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Abstract

Trisomy 21, commonly known as Down syndrome (DS), stands as the most prevalent genetic source of intellectual disability
worldwide. Individuals with Down syndrome may experience a range of abnormalities affecting multiple organ systems.
The distinctive facial features and musculoskeletal characteristics evident at birth often make the diagnosis apparent if it has
not been established during pregnancy. Depending on the severity of specific findings, children with Down syndrome may
undergo radiological assessments at various stages of their development. The cardiovascular system, the digestive system,
the facial look, the morphology of hearing aids, and the central nervous system can all be impacted by Down syndrome. An
early diagnosis, especially during prenatal care, allows for better planning and preparation for the child's birth. Therefore,
it is essential to have a comprehensive understanding of the radiological characteristics associated with Down syndrome
patients. In conclusion, Down syndrome is associated with various radiological features. Indicators of Down syndrome can
include the presence of atrioventricular septal abnormalities, tetralogy of Fallot, macroglossia, esophageal atresia, micro-
cephaly, and structural alterations in the musculoskeletal system. During fetal imaging, it is important to assess the volume
of amniotic fluid, particularly in the context of nuchal translucency, as well as determine the presence or absence of nasal
bones in the fetus.
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Abbreviations PT Prenasal thickness

DS Down syndrome OCT Optical coherence tomography

CNS Central nervous system CST Central subfield thickness

BPD Biparietal diameter LSCC Lateral semi-circular canal

OFD Occipitofrontal diameter AVSD Atrio ventricular septal defect

CT Computed tomography RSV Respiratory syncytial virus

MRI Magnetic resonance imaging FIESTA Fast imaging exploiting steady-state acquisition
NB Nasal bone NT Nuchal translucency

NBL Nasal bone length
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of DS pregnancies in Europe has increased by 10% over
the past two decades, possibly due to older maternal age at
conception [3].

Trisomy, the genetic imbalance underlying DS, disrupts
crucial developmental pathways. Trisomy induces forma-
tion, growth, or fusion of the facial prominences errors dur-
ing embryonal craniofacial development, leading to orofacial
deformities [1].

At birth, individuals with DS often exhibit physical fea-
tures such as brachycephalic head shape, an epicanthic fold,
a tiny and flat nose bridge, clinodactyly, single palmar crease,
and enhanced nuchal skin. Additionally, DS is frequently
associated with language, cognitive, learning, and memory
deficits. Every organ system, including the spine, head, neck,
and central nervous system, can be affected by DS [3].

Previous research has shown that individuals with Down
syndrome have smaller dimensions in the atlantoaxial,
craniovertebral, and cephalometric regions compared to
those without the syndrome. These measures appear to be
poorly integrated in individuals with Down syndrome, sug-
gesting that the condition's phenotype is a result of genetic
abnormalities [1]. It is important to note that Down syn-
drome can be diagnosed during pregnancy, emphasizing the
importance of understanding the radiological characteristics
of individuals with this condition.

Radiology findings
Prenatal
Nose

A significant indicator for Down syndrome is the absence
of the nasal bone, which increases the likelihood of Down
syndrome by a factor ranging from 20 to 60. Another criti-
cal indicator is the ratio of the length of the humerus to the
average humerus length. If this ratio falls well below the
expected range, the risk is elevated by a factor of 6. The
ratio of biparietal diameter to nasal bone length, taking into
account the gestational week, is typically 8.1 + 1.4; while
in fetuses with trisomy 21 (Down syndrome), it measures
11.3+2.0. This marker is also referred to as the frontonasal
fold thickness to nasal bone length ratio. Accurate identifica-
tion of these indicators is crucial, but it can be challenging
due to the potential interference of ultrasound markers with
underlying structures, often caused by speckle noise. There-
fore, the precise recognition of these indicators requires the
expertise of trained sonographers, obstetricians, and fetal
medicine professionals [2].

A non-invasive procedure known as fetal nasal bone (NB)
assessment offers first-trimester patients more certainty in
determining the potential risk of Down syndrome in their
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unborn child. This assessment involves evaluating the pres-
ence or absence of the fetal nasal bone during the first tri-
mester of pregnancy, with the absence of the nasal bone indi-
cating a positive test result for Down syndrome (Fig. 1) [4].

The fetal nose was gently tilted from side to side, with
the ultrasound transducer positioned in alignment with the
nose's direction. When these conditions were met, three dis-
tinct lines could be discerned at the level of the fetal nose.
The first two lines, situated near the forehead, ran parallel
to each other and were horizontal, resembling an "equals
sign." The lower line, thicker and displaying more echo-
genic properties than the skin above it, indicated the pres-
ence of the nasal bone. The upper line represented the skin.
A third line, nearly in line with the skin but slightly elevated,
marked the tip of the nose. Once the nasal bone (NB) had
become clearly visible, the bony portion of the nasal bridge
was measured using calipers in the out-to-out position, with
measurements made in 0.1 mm increments [4].

The presence of the nasal bone is determined by whether
it exhibits higher echogenicity compared to the skin above it.
In the first trimester, the Fetal Medicine Foundation's guide-
lines were employed to identify instances of a missing fetal
nasal bone. In cases where the nasal bone's echogenicity
did not surpass that of the overlying skin, it was considered
as a sign of a missing nasal bone. When the nasal bone was
entirely absent or appeared unusually small, it was deemed
hypoplastic [4].

Fig.1 Nasal bone in DS. The landmarks for measuring the facial
ultrasonography markers are depicted in (A). NBL is determined
by measuring along the ossification line of the fetal nose. PT is the
measurement taken from the edge of the lowest part of the frontal
bone to the anterior skin of the face (A). A euploid fetus (B) and a
normal fetus (A) with mid-facial ultrasound images are also dis-
played. Hypoplastic and missing nasal bones in a fetus with Down
syndrome (C and D, respectively). NBL nasal bone length, PT prena-
sal thickness [5]



Chinese Journal of Academic Radiology (2023) 6:133-142

135

Nuchal translucency

The assessment and severity evaluation of Down syndrome
during pregnancy can be conducted using antenatal imaging
techniques such as fetal sonography and fetal MR imaging.
In the field of obstetrics and gynecology, two-dimensional
ultrasound imaging is more commonly employed due to
its non-invasive, cost-effective, straightforward, and safe
nature. However, ultrasound imaging has limitations related
to image quality. This is because the raw radio frequency
signal has to undergo multiple processing steps before it can
be transformed into an image, and the presence of multipli-
cative speckle noise can reduce image clarity. Consequently,
due to the low quality of the image, it may not provide suf-
ficient information for a healthcare provider to make an
accurate diagnosis [2].

Fig.2 The conventional 2D NT measurement

Fig.3 Nuchal translucent in DS. Labeling explained. a speckle free
image b selection of NT region ¢ Manual labeling of an NT area
using Pixel labeler d pixel labeled images e Final segmented out-
put. Techniques for pre-processing, such as filtering and scaling,

Nuchal translucency refers to the accumulation of fluid
beneath the skin of the fetal neck between the 11.3 and 13.6
weeks of gestation. Babies with Down syndrome tend to
have higher levels of this fluid. During this 10-13-week
period, a nuchal translucency thickness of 2.2 mm-2.8
mm is considered within the normal range. An increased
thickness of translucency is associated with an elevated
risk. Researchers have employed blob analysis to accurately
measure the thickness of the nuchal translucency region.
According to their findings, by the 14th week of gestation,
a typical fetus should have a nuchal translucency thickness
of 1.85 mm [2].

The Fetal Medicine Foundation recommends a conven-
tional 2D test for measuring NT, as depicted in Fig. 2. In the
Volume NT approach, a 3D volume box is used to encom-
pass the fetal head and thorax (a). By placing a caliper in the
diencephalon, the system is activated, automatically captur-
ing the appropriate mid-sagittal plane (c). The area of inter-
est is enclosed by an adjustable frame, and the maximum
vertical distance (NT) is measured at the point within the
box exhibiting the highest echogenicity (d) [6].

Research has established a connection between an ele-
vated fetal NT thickness exceeding 3 mm and an increased
risk of developing Down syndrome. To measure the widest
part of the translucency, the mid-sagittal plane is employed
for NT calibration. Clinicians manually calculate NT using
an electronic caliper, and the precision of this measurement
is contingent on the operator's skill. Due to the relatively
small size of NT, even a minor estimation error can lead to
inaccuracies in fetal growth assessment. Consequently, com-
puterized methods are recommended to overcome the limita-
tions associated with manual measurements and enhance the
detection rate (Fig. 3) [7].

R. Sonia and V. Shanthi propose the utilization of a
computer-based approach for nuchal translucency thickness

are applied to the US photos. Filtering enhances the image quality,
reduces noise, and preserves fine details at the edges. A Wiener filter
is utilized to filter the image with improved results [7]

@ Springer



136

Chinese Journal of Academic Radiology (2023) 6:133-142

calculation. This involves initial Lee filter pre-processing,
followed by manual extraction of the Region of Interest. The
segmentation process is facilitated through morphological
operations and Otsu thresholding. For a normally developing
fetus, the typical nuchal translucency thickness is found to
be 1.99 mm with a standard deviation of 0.62 mm. Addition-
ally, the area is observed to be approximately 37.84 mm with
a standard deviation of 20.28 mm, and the length measures
around 126.44 mm with a standard deviation of 41.80 mm

[2].
Post natal
Head and neck

In the head and neck, you can observe the following features:
microcephaly (reduced head size), brachycephaly (brachy-
cephaly without craniosynostosis), platybasia, and mac-
roglossia. The ratio of biparietal diameter (BPD) to occip-
itofrontal diameter (OFD), which is known as the cephalic
index (cephalic index =BPD/OFD X 100), increases and
approaches the 95th percentile in cases of brachycephaly.
This characteristic can be visually assessed and evaluated
using neuroimaging studies. Figure 4 depicts the axial (a)
and sagittal (b) T1/3D images of a 5-year-old Down syn-
drome child. Brachycephaly is a common feature, as evi-
denced by a higher cephalic index (129/147 x 100=288)
compared to the normal range of 74-83, as determined by
measurements of the biparietal and occipitofrontal diam-
eters. The cranial sutures are still visible [3].

Fig.4 Brachycephaly in DS [3]

Fig.5 Platybasia in DS.
Paranasal sinus reconstruction
in the axial (¢) and coronal (a,
b) planes. A 21-year-old Down
syndrome patient's CT scan
showing hypoplasia of the max-
illary and sphenoid sinuses and
absent frontal sinuses [3]
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When Down syndrome affects brain development, it
results in a reduction in the size of the cerebellum, frontal
cortex, and temporal cortex, along with a smoother appear-
ance of the sulci and a narrower superior temporal gyrus [8].
Moreover, there are other recognized indicators of craniofa-
cial morphology associated with Down syndrome, such as
midface hypoplasia, malocclusion characterized by a poste-
rior cross-bite and anterior open bite, advanced position of
the tongue, and the presence of macroglossia. Additionally,
Down syndrome is linked to a condition known as platyba-
sia, which involves the flattening of the skull base and can be
identified by an increase in the skull base angle. This angle
is measured by a line connecting the nasion to the anterior
border of the foramen magnum and the center of the pitui-
tary fossa. Platybasia is defined as an angle exceeding 143
degrees (see Figs. 5 and 6) [3].

The reduction in brain size initially becomes apparent in
fetuses at around 4-5 months of gestation, and it becomes
more pronounced during the last trimester and postnatally.
Brain MRI assessments conducted on individuals with
Down syndrome (DS) of various ages have revealed a signif-
icant decrease in total brain volume when compared to age-
matched controls, with a notable reduction of approximately
20%. The most substantial changes have been observed
in the frontal lobes, hippocampi, and the brainstem, par-
ticularly the pons. Additionally, cerebellar and vermian
hypoplasia are other noticeable features of this condition.
Notably, the volume of deep gray matter structures remains
within the normal range [3].

Furthermore, one of the most frequent CNS abnormali-
ties associated with DS is the complete or partial agenesis
of the corpus callosum. This condition can be caused by
various factors, including prenatal infections, exposure to
chemicals, vascular insults, and other genetic anomalies and
disorders [3].

Eye and ear

Visual issues in children with Down syndrome, such as sub-
stantial refractive errors, strabismus, nystagmus, and even
cataracts, are more prevalent among them. Poor optical
quality at a young age can affect the quality of the images
processed by the retina and cortex. These children often
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Fig.6 Platybasia in DS. A 38-year-old Down syndrome patient with
platybasia (skull base angle>143°) on sagittal T1/SE. This angle is
calculated by drawing a line that connects the nasion with the center
of the pituitary fossa and another line connecting the same point with
the anterior border of the foramen magnum [3]

exhibit atypical visual abilities, including difficulties with
visual acuity, low-contrast vision, vernier acuity, and accom-
modative acuity. The exact cause of this impaired visual per-
formance associated with Down syndrome remains uncer-
tain. Optical coherence tomography (OCT), a non-invasive
imaging technique known for its high resolution, is gaining
popularity for objectively and statistically evaluating the tis-
sue structure of the fovea. The primary pathology in this
condition may involve thicker macular structures (Fig. 7) [9].

In general, hearing loss is a common issue among indi-
viduals with Down syndrome, affecting between 38 and 78%
of patients, indicating a relatively high prevalence. The most
common inner ear abnormality in Down syndrome (DS) is
the presence of a bony island in the lateral semi-circular
canal (LSCC), defined as a measurement of 3 mm or less,
with a prevalence of nearly 50%. This bone island can also
undergo a transformation during embryological develop-
ment, resembling a small bud known as the vestibular anlage
(see Fig. 8). Semicircular canal dehiscence, with an approxi-
mate incidence of 9%, is another type of semi-circular canal
defect often associated with DS [3].

In 75% of instances, children with Down syndrome expe-
rience sensorineural hearing loss (SNHL), which is typically
detectable through computed tomography (CT) and/or mag-
netic resonance imaging (MRI) scans of the temporal bone.
The most common inner ear anomaly in Down syndrome
(DS) is the presence of a bony island in the lateral semi-cir-
cular canal (LSCC), defined as measuring 3 mm or less, with
a prevalence of approximately 50%. During embryological

B Down syndrome Sample

Fig.7 OCT images of healthy samples and DS samples. a An OCT
image taken from a healthy, full-term 11-year-old child in the con-
trol group’s right eye. The visual acuity was 20/20 at the time of test-
ing, and the central subfield thickness (CST) of the entire retina is
235 m. This infant had a normal retina and a spherical equivalent of
0.75 D. The central thickness and foveal pit were both normal. b An
OCT image taken from the right eye of a 13-year-old Down syndrome
patient who was born at 38 weeks gestation. CST is 281 m, and the
test subject’s visual acuity was 20/65. In comparison to the control
group, the patient's whole retina was substantially thicker and had a
spherical equivalent of 1.5 D [9]

development, this bony island can also undergo complete
regression, resembling a small bud similar to the vestibular
anlage [3].

Cardiovascular

Approximately 40-45% of individuals with Down syndrome
typically have congenital heart diseases. Researchers have
reported varying rates of occurrence for congenital heart
conditions. These conditions include aortic coarctation, pat-
ent ductus arteriosus, tetralogy of Fallot, atrial septal defect,

L

Fig.8 Inner ear anomaly in DS. A 2-year-old Down syndrome
patient's temporal bone CT (a) and MRI (axial T2/3D) (b) at the level
of the internal auditory canal, demonstrating total absence of the right
bone island and aplasia of the lateral semi-circular canal as a result. It
is important to observe the presence of a dysplastic vestibule due to
the absence of the lateral semi-circular canal [3]
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Fig.9 Atrioventricular defect in DS. An 11-week-old Down syn-
drome child's four-chamber image on a white-blood gradient echo
cardiac MRI reveals a moderate to severely hypoplastic, non-forming
right ventricle (¥), along with a left-ventricular dominant atrioventric-
ular canal defect (arrow). LV left ventricle, LA left atrial, and RA right
atrium [10]

and atrioventricular septal defect (AVSD), as illustrated in
Fig. 9 [10].

In children diagnosed with tetralogy of Fallot, radio-
graphs may reveal diminished pulmonary blood vessel mark-
ings and a distinctive boot-shaped heart. The abnormal shape
of the heart is attributed to right ventricular hypertrophy and
a narrow mediastinum resulting from underdeveloped pul-
monary arteries, although these features may not always be
present. Cardiac CT and MR imaging are commonly used,
especially in adolescent and adult patients, to assess the
heart between staged operations or after surgery [10].

Respiratory system

Respiratory problems are the leading cause of increased
mortality in children with Down syndrome, along with being
the primary reason for hospital admissions. Pneumonia, the
most common respiratory ailment in this group, accounts for
nearly 80% of hospitalizations and admissions to intensive
care units for these children [10].

Children with Down syndrome who have RSV bronchi-
olitis exhibit similar radiographic findings to other children,
including hyperinflated lungs, streaky parahilar opacities,
and bronchial cuffing in radiographs. However, a notable dif-
ference is that children with Down syndrome are more prone
to radiographic consolidation, as illustrated in Fig. 10 [10].

Obstructive sleep apnea is the second most common
respiratory condition in children with Down syndrome,
affecting 30-75% of them. Lateral airway radiographs
can reveal relative macroglossia, along with a narrowing
of the nasopharyngeal and oropharyngeal airways due to
the enlargement of the adenoids, soft palate, palatine, and
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Fig. 10 Respiratory syncytial virus bronchitis in DS. A 14-month-
old girl with Down syndrome has symmetrical hyperinflation of the
lungs, streaky perihilar opacities, and various isolated right upper
lobe opacities shown on an anterior—posterior radiograph of the chest.
The girl was identified as having RSV bronchiolitis, or respiratory
syncytial virus [10]

lingual tonsils. To assess the functionality of these children's
upper airways, dynamic cine MRI can be employed. Com-
mon findings include recurring and enlarged adenoids, glos-
soptosis, hypopharyngeal collapse, increased lingual tonsils,
and macroglossia [10].

Gastrointestinal tract

Most areas of the gastrointestinal system may be affected
by congenital gastrointestinal abnormalities, which affect
four to ten percent of children with Down syndrome. Duo-
denal atresia, which affects one to five percent of people
with Down syndrome, is the most frequent gastrointestinal
aberration. Down syndrome affects 30% of newborns with
duodenal atresia [10].

A characteristic double-bubble look with an inflated,
fluid-filled stomach and proximal duodenum can be seen
on fetal sonography or MRI. Polyhydramnios is frequently
found. A postnatal radiograph reveals a double bubble filled
with air and no distal intestinal gas (Fig. 11) [10].

Annular pancreas is more common in children with Down
syndrome. One study indicated that the risk of annular pan-
creas is 430 times higher in children with Down syndrome
compared to those without the syndrome. On radiographs,
annular pancreas can sometimes mimic a double bubble,
but there is typically gas present in the distal small bowel,
unlike the characteristic findings of duodenal atresia. Fluor-
oscopy reveals a circular constriction in the second part of
the duodenum. During endoscopic retrograde cholangiopan-
creatography, the pancreatic duct encircles the duodenum,
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Fig. 11 Duodenal atresia in DS. A 33-week-old fetus with Down syn-
drome may be seen in a a prenatal ultrasonography and b a prenatal
FIESTA (fast imaging exploiting steady-state acquisition) MR image
with a dilated stomach (arrow) and proximal duodenum (arrowhead),
which are typical of the double-bubble sign of duodenal atresia.

and cross-sectional imaging shows the pancreatic tissue sur-
rounding the second part of the duodenum. Oral contrast
agents can be used to help identify the duodenum in CT
images [10].

Esophageal atresia with tracheoesophageal fistula is more
common in Down syndrome compared to the general popu-
lation, with a frequency of 0.3—-0.8%. Children typically pre-
sent with feeding difficulties and increased oral secretions.
Chest radiographs reveal a dilated, air-filled esophageal
pouch. If an enteric tube is placed, it is often coiled within
the esophageal pouch (as shown in Fig. 12). The presence
of air in the stomach confirms the existence of a tracheoe-
sophageal fistula (as shown in Fig. 12). Additional imaging
is seldom necessary to confirm the diagnosis of esophageal
atresia [10].

One of the most frequently observed midgut abnormali-
ties in individuals with Down syndrome is malrotation,
with a reported incidence approximately 45 times higher
compared to children without Down syndrome. Children
afflicted with malrotation and midgut volvulus typically
exhibit bilious vomiting during the first week after birth.
Abdominal radiographs may appear normal or indicate signs
of a proximal blockage. The next diagnostic step usually
involves an upper gastrointestinal study, which reveals an
abnormal positioning of the duodenojejunal junction, where
the duodenum remains to the right of the spine and descends
inferiorly (Fig. 13) [10, 11].

The most frequently observed lower digestive tract issues
in children with Down syndrome include constipation,
Hirschsprung disease, and anorectal malformations.

Hirschsprung disease (HD) is a type of lower intestinal
blockage that results from the absence of normal myen-
teric ganglion cells in a specific segment of the colon. This
condition represents roughly 15-20% of cases of neona-
tal bowel obstruction. Approximately 2% of individuals
with Hirschsprung disease also have Down syndrome. The

There was polyhydramnios (not indicated). With a dilated stomach
(arrow) and proximal duodenum (arrowhead), an abdominal radio-
graph of a different newborn with Down syndrome similarly exhibits
the double-bubble look [10]

PORT
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Fig. 12 Tetralogy of Fallot and esophageal atresia/tracheoesophageal
fistula. Anteroposterior chest radiograph in a newborn boy shows
that the heart has a boot-shaped contour with an upturned apex com-
patible with a diagnosis of tetralogy of Fallot. A nasoenteric tube is
coiled in the upper esophageal pouch (arrow), consistent with esopha-
geal atresia. The presence of bowel gas (arrowhead) in the upper
abdomen confirms the presence of a tracheoesophageal fistula

affected segment lacking ganglion cells varies in length but
consistently extends upwards from the anal canal, with the
rectosigmoid region being involved in 80% of cases [10, 12].

Radiographic examinations in children with HD reveal
findings that resemble those in other forms of lower small
bowel obstruction, including variable gaseous distention of
the colon and small bowel, often accompanied by air—fluid
levels. Contrast enema is a valuable tool for investigating
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Fig. 13 Malrotation in DS. Anteroposterior image in a 5-month-
old girl with Down syndrome who presented with emesis shows an
abnormal position of the duodenojejunal junction (arrow), which is
positioned closer to midline and lower than the pylorus, indicating
malrotation

distal bowel obstruction in neonates. The most character-
istic radiological finding in HD is the presence of a tran-
sition zone between the narrowed and dilated sections of
the colon, resembling an inverted cone on a barium enema
study. However, the bowel distention above the under inner-
vated segment occurs gradually, and a transition zone is
observed in only 50% of neonates during the first week of
life. Other findings noted in barium enema studies include
a rectosigmoid ratio of less than 1, a sawtooth appearance
of the denervated colon due to muscle spasms, an irregular
or thickened colon wall associated with colitis, and a delay
in the evacuation of contrast material, which can take more
than 24-48 h. A definitive diagnosis necessitates a rectal
biopsy (Fig. 14) [10].

Another congenital gastrointestinal abnormalities that can
be found during antenatal ultrasound examination is imper-
forate anus. Imperforate anus is caused by hindgut devel-
opment defect during pregnancy. Imperforate anus is not a
life-threatening anomaly but it is related to chromosomal
anomalies. Imperforate anus appears as an hypoechoic ring
with an echogenic center in ultrasound (Fig. 15) [13].

Abdominal parenchymal organs
Recently, studies have shown that hypoechoic liver can be
a soft marker for DS. A retrospective analysis result had

shown that 55.5% cases of proven DS had hypoechoic liver.
Hypoechoic liver is defined as liver echogenicity was less
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Fig. 14 Serial images from a contrast enema study show the pres-
ence of a transition point (black open arrow) between the narrowed
and dilated portions (white open arrow) of the colon, at the mid sig-
moid colon. Mild fasciculations from spasm is seen within the rec-
tum (white arrow). A short segment Hirschsprung’s disease was con-
firmed at rectal biopsy

than that of the adjacent lung and bowel with conspicuous
visualization of diaphragm (Fig. 16) [14, 15].

Pancreas abnormalities can be found DS. Prenatal diagno-
sis of annular pancreas is very rare but it is associated with
other abnormalities including DS. Annular pancreas is the
third most common gastrointestinal abnormalities found in
patients with DS.

Musculoskeletal system

In a previous cohort study, pes planus, characterized by the
loss of the medial longitudinal arch in the feet, was found
in nearly all cases (91%). Among these children, however,
a quarter (24%) did not utilize orthotic devices [16]. Addi-
tionally, the first metatarsal web space, often referred to as
the "sandal gap sign," frequently widens in the feet. This
characteristic is observed in 45% of children with Down
syndrome, though it is not exclusive to this condition (see
Fig. 17). An anteroposterior radiograph of a 5-day-old
child with Down syndrome's foot shows an enlarged first

Fig. 15 Fetal Ultrasound A At 30 weeks of gestation, an echogenic
ring is seen (open arrow) in the hypoechogenic area (solid arrow)
suggesting an intact anus with a short perineal body (arrow head).
B At 35 weeks of gestation, a short perineal body (arrowhead) is
revealed, an echogenic ring (open arrow) indicating the anal mucosa
in hypoechogenic area (solid arrow) is seen
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Fig. 16 Hypoechoic liver with prominent ductal walls and vascular

Fig. 17 Sandal gap sign

intermetatarsal space (indicated by the arrow), which is
sometimes referred to as the sandal gap sign [10].

In children with DS, we can found atlantoaxial insta-
bility (AAI). AAI is more common in children with DS
resulting from ligament laxity and odontoid dysplasia.
Atlantoaxial dislocation is Atlantoaxial dislocation is
defined by a loss of stability between the atlas and the
axis (C1-C2), which results in a loss of standard articula-
tion. Children with down syndrome also have low mineral
density, low muscle tone, and excessive joint flexibility
(Fig. 18) [17].

Fig. 18 Atlantoaxial subluxation with subsequent compressive mye-
lopathy at the C1 level (Normal variant of os odontoid (double arrow)
superimposed with retroverted odontoid process (arrow), focal com-
pression of the upper cervical cord and subsequent chronic myelopa-
thy (asterisk)

Genitourinary system

Pyelectasis, also known as renal dilatation or hydrone-
phrosis, is a common finding on fetal ultrasound. Pyelec-
tasis is detected by measuring anteroposterior renal pelvic
diameter (APRPD). Recently, there is no consensus about
the threshold of APRPD. Early second trimester pyelec-
tasis can be a marker for DS. Isolated renal pyelectasis
during second trimester of pregnancy increased risk by
2.78 for DS. It is important to note that pyelectasis find-
ing also found in fetal with or without urinary tract abnor-
malities and resolved spontaneously during pregnancy.
This finding should be taken into account; also genetic
counseling and testing should be conducted to rule out
DS (Fig. 19) [18].

Although less commonly encountered, renal and urinary
tract abnormalities manifest in 3.2% of children with Down
syndrome, a prevalence nearly five times higher than that in
the general population. The predominant observation is uri-
nary obstruction, characterized by varying degrees of hydro-
nephrosis and hydroureter. This obstruction may manifest at
different levels, including the urethra, ureterovesical junc-
tion, or ureteropelvic junction. The incidence of posterior
urethral valves in children with Down syndrome exceeds
that in the general population [10].

Additional associated urinary anomalies encompass
megaureter, vesicoureteral reflux, hypospadias, renal
agenesis, renal dysplasia, horseshoe kidney, and glomer-
ular microcysts. Beyond congenital urinary tract anoma-
lies, children with Down syndrome face an elevated risk
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Fig. 19 Bilateral pyelectasis at second trimester (24 weeks of preg-
nancy)

of medical renal diseases, including glomerulopathies.
As these conditions are potentially correctable, there is a
strong advocacy for early screening to identify anatomical
renal and urological abnormalities in infants with Down
syndrome [10].

Conclusions

Down syndrome is associated with various radiological fea-
tures. Indicators of Down syndrome can include the presence
of atrioventricular septal abnormalities, tetralogy of Fallot,
macroglossia, esophageal atresia, microcephaly, and struc-
tural alterations in the musculoskeletal system. During fetal
imaging, it is important to assess the volume of amniotic
fluid, particularly in the context of nuchal translucency, as
well as determine the presence or absence of nasal bones in
the fetus.
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