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Abstract: The implementation of non-invasive prenatal testing (NIPT) in maternal plasma, based on cell-free DNA (cfDNA) analysis,
has progressed over the last two decades and is now integrated into the Spanish National Health System. However, there remains
significant heterogeneity in its indications, technical methodologies, and reporting standards, reflecting international variability. This
guide, developed by experts from the Spanish Association of Prenatal Diagnosis (AEDP) and the Spanish Association of Human
Genetics (AEGH), provides recommendations to standardize NIPT application. It addresses key aspects such as technical and
analytical requirements, integration with invasive diagnostic methods, pre- and post-test genetic counseling, and legal considerations.
Additionally, the guide discusses the detection of common aneuploidies, the limitations in identifying structural chromosomal
abnormalities and rare variants, and the impact of biological and clinical factors on test performance. By establishing a minimum
framework based on scientific evidence, this document aims to optimize NIPT implementation in a cost-effective manner, ensuring
clinical validity and informed decision-making for both healthcare professionals and pregnant women.
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Introduction

Numerical chromosomal abnormalities and, in particular, trisomies 13, 18 and 21, are relatively common and their prenatal
detection has been one of the main objectives of fetal medicine. Prenatal genetic diagnosis of fetal aneuploidies inevitably
requires invasive testing, either a chorionic villus sampling or amniocentesis, both of which not only carry a risk of miscarriage
but are also costly.' For these reasons, one of the main goals in the field of prenatal diagnosis has been to develop effective
screening methods to define the group of pregnant women who would benefit most from these invasive tests.

Since its inception, screening efforts have primarily focused on detecting the most common chromosomal abnormalities
(mainly trisomy 13, 18, and 21). Other chromosomal alterations, such as microdeletion or microduplication syndromes, can
also lead to neurodevelopmental disorders and malformations associated with severe disabilities, affecting up to 1-2% of
fetuses.> While diagnostic capabilities exist for many of these conditions, there is currently no efficient screening method to
identify the high-risk group within the general population for invasive testing for these conditions.

Over the last 50 years, aneuploidy screening has evolved from the sole consideration of maternal age in the 1970s,
with a detection rate (DR) for Down syndrome of 30% with a false positive rate (FPR) of 5%; to second-trimester serum
biochemistry in the 1980s, with DR of 50-70% and FPR of 5%; and finally, in the 1990s, first-trimester combined
screening (FTCS), achieving a DR of 90% for a FPR of 5%.*”
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In the past decade, multiple validation and clinical implementation studies have demonstrated that cfDNA-based
NIPT accurately detects a high proportion of trisomy 13, 18 and 21 fetuses with a much lower FPR. For singleton
gestations, the DR is 99.7% (95% CI, 99.1-99.9%) for trisomy 21, 97.8% (95% CI, 94.9-99.1%) for trisomy 18, and
99.0% (95% CI, 65.8-100%) for trisomy 13, with a combined FPR of 0.13%.® In recent years, several studies have
demonstrated the ability of this test to detect other aneuploidies, including sex chromosome aneuploidies, triploidies and
even to identify other genome-wide alterations. This has led some laboratories to offer screening for numerical alterations
of other chromosome pairs, as well as copy number variants (CNVs) of more than 3—7 megabases (Mb).” !

However, the implementation of NIPT remains uneven, with differences in indications, methodologies, reporting standards
and regulatory frameworks across health systems.'” To address these differences, this guide, developed by experts from the
Spanish Association of Prenatal Diagnosis (AEDP) and the Spanish Association of Human Genetics (AEGH), provides a
structured framework for the integration and standardization of non-invasive prenatal testing (NIPT) in clinical practice.

In addition to outlining best practices, the document also examines the limitations of NIPT, particularly in the detection of
structural chromosomal abnormalities, copy number variants (CNVs) and rare fetal aneuploidies.'® It emphasizes the
importance of interpreting results within a broader clinical context to ensure accurate assessment and appropriate follow-up.

In addition, this guideline provides science-based recommendations for the implementation of NIPT in Spain, taking into
account public health policy, cost-effectiveness analysis and clinical benefit in different risk populations. By establishing a
standardized framework for the use of cfDNA-based NIPT, the document aims to improve informed decision-making, optimize
prenatal care and improve patient outcomes, while addressing key challenges related to test sensitivity and cost-effectiveness.

Systematic Approach for the Development, Review, Acceptance, and
Updating of the Guide

When evaluating this guide, the Board of Directors of the Spanish Association of Prenatal Diagnosis (AEDP) in collaboration
with the Spanish Association of Human Genetics (AEGH), appointed a coordinator with extensive experience in the sector to
coordinate and draft this working guide. Subsequently, a working group comprised of experts in genetics and prenatal
diagnosis from both AEDP and AEGH was assembled. Once constituted (the authors of the guide), the group evaluated the
main applications of ¢cfDNA-based NIPT in prenatal diagnosis; these applications were collected based on various interna-
tional guidelines. Additionally, a literature review was performed using indexed search tools such as PubMed to gather data on
these applications and their integration into traditional workflows used in prenatal diagnosis. Subsequently, an initial
document was generated, which underwent thorough review by all members of the expert group. This collaborative process
involved incorporating relevant information and excluding what was deemed unnecessary by the group members, resulting in
a consensus document that served as the basis for formulating recommendations on each topic. These recommendations were
further reviewed and endorsed by the expert committee.

The AEDP and AEGH societies will disseminate the published guide to all their members and professionals in the
sector. The guide will also be made available on the online platforms of both societies.

This guide is aimed at all professionals involved in prenatal diagnosis, including obstetricians, fetal medicine
specialists, geneticists, and midwives. Its purpose is to provide updated information on non-invasive genetic screening
for aneuploidy, to be applied in the clinical setting for both the target population (pregnant women and their fetuses) and
for pre-test and post-test counseling.

After publication, an annual review of the guide is proposed to update it, if necessary. To this end, the entire working
group will be consulted to discuss revisions to the points of interest.

Application Technology for cfDNA Study
Advancements in genomic analysis technologies have led to the development of several methods that allow the detection
of fetal chromosomal alterations in maternal blood samples. These methods are based on the presence of small fragments
(approximately 200 bp) of free placental-derived DNA circulating in maternal blood.

Most of the cfDNA found in plasma comes from hematopoietic cells.'"* However, during pregnancy, a small
proportion is derived from the placental trophoblast.'” The proportion of fetal-derived ¢fDNA in maternal plasma,
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known as the fetal fraction, varies significantly due to factors such as gestational age, maternal body mass index,
placental problems, sample collection, and storage conditions.

Measurement of the fetal fraction is an essential quality metric, as the ability to differentiate between fetal aneuploidy
and euploidy decreases when the fetal fraction is low."> The efficacy of screening protocols is evaluated by considering
the DR or sensitivity, FPR, positive predictive value (PPV) and no-result rate (NRR), which indicates the proportion of
samples that do not yield a result.

In general terms, maternal blood cfDNA analysis techniques are based on massive sequencing of cfDNA, comprising
both maternal and placental (fetal) DNA fragments. This process generates tens of millions of sequence reads that can be
uniquely aligned and mapped against a human reference genome to determine their chromosomal location. Once mapped,
the reads can be counted to determine chromosomal ploidy status. Anomalies such as trisomy or monosomy are identified
by observing an increase or decrease, respectively, in the relative number of reads on the affected chromosome compared
to euploid chromosomes.'® The ability to analyze millions of reads and obtain results by complex counting and

normalization algorithms allows very high sensitivity to detect aneuploidy in a given sample.

Validated Methodologies for the Study of Fetal Aneuploidies in cfDNA

Three approaches have been clinically validated for the performance of ¢fDNA analysis for the detection of fetal
aneuploidy by NIPT:'”

e Massively parallel shotgun sequencing (s-MPS) followed by DNA sequence counting. This widely used technique
measures the relative abundance of whole chromosome cfDNA in maternal blood by analyzing all chromosomes.

e “Targeted” massively parallel sequencing (t-MPS) with counting of specific DNA sequences. This method is based
on the enrichment of the sequences of the chromosomes of interest and measures the relative abundance of cfDNA
of these chromosomes in maternal plasma.

e Single nucleotide polymorphisms (SNPs) analysis assesses the relative proportion of maternal and fetal genotypes
and compares the patterns observed on specific chromosomes.

Most validation studies evaluate the performance of noninvasive aneuploidy detection in maternal plasma samples from
pregnancies where the clinical diagnosis was established by amniocentesis, chorionic biopsy, live birth studies or
neonatal phenotyping.'’

The three approaches present high sensitivity and specificity for the detection of common aneuploidies (13, 18, and 21).
However, methods relying on SNP analysis are necessary for detecting triploidies.

Many validation studies excluded cases with mosaicism, complex karyotypes, and maternal samples with low fetal
fraction. A summary of the no-result rate by methodology is shown in Table 1.

In cases where there is no result due to a low fetal fraction, repeating the analysis by taking a new sample may allow a
result to be obtained, however, in up to one-third of cases it may fail again.

Alternative approaches for aneuploidy detection using cfDNA or cfRNA have been described, such as methods based
on methylated DNA, cell-free RNA, or digital PCR, but the number of clinical validation studies is still limited.

Table | No-Result Rate by Methodology

Method No Result References

s-MPS Palomaki et al'®; Bianchi et al'’; Porreco et al?°

t-MPS 3% Norton et al.2'

SNP 5-8% Pergament et al’%; Nicolaides et al*®
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Laboratory Recommendations

Quality standards for laboratories that issue reports on genetic testing (cytogenetic or molecular) in Europe are based on
three systems: the Cytogenetic External Quality Assessment Service (CEQAS), the European Molecular Quality Network
(EMQN), and the United Kingdom’s National External Quality Assessment Service (UK NEQAS). These organizations
collaborate to audit the standards upheld by participating laboratories, implementing external quality control programs
for prenatal genetic testing for both monogenic disorders and cytogenetic testing.”*

They have also developed evaluations for rapid aneuploidy detection tests using fluorescent quantitative PCR
(CEQAS and UK NEQAS) or noninvasive prenatal diagnosis for sex determination (EMQN and UK NEQAS). The
results from the participating laboratories, some outside the EU, highlighted the need for the establishment of external
quality controls for tests to identify common aneuploidies in maternal plasma samples. Consequently, specific evaluation
schemes for NIPT in cfDNA have recently been introduced.

A series of recommendations have been established regarding the presentation of test result reports. It is advised that the
terminology used be clear, explicit, and not susceptible to confusion. Results should be reported as “high risk” or “low risk”
for the analyzed chromosomes, along with the estimated fetal fraction percentage. If a specific cutoff for fetal fraction
affects the test’s diagnostic accuracy, it must be clearly stated, as different technologies vary in their sensitivity to this
parameter.”> 2’ Additionally, a minimum set of data to be included in the results report has been established (Table 2):

With the implementation of the Regulation (EU) 2017/746 of the European Parliament and of the Council of 5 April
2017°° which constitutes the Union regulatory framework for in vitro diagnostic medical devices, the use of such IVD-
marked devices for conducting NIPT in cfDNA is established. This regulation also sets high quality and safety criteria for
in vitro diagnostic medical devices in order to respond to the common safety concerns they raise, and is therefore
recommended to be used in laboratories with a standardized Quality Management System.>'

Statement: CE-IVDR-marked cfDNA testing is recommended in centers with Quality Management Systems in place
through test accreditation.

Implementation Strategies for the Non-Invasive cfDNA Test

Initially, cfDNA analysis was introduced as a private healthcare product. Marketing strategies were aimed directly at
potential customers, emphasizing the relief of anxiety, greater certainty in the identification of alterations, and the
absence of risk to the fetus. Following this approach, testing spread rapidly throughout the USA, China, and Europe. The
first European countries to adopt its implementation initiated programs to finance the tests through the public health

system. 32

Table 2 Minimum Data Set to Be Included in the Test Results Report

A minimum of two unique identifiers for the pregnant woman, including her full name and date of birth

Type of sample, date of sample collection and date of sample receipt

Gestational age established by ultrasound at the time of sampling

Issue date of the report

Test applicant’s data

Methodology and test limitations

Fetal fraction

Results reported as high/low risk for aneuploidy

Recommendation for confirmation of results by invasive test, when appropriate

Individualized risks, positive and negative predictive values
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Switzerland was the first country to offer such a program, refinancing the costs of non-invasive risk assessment for
trisomies 13, 18, and 21 via the “compulsory health insurance program” in July 2015. As an immediate consequence, a
50% decrease in the number of amniocenteses among women with high-risk pregnancies was observed.*

Currently, seventeen European countries have integrated NIPT in cfDNA into their publicly funded prenatal care
systems. However, regulations regarding the scope of testing, outcomes, counseling, funding, and inclusion criteria vary
substantially from country to country and follow entirely different precepts.'>*%>*

In Europe, usage rates are estimated to be about 15% in Italy, 10-35% in Switzerland, 20% in Norway, 30% in
Germany, 51% in the Netherlands and 75% in Belgium. In most European countries, less than 25% of women undergo
this test,>> while in the USA and Australia, its use is more widespread. However, when analyzed in detail, there are few
regulatory similarities and almost all models are unique.

Some countries have national policies in place and many others are in the process of developing them. Where a
specific strategy has been chosen, there appear to be two models: universal screening or contingent screening for
pregnancies classified as at high-risk by FTCS.

In this context, specific legislation has been enacted on the use of prenatal screening and/or cfDNA-based NIPT. In
general, NIPT usually includes aneuploidies of chromosomes 13, 18, and 21 as well as sex chromosome studies and is
performed either by default or based on the parents’ desire to know the sex of the fetus. However, only a subset of
countries has national guidelines on the reporting of sex pair aneuploidy and fetal chromosomal sex, and reporting
practices in the case of a detected sex pair abnormality are variable.

In Spain, health policies vary according to each Autonomous Community, so there are currently different protocols
for the application of the cfDNA study for the detection of pregnancies at risk of fetal aneuploidy. In the public health
system of most autonomous communities, the cfDNA study is offered to pregnant women with high or intermediate
FTCS risk, both in single and multiple pregnancies (up to 2 fetuses).

Different studies analyzed in a recent systematic review have demonstrated the superior performance of cfDNA-based
NIPT over FTCS in all parameters (Table 3), including studies conducted in general-risk populations with singleton
pregnancies. This has made it possible to establish a series of recommendations for the application of cfDNA in first and
second-trimester gestations.>®

In addition, these same studies conclude that, although there are fewer studies in twins than in singleton pregnancies,
NIPT for T21 detection in twin pregnancies demonstrates screening characteristics equivalent to those of singleton
pregnancies.

As previously mentioned, there is currently no common guideline in the contingent model implementation of a
minimum cutoff point regarding the risk established by FTCS. However, there are studies in this regard that establish
population models according to the risk established by FTCS, considering the detection rates of both screenings and the
no-result rate of cfDNA-based NIPT failure (Table 4).%’

Table 3 Diagnostic Performance of NIPT in cfDNAS3*
Detection Rate (95% ClI) False Positive Rate (95% CI)

Singleton pregnancies

Trisomy 21 99.7% (99.1-99.9%) 0.04% (0.02-0.07%)

Trisomy 18 97.9% (94.9-99.1%) 0.04% (0.03-0.07%)

Trisomy 13 99.0% (65.8-100%) 0.04% (0.02-0.07%)

Twin pregnancies

Trisomy 21 99.0% (92.0-99.9%) 0.02% (0.001-0.43%)

Trisomy 18 92.8% (77.6-98.0%) 0.01% (0-0.44%)

Trisomy 13 94.7% (91.4-99.97%) 0.10% (0.03-0.39%)
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Table 4 Distribution of the High-Risk Population Based on the FTCS
Results

Cut-off Point (I in x) Screening by NT, FHR, PAPP-A and B-hCG

NIPT in cfDNA DRTI8/13
2.6% 86.7% 88.9% 0.52%
4.3% 90.1% 91.4% 0.54%
5.8% 91.5% 92.6% 0.56%
7.1% 92.5% 93.2% 0.56%
8.3% 93.2% 93.8% 0.57%
13.4% 95.6% 95.1% 0.61%

Abbreviations: NT, nuchal translucency; FHR, fetal heart rate; PAPP-A, pregnancy-associated
plasma protein A; B-hCG, free B-fraction of human chorionic gonadotropin; NIPT, non-invasive
prenatal testing; cfDNA, cell-free DNA; DR, detection rate; T, trisomy; IT, invasive testing.

For its evaluation, scientific and socioeconomic criteria should be considered, and the cut-off point should be adjusted
based on cost-efficiency and budget availability considerations. In 2016, a health technology assessment report was
carried out for the implementation of NIPT in cfDNA for the detection of trisomies 13, 18 and 21. The authors concluded
that the introduction of NIPT in cfDNA as a contingent test, for a risk cut-off point of 1 in 270 at delivery (equivalent to 1
in 250 at 12 weeks), is a non-cost-effective option whose main advantage over current screening is reducing pregnancy
loss related to invasive testing. In contrast, they suggest that a cost-effective alternative would be to lower the risk cut-off
to >1 in 500. This adjustment would lead to greater detection of Down syndrome cases at a 4% increased cost, assuming
a reference a cost per NIPT of 550 €.

However, considering the scientific evidence regarding the superior diagnostic performance of the cfDNA test
compared to the FTCS, as presented in this work, along with the anticipated decrease in test costs, its cost-efficient
implementation as universal screening is foreseeable in the near future. Nevertheless, depending on socioeconomic
circumstances, intermediate risk thresholds, such as 1:1000, could be considered as part of a phased transition while
maintaining the goal of universal screening.

Statement: cfDNA-based NIPT is recommended in singleton or twin gestations with an estimated risk >1 in 500
established by the first trimester combined screening.

Coordination of Non-Invasive Test Indications with Invasive Diagnostic

Procedures

NIPT is not a diagnostic test; therefore, high-risk aneuploidy results should always be confirmed by an invasive test,
preferably amniocentesis in cases of trisomy 13 and 18. However, the choice of invasive test may vary depending on new
ultrasound findings, in which an invasive test could be performed.

On the other hand, the design of the test presents limitations in detecting chromosomal alterations underlying other
conditions that are detectable by identifying markers or ultrasound abnormalities. Thus, the implementation of the
noninvasive prenatal approach involves its integration into workflows that include invasive testing and associated
techniques for the identification of other genetically based alterations. In most cases, invasive testing includes a rapid
diagnostic approach, usually QF-PCR (Quantitative Fluorescent Polymerase Chain Reaction) for the detection of
aneuploidy in chromosomes 13, 18, 21 and sex pair, as well as to rule out possible maternal DNA contamination. The
use of microarrays in cases with fetal ultrasound abnormalities is also well established®” along with the more recent
incorporation of exome sequencing.*

With all these considerations, a decision algorithm integrating both noninvasive and invasive approaches in the
prenatal setting could be applied, as shown in Figure 1.
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Figure | Contingent implementation algorithm of the cfDNA-based NIPT.

Statement: Invasive testing is recommended after a positive NIPT result, as well as in the presence of ultrasound
abnormalities suggestive of genetic pathology.

Genetic Counseling in NIPT

Genetic counseling as defined in Order SSI/2065/2014, is the process aimed at informing a person about the possible
consequences for themselves or their offspring of the results of a genetic test or screening, including its advantages and
risks. It also involves advising them on possible alternatives resulting from the test. This procedure shall take place both
before and after a genetic test or screening and even in the absence of such testing or screening.

Genetic screening, as defined by the law on biomedical research (Law 14/2007, BOE July 7, 2007), refers to
systematic genetic testing conducted on a large scale and offered as part of a program to a population or a subset thereof
to detect genetic traits in asymptomatic individuals. According to Article 54.1 of the same law, genetic screening aims to
detect a disease or serious health risk in the participating individual or their offspring, with the aim of early treatment or
access to preventive measures. To carry out the NIPT in ¢fDNA, the principles of justice, autonomy, beneficence, and
non-maleficence must be respected. Therefore, pregnant women must provide written consent to participate in the test
and undergo genetic counseling before and after the procedure.

The advice should be objective, avoiding bias and personal considerations (Table 5). The information should be
provided both orally and in written form, with documentation maintained, as outlined in articles 4 and 48.3 of the
Biomedical Research Act.

Sex Pair Aneuploidy
Currently, the detection rate for sex chromosome aneuploidies in cfDNA-based NIPT is high, with a sensitivity of 99.6%
(95% CI: 94-100%) and a specificity of 99.8% (95% CI: 99%). The positive predictive value (PPV) with 95% confidence
intervals (CI) varies for different chromosomal abnormalities: for XYY syndrome, the PPV is 74.5% (58-85%); for XXY
syndrome (Klinefelter syndrome), it is 74% (59-84%); for XXX syndrome (Triple X syndrome), it is 54% (40—-66%);
and for monosomy X (Turner syndrome), the PPV is 29.5% (22-37%).*" However, this performance may be somewhat
lower for monosomy X, mainly due to the higher rates of both placental and maternal mosaicism for this aneuploidy,
information that should be emphasized in counseling the pregnant woman.*

On the other hand, fetal sex determination is indicated in cases where there is a risk of having a child with a severe
genetic disorder affecting a particular sex. While there are more cost-efficient methodological approaches than cfDNA-
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Table 5 Recommendations Regarding Genetic Counseling for NIPT in cfDNA

Key points to address during pre-test genetic counseling:

Report the specific chromosomal alterations to be assessed.

Explain to which population it is advisable to offer it and at what gestational age.

Report the technique used and its limitations, as well as sensitivity, specificity, PPV, NPV data.

Report turn-around time.

Report the existence of other prenatal screening and diagnostic tests.

To inform about the current deadlines for the legal termination of pregnancy.

Inform about the recommendation to perform invasive diagnostic tests (chorionic villus sampling, amniocentesis) in case of a positive result.

Inform of the possibility of revocation of the test.

Key points to address during post-test genetic counseling

Offer an invasive prenatal test to confirm the result in case of a positive result.

Report situations that generate false positive results.

Recommend postnatal confirmation of the result in case of waiver of invasive test in case of a positive result.

Offer psychosocial support and multidisciplinary information.

based NIPT, such as real-time PCR, some cases still use NIPT for noninvasive fetal sex determination, depending on the
availability of each approach.

Statement: It is recommended to offer detection of sex chromosome aneuploidy by cfDNA-based NIPT only if adequate
pre- and post-test counseling is available.

History of Chromosomopathy

According to Gardner and Sutherland’s book™ the standard for genetic counseling regarding the risk of recurrence of
numerical and structural chromosomal abnormalities ranges between 0.5 and 2%. This assessment considers chance
recurrence, gonadal mosaicism and somatic-gonadal mosaicism.

More specifically, the risk of recurrence of de ovo trisomies has been estimated to increase by 1.6—1.8 times after
trisomy 21. This risk is influenced by the age at which the first affected pregnancy occurred and is higher in younger
women compared to older women.**

Warburton et al*> estimated the risk of recurrence in various trisomies by analyzing subsequent cases identified by
prenatal diagnosis in women with a previous prenatal diagnosis of trisomy, monosomy X, or triploidy. They reported a
significantly increased risk of trisomy 13 or 18, XXX or XXY after a diagnosis of trisomy 21 (RR=2.3; 90% CI, 1.5-3.8).
They also noted that following any of trisomy 13, 18 or 21, XXX or XXY, the risk of a different trisomy was significantly
higher. The relative risk (RR) of recurrence of the same trisomy was highest for the least frequent trisomy, trisomy 13
(RR=9.5; 95% CI, 1.1-35.3), followed by trisomy 18 (RR=3.1; 95% CI, 1.0-7.2) and the lowest for the most frequent
trisomy, trisomy 21 (RR=2.2; 95% CI, 1.6-2.9).

These data indicate that women who have had a trisomy 13, 18 or 21 have an increased risk of trisomies in the future
based solely on their medical history.

Statement: It is recommended to offer cfDNA based NIPT screening in case of previous pregnancy with aneuploidy.

Copy Number Variants. Microdeletions and Microduplications
The 22q11.2 microdeletion syndrome, while rare, stands as the most common pathogenic CNV identified prenatally and
is a major cause of congenital heart defects and neurodevelopmental delay. Its prevalence ranges from 1 in 990 to 1 in
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2148 gestations.*® Reviews performed thus far indicate that the sensitivity and specificity of CNV screening generally
fall below those observed for more common trisomies and sex aneuploidies. Dar et al prospectively evaluated the
reliability of SNP-based cfDNA in detecting microdeletions within the 22q11.2 region."' The reported sensitivity and
specificity were 75% and 99.84%, respectively, with a PPV of 23.7% and a NPV of 99.98%. This study concluded that
cfDNA-based NIPT for 22q11.2 microdeletion syndrome can detect most pathologic cases with a low false positive rate.
However, they suggested that to accurately assess the detection performance of this alteration, it would be more
appropriate to focus on a particular CNV (eg the 22ql11.2 microdeletion), rather than attempting to detect various
potential CNVs simultaneously.

On the other hand, there is currently insufficient evidence to assess the risk associated with the presence of CNVs
smaller than 7Mb. A recent study of a series of pregnancies, some with fetal anomalies, found that the majority of
clinically relevant CNVs were larger than 7Mb.*” There is limited data from studies with gestational follow-up that
evaluate the presence of CNVs smaller than 7Mb, and the available sensitivity and specificity information remains
scarce. The cohorts in these studies are heterogeneous and many contain fetuses with ultrasound abnormalities,
suggesting that estimates are likely influenced by verification bias, thereby complicating the generalization of findings.

Statement: The study of cfDNA-based NIPT for the detection of CNVs other than 22q11.2 deletion is not recommended
based on current evidence.

Rare Fetal Aneuploidies

Rare fetal aneuploidies in the field of noninvasive prenatal genetic diagnosis are those involving chromosomes other than
pairs 13, 18, 21 and sex chromosomes. Typically, these aneuploidies are not compatible with life unless they are present
in mosaic. As such, there is insufficient clinically relevant evidence to recommend determining their risk by NIPT in
¢fDNA. Mosaicism identified in chorionic villi occurs in 1-2% of pregnancies,*® with the vast majority being confined to
the placenta (MCP). The rare cases of mosaicism confirmed by amniocentesis, however, are associated with a wide range
of phenotypic consequences.*’ Preliminary data shows that MCP may be associated with placental insufficiency, fetal
growth restriction or other adverse perinatal events; however, this application remains experimental and may have an
adverse outcome.

Additionally, the detection of rare autosomal trisomies (RATs) by non-invasive prenatal testing (NIPT) represents an
additional challenge in prenatal genetics, as it increases the risk of uniparental disomy (UPD), a condition with significant
clinical implications.’® UPD occurs when both copies of a chromosome are inherited from a single parent, potentially
leading to imprinting disorders if the chromosome contains imprinted genes. This risk is particularly high if the trisomy
results from a meiotic error and undergoes trisomy rescue, a process that can result in a uniparental disomic state. For
example, trisomy 15 mosaicism often results from a maternal meiotic error, increasing the likelihood of Prader-Willi
syndrome due to maternal UPD15. In contrast, trisomies of mitotic origin carry little or no risk of UPD, highlighting the
importance of distinguishing between these origins in clinical assessment. Given the different risks associated with
different chromosomes - such as those involving chromosomes 7, 14, 15 and 20 - genetic counselling needs to be
expanded to include UPD testing where appropriate.”’ Without proper evaluation, undiagnosed cases of UPD could lead
to unforeseen developmental and health consequences. The potential for UPD further complicates decision-making
following an abnormal NIPT result, underscoring the need for more refined guidelines and a comprehensive approach to
prenatal genetic counselling.

Statement: There is insufficient evidence to recommend the study of cfDNA-based NIPT for screening of rare fetal
aneuploidies (non-13, 18, 21 and sex pair), irrespective of prior risk.

Biological Circumstances of the Pregnant Woman

Several factors can alter the NIPT result, leading to false positives or negatives or complicating the acquisition of results.
These factors include maternal neoplasms, mosaicism,5 2 organ transplantation, maternal transfusions, autoimmune
diseases, body mass index or the presence of a vanishing twin.
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Maternal Neoplasms
Tumor processes often have chromosomal abnormalities, leading to the presence of DNA from these cells in maternal
plasma. This presence can result in false-positive or uninformative cfDNA-based NIPT results. Malignant neoplasms in
pregnant women are relatively rare but occur in approximately 1 in 1000 cases.>

Several studies have reported the identification of maternal cancer cases from NIPT results in ¢fDNA.>* This
circumstance can contribute to up to 15% of false positives in NIPT.> Consequently, if the result suggests the presence
of aneuploidies in multiple chromosomes despite a normal invasive test result, it would be advisable to consider the
presence of malignant tumors, mainly hematological neoplasms such as leukemia or lymphoma.>* In such cases, pregnant

women should be informed during the genetic counseling and their referral for further assessment should be considered.

Mosaicisms
Mosaicism refers to a genetic alteration where an individual has two or more cell populations that differ in their genetic
complement. Placental mosaicism is caused by an error in cell division that occurs very early in fetal development. The
presence of placental mosaicism can lead to false-positive or false-negative NIPT results.*®

Additionally, some pregnant women may exhibit chromosomal mosaicism. For example, advanced age may lead to a
gradual and preferential loss of the X chromosome that is inactivated, presenting mosaic monosomy X in peripheral
blood. This mosaicism could potentially alter the results of ¢fDNA.>’

Organ Transplantation and Maternal Transfusions

In the case of transplants from a male donor, NIPT can misidentify a female fetus as a male fetus due to the release of male

¢fDNA from the transplanted organs.’® Pregnant women with a history of bone marrow or organ transplantation from a

male donor should be informed of the possibility of erroneous results and offered alternative aneuploidy screening tests.
Similarly, pregnant women who have received blood transfusions from male donors should undergo NIPT at least

four weeks after the transfusion, to avoid misidentification of a female fetus as male.”’

Autoimmune Diseases

Autoimmune diseases have been associated with a higher no-result rate in pregnant women undergoing NIPT, primarily
due to a lower fetal fraction.®®* This occurs because the inflammatory responses characteristic of autoimmune diseases
may increase the percentage of maternal cfDNA in the bloodstream, thereby decreasing the proportion of fetal cfDNA.

Body Mass Index

The relationship between high body mass index and a higher no-result rate in cfDNA-based NIPT due to a low fetal
fraction is well known. However, there is currently no consensus regarding the cutoff point at which the risk of a no-
result in cfDNA NIPT increases. Two recent reviews recommend addressing this point during pre-counseling sessions
with pregnant women who have a high body mass index, given the increased likelihood of not obtaining a result
associated with this circumstance.®**%*

Vanishing Twins

Vanishing twins refer to gestational losses resulting from the spontaneous reduction of one or more fetuses, typically occurring
during the first trimester of initially multiple pregnancies.65 This phenomenon is often attributed to aneuploidies.®® The
presence of a vanishing twin can complicate the interpretation of cfDNA-based NIPT results, especially in pregnancies with
discordant abnormalities. In dizygotic twins, each fetus may contribute different amounts of cfDNA to the maternal
circulation, and fragments from the deceased co-twin, likely abnormal, may persist in maternal blood for several weeks
after its demise.®” Currently, there are insufficient data to fully evaluate the performance of cfDNA in such cases. Some studies
suggest that while cfDNA NIPT can successfully detect common autosomal aneuploidies in conceptions affected by a
vanishing twin, it may be associated with a higher false-positive and no-result rate.®®

Feto-Placental Biological Circumstances
Although inconsistently, conception by in vitro fertilization has been described as a potential risk factor for a lower fetal
fraction or failure to obtain a conclusive result after cfDNA analysis, especially with targeted analysis.®®
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Conclusions

This functional guide presents a series of recommendations resulting from a comprehensive literature review carried out
by a collaborative working group comprising members of the Spanish Association of Prenatal Diagnosis (AEDP) and the
Spanish Association of Human Genetics (AEGH). NIPT is a screening test for common aneuploidies with proven clinical
utility, which is applied in Spain as a contingent test in most of the autonomous communities, although in a hetero-
geneous manner. The objective of this work is to establish a minimum framework for action based on the latest scientific
evidence. This does not imply any restriction concerning the inclusion of other indications that are adapted to the
socioeconomic circumstances of the health services and the individual needs of the patients.

Hence, this document outlines key aspects to be addressed in genetic counseling, its integration alongside other
prenatal genetic diagnosis tools, and the establishment of a safe methodological environment based on cost-efficiency
principles. These considerations should always be contextualized within the clinical, biological, and sociocultural
circumstances of the feto-maternal environment.

The rapid clinical and technological evolution associated with genetic studies requires investment to provide the necessary
resources and training. The current application of cfDNA-based NIPT, along with its potential for detecting submicroscopic
rearrangements such as microdeletion and duplication syndromes, as well as rare fetal aneuploidies, whether in a contingent
strategy with FTCS or as a potential future universal screening, make this test one of the pillars of prenatal genetics.

Acknowledgments

We are grateful to the Spanish Association of Prenatal Diagnosis (AEDP) for their support in the development of this
guide, and we extend our special thanks to Dr. Javier Suela for his valuable contributions and expert advice. We also
acknowledge the Spanish Association of Human Genetics (AEGH) for their collaboration.

Collaborators

Fco. Javier Fernandez Martinez. Genetics Service. 12 de Octubre University Hospital. 12 de Octubre Hospital Research
Institute (Imas12). Avda de Andalucia s/n. Madrid, 28041. Spain. Email: javierfernandez@salud.madrid.org

M. Mar Gil Mira. Department of Gynecology and Obstetrics. University Hospital of Torrejon. C. Mateo Inurria, Torrejon
de Ardoz. Madrid, 28850. Spain. Email: mmar1984@gmail.com.

Cristina Gonzalez Gonzalez. Genetics. Infanta Sofia Hospital. Madrid, 28702. Spain. Avda. de Europa, 34. San Sebastian
de los Reyes, Madrid, 28702. Email: cgonzalezggen@yahoo.es.

Irene Madrigal Bajo Biochemistry and Molecular Genetics Service. Hospital Clinic de Barcelona. C/ Villarroel, 170.
Barcelona, 08036. Email: imadbajo@clinic.cat.

Raluca Oancea lonescu. Clinical Genetics Unit. Clinical Analysis Service. Institute of Laboratory Medicine. Hospital
Clinico San Carlos. Calle del Prof Martin Lagos, S/N. Madrid, 28040. Email: ralucaoancea@yahoo.es.

Carmen Orellana Alonso. Genetics Service. Hospital Universitari i Politécnic la Fe. Avinguda de Fernando Abril
Martorell, 106. Valéncia, 46026. Email: orellana car@gva.es.

Disclosure
The authors report no conflicts of interest in this work.

References

1. Salomon LJ, Sotiriadis A, Wulff CB, Odibo A, Akolekar R. Risk of miscarriage following amniocentesis or chorionic villus sampling: systematic
review of literature and updated meta-analysis. Ultrasound Obstet Gynecol. 2019;54:442-451.

2. Gil MM, Molina FS, Rodriguez-Fernandez M, et al. New approach for estimating risk of miscarriage after chorionic villus sampling. Ultrasound
Obstet Gynecol. 2020;56:656—663. doi:10.1002/u0g.22041

3. Wapner RJ, Martin CL, Levy B, et al. Chromosomal microarray versus karyotyping for prenatal diagnosis. N Engl J Med. 2012;367:2175-2184.
doi:10.1056/NEJMoa1203382

4. Imbecility of the Mongolian type. Proc R Soc Med. 1909;2:187-197.

5. Spencer K. Aneuploidy screening in the first trimester. Am J Med Genet C Semin Med Genet. 2007;145C:18-32.

The Application of Clinical Genetics 2025:18 hetps: 51


https://doi.org/10.1002/uog.22041
https://doi.org/10.1056/NEJMoa1203382

Fernandez Martinez et al

6. Santorum M, Wright D, Syngelaki A, Karagioti N, Nicolaides KH. Accuracy of first-trimester combined test in screening for trisomies 21, 18 and
13. Ultrasound Obstet Gynecol. 2017;49:714-720. doi:10.1002/uog.17283
. Nicolaides KH. Screening for fetal aneuploidies at 11 to 13 weeks. Prenat Diagn. 2011;31:7-15.
Gil MM, Accurti V, Santacruz B, Plana MN, Nicolaides KH. Analysis of cell-free DNA in maternal blood in screening for aneuploidies: updated
meta-analysis. Ultrasound Obstet Gynecol. 2017;50:302-314. doi:10.1002/uog.17484
9. Christina Fan H, Gu W, Wang J, Blumenfeld YJ, El-Sayed YY, Quake SR. Non-invasive prenatal measurement of the fetal genome. Nature.
2012;487:320-324. doi:10.1038/nature11251
10. Kitzman JO, Snyder MW, Ventura M, et al. Noninvasive whole-genome sequencing of a human fetus. Sci Trans/ Med. 2012;4. doi:10.1126/
scitranslmed.3004323
11. Dar P, Jacobsson B, Clifton R, et al. Cell-free DNA screening for prenatal detection of 22ql11.2 deletion syndrome. Am J Obstet Gynecol.
2022;227:79.e1-79.e11. doi:10.1016/j.ajog.2022.01.002
12. Gadsbell K, Petersen OB, Gatinois V, et al. Current use of noninvasive prenatal testing in Europe, Australia and the USA: a graphical presentation.
Acta Obstet Gynecol Scand. 2020;99:722-730. doi:10.1111/a0gs.13841
13. Sebire E, Rodrigo CH, Bhattacharya S, Black M, Wood R, Vieira R. The implementation and impact of non-invasive prenatal testing (NIPT) for
Down’s syndrome into antenatal screening programmes: a systematic review and meta-analysis. PLoS One. 2024;19:¢0298643. doi:10.1371/
journal.pone.0298643
14. Snyder MW, Kircher M, Hill AJ, Daza RM, Shendure J. Cell-free DNA comprises an in vivo nucleosome footprint that informs its tissues-of-
origin. Cell. 2016;164:57—68. doi:10.1016/j.cell.2015.11.050
15. Chiu RWK, Dennis Lo YM, Dennis YM, Ka L. Cell-free fetal DNA coming in all sizes and shapes. Prenat Diagn. 2021;41:1193-1201.
doi:10.1002/pd.5952
16. Swanson A, Sehnert AJ, Bhatt S. Non-invasive prenatal testing: technologies, clinical assays and implementation strategies for women’s healthcare
practitioners. Curr Genet Med Rep. 2013;1:113. doi:10.1007/s40142-013-0010-x
17. Benn P, Borrell A, Chiu RWK, et al. Position statement from the chromosome abnormality screening committee on behalf of the board of the
international society for prenatal diagnosis. Prenat Diagn. 2015;35:725-734.
18. Palomaki GE, Kloza EM, Lambert-Messerlian GM, et al. DNA sequencing of maternal plasma to detect down syndrome: an international clinical
validation study. Genet in Med. 2011 Nov;13(11):913-920. doi:10.1097/GIM.0b013e3182368a0c
19. Bianchi DW, Parker RL, Wentworth J, et al. DNA sequencing versus standard prenatal aneuploidy screening. N Engl J Med. 370(9):799-808.
doi:10.1056/NEJMoal311037
20. Porreco RP, Garite TJ, Maurel K, et al. Noninvasive prenatal screening for fetal trisomies 21, 18, 13 and the common sex chromosome aneuploidies from
maternal blood using massively parallel genomic sequencing of DNA. Am J Obstet Gynecol. 2014 Oct;211(4):365.e1-12. doi:10.1016/j.ajog.2014.03.042
. Norton ME, Jacobsson B, Swamy GK, et al. Cell-free DNA analysis for noninvasive examination of trisomy. N Engl J Med. 372(17):1589-1597.
doi:10.1056/NEJMoal407349
22. Pergament E, Cuckle H, Zimmermann B, et al. Single-nucleotide polymorphism-based noninvasive prenatal screening in a high-risk and low-risk
cohort. Obstet & Gynecol. 2014 Aug;124(2 Pt 1). doi:10.1097/A0G.0000000000000363
23. Nicolaides KH, Syngelaki A, Gil M, Atanasova V, Markova D, Prenat Diagn Y. Validation of targeted sequencing of single-nucleotide
polymorphisms for non-invasive prenatal detection of aneuploidy of chromosomes 13. 2013 Jun;18;18(21(21):575-579. doi:10.1002/pd.4103
24. Deans ZC, Allen S, Jenkins L, et al. Recommended practice for laboratory reporting of non-invasive prenatal testing of trisomies 13, 18 and 21: a
consensus opinion. Prenat Diagn. 2017;37:699-704. doi:10.1002/pd.5068
25. Norton ME, Jacobsson B, Swamy GK, et al. Cell-free DNA analysis for noninvasive examination of trisomy. N Engl J Med. 2015;372:1589-1597.
doi:10.1056/NEJMoal407349
26. Rava RP, Srinivasan A, Sehnert AJ, Bianchi DW. Circulating fetal cell-free DNA fractions differ in autosomal aneuploidies and monosomy X. Clin
Chem. 2014;60:243-250. doi:10.1373/clinchem.2013.207951
27. Fan HC, Quake SR. Sensitivity of noninvasive prenatal detection of fetal aneuploidy from maternal plasma using shotgun sequencing is limited
only by counting statistics. PLoS One. 2010;5:¢10439. doi:10.1371/journal.pone.0010439
28. Benn P, Cuckle H. Theoretical performance of non-invasive prenatal testing for chromosome imbalances using counting of cell-free DNA
fragments in maternal plasma. Prenat Diagn. 2014;34:778-783. doi:10.1002/pd.4366
29. Fiorentino F, Bono S, Pizzuti F, et al. The importance of determining the limit of detection of non-invasive prenatal testing methods. Prenat Diagn.
2016;36:304-311. doi:10.1002/pd.4780
30. Producto sanitario y producto sanitario de diagndstico in vitro s. f.
31. ISO 15189:2012 - Medical laboratories — requirements for quality and competence s. f.
32. Ravitsky V, Roy MC, Haidar H, et al. The emergence and global spread of noninvasive prenatal testing. Annu Rev Genomics Hum Genet.
2021;22:309-338. doi:10.1146/annurev-genom-083118-015053
33. Vinante V, Keller B, Huhn EA, Huang D, Lapaire O, Manegold-Brauer G. Impact of nationwide health insurance coverage for non-invasive
prenatal testing. Int J Gynaecol Obstet. 2018;141:189-193.
34. Abu-Hamad S, Abu-Hamad S, Daoud N. Regulation and financing of prenatal screening and diagnostic tests for fetal anomalies in Europe. Eur J
Public Health. 2022;32:ckac130-046.
35. Baldus M. “Overestimated technology — underestimated consequences” — reflections on risks, ethical conflicts, and social disparities in the handling
of non-invasive prenatal tests (NIPTs). Med Health Care Philos. 2023;26:271-282. doi:10.1007/s11019-023-10143-1
36. Rose NC, Barrie ES, Malinowski J, et al. Systematic evidence-based review: the application of noninvasive prenatal screening using cell-free DNA
in general-risk pregnancies. Genet Med. 2022;24:1379-1391.
37. Nicolaides KH, Syngelaki A, Poon LC, Gil MM, Wright D. First-trimester contingent screening for trisomies 21, 18 and 13 by biomarkers and
maternal blood cell-free DNA testing. Fetal Diagn Ther. 2014;35:185-192. doi:10.1159/000356066
38. Bayon Yusta JC, Orruiio Aguado E, Portillo Villares I, Asua Batarrita J. Cribado prenatal para la deteccion del sindrome de Down mediante el
analisis de ADN fetal en sangre materna. 2016.
39. Suela J, Lopez-Exposito I, Querejeta ME, et al. Recommendations for the use of microarrays in prenatal diagnosis. Med Clin. 2017;148:328.e1—
328.e8. doi:10.1016/j.medcli.2016.12.028

© =

2

—_

52 htps: The Application of Clinical Genetics 2025:18


https://doi.org/10.1002/uog.17283
https://doi.org/10.1002/uog.17484
https://doi.org/10.1038/nature11251
https://doi.org/10.1126/scitranslmed.3004323
https://doi.org/10.1126/scitranslmed.3004323
https://doi.org/10.1016/j.ajog.2022.01.002
https://doi.org/10.1111/aogs.13841
https://doi.org/10.1371/journal.pone.0298643
https://doi.org/10.1371/journal.pone.0298643
https://doi.org/10.1016/j.cell.2015.11.050
https://doi.org/10.1002/pd.5952
https://doi.org/10.1007/s40142-013-0010-x
https://doi.org/10.1097/GIM.0b013e3182368a0e
https://doi.org/10.1056/NEJMoa1311037
https://doi.org/10.1016/j.ajog.2014.03.042
https://doi.org/10.1056/NEJMoa1407349
https://doi.org/10.1097/AOG.0000000000000363
https://doi.org/10.1002/pd.4103
https://doi.org/10.1002/pd.5068
https://doi.org/10.1056/NEJMoa1407349
https://doi.org/10.1373/clinchem.2013.207951
https://doi.org/10.1371/journal.pone.0010439
https://doi.org/10.1002/pd.4366
https://doi.org/10.1002/pd.4780
https://doi.org/10.1146/annurev-genom-083118-015053
https://doi.org/10.1007/s11019-023-10143-1
https://doi.org/10.1159/000356066
https://doi.org/10.1016/j.medcli.2016.12.028

Fernandez Martinez et al

40.

41

4.
43.
44,
45.
46.
47.
48.

49.

50.

5

52.

53.
54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65

67.
68.

Microarrays and next-generation sequencing technology the use of advanced genetic diagnostic tools in obstetrics and gynecology | ACOG s. f.

. Shear MA, Swanson K, Garg R, et al. A systematic review and meta-analysis of cell-free DNA testing for detection of fetal sex chromosome

aneuploidy. Prenat Diagn. 2023;43:133-143. doi:10.1002/pd.6298

Grati FR. Chromosomal mosaicism in human feto-placental development: implications for prenatal diagnosis. J Clin Med. 2014;3:809.

Gardner RIMK, Sutherland GR. Chromosome Abnormalities and Genetic Counseling. 2003:596.

De Souza E, Halliday J, Chan A, Bower C, Morris JK. Recurrence risks for trisomies 13, 18, and 21. Am J Med Genet A. 2009;149A:2716-2722.
doi:10.1002/ajmg.a.33099

Warburton D, Dallaire L, Thangavelu M, Ross L, Levin B, Kline J. Trisomy recurrence: a reconsideration based on North American data. 4m J
Hum Genet. 2004;75:376-385. doi:10.1086/423331

Blagojevic C, Heung T, Theriault M, et al. Estimate of the contemporary live-birth prevalence of recurrent 22q11.2 deletions: a cross-sectional
analysis from population-based newborn screening. CMAJ Open. 2021;9:E802-9. doi:10.9778/cmajo.20200294

Avram CM, Shaffer BL, Sparks TN, Allen AJ, Caughey AB. Cell-free fetal DNA screening for detection of microdeletion syndromes: a cost-
effectiveness analysis. J Matern Fetal Neonatal Med. 2021;34:1732—1740. doi:10.1080/14767058.2019.1647161

Grati FR, Ferreira J, Benn P, et al. Outcomes in pregnancies with a confined placental mosaicism and implications for prenatal screening using cell-
free DNA. Genet Med. 2020;22:309-316. doi:10.1038/s41436-019-0630-y

Rare trisomy mosaicism diagnosed in amniocytes, involving an autosome other than chromosomes 13, 18, 20, and 21: karyotype/phenotype
correlations - PubMed s. f.

Eggermann T. Prenatal Detection of Uniparental Disomies (UPD): intended and incidental finding in the era of next generation genomics. Genes.
2020;11:1454. doi:10.3390/genes11121454

. Lannoo L, van Straaten K, Breckpot J, et al. Rare autosomal trisomies detected by non-invasive prenatal testing: an overview of current knowledge.

FEur J Hum Genet. 2022;30:1323-1330. doi:10.1038/s41431-022-01147-1

Tang X, Du Y, Chen M, et al. Relationships among maternal monosomy X mosaicism, maternal trisomy, and discordant sex chromosome
aneuploidies. Clin Chim Acta. 2024;554:117770. doi:10.1016/j.cca.2024.117770

Coexistence of pregnancy and malignancy - PubMed s. f.

Dharajiya NG, Grosu DS, Farkas DH, et al. Incidental detection of maternal neoplasia in noninvasive prenatal testing. Clin Chem. 2018;64:329—
335. doi:10.1373/clinchem.2017.277517

Hartwig TS, Ambye L, Serensen S, Jorgensen FS. Discordant non-invasive prenatal testing (NIPT) - a systematic review. Prenat Diagn.
2017;37:527-539. doi:10.1002/pd.5049

Wang Y, Chen Y, Tian F, et al. Maternal mosaicism is a significant contributor to discordant sex chromosomal aneuploidies associated with
noninvasive prenatal testing. Clin Chem. 2014;60:251-259. doi:10.1373/clinchem.2013.215145

Neofytou M. Predicting fetoplacental mosaicism during cfDNA-based NIPT. Curr Opin Obstet Gynecol. 2020;32:152-158. doi:10.1097/
GCO0.0000000000000610

Bianchi DW, Parsa S, Bhatt S, et al. Fetal sex chromosome testing by maternal plasma DNA sequencing: clinical laboratory experience and biology.
Obstetrics Gynecol. 2015;125:375-382. doi:10.1097/A0G.0000000000000637

Gregg AR, Skotko BG, Benkendorf JL, et al. Noninvasive prenatal screening for fetal aneuploidy, 2016 update: a position statement of the
American College of Medical Genetics and Genomics. Genet Med. 2016;18:1056—1065. doi:10.1038/gim.2016.97

Hui L, Bethune M, Weeks A, Kelley J, Hayes L. Repeated failed non-invasive prenatal testing owing to low cell-free fetal DNA fraction and
increased variance in a woman with severe autoimmune disease. Ultrasound Obstet Gynecol. 2014;44:242-243. doi:10.1002/uo0g.13418

Hui CYY, Tan WC, Tan EL, Tan LK. Repeated failed non-invasive prenatal testing in a woman with immune thrombocytopenia and antipho-
spholipid syndrome: lessons learnt. BMJ Case Rep. 2016;2016. doi:10.1136/bcr-2016-216593

MacKinnon HJ, Kolarova TR, Katz R, et al. The impact of maternal autoimmune disease on cell-free DNA test characteristics. Am J Obstet
Gynecol MFM. 2021;3:100466.

Juul LA, Hartwig TS, Ambye L, Serensen S, Jorgensen FS. Noninvasive prenatal testing and maternal obesity: a review. Acta Obstet Gynecol
Scand. 2020;99:744-750. doi:10.1111/a0gs.13848

Hopkins MK, Koelper N, Caldwell S, Dyr B, Dugoff L. Obesity and no call results: optimal timing of cell-free DNA testing and redraw. 4Am J
Obstet Gynecol. 2021;225:417.e1-417.¢10. doi:10.1016/j.aj0g.2021.04.212

. Monni MC, Tuculano A, Peddes C, Monni G. Vanishing twin syndrome. Donald Sch J Ultrasound Obstet Gynecol. 2023;15:134-142.
66.

van Eekhout JCA, Bekker MN, Bax CJ, Galjaard RJH. Non-invasive prenatal testing (NIPT) in twin pregnancies affected by early single fetal
demise: a systematic review of NIPT and vanishing twins. Prenat Diagn. 2023;43:829-837. doi:10.1002/pd.6388

Niles KM, Murji A, Chitayat D. Prolonged duration of persistent cell-free fetal DNA from vanishing twin. Ultrasound Obstet Gynecol. 2018;52:547-548.
Mousavi S, Shokri Z, Bastani P, Ghojazadeh M, Riahifar S, Nateghian H. Factors affecting low fetal fraction in fetal screening with cell-free DNA
in pregnant women: a systematic review and meta-analysis. BMC Pregnancy Childbirth. 2022;22. doi:10.1186/s12884-022-05224-7

The Application of Clinical Genetics Dovepress
Taylor & Francis Group

Publish your work in this journal

The Application of Clinical Genetics is an international, peer-reviewed open access journal that welcomes laboratory and clinical findings in the
field of human genetics. Specific topics include: Population genetics; Functional genetics; Natural history of genetic disease; Management of genetic
disease; Mechanisms of genetic disease; Counselling and ethical issues; Animal models; Pharmacogenetics; Prenatal diagnosis; Dysmorphology. The
manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.
dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/the-application-of-clinical-genetics-journal

The Application of Clinical Genetics 2025:18 Ei X in a 53


https://doi.org/10.1002/pd.6298
https://doi.org/10.1002/ajmg.a.33099
https://doi.org/10.1086/423331
https://doi.org/10.9778/cmajo.20200294
https://doi.org/10.1080/14767058.2019.1647161
https://doi.org/10.1038/s41436-019-0630-y
https://doi.org/10.3390/genes11121454
https://doi.org/10.1038/s41431-022-01147-1
https://doi.org/10.1016/j.cca.2024.117770
https://doi.org/10.1373/clinchem.2017.277517
https://doi.org/10.1002/pd.5049
https://doi.org/10.1373/clinchem.2013.215145
https://doi.org/10.1097/GCO.0000000000000610
https://doi.org/10.1097/GCO.0000000000000610
https://doi.org/10.1097/AOG.0000000000000637
https://doi.org/10.1038/gim.2016.97
https://doi.org/10.1002/uog.13418
https://doi.org/10.1136/bcr-2016-216593
https://doi.org/10.1111/aogs.13848
https://doi.org/10.1016/j.ajog.2021.04.212
https://doi.org/10.1002/pd.6388
https://doi.org/10.1186/s12884-022-05224-7
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Systematic Approach for the Development, Review, Acceptance, and Updating of the Guide
	Application Technology for cfDNA Study
	Validated Methodologies for the Study of Fetal Aneuploidies in cfDNA

	Laboratory Recommendations
	Implementation Strategies for the Non-Invasive cfDNA Test
	Coordination of Non-Invasive Test Indications with Invasive Diagnostic Procedures
	Genetic Counseling in NIPT
	Sex Pair Aneuploidy
	History of Chromosomopathy
	Copy Number Variants. Microdeletions and Microduplications
	Rare Fetal Aneuploidies
	Biological Circumstances of the Pregnant Woman
	Maternal Neoplasms
	Mosaicisms
	Organ Transplantation and Maternal Transfusions
	Autoimmune Diseases
	Body Mass Index
	Vanishing Twins

	Feto-Placental Biological Circumstances

	Conclusions
	Acknowledgments
	Collabarators
	Disclosure

