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which was approved by the ACMG Board of Directors
following extensive internal and external peer review and a
public comment period.

Recommendation: ACMG RECOMMENDS NIPS
OVER TRADITIONAL SCREENING METHODS FOR
ALL PREGNANT PATIENTS WITH SINGLETON
GESTATION FOR FETAL TRISOMIES 21, 18, AND
13 (STRONG RECOMMENDATION BASED ON HIGH
CERTAINTY OF EVIDENCE)

The SER demonstrated consistently superior performance of
NIPS, which outperformed traditional screening in all pa-
rameters and across all studies in general-risk populations of
individuals with a singleton pregnancy.3 Specifically, the
detection rate for fetal trisomy 21 (T21) was 98.8% (95%
CI = 97.8%-99.3%) with a corresponding false-positive rate
(FPR) of 0.04% (95% CI = 0.02%-0.08%). This is con-
trasted with the detection rates obtained with traditional
methods in the FASTER trial, which incorporated first and/
or second trimester testing.7 Detection rates in that trial
across the entire cohort in the first trimester was 77% to
82%, with a corresponding 3% to 5% screen-positive rate
depending on the risk cutoff. It should be noted, however,
that detection rates for fetal T21 using traditional first-
trimester screening methods were confirmed in the
FASTER trial to be lower in younger patients (75%, with
5% FPR), which had also been reported by others.13,14

The sensitivities and specificities for the detection of the
common trisomies using NIPS in general-risk populations are
essentially the same as that demonstrated in high-risk cohorts
(eg, aged 35 years or older). Because of the lower prevalence
of these trisomies in pregnancies of younger patients, the
positive predictive value (PPV) of NIPS for that cohort will
be reduced compared with that of individuals at higher a
priori risk. Nonetheless, when examining PPV across the
various cohorts studied over the past 5 years, PPV is reported
at 91.8% for T21 (95% CI = 88.4%-94.23%) (see Table 1 in
Rose et al).3

With the use of NIPS, the empirical detection rate of fetal
T18 is 98.83% (95% CI = 95.45%-99.71%) and of trisomy
13 (T13) is 92.85% (95% CI = 81.15%-97.5%). Corre-
sponding FPR for those trisomies are 0.07% (95% CI =
0.03%-0.17%) and 0.04% (95% CI = 0.02%-0.08%),
respectively (Table 3 in Rose et al).3 The PPVs for T18 and
T13 are lower than for T21, largely because of the corre-
sponding lower prevalence of those conditions. The PPV for
T18 in the SER was 65.8% (95% CI = 45.3%-81.7%) and
for T13 was 37.2% (95% CI = 26.1%-50.0%).

Screening performance for T18 and T13 were also re-
ported in the FASTER trial and resulted in detection rates
of up to 100% for T18 and 44% for T13.15 It should be
noted that the T13 cases detected were from pregnancies
that had screened positive for T21 or T18, because there
was no specific algorithm for T13 screening. No studies

on traditional screening report PPVs for T18 or T13, but
given their lower prevalence, the PPVs are likely to be
lower than with screening for T21, which is generally
reported to be about 3%.

There are certain pregnancy factors that can interfere
with performance/interpretation of NIPS. A common
example is a vanishing twin gestation. Given the high
incidence of aneuploidy in early embryonic demise, such an
event in one twin may affect the correct interpretation of the
status of the living twin. There was no evidence identified
by the SER to support altering the option of NIPS in a
pregnancy with a known vanishing twin, although the pa-
tient should be counseled that accuracy may be impacted.
The American College of Obstetricians and Gynecologists
states that NIPS should not be performed in such circum-
stances.16 Known maternal malignancy is also a relative
contraindication of offering NIPS given the somatic
genomic aberrations that are present in the cancerous cells.
Such aberrations may be detected with NIPS but cannot
generally be ascribed to fetal or maternal origin without
additional evaluation.

In summary, NIPS has consistently higher screening
performance in the detection of fetal T21/18/13 in singleton
pregnancies than any of the traditional screening
approaches.

Recommendation: ACMG RECOMMENDS NIPS
OVER TRADITIONAL METHODS FOR TRISOMY
SCREENING IN TWIN GESTATIONS (STRONG
RECOMMENDATION, BASED ON HIGH CERTAINTY
OF EVIDENCE)

The SER concluded that NIPS for T21 in twin pregnancies
demonstrates equivalent screening characteristics to that of
singleton pregnancies, with a sensitivity of 98.2% (95%
CI = 88.2%-99.7%) and specificity of 99.9% (95% CI =
99.8%-100%),3 although fewer published studies exist than
the number of studies in singleton gestations.

The number of reports on twin pregnancies screened for
T18 and T13 is smaller than that for T21. Despite this, re-
sults are generally consistent across studies and approximate
the performance in single gestations; this was also
confirmed in the SER. For the reports on NIPS for T18 and
T13, the SER reported sensitivities of 90% (95% CI =
67.6%-97.5%) and 80% (95% CI = 30.9%-97.3%),
respectively, in twin pregnancies, with corresponding
specificities of 99.95% (95% CI = 99.8%-100%) and
99.93% (95% CI = 99.4%-100%).3

The FASTER trial did not include twin pregnancies, and
there are limited data with respect to performance of tradi-
tional screening in twin pregnancies. One large report from
France demonstrated detection rates of T21 of around 63%17

using second trimester biochemistry (with an FPR of 10.8%)
and a smaller series of patients from the United Kingdom
using first-trimester nuchal translucency (NT) screening with
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biochemistry reported 75% detection with 9% FPR.18 There
are no studies that have specifically focused on screening for
T18 in twin pregnancies. Traditional screening methods were
generally not available to screen for T13 in twins.

Recommendation: ACMG RECOMMENDS THAT
NIPS BE OFFERED TO PATIENTS WITH A
SINGLETON GESTATION TO SCREEN FOR FETAL
SCA (STRONG RECOMMENDATION, BASED ON
HIGH CERTAINTY OF EVIDENCE)

The option of screening for fetal SCA is unique to NIPS and
has not been available through traditional screening.
Therefore, direct comparisons of screening performance
between these 2 modalities cannot be done.

The screening performance of NIPS for SCA was shown
to be high in the SER across all 4 common types: mono-
somy X, XXX, XXY, and XYY. Overall detection rate for
any SCA was 99.6% (95% CI = 94.8%-100%) and speci-
ficity was 99.8% (95% CI = 99.7%-99.9%). However, there
appear to be differences in PPVs across the different SCAs.
For example, the PPVs for NIPS were 29.5% (95% CI =
22.7%-37.4%) for results indicating increased risk for 45,X,
54% (95% CI = 40.6%-66.8%) for XXX, 74% (95% CI =
59.5%-84.7%) for XXY, and 74.5% (95% CI = 58.4%-
85.8%) for XYY. There are biological reasons why the PPV
for 45,X may be lower, eg, higher rates of placental mosa-
icism for monosomy X19 or maternal mosaicism for 45,X
that by definition would not be identified through amnio-
centesis. The studies did not uniformly specify the type of
diagnostic testing performed to confirm the SCA. The
possibility of placental mosaicism for SCA should be
included in pre- and post-test counseling.

Incorporation of SCAs into prenatal screening protocols
is likely to be a new experience for most providers. Pretest
counseling for SCA screening may be challenging for
clinicians who are not familiar with them. Unlike the
autosomal aneuploidies, most individuals with SCA are not
ascertained at birth because of the lack of distinctive
phenotypic features. In addition, if a pregnancy is
screen-positive for SCA, and it is confirmed through
diagnostic testing, the ability to provide accurate prognostic
information prenatally may be impacted by a reliance on
historically biased reports of postnatally ascertained cases.
When counseling about SCAs, the source of information
should be based on prospective follow-up of children born
following a prenatal diagnosis of the specific SCA.20

Patients receiving confirmatory results should be referred
to professionals who can provide an accurate depiction of
the phenotype. The potential for neurobehavioral differences
related to some of these conditions should be provided,
along with the most recent evidence of medical in-
terventions that may mitigate some of those outcomes.21

NIPS also carries the potential for identifying a SCA in the
pregnant individual. For example, there is a well-recognized
age-related increase in 45,X mosaicism in lymphocytes of

46,XX patients that is not associatedwith Turner syndrome.22

However, this should not be assumed to be the explanation of
a positive screen for 45,X, and these individuals should be
offered diagnostic fetal evaluation. In addition, suspicion for
pre-existing maternal mosaic Turner syndrome should lead to
further evaluation, ideally by a medical geneticist, that in-
cludes maternal karyotyping. Individuals with confirmed
mosaic maternal Turner syndrome should be referred to a
maternal-fetal medicine specialist and a cardiologist because
of increased risks for various perinatal morbidities.

Clinical experience has demonstrated that not all preg-
nant individuals will pursue screening for SCA, and clinical
laboratories offering NIPS generally provide an opt-out
option. Furthermore, SCA screening is limited or unavai-
lable in twins, depending on technology and chorionicity.

Recommendation: ACMG SUGGESTS THAT NIPS
FOR 22q11.2 DELETION SYNDROME BE OFFERED
TO ALL PATIENTS (CONDITIONAL
RECOMMENDATION, BASED ON MODERATE
CERTAINTY OF THE EVIDENCE)

A conditional recommendation should be interpreted as
follows: most patients would request this and most clini-
cians would offer NIPS for this purpose, after a discussion
about the benefits and limitations of screening and in the
context of shared decision-making.

The termCNV is usedherein to indicate segmental genomic
imbalances, microdeletions, or microduplications but not nu-
merical chromosome imbalances. The prevalence of clinically
relevant CNVs in karyotypically normal fetuses is approxi-
mately 2% as demonstrated via diagnostic studies and is higher
in fetuseswith known anatomical anomalies.23,24 Individually,
any given CNV is rare; however, the 22q11.2 deletion syn-
drome (22q11.2DS), the most common pathogenic CNV
identified prenatally, has been estimated to have a prevalence
range of 1 in 99025 to 1 in 2148.26 There is no knownmaternal
age impact on the incidence of fetal CNVs.27

Two main approaches to CNV screening have been
reported: (1) targeting of specific well-recognized micro-
deletion/duplication syndromes and (2) a broader genome-
wide approach. For the analysis of screening performance, it
is probably more appropriate to address CNV screening char-
acteristics for an individual entity (eg, 22q11.2DS) rather than
as a collective group. The SER demonstrates that sensitivity
and specificity ofCNV screening in general is below that of the
common trisomies and SCAs.

A recent study28 that was not included in the SER pro-
spectively assessed the performance of SNP-based NIPS for
the most commonly known microdeletion syndrome,
22q11.2DS. In a cohort of 18,289 pregnancies with complete
genetic follow-up, those investigators reported a detection of
10 in 12 cases of 22q11.2DS (using an updated algorithm that
was developed during data analysis after enrollment was
completed). Using a risk cutoff of 1 in 100, there were 19
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biochemistry reported 75% detection with 9% FPR.18 There
are no studies that have specifically focused on screening for
T18 in twin pregnancies. Traditional screening methods were
generally not available to screen for T13 in twins.

Recommendation: ACMG RECOMMENDS THAT
NIPS BE OFFERED TO PATIENTS WITH A
SINGLETON GESTATION TO SCREEN FOR FETAL
SCA (STRONG RECOMMENDATION, BASED ON
HIGH CERTAINTY OF EVIDENCE)

The option of screening for fetal SCA is unique to NIPS and
has not been available through traditional screening.
Therefore, direct comparisons of screening performance
between these 2 modalities cannot be done.

The screening performance of NIPS for SCA was shown
to be high in the SER across all 4 common types: mono-
somy X, XXX, XXY, and XYY. Overall detection rate for
any SCA was 99.6% (95% CI = 94.8%-100%) and speci-
ficity was 99.8% (95% CI = 99.7%-99.9%). However, there
appear to be differences in PPVs across the different SCAs.
For example, the PPVs for NIPS were 29.5% (95% CI =
22.7%-37.4%) for results indicating increased risk for 45,X,
54% (95% CI = 40.6%-66.8%) for XXX, 74% (95% CI =
59.5%-84.7%) for XXY, and 74.5% (95% CI = 58.4%-
85.8%) for XYY. There are biological reasons why the PPV
for 45,X may be lower, eg, higher rates of placental mosa-
icism for monosomy X19 or maternal mosaicism for 45,X
that by definition would not be identified through amnio-
centesis. The studies did not uniformly specify the type of
diagnostic testing performed to confirm the SCA. The
possibility of placental mosaicism for SCA should be
included in pre- and post-test counseling.

Incorporation of SCAs into prenatal screening protocols
is likely to be a new experience for most providers. Pretest
counseling for SCA screening may be challenging for
clinicians who are not familiar with them. Unlike the
autosomal aneuploidies, most individuals with SCA are not
ascertained at birth because of the lack of distinctive
phenotypic features. In addition, if a pregnancy is
screen-positive for SCA, and it is confirmed through
diagnostic testing, the ability to provide accurate prognostic
information prenatally may be impacted by a reliance on
historically biased reports of postnatally ascertained cases.
When counseling about SCAs, the source of information
should be based on prospective follow-up of children born
following a prenatal diagnosis of the specific SCA.20

Patients receiving confirmatory results should be referred
to professionals who can provide an accurate depiction of
the phenotype. The potential for neurobehavioral differences
related to some of these conditions should be provided,
along with the most recent evidence of medical in-
terventions that may mitigate some of those outcomes.21

NIPS also carries the potential for identifying a SCA in the
pregnant individual. For example, there is a well-recognized
age-related increase in 45,X mosaicism in lymphocytes of

46,XX patients that is not associatedwith Turner syndrome.22

However, this should not be assumed to be the explanation of
a positive screen for 45,X, and these individuals should be
offered diagnostic fetal evaluation. In addition, suspicion for
pre-existing maternal mosaic Turner syndrome should lead to
further evaluation, ideally by a medical geneticist, that in-
cludes maternal karyotyping. Individuals with confirmed
mosaic maternal Turner syndrome should be referred to a
maternal-fetal medicine specialist and a cardiologist because
of increased risks for various perinatal morbidities.

Clinical experience has demonstrated that not all preg-
nant individuals will pursue screening for SCA, and clinical
laboratories offering NIPS generally provide an opt-out
option. Furthermore, SCA screening is limited or unavai-
lable in twins, depending on technology and chorionicity.

Recommendation: ACMG SUGGESTS THAT NIPS
FOR 22q11.2 DELETION SYNDROME BE OFFERED
TO ALL PATIENTS (CONDITIONAL
RECOMMENDATION, BASED ON MODERATE
CERTAINTY OF THE EVIDENCE)

A conditional recommendation should be interpreted as
follows: most patients would request this and most clini-
cians would offer NIPS for this purpose, after a discussion
about the benefits and limitations of screening and in the
context of shared decision-making.

The termCNV is usedherein to indicate segmental genomic
imbalances, microdeletions, or microduplications but not nu-
merical chromosome imbalances. The prevalence of clinically
relevant CNVs in karyotypically normal fetuses is approxi-
mately 2% as demonstrated via diagnostic studies and is higher
in fetuseswith known anatomical anomalies.23,24 Individually,
any given CNV is rare; however, the 22q11.2 deletion syn-
drome (22q11.2DS), the most common pathogenic CNV
identified prenatally, has been estimated to have a prevalence
range of 1 in 99025 to 1 in 2148.26 There is no knownmaternal
age impact on the incidence of fetal CNVs.27

Two main approaches to CNV screening have been
reported: (1) targeting of specific well-recognized micro-
deletion/duplication syndromes and (2) a broader genome-
wide approach. For the analysis of screening performance, it
is probably more appropriate to address CNV screening char-
acteristics for an individual entity (eg, 22q11.2DS) rather than
as a collective group. The SER demonstrates that sensitivity
and specificity ofCNV screening in general is below that of the
common trisomies and SCAs.

A recent study28 that was not included in the SER pro-
spectively assessed the performance of SNP-based NIPS for
the most commonly known microdeletion syndrome,
22q11.2DS. In a cohort of 18,289 pregnancies with complete
genetic follow-up, those investigators reported a detection of
10 in 12 cases of 22q11.2DS (using an updated algorithm that
was developed during data analysis after enrollment was
completed). Using a risk cutoff of 1 in 100, there were 19
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First-tier NIPT benefits over contingent test  

• No time window for testing

• Higher sensitivity or detection rate, thus fewer
false negatives

• More women get a definitive result after a
single test, less need for follow-up tests

• Pregnant women prefer first-tier NIPT

• The difference with first-tier NIPT costs is
getting smaller
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Key points

What's already known about this topic?

✏ Non‐invasive prenatal testing (NIPT) for fetal aneuploidies has been quickly implemented

worldwide.

✏ Different implementation strategies are used for NIPT, either as a first‐tier screening test or
as a contingent test after the first‐trimester screening.

What does this study add?

✏ We argue that offering NIPT as a first‐tier test has several advantages over contingent

NIPT:

� No time window for testing.

� Higher sensitivity or detection rate, thus fewer false negatives.

� More women get a definitive result after a single test, less need for follow‐up tests.

� Pregnant women prefer first‐tier NIPT.

Since the introduction of non‐invasive prenatal testing (NIPT) for the
detection of fetal aneuploidies into clinical practice in 2011, the test

has rapidly transformed the prenatal screening landscape. The test is

available in more than 60 countries, and over 10 million tests are

performed each year.1 The fast dissemination of NIPT was driven by

demand of pregnant women and healthcare professionals, techno-

logical developments and commercial incentives.

For long time, fetal aneuploidy screening was primarily done by

first‐trimester combined testing (FCT), which is a screening test

based on a combination of serum measurements (i.e., pregnancy‐
associated plasma protein A and free β‐human chorionic gonado-

tropin [hCG]), a nuchal translucency (NT) ultrasound measurement

and maternal age. The result is provided as a risk estimate and

different cutoffs (e.g., 1 in 200, 1 in 150 or 1 in 1000) can be chosen

to indicate an increased risk result.2 Previously, an increased FCT risk

result was followed by an invasive confirmatory diagnostic test either

chorionic villus sampling (CVS) or amniocentesis (AC). Both proced-

ures are associated with a slightly increased risk of miscarriage.3

NIPT uses cell‐free DNA to screen maternal blood for fetal

chromosomal aneuploidies. NIPT results can be either “high‐risk”,
“low‐risk” or “no‐result”. Due to the placental origin of cell‐free DNA,
genetic differences between the placenta and fetus can cause rare

discordant NIPT results. Therefore, in order to obtain a definite

diagnosis after a high‐risk NIPT result, the result needs to be

confirmed by invasive testing.4

Two main implementation strategies are used within public

healthcare settings for the introduction of NIPT within national

prenatal screening programs. The most common approach is that of

contingent (second‐tier) NIPT, offered only to high‐risk pregnant

women based on a previous increased‐risk FCT result. Besides this,

NIPT can be offered to women with increased risk based on maternal

age or medical history (e.g., a previous child with a trisomy).5 Offering

women with an increased FCT result NIPT as a contingent test

greatly reduced the number of invasive tests needed as the majority

of these women will receive a low‐risk NIPT result,6,7 and follow‐up
testing is not recommended.

Results described in this paper have been presented at the 2022 ISPD conference in Montreal, Canada. ISPD 2022 Montreal—Erik Sistermans.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, pro-

vided the original work is properly cited.
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NIPT is performed before assessing fetal 
anatomy. 
Clearly, NIPT in the presence of a fetal 
anomaly is the wrong test, because
• it is a screening test for a limited 

number of genetic conditions and in 
reality, 

• the patient will require invasive 
prenatal testing to confirm the 
diagnosis
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Key points

What is already known about this topic?

✏ In 2015, the International Society for Prenatal Diagnosis (ISPD) published its first position

statement on the use of non‐invasive prenatal testing (NIPT) to screen for aneuploidy.

Widespread uptake across the globe and subsequent published research has shed new light

on test performance and implementation issues.

What does this study add?

✏ This new position statement replaces the 2015 statement with updated information on the

current technologies, clinical experience, and implementation practices.

✏ As an international organization, ISPD recognizes that there are important population‐
specific considerations in the organization of prenatal screening and diagnosis. These

This is an open access article under the terms of the Creative Commons Attribution‐NonCommercial‐NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non‐commercial and no modifications or adaptations are made.

© 2023 The Authors. Prenatal Diagnosis published by John Wiley & Sons Ltd.

814 - Prenatal Diagnosis. 2023;43:814–828. wileyonlinelibrary.com/journal/pd

NIPT for the common autosomal aneuploidies performs 
sufficiently well to be offered in primary or contingent 
screening models.
The ISPD Board acknowledges that context-specific 
considerations in health policy influence decisions and 
implementation models. 
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Abstract

Objectives: To give an overview of the genetic and structural abnormalities occur-

ring in fetuses with nuchal translucency (NT) measurement exceeding the 95th per-

centile at first‐trimester screening and to investigate which of these abnormalities

would be missed if cell‐free fetal DNA (cfDNA) were used as a first‐tier screening test

for chromosomal abnormalities.

Methods: This is a national study including 1901 pregnancies with NT≥95th per-

centile referred to seven university hospitals in the Netherlands between 1 January

2010 and 1 January 2016. All cases with unknown pregnancy outcome were

excluded. Results of detailed ultrasound examinations, karyotyping, genotyping, preg-

nancy and neonatal outcomes, investigation by a clinical geneticist and post‐mortem

investigations were collected.

Results: In total, 821 (43%) pregnancies had at least one abnormality. The rate of

abnormalities was 21% for fetuses with NT between 95th and 99th percentile and

62% for fetuses with NT≥99th percentile. Prevalence of single‐gene disorders, submi-

croscopic, chromosomal and structural abnormalities was 2%, 2%, 30% and 9%,

respectively.

Conclusion: Although cfDNA is superior to the combined test, especially for the

detection of trisomy 21, 34% of the congenital abnormalities occurring in fetuses

with increased NT may remain undetected in the first trimester of pregnancy, unless

cfDNA is used in combination with fetal sonographic assessment, including NT

measurement.

1 | INTRODUCTION

Nuchal translucency (NT), defined as the subcutaneous accumulation

of fluid behind the fetal neck, can effectively be measured by an

ultrasound investigation between 11 and 13+6 weeks of gestation.

Nuchal translucency was first described in 1992 by Nicolaides1 as a

marker for fetal chromosomal abnormalities and especially Down syn-

drome. Since its first appearance in the prenatal screening paradigm,
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If cell-free DNA were used as the only first trimester screening test, 34% of fetal 
congenital abnormalities occurring in fetuses with increased NT would be missed in 
the first trimester of pregnancy.

PREVALENZA DELLE MALFORMAZIONI  :263/10.000
PREVALENZA DELLE AN. CROMOSOMICHE: 46,7/10.000

TR. 21: 25,1/10-000
TR. 18: 6,3/10.000
TR. 13: 2,3/10.000
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belly of the expectant mother. This is possible for a lit-
tle over half a century, still, meanwhile it is standard to 
obtain even cell material from the fetus and analyze it for 
its genetic integrity. Thus, for the first time in human his-
tory, largely reliable statements on the genetic health of 
an unborn child are possible [1]. The latter seemed unim-
aginable even for science fiction authors in the 1970s [2].

We are currently experiencing an increased worldwide 
demand for the earliest possible testing of unborn chil-
dren [1]. This has various causes as:

 (i) in industrialized countries many couples desire to 
have only one or at most two children, who then 
have to be healthy for sure;

 (ii) there is increasing age of the first-time mothers, 
which at the same time demands minimizing an 
age-associated increased risk for the birth of a child 
with an aneuploidy;

 (iii) in some so-called developing countries there is a 
desire of expectant parents to have male rather 
than female offspring and, if necessary, to be able to 
carry out abortion as early as possible; and/ or

 (iv) nowadays apparently simple applicable, fast and 
new non-invasive prenatal diagnostic procedures 
(PNDPs) are available and widely used [1, 2].

At present, various invasive and non-invasive PNDPs 
are available. Standard invasive procedures include cho-
rionic villus sampling, amniocentesis and umbilical cord 
blood sampling. In all three invasive methods, placen-
tal or fetal cells are examined cytogenetically, molecular 
cytogenetically, and/or molecular genetically. Only then, 
it is possible to make unambiguous statements on ques-
tions such as: Is there a trisomy, monosomy or a chro-
mosomal rearrangement? Does the expectant child have 
a genetic deletion or duplication (smaller than an entire 
chromosome)? Is there a specific gene mutation? After 
successful completion of the corresponding invasive diag-
nostic procedures, unequivocal yes or no answers for the 
presence or absence of a genetic defect can be expected 
[1]. All non-invasive PNDPs, on the other hand, are so-
called screening methods; thus, only a probability state-
ment as to whether the child to be has a specific genetic 
change or not. These statements always need checking, 
ultimately through an invasive PNDP. The non-invasive 
PNDPs include all ultra-sonographic approaches, all bio-
chemical tests from maternal blood (such as the determi-
nation of alpha-fetoprotein = AFP, beta-human chorionic 
gonadotropin = ß-hCG or pregnancy-associated plasma 
protein-A = PAPPA), all combined methods, such as tri-
ple test or first trimester screening (FTS), and also the 
latest instrument in this “kit”—non-invasive prenatal 
testing (NIPT). The latter belongs to non-invasive PNDPs 
because (i) not the genetic material of the expectant child 

itself but of circulating free DNA derived from the pla-
centa is examined here, and (ii) no clear yes or no answers 
are obtained, as in invasive PNDPs, but only statements 
of probability [1–4].

Between 3 and 6% of newborns have major inborn 
abnormalities, which classifies them as “individuals with 
congenital diseases/disease complexes/syndromes” [4]. If 
one considers the 3–6% mentioned as an “own popula-
tion”, then a chromosomal disorder is present in ~ 6%, a 
teratogenic damage in ~ 7%, and a monogenetic or mul-
tigenetic disease in ~ 8% or ~ 25%, respectively. For the 
remainder ~ 54%, the diagnosis usually stays lifelong as 
suffering from an “idiopathic disorder”, i.e. the cause 
remains unclear (Fig. 1). Prenatally accessible is rather a 
large part of the chromosomal disorders and a very small 
percentage of the monogenetic disease; in the best-case 
scenario, a clear prenatal genetic diagnosis can only be 
expected for up to 10% of newborns with birth defects 
[1]—see also Fig. 1.

In this context, the general statements, promises and 
enthusiasm on the impact of NIPT on prenatal diagnos-
tics needs some investigation, especially as there is a big 
market interest and a huge amount of money involved 
here [5–7]. Thus, here the efficacy to identify prena-
tally individuals with congenital diseases is re-evaluated 
on > 750,000 published NIPT-results predominantly from 
China, Europe and USA. The reported false-positive (FP) 
and false-negative (FN) rates were summarized and are 
discussed here under several aspects. Overall, it seems 

Fig. 1 All newborns with clinical abnormalities and the causes 
of their problems are schematically depicted. In A the causes are 
specified as chromosomal aberrations (chr.), monogenetic (monog.), 
multigenetic (multig.), teratogenic (teratog.), and idiopathic 
(unclear) causes; in B all causes are summarized to 100%. It can be 
clearly seen that prenatally a maximum of 10% of the cases with 
clinical abnormalities can be characterized by a clear genetic cause; 
according to this review not more than 5% of these aberrant cases 
can be accessed by NIPT (green label)
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Abstract
Screening for chromosomal disorders, especially for trisomy 21, has undergone a number of changes in the last 50 years. 
Today, cell-free DNA analysis (cfDNA) is the gold standard in screening for trisomy 21. Despite the advantages that cfDNA 
offers in screening for common trisomies, it must be recognized that it does not address many other chromosomal disorders 
and any of the structural fetal anomalies. In the first trimester, the optimal approach is to combine an ultrasound assessment 
of the fetus, which includes an NT measurement, with cfDNA testing. If fetal structural defects are detected or if the NT 
thickness is increased, an amniocentesis or a CVS with at least chromosomal microarray should be offered.

Keywords Cell-free fetal DNA · Ultrasound · First trimester screening · Trisomy

Introduction

Screening for chromosomal disorders, especially for trisomy 
21, has undergone a number of changes in the last 50 years. 
While screening based on maternal age was the standard in 
the 1970s and 80 s, it was replaced by biochemical testing 
such as the triple test in the 1990s. In the 2000s and, also 
the 2010s, combined first trimester screening (FTS) between 
11 + 0 and 13 + 6 weeks’ gestation was used as standard and 
most effective method of screening. Today, cell-free DNA 
analysis (cfDNA) is the gold standard in screening for tri-
somy 21 [1–3]. Increasingly, healthcare systems include 
cfDNA tests as a part of standard care in pregnancy. Most 
commonly, the test is performed after FTS. However, some 
countries, such as the Netherlands use the cfDNA test as a 
first-tier screening test [4]. In Germany, the Federal Joint 
Committee (“Gemeinsamer Bundesausschuss”) decided that 
each pregnant woman can request the test without a prior 
risk stratification and regardless of age. At the same time, it 
is not recommended as a routine screening test.

Regardless of the healthcare system, in prenatal medi-
cine, one must understand the advantages and disadvantages 
of the different screening tests and the risk profile of each 
pregnant women. Despite the advantages that cfDNA offers 
in screening for common trisomies, it must be recognized 
that it does not adequately address many other chromosomal 
disorders and any of the structural fetal anomalies.

Risk for fetal defects and chromosomal 
disorders

Based on data extracted from the Eurocat registry, the over-
all prevalence of fetal defects between 2013 and 2019 was 
263 per 10,000 births [5]. Out of those, 46.7/10,000 preg-
nancies had chromosomal defects (live births, stillbirths and 
terminations), including trisomy 21 (25.1/10,000), trisomy 
18 (6.3/10,000), and trisomy 13 (2.3/10,000) [5]. These data 
illustrate that common chromosomal disorders are important 
but other fetal defects, including structural defects, are sub-
stantially more common.

The individual risk for common autosomal trisomies (21, 
18, and 13) increases with maternal age (e.g. the risk for tri-
somy 21 increases from 1:1250 at 20 years of age to 1:86 at 
40). The other chromosomal abnormalities are often referred 
to as rare chromosomal defects. These include microdele-
tions and duplications, as well as sex chromosome defects 
[6]. However, they are not as rare as the name implies. The 
overall risk for microdeletions and duplications is about 
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• Adding screening tests for more diseases to the
cfDNA panel is likely to increase the overall false-
positive rate and

• the prevalence of some of the diseases that can
be potentially picked up by an extended cfDNA
panel is too low to be included in a reasonable
screening program

It should be highlighted that this applies to
routine screening in unselected pregnancies.

OBSTETRICS

Residual risk for clinically significant copy number
variants in low-risk pregnancies, following exclusion of
noninvasive prenatal screeningedetectable findings
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BACKGROUND: Chromosomal microarray analysis detects a clinically
significant amount of copy number variants in approximately 1% of low-risk
pregnancies. As the constantly growing use of noninvasive prenatal
screening has facilitated the detection of chromosomal aberrations, defining
the rate of abnormal chromosomal microarray analysis findings following
normal noninvasive prenatal screening is of importance for making informed
decisions regarding prenatal testing and screening options.
OBJECTIVE: To calculate the residual risk for clinically significant copy
number variants following theoretically normal noninvasive prenatal
screening.
STUDY DESIGN: The chromosomal microarray results of all preg-
nancies undergoing amniocentesis between the years 2013 and 2021 in a
large hospital-based laboratory were collected. Pregnancies with sono-
graphic anomalies, abnormal maternal serum screening, or multiple fe-
tuses were excluded. Clinically significant (pathogenic and likely
pathogenic) copy number variants were divided into the following: 3-
noninvasive prenatal screeningedetectable (trisomies 13, 18, and 21),
5- noninvasive prenatal screeningedetectable (including sex chromo-
some aberrations), 5-noninvasive prenatal screening and common
microdeletion-detectable (including 1p36.3e1p36.2, 4p16.3e4p16.2,
5p15.3e5p15.1, 15q11.2e15q13.1, and 22q11.2 deletions), and
genome-wide noninvasive prenatal screeningedetectable (including
variants>7 Mb). The theoretical residual risk for clinically significant copy
number variants was calculated following the exclusion of noninvasive
prenatal screeningedetectable findings.

RESULTS:Of the 7235 pregnancies, clinically significant copy number
variants were demonstrated in 87 cases (1.2%). The residual risk
following theoretically normal noninvasive prenatal screening was 1.07%
(1/94) for 3-noninvasive prenatal screening, 0.78% (1/129) for 5-
noninvasive prenatal screening, 0.74% (1/136) for 5- noninvasive
prenatal screening including common microdeletions, and 0.68% (1/
147) for genome-wide noninvasive prenatal screening. In the subgroup
of 4048 pregnancies with advanced maternal age, the residual risk for
clinically significant copy number variants following theoretically normal
noninvasive prenatal screening ranged from 1.36% (1/73) for 3-
noninvasive prenatal screening to 0.82% (1/122) for genome-wide
noninvasive prenatal screening. In 3187 pregnancies of women <35
years, this residual risk ranged from 0.69% (1/145) for 3- noninvasive
prenatal screening to 0.5% (1/199) for genome-wide noninvasive pre-
natal screening.
CONCLUSION: The residual risk of clinically significant copy number
variants in pregnancies without structural sonographic anomalies is
appreciable and depends on the noninvasive prenatal screening extent
and maternal age. This knowledge is important for the patients, obste-
tricians, and genetic counselors to facilitate informed decisions regarding
prenatal testing and screening options.

Key words: chromosomal aberrations, chromosomal microarray, copy
number variants, noninvasive prenatal screening, prenatal diagnosis,
prenatal screening

Introduction
For decades, prenatal screening and ge-
netic testing strategies were limited.
Recently, however, the following 2 new
players were introduced: chromosomal
microarray analysis (CMA) and nonin-
vasive prenatal screening (NIPS). Both

techniques have unique benefits and
drawbacks, requiring more complex
decisions.
Because of its higher detection rate,

CMAhas replaced traditional karyotyping
as a first-tier test for pregnancies with
structural sonographic anomalies. In
pregnancies without major sonographic
defects, this test can detect disease-causing
copy number variants (CNVs) in
approximately 1% of the cases.1 Even in
the lowest-risk pregnancies of women
younger than 35 years, which constitute
most of the pregnancies, CMA detects
clinically significant CNVs in approxi-
mately 0.7%, that is, 1 in 131pregnancies.1

The NIPS technique, which is based
on cell-free placental DNA testing in

maternal blood, is considered as the
most sensitive and specific screening test
for the common fetal aneuploidies.2

Various options related to NIPS are
being offered by commercial companies,
including 3 common autosomal tri-
somies (13, 18, and 21), sex chromo-
some aberrations, common
microdeletions, and genome-wide
NIPS-detectable (encompassing vari-
ants >7 Mb). In most countries, NIPS is
financed out of pocket or with partial
reimbursement. In several countries
such as Denmark, France, the
Netherlands, the United States, and
Canada, NIPS is publicly funded or
covered by health insurance for women
at a high risk of chromosomal
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testing for common microdeletions and
for genome-wide findings over 7 Mb
with additional charge, this information
might shed light on patients’decisions in
choosing the NIPS type.

Our study has several limitations.
First, as mentioned, the NIPS-
detectable findings were defined theo-
retically, disregarding the possible false-
negative rates, which could falsely lower
the calculated CMA residual risk. In
contrast, as we included only women
undergoing amniocentesis, our calcula-
tions are relevant to pregnancies at 16
to 17 weeks of gestational age. It is
possible that earlier gestational age
pregnancies were miscarried or termi-
nated because of abnormal NIPS’ thus,
the residual risk for abnormal CMA in
such pregnancies might be lower.
However, as only about 5% of pregnant
women in Israel perform NIPS, these
numbers might not be significant. In
addition, our calculations were based
on the assumption that mosaic chro-
mosomal aberrations and DMD gene
CNVs are mostly nondetectable by
NIPS, whereas it is possible that NIPS
could have detected a proportion of
such findings. Furthermore, CMA

testing could have missed low-level
mosaicism. However, as the reports
about NIPS-detectable mosaicism and
DMD CNVs are scarce, the accurate
detection rates have not yet been clearly
defined22e25; thus, we decided not to
define such findings as detectable only
by CMA. Unfortunately, no data on
previous NIPS testing or the subse-
quent pregnancy follow-up and com-
plications, including fetal loss rates,
were available. Finally, additional fac-
tors could potentially influence the re-
sidual risk such as ethnicity, maternal
weight, or paternal age. This issue re-
mains to be explored in future studies.
Nevertheless, we present the analysis

of a basic theoretical model for NIPS- vs
CMA-detectable findings in a large
cohort of pregnancies with normal so-
nography and maternal serum
screening. Our results show that the re-
sidual risk of clinically significant CNVs
in low-risk pregnancies is appreciable
and depends on the NIPS extent and
maternal age. This knowledge is impor-
tant for the patients, obstetricians, and
genetic counselors to facilitate informed
decisions regarding prenatal testing and
screening options. n
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Graphical representation of the residual risk for clinically significant CMA findings following theo-
retically normal NIPS models.
CMA, chromosomal microarray analysis; NIPS, noninvasive prenatal screening.
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P.I.C.O., RACCOMANDAZIONI, ANALISI DELLA LETTERATURA E 
INTERPRETAZIONE DELLE PROVE 

DIAGNOSI PRENATALE NON INVASIVA 

PATIENTS INTERVENTION COMPARISON OUTCOME - P.I.C.O. 
 

 
Domanda 1. Nella popolazione di donne con gravidanza singola, il test combinato è più accurato 
ed efficace per lo screening delle anomalie cromosomiche più frequenti, rispetto all’ecografia 
standard del I trimestre a 11-13 settimane di gestazione con misura della translucenza nucale? 
 
P: Donne con gravidanza singola 
I: Test combinato 
C: Ecografia standard del I trimestre a 11-13 settimane di gestazione con misura della 
translucenza nucale 
Outcome 1: Sensibilità per trisomie 21 18 e 13 
Outcome 2: Specificità per trisomie 21, 18 e 13 
Outcome 3: Falsi positivi per trisomie 21, 18 e 13* 
Outcome 4: Falsi negativi per trisomie 21, 18 e 13* 
Outcome 5: Numero di procedure invasive 
Outcome 6: Diagnosi di altre anomalie 

*si definisce caso falso positivo donna portatrice di feto non affetto a cui viene offerta procedura 
diagnostica invasiva e caso falso negativo donna portatrice di feto affetto a cui non viene offerta la 
procedura di diagnostica invasiva. 

 

Raccomandazione 1. Si raccomanda di offrire a tutte le donne con gravidanza singola il test 
combinato come   esame di screening per le anomalie cromosomiche più frequenti (trisomie 21, 18 
e 13). 

Raccomandazione positiva forte. 
Raccomandazione adattata da Linee Guida di alta qualità ed una di moderata qualità.  
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* si definisce caso falso positivo donna portatrice di feto non affetto a cui viene offerta procedura 
diagnostica invasiva e caso falso negativo donna portatrice di feto affetto a cui non viene offerta la 
procedura di diagnostica invasiva. 

 

Raccomandazione 2. Si raccomanda di offrire il test combinato per lo screening delle trisomie 
13 18 e 21a tutte le donne, indipendentemente dall’età materna,. 

Raccomandazione positiva forte. 
Raccomandazione adattata da Linee Guida di alta qualità ed una di moderata qualità.  

 
Domanda 2. Nelle donne in gravidanza di età superiore a 35 anni il test combinato è più accurato 
ed efficace nello screening delle trisomie 13, 18 3 21, rispetto alla diagnosi prenatale invasiva?  
P: Donne con gravidanza singola di età superiore ai 35 anni 
I: Test combinato 
C: Diagnosi prenatale invasiva 
Outcome 1: Sensibilità per trisomie 21 18 e 13 
Outcome 2: Specificità per trisomie 21, 18 e 13 
Outcome 3: Falsi positivi per trisomie 21, 18 e 13* 
Outcome 4: Falsi negativi per trisomie 21, 18 e 13* 
Outcome 5: Numero di procedure invasive 
Outcome 6: Diagnosi di altre anomalie 
Outcome 7: Diagnosi di altre anomalie cromosomiche 
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Domanda 3. Nelle donne con gravidanza singola, che chiedono di essere sottoposte allo screening 
prenatale per le anomalie cromosomiche più frequenti, il cfDNA/NIPT è più accurato e costo- 
efficace rispetto al test combinato o ad altre procedure di screening?  
 
P: Donne con gravidanza singola 
I: cfDNA/NIPT per le trisomie 21,18 e 13 come test universale (seguito dalla diagnosi prenatale 
invasiva nel caso di alto rischio) 
C: Test combinato 
Outcome 1: Sensibilità per trisomie 21 18 e 13 
Outcome 2: Specificità per trisomie 21, 18 e 13 
Outcome 3: Falsi positivi per trisomie 21, 18 e 13* 
Outcome 4: Falsi negativi per 21, 18 e 13* 
Outcome 5: Numero di procedure invasive 
Outcome 6:  % no result 
Outcome 7: Costi 

* si definisce caso falso positivo donna portatrice di feto non affetto a cui viene offerta procedura 
diagnostica invasiva e caso falso negativo donna portatrice di feto affetto a cui non viene offerta la 
procedura di diagnostica invasiva. 

 

Raccomandazione 3. Per motivi di costo-efficacia e di fattibilità, nelle donne con gravidanza singola 
si suggerisce che il cfDNA/NIPT non sostituisca il test combinato come screening primario per le 
anomalie cromosomiche più frequenti. 
 
Raccomandazione negativa condizionata. 
Raccomandazione adattata da Linee Guida di alta qualità. 
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Domanda 4. Nelle donne con gravidanza singola, ad alto rischio di aneuploidie al test combinato, 
Il cfDNA/NIPT come test contingente  per le trisomie 21,18 e 13 è più accurato ed efficace rispetto 
alla diagnosi prenatale invasiva ? 
 
P: Donne gravide ad alto rischio di aneuploidie al test combinato (gravidanza singola) 
I: cfDNA/NIPT per le trisomie 21,18 e 13 come test contingente (seguito dalla diagnosi prenatale 
invasiva nel caso di alto rischio) 
C: Diagnosi prenatale invasiva 
Outcome 1: Sensibilità per trisomie 21 18 e 13 
Outcome 2: Specificità per trisomie 21, 18 e 13 
Outcome 3: Falsi positivi per trisomie 21, 18 e 13* 
Outcome 4: Falsi negativi per 21, 18 e 13* 
Outcome 5: Numero di procedure invasive 
Outcome 6: % no result 
Outcome 7: Timing della procedura invasiva 

*si definisce caso falso positivo donna portatrice di feto non affetto a cui viene offerta procedura 
diagnostica invasiva e falso negativo donna portatrice di feto affetti a cui non viene offerta la procedura di 
diagnostica invasiva 

 

Raccomandazione 4. Si suggerisce l’utilizzo del cfDNA/NIPT come screening contingente nelle 
donne risultate ad alto rischio dopo test combinato e, in particolare, in quelle che non  desiderano 
eseguire diagnosi prenatale invasiva, dopo un adeguato counseling (tempistiche della risposta, 
diagnosi di altre anomalie genetiche attraverso diagnosi prenatale invasiva).*  
 
Raccomandazione positiva condizionata. 
Raccomandazione adattata da Linee Guida di alta qualità e da quanto espresso dal Consiglio 
Superiore di Sanità. 

*Per rischi ≥1:10 dopo il test combinato, translucenza nucale ≥3.5 mm o in presenza di anomalie 
congenite maggiori è raccomandato proporre la diagnosi prenatale invasiva per elevata prevalenza 
di anomalie cromosomiche e genetiche. 
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Domanda 5. Per le donne con gravidanza singola, identificate a rischio intermedio di trisomia 13, 
18, 21 dopo test combinato, l’utilizzo del cfDNA/NIPT in aggiunta al test combinato è più accurato 
e costo- efficace rispetto al solo test combinato? 
 
P: Donne gravide a rischio intermedio di aneuploidie al test combinato (gravidanza singola) 
I: cfDNA/NIPT per le trisomie 21,18 e 13 come test contingente (seguito dalla diagnosi 
prenatale invasiva nel caso di alto rischio),  
C:  Solo test combinato 
Outcome 1: Sensibilità per trisomie 21 18 e 13 
Outcome 2: Specificità per trisomie 21, 18 e 13 
Outcome 3: Falsi positivi per trisomie 21, 18 e 13* 
Outcome 4: Falsi negativi per 21, 18 e 13* 
Outcome 5: Numero di procedure invasive 
Outcome 6: Costi 

 

*si definisce caso falso positivo donne portatrice di feto non affetto a cui viene offerta procedura 
diagnostica invasiva e falso negativo donna portatrice di feto affetti a cui non viene offerta la procedura di 
diagnostica invasiva 

 

Raccomandazione 5. Nelle donne gravide a rischio intermedio (≥1:1000) di aneuploidie al test 
combinato, si suggerisce di utilizzare il cfDNA/NIPT come test contingente. La scelta dell’utilizzo di 
cfDNA/NIPT come test contingente nella fascia 1:11-1:1000 versus 1:101-1:1000 dipende dalle 
risorse disponibili, da scelte di politica sanitaria e da valutazioni discusse con la paziente. 

Raccomandazione positiva condizionata. 
Raccomandazione adattata da una Linea Guida di alta qualità e da quanto espresso dal Consiglio 
Superiore di Sanità. 
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Domanda 6. Nelle donne con gravidanza singola, a basso rischio per aneuploidie al cfDNA/NIPT è 
raccomandata l'ecografia del I trimestre con la misurazione della translucenza nucale? 
P: Donne con gravidanza singola a basso rischio per aneuploidie al cfDNA/NIPT 
I: Ecografia del I trimestre con misurazione della translucenza nucale 
C: Nessuna ecografia del I trimestre 
Outcome 1: Ricalcolo del rischio di aneuploidie 
Outcome 2: Diagnosi di altre anomalie genetiche 
Outcome 3: Diagnosi di altre anomalie congenite 

 

Raccomandazione 6. E’ raccomandato comunque effettuare l’ecografia del I trimestre con 
misurazione della translucenza nucale anche nelle donne che sono risultate a basso rischio per 
aneuploidie al cfDNA/NIPT.  

Raccomandazione positiva forte. 
Raccomandazione adattata da Linee Guida di alta qualità.  
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NT ispessita ( > 3,5 mm) 

Riscontro di 
malformazioni fetali 

Consulenza genetica + DPI con ArrayCGH; 
Ecografia di riferimento , ecocardiografia fetale

SOCG- CCMG 2017; Linea Guida di alta qualità
KSMFM 2021;  Linea Guida di alta qualità
ACOG 2020; Linea Guida di alta qualità
SIEOG-ISS 2021; raccomandazione posiDva forte; Linea Guida di alta qualità

Effettuare un NIPT prima di una ecografia fra 11 e13 sett+ 6 gg  si scontra contro 
gli indubbi vantaggi offerti  da una ecografia preliminare :
• più accurata datazione della gravidanza rispetto all’U.M.
• Individuazione delle gravidanze multiple 
• Valutazione dello spessore della NT
• Valutazione dell’anatomia fetale
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• tasso di test invasivi molto basso 
• costo notevolmente inferiore rispetto all’esecuzione del test                          

del cfDNA come metodo di screening di prima linea
• DR molto elevato se utilizzato sulla fascia di rischio intermedio
• Risultato anche se Nipt fallisce (“no call results”)

I risultati del test combinato stratificherebbero la popolazione in :

• un gruppo ad altissimo rischio     DPI

• un gruppo a rischio intermedio cfDNA

• un gruppo a basso rischio NO ulteriori test

Inoltre, l'ecografia del primo trimestre rileverebbe molti difetti strutturali maggiori 

Un esito NIPT a basso rischio:
• rassicura sul faTo che è improbabile che il 

feto sia affeTo  dalle trisomie ricercate 
• Riduce il rischio di tr. 21, 18 e 13 di un 
• faTore di 333, 47 e 100 rispeWvamente 

Per es.
Test comb. pos.  Rischio 1:100 + NIPT nega[vo: 

100 x 333: 1: 33.300
Ultrasound Obstet Gynecol 2017; 50: 302–314
Published online 27 July 2017 in Wiley Online Library (wileyonlinelibrary.com). DOI: 10.1002/uog.17484

Analysis of cell-free DNA in maternal blood in screening for
aneuploidies: updated meta-analysis

M. M. GIL1,2,3 , V. ACCURTI1, B. SANTACRUZ2, M. N. PLANA4 and K. H. NICOLAIDES1
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Hospital, Torrejon de Ardoz, Madrid, Spain; 3Obstetrics and Gynecology Department, Universidad Francisco de Vitoria, Pozuelo de
Alarcón, Madrid, Spain; 4Clinical Biostatistics Unit, Ramón y Cajal Hospital (IRYCIS), CIBER Epidemiology and Public Health
(CIBERESP), Madrid, Spain

KEYWORDS: cell-free fetal DNA; fetal aneuploidy; monosomy X; non-invasive prenatal testing; sex chromosome aneuploidy;
trisomy 13; trisomy 18; trisomy 21; Turner syndrome

ABSTRACT

Objectives To review clinical validation or implementa-
tion studies of maternal blood cell-free (cf) DNA analysis
and define the performance of screening for fetal trisomies
21, 18 and 13 and sex chromosome aneuploidies (SCA).

Methods Searches of PubMed, EMBASE and The
Cochrane Library were performed to identify all
peer-reviewed articles on cfDNA testing in screening
for aneuploidies between January 2011, when the first
such study was published, and 31 December 2016. The
inclusion criteria were peer-reviewed study reporting on
clinical validation or implementation of maternal cfDNA
testing in screening for aneuploidies, in which data
on pregnancy outcome were provided for more than
85% of the study population. We excluded case–control
studies, proof-of-principle articles and studies in which the
laboratory scientists carrying out the tests were aware of
fetal karyotype or pregnancy outcome. Pooled detection
rates (DRs) and false-positive rates (FPRs) were calculated
using bivariate random-effects regression models.

Results In total, 35 relevant studies were identified and
these were used for the meta-analysis on the performance
of cfDNA testing in screening for aneuploidies. These
studies reported cfDNA results in relation to fetal
karyotype from invasive testing or clinical outcome. In the
combined total of 1963 cases of trisomy 21 and 223 932
non-trisomy 21 singleton pregnancies, the weighted
pooled DR and FPR were 99.7% (95% CI, 99.1–99.9%)
and 0.04% (95% CI, 0.02–0.07%), respectively. In a
total of 563 cases of trisomy 18 and 222 013 non-trisomy
18 singleton pregnancies, the weighted pooled DR and
FPR were 97.9% (95% CI, 94.9–99.1%) and 0.04%

Correspondence to: Prof. K. H. Nicolaides, Fetal Medicine Research Institute, King’s College Hospital, 16–20 Windsor Walk, Denmark Hill,
London SE5 8BB, UK (e-mail: kypros@fetalmedicine.com)
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(95% CI, 0.03–0.07%), respectively. In a total of 119
cases of trisomy 13 and 212 883 non-trisomy 13 singleton
pregnancies, the weighted pooled DR and FPR were
99.0% (95% CI, 65.8–100%) and 0.04% (95% CI,
0.02–0.07%), respectively. In a total of 36 cases of
monosomy X and 7676 unaffected singleton pregnancies,
the weighted pooled DR and FPR were 95.8% (95%
CI, 70.3–99.5%) and 0.14% (95% CI, 0.05–0.38%),
respectively. In a combined total of 17 cases of SCA
other than monosomy X and 5400 unaffected singleton
pregnancies, the weighted pooled DR and FPR were
100% (95% CI, 83.6–100%) and 0.004% (95% CI,
0.0–0.08%), respectively. For twin pregnancies, in a total
of 24 cases of trisomy 21 and 1111 non-trisomy 21 cases,
the DR was 100% (95% CI, 95.2–100%) and FPR was
0.0% (95% CI, 0.0–0.003%), respectively.

Conclusions Screening by analysis of cfDNA in maternal
blood in singleton pregnancies could detect > 99% of
fetuses with trisomy 21, 98% of trisomy 18 and 99%
of trisomy 13 at a combined FPR of 0.13%. The
number of reported cases of SCA is too small for
accurate assessment of performance of screening. In twin
pregnancies, performance of screening for trisomy 21 is
encouraging but the number of cases reported is small.
Copyright © 2017 ISUOG. Published by John Wiley &
Sons Ltd.

INTRODUCTION

Several studies in the last 5 years have reported the clinical
validation and/or implementation of analyzing cell-free
(cf) DNA in maternal blood in screening for trisomies
21, 18 and 13 and sex chromosome aneuploidies (SCA).

Copyright © 2017 ISUOG. Published by John Wiley & Sons Ltd. SYSTEMATIC REVIEW
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ABSTRACT

Objective To examine the diagnostic accuracy of a pre-
viously developed model for the first-trimester combined
test in screening for trisomies 21, 18 and 13.

Methods This was a prospective validation study of
screening for trisomies 21, 18 and 13 by assessment of a
combination of maternal age, fetal nuchal translucency,
fetal heart rate and serum free β-human chorionic
gonadotropin (β-hCG) and pregnancy-associated plasma
protein-A (PAPP-A) at 11 + 0 to 13 + 6 weeks’ gestation
in 108 982 singleton pregnancies undergoing routine care
in three maternity hospitals. A previously published
algorithm was used to calculate patient-specific risks for
trisomy 21, 18 and 13 in each patient. The detection
rate (DR) and false-positive rate (FPR) at estimated risk
cut-offs from 1 in 2 to 1 in 1000 were determined. The
proportions of trisomies detected were compared to their
expected values in different risk groups.

Results In the study population, there were 108 112
(99.2%) cases with normal fetal karyotype or birth of
a phenotypically normal neonate and 870 (0.8%) cases
with abnormal karyotype, including trisomy 21 (n = 432),
trisomy 18 (n = 166), trisomy 13 (n = 56), monosomy X
(n = 63), triploidy (n = 35) or other aneuploidy (n = 118).
The screen-positive rates, standardized according to the
maternal age distribution in England and Wales in 2011,
of fetuses with abnormal or normal karyotype were
compatible with those predicted from the previous model;
at a risk cut-off of 1 in 100, the FPR was about 4% and
the DRs for trisomies 21, 18 and 13 were 90%, 97% and
92%, respectively. There was evidence that the algorithm
overestimated risk. This could, to some degree, reflect
under-ascertainment in pregnancies ending in miscarriage
or stillbirth.

Conclusion In a prospective validation study, the first-
trimester combined test detected 90%, 97% and 92% of
trisomies 21, 18 and 13, respectively, as well as > 95% of

Correspondence to: Prof. K. H. Nicolaides, Fetal Medicine Research Institute, King’s College Hospital, 16–20 Windsor Walk, Denmark Hill,
London SE5 8BB, UK (e-mail: kypros@fetalmedicine.com)
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cases of monosomy X and triploidies and > 50% of other
chromosomal abnormalities, at a FPR of 4%. Copyright
© 2016 ISUOG. Published by John Wiley & Sons Ltd.

INTRODUCTION

Effective screening for fetal trisomies 21, 18 and 13 can
be provided at 11–13 weeks’ gestation by assessment of a
combination of maternal age, fetal nuchal translucency
thickness (NT), fetal heart rate (FHR) and maternal
serum free β-human chorionic gonadotropin (hCG) and
pregnancy-associated plasma protein-A (PAPP-A). In a
previous study, we used data from prospective screening
in 56 954 singleton pregnancies between July 1999 and
February 2006 to develop an algorithm for the calculation
of patient-specific risks for trisomy 21, 18 and 131. First,
the maternal age-related risk for each trisomy at term
was calculated and adjusted according to the gestational
age at the time of screening2–4. Second, the measured NT
was transformed into a likelihood ratio for each trisomy,
using the mixture model of NT distributions; in both
trisomic and unaffected pregnancies, fetal NT follows
two distributions, one in which NT increases with fetal
crown–rump length (CRL dependent) and another which
is CRL independent5. Third, the measured free β-hCG
and PAPP-A were converted into multiples of the median
(MoM) for gestational age, adjusted for maternal weight,
ethnicity, smoking status, method of conception, parity
and machine used for the assays6,7. Fourth, the measured
FHR was adjusted for gestational age and delta values
were calculated as deviations from the expected normal
mean1. Fifth, trivariate Gaussian distributions were fitted
to the joint distribution of delta FHR, log free β-hCG
MoM and log PAPP-A MoM in normal pregnancies and
those with trisomy 21, 18 and 13. Sixth, the likelihood
ratios for NT, FHR and for the biochemical markers
were multiplied with the age-related odds at the time of
screening in each case. Seventh, detection rates (DR) and
false-positive rates (FPR) were calculated by taking the

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd. ORIGINAL PAPER

 14690705, 2017, 6, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1002/uog.17283 by C

ochrane N
etherlands, W

iley O
nline Library on [30/12/2022]. See the Term

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline Library for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons License

Test combinato:
cut-off di rischio : 1:100
DR:
Tr. 21 92%
Tr. 18 96%
Tr. 13 93%
45 X 98%
Triploidie  97%
Altre 55%

NIPT
Cut off 1/1000

20% della popolazione 98% dei casi di Tr.21
(40% della popolazione 99% dei casi di Tr.21) 

716 Santorum et al.

Table 1 Characteristics of 108 982 singleton pregnancies undergoing screening by combined test, according to chromosomal outcome

Characteristic
Trisomy 21
(n = 432)

Trisomy 18
(n = 166)

Trisomy 13
(n = 56)

Monosomy X
(n = 63)

Triploidy
(n = 35)

Other aneuploidy
(n = 118)

Normal
(n = 108 112)

Maternal age (years) 37.9 (34.7–40.5)* 37.8 (33.0–41.4)* 34.5 (29.9–38.0)* 30.1 (26.2–34.7) 33.5 (30.2–35.5)* 33.9 (29.9–37.9)* 31.5 (27.2–35.2)
Maternal weight (kg) 65.8 (60.0–74.85) 67.5 (60.4–76.9) 69.8 (60.8–79.9) 65.5 (57.1–75.6) 63.0 (57.6–67.0) 67.1 (60.0–75.3) 66.0 (59.0–76.0)
Maternal height (cm) 165 (160–170) 165 (161–170) 165 (163–172)* 165 (160–171) 167 (161–170) 165 (161–170) 164 (160–169)
BMI (kg/m2) 24.3 (22.0–27.2) 25.0 (22.2–28.1) 25.3 (22.1–27.8) 23.6 (21.3–27.1) 23.5 (21.7–25.0)* 23.7 (22.0–27.7) 24.3 (21.8–28.0)
GA (weeks) 12.8 (12.4–13.2)* 12.1 (11.8–12.5)* 12.3 (12.0–12.7)* 12.5 (12.1–12.9)* 12.0 (11.7–12.5)* 12.6 (12.1–13.0)* 12.7 (12.3–13.1)
Racial origin *

Caucasian 348 (80.6) 117 (70.5) 46 (82.1) 51 (81.0) 26 (74.3) 85 (72.0) 78 552 (72.7)
Afro-Caribbean 51 (11.8) 33 (19.9) 7 (12.5) 7 (11.1) 5 (14.3) 22 (18.6) 17 954 (16.6)
South Asian 13 (3.0) 8 (4.8) 2 (3.6) 4 (6.4) 2 (5.7) 6 (5.1) 5744 (5.3)
East Asian 15 (3.5) 3 (1.8) 0 (0) 0 (0) 0 (0) 3 (2.5) 2933 (2.7)
Mixed 5 (1.2) 5 (3.0) 1 (1.8) 1 (1.6) 2 (5.7) 2 (1.7) 2929 (2.7)

Medical history
Chronic

hypertension
7 (1.6) 5 (3.0) 2 (3.6) 0 (0) 0 (0) 3 (2.5) 1370 (1.3)

Diabetes mellitus 3 (0.7) 1 (0.6) 0 (0) 2 (3.2) 0 (0) 2 (1.7) 871 (0.8)
APS/SLE 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (0) 247 (0.2)

Smoker 33 (7.6) 11 (6.6) 2 (3.6) 6 (9.5) 1 (2.9) 11 (9.3) 9287 (8.6)
Mode of conception * * * * *

Spontaneous 396 (91.7) 147 (88.6) 53 (94.6) 56 (88.9) 33 (94.3) 110 (93.2) 104 242 (96.4)
IVF 18 (4.2) 8 (4.8) 1 (1.8) 1 (1.6) 0 (0) 2 (1.7) 2665 (2.5)
Ovulation drugs 18 (4.2) 11 (6.6) 2 (3.6) 6 (9.5) 2 (5.7) 6 (5.1) 1205 (1.1)

Previous trisomy 21 7 (1.6)* 1 (0.6) 0 (0) 0 (0) 0 (0) 1 (0.9) 361 (0.3)
Previous trisomy 18 3 (0.7)* 1 (0.6) 0 (0) 0 (0) 0 (0) 0 (0) 133 (0.1)
Previous trisomy 13 1 (0.2) 1 (0.6) 0 (0) 0 (0) 0 (0) 0 (0) 75 (0.1)
Interpregnancy

interval (years)
3.4 (2.1–6.2)* 3.6 (2.2–7.7)* 2.9 (2.4–4.4) 3.4 (2.5–5.4) 2.5 (2.0–3.6) 3.4 (2.2–5.3) 2.9 (1.9–4.8)

Data are given as median (interquartile range) or n (%). *Significant difference compared with normal group: P < 0.05. APS, antiphospholipid syndrome; BMI,
body mass index; GA, gestational age; IVF, in-vitro fertilization; SLE, systemic lupus erythematosus.
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Figure 1 Relationship between detection rate (DR) and screen-positive rate (SPR) of first-trimester combined testing, with ( ) and without
( ) fetal heart rate data, in population with maternal-age distribution of that in England and Wales in 2011 for trisomies 21 (a), 18 (b)
and 13 (c). Circles illustrate DR and SPR at risk cut-offs of 1 in 10, 1 in 100 and 1 in 1000. Numbers in brackets on y-axis are number of
trisomy cases in population of 100 000 pregnancies at time of screening. At risk cut-off of 1 in 1000, SPR is about 20% and DRs are 98%,
99% and 96% for trisomies 21, 18 and 13, respectively.

the performance of screening for trisomy 13, but not
trisomies 21 or 18. Improvement in the DR of trisomy 21
from 96% to 98%, 99% and 99.5% would necessitate
an increase in screen-positive rate from about 13% (risk
cut-off 1 in 500) to 20% (risk cut-off 1 in 1000), 40%
(risk cut-off 1 in 3500) and 54% (risk cut-off 1 in 6500),
respectively.

The observed number and percentage, with 95% CIs,
of fetuses in each fetal karyotype group according to esti-
mated risk for trisomies 21, 18 or 13 derived from first-
trimester combined screening are shown in Table 4 and
illustrated in Figure 2. There was a tendency for the risks
to be overestimated, but the 95% CIs for each observed
prevalence of trisomies were within the estimated risks.

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2017; 49: 714–720.
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108.112 gravidanze con cario.po normale 
Tr. 21 : n° 432 
Tr 18 : n° 166 
Tr. 13: n° 56 
45 X:  n°63
Triploidia : n° 35
Altre aneuploidie : n° 118 
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Una bella 
novità!

Art.9 Strumenti necessari per il controllo di qualità del percorso (...)



SCREENING CONTINGENTE Reg.Piemonte

RISCHIO

<1/1000

STOP

cfDNA
solvente in
proprio?

cfDNA
in 

esenzione
DPI

TEST COMBINATO cutoff 1/300 
al momento del test

ECOGRAFIA
1° trimestre

CRL 45-84

TRITEST
CRL>84

STOP

RISCHIO

1/101-1/300

NT<3,5mm       

RISCHIO

<1/1000
RISCHIO

<1/1000
RISCHIO

<1/1000

RISCHIO

≥1/300

RISCHIO

<1/300

NT≥3,5 mm

RISCHIO

≥ 1/100 
RISCHIO 

1/101-1/1000 



ATTENZIONE
La legge regionale 10 del 29/06/2023

NON E’ ANCORA APPLICATA
quindi è ancora valido il percorso utilizzato finora con 
disponibilità dei tre tipi di test tradizionali
(AFP da sola dopo test Combinato, che peraltro non è prevista da AdG, non si può 
più richiedere)





NEL FUTURO…COSA POTREBBE RESTARE DELLO SCREENING 
ATTUALE ?

FreebhCG + Papp-A + NT = TEST COMBINATO (PIGF?)

Software ALPHA per calcolo del rischio

VeQ NT Regione Piemonte

Tritest per diagnosi di gravidanza oltre CRL 84 mm

Raccolta dati follow up

All’interno di un percorso (revisionato)



Grazie...

a tutti!




