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Abstract

The chapter’s contribution to the book explores the prenatal modalities to diagnose 
Down syndrome (DS). The current knowledge in the field of genetic sonographic mark-
ers is presented, along the performance of current policies as well as the potential of new 
emerging genetic techniques. Besides the screening or testing pregnancy algorithms, the 
chapter describes the power of prenatal diagnostic techniques, namely, the advantages 
and the complications of the invasive genetic maneuvers. The progress in prenatal diag-
nosis of Down syndrome is one of the most important in prenatal medicine in the last 
decades. The methods vary in terms of detection rates, acceptability, costs, and potential 
complications. Although the early genetic screening was improved, ultrasound evalua-
tion should not be dismissed, as the first-trimester sonography has the potential to diag-
nose the majority of major fetal abnormalities.

Keywords: Down syndrome, prenatal diagnosis, ultrasound, first trimester, 
nuchal translucency, nasal bone, facial angle, cell-free DNA, combined test, genetic 
ultrasonogram

1. Introduction

More than 1 in 1000 newborns is affected by Down syndrome (DS) [1], a disease that necessitates 

significant societal financial and legal support, because about 85% of infants survive the first year 
and 50% of those will live longer than 50 years [2]. As aneuploidies are major causes of perinatal 
death and childhood handicap, screening for fetal chromosomal abnormalities should be avail-
able to all pregnant women as an essential part of antenatal care and comprehensive counseling.

Fortunately, DS can be suspected during pregnancy by combined ultrasound and serologic 

screening and confirmed by invasive genetic techniques [3]. Also, genetic noninvasive tests 
were recently developed that reach near certitude detection rates. First-trimester detection of 

© 2018 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



fetal major abnormalities, including trisomy 21, is important, because it offers the couples the 
advantages of early termination of pregnancy: less medical complications, reduced economi-
cal costs to the health system, and minor emotional impact of the couple. And we should keep 
in mind that the abortion rates in DS-affected pregnancies have increased to 67–92% in the 
United States and Europe [4].

Today, the screening methods for trisomy 21 fetuses are multiple, and patients need to choose 
early and comfortable. All pregnant women should be offered screening for aneuploidies, 
even if not all patients will accept. The expertise of a genetics counselor, preconceptual or in 
the first trimester, is beneficial for comprehensive counseling.

2. Historical aspects of aneuploidy screening: evolution and efficiency

The prenatal screening for chromosomal abnormalities was traditionally addressed to DS [5], 

because this is the most common chromosomal disease in fetuses and accounts for 8% of all 
congenital abnormal newborns.

It is well known that the chance of having a child with this condition increases as a woman 
gets older [6, 7], thus, in the 1970s and many decades after, maternal age represented the 
main screening method for fetal aneuploidy, by offering the option of genetic amniocente-

sis to all pregnant women over 35 years [8]. In the 1980s, determination of maternal serum 
alpha-fetoprotein (AFP) was proposed for screening, as decreased levels associated with an 
increased risk for DS [9]. During the last decades, diagnostic ultrasonography in obstetrics 

had a dramatic impact in prenatal medicine care, providing valuable information regarding 
fetal physiology, development, and abnormal conditions, including markers for fetal aneu-

ploidies since the early 1990s [10, 11]. Human chorionic-gonadotrophin (HCG) and uncon-

jugated estriol (uE3) testing were added along AFP determination, resulting in the serology 
triple test screen [12], and the detection rates were reported up to 73%, in the early 1990s [13]. 

The quad test was introduced after 1996, by including inhibin-A as a fourth marker to the 
triple test with a sensitivity of 81% at a 5% screen-positive rate [14, 15]. Also, during the 1990s, 
Kypros Nicolaides identified a powerful ultrasound marker measurable in the first trimester, 
namely, increased nuchal translucency (NT) thickness [16]. A first-trimester scan, also named 
nuchal scan or the genetic scan, was proposed as method for screening of major aneuploidies 
in combination with maternal age and serum testing (beta human chorionic gonadotropin 

(beta HCG) and pregnancy-associated plasma protein-A (PAPP-A)). Increased nuchal translu-

cency, reduced PAPP-A levels, and an increased HCG are associated with a higher risk for DS, 
and using specific calculators, these ultrasound and serologic parameters assist practitioners 
in identifying pregnancies at risk, by using specific calculators, as the software developed by 
The Fetal Medicine Foundation [17, 18]. The detection rates for trisomy 21 were reported as 
70–82% for first-trimester NT and 87% for first-trimester NT and serum. Additional evalua-

tion of several ultrasound markers increases the detection rate to 90%, when the nasal bone 
is screened, and 95% with supplementary assessment of the blood flow through the tricuspid 
valve and ductus venosus (DV), which is similar to the technique that combines first-trimester 
NT and serum and second-trimester serologic QUAD test [19].
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3. Strategies to perform aneuploidy screening

Current guidelines state that every pregnant woman of all ages should be offered extensive genetic 
counseling, screening, and invasive diagnostic testing for pregnancy with increased genetic risk 
before 20-week gestation [20]. Pregnant women should decide the genetic investigation tech-

nique after extensive counseling regarding the advantages, limitations, the sensibility, and false-
positive results of every genetic test available [21, 22]. Still, because of limited healthcare system 
resources, the present screening options in the first trimester include nuchal translucency testing 
in combination with measurement of PAPP-A and HCG. In the second trimester, the screening 
tests include serum screening using triple or quadruple screening and ultrasonography. There 

is also the possibility for combination of first- and second-trimester screening in an integrated, 
stepwise sequential, or contingent sequential fashion [20, 23, 24]. Recently, some professional 
societies adopted the noninvasive cell-free fetal DNA in the detection protocol, for the cases with 
intermediate-risk cases. This relatively new test will be described separately in the chapter.

3.1. First-trimester markers and further benefit for pregnancy screening

Using only NT testing, the DS detection rate is only approximately 70% for a 5% false-positive 
rate [25]. However, an increased nuchal translucency greater than 3.5 mm is associated not 
only with genetic syndromes but also with fetal malformations, as major congenital heart 
defects, skeletal dysplasia, and congenital diaphragmatic hernia; thus, this marker is impor-

tant for early detection of such structural abnormalities.

The first-trimester maternal serum screening includes the determination of two markers, PAPP-A 
and HCG. PAPP-A is a glycoprotein [26] produced by the placental syncytiotrophoblast and 

decidua that is decreased when placental function is abnormal, as reported in many aneuploi-
dies and other pregnancy complications, as miscarriage and fetal growth restriction [27]. High 

levels of the HCG glycoprotein are usually present in DS pregnancies [28], and low levels of both 
markers are also associated with adverse pregnancy outcomes, such as miscarriage, stillbirth, 
preeclampsia, placental abruption, preterm birth, and low birth weight [29]. The serum concen-

tration of these markers is converted to multiples of median (MoMs) and interpreted in combina-

tion with NT MoM and maternal age by dedicated software [30, 31]. The result of this combined 
test estimates the pregnancy genetic risk, which is considered low or increased, using a cutoff of 
1/250. There are several strategies to define an intermediate risk, for example, from 1/50 or 1/100 
to 1/1000. The risk in this population may be further refined with the aid of other ultrasound 
markers (nasal bone, tricuspid valve, and ductus venosus blood flow) or second-trimester mark-

ers, as a contingent or sequential approach [19]. More recently, the use of cell-free fetal DNA 
is advocated and implemented in some healthcare systems (England, Denmark, and Holland).

There are several strategies regarding the timing of the ultrasound and serological determina-

tions. For best patient compliance, OSCAR method is preferred (one-step assessment of risk)—
with biological and ultrasound evaluations, result, and parent counseling performed in one 
session. However, a 2–4% improvement of the detection rate is obtained, if screening is carried 
in two separate visits, with maternal serum testing at 9–10 weeks of gestation (when the deter-

minations are more specific) and the ultrasound scan at 12 weeks (for a better visualization of 
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fetal anatomy) [32, 33]. Laboratory certification and periodically sonographer audit are impor-

tant, due to the necessity of precise measurements [22].

3.2. Second-trimester screening strategies

The second-trimester maternal serum testing includes the triple and quadruple screens, with 

detection rates of 70 and 81%, respectively [22].

As in the first trimester, the ultrasound scan can be used for screening either alone or as 
an adjunct to maternal serum testing. Various sonographic features were proposed as mark-

ers for fetal chromosomal abnormalities [34, 35], and a 75% detection rate was reported for 
second-trimester genetic ultrasonography [36].

First- and second-trimester screening data can be combined to improve the detection or to 
lower the false-positive rate to 5% [37]. Integrated screening involves a unitary report of first-tri-
mester combined test, followed by triple or quadruple screen in the second trimester. Stepwise 

sequential strategy allows the patients at increased risk to opt for invasive diagnostic testing 
or to await the second-trimester screen to revise the genetic risk. The contingency screening is 

based on a stratified risk determination in the first trimester. In high-risk pregnancy, invasive 
diagnostic testing is offered; in low-risk patients, no further testing is required; and in inter-

mediate group, between the two cutoffs, second-trimester screening is advised [14].

Fetal echocardiography, even if difficult to apply as a primary screening tool, can be compa-

rable to first-trimester integrated screening in identifying over 90% of fetuses with trisomy 21 
[19]. Still, it can be used after 20 weeks of gestation as genetic sonography, and when used as 
an adjunct to first- and/or second-trimester screening for Down syndrome, the detection rate 
is reported as high as 99% [19].

4. Genetic ultrasound in the first trimester

The genetic scan is also called nuchal scan, as NT measurement is the most important com-

ponent of the first-trimester combined screen [38] which is performed between 11 weeks and 
13 weeks + 6 days, when fetal crown-rump length (CRL) is between 45 and 84 mm. The scan 
approach is mainly transabdominal, using the transvaginal approach only in particular situa-

tions, when the visualization is poor [39]. International Society of Ultrasound in Obstetrics and 
Gynecology (ISUOG) guidelines recommend a minimum of technical requirements for equip-

ment: real-time, gray-scale, two-dimensional ultrasound; transabdominal and transvaginal ultra-

sound transducers, adjustable acoustic power output controls with output display standards; 
freeze frame and zoom capabilities; electronic calipers; and capacity to print/store images [40]. 

An accurate dating of pregnancy according to CRL measurement is important for the screening 
purpose, as the values of biological markers are interpreted according the gestational age [41–43].

The most important first-trimester marker is the nuchal translucency (NT) measurement, rep-

resenting the thickness of the ultrasonographic sonolucency in the posterior fetal neck, between 
the skin and the soft tissue overlying the cervical spine [44]. To obtain an accurate and reliable 
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evaluation, it is necessary a sagittal view of the fetal face in the neutral position, magnification 
so that only the fetal head and the upper thorax are visible on the screen and the measurement 
of maximum thickness. Specialized training and certification are available [45, 46] (Figure 1(A)).

Semi-automated method of measuring NT thickness was developed, to avoid operator bias 
and either under- or overestimation of the measurement [47] (Figure 2).

Specialized software quantifies the deviation in the measured NT from the normal euploid 
pregnancies [47, 48]. The risk for aneuploidies, especially trisomy 21, increases exponentially 
with increasing NT thickness [49, 50].

The professionals should carefully explain to the patients the significance of an increased NT, 
as this finding has the potential to determine couples to terminate the pregnancy, worried 
about the possibility of an abnormal fetus [51].

4.1. Nasal bone (NB)

A common characteristic of the patients with DS is a small nose [52], and many studies have 
demonstrated that the absence or a hypoplastic NB in pregnancy is highly associated with 

Figure 1. First-trimester ultrasound genetic markers. (A) Measurement of the cranial markers: nuchal translucency (NT), 
nasal bone (NB, white arrow), and fronto-maxillary facial angle (FMF, figured with red lines). (A.1) Normal values of 
genetic markers with small NT thickness, ossified nasal bone, and normal facial angle. (A.2) Abnormal genetic markers 
with increased NT thickness, absent nasal bone, and wide facial angle, of more than 90°. (B) Spectral Doppler assessment 
of the tricuspid flow and measurement of the fetal heart rate. (B.1) Normal tricuspid blood flow. (B.2) Regurgitation of 
the blood flow across the tricuspid valve. (C) Spectral Doppler assessment of the ductus venosus flow. (C.1) Normal 
ductal blood flow. (C.2) Abnormal ductal flow with reversed a-wave. (D) Assessment of the four-chamber view of the 
fetal heart in duplex mode: gray scale and color Doppler. (D.1) Normal appearance of the four-chamber view with 
identification of the crux cordis in gray scale and equal and separated atrioventricular flows. (D.2) Atrioventricular septal 
defect with common atrioventricular valve and large communication between heart cavities.
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trisomy 21 [53, 54]. The correct evaluation of the nasal bone assumes a midsagittal view, 
similar to the one necessary for NT measurement. The angle of insonation should be perpen-

dicular to the NB, which is evaluated in the so-called equal sign, with two echogenic lines 
(the skin of the nasal bridge and the NB underneath it) (Figure 1(A.1)). If the line represent-
ing the nasal bone is absent or less echogenic as the overlying skin, then the NB is noted 
absent or hypoplastic (Figure 1(A.2)) [49]. Seventy percent of trisomy 21 fetuses have absent 
nasal bone [55].

4.2. Doppler evaluation of the tricuspid valve: tricuspid regurgitation

Regurgitation of the blood flow across the tricuspid valve is a common marker for chromo-

somal defects, present in about 74% DS fetuses but also in 7% of chromosomally normal 
fetuses [56]. The standard evaluation is the heart apical incidence of the four-chamber view. 
The Doppler gate is 2–3 mm and must be placed over the tricuspid valve with a minimum 
angle of insonation, acceptable up to 30° (Figure 1(B.1)). Tricuspid regurgitation is diag-

nosed if reversed flow is noted more than 50% of ventricular systole and higher than 60 cm/s 
(Figure 1(B.2)) [49].

4.3. Doppler evaluation of the ductus venosus (DV)

An abnormal flow in the ductus venosus was defined as the complete cessation or a reversal 
forward flow of the a-wave (Figure 1(C.2)) but also an increased pulsatility index (PI) of the 
flow [57]. An accurate assessment of the ductal flow requires skilled operators since there is the 
possibility of interference from adjacent vessels: hepatic and umbilical veins [49]. Seventy-four 
percent of DS fetuses and 5% of chromosomally normal fetuses present abnormal DV flow [58].

Figure 2. Semi-automated measurement of the nuchal translucency.
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4.4. Fronto-maxillary facial (FMF) angle

This angle is measured between the upper surface of the palate and the frontal bone (Figure 1(A.1)). 

FMF angle is significantly larger in DS fetuses (mean 88.78, range 75.4–1048) versus chromosom-

ally normal fetuses (mean 78.18, range 66.6–89.5, P < 0.001) (Figure 1(A.2)) [49].

4.5. Fetal heart rate

Fetal heart rate should be measured routinely as part of DS screening. The studies have shown 
an increase of the fetal heart rate by 15% [59].

4.6. Fetal malformations

Another target of the first-trimester scan is to detect fetal severe malformations, which are 
either lethal or associated with severe handicap or aneuploidies [60, 61]. The abnormal fetuses 
detected early in pregnancy should be tested to exclude aneuploidy. Many major abnormali-

ties can be diagnosed as early as the first-trimester scan [57, 62–66]. Other conditions vary in 
onset during gestation and do not have a consistent ultrasound appearance in the first trimes-

ter for a definitive and reliable diagnosis.

4.7. Screening in twin pregnancies

In cases of multiple gestations, the first-trimester scan should correctly diagnose the chorionic-

ity of the pregnancy. In a monochorionic twin pregnancy, the false-positive rate of NT screen-

ing is higher than in dichorionic twins, because increased NT in at least one of the fetuses can 
be an early manifestation of twin-to-twin-transfusion syndrome, as well as a marker of chro-

mosomal abnormalities [67]. It is recommended that, for the calculation of risk of trisomy 21, 
the NT of both twins should be measured and the average of the two should be considered [68].

An important advantage of screening by fetal NT is that when there is discordance for a chro-

mosomal abnormality, the presence of a sonographically detectable marker helps to ensure 
the correct identification of the abnormal twin during selective termination.

5. Genetic ultrasound screening assessment in the second trimester

In the second trimester, the genetic ultrasound screening assessment can be used either alone or 

as an adjunct to maternal serum testing. The purpose of the scan is to identify fetal anomalies 
or chromosomal markers [69] which require invasive testing. The sonographic findings that are 
not generally abnormalities, but can be an indicative of fetal aneuploidy are called soft ultra-

sound markers. Many of them are transient. It is important to pay attention to the thickness of 
the nuchal fold, nasal bone appearance, or prenasal edema, but also a series of soft markers have 
been described: intracardiac echogenic focus, hydronephrosis, and hyperechogenic bowel were 
found with a higher incidence in DS fetuses than in chromosomally normal fetuses (9.6% vs. 
1.5%, 17.1% vs. 5.3%, and 11.4% vs. 2.4%, respectively). The prevalence of choroid plexus cysts 
was not significantly different between the trisomy 21 and normal fetuses (7.5% vs. 5.0%) [70].
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Nuchal fold (NF) thickness (Figure 3(A)) is often considered the most sensitive and most spe-

cific second-trimester marker for Down syndrome with false-positive rates as low as 1% [71]. It 

is measured on an axial section through the head at the level of the thalami, cavum septi pellu-

cidi, and cerebellar hemispheres (i.e., in the same plane that is used to assess the posterior fossa 
structures). A NF > 5 mm has a sensitivity of 15% and a specificity of 97% in trisomy 21 detection, 
while a NF > 6 mm has a sensitivity of 12% and a specificity of 99% in trisomy 21 detection [71]. 

It is recommended that the nuchal thickness should not be measured after 20 gestational weeks.

Fetal ventriculomegaly (Figure 3(D)) is considered a soft marker for chromosomal abnor-

malities and defined as more than 10 mm across the atria of the posterior or anterior horn of 
lateral ventricles or alternatively, a separation of more than 3 mm of the choroid plexus from 
the medial wall of the lateral ventricle [72].

The nasal bone is evaluated in the standard view of fetal face profile. To define nasal bone 
hypoplasia (Figure 3(E)), many studies proposed various measurement criteria, and most 
cutoffs are more than 0.25 cm [73]. A hypoplastic nasal bone is seen in approximately 0.5–1.2% 
of normal fetuses [74].

The vast majority of cases with choroid plexus cysts (Figure 3(C)) have no associated abnor-

mality, but still there is a soft association with aneuploidy, especially trisomy 18 and also 
trisomy 21. Their size and number of cysts are thought to affect the risk of aneuploidy [75]. 

Amniocentesis is not recommended when isolated, due to weak associations with genetic 

abnormalities. When the choroid plexus cysts are large (>1 cm), bilateral, multiple, or the 
maternal serum screening results are abnormal, and invasive testing is considered [76].

The echogenic intracardiac focus (EIF) represents the mineralization within the papillary 
muscles, usually seen at the second trimester, located in the left ventricle (Figure 3(G)). The 

association with trisomy 21 was demonstrated in up to 12% of fetuses, but biventricular EIFs 
are considered to be a higher risk for aneuploidy [77].

Figure 3. Second-trimester genetic markers: (A) increased thickness of the nuchal fold (NF), (B) prenasal edema, (C) 
bilateral choroid plexus cysts, (D) bilateral ventriculomegaly, (E) nasal bone hypoplasia, (F) gap sandals toes, (G) 
echogenic intracardiac focus, (H) bilateral pyelectasis/hydronephrosis, (I) measurement of femur length to detect 
shortening of the long bones, (J) non-visualization of the middle phalanx of the fifth digit, (K) echogenic bowel, (L) single 
umbilical artery, and (M) aberrant right subclavian artery.
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Echogenic bowel (Figure 3(K)) is defined if a bowel area is brighter than the bone on an image 
with appropriate gain settings. Trisomy 21 was diagnosed in 15% of cases, but other several 
associations have been reported, such as cytomegalovirus infection, cystic fibrosis, intraamni-
otic hemorrhage, and intrauterine growth restriction [78].

Other second-trimester soft markers for trisomy 21 include fetal renal pyelectasis (Figure 

3(H)), shortened long bones (less than third centile for gestational age) with a shortened 

femur or/and a shortened humerus (Figure 3(I)), single umbilical artery (Figure 3.(L)), aber-

rant right subclavian artery (Figure 3(M)), and gap sandals toes (Figure 3(F)). When found 
alone, these soft markers have a weak association with DS.

As presented before, genetic sonography was used as primary screening, or as an arbitrator, 
to refine the initial screening result, for reassuring or when couples with positive tests did not 
opt for invasive testing [34, 79].

6. Cardiac anomalies (congenital heart defects, CHD)

CHD are present in the majority of the fetuses with DS [80] and represent one of the most 
common and lethal abnormalities present postnatally. Various heart conditions were reported 

Figure 4. Congenital heart disease in DS fetuses: (A.1) normal appearance of the four-chamber view in the second 
trimester and atrioventricular septal defects (A.2) and (B.1) normal appearance of the aortic arch and aortic tubular 
stenosis (B.2).
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with significant incidence [81]: ventricular, atrial, and atrioventricular septal defects (Figure 

4(A.1, A.2)); tricuspid stenosis; outflow tract abnormalities, as Aortic coarctation (Figure 

4(B.1, B.2)), pulmonary valve stenosis, and atresia; transposition of great vessels; common 
truncus; and aortic stenosis. Functional conditions, as pericardial effusion and atrioventricu-

lar regurgitation, were also noted [79].

An accurate cardiac assessment as an adjunct in the first and second trimester increases the 
screening power to as high as 99% [19, 34] and is the only strategy to increase the mid-trimes-

ter genetic ultrasonography detection rates over 90% [36, 79]. This may be advantageous for 
patients who desire the highest sensitivity for DS detection (Figure 4).

7. Invasive diagnostic testing

In first-trimester screening is positive for DS, chorionic villus sampling (CVS) is proposed for 
a definitive genetic diagnosis, by obtaining a placental tissue sample, usually transabdomi-
nally or transcervically, if the trophoblast is situated posterior. The main advantage is repre-

sented by the early diagnosis, easing the decision-making process for couples [82]. The main 

disadvantage is represented by the risk of spontaneous abortion that can vary from 0.6 to 4.6% 
[45]. Other disadvantages include the fact that is an operator-dependent procedure and that 
is not available in every community [83]. There is an increased risk of limb reduction defects, 
if the procedure is performed before 10 weeks’ gestation [83].

Amniocentesis is the most common procedure for detecting genetic abnormalities before birth. 
A sample of the amniotic fluid is extracted usually after 15 weeks’ gestation [84], because of 
increased abortion risk before this gestational age. The accuracy of this invasive testing is 
reported to be over 99.4% [85], similar to CVS. Complications are uncommon but may include 
vaginal spotting, amniotic fluid leakage, chorioamnionitis, failure of fetal cells to grow in cul-
ture, fetal needle injury, and fetal loss [82], in less than 1% of cases [86].

A less frequent invasive test is percutaneous umbilical blood sampling, used in the case of severe 
oligoamnios or for a rapid chromosome analysis (1–3 days from fetal blood vs. 10–14 days from 
amniocytes). The risk of miscarriage is higher than the other two procedures [82, 83].

8. Noninvasive prenatal testing (NIPT)

In the mid-1950s, the presence of fetal cells was demonstrated in the maternal circulation [87] 

and in 1997 also the existence of cell-free fetal DNA, which became a feasible target for a non-

invasive prenatal testing [88, 89]. Fetal DNA from maternal plasma is the result of fragmented 
syncytiotrophoblast cells undergoing apoptosis. NIPT allows for an earlier aneuploidy detec-

tion from as early as 4 weeks’ gestation [90] but is usually recommended after nine gestational 
weeks, in order to obtain a sufficient fetal fraction of cell-free DNA.

This Revolutionary method, with a first clinical application in determining fetal sexing, 
significantly reduced the gap between the performance of conventional screening and 
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diagnostic testing [88, 91], because of the high sensitivity and specificity, especially for 
DS. Recently, a meta-analysis of 1963 cases of trisomy 21 and 223,932 non-trisomy 21 sin-

gleton pregnancies showed a weighted pooled detection rate of 99.7% for a false-positive 
rate of 0.04% [92].

NIPT is nowadays offered in conjunction with another method of screening for fetal aneu-

ploidy rather than as a replacement. Some are concerned about losing the clinical value of 
the first-trimester screening, as during the last decades, this evaluation became an important 
pregnancy evaluation, aimed to detect the high-risk pregnancies not only for genetic abnor-

malities but also for structural malformations and other pregnancy severe complications. The 
main advantages of NIPT include the safety of the procedure, with no risk of miscarriage, the 
early timing, and the ease of testing, which is not “surgical,” “stressful,” or “painful,” as inva-

sive procedures may be. Among disadvantages, we should keep in in the costs and potential 
ethical issues, as the NIPT use for gender determination or the diagnosis of some conditions 
with variable prognosis [93, 94]. It is important to understand that NIPT is not a diagnostic 
test, and therefore, a positive NIPT result requires an invasive test to confirm the findings, 
as recommended by professional societies. Many chromosomally mosaic placentas are not 
detected by NIPT, and abnormal chromosome complements in maternal-derived cfDNA may 
be detected from apoptosis of maternal tumor cells [95].

Author details

Iliescu Dominic-Gabriel and Drăgușin Roxana-Cristina*

*Address all correspondence to: roxy_dimieru@yahoo.com

Department of Obstetrics and Gynaecology, University of Medicine and Pharmacy of Craiova, 

Romania

References

[1] Patterson D. Molecular genetic analysis of Down syndrome. Human Genetics. Jul 2009; 
126(1):195-214 PMID 19526251

[2] Weijerman ME, de Winter JP. Clinical practice. The care of children with Down syn-

drome. European Journal of Pediatrics. Dec 2010;169(12):1445, 52 PMC 2962780 Freely 
accessible. PMID 20632187

[3] American Congress of Obstetricians and Gynecologists (ACOG). (2007, May 7). ACOG’s 
screening guidelines on chromosomal abnormalities. Retrieved 11-06-2012, from http://
www.acog.org/About_ACOG/News_Room/News_Releases/2007/ACOGs_Screening_ 

Guidelines_on_Chromosomal_Abnormalities

[4] Mansfield C, Hopfer S, Marteau TM. Termination rates after prenatal diagnosis of Down 
syndrome, spina bifida, anencephaly, and Turner and Klinefelter syndromes: A systematic  

Prenatal Diagnosis of Down Syndrome
http://dx.doi.org/10.5772/intechopen.71064

85



literature review. European Concerted Action: DADA (Decision-making After the 
Diagnosis of a fetal Abnormality). Prenatal Diagnosis. Sep 1999;19(9):808-812. PMID 
10521836. DOI: 10.1002/(sici)1097-0223(199909)19:9<808::aid-pd637>3.0.co;2-b

[5] Cameron A, Macara L, Brennand J, Milton P. Screening for chromosomal abnormalities. 
Fetal Medicine for the MRCOG and Beyond. 2002;1:1-12

[6] Morris JK, Mutton DE, Alberman E. Revised estimates of the maternal age specific live 
birth prevalence of Down’s syndrome. Journal of Medical Screening. 2002;9(1):2-6 PMID 
11943789

[7] Zournatzi V, Daniilidis A, Karidas C, Tantanasis T, Loufopoulos A, Tzafettas J. A pro-

spective two years study of first trimester screening for Down Syndrome. Hippokratia. 
2008;12(1):28-32

[8] Golbus MS, Loughman WD, Epstein CJ, Halbasch G, Stephens JD, Hall BD. Prenatal 
genetic diagnosis in 3000 amniocenteses. The New England Journal of Medicine. 1979; 
300:157-163

[9] Merkatz IR, Nitowsky HM, Macri JN, Johnson WE. An association between low mater-

nal serum alpha-fetoprotein and fetal chromosomal abnormalities. American Journal of 
Obstetrics and Gynecology. 1984;148:886-894

[10] Benacerraf BR, Gelman R, Frigoletto FD Jr. Sonographic identification of second-tri-
mester fetuses with Down’s syndrome. The New England Journal of Medicine. 1987; 
317:1371-1376

[11] Ginsberg N, Cadkin A, Pergament E, Verlinsky Y. Ultrasonographic detection of the sec-

ond-trimester fetus with trisomy 18 and trisomy 21. American Journal of Obstetrics and 
Gynecology. 1990;163:1186-1190

[12] Cheng EY, Luthy DA, Zebelman AM, Williams MA, Lieppman RE, Hickok DE. A 
prospective evaluation of a second-trimester screening test for fetal Down syndrome 
using maternal serum alpha-fetoprotein, hCG, and unconjugated estriol. Obstetrics and 
Gynecology. 1993;81(1):72-77

[13] Watt HC, Wald NJ, George L. Maternal serum inhibin-A levels in twin pregnancies: 
Implications for screening for Down’s syndrome. Prenatal Diagnosis. 1996;16:927-929

[14] Malone FD, Canick JA, Ball RH, Nyberg DA, Comstock CH, Bukowski R, Berkowitz 
RL, Gross SJ, Dugoff L, Craigo SD, Timor-Tritsch IE, Carr SR, Wolfe HM, Dukes K, 
Bianchi DW, Rudnicka AR, Hackshaw AK, Lambert-Messerlian G, Wald NJ, D’Alton 
ME, First- and Second-Trimester Evaluation of Risk (FASTER) Research Consortium. 
First-trimester or second-trimester screening, or both, for Down’s syndrome. The New 
England Journal of Medicine. 2005;353:2001-2011

[15] Sheldon TA, Simpson J. Appraisal of a new scheme for prenatal screening for Down’s 
syndrome. BMJ. 1991;302:1133-1136

[16] Nicolaides KH. Nuchal translucency and other first-trimester sonographic markers of 
chromosomal abnormalities. American Journal of Obstetrics and Gynecology. 2004; 
191:45-67

Advances in Research on Down Syndrome86



[17] Smith M, Visootsak J. Noninvasive screening tools for Down syndrome: A review. 
International Journal of Women’s Health. 2013;5:125-131. DOI: 10.2147/IJWH.S31183

[18] Nicolaides KH. A model for a new pyramid of prenatal care based on the 11 to 13 weeks’ 
assessment. Prenatal Diagnosis. 2011 Jan;31(1):3-6

[19] Devore GR. Genetic sonography: The historical and clinical role of fetal echocardiogra-

phy. Ultrasound in Obstetrics & Gynecology. 2010 May;35(5):509-521

[20] CL Anderson, Brown CEL. Fetal chromosomal abnormalities: Antenatal screening and 
diagnosis. American Family Physician. 2009 Jan 15;79(2):117-123

[21] EJ Hayes & S Weiner, Universal Down syndrome testing… are we ready?, Journal Expert 
Review of Obstetrics & Gynecology, Volume 2, 2007 - Issue 3, Editorial, Pages 255-257

[22] ACOG Committee on Practice Bulletins. ACOG practice bulletin: Screening for fetal 
chromosomal abnormalities. Obstetrics and Gynecology. 2007;109(1):217-227

[23] Wald NJ, Rodec C, Hackshaw AK, Walters J, Chitty L, Mackinson AM. First and second 
trimester antenatal screening for Down’s syndrome: The results of the Serum, Urine and 
Ultrasound Screening Study (SURUSS). Journal of Medical Screening. 2003;10(2):56-104

[24] National Collaborating Centre for Women’s and Children’s health. Antenatal Care: 
Routine Care for the Healthy Pregnant Woman

[25] Comstock C, Malone FD, Ball RH, et al. Is there a nuchal translucency millimeter mea-

surement above which there is no added benefit from first trimester screening? American 
Journal of Obstetrics and Gynecology. 2006;195(3):843-847

[26] Petrovic I, Marina D, Juan CK. The role of pregnancy associated plasma protein-A 
(PAPP-A) in the identification of coronary artery disease activity. Acta Facultatis Medicae 
Naissenis. 2007;24(4):183-188

[27] Peterson SE, Simhan HN. First-trimester pregnancy-associated plasma protein A and sub-

sequent abnormalities of fetal growth. American Journal of Obstetrics and Gynecology. 
2008;198(5):43-45

[28] Bogart MH, Pandian MR, Jones OW. Abnormal maternal serum chorionic gonadotro-

pin levels in pregnancies with fetal chromosome abnormalities. Prenatal Diagnosis. 
1987;7:623-630

[29] Smith GC, Shah I, Crossley JA, Aitken DA, Pell JP, Nelson SM, Cameron AD, Connor MJ, 
Dobbie R. Pregnancy-associated plasma protein A and alpha-fetoprotein and prediction 
of adverse perinatal outcome. Obstetrics and Gynecology. 2006 Jan;107(1):161-166

[30] Shiefa S, Amargandhi M, Bhupendra J, Moulali S, Kristine T. First trimester mater-

nal serum screening using biochemical markers papp-a and free β-hcg for down syn-

drome, patau syndrome and edward syndrome. Indian Journal of Clinical Biochemistry. 
2013;28(1):3-12

[31] Wapner R, Thom E, Simpson JL, et al. First-trimester screening for trisomies 21 and 18. 
The New England Journal of Medicine. 2003;349(15):1405-1413

Prenatal Diagnosis of Down Syndrome
http://dx.doi.org/10.5772/intechopen.71064

87



[32] Kagan KO, Wright D, Baker A, Sahota D, Nicolaides KH. Screening for trisomy 21 by 
maternal age, fetal nuchal translucency thickness, free beta-human chorionic gonad-

otropin and pregnancy-associated plasma protein-A. Ultrasound in Obstetrics & 

Gynecology. 2008;31:618-624

[33] Borrell A, Casals E, Fortuny A, Farre MT, Gonce A, Sanchez A, et al. First-trimester 
screening for trisomy 21 combining biochemistry and ultrasound at individually opti-
mal gestational ages: An interventional study. Prenatal Diagnosis. 2004;24:541-545

[34] Yeo L, Vintzileos AM. The use of genetic sonography to reduce the need for amniocentesis 
in women at high-risk for Down syndrome. Seminars in Perinatology. 2003;27(2):152-159

[35] Nicolaides KH, Snijders RJ, Gosden CM, Berry C, Campbell S. Ultrasonographically 
detectable markers of fetal chromosomal abnormalities. Lancet. 1992;340(8821):704-707

[36] Vintzileos AM, Campbell WA, Rodis JF, Guzman ER, Smulian JC, Knuppel RA. The use 
of second-trimester genetic sonogram in guiding clinical management of patients at 
increased risk for fetal trisomy 21. Obstetrics and Gynecology. 1996 Jun;87(6):948-952

[37] Wald NJ, Watt HC, Hackshaw AK. Integrated screening for Down’s syndrome based 
on tests performed during the first and second trimesters. The New England Journal of 
Medicine. 1999;341(7):461-467

[38] Cuckle H, Benn P, Wright D. Down syndrome screening in the first and/or second tri-
mester: Model predicted performance using meta-analysis parameters. Seminars in 
Perinatology. 2005;29:252-257

[39] Achiron R, Tadmor O. Screening for fetal anomalies during the first trimester of preg-

nancy: Transvaginal versus transabdominal sonography. Ultrasound Obstet Gynecol. 
1991 May 1;1(3):186-191

[40] Salomon LJ, Alfirevic Z, Bilardo CM, Chalouhi GE, Ghi T, Kagan KO, Lau TK, 
Papageorghiou AT, Raine-Fenning NJ, Stirnemann J, Suresh S, Tabor A, Timor-Tritsch 
IE, Toi A, Yeo G. ISUOG Practice Guidelines: Performance of first-trimester fetal ultra-

sound scan. Ultrasound in Obstetrics & Gynecology. 2013;41:102-113

[41] Crowley P. Interventions for preventing or improving the outcome of delivery at or 
beyond term. Cochrane Database of Systematic Reviews. 2000;2:CD000170

[42] Salomon LJ, Bernard M, Amarsy R, Bernard JP, Ville Y. The impact of crown–rump 
length measurement error on combined Down syndrome screening: A simulation study. 
Ultrasound in Obstetrics & Gynecology. 2009;33:506-511

[43] Sladkevicius P, Saltvedt S, Almström H, Kublickas M, Grunewald C, Valentin L. Ultrasound 
dating at 12-14 weeks of gestation. A prospective cross-validation of established dat-
ing formulae in in-vitro fertilized pregnancies. Ultrasound in Obstetrics & Gynecology. 
2005;26:504-511

[44] Shipp TD, Benacerraf BR. Second trimester ultrasound screening for chromosomal 
abnormalities. Prenatal Diagnosis. 2002;22(4):296-307

Advances in Research on Down Syndrome88



[45] Snijders RJ, Thom EA, Zachary JM, et al. First-trimester trisomy screening: Nuchal trans-
lucency measurement training and quality assurance to correct and unify technique. 
Ultrasound in Obstetrics & Gynecology. 2002;19(4):353-359

[46] Plasencia W, Dagklis T, Sotiriadis A, Borenstein M, Nicolaides KH. Frontomaxillary facial 
angle at 11 +0 to 13+ 6 weeks’ gestation reproducibility of measurements. Ultrasound in 
Obstetrics & Gynecology. 2007;29:18-21

[47] Moratalla J, Pintoffl K, Minekawa R, et al. Semi-automated system for the measurement of 
nuchal translucency thickness. Ultrasound in Obstetrics & Gynecology. 2010;36:412-416

[48] Wright D, Kagan KO, Molina FS, Gazzoni A, Nicolaides KH. A mixture model of nuchal 
translucency thickness in screening for chromosomal defects. Ultrasound in Obstetrics 
& Gynecology. 2008;31:376-383

[49] Sonek J. First trimester ultrasonography in screening and detection of fetal anoma-
lies. American Journal of Medical Genetics. Part C, Seminars in Medical Genetics. 
2007;145C:45-61

[50] Nicolaides KH, Spencer K, Avgidou K, Faiola S, Falcon O. Multicenter study of first 
trimester screening for trisomy 21 in 75 821 pregnancies: Results and estimation of 
the potential impact of individual risk-orientated two-stage first-trimester screening. 
Ultrasound in Obstetrics & Gynecology. 2005;25:221-226

[51] Westin M, Saltvedt S, Almström H, Grunewald C, Valentin L. By how much does 
increased nuchal translucency increase the risk of adverse pregnancy outcome in chro-
mosomally normal fetuses? A study of 16,260 fetuses derived from an unselected preg-
nant population. Ultrasound in Obstetrics & Gynecology. 2007 Feb;29(2):150-158

[52] Down L. Observations on an ethnic classification of idiots. Clinical Lecture Report. 
London Hospital; 1866;3:259-262

[53] Viora E, Masturzo B, Errante G, Sciarrone A, Bastonero S, Campogrande M. Ultrasound 
evaluation of fetal nasal bone at 11 to 14 weeks in a consecutive series of 1906 fetuses. 
Prenatal Diagnosis. 2003a;23:784-787

[54] Wong SF, Choi H, Ho LC. Nasal bone hypoplasia: Is it a common finding amongst chro-
mosomally normal fetuses of southern Chinese women? Gynecologic and Obstetric 
Investigation. 2003;56:99-101

[55] Cicero S, Rembouskos G, Vandecruys H, Hogg M, Nicolaides KH. Likelihood ratio or 
Trisomy 21 in fetuses with absent nasal bone at the 11-14 weeks scan. Ultrasound in 
Obstetrics & Gynecology. 2004b;23:218-223

[56] Faiola S, Tsoi E, Huggon IC, Allan LD, Nicolaides KH. Likelihood ratio for trisomy 21 in 
fetuses with tricuspid regurgitation at the 11 to 13þ6 week scan. Ultrasound in Obstetrics 
& Gynecology. 2005;26:22-27

[57] Kiserud T, Eik-Nes SH, Blaas HG, Hellevik LR, Simensen B. Ductus venosus blood veloc-
ity and the umbilical circulation in the seriously growth-retarded fetus. Ultrasound in 
Obstetrics & Gynecology. 1994;4:109-114

Prenatal Diagnosis of Down Syndrome
http://dx.doi.org/10.5772/intechopen.71064

89



[58] Zoppi MA, Ibba RM, Axinan C, Floris M, Manca F, Monni G. Absence of fetal nasal bone 
and aneuploidies at first trimester nuchal translucency screening in unselected pregnan-
cies. Prenatal Diagnosis. 2003;23:496-500

[59] Hyett JA, Noble PL, Snijders RJ, Montenegro N, Nicolaides KH. Fetal heart rate in tri-
somy 21 and other chromosomal abnormalities at 10-14 weeks of gestation. Ultrasound 
in Obstetrics & Gynecology. 1996 Apr;7(4):239-244

[60] Souka AP, Pilalis A, Kavalakis I, Antsaklis P, Papantoniou N, Mesogitis S, Antsaklis 
A. Screening for major structural abnormalities at the 11- to 14-week ultrasound scan. 
American Journal of Obstetrics and Gynecology. 2006;194:393-396

[61] Snijders RJM, Farrias M, von Kaisenberg C, Nicolaides KH. 1996. Fetal abnormalities. 
In: Snijders RJM, Nicolaides KH, editors. Ultrasound Markers for Fetal Chromosomal 
Defects. Carnforth, UK: Parthenon Publishing. pp. 1-62

[62] Johnson SP, Sebire NJ, Snijders RJM, Tunkel S, Nicolaides KH. Ultrasound screening 
for anencephaly at 10-14 weeks of gestation. Ultrasound in Obstetrics & Gynecology. 
1997;9:14-16

[63] Sepulveda W, Sebire NJ, Souka A, Snijders RJM, Nicolaides KH. Diagnosis of Meckel-
Gruber syndrome at eleven to fourteen weeks’ gestation. American Journal of Obstetrics 
and Gynecology. 1997;176:316-319

[64] Lin Y, Chang F, Liu C. Antenatal detection of hydranencephaly at 12 weeks menstrual 
age. Journal of Clinical Ultrasound. 1992;20:62-64

[65] Tudorache S, Iliescu DG, Turcu A, Florea M, Dragusin R, Novac L, Nicolae C, Cernea 
D. First trimester anomaly scan-the last redoubt won: Open spina bifida. Donald School 
Journal of Ultrasound in Obstetrics and Gynecology. 2015;9(1):80-90

[66] Guzman ER. Early prenatal diagnosis of gastroschisis with transvaginal sonography. 
American Journal of Obstetrics and Gynecology. 1990;162:1253-1254

[67] Kagan KO, Gazzoni A, Sepulveda-Gonzalez G, Sotiriadis A, Nicolaides KH. Discordance 
in nuchal translucency thickness in the prediction of severe twin-to-twin transfusion 
syndrome. Ultrasound in Obstetrics & Gynecology. 2007;29:527-532

[68] Vandecruys H, Faiola S, Auer M, Sebire N, Nicolaides KH. Screening for trisomy 21 in 
monochorionic twins by measurement of fetal nuchal translucency thickness. Ultrasound 
in Obstetrics & Gynecology. 2005;25:551-553

[69] Salomon LJ, Alfirevic Z, Berghella V, Bilardo C, Hernandez-Andrade E, Johnsen SL, 
Kalache K, Leung K-Y, Malinger G, Munoz H, Prefumo F, Toi A, Lee W, on behalf of 
the ISUOG Clinical Standards Committee. Practice guidelines for performance of the 
routine mid-trimester fetal ultrasound scan. Ultrasound in Obstetrics & Gynecology. 
2011;37:116-126

[70] Dagklis T, Plasencia W, Maiz N, Duarte L, Nicolaides KH. Choroid plexus cyst, intra-
cardiac echogenic focus, hyperechogenic bowel and hydronephrosis in screening 
for trisomy 21 at 11 + 0 to 13 + 6 weeks. Ultrasound in Obstetrics & Gynecology. 2008 
Feb;31(2):132-135

Advances in Research on Down Syndrome90



[71] Locatelli A, Piccoli MG, Vergani P, et al. Critical appraisal of the use of nuchal fold 
thickness measurements for the prediction of Down syndrome. American Journal of 
Obstetrics and Gynecology. 2000;182(1 Pt 1):192-197

[72] Wyldes M, Watkinson M. Isolated mild fetal ventriculomegaly. Archives of Disease in 
Childhood. Fetal and Neonatal Edition. 2004;89(1):F9-F13

[73] Cicero S, Sonek JD, Mckenna DS, et al. Nasal bone hypoplasia in trisomy 21 at 15-22 
weeks’ gestation. Ultrasound in Obstetrics & Gynecology. 2003;21(1):15-18. DOI: 
10.1002/uog.19

[74] Kumar S. Handbook of Fetal Medicine. Cambridge University Press; 2010 ISBN: 
0521675367

[75] Norton KI, Rai B, Desai H, et al. Prevalence of choroid plexus cysts in term and near-
term infants with congenital heart disease. AJR. American Journal of Roentgenology. 
2011;196(3):W326-W329

[76] Lopez JA, Reich D. Choroid plexus cysts. Journal of American Board of Family Medicine. 
2006;19(4):422-425

[77] Anderson N, Jyoti R. Relationship of isolated fetal intracardiac echogenic focus to tri-
somy 21 at the mid-trimester sonogram in women younger than 35 years. Ultrasound in 
Obstetrics & Gynecology: The Official Journal of the International Society of Ultrasound 
in Obstetrics and Gynecology. 2003;21(4):354-358

[78] Bahado-Singh R, Morotti R, Copel JA, et al. Hyperechoic fetal bowel: The perinatal con-
sequences. Prenatal Diagnosis. 1995;14(10):981-987

[79] DeVore GR. Trisomy 21: 91% detection rate using second trimester ultrasound markers. 
Ultrasound in Obstetrics & Gynecology. 2010;16:133-141

[80] Paladini D, Tartaglione A, Agangi A, Teodoro A, Forleo F, Borghese A, Martinelli P. The 
association between congenital heart disease and Down syndrome in prenatal life. 
Ultrasound in Obstetrics & Gynecology. 2000;15:104-108

[81] Cleves MA, Hobbs CA, Cleves PA, Tilford JM, Bird TM, Robbins JM. Congenital defects 
among liveborn infants with Down syndrome. Birth Defects Research. Part A, Clinical 
and Molecular Teratology. 2007 Sep;79(9):657-663

[82] Cunningham FG, Leveno KL, Bloom SL, Hauth JC, Gilstrap LC III, Wenstrom 
KD. Williams Obstetrics. 22nd ed. New York, NY: McGraw-Hill; 2005. p. 328-330

[83] Jenkins TM, Wapner RJ. Prenatal diagnosis of congenital disorders. In: Creasy RK, Resnik 
R, editors. Maternal-Fetal Medicine: Principles and Practice. 5th ed. W. B. Saunders: 
Philadelphia, PA; 2004. p. 263-269

[84] Alfirevic Z, Sundberg K, Brigham S. Amniocentesis and chorionic villus sampling for 
prenatal diagnosis. Cochrane Database of Systematic Reviews. 2003;3:CD003252

[85] Rhoads GG, Jackson LG, Schlesselman SE, et al. The safety and efficacy of chorionic 
villus sampling for early prenatal diagnosis of cytogenetic abnormalities. The New 
England Journal of Medicine. 1989;320(10):609-617

Prenatal Diagnosis of Down Syndrome
http://dx.doi.org/10.5772/intechopen.71064

91



[86] Tabor A, Philip J, Madsen M, Bang J, Obel EB, Nørgaard-Pedersen B. Randomised 
controlled trial of genetic amniocentesis in 4606 low-risk women. Lancet. 1986; 
1(8493):1287-1293

[87] Wright CF, Burton H. The use of cell-free fetal nucleic acids in maternal blood for non-
invasive prenatal diagnosis. Human Reproduction Update. 2009;15:139-151

[88] Lo Y, Corbetta N, Chamberlain PF, et al. Presence of fetal DNA in maternal plasma and 
serum. Lancet. 1997;350:485-487

[89] Benn P. Non-invasive prenatal testing using cell free DNA in maternal plasma: Recent 
developments and future prospects. Journal of Clinical Medicine. 2014;3(2):537-565

[90] Webb A, Madgett T, Miran T, Sillence K, Kaushik N, Kiernan M, Avent N. Non inva-

sive prenatal diagnosis of aneuploidy: Next generation sequencing or fetal DNA enrich-

ment? Balkan Journal of Medical Genetics: BJMG. 2012 Dec;15(Suppl):17-26

[91] Tounta G, Kolialexi A, Papantoniou N, Tsangaris GT, Kanavakis E, Mavrou A. Non-
invasive prenatal diagnosis using cell-free fetal nucleic acids in maternal plasma: 
Progress overview beyond predictive and personalized diagnosis. The EPMA Journal. 
2011;2(2):163-171

[92] Gil MM, Accurti V, Santacruz B, Plana MN, Nicolaides KH. Analysis of cell-free DNA 
in maternal blood in screening for aneuploidies: Updated meta-analysis. Ultrasound in 
Obstetrics & Gynecology. 2017;50:302-314

[93] Suskin E, Hercher L, Aaron KE, Bajaj K. The integration of noninvasive prenatal screen-

ing into the existing prenatal paradigm: A survey of current genetic counseling practice. 
Journal of Genetic Counseling. 2016 Oct;25(5):1032-1043

[94] Lewis C, Hill M, Skirton H, Chitty LS. Non-invasive prenatal diagnosis for fetal sex 
determination: Benefits and disadvantages from the service users’ perspective. European 
Journal of Human Genetics. 2012;20(11):1127-1133

[95] Lebo RV, Novak RW, Wolfe K, Michelson M, Robinson H, Mancuso MS. Discordant cir-

culating fetal DNA and subsequent cytogenetics reveal false negative, placental mosaic, 
and fetal mosaic cfDNA genotypes. Journal of Translational Medicine. 2015;13:260

Advances in Research on Down Syndrome92


