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Abstract
Background

A fast adoption of a non–invasive prenatal testing (NIPT) in clinical practice is a global tendency last
years. The aim of the study - to assess e�ciency of using NIPT as a second-line �rst trimester screening
test in Moscow.

Methods

Based on the results of the �rst trimester combined prenatal screening 12700 pregnant women were
classi�ed as a high-risk (cut-off ≥1:100) and an intermediate-risk (cut-off 1:101 – 1:2500) groups
followed by whole genome NIPT. Women from high-risk group and those who had positive NIPT results
were considered for invasive prenatal diagnostic.

Results

258 (2,0%) samples with positive NIPT results were detected including 126 cases of trisomy 21 (T21), 40
cases of T18, 12 cases of T13, 41 cases of sex chromosome aneuploidies (SCAs) and 39 cases of rare
autosomal aneuploidies (RAAs) and signi�cant copy number variations (CNVs). Statistically signi�cant
associations (p<0.05) were revealed for fetal fraction (FF) and both for some patient’s (body mass index
and weight) and fetus’s characteristics (sex and high risk of aneuploidies). NIPT showed high sensitivity
and speci�city for common trisomies and SCAs with an overall false positive rate 0.3%.

Conclusions

NIPT demonstrated high sensitivity and speci�city. As a second-line screening test it has shown high
e�ciency in detecting fetus chromosomal anomalies as well as it could potentially lower the number of
invasive procedures in pregnant women.

Background
Infant mortality is a major medical and social problem, re�ecting the quality of the public health system
and the future of the country. The main unfavorable factors promoting to high infant mortality are low
socioeconomic status of the country, low quality and availability of medical care, severe maternal, fetal or
placental conditions, advanced maternity age [1]. The evolution of reproductive technologies over the last
few decades has contributed to an advanced maternal age, which is associated with an increased fetal
chromosomal anomaly rates and congenital diseases [2]. Among other reasons congenital diseases lead
to as much as 20% of all infant deaths [3]. 

To evaluate and prevent fetus congenital disease, including chromosomal abnormalities traditional �rst
trimester screening is performed. It includes blood screening combined with an ultrasound examination in
the �rst trimester of pregnancy. Fetus congenital disease can be well diagnosed by ultrasound
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examinations only at the 11th gestational week. Biochemical blood pregnancy marker risk assessment of
chromosomal fetus anomalies is based on human chorionic gonadotrophin (hCG), the free-β subunit of
hCG, and pregnancy-associated plasma protein (PAPP)-A blood tests. Though widely used biochemical
assessment with ultrasound is still an indirect evaluation of chromosomal anomalies and results in a
false positive rate of up to 5%, leading to increases number of invasive prenatal diagnostic (IPD)
procedures [4, 5].

To address these limitations, a new screening method, known as non-invasive prenatal testing (NIPT),
was introduced [6]. Method is based on massive parallel sequencing of cell-free DNA (cfDNA) fragments
derived from maternal plasma [7]. The sensitivity of NIPT for most common trisomies including trisomies
21 (T21), 18 (T18), and 13 (T13) is high and reaches up to 99, 96 and 91%, respectively [8] with false-
positive results rate as low as 0.08% compared to traditional prenatal screening [9]. 

There are several types of NIPT – tests targeted on chromosomes of interest (usually 21, 18 and 13) and
whole genome NIPT, that allows to assess all chromosomes and its anomalies. Whole genome NIPT can
be used to detect sex chromosome abnormalities and other anomalies, including RAAs and signi�cant
copy number variations (CNV), though accuracy of the test for these anomalies is a bit lower due to the
fact that RAAs are usually present as placental mosaicism or true fetal mosaicism. That could be
associated with adverse pregnancy outcomes such as early miscarriage, intrauterine growth restriction,
and in-utero fetal demise [10]. In nonmosaic form these chromosomal animalies usually lead to fetus
death [11].

The American College of Obstetricians and Gynecologists (ACOG) originally suggested the use of NIPT
for women previously determined to be in a high-risk group by traditional screening [12]. But it has been
shown that the sensitivity and speci�city of the test among all pregnant women are similar to those in the
high-risk population [13]. Therefore, current international guidelines recommend the use of NIPT for
prenatal screening during pregnancy for all women, regardless of the predetermined risk of fetal
anomalies [5, 13]. 

Until recently, in Russia NIPT was primarily a commercially available test used to supplement other
screening approaches. On March 13, 2020, NIPT was included as a standard method for prenatal
screening as part of a pilot project in Moscow [14]. The project was run by the Moscow City Healthcare
Department with the participation of 23 prenatal care hospitals and one genetic laboratory. Since the
beginning, work on national standards and clinical guidelines for NIPT has been ongoing. The aim of the
study was to assess e�ciency of using NIPT as a second-line �rst trimester screening test in Moscow.
Preliminary results were published before [15]. The project is �nished now, and its �rst results are
presented. 

Methods
Recruitment criteria
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Pregnant women at high-risk of fetus chromosomal anomalies (cut-off ≥1:100) after the traditional
prenatal screening were considered to undergo a genetic counseling, IPD and a blood sampling for NIPT
according the local regulation [14]. Blood test for NIPT was performed in the same day of the IPD (Fig.1). 

Pregnant women at group of risk 1:101-1:2500 were as well offered to perform NIPT. When receiving a
positive (high-risk) NIPT result, pregnant women were considered to undergo a genetic consulting and
IPD. 

Sample’s collection and blood preparation for sequencing

To perform NIPT 10.0 ml pregnant women peripheral blood samples were collected in STRECK (Cell-Free
DNA BCT CE) tubes before IPD. Plasma was separated within 8 h following a double-centrifugation
protocol. Tubes were stored temporarily (up to one week) at -20°C before further processing or stored at –
80°C for long-term storage. 

Sequencing

CfDNA isolation, sample library preparation, DNA sequencing were performed according to
manufacturer’s protocols. Each sample was sequenced using a BGISEQ-500 (China) platform.
Sequencing reads were trimmed and aligned to a universal unique read set incised from the human
reference genome (hg19, NCBI build 37). Combined GC-correction and z-score testing methods were used
to identify fetal autosomal aneuploidy. The quality control parameters were as follows: library
concentration was higher than 4 ng/μL; unique mapped reads number was higher than 6 ×106; GC
content was 38%–42%; and fetal DNA fraction was higher than 3.5%. The original BGI proprietary
software (HALOS NIFTY-2.3.2.1011) was used for bioinformatic data processing was performed the

NIPT results

The �nal report included risk assessment for T21, T18, T13 and SCAs. Whole genome results for RAAs
and clinically signi�cant CNVs were included in the report optionally for women who consented to receive
that information. 

Invasive prenatal diagnostics

Pregnant women from the high-risk group as well as women with fetal risk of chromosomal
abnormalities revealed by NIPT («positive» NIPT results) from the intermediate-risk group were advised to
undergo IPD by amniocentesis or chorionic villus sampling (CVS) with subsequent karyotyping and/or
array-based comparative genomic hybridization (aCGH). CVS or amniocentesis was performed under
sterile conditions and ultrasound guidance in specialized medical centers in Moscow.

Karyotype analysis

For karyotype analysis, 10–20 ml of amniotic �uid was obtained by amniocentesis. The amniotic �uid
cells with 4.5 ml medium (RPMI-1640, Paneco, Russia) were cultured in a 37°C incubator with 5% carbon
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dioxide. The cells were harvested at 10–12 days. After colchicine treatment for 2 hr, cells were digested
using 1:250 trypsin, and incubated with 0.075 M KCl for 30 min. Pre�xation, �xation, dropping, baking,
and G-band staining were performed next. A total of 100 dividing phases were counted using an all-
chromosome image analysis system based on the “An International System for Human Cytogenetic
Nomenclature, ISCN2016”.

aCGH

Agilent SurePrint G3 human aCGH array 8*60K chips were used for aCGH. DNA from amniotic �uid or
chorionic villus after IPD was extracted (New iGENatal Kit, igen biotech, Spain). Agilent CytoGenomics
(version 5.0) was used for data analyses. CNVs were classi�ed through Online Mendelian Inheritance in
Man (OMIM), Database of Genome Variants (DGV) and Decipher databases. Pathogenic, likely
pathogenic, variant of uncertain signi�cance (VUS), likely benign, and benign categories were used for
CNVs’ allocation. For VUS aCGH was further performed for parents to verify whether the CNVs were
inherited from parents with a normal phenotype. Inherited CNVs from parents with a normal phenotype
were considered as benign. 

Statistics

Statistical analysis was performed as described earlier [15]. The statistical software package Wizard 2
Version 2.0.4 (250) was used for data analyses.

Results
All in all, 12700 pregnant women blood samples were analyzed during the period from Apr.1, 2020 till Apr.
5, 2021 (Fig. 2). The average pregnant women age was 34.4 ± 4.3 years. 53.2% (6756/12700) of pregnant
women were in the advanced maternal age (35 and older). The average gestation period was 14 weeks
and 1 day ± 1 week and 3 days. 36.7% (4655/12700) of pregnant women had a body mass index (BMI)
above 25 kg/m2. The majority of pregnancies were spontaneous (96.1%, 12198/12700) and singleton
(98.5%, 12512/12700) (Table 1).
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Table 1
Demographic characteristics of women who underwent NIPT and

pregnancy characteristics. *
Maternal characteristics Samples (n = 12700)

Age, years 34.4 (15.0;59.0)

Under 20 65 (0.5)

20–29 2209 (17.5)

30–39 8478 (66.7)

Above 40 1948 (15.3)

Body mass index (BMI, kg/m2) 24.5 (14.2;57.6)

< 18.49 624 (4.9)

18.5-24.99 7421 (58.4)

25-29.99 2952 (23.3)

> 30 1703 (13.4)

Gestation at sampling 14+ 1±1+ 3 (11+ 2;24+ 3)

11+ 0 to13+ 6 weeks 6202 (48.8)

14+ 0 to 20+ 6 weeks 6464 (50.9)

21+ 0 weeks and above 33 (0.3)

Type of pregnancy  

Singleton 12512 (98.5)

Twins 165 (1.3)

Vanishing twin 23 (0.2)

Type of conception  

Spontaneous 12201 (96.1)

Arti�cial reproductive technology 499 (3.9)

Result of prior screening tests  

High risk (cut-off ≥ 1:100) 502 (3.9)

Intermediate risk (cut-off 1:101–1:2500) 12198 (96.1)

*Values are median (range) or n (%).
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Blood samples of 502 (3.9%) women in the high-risk group and of 12198 (96.1%) women in the
intermediate-risk group were evaluated. Out of 12700 samples in 346 (2.7%) cases blood retesting was
recommended due to a low fetal fraction (FF) (below 3.5%).

NIPT results in high-risk pregnant women 

Out of 502 women in the high-risk group (≥1:100) 148 (29.5 %) were considered positive (high risk) by
NIPT, and 347 women were considered negative (low risk) (Fig. 2). IPD results data is available only for
144 cases: 141 case was con�rmed by IPD, 3 cases were not con�rmed, 

The following anomalies were con�rmed by IPD in 141 cases: T21 (Down syndrome) in 93 cases, T18
(Edward syndrome) in 35 cases, T13 (Patau syndrome) in 5 cases, X-monosomy (Turner syndrome) in 4
cases, X-chromosome disomy with Y-chromosome monosomy (Klinefelter syndrome) in 1 case and Y-
chromosome disomy (XYY syndrome) in 1 case. In 2 cases different chromosomal anomaly was shown
by IPD: in 1 case balanced translocation between chromosomes 14 and 22 was shown by IPD, when
NIPT showed high risk for T22; in 1 case X triploidy by IPD was shown, when NIPT was positive for T18
and monosomy X.

NIPT results were not con�rmed in 1 case for T13 and 2 cases for trisomy of chromosome 16 (Fig. 2).

NIPT results in intermediate-risk pregnant women

Of the 12198 cases in the intermediate-risk group (1:101 – 1:2500), 110 (0,9%) cases were considered
NIPT positive. IPD results data is available only for 68 cases: 37 cases were con�rmed by IPD, 31 case
was not con�rmed.

The following anomalies were con�rmed by IPD in 37 cases: T21 in 20 cases, T18 – in 1 case, T13 in 3
cases, X-chromosome monosomy (Turner syndrome) in 2 cases, X-chromosome disomy with Y-
chromosome monosomy (Klinefelter syndrome) in 3 cases, X-chromosome monosomy with Y-
chromosome disomy (XYY syndrome) in 2 cases, trisomy of X-chromosome in 1 case, RAAs in 1 case,
CNVs in 4 cases.

NIPT results were not con�rmed in 2 cases of T21, 3 cases of T13, 12 cases of SCAs and 14 cases of
RAAs or CNVs. 

Secondary �ndings

Thirty-nine cases were considered positive for RAAs or CNVs by NIPT (5 cases in the high-risk group and
34 cases in the intermediate-risk group). The most common were T7 (n = 6), T16 (n = 4), T8 (n = 3) and
T22 (n = 3). Twenty-four women (5 cases in the high-risk group and 19 cases in the intermediate-risk
group) proceeded with IPD, and chromosomal pathology was con�rmed only in 6 cases (Fig. 2). These
chromosomal anomalies are rare and are not detectable by widely used NIPT techniques.

Performance of the NIPT
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On the basis of the NIPT results and the outcome data available, we calculated the performance of the
test in detection of chromosomal anomalies. For T21, T18 and 13, SCAs, RAAs and CNVs the sensitivity
was 100%, 100%, 100%, and 92.86%; speci�city was 99.50%, 99.15%, 97.47% and 96.88%; positive
predictive value (PPV) was 98.26%, 91.67%, 57.14% and 44.83%; negative predictive value (NPV) was
100%, 100%, 100% and 99.80%, respectively (Table 2). Totally, the rate of false-positive results was 0.3%.

To calculate NIPT performance parameters the “true positive” results were de�ned as positive NIPT
results that were con�rmed by IPD. The “false positive” results were de�ned as positive NIPT results for
chromosomal anomaly that were shown to be negative by follow‐up IPD. The “true negative” results were
de�ned as negative NIPT results con�rmed by karyotyping or aCGH results. The “false negative” results
were de�ned as negative NIPT results with an aneuploidy karyotype con�rmed by IPD. 

Table 2. Summarized data of NIPT performance in detecting trisomies 21, 18/13, SCAs and RAAs/CNVs.

Chromosomal
anomalies

TP
(n)

FP
(n)

TN
(n)

FN
(n)

Sensitivity

 (% (95%
Cl))

Speci�city

(% (95%
Cl))

PPV

(% (95%
Cl))

NPV

(% (95%
Cl))

T21 113 2 396 0 100

(96.79-
100)

99.50

(98.20-
99.94)

98.26

(93.41-
99.56)

100

(99.99-
100)

T18/13 44 4 465 0 100

(91.96-
100)

99.15

(97.83-
99.77)

91.67

(80.57-
96.69)

100

(99.99-
100)

SCAs 16 12 493 0 100

(79.41-
100)

97.47

(95.63-
98.69)

57.14

(43.27-
69.98)

100

(99.99-
100)

RAAs/CNVs 13 16 496 1 92.86

(66.13-
99.82)

96.88

(94.97-
98.20)

44.83

(32.93-
57.35)

99.80

(98.68-
99.97)

Abbreviations: TP – true positive; FP – false positive; TN – true negative; FN – false negative; PPV –
positive predictive value; NPV – negative predictive value; SCAs – sex chromosome aneuploidies; RAAs –
rare autosomal aneuploidies; CNVs – copy number variations.

Association of results with fetal fraction

It was shown that fetal fraction (FF) differs between gestational weeks, p<0.001 (Fig.3).

Also, it was revealed that samples with low fetal fraction (FF) (< 3.5%) were observed in women with
signi�cantly higher weight and BMI in comparison with women with normal FF: 77.5 kg [62.3;91.1] for
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low FF and 64.0 kg [58.2;74.4] for normal, (p<0.001), BMI – 28.2 kg/m2 [23.1;33.6] for low FF and 23.4
kg/m2 [21.0;26.8] for normal, p<0.001 (Fig. 4a).

It was also shown, that FF is signi�cantly higher in women with male fetus, than female: 9.9% [7.4;13.2]
and 6.8% [4.9;8.9], p<0.001 (Fig. 4b).

It was also shown, that positive for T21 NIPT results were associated with a higher FF, than samples with
negative results: 10.4% [7.1;14.4] and 8.3% [6.0;11.2], p<0.001 (Fig. 4c). The cut point for signi�cant
difference was 9.0% FF, p<0.001. For T18 it was shown vice versa – positive for T18 NIPT results were
associated with a lower FF, than samples with negative results: 7.1% [4.4;10.9] and 8.3% [6.0;11.3],
p=0.048 (Fig. 4d). The same tendency was not revealed for T13 probably due to a small number of
samples. 

NIPT results according to age and mode of conception 

We found signi�cant difference between the age of women with positive and negative NIPT results for
T21: 37yr [33;40] for high T21 risk and 35yr [31;38] for low risk, p=0,017. Summarizing all the positive
NIPT results for all anomalies showed, that these were signi�cantly higher in older women. Mean age of
women with high risk was 37yr [32;40], and for women with low risk – 35yr [31;38], p<0.001. 

There was no signi�cant difference in frequency of positive NIPT results in spontaneous and in vitro
fertilization pregnancies, p=0.212. 

Discussion
NIPT was �rst released in Hong Kong in August 2011 and soon after was introduced commercially in the
US in October 2011 [16-18]. Afterward, in many countries, multiple companies and their distribution
partners offered several NIPT tests to pregnant women, either in a commercial or in a state-regulated
setting [19].

The current standard of care for prenatal screening in many high-income countries involves a �rst
trimester ultrasound combined with biomarker serum screens in the �rst and/or second trimesters of
pregnancy. Despite the fact that in some countries NIPT is performed as a commercial test, or with partial
government funding, there is a certain international strategy for introducing NIPT into the structure of
prenatal diagnostics. NIPT could be implemented into prenatal testing pipeline in different ways. The
most commonly used are as a replacement for serum screening – a �rst-line test, and as an intermediate
step between screening and invasive procedures – a second-line test. The most commonly used
implementation model is a combined prenatal screening with the formation of high, intermediate and low
risk groups, followed by NIPT in the high and/or intermediate risk group [20]. NIPT as a �rst-line test is
performed to all pregnant women before an expert ultrasound in the �rst trimester of pregnancy and
successfully used in Belgium and the Netherlands [21-24]. NIPT as a second-line test for pregnant women
in high or intermediate risk groups determined by the results of combined prenatal screening
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implemented in some European countries (Germany, Great Britain, France, Italy etc.) [25]. The main
advantage of introducing NIPT precisely as a second-line test is economical feasibility. 

In Russia the effectiveness of NIPT integration in traditional prenatal screening as a second-line test was
shown in the current study. NIPT showed clear accuracy and revealed 37 additional positive (high risk)
cases in the intermediate group of pregnant women at risk, compared to traditional prenatal screening.
These results included clinically signi�cant CNVs, that were detected only because NIPT was based
whole genome sequencing. CNVs are of particular importance because 20 to 30% of congenital diseases
are associated with microdeletions and microduplications, which are not detected by traditional prenatal
screening and standard cytogenetic studies [26]. 

The main NIPT advantages are its high sensitivity and speci�city for common aneuploidies – T21, T18,
T13. Multiple validation studies have reported NIPT high sensitivity (98.6%-100%) and speci�city
(99.7%-100%) for T21 in different populations [27; 28]. Our results revealed high sensitivity and speci�city
both for the common trisomies, SCAs and RAAs/CNVs, which is comparable to other studies as well [29;
30]. 

NIPT shows a very low rate of false-positive and false-negative results compared to traditional prenatal
screening results. Several conditions have been known to contribute to false-positive and negative NIPT
results: low FF, maternal CNVs and fetal/placental mosaicism are among them [31]. False-negative
results are rare for NIPT, with a frequency of only 0.08% [21]. In our study we didn’t have false-negative
results for common trisomies, SCAs and RAAs. CNVs false-negative rates was 0.008%.

The false-positive rate for common trisomies in our study reached 0.05%, that is much lower than that
reported in other studies [32]. False-positive rate for RAAs and CNVs in our study was 0,09% and 0,04%,
respectively. It is assumed that low positive predictive values as well as false-positive rate for CNVs
detection are connected with their low frequencies in population.

More over to proven effects there is also one potential effect – decreasing the number of IPD performed
in pregnant women. Among 366 women considered to be high risk by traditional prenatal screening, only
105 were con�rmed to be high risk by NIPT. That means that 366 women were advised to undergo IPD,
although only one third needed these invasive procedures. Currently, the decrease in the number of IPDs
is only theoretical, since the regulation of prenatal screening in Russia does not take into account the
results of NIPT, and all women at high risk after traditional prenatal screening are considered to undergo
IPD. 

NIPT has clinical, social and economic bene�ts. We found social NIPT bene�ts in its methodology and
sample collection. NIPT is safe in blood sampling. Any surgical interventions for are not required. All
these can diminish the anxiety level, which is quite important for pregnant women who may experience
hormone-related emotional changes. Moreover, the low false-positive and false-negative rates results
reported here and in previous studies [33], suggests that pregnant women can have high con�dence in
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their NIPT results. In our study, we assessed women’s approaches towards NIPT. The results are
processing.

Although NIPT is expensive to perform, its economic bene�t manifests over an extended period. NIPT can
decrease the direct and indirect costs by decreasing budget payments for the maintenance of people with
disabilities. 

However, despite the obvious advantages of NIPT adoption, there is a downside. The adoption of NIPT in
many countries has led to a decrease in IPD procedures, which has had negative consequences, as some
authors have proposed [34]. One report has suggested that a decline in IPD procedures causes a
downturn in opportunities for physicians to practice the skills needed for IPD procedures, leading to
signi�cantly higher miscarriage rates associated with these procedures.

The accuracy of NIPT is affected by numerous factors both biological and technical and include the
number of sequencing tags, FF, GC base content, and others. FF is a crucial quality control parameter for
NIPT interpretation [35]. Low FF can result in a test failure or a “no call” result. In our study in 2.7%
(346/12700) of cases FF was less than 3.5% and blood sample redraw was required. Any biological
factors that increase the maternal contribution and/or reduce the placental contribution may lower the FF
[36]: feto-placental – gestational age, crown rump length, mosaicism, fetal aneuploidy, triploidy, multiple
pregnancy, and maternal – maternal age, maternal weight, maternal autoimmune disease, low molecular
weight heparin, ethnicity, mode of conception [37,38]. Maternal characteristics such as BMI and
gestational age are the main factors that in�uence FF [39]. Previous data showed that FF below 4%
increased with maternal weight from < 1% at 60 kg to > 50% at 160 kg [40]. Therefore, the clinical
application of NIPT is limited by low FF of cfDNA in obese women. The rate of increase in FF is not
constant across gestational age. From 10-12.5 weeks, 12.5-20 weeks, and > 20 weeks, the FF increases at
rates of 0.44%, 0.083%, and 0.821% per week, respectively [41]. Waiting for a later gestational age and
repeating blood sampling is not a reliable approach to overcome the low FF in subjects with higher BMIs
and earlier gestational ages [42]. 

In our study, we analyzed in�uence of some available parameters on FF and did not observe any reliable
differences between the FF and maternal age, gestational age, mode of conception and type of
pregnancy. However, we noticed statistically signi�cant FF declining with both BMI and maternal weight
rising. 

In our study it was also shown, that higher FF was more common for male fetuses and for fetuses with
high risk for T21, lower FF – for fetuses with high risk for T18. The same was also published in some
other studies, showing that euploid male fetus pregnancies with high risk of T21 had higher FF [43]. For
T18, T13 and monosomy X, vice versa other studies has shown lower FF. Higher FF in fetuses with T21
may be one of the reasons the test performance is better for T21 than for T18 and T13. In our study the
cut-off for high T21 risk was 9.0% FF. We didn’t �nd any signi�cant difference in FF for T13 and
monosomy X, that is probably due to low incidence yet. 
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Pregnant women aged over 35 years are usually categorized as advanced maternal age [41]. It is reported
that advanced maternal age is associated with various pregnancy complications, including infant
chromosomal anomalies. It is known that such chromosomal abnormalities as T21, T18, T13, triple X
syndrome, and XYY syndrome have a close association with maternal age [7]. However, also pathogenic
chromosomal deletions and duplications occur de novo, and the risk for microdeletions and
microduplications is the same for all pregnancies regardless of maternal age [44]. In our study, we
detected a signi�cantly higher risk of the genetic abnormalities in women aged 39 and older. 

Some studies also reported even if the NIPT result was negative, many other chromosomal abnormalities
could be detected by other technical methods [45]. The major types of missed fetal abnormalities include
structural (balanced or unbalanced) rearrangements, mosaic and triploidies [46]. Chena et al. declare that
12.4% of fetal chromosomal abnormalities will be missed if NIPT completely replaces IPD in advanced
aged pregnant women [45]. In 2020 ACOG proposed prenatal screening for aneuploidy for all pregnant
women, regardless of age or baseline risk factors [47], but NIPT cannot completely replace IPD in
advanced maternal aged women. 

Conclusion
NIPT as a second-line test in Moscow, Russia have shown its effectiveness. The major advantage of
NIPT was safety, detection of additional chromosomal anomalies and reduction in false-positive rates.
Moreover, our �ndings suggest that NIPT merits serious consideration as a primary screening method for
fetal autosomal aneuploidy. NIPT should be recommended for all pregnant women in risk groups but
using it as a �rst-tier screening and diagnostic tool requires further study.

Limitations Of The Present Study
Main limitations are lack of data due to women refused to undergo IPD and lack of information about
pregnancies outcomes.
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Figures

Figure 1

Recruitment criteria for samples that were able to undergo NIPT.

*Low-risk group samples were not included into the study. **IPD is obligatory for high-risk group of
pregnant women and is optional for intermediate-risk group. Abbreviations: NIPT, non–invasive prenatal
testing; IPD, invasive prenatal diagnosis.
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Figure 2

Flowchart of non-invasive prenatal test (NIPT) results and invasive prenatal diagnostics outcomes of
pregnant women undergoing screening for aneuploidies between 1 April 2020 and 5 April 2021.
Abbreviations: T – trisomy; SCA – sex chromosomal aneuploidy; RAA – rare autosomal aneuploidy; CNV
– copy number variation; aCGH, - array comparative genomic hybridization.
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Figure 3

A density distribution of fetal fraction and its relationship with gestational weeks of pregnant women.
The average fetal fraction in each week is shown by a black line. 
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Figure 4

The average level of fetal fraction for patients depending on the BMI (a), fetus sex (b) and NIPT results:
risk of T21 (c) and T18 (d). Abbreviations: NIPT, non-invasive prenatal testing; T, trisomy; BMI, body mass
index.


