
Introduction
Chromosomal abnormalities (СА) are one of the leading 
causes of perinatal, infant, and child mortality. Among 
all prenatally identified СА, the most common is trisomy 
21 (T21) (1, 2). According to audit data in the Russian 
Federation (RF), the prenatal detection rate of fetuses with 
Down syndrome does not exceed 80%-85%.

Researchers all over the world have high hopes for non-
invasive prenatal screening (NIPS), designed to identify 
pregnant women at high risk for the presence of CA in 
the fetus (3,4). The term “NIPS” refers to the isolation of 
fragments of maternal and placental DNA (traditionally 
called “fetal” DNA) from maternal plasma to identify 
major fetal aneuploidies. In some countries, NIPS has 
been used since 2011 (2,5), in RF - since 2013 (6).

Certainly, the most effective method for prenatal 
detection of T21 is cytogenetic karyotyping or 
chromosomal microarray analysis of biological materials 
obtained during an invasive procedure. However, given 
a certain level of possible complications (including 
spontaneous abortion), referral of pregnant women to 
invasive procedures should be carried out only through 

the reasonable formation of high-risk groups of CA in the 
fetus (7). 

In some works illustrating the value of NIPS, it is noted 
that today the main drawback of this research method is 
its high cost and the lack of its compensation by insurance 
companies (6,8). NIPS has some advantages over 
conventional first-trimester screening (the possibility of its 
use at an earlier stage, higher sensitivity, and specificity). 
Nevertheless, at the same time, a number of authors note 
that the commercialized and actively promoted into 
practice technology has significantly outstripped the 
necessary scientific research confirming its effectiveness 
(9). Therefore, we consider it appropriate to carry out 
a scientific analysis of the effectiveness of NIPS at the 
population level.

This study aims to evaluate the effectiveness of NIPS for 
identifying pregnant women at high risk of giving birth to 
a child with Down syndrome (T21). 

Materials and Methods
Setting 
The retrospective cohort study was conducted based 
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on the Department of Obstetrics and Gynecology, 
Transfusiology of the Ural State Medical University 
(Ekaterinburg, RF) and the “Genomed” Medical Genetic 
Center (Moscow, RF). The study included 25 798 women 
who underwent the procedure of NIPS in RF in the period 
from January 2013 to December 2018. The blood plasma of 
a pregnant woman taken from a vein was used to conduct 
non-invasive prenatal tests. The blood was collected in 
special tubes (Streck, USA) with an extracellular DNA 
stabilizer. The clinical material was delivered to the 
laboratory in compliance with the transportation rules. 
Extracellular DNA can originate from cells (extravillous 
trophoblast) and trophoblastic microvesicles/exosomes, 
which are actively released into the maternal space, a 
significant portion originating from the remnants of 
syncytiotrophoblasts as a result of apoptosis and the 
release of multicellular fragments (10). 

In the NIPT-1 targeted test, fetal extracellular DNA is 
isolated using the single nucleotide polymorphism (SNP) 
sequencing method and a proprietary algorithm from 
Natera. The patient’s blood was taken at the “Genomed” 
center, the official distributor of Natera in Russia.

When carrying out the whole genome test NIPT-2 in 
the laboratory, blood was centrifuged to obtain plasma. 
Special kits were used to isolate extracellular DNA, 
performed amplification , followed by sequencing. As a 
result of high-throughput sequencing (next-generation 
sequencing, NGS) of extracellular DNA, about 5-10 
million fragments were obtained. Each fragment was 
analyzed for belonging to a particular chromosome using 
bioinformatics analysis. The number of extracellular DNA 
fragments was determined. In the case of fetal trisomy 
21, an increase in the total number of fragments of this 
chromosome is observed in comparison with the norm. 

Participants 
The average age of the women was 33.57 (29; 38) years. 
21 042 and 4756 participants underwent tests from the 
Natera laboratory, USA (non-invasive prenatal test 1, 
NIPT-1) and the Genomed laboratory, Russia (non-
invasive prenatal test 2, NIPT-2), respectively.

Inclusion criteria for the study: singleton, clinically 
confirmed pregnancy more than 9 weeks old when using 
the NIPT-1 test and more than 10 weeks when using the 
NIPT-2 test, informed consent of the patient for the study 
and for conducting the test. Exclusion criteria: multiple 
pregnancies (including those with spontaneous reduction 
of one of the fetuses), cancer in the mother, the presence of 
karyotype abnormalities in one of the parents, pregnancy 

resulting from IVF using a donor egg, surrogacy. The 
exclusion criterion from the study was the refusal to 
perform the test before the result was obtained.

Variables 
Determination of the presence or absence of trisomy 21 in 
the fetus was carried out using invasive prenatal diagnostics 
and prenatal karyotyping (in high-risk patients). Patients 
of the low-risk group underwent examination of the child 
after birth; in the presence of phenotypic signs of Down’s 
syndrome, a cytogenetic study was carried out. The 
results of the examination and the cytogenetic study were 
compared with the results of the NIPS.

Data Sources/Measurement 
Data collection was carried out using a medical electronic 
system and by analyzing the patient’s medical records.

Bias 
To avoid reporting bias, we report both positive and 
negative results in our study. The results were compared 
with similar studies conducted in other countries. Authors 
did not receive funding from laboratories where NIPTs 
were performed

Sample Size 
The sample size was not pre-calculated and was 
determined by the planned study time.

Quantitative Variables 
To examine if the a variable is normally we conducted 
Shapiro-Wilk test. The median and interquartile ranges 
(Me (Q1, Q3)) are indicated to assess quantitative 
indicators. 

Data Analysis
Mathematical data processing was carried out using the 
Microsoft Excel 7.0 and Statistica 10.0 software. Qualitative 
indicators are presented in absolute and relative values   
(%). The analysis of qualitative signs (the number of high-
risk T21 in the fetus in different groups) was carried out 
using contingency tables using the χ2 test. The Mann-
Whitney test was used to assess the statistical significance 
of differences between patient groups. Differences were 
considered statistically significant at P < 0.05. Sensitivity, 
specificity, positive and negative predictive values were 
determined based on the number of true-positive, 
false-positive, true-negative, and false-negative results. 
The likelihood ratio was calculated to indicate the 95% 
confidence interval (CI).

Results
All pregnant women included in the study lived in the 
RF and were Slavic. The largest number of participants 
decided on the need for NIPS in the period of conventional 
first-trimester screening - 11-14 weeks of gestation. This 

 ► The present study demonstrates the effectiveness of non-
invasive prenatal screening in identifying a high-risk group 
of trisomy 21 (Down syndrome) in the fetus.

Key Messages
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is probably because when receiving an unsatisfactory or 
questionable result of standard screening, the women were 
informed about the availability of an alternative method. 
However, some of the women underwent this procedure 
at many later stages of pregnancy, including in the third 
trimester. As a result, the average gestational age of the 
study group women was 14 weeks and 6 days (median - 13 
weeks and 4 days).

A high risk of T21 was detected in 544 cases (2.59%): 
402 cases were determined using the NIPT-1 test, 142 
using the NIPT-2 test. Comparison of patients with high 
and low risk of trisomy 21 in the fetus is presented in Table 
1. Statistically significant differences were obtained only 
for the age of the participants. According to their mass 
and height characteristics, the participants of both groups 
are clinically comparable.

The average gestational age at which a high risk of T21 
was identified was 14 weeks, and 83 (15.2%) participants 
with a high risk of T21 based on NIPT results underwent 
this screening up to 11 weeks.

Invasive prenatal diagnosis was recommended for all 
pregnant women with a high risk of T21 based on the 
NIPS results. A number of specialists believe that if the 
result of NIPS is obtained before 12 weeks and a high risk 
of T21 is identified, it would be possible to recommend 
the patient to terminate the pregnancy, which will be 
formalized as an artificial abortion at the request of the 
patient. However, we consider this approach unacceptable 
because, despite the fact that NIPS has high sensitivity 
and specificity (as we wrote about earlier) (6), it cannot be 
considered a diagnostic test and is just a screening study.

Among the participants with high T21 risk according 
to the NIPS results, in 4 (0.7%) cases, a missed abortion 
was diagnosed even before the NIPS result was obtained; 
a genetic study of the fetus was not carried out. There is no 
information about two women. Whether they underwent 
invasive prenatal diagnostics is unknown. In 3 cases, 
NIPS, which revealed a high risk of Down syndrome, was 
already performed in the third trimester of pregnancy. 
An invasive diagnosis was not performed, but after 
delivery, Down syndrome was confirmed clinically and by 
karyotyping in all three newborns. In 535 cases, invasive 
prenatal diagnosis was performed. In 7 (1.3%) cases, the 
presence of T21 in the fetus was not confirmed - a normal 

karyotype was determined. In 528 (97.3%) cases, trisomy 
21 was approved by fetal karyotyping.

Among participants who, according to the results of 
NIPS, revealed a low risk of T21 (N = 25 086), in 4 cases 
(0.015%), trisomy 21 was missed in the fetus. In two of 
them, morphological abnormalities (fetal malformations), 
markers of chromosomal abnormalities CA were revealed 
by ultrasound examination in the 18-21-week gestation 
period. Therefore, the women, despite the NIPS result, 
were referred for cordocentesis. Moreover, T21 was 
detected in the fetus in both cases, and the pregnancy was 
terminated. In two cases, children were born with verified 
Down syndrome.

In 17 026 cases, pregnancy ended in the birth of a child 
without clinical signs of Down syndrome. In 98 cases, 
antenatal fetal death occurred, in 7962 cases, there is no 
information on pregnancy outcomes (however, they did 
not report the birth of a child with Down syndrome). 
Thus, the number of false-negative results was 0.02%.

All false-positive and false-negative results were 
obtained with the NIPT-1 test, and with the NIPT-2, there 
were no reports of false-positive or false-negative results. 
At the same time, we consider it incorrect to compare the 
sensitivity and specificity of these tests since the Russian 
test NIPT-2 has been performed to date in a much smaller 
number of participants than the test NIPT-1. Therefore, 
we calculated the indicators of the effectiveness of NIPS 
in relation to the detection of trisomy 21 in total for both 
tests (Table 2). We calculated these indicators only among 
participants who underwent invasive prenatal diagnostics, 
and the karyotype of the fetus was determined, or the 
outcome of pregnancy is known (the birth of a healthy 
child or a child with a chromosomal pathology).

In 1181 (4.6%) participants, during the NIPS, the first 
analysis was ineffective due to a low level of fetal fraction 
(FF) of cell-free DNA, or the DNA quality control was 
not passed (Figure 1). The participants were re-analyzed 
after 7-14 days. The second time the result was obtained 
for 809 (80%) participants who agreed to repeat the 
study. Among the participants who received the result 
on the second attempt, a high risk of T21 was detected 
in 24 (3%), on the third attempt - in 6 (7.2%). Among all 
women with initially unsuccessful NIPS, the incidence of 
high-risk T21 was 2.54%. Still, if we do not consider the 
participants who refused to repeat the analysis at various 

Table 1. Comparison of Groups of Patients With Low and High Risk of 
Trisomy 21 in the Fetus

High Risk Women
Me (Q1; Q3)

High Risk Women
Me (Q1; Q3)

P Valuea

Age (y) 33.8 (29.9; 38) 37.3 (33; 40.6) <0.001

Heigh (cm) 164.5 (162; 170) 163.9 (162.2; 169) 0.345

Weight (kg) 63.4 (57.25-74.15) 63.8 (58.05; 73.95) 0.563

BMI (kg/cm2) 23.57 (21.06; 27,42) 23.41 (21.06; 27.42) 0.788

BMI, body mass index.
a Mann-Whitney test.

Table 2. Indicators of the Effectiveness of NIPS in Relation to the Detection 
of Trisomy 21

Index Value, % (95% CI)

Sensitivity 99.25 (98.1-99.8)

Specificity 99.96 (99.92-99.98)

Positive predictive value 98.7 (97.34-99.48)

Negative predictive value 99.98 (99.94-99.99)

CI, confidence interval.
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stages and did not receive the result, the final figure 
rises to 3.38%. Among 24 617 participants who received 
the result 1 time, 514 cases of high risk of T21 (2.09%) 
were identified. Statistically significant differences were 
obtained compared to participants in whom the analysis 
was twice ineffective (χ2 = 5.58, P = 0.02).

In retrospect, we compared the mean fetal fraction 
(proportion of fetal DNA among the total cell-free DNA) 
in the 1st and 2nd trimesters in participants with fetal T21 
and in participants who eventually gave birth to a healthy 
baby. The results are presented in Table 3 and Figure 2.

In the first trimester, in the presence of T21, the level 
of the fetal fraction was significantly lower when using 
both tests. In the second trimester, such a pattern was not 
obtained.

Discussion
In RF, NIPS is used most often as a second-tier test. 
According to the pregnancy management standard, in RF 
patients with a risk level of fetal CA (>1:100), calculated 
during the conventional first-trimester combined 
screening (ultrasound, PAPP-A, β-hCG), should be 
directed to invasive diagnostics. But in a significant part 
of cases, patients refuse this procedure, fearing possible 
complications, and are looking for alternative screening 
options, the main of which is NIPS. NIPS decreases 
unnecessary invasive procedures and enables people to 

know whether the fetus is affected and prepare without 
risking miscarriage (11–13). 

To date, it is unclear whether the complete replacement 
of the conventional first-trimester combined screening 
with NIPS will become cost-effective in RF (on the one 
hand, the number of newborns with Down syndrome 
may decrease, on the other hand, the cost of detecting 
1 additional case of trisomy 21 will increase) - further 
research is required. If we use the so-called contingent 
screening (that is, send only patients with a certain level 
of risk calculated during conventional first-trimester 
screening, or in the presence of certain risk factors). In 
that case, it is necessary with the help of further studies, 
including economic ones, to accurately determine a 
group of patients who require the second-tier study (1, 
13, 14). In many countries, such studies have already 
been carried out, for example, in China (13, 15), the 
United Kingdom (14), Australia (16), Turkey (17). The 
Netherlands launched a nationwide implementation study 
on non-invasive prenatal testing as a first-tier test offered 
to pregnant women (2). Most researchers agree that NIPS 
leads to very high costs despite its high effectiveness (17). 
Implementation of NIPS within a public sector Down 
syndrome screening program can improve quality of 
care, and contingent screening may be an appropriate 
strategy to balance the effectiveness and cost factors of 
the new technology (13, 14). At the same time, technology 
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Figure 1. The Study Flowchart.

Table 3. Average Level of Fetal Fraction

Test/Trimester of pregnancy
Fetal Fraction, % (Me (Q1; Q3)

P Valuea

T21+ T21-

NIPT-1/1st trimester 9.1 (6.6; 11.9) 9.65 (7.47; 12.1) 0.044

NIPT-1/2nd trimester 11.01 (8.03; 13.5) 10.3 (7.5; 12.8) 0.689

NIPT-2/1st trimester 7.71 (5.3; 10.2 8.95 (6.23; 11.7) 0.037

NIPT-2/2nd trimester 9.4 (6.4-12.31) 8.65 (6.33; 12.1) 0.311

T21+: participants with confirmed fetal trisomy 21;  T21-: participants without fetal trisomy 21; 1st trimester: 9-14 weeks of pregnancy; 2nd trimester: 14.1-22 
weeks of pregnancy.
a Mann-Whitney test.
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develops further, and the cost of sequencing falls (18). The 
introduction of NIPS would reduce the number of invasive 
diagnostic procedures and procedure-related fetal losses 
(16). Nevertheless, it can already be argued that NIPS is 
an effective tool for identifying high-risk pregnant women 
for the presence of fetal T21. Therefore, patients should 
be informed about this study and the advantages and 
limitations of the method (11). In case of revealing a high 
risk of CA based on the results of NIPS, invasive prenatal 
diagnostics must be carried out, which must be reported 
to the patients at the stage of pretest counseling. NIPS is a 
screening, not a diagnostic method (19, 20).

In some cases, during the first blood test, NIPS is 
ineffective. In the overwhelming majority of cases, NIPS 
is not effective due to the low level of the fetal fraction. It 
raises the question of harms related to increased uncertain 
and unknown results (21). One of the possible reasons 
for a decrease in the level of the fetal fraction may be the 
presence of CA in the fetus (22). According to our data, 
if the fetus has T21, the level of the fetal fraction in the 
1st trimester is lower than normal. However, in 80% of 
cases in our study, the reanalysis was successful, and the 
frequency of high-risk T21 was slightly higher than that 
among patients who received the first result. If retesting 
is not successful, then the chances of getting a result with 
retesting are reduced, and the risk of having trisomy 21 in 
the fetus increases. Therefore, we believe that in the event 
that NIPS was twice unsuccessful, the issue of invasive 
prenatal diagnosis should be resolved. Further research 
is required to assess the cost-effectiveness of NIPS. It is 
planned to study the assessment of the effectiveness of 
NIPS not only in relation to T21 but also in relation to 

other frequent and rare CA. 

Limitation 
The study was conducted on Slavic women, in women of 
a different race and nationality, the results may differ, the 
effectiveness of NIPS was assessed only in relation to T21.

Conclusion
NIPS has good prospects for implementation in pregnancy 
management programs in RF and for increasing the 
efficiency of prenatal detection of T21 due to its high 
sensitivity and specificity. The level of the fetal fraction is 
associated with the presence of trisomy 21 in the fetus: if 
it is present, the average level of the fetal fraction is lower. 
With repeated studies of NIPS, the likelihood of detecting 
T21 increases significantly. In the case of two ineffective 
NIPS studies, the following attempts are inappropriate, 
and the patient should be referred for invasive diagnostics.
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