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INTRODUCTION

Prenatal screening for trisomy 21, trisomy 18, trisomy 13, and selected sex 
chromosome aneuploidies can be performed using next-generation 
sequencing of cfDNA in the maternal circulation

Uptodate , Nov 23, 2021. 



CELL-FREE DNA Origins 
Both the mother and the fetal-placental unit produce cfDNA (placental cells 

are primary source of "fetal" cfDNA & maternal hematopoietic cells are the 
source of most maternal cfDNA) .
Circulating cfDNA is highly fragmented.
Each fragment is between 50 and 200 base pairs . 

There is a clear pattern to the fragmentation sizes.
These patterns differ between the maternal and fetal cfDNA.

These differences can be used to both screen for specific disorders, such as 
aneuploidy, and to determine the FF.

Uptodate , Nov 23, 2021. 



Fetal fraction (FF)
The FF is the percentage of all cfDNA in maternal blood that is 

derived from the fetal-placental unit. 
The concentration of fetal cfDNA increases (0.1 % per week) with 

gestational age from 10 to approximately 20 weeks and then increases 
(1 % per week) until term .
In general, a minimum of 3 to 4 % of the total circulating cfDNA should 

be derived from the fetal-placental unit for successful testing. 



Low fetal fraction causes 
• Early gestational age
(FF is lower prior to 10 weeks of gestation)
• Suboptimal sample collection
• Obesity: (As maternal weight ↑, the FF ↓)

A low FF was seen in 1.1 % of all samples but in only 0.2 % of patients weighing 
<60 kg versus 10.5 %of patients weighing >110 kg .
• Fetal karyotype

The average FF at 10 to 20 weeks of gestation is lower in pregnancies with a  
fetus with T18 ( 9 %) than pregnancies with a euploid fetus ( 11 to 13 %) and 
higher in pregnancies with a fetus with  T21 ( 13 to 15 %).

Uptodate , Nov 23, 2021



Other less common factors OF A low FF  
• Maternal use of low molecular weight heparin before 20 weeks of gestation .
• Conception by IVF.
• Twin gestation, as the per fetus FF is lower in twins

Uptodate , Nov 23, 2021



METHODOLOGY 
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SCREENING PERFORMANCE
(Is described by the DR and the FPR)

• Sex chromosome aneuploidies — The cfDNA DRs for 
these disorders are lower and FPR rates are higher than for 
the common autosomal trisomies

● Trisomy 21 – DR 99.5 percent, FPR 0.05 percent
● Trisomy 18 – DR 97.7 percent, FPR 0.04 percent
● Trisomy 13 – DR 96.1 percent, FPR 0.06 percent

Uptodate , Nov 23, 2021



Rate 
A wide range of cfDNA failure rates has been reported, and these rates are likely 
dependent on population characteristics (eg, proportion of patients with 
obesity), test method, and whether there is routine testing of a second sample 
after an initial failure.
Reasons for test failure
▪ fetal fraction below an acceptable level (eg, <3.5 or <4 %)

▪ insufficient numbers of fragments sequenced and/or aligned

▪ IVF

▪ long stretches of homozygosity

▪ The laboratory's requirements  

cfDNA test failures

Uptodate , Nov 23, 2021



▪ Confined placental mosaicism

▪ Demised twin

▪ Maternal mosaicism

▪ Maternal cancer

▪ Maternal copy number variants

▪ Transplant recipient

▪ Recent blood transfusion

▪ Chance

▪ Technical issues

False-positive cfDNA test results

Uptodate , Nov 23, 2021



False-negative cfDNA test results

▪ Confined placental mosaicism

▪ Borderline low fetal fraction

▪ Maternal copy number variants

▪ Technical issues

Uptodate , Nov 23, 2021



Results of NIPT
Results are usually available in 3 to 7 calendar days and are 
communicated as negative, positive, or indeterminate (a no-call 
result).

December 2020 I Supplement to OBG Management



● Management 
False-positive and false-negative results 
Although the PPV for cfDNA screening for the common 
autosomal trisomies is approximately 90%.



POSTTEST FOLLOW-UP 
Screen positive NIPT
Invasive diagnostic testing must be offered to patients in order to confirm the 

fetal karyotype.
A conventional G-banded karyotype is critical to obtain in these cases.
Screen negative NIPT
Screen-negative patients are not usually offered invasive diagnostic testing.

But if screen-negative patients  develop an indication for invasive diagnostic 
testing, such as a fetal anatomic anomaly on ultrasound examination, should be 
offered invasive diagnostic  testing. 

Uptodate , Nov 23, 2021



No call result 
The rates generally occur in <5% of samples.
ACOG currently recommends genetic counseling and diagnostic 
testing in these cases because of an increased risk for fetal 
aneuploidy.
Although, a repeat test is acceptable if the No call result is due to a 
low FF.
In such cases, the test should always be repeated using the same 

laboratory that evaluated the initial sample. 

December 2020 I Supplement to OBG Management

https://www.collinsdictionary.com/dictionary/english/acceptable




▪ ACOG and ISPD allow for or recommend cfDNA screening for 
common trisomies in twin

▪ Amount of cfDNA for the pregnancy overall is approximately 35 
percent higher amount of cfDNA contributed by each twin is 
lower than in a singleton may be quite different for the two 
fetuses in dizygotic twins

▪ A sample from a twin pregnancy with one low fetal fraction 
would be reported as a test failure (no call result)

Uptodate , Nov 23, 2021

Twins



Triplets

▪ it is unlikely that the type of dataset now available for twins will ever 

be available for triplet

▪ the ISPD position statement suggests that cfDNA may be a 

potential option in these pregnancies, but diagnostic testing should 

always be offered and limitations of screening tests stressed

Obesity

▪ Serum screening may be offered to patients with severe obesity

▪ If a cfDNA is performed and a no-call result is obtained late in the 

midtrimester (after 16 to 18 weeks) and the patient is high risk, 

offering diagnostic testing rather than any screening test is an option

Uptodate , Nov 23, 2021



▪ The results are given in terms of risk, as low-risk (usually less than 1 in 

10,000) or high-risk (more than 99%).

Interpretation of results



Non- Invasive Prenatal 
Testing Application 
Guidelines



Prenatal screening for some chromosomal conditions should be discussed and 
offered to all pregnant women . 
All such testing should be voluntary and only undertaken when the woman has 
been informed about the nature of the screening test, the possible results, and 
the options available to her. 

The royal australian and New Zealand College of Obstetricians and Gynaecologists, JULY 2018



The presence of cell-free fetal DNA in maternal plasma was 
described by Lo et al.1 in 1997.
NIPT for chromosomal aneuploidy screening became 

commercially available in 2011.

Ultrasound Obstet Gynecol 2022; 59: 33–39



It is important to emphasize that the main goal of prenatal screening 
is to provide accurate information that will facilitate the delivery of 
optimized antenatal care, with the best possible outcome for both 
mother and fetus.

Ultrasound Obstet Gynecol 2017; 49: 815–816



Society Recommendations
cfDAN screening
The ease of screening, the ability to give results as early as 10 weeks of 
gestation, the noninvasive nature, marketing by the laboratories, and the 
ability to predict gender made cfDNA screening a very popular choice. 
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International Society for Prenatal Diagnosis (ISPD) published a new policy 
statement in April 2015
This was the first major society document to advocate offering cfDNA screening 

to all pregnant women regardless of age or pregnancy or family history.

December 2020 I Supplement to OBG Management



ACOG and SMFM updated their previous committee opinion in September 2015
The document stated that the traditional screening methods were the “most 
appropriate choice for first-line screening for most women in the general 
obstetric population.” 
The next recommendation stated that “any patient” had the option to choose 
cfDNA screening.
The committee opinion mentioned that cfDNA screening is most accurate for 
chromosome 21, 18, 13, X, and Y .
The document also did not recommend use of cfDNA screening for twin 
pregnancies and miclodeletions screening.

December 2020 I Supplement to OBG Management



ISUOG consensus statement  about cfDNA testing  in 2017
• All women should be offered a first-trimester ultrasound scan according to 
ISUOG guidelines, regardless of their intention to undergo cfDNA testing. 
The cfDNA testing should not replace first-trimester ultrasound and should not 

be offered when an ultrasound anomaly or markedly increased NT is detected 



A. If the woman has had a negative cfDNA test result
- NT thickness should still be measured and reported as a raw value and centile.
B. If the woman has not had a cfDNA test, pretest counseling is essential. 
Following a normal first-trimester scan, three options might be considered for women who 
wish to have further risk assessment:
1.Screening strategies based on individual risk calculated from CFS and/or other ultrasound 
markers in the first trimester.
More importantly, the role of cfDNA testing as an alternative to standard invasive testing in 
women considered to be at very high risk after CFS (>1:10) but with no ultrasound anomaly 
should be evaluated in prospective studies. 
Expert opinion currently suggests that cfDNA testing should not replace routinely invasive 
testing in this group, based on the fact that, in this population, only 70% of the
chromosomal abnormalities are trisomy 21, 18 or 13, and that chromosomal microarray 
analysis, if offered, is able to detect a large number of additional anomalies.



2.  cfDNA testing as a first-line screening test. 

3. Invasive testing based on a woman’s preference or background risk 
(maternal age, previous history, fetal ultrasound anomaly) with no further 
individual risk calculation. 



Ingeneral, an NGS panel of known rasopathy genes should be used when a rasopathy is 
suspected. 
Rasopathy testing is recommended when the fetus shows an isolated increased NT 
≥5.0 mm or when NT of ≥3.5 mm and at least one of the following  ultrasound 
anomalies is present:
distended JLS, 
Hydrops fetalis
Polyhydramnios
pleural effusion
ascites
cardiac defects 
and renal anomalies

Stuurman KE, et al. J Med Genet 2019;56:654–661. doi:10.1136/jmedgenet-2018-105746



Increased NT without other detectable structural malformations
by ultrasound. 
CMA provided an overall diagnostic rate of 26.7%.
Increased NT caused by a single gene defect cannot be detected by CMA.
Exome sequencing has the advantage of covering a much wider spectrum of 
disorders, especially single nucleotide variants (SNVs) and small indels. 

Cytogenet Genome Res 2020;160:57–62 DOI: 10.1159/000506095



Cytogenet Genome Res 2020;160:57–62 DOI: 10.1159/000506095



GS or WES revealed an additional diagnostic yield 
ranging from 3.2 to 32% in CMA negative 
samples. 
It may play a potential role in identifying 
additional causative variants in cases with a 
negative result by the traditional test including 
CMA.

Cytogenet Genome Res 2020;160:57–62 DOI: 10.1159/000506095



With increasing availability of sequencing technology, decreasing 
costs and improved speed of bioinformatic analytical pipelines, 
rapid fetal ES for prenatal diagnosis is moving beyond the 
research arena and has recently been implemented in the UK 
National Health Service (NHS) and in many prenatal diagnosis 
centres across the USA and Europe

2021 The Authors. BJOG: An International Journal of Obstetrics and Gynaecology published by John Wiley & Sons Ltd.



A suggested strategy is to offer prenatal ES for increased NT only when additional fetal structural abnormalities 
are present and then offer early detailed scanning to detect emerging anomalies for those with apparently 
isolated increased NT.
As reported, the risk of underlying pathology increases with increasing NT size.
In 28.6% of cases with an isolated NT ≥7.5 mm in the first trimester had a diagnostic pathogenic variant.

2021 The Authors. BJOG: An International Journal of Obstetrics and Gynaecology published by John Wiley & Sons Ltd.



Secondary screening



The Royal Australian and New Zealand College of Obstetricians and 
Gynaecologists published statement in july 2018 
Acceptable first-line screening tests for fetal chromosome abnormalities in the 

first trimester include either:
a) CFTS
OR
b) cfDNA
The choice of first line screening test will depend on local resources, patient 
demographics, and individual patient characteristics.
In twin pregnancies, cfDNA screening may be offered with appropriate pre-test 

counselling.



The Rcog, Royal College of Midwives, Society and College of 
Radiographers published a consensus statement on pregnancy 
screening in Dec 2020
From Spring 2021, NIPT will be offered as an additional option, for 
women in England who have a higher chance (1 in 2 to 1 in 150) of 
having a baby with Trisomy 21, 18 and 13 following cFTS or STS in single 
and twin pregnancies. 



In August 2020, ACOG and SMFM updated their practice bulletin on screening 
for fetal chromosomal abnormalities and published documents  following:
•  cfDNA screening is an appropriate test to offer as a first-tier screen for all 

pregnant women, regardless of  background risk or maternal age 
• cfDNA screening is the most sensitive and specific screening option for the 
common aneuploidies regardless of maternal age or baseline risk 
• cfDNA-based screening In twin pregnancies could be offered
• cfDNA-based Screening for microdeletions is still not recommended

.



Current use of NIPT in Europe, Australia and the USA
In Europe, 14 countries have adopted NIPT into a national policy/program.

Two countries (Belgium and the Netherlands) offer NIPT for all pregnant women, 
whereas most other European countries have implemented NIPT as an offer for 
higher risk women after FTS. 
In Australia, either cFTS or NIPT is used as a primary prenatal screening test.
In the USA, there are no national consensus policies on the use of NIPT; however, 

NIPT widely implemented.

Acta Obstet Gynecol - 2020



August 2020 ACOG states:
“Prenatal genetic screening (serum screening with or without NT ultrasound or 
cell-free DNA screening) and diagnostic testing (CVS or amniocentesis) options 
should be discussed and offered to all pregnant patients regardless of age or 
risk for chromosomal abnormality.
After review and discussion, every patient has the right to pursue or decline 
prenatal genetic screening and diagnostic testing.
Pretest and posttest counseling is essential.”

December 2020 I Supplement to OBG Management



SCREENING FOR GENETIC DISORDERS OTHER THAN 
THE COMMON ANEUPLOIDIES

Although screening for single gene disorders using cfDNA
is commercially available, routine clinical use remains 
largely investigational and is not recommended.



NIPT has expanded in scope to include sex-chromosome aneuploidies 
and a select group of microdeletions.

.Expanding the scope of noninvasive prenatal testing: detection of fetal microdeletion syndromes. Am J Obstet Gynecol 2015;212:332.e1-9



Subchromosomal abnormalities(microdeletions and duplications) 
may result in physical and/or intellectual impairments that can be 
more severe than whole chromosome abnormalities. 
The incidence of subchromosomal CNVs is independent of maternal 

age. 
Clinically relevant microdeletions and duplications occur in 1-1.7% of 
all structurally normal pregnancies.

Expanding the scope of noninvasive prenatal testing: detection of fetal microdeletion syndromes. Am J Obstet Gynecol 2015;212:332.e1-9



In younger women, the risk for a clinically significant deletion 
exceeds the risk for Down syndrome.
Because some infants with sub-chromosomal abnormalities may 
benefit from early therapeutic inter-vention, prenatal detection is 
important for optimal management. 

Expanding the scope of noninvasive prenatal testing: detection of fetal microdeletion syndromes. Am J Obstet Gynecol 2015;212:332.e1-9



In support of this, it is recommended that chromosome microarray 
analysis be offered to all women who undergo invasive diagnostic 
testing.
However, with the introduction of NIPT for aneuploidy screening, 

many women who previously would have had invasive testing are 
choosing to avoid these procedures because of the small risk
of pregnancy loss.

Expanding the scope of noninvasive prenatal testing: detection of fetal microdeletion syndromes. Am J Obstet Gynecol 2015;212:332.e1-9



The introduction of a highly accurate noninvasive prenatal screening 
test that would identify women who are at high risk for 
microdeletions or duplications there-fore would be useful. 

Expanding the scope of noninvasive prenatal testing: detection of fetal microdeletion syndromes. Am J Obstet Gynecol 2015;212:332.e1-9





Single-gene disorders (SGD) are present in approximately 1% of births. 
NIPT-SGD is feasible for a broad range of monogenic disorders and is 
most straightforward when applied for the detection of dominant 
conditions with a high de-novo rate or for paternally inherited 
dominant gene variants.



A currently available NIPT-SGD panel screens for 25 
conditions that result from disease-causing variants across 30 
genes, which have a combined incidence of 1 in 600 (0.17%)



The conditions include Noonan spectrum disorders (NSD), 
skeletal disorders, craniosynostosis syndromes, Cornelia de 
Lange syndrome (CdLS), Alagille syndrome, tuberous sclerosis, 
epileptic encephalopathy, SYNGAP1-related intellectual 
disability, CHARGE syndrome, Sotos syndrome and Rett 
syndrome











Thank you for your attention


