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Course Notes

With the event of ultrasound and its intro-
duction into clinical practice, particularly in the 
field of Obstetrics, a window has opened towards 
fetal development and a new medical specialty, 
Fetal Medicine, has emerged. Its development 
over the past decades is generally superimposed 
over the technical progress in computer science, 
biochemistry and lately, genetics and it is shaped 
by the intervention of ethical, economical and 
social criteria as well as religious beliefs. 

Starting from the obvious desire to see how 
the fetus is developing, to tackle structural and 
anatomical abnormalities, to do it as early as 
possible, the next step was to access fetal infor-
mation that is beyond visual reach. Diagnosis 
of chromosomal anomalies and other genetic 
diseases, as well as fetal metabolic disorders, 
included sampling of fetal or placental tissues, 
an invasive manoeuvre that carries a risk to the 
course of pregnancy. Therefore, alternatives 
were needed to select those cases in which the 
necessity overweighs the potential risk. And the 
first question was: What should we search for? 
It had to be a pathology that is frequent enough 
and severe enough to worth investing enormous 
amounts of finances, human effort and time in 

order to detect it/them and it had to be curable or, 
at least preventable. The first to fill these criteria 
were aneuploidies, particularly trisomy 21. And 
fifty years after the first attempts to antenatally 
diagnose Down syndrome, we are still talking 
about the same issue. 

The history of prenatal screening for aneu-
ploidies starts in the ‘70s with maternal age over 
35 as the sole criteria for selecting a high-risk 
population of pregnant women. It continues over 
the next 30 years with the introduction into clin-
ical practice of the second trimester maternal 
biochemical markers (“triple” and “quad” tests), 
which doubled the detection rate of trisomy 21, 
from previously less than one third (1). Subse-
quently, the screening policies moved to the 
first trimester and included ultrasound markers 
in the form of the “combined test” which, until 
now represented the standard of care. The ultra-
sound markers are represented by the measure-
ment of nuchal translucency as a standard and 
optional measurement, according to local poli-
cies, of blood flow through the ductus venosus 
and across the fetal tricuspid valve and presence 
of the nasal bone, as established by Fetal Med-
icine Foundation protocols. The maternal bio-
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markers include fetal and placental derived pro-
teins: free beta human chorionic gonadotropin 
(hCG) and pregnancy-associated plasma protein 
A (PAPP-A).  Thus, screening performance has 
reached about 90% detection rate for trisomy 21 
(2) and 95% for trisomies 18 and 13 at the cost 
of a false positive rate of 5% (3, 4).  Continuous 
research had the aim to further increase detection 
rate, especially for Down syndrome, and reduce 
the false positive rate. This can be achieved by 
including into the assessment the entire panel of 
ultrasound markers and by adding new maternal 
biomarkers, such as serum placental growth fac-
tor (PLGF) and first trimester alpha fetoprotein 
(AFP) (5). This extended screening algorithm, 
according to authors, would increase the de-
tection rate of Down syndrome as high as 95% 
with a false positive rate of 2% or even better, by 
choosing a cut-off risk of 1:100. However, there 
is not sufficient clinical experience with this pro-
tocol because of a technological breakthrough, 
which brought to attention and into routine prac-
tice a completely new non-invasive test for fetal 
genetic disorders: cell-free fetal DNA in mater-
nal plasma.

The first observation was made in 1997 by 
Dennis Lo who discovered in the plasma of 
pregnant women fragments of fetal DNA, not 
attached to any cell structure (‘cell-free fetal 
DNA - cffDNA’), mixed with enormous amounts 
of maternal DNA (6). The term ‘fetal’ is not en-
tirely correct, as the main source of pregnancy 
derived DNA is the placenta. The proportion of 
fetal DNA compared to maternal DNA is called 
‘fetal fraction’ and it represents one of the main 
variables, which can influence the accuracy of 
this test. The size of the DNA fragments is small, 
around 150 base pairs, but covering the entire 
human genome. Their half-life is very short (7) 
and they are undetectable after birth, as this was 
one of the main difficulties during previous at-
tempts to use fetal DNA from intact fetal cells 
found in the maternal blood. The basis of the 

test is to separate maternal from fetal DNA, to 
sequence molecules of cffDNA from maternal 
plasma and compare them to the map of the hu-
man genome, which is known, in order to see 
from which chromosome they are derived from. 
As the size of each chromosome is also known 
and the proportion between them, the amount 
of DNA generated by each may be estimated. 
Variations in these proportions may suggest an 
alteration in the number of chromosomes. An 
increase in cffDNA strands derived from chro-
mosome 21 may be an indicative of trisomy 21, 
whereas a deficit in cffDNA fragments resulted 
from chromosome X may suggest monosomy X, 
for example. First clinical studies, performed on 
high-risk pregnancies showed that the analysis 
of cffDNA from maternal blood may be able to 
detect more than 99% of cases with trisomy 21 
at the cost of a false positive rate of less than 1% 
(8-10). The performance of the test is directly re-
lated to the fetal fraction. 

In maternal plasma cffDNA may be detect-
ed starting from 4 weeks of pregnancy and rises 
continuously. The fetal fraction reaches about 
4% in most cases at 10 weeks, which is consid-
ered a minimal requirement for the detection of 
a chromosomal numerical aberration (11). The 
fetal fraction is significantly lower in overweight 
mothers and is increased in cases with high lev-
els of free beta-hCG and PAPP-A. It is not sig-
nificantly related to maternal age, storage time, 
smoking status, nuchal translucency thickness, 
fetal crown-rump length, gender or karyotype 
(12). In his study Nicolaides KH et al. found 
that the fetal fraction declines from a mean of 
about 12% at a 60 kg maternal weight to as low 
as 6% at 120 kg. This inverse relationship may 
be attributed to a dilution effect and is similar to 
PAPP-A dynamics. On the other hand, there are 
suspicions that the fetal fraction may vary with 
other pregnancy complications, such as pre-
eclampsia and preterm birth and it may serve as 
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a marker for these pathologies, but so far, this is 
considered an overstatement. 

The clinical test is conventionally named 
Non Invasive Prenatal Testing (NIPT), with dif-
ferent commercial labels. The ambiguity of the 
name reflects exactly the lack of sufficient clin-
ical evidence to whether this test is a screening 
test or a diagnostic tool. So far it has been agreed 
that we are still dealing with a screening test, the 
best yet, and it is incorporated as such in differ-
ent protocols. 

Different companies developed different 
techniques to separate maternal from fetal DNA 
and to sequence the latter. Thus, three main types 
of NIPT analysis emerged.

1. Shotgun Massively Parallel Sequencing 
(S-MPS)

The approach relies on identifying and se-
quencing all plasmatic DNA fragments, both 
maternal and fetal. All informative regions are 
taken into account and because chromosome 21 
is small, representing about 1.5% of the human 
genome, the technique sequences many millions 
of DNA molecules from the entire genome in or-
der to ensure sufficient amount of chromosome 
21 for analysis. The cost of the method is high, 
but it has a high performance, with a low rate 
of non-informative results (2%) (13). Recently, 
there are publications about the possibility of 
detecting microdeletions, particularly the most 
common 22q (di George syndrome).

2. Targeted Massively Parallel 
Sequencing (t-MPS) or Chromosome-
Selective Sequence Analysis (CSS)

In order to reduce costs some companies 
have developed a technique that is selecting 
for sequencing only DNA fragments specific to 
chromosomes 21, 13, 18, X and Y. The disadvan-
tage of this method is that it requires higher fetal 

fractions in order to obtain a result and it fails to 
provide results in 2 – 4%.

3. Single Nucleotid Polymorphism (SNP) 
technique

The basis of this test relies on the DNA poly-
morphism, variations that are associated with 
individual traits. On the same chromosome, in 
the same locus, the fetus has different SNPs 
than the mother, which allows the distinction 
between the DNA fragments from maternal plas-
ma. Moreover, this technique does not require a 
witness sample. The same sample of maternal 
plasma, after separation, becomes the source of 
maternal DNA (buffy coat) and maternal and fe-
tal DNA (the superficial layer). Multiplex PCR 
is used to quantify around 20,000 polymorphic 
loci on chromosomes 21, 13, 18 and sex chro-
mosomes and the detected differences undergo 
complex mathematical calculations (14). The 
test is more sensitive to low fetal fractions and 
the rate of non-informative results is 3 – 5%. The 
SNP method may identify triploidy and establish 
zigosity in twin pregnancies. There are ongoing 
clinical trials for the detection of microdeletions/
microduplications. 

When comparing the results of clinical stud-
ies, it is necessary to stress out that initial data 
emerged from high-risk pregnancies. Unlike 
conventional, combined screening, where detec-
tion rates for trisomy 21 were generally lower 
than for trisomy 13 and 18, and karyotyping, 
where there is uniform diagnosis of aneuploi-
dies, NIPT provides far better prediction for 
Down syndrome, with a detection rate which 
varies from 98.6% (9) to 100% (15-17), for a 
false positive rate of 0.16%. For Edwards syn-
drome the overall detection rate is around 97%, 
with a false positive rate of 0.15% and for Patau 
syndrome it is the lowest, 92%, with 0.2% false 
positive rate (18).
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Subsequent studies in low risk population 
proved that NIPT is as effective in detecting 
anomalies of chromosomes 21, 13, 18, X and Y 
(19, 20).

Twin pregnancies 

The main technical difficulty in a twin preg-
nancy is that in the maternal blood there is a 
combination of DNA from the mother and two 
fetuses, dizygotic or monozygotic, which may 
involve two placentas or one placenta. If the 
pregnancy is dizygotic and one of the fetuses is 
trisomic, the excessive amount of a certain chro-
mosome may be masked, diluted, by the normal 
amount of the same chromosome from the other 
fetus. Moreover, each fetus can contribute with 
different amounts of cffDNA and the differences 
may be very important (21, 22). However, taking 
into account the lower fetal fraction of the two, 
Gil MM et al. found that results may be provided 
in about 93% of cases (23), which is unaccept-
ably low. 

Screening for aneuploidies in multiple preg-
nancies is an important issue. Firstly, because the 
number of multiple pregnancies has increased 
rapidly in the past decade due to the widespread 
of assisted reproductive technologies. Secondly, 
the mean maternal age in twin pregnancies is 
higher and, therefore, the rate of screen-positive 
results using combined screening is higher. If in-
vasive testing for karyotyping is considered, the 
risk of miscarriage is also higher. So far, NIPT 
studies in twin pregnancies enrolled a small 
number of cases, but the reasonable conclusion 
is that the first line of screening should be the 
conventional one: detailed 11 – 14 weeks ultra-
sound, maternal serum biomarkers and cffDNA 
as a contingent screening for intermediate/high-
risk pregnancies.

Introduction of NIPT into clinical 
practice

As previously stated, NIPT is the best screen-
ing tool for aneuploidies and it may be a log-
ical step to replace other screening techniques. 
According to Nicolaides et al. (24) if cffDNA 
was offered as a first line method of screening 
to all pregnancies, almost 99% of fetuses with 
trisomy 21 would be detected and 96% of those 
with trisomies 13 and 18, for an invasive testing 
rate of 1%. However, these results are based on 
a series of assumptions, especially related to the 
performance of the test in a low-risk population 
and to the failure rate. In fetuses with structural 
abnormalities or increased NT measurement it is 
not reasonable to limit genetic investigations to 
chromosomes 21, 13, 18, X, Y. But in order to 
detect these fetuses, a prior detailed ultrasound 
is required for all pregnancies. 

Therefore, the recommendations are to use 
cffDNA as a contingent testing based on the re-
sults of 11 – 14 weeks combined screening, thus 
retaining the advantages of early detection of fe-
tal structural abnormalities. In these conditions 
NIPT may be offered to structurally normal fe-
tuses with intermediate risk. Also, this strategy 
significantly reduces the screening costs.

Romanian reality and perspective

The underfinance and the lack of a general-
ly accepted and updated protocol for pregnan-
cy care, result in a chaotic screening process. 
However, there are encouraging results in urban 
population, but these are related mainly to the 
higher degree of education and better financial 
resources of the pregnant women and less to a 
consistent screening strategy. 

Personal experience in a Bucharest hospi-
tal and a private genetic laboratory indicate a 
very prompt positive reaction of the patients at 
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the clinical availability of NIPT. Even consider-
ing the increased cost, the demand for cffDNA 
testing in selected intermediate risk population 
versus invasive karyotyping was very high. Be-
tween January – June 2013 NIPT was performed 
in our laboratory for 52 singleton pregnancies. 
Between January – June 2014 the number of re-
quests increased to 104. This may be the result 
of better marketing as well as of a reduction in 
price. Both S-MPS and SNP technologies were 
used with an overall failure to obtain results from 
the first blood draw of about 3%. There were no 
false negative results so far.

Clinicians have already grasped the enor-
mous potential as a research area of NIPT and 
there are a number of original scientific articles, 
some remarkable through the innovative tech-
nologies used to differentiate maternal and fetal 
DNA (25). Even though the number of cases is 
small, a mixed team of obstetricians, geneticists 
and laboratory doctors from 3 major Romanian 
universities carried out this study and is the first 
of this kind in Romania.

Conclusions

Are we looking into the face of future? Prob-
ably so, but the technology still needs improve-
ment. Until the moment when it can replace 
karyotyping, either cytogenetic or molecular, it 
has to be able to provide at least the same in-
formation: chromosome number, for all chromo-
somes, chromosome structure, submicroscopic 
chromosomal anomalies, with a sensitivity as 
high as 100%. Also, the method has to be prov-
en effective in singleton, as well as in multiple 
pregnancies, in high-risk fetuses, in those with 
structural anomalies, as well as in low risk preg-
nancies. In addition, the cost needs to be low 
enough as to consider implementing NIPT as a 
test for all pregnancies, after the 11 – 14 weeks 
ultrasound.
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