cases very
limited.

FETAL FACE

Visualization of the fetal face is an integral part of first-
trimester ultrasound screening for chromosomal anomalies,
as the midsagittal view of the face is mandatory to obtain a
reproducible image of the NT and nasal bones.36 On the
other hand, first-trimester diagnosis of orofacial malfor-
mations, such as cleft lip and palate, has been rarely reported
probably because routine assessment of the face for these
conditions is difficult due to the small size of the facial
structures. Indeed, before 2010 only two cases of bilateral

Fig. 10: Transvaginal scan at 14 weeks shows ventriculomegaly
(V) in a triploid fetus. Note severe head-to-abdomen disproportion

cleft lip and palate had been reported37,38 in contrast to the
very large numbers of trisomy 21 detected, despite the fact
that these two conditions have a similar prevalence in the
general population. This can be taken as evidence that
although visualization of the fetal head in the sagittal plane
is extremely useful for the screening of aneuploidy, it is not
the case for the detection of orofacial anomalies. We have
recently described an alternative technique for the evaluation
of the midface in the first trimester, i.e. the assessment of
the coronal plane for the visualization of the maxilla, which
displays a characteristic echogenic image that was termed
the retronasal triangle.13 This is formed by the primary palate
on its base and both frontal processes of the maxilla on the
sides (Fig. 11). In addition, the nasal bones can be also
identified on the top of the triangle, making this view another
useful technique for visualizing the nasal bones in the
ultrasound screening of aneuploidy.14,39

Midfacial Hypoplasia

Midfacial hypoplasia is frequent in fetuses with trisomy 21.
This is clinically evidenced by demonstrating absent or
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Fig. 13: Bilateral cleft lip and palate in a 13-week fetus. Note premaxillary protrusion

hypoplastic nasal bones. Midfacial hypoplasia is also
associated with an abnormal frontomaxillary facial
angle,40,41 although this technique is difficult to implement,
is more accurate if offline reformatting of three-dimensional
data sets are analyzed, and requires a significant expertize
to be obtained. Severe midfacial hypoplasia is also seen in
fetuses with holoprosencephaly, especially when a large
cleft palate is present (Fig. 12).

Cleft Lip and Palate

The incidental detection of cleft lip and palate diagnosed in
the first trimester has been reported.37,38 First-trimester
fetuses with bilateral cleft lip and palate present with a
characteristic premaxillary protrusion as second-trimester
fetuses do (Fig. 13). This finding is evident in the first
trimester only if a detailed examination of the fetal profile
is undertaken. However, first-trimester fetuses with a medial
facial cleft present with a flat profile and, therefore, the

Fig. 11: Retronasal triangle. Left panel: schematic view of the retronasal triangle shows the frontal processes of the maxilla (1) the
primary palate (2) and the nasal bones (3) middle and right panel: ultrasound view of the retronasal triangle. FB: frontal bones; MS:
metopic suture; NB: nasal bones; FP: frontal process of the maxilla; PP: primary palate; M: mandible

Fig. 12: Severe midfacial hypoplasia in an 11-week fetus with
holoprosencephaly (left panel). Postmortem examination confirmed
the prenatal diagnosis (right panel)

diagnosis can be easily missed. Differentiation between
these two entities is important as in the latter cases they are
almost invariably associated with lethal aneuploidies.42

Detailed examination of the fetal face is also important in
first-trimester fetuses with increased NT, as the prevalence
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of cleft lip and palate in these cases is significantly increased
in comparison to fetuses with normal NT thickness.43

A more systematic approach for the early diagnosis of
cleft lip and palate using two- and three-dimensional
ultrasound has been reported by our group.13,44 This
technique relies on the assessment of the coronal plane of
the face focusing on the base of the retronasal triangle for
the evaluation of the primary palate.13 First-trimester fetuses
with cleft of the primary palate present with a gap at the
base of the retronasal triangle (Fig. 14). However, a false-
positive diagnosis of 1% have been described, which has
been attributed to shadowing artifacts from the limbs over
the fetal face.44 On the other hand, fetuses with cleft of the
secondary palate can be identified using the axial plane,
which assessment can be greatly facilitated with the adjunct
use of new three-dimensional algorithms, such as the
VolumeNT and OmniView softwares.45,46 Clefts of the
secondary palate can also be demonstrated by examining
the axial plane of the head at the level of the hard palate
with two-dimensional ultrasound. As all clefts of the
secondary palate are medial, an important clue is the
identification of an abnormal hard palate on the standard
midsagittal plane of the head.

Micrognathia

Micrognathia is a rare facial malformation characterized
by a small, underdeveloped mandible. It represents a
prominent feature in a number of chromosomal and genetic
syndromes including the Robin anomaly, acrofacial
dysostosis, orofacial-digital syndrome, trisomy 18 and
triploidy. The prenatal diagnosis of severe micrognathia in
a first-trimester fetus with Pierre-Robin syndrome has been
reported.47 However, the diagnosis in less severe cases relies
on subjective criteria by examining the fetal profile to
identify the receding chin (Fig. 15). An alternative technique
is the examination of the fetal face using the retronasal
triangle view. In this view, normal fetuses display a gap
between the two mandibular bones, the so-called mandibular
gap, whereas fetuses with micrognathia devoid this gap or
the mandible cannot be identified at this level (Fig. 16).48

Cyclopia and Proboscis

Holoprosencephaly is often associated with severe facial
anomalies, such as hypotelorism and medial facial clefts.23

In severe cases, the orbits can be fused and a trunk-like
structure called proboscis is visualized in the upper face.
The first-trimester ultrasound diagnosis of cyclopia and
proboscis is easy in cases in which HPE has been previously
detected (Fig. 8).23,49

Fig. 14: Abnormal retronasal view in a 12-week fetus with absent
palate and trisomy 13. Note normal nasal bones and parallel frontal
processes of the maxilla

Fig. 15: Micrognathia in a 13-week fetus with trisomy 18. Note
receding chin

Fig. 16: Mandibular gap (between calipers). Retronasal triangle
view of a normal fetus shows the normal gap between the
mandibular bones (left panel) as the section crosses behind the
chin. In a triploid fetus with micrognathia, the mandibular gap is
absent as this section crosses through the chin (right panel)

FETAL NECK

The fetal neck, particularly its posterior aspect, is the main
focus of attention when measuring the NT thickness.2 NT,
the collection of fluid behind the fetal neck has been
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Fig. 17: First-trimester cystic hygroma colli. The nuchal translucency
is enlarged and there are septations in the mass (left panel). Note
bilateral cystic masses and the medial ligament of the neck (right
panel) resembling aviator sunglasses (‘Ray-ban’ sign)

Fig. 18: First-trimester distended jugular lymphatic sacs. Note the
particular location in the lateral aspect of the neck (left panel).
Transverse view of the fetal neck shows the distended jugular sacs
(right panel)

discussed in great detail in the prenatal literature and is
currently the topic of thousand of papers. There is a massive
body of evidence demonstrating that the NT is the best single
ultrasound marker for several conditions, mainly chromo-
somal and structural defects. The Fetal Medicine Foundation
has issued the guidelines for the correct measurement of
the NT thickness and provides both educational as well as
audit material for the registered operators, which are widely
available to the reader.2,36 Neck anomalies amenable for
prenatal diagnosis include cystic hygroma, lymphangioma,
teratoma, hemangioma and branchial cyst. Among them,
only two conditions are relevant in the first trimester, i.e.
cystic hygroma and distended jugular lymphatic sacs, as
none of the other conditions have been reported in the first
trimester.

Cystic Hygroma Colli

Cystic hygroma colli is a benign lymphatic lesion that is
due to failure of the lymphatic system to communicate with
the venous system in the neck. It usually presents as
multiloculated, fluid-filled cavities in the posterior aspect
of the cervical region.50 Most if not all cases of cystic
hygroma, present with a significant increase in the NT
thickness (Fig. 17). The posterior ligament of the neck is
easily identified in the axial plane in most cases. Associated
findings frequently include features of fetal hydrops, such
as severe subcutaneous edema and pleural effusion.
Chromosomal abnormalities, such as Turner syndrome and
trisomy 21, are frequently the underlying cause.51 Therefore,
prenatal karyotyping in these cases is indicated. Intrauterine
lethality is high, although survivors can have a relatively
normal life if alternative connections between the lymphatic
and circulatory system take place in the midtrimester.51

Among these cases, second-trimester examination usually
shows nuchal fold and cardiac outflow tract anomalies. A
horseshoe kidney is also a frequent associated second-
trimester finding. For screening purposes, it is important to
note that differentiation between increased NT and cystic
hygroma is not relevant as only the thickness is an
independent predictor of aneuploidy.52

Distended Jugular Lymphatic Sacs

In contrast to cystic hygroma colli, distended jugular
lymphatic sacs have only recently received some attention
in the literature.53 In the first trimester, they present as local,
ovoid echolucent mass in the lateral aspect of the fetal neck
(Fig. 18).54 This condition is thought to be due to
mesenchymal edema and abnormal lymphangiogenesis at
the level of the neck and it is closely related to the
development of the nuchal edema leading to increased

NT.53,54 Indeed, transvaginal ultrasound examination of the
neck in first-trimester fetuses demonstrated the presence of
distended jugular lymphatic sacs in 85% of the fetuses with
increased NT and in only 1.5% of the fetuses with normal
NT.54 However, careful examination of the data shows that
the two fetuses considered to have normal NT in the latter
group had indeed NT over the 95th percentile. Due to the
clear association between distended jugular lymphatic sacs,
increased NT thickness, and chromosomal abnormalities,
prenatal karyotyping in these cases is indicated.55

DISCUSSION

Recognition of the normal first-trimester ultrasound
anatomy of the brain, face and neck could improve the early
detection of congenital abnormalities affecting these
important segments of the body. Confirmation of normal
ultrasound features can be reassuring for the parent-to-be
whereas the detection of any abnormality of this area should
prompt additional studies, including chromosomal analysis,
follow-up scans and genetic counseling.
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