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Second-trimester fetal genetic ultrasonography to
detect chromosomal abnormalities
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Genetic ultrasonography refers to the evaluation of risk of chromosomal abnormalities via various soft sonographic markers.
Although the maternal serum test is the primary screening method for chromosomal abnormalities, genetic ultrasonography is
also widely used and can help increase detection rates. To date, many soft markers, including choroid plexus cysts, echogenic
intracardiac foci, mild ventriculomegaly, nuchal fold thickening, echogenic bowel, mild pyelectasis, short femur and humerus
length, and absent or hypoplastic nasal bone, have been reported. An aberrant right subclavian artery was the most novel soft
marker introduced. Because these soft markers involve diverse relative risks of chromosomal abnormalities, it is difficult to
apply them to clinical practice. To optimize the efficacy of genetic ultrasonography; it is important to understand the precise
relative risks of chromosomal abnormalities innumerous soft markers and integrate these risks with each other and the results

of maternal serum screening.
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Introduction

The incidence of chromosomal abnormality, specifically
trisomies 21, 18, and 13, is 0.1-0.2% per live birth. To date,
various soft markers have been found to identify chromosomal
abnormalities, including trisomy 21, and new markers are the
focus of current research. Unlike fetal structural anomalies and
major anomalies, sonographic markers are not pathological
per se, and they refer to sonographic findings associated with
chromosomal abnormalities. In general, genetic sonogram
is the term used to describe sonographic screening for fetal
chromosomal abnormalities including trisomy 21. The most
frequently evaluated sonographic markers include choroid
plexus cysts (CPCs), echogenic intracardiac foci (EICF), mild

ventriculomegaly, nuchal fold thickening (NFT), echogenic
bowel, mild pyelectasis, short femur and humerus, and absent
or hypoplastic nasal bone. Mild ventriculomegaly is considered
a major anomaly, but it can also be regarded as a sonographic
marker. The usefulness of the aberrant right subclavian artery
(ARSA) as a novel sonographic marker has been reported
recently.

As the number of sonographic markers increases, the risk
of chromosomal abnormalities also increases. Although the
absence of these sonographic markers decreases the risk of
chromosomal abnormalities, the relative risks of chromosomal
abnormalities reported in numerous studies vary.

Herein, the sonographic markers for evaluating the risk of
chromosomal abnormalities, the role of genetic ultrasonography,
and an ARSA as a novel soft marker have been described, with a
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brief review of relatedmeta-analyses.

Sonographic Soft Markers

1. Choroid plexus cyst

A CPCisasmall round or ovoid anechoic cyst with a discrete
border in the choroid plexus of the lateral ventricle. This can
be visualized as a single cyst or multiple cysts and is present
unilaterally or bilaterally in lateral ventricles.

The CPC s one of the most controversial sonographic markers
with respect to usefulness inthe evaluation of the risk of
chromosomal abnormalities, including trisomy 21, particularly
in low-risk populations.

CPCs are found in 1-29% of normal fetuses [1]. The presence
of a CPC, particularly when accompanied by other sonographic
markers or structural anomalies, is associated with increased risk
of chromosomal abnormalities, mainly trisomy 18.

However, when a CPCis an isolated finding without other
sonographic markers, its presence does not increase the risk of
chromosomal abnormalities including trisomies 21 and 18 [2].

Bronsteen et al. [3] reported the association between risk
of trisomy 18 and the presence of an isolated CPC. A total of
49,435 fetuses at 16-25 gestational weeks were included,
and CPCs were observed in 1,209 cases (2.3%), 1,060 of which
included an isolated CPC. Fifty of the 49,435 fetuses were
diagnosed with trisomy 18, and CPCs were present in half of
those 50 fetuses. However, trisomy 18 was not found in fetuses
with isolated CPCs. When fetuses have apparently isolated CPCs
without other findings, including hand abnormalities, the risk of
trisomy 18 is very low, and invasive chromosomal analysis is not
recommended.

The size of the CPC is not associated with the risk of
chromosomal abnormalities; furthermore, this risk is not
influenced by whether single or multiple CPCs are found or
whether they are present unilaterally or bilaterally [4]. Therefore,
itis reasonable not to regard a CPC as a soft marker when itisan
isolated finding [5].

2. Echogenic intracardiac foci

EICFis defined as the presence of focal echogenic dots in the
papillary muscle of ventricles, which has the same echogenicity
as that of bone. EICF is found in 1.5-4.0% of pregnancies [6],
but the incidence rate reaches 10-30% in Asian populations [7].
EICF is observed as a single echogenic focus in the majority of

cases, but multiple foci are occasionally found. Simpson et al. [8]
reported that the most frequent finding was a single echogenic
focus in the left ventricle (60% of cases),with multiple foci
observed in 33% of cases. An echogenic focus in the right
ventricle was found in 7% of cases.

Roberts and Genest [9] first reported the association
between EICF and chromosomal abnormalities in 1992,
and many subsequent studies have reported that the risk of
chromosomal abnormalities increased in the presence of EICF
[10-12]. However, because these studies only included high-risk
populations, these results cannot be generalized to those with
low risk.

In a randomized controlled trial including 12,672 pregnant
women, Coco et al. [13] reported that the risk of chromosomal
abnormalities increased in the presence of EICF, but low-
risk populations with isolated EICF were not candidates for
amniocentesis. In a study including 21,839 women at low risk of
chromosomal abnormalities, Filly et al. [1] reported that isolated
EICF was found in 626 fetuses (3%), one of which was diagnosed
with Down syndrome. On the basis of these results, they claimed
that amniocentesis is not recommended in fetuses with isolated
EICF

3. Nuchal fold thickening

NFT is defined as the soft tissue between the posterior border
of an occipital bone and the outer margin of nuchal skin. This
can be measured in the transcerebellar plane of the fetal brain,
in which the cavum septi pellucidi, frontal horns of the lateral
ventricles, thalami, cerebellum, and cisterna magna are all
visualized together. If nuchal fold thickness is more than 5 or
6 mm between gestational weeks 15 and 23, it is considered
thickened. When this occurs, it is thought to be one of the
strongest sonographic markers indicating risk of chromosomal
abnormalities [14].

NFT has reportedly been identified in 80% of neonates
diagnosed with trisomy 21 and is associated with other
chromosomal aneuploidies such as trisomies 13 and 18 and
monosomy X [15].

What is the optimal threshold of nuchal fold thickness in the
estimation of the risk of chromosomal abnormalities? Earlier
studies recommended a threshold of 6 mm. However, more
recent prospective studies proposed that a threshold of 5 mm
was more valuable, because the nuchal fold is less than 5 mm
thick in most normal fetuses, and much higher sensitivity and
a slightly higher false-positive rate have been observed with a
threshold of 5 mm relative to 6 mm [16,17].
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Bahado-Singh et al. [18] and Locatelli et al. [19] proposed a
new method of application for NFT using multiples of medians
(MoMs) corresponding to gestational weeks. The concept was
based on the finding that nuchal fold thickness was correlated
with gestational age in both normal fetuses and those with
trisomy 21. Locatelli et al. [19] described nuchal fold thickness
according to MoMs as "expected nuchal fold thickness," and
Bahado-Singh et al. [18] described it as "gestational age
standardized nuchal thickness values"

Benacerraf et al. [20] recommended NFT as the most
sensitive sonographic marker in evaluating risk of trisomy
21. Amniocentesis should be recommended in fetuses with
isolated NFT, even if they are at low risk of chromosomal
abnormalities. Furthermore, fetuses showing NFT are candidates
for amniocentesis, although nuchal fold thickness is normalized
on follow-up scans.

4. Echogenic bowel

Echogenic bowel is a term used as a synonym for hyperecho-
genic bowel, which suggests that the echogenicity of the small
bowel is identical to that of the bone. This finding can be focal,
multifocal, or diffuse. Echogenic bowel is identified in 0.2-1.4%
of fetuses during the second trimester [21]. The presence of
echogenic bowel is associated with chromosomal anomalies
including trisomy 21 and other pathologic conditions such
as fetal growth restriction, intestinal bleeding, cystic fibrosis,
thalassemia, and toxoplasmosis, other, rubella, cytomegalovirus,
and herpes (known as TORCH) infections.

Echogenic bowel can be classified into several grades
according to echogenicity of the bowel. Slotnick and Abuhamad
[22] classified echogenic bowel into 3 grades according to
echogenicity relative to that of iliac bone. Grade 1 included
lower echogenicity of the bowel relative to that of the iliac bone;
Grade 2 included echogenicity of the bowel identical to that of
the iliac bone; and Grade 3 included higher echogenicity of the
bowel relative to that of the iliac bone.

With respect to the association between echogenic bowel
and trisomy 21, relative risk is reported to be as high as 6.1-
6.7 [14,23]. When echogenic bowel is visualized on a second-
trimester scan, a thorough sonographic evaluation should
be recommended to identify other sonographic markers or
structural anomalies.

5. Short femur and humerus length
In general, fetuses with trisomy 21 have short stature with
short femurs or humeri. Therefore, numerous studies have

examined the association between trisomy 21 and short femur
or humerus length. Benacerraf et al. [24] were the first to report
this association.

The femur and humerus lengths considered short in the
evaluation of risk of chromosomal abnormalities have been
studied, with the ratio between the measured and expected
femur or humerus length used to identify short femur or
humerus length [24,25]. Expected femur and humerus length
is calculated using the following formulas: expected femur
length=(-9.3105+0.9028xbiparietal diameter) and expected
humerus length=(~7.9404+0.8492xbiparietal diameter). Based
on these formulas, femur and humerus lengths are considered
short when the ratios of measured to expected lengths are less
than 0.91 and 0.89, respectively.

Bahado-Singh et al. [26] proposed methods using MoMs,
which reflected the associations between chromosomal
abnormalities and short femur and humerus lengths.

Some researchers have reported that short humerus length
is more valuable than short femur length in predicting the risk
of trisomy 21[27,28]. In addition, short humerus length alone
is more predictable than short femur and humerus length
combined, because the latter reflects the possibility of fetal
growth restriction rather than chromosomal abnormalities [23].

6. Mild pyelectasis

Mild pyelectasis is defined as an anteroposterior renal pelvis
diameter of 4 mm or greater in the axial plane of the fetus ona
second-trimester scan.

Benacerraf et al. [29] were the first to report the association
between mild pyelectasis and chromosomal abnormalities
including trisomy 21. The association was found in 25% of
fetuses with trisomy 21 and 2.8% of fetuses with normal
chromosomes in women at a high risk of chromosomal
abnormalities.

With respect to the association between mild pyelectasis and
chromosomal abnormalities, recent studies have not reported
a correlation between isolated pyelectasis and chromosomal
abnormalities in low-risk populations.

In a large prospective multicenter study including 101,600
births, Chudleigh et al. [30] reported that most pregnancies with
isolated mild pyelectasis represented a low risk of chromosomal
aneuploidy. Mild pyelectasis was found in 737 fetuses (0.7%) in
a whole series. Chromosomal abnormalities were found in 12
of these cases (1.7%), of which 9 involved another sonographic
abnormality, one was associated with advanced maternal age,
and only two (0.3%) involved isolated pyelectasis.
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In a study including 25,586 low-risk individuals, Havutcu et
al. [31] reported that mild pyelectasis was found in 320 cases
(1.25%), of which 301 involved isolated pyelectasis, and 19
were associated with other soft makers. None of the 315 cases
in which delivery occurred in hospitals involved chromosomal
abnormalities.

7. Aberrant right subclavian artery

The right subclavian artery is a normal branch of the brachio-
cephalic artery of the aortic arch. An ARSA arises as a variant
vessel from the posterior portion of the aortic arch and runs to
the right, behind the trachea. Three branches originate from a
normal aortic arch: the brachiocephalic artery (which is divided
into the right subclavian artery and right common carotid
artery), the left common carotid artery, and the left subclavian
artery. In contrast to the normal aortic arch, four branches
originate from an aortic arch with an ARSA: the right common
carotid artery, the left common carotid artery, the left subclavian
artery, and the ARSA.

To visualize an ARSA, the color Doppler velocity setting is
lowered to 15-30 cm/s to facilitate visualization of peripheral
vessels [32]. Prior to visualization of an ARSA, the following
method is used to find an RSA: 1) find an ascending aorta in
3-vesseltrachea view: 2) tilt the transducer toward the fetal
head until the transverse aortic arch is visualized, or visualization
of the base of the brachiocephalic artery begins; and 3) tilt the
transducer further until an RSA is visualized, or the correct RSA
coursing toward the right upper arm can be identified. Normal
RSA runs anterior to the trachea and the esophagus, but the
ARSA courses behind the trachea and esophagus, toward the
rightarm.

The ARSA is present in less than 1% of normal fetuses [33].

However, it is found more frequently in Down syndrome
populations [34]. Rathore and Sreenivasan [35] reported that
populations with trisomy 21 displayed a high incidence of ARSA
at 369%, but some studies have reported incidences up to 5%
lower than this. The actual incidence is not known.

With respect to the association between the ARSA and other
cardiac anomalies, 2.9% of patients with cardiac anomalies
exhibited an ARSA, but the incidence somewhat lower (0.1%)
in patients without cardiac anomalies [34]. Because the ARSA
is asymptomatic in the majority of cases, it is found incidentally
during autopsy. Yoo et al. [36] reported prenatal diagnosis of
the ARSA, but did not describe an association with trisomy 21.
Chaoui et al. [32] first reported the ARSA in fetuses with trisomy
21, which was associated with the ARSA in 35.7% of cases.

Itis true that the ARSA is found more frequently in fetuses
with trisomy 21 relative to those without trisomy 21. However,
the majority of fetuses with trisomy 21 and the ARSA have
additional sonographic markers or other structural anomalies.
To date, the estimated risk of trisomy 21 has not been high in
fetus with isolated ARSA [37].

Meta-analysis of Second-trimester Markers for
Trisomy 21

Although various sonographic markers have been evaluated
for diagnosing Down syndrome, it is difficult to apply sono-
graphic markers to clinical practice because of the diversity
in the relative risks reported by researchers. More precise
information could be obtained via a meta-analysis of relative
risk with respect to such sonographic markers. Agathokleous et

Table 1. Pooled estimated likelihood ratios of soft markers and estimated likelihood ratios of isolated markers [38]

Marker Positive Negative Isolated markers
EICF 5.83 (5.02-6.77) 0.80 (0.75-0.86) 0.95
Ventriculomegaly 27.52 (13.61-55.68) 0.94 (0.91-0.98) 3.81
Nuchal fold thickening 23.30 (14.35-37.83) 0.80 (0.74-0.85) 379
Echogenic bowel 11.44 (9.05-14.47) 0.90 (0.86-0.94) 1.65
Mild pyelectasis 763 (6.11-9.51) 0.92 (0.89-0.96) 1.08
Short humerus 4.81 (3.49-6.62) 0.74 (0.63-0.88) 0.78
Short femur 3.72 (2.79-4.97) 0.80 (0.73-0.88) 0.61
ARSA 21.48 (11.48-40.19) 0.71 (0.57-0.88) 3.94
Absent or hypoplastic nasal bone 23.27 (14.23-38.06) 0.46 (0.36-0.58) 6.58

Values are presented as likelihood ratio (95% confidence interval).
EICF: echogenic intracardiac foci; ARSA: aberrant right subclavian artery.

Adapted from the article of Agathokleous et al. (Ultrasound Obstet Gynecol 2013;41:247-61).



www.e-kjgm.org

http://dx.doi.org/10.5734/JGM.2014.11.2.49 © J Genet Med 2014;11(2):49-55 53

al. [38] conducted a meta-analysis involving this issue in 2013,
which included a total of 48 studies. The soft markers evaluated
in their study were EICF, ventriculomegaly, NFT, echogenic
bowel, mild pyelectasis, short femur, short humerus, ARSA, and
absent or hypoplastic nasal bone. Pooled estimated positive
and negative likelihood ratios for each soft marker are shown in
Table 1.

If none of the soft markers, including short femur rather
than short humerus, were observed, the combined negative
likelihood ratio was 0.13 (95% confidence interval [Cl], 0.05-
0.29), and such findings reduced pretest relative risk of Down
syndrome based on maternal age and maternal serum screening
7.7 times. Whereas, if none of the soft markers, including short
humerusrather than short femur, were observed, combined
negative likelihood ratio was 0.12 (95% Cl, 0.06-0.29), and this
reduced pretest relative risk 8.3 times. The effect of isolated
markers alone on pretest risk of trisomy 21 was negligible.
However, ventriculomegaly, NFT, or ARSA increased relative risk
3-4 times, and hypoplastic nasal bone increased it 6-7 times.
If the ARSA and nasal bone were not included, the negative
likelihood ratio for Down syndrome was 0.40, which resulted in
pretest relative risk being reduced 2.5 times.

Clinical Utilization of Genetic Ultrasonography

Although it is clear that the presence of sonographic markers
increases the risk of chromosomal abnormalities, application
and integration of these markers to clinical practice is difficult
and can be problematic. Various sonographic markers can be
used to assist the detection of chromosomal abnormalities with
increased sensitivity; however, they result in increased false-
positive rates. Therefore, methods that maximize sensitivity in
high-risk populations and minimize false-positive rates in low-
risk populations are required.

To date, there have been many approaches to the utilization
of genetic ultrasonography. Two of the most acceptable
approaches are the Index Scoring System (ISS) and Age-adjusted
Ultrasound Risk Assessment (AAURA).

1. Index Scoring System

Benacerraf et al. [39] proposed a sonographic scoring index
in 1992. Using this system, each sonographic marker was
converted to form a numerical point value, based on sensitivity,
with which to detect chromosomal abnormalities. A total

Table 2. Index Scoring System [40]
Variable

Score

Finding
Major anomaly
Thickened nuchal fold
Short femur
Short humerus
Pyelectasis
Hyperechoic bowel
Echogenic intracardiac focus
With additional points for maternal age (yr)
<35 0
>35 and <40 1
>40 2

Adapted from the article of Bromley et al. (Ultrasound Obstet Gynecol
1997;10:321-4).

- a4 a4 O g NN

score of 2 or greater was regarded as the threshold at which
to perform an amniocentesis. This method represented 75.5%
sensitivity with a 5.7% false-positive rate.

In 1997, Bromley et al. [40] modified and revised this system
through the incorporation of maternal age factors into the
previous sonographic scoring index, which was proposed by
Benacerraf et al. [39] (Table 2). This modified method was applied
to both high- and low-risk populations and yielded increased
sensitivity (86.8%) but also increased the false-positive rate
(27.19%).

2. Age-adjusted Ultrasound Risk Assessment

Nyberg et al. [41] reported an AAURA in 1998. Prior risk,
based on maternal age and serum screening, was adjusted by
multiplying the likelihood ratios of sonographic markers. This
method represents 61.5% sensitivity with a 4% false-positive
rate in women younger than 35 years. In women aged 35-
39 years with normal ultrasonographic findings, this method
reduced the rate of amniocentesis from 100% to 12.5% but
missed 1/3 of the fetuses with trisomy 21. Subsequent to the
proposal of AAURA by Nyberg et al., a number of studies were
conducted using different likelihood ratios for sonographic
markers.

3. Comparison between the ISS and AAURA

Winter et al. [42] reported a comparison between the ISS
and AAURA. Genetic amniocentesis was performed in 3,303
high-risk women, and all patients were evaluated with both
sonographic methods. They concluded that the two methods
were equally effective in screening for trisomy 21, with a
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detection rate of approximately 50% and a 5% false-positive
rate.

Conclusion

To date, many methods of screening for chromosomal
abnormalities, including trisomy 21, have been evaluated.
A method that uses maternal age and serum screening is
the simplest and most widely used. However, sonographic
screening methods are used adjunctively. Although it is
impossible to diagnose chromosomal abnormalities prenatally
usingsonographic methods alone, the value of genetic
ultrasonography is increasing as it benefits from technical and
scientific advances in ultrasound diagnostic equipment.

Caution should be exercised in applying genetic ultra-
sonography to clinical practice, with respect to the following
issues. Because the detection rates for maternal serum screening
testssuch as the triple marker test or quadruple test were low in
the past (60-75%), genetic ultrasonography strongly influences
decisions concerning invasive chromosomal analysis such as
amniocentesis. As the detection rates for combined first- and
second-trimester maternal serum screening tests such as the
integrated test or sequential test have improved substantially
during the past 10 years, modification of previous risk via
genetic ultrasonography is a matter of debate.

Itisimpossible to diagnose chromosomal abnormalities with
either maternal serum screening or genetic ultrasonography.
Integration of the two methods, rather than a mere combi-
nation, is preferable.

Efforts to discover new soft markers should be continued,
and meta-analyses that evaluate previous soft markers are also
required. Furthermore, trials conducted to establish standard
guidelines are also needed to facilitate the application of soft
markers to clinical practice.
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