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Advancements of hon-invasive
prenatal testing: the role of
obstetricians

Nada Eltabbakh*, Yalnaz Mohasin and Rafiea Jeddy

Royal College of Surgeons in Ireland (Bahrain), Muharraq, Bahrain

Since its debut in 2011, Non-Invasive Prenatal Testing (NIPT) has continually
demonstrated its effectiveness in detecting an expanding number of diseases.
NIPT offers a less invasive approach to prenatal chromosomal disease screening,
providing prospective parents with vital information to better prepare for their
potential pregnancy outcomes. NIPT was primarily designed for screening
trisomy 13, 18, and 21. However, its scope has since broadened to encompass
microdeletions and autosomal dominant monogenic diseases. Conversely, the
normalization of NIPT can have unintended consequences. Some patients
opt for NIPT without any medical indications, driven by a desire to remain
cautious. This over-screening for chromosomal abnormalities can exacerbate
pregnancy-related anxiety, as individuals might feel pressured into taking the test
unnecessarily. While NIPT can be highly successful when conducted correctly,
it is not infallible, and obstetricians play a crucial role in managing patient
expectations. This includes providing genetic counseling to individuals with
relevant genetic information regarding their personal and family histories. In
the context of NIPT, a bioinformatics analysis is performed on a cell-free DNA
(cfDNA) sample extracted from the mother’s placenta to determine the fetal
fraction (FF). This FF measurement is vital for quality control and ensuring
statistical confidence in the test results. Raising awareness among clinicians
about the significance of FF enhances patient care and alleviate concerns about
the possibility of failed NIPT. This paper aims to explore the ongoing debates
and more specifically the significance and pitfalls of NIPT on a psychosocial and
ethical scale, all while highlighting the importance of genetic counseling.
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Introduction

In an attempt to ascertain genetic abnormalities in the fetus, invasive and non-invasive
approaches to prenatal genetic testing have been introduced during the past 60 years.
Historically, prenatal diagnosis evolved from amniotic fluid cytology in the 1960s to
chorionic villi sampling in the 1980s. In 1988, Wald et al. have concluded that the levels of
human chorionic gonadotropin levels in maternal serum are elevated in Down’s syndrome,
which paved the way to the use of maternal biochemical screening tests (1). However, the
introduction of nuchal translucency combined with maternal biochemical screening tests in
the 1990s marked a pivotal moment in genetic testing (2) to provide a method to screen for
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individual risk for certain chromosomal abnormalities and guiding
the decision to undergo invasive diagnostic testing.

The discovery of cell-free fetal DNA (cfDNA) in maternal
plasma in 1997 laid the foundation for a non-invasive approach
to prenatal testing. cfDNA is a type of genetic material found
circulating freely in the maternal bloodstream. Unlike conventional
DNA contained within cells, these fragments, typically contain
fewer than 200 DNA base pairs, originate from cells that have died
and released their contents into the maternal blood (3). Throughout
pregnancy, the mother’s bloodstream becomes a dynamic mixture
of ¢fDNA intertwined with placental DNA. This method utilizes
the extraction of maternal blood, allowing the detection of cfDNA,
offering a straightforward means to identify potential issues with
the fetus, particularly aneuploidies such as trisomy 13, 18, and
21 (4). This method of testing has revolutionized the field of
prenatal diagnosis by offering a less invasive approach compared
to traditional methods and reducing fetal losses is noteworthy.

During the past decades, prenatal testing has undergone a
remarkable evolution. Since its introduction in 2011, over two
million NIPTs have been performed, illustrating its growing
popularity and rapid commercialization (5). Subsequent
advancements in sequencing cfDNA in maternal plasma, have
propelled NIPT into mainstream prenatal screening (3, 6). NIPT
offers considerable flexibility, with applicability at three distinct
time points: before sonography, after sonography, or following the
first-trimester test (7). Each option presents unique advantages,
albeit with inherent disadvantages. Although NIPT is considered
a safer alternative to invasive prenatal testing, it still necessitates
confirmatory invasive methods (e.g., Amniocentesis) if a positive
test result is obtained, which can elevate the risk of miscarriage
(3). One notable concern is the potential routinization of NIPT,
which could undermine the reproductive autonomy of women by
imposing additional choices that may not align with their societal
or moral values (8).

Obstetricians hold a pivotal role in empowering parents
by providing information in a clear, accessible manner, free
from complex medical terminology. Effective communication not
only fosters understanding but also ensures that parents feel
comfortable and supported throughout their pregnancy journey.
When obstetricians fall short in creating a conducive environment
or fail to establish rapport, it can hinder parents ability to
make informed choices, leading to uncertainty and unease (9).
Striking the right balance is crucial; being overly assertive can
leave parents feeling pressured into decisions they may not be
ready for or comfortable with. Parents should feel free to discuss
their preferences and concerns without feeling coerced or judged.
By offering comprehensive information, and respectful guidance,
obstetricians empower parents to make decisions that align with
their values and preferences, ensuring a positive and informed
pregnancy experience (10).

While this critical information empowers parents to make
informed decisions about their pregnancy, NIPTs also raise ethical
concerns, particularly in geographical regions where reproductive
choices do not permit termination even in cases of potentially life-
threatening fetal outcomes. The aim of this review is to highlight
the process of NIPT testing from initial councelling of pregnant
patients to interpreting results with the important role of the
obstetrician, especially in regions with strict laws in reproductive
autonomy.
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Pre-natal testing: the patient
selection process and pre-test
counceling

The 21st century has called for a rise in worries about genetic
testing, this burden becomes clear in ACOG’s 17 publications
regarding genetic issues (11). ACOG guidelines for prenatal care
for healthy women with uncomplicated visits calls for a visit every
4 weeks for the first 28 weeks of gestation, every 2 weeks until
36 weeks of gestation, and every week until labor (12). Considering
that the average gestation period is 40 weeks (about 9 months), that
amounts to 15 visits in under a year. Increasing frequency allows to
ensure a smooth pregnancy and adequate patient education, which
is an important target in reassurance and building a strong rapport
between the obstetrician and the pregnant patient (12). While all
these visits are important, the first visit allows the obstetrician
to screen the patient for any risk factors that might complicate
the pregnancy. After obtaining a detailed history and physical
examination, all patients undergo baseline blood investigations,
urine culture, and serology for vertically transmissible infections
(MMR, Syphilis, Chlamydia, etc.). But most importantly, it also
includes an ultrasound for all patients to confirm the pregnancy and
obtain a more accurate estimated date of delivery (12).

However, certain patients have risk factors associated with
fetal genetic abnormalities that would prompt the obstetrician
to conduct more testing. These risk factors include, but are not
limited to, increased maternal age (>35 years old), consanguinity,
family history of known or suspected genetic condition and
a previous child with aneuploidy (11, 13). This brings us to
mention the importance of pre-test counseling, which involves
an inviting discussion between the patient and the obstetrician.
The latter needs to mention the reason for testing, the method
of testing (bloodwork, imaging, etc.), accuracy, risks, and benefits.
This also involves objectively communicating both the advantages
and disadvantages of NIPT in a simplified manner that patients
can comprehend, which allows patients to make an informed
autonomous decision on whether to undergo genetic testing or
not, and if yes which one (11). OBs should emphasize that NIPT
is a screening tool, not a diagnostic one, and convey that patients’
perceptions of their risk levels may differ from their actual risk level
(14). The obstetrician needs to ensure not to scare the patient into
doing the tests but also not to reassure the patient too much that
they do not want to do it anymore.

Thus, genetic counseling plays a pivotal role in the successful
implementation of Non-Invasive Prenatal Testing (NIPT) in
prenatal care. Obstetricians (OBs) must navigate the commercial
landscape surrounding NIPTs, ensuring they can effectively select
and promote NIPT to patients at risk. Despite 60% of women
not hearing about NIPT in a study conducted by Petch et al., all
participants seemed eager to learn more (15).

What is the NIPT process and how
can we avoid failure of the test?

Chromosomal abnormalities are a significant concern driving
the popularity of NIPT, as they contribute to 10 to 20% of
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stillbirths and approximately 15% of malformations (16, 17).
NIPT has proven that it has detection rates as high as 99.2%
for trisomies 13, 18, and 21 as well as false positive rates as
low as 0.09% (18). It has also demonstrated a sensitivity of
100% and its lowest specificity being 99.95% for trisomy 13 (19).
Thus, NIPT serves as a vital screening tool for abnormalities
the aforementioned aneuploidies, while also providing valuable
diagnostic information for RhD genotyping and fetal gender
determination, thus offering a comprehensive insight into the
genetic aspects of the pregnancy (14).

The discovery of cell-free fetal DNA in 1997 became the basis
of NIPT, revolving around its detection and analysis. This value,
detected as early as 5 weeks into the pregnancy, is pregnancy
specific as it is cleared from maternal plasma within hours of
delivery (20, 21). However, the reliability of NIPT results depends
on the fetal fraction, which is the ratio of cell-free fetal DNA to
the overall free DNA in maternal plasma. On average, this ratio
ranges between 6 and 20%. This method is limited by the instances
where it has failed. A multi-center cohort study conducted by
Suzumori et al. demonstrated a failure rate of 0.32%, of those,
20% had a low fetal fraction and 16.4% had an altered genomic
profile due to maternal malignancy (22). While the failure rates
are low, NIPT is not infallible. Although NIPT can be conducted
as early as 9-10 weeks into the pregnancy, it is important to note
that fetal fraction is affected by gestational age (23). Timing is
crucial for accurate results, as performing NIPT too early may yield
insufficient placental DNA in maternal blood. The amount of fetal
cell-free DNA (cfDNA) is typically lower during the first trimester
compared to the second, impacting the accuracy of non-invasive
prenatal testing (NIPT) (24). A diminished fetal cfDNA fraction in
early pregnancy can lead to an increased risk of false negatives in
NIPT results, underscoring its importance in the testing process.
Another factor is maternal BMI, as it had a negative correlation
with the amount of cfDNA (23). While these factors are clear, a
controversial factor was maternal age. While some studies revealed
it has a negative correlation with fetal fraction, others have revealed
it has no effect (23, 25).

In recent years, NIPTs have also extended beyond to detect rare
autosomal aneuploidies (RATs) and copy number variants (CNVs)
using deeper sequencing and higher level analyses (14, 26). This
includes, but is not limited to, DiGeorge Syndrome, Prader-Willi
syndrome and cri-du-chat syndrome (27, 28). When conducted
on both high and low-risk groups, NIPT-Plus has shown to have
a significantly higher positive rate and positive predictive values
(PPV) for trisomy 21 in the former group. However, the positive
rates and PPV for other chromosomal abnormalities were not
significantly different (29). As such, NIPT-Plus could become a
more modern, more specific alternative to NIPT.

Interpretation of results and
post-test counseling

NIPT reports typically categorize results as either "high
probability” or "low probability" for the chromosomal test
conducted (30). Thus, assisting patients in understanding how to
interpret results is crucial. In the case of aneuploidies, trisomy 21
increases fetal fraction and trisomies 13 and 18 decrease it. It is also
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important to understand that failure rates are higher in the case of
multiple gestations, elevating up to 8.7% in dichorionic diamniotic
twins (30).

Unexplained false-positive results have been reported, and the
test’s failure rate is higher in women with multiple gestations,
making it unsuitable for this population. Placental mosaicism,
a phenomenon where there are differences present between
chromosomes of the placenta and the fetus, can add complications.
The mosaicism can involve both fetus and placenta, or a
combination of the two that can have additional or abnormal
chromosomes which can be detected revealing a positive NIPT,
when there is no abnormality present (Figure 1). Although
generally benign, placental mosaicism can lead to false-positive
results, necessitating further testing for accurate diagnoses (31,
32). In these cases, the separation of fetal and placental cells after
conception complicates the interpretation of results, highlighting
the need for caution in relying solely on NIPT outcomes.

In the 21Ist century, expectations for quick and conclusive
results clash with the reality of NIPT, which could take up to
14 days. And even with the “long” anticipated wait, the test
only provides risk estimations and could yield a failed test that
would need to be repeated (7). While patients opt to undergo
NIPT as a way to obtain a sense of security, waiting for results
might induce exhaustion, anxiety and stress. Obstetricians must
acknowledge the patients emotional needs. During patient visits,
obstetricians are able to provide short-term support, but they
also need to look into providing certain patients, especially those
with positive NIPT results with longterm care. This can include
referrals to mental health counselors, support groups and so
on (11). Integration of psychological counseling into antenatal
appointments has demonstrated efficacy in mitigating adverse
psychological outcomes in many healthcare contexts as well (33).

Patients with a high probability outcome of their NIPT
need to undergo further tests that can be invasive such as
amniocentesis (34). This calls for further counseling, particularly
in this group (35). Furthermore, it is important for the obstetrician
to disclose residual risk despite a negative test (11). Even though
NIPTs are more widely available in the past decade, there is no
protocol for discussion of NIPTs and vary greatly from OBs, thus
recommendations are made to create guidelines for discussion
and tailoring it further to meet the needs of the patient (36).
Consequently, healthcare professionals are caught in a clinically
moral dilemma between which test to appoint their pregnant
patients all while respecting patient autonomy. As found in
interviews conducted by Perrot et al., French healthcare workers
have requested implementation of a regulated NIPT program, as
well as a unified source of information providing all patients with
the same information, as well as further professional training (37).

Genetic counseling plays a critical role in providing
comprehensive information, guidance, and support throughout
the NIPT process, ensuring informed decision-making and
appropriate follow-up measures. There are multiple genetic
counseling models that providers can follow: primary counseling
provided by the obstetrician, primary counseling provided by the
obstetrician in conjunction with supplementary genetic resources,
and primary counseling provided by a genetic counselor. The
choice of how to proceed is dependent on patient population,
provider expertise, infrastructure, and clinic resources (11).
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Discussion

Increasing patient awareness of NIPT is a critical aspect
through educational initiatives and should be developed to inform
individuals about the benefits, limitations, and implications of
NIPT to ensure informed decision-making during pregnancy
(26). In a study conducted by Van der Miejj et al., shed light
on the complex dynamics that influence a woman’s decisions
regarding prenatal screening, particularly regarding NIPT testing.
Highly educated women of faith often decline screening due to
religious beliefs, resulting in a diminished likelihood of making
informed choices. Conversely, non-religious women may opt
out simply due to indifference. Socioeconomic factors such as
cost can impede freedom of choice, as financial constraints may
dictate decisions and limit decision-making during pregnancy.
This study was limited by language barriers and sampling
biases, highlighting the challenges in extrapolating conclusions,
particularly regarding women and their pregnancy, especially
due to lower education levels. Addressing these complexities
is essential infostering equitable access to prenatal screening
and promoting truly informed decision-making among all
demographics (8).

The consideration of whether the anxiety associated with NIPT
is worthwhile emerges in light of its commercialization. While
the test is often promoted to pregnant individuals deemed low
risk, some report heightened stress without substantial additional
information. Obstetricians must strive to create more welcoming
and patient-tailored consultations, avoiding unnecessary tests,
and acknowledging the inherent stress of pregnancy. The
absence of standardized guidelines for discussing NIPT testing
complicates the concept of informed choice, with obstetricians
playing a pivotal role in shaping patient decisions. Concerns
arise regarding the need for a uniform approach to presenting
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information, ensuring patients have the necessary knowledge
to make decisions autonomously (8). Although there is stress
surrounding waiting for results, some individuals find a sense
of control through NIPT, while others stated in the study
by Stevens et al. that informed consent and giving parents
autonomy for decisions regarding their pregnancy is essential
to undergo non-invasive testing, but also based on the results
determined (36).

When genetic testing occurs during pregnancy, swift
communication of results is imperative to allow sufficient time for
consideration of reproductive options, including termination (11).
While NIPT provides a choice for termination of pregnancy based
on fetal abnormalities in many countries, the role of NIPT becomes
uncertain in areas where abortion is prohibited due to religious
constraints. Additionally, NIPT in countries where abortion
laws allow for termination based on gender, contemplation
on societal acceptance of individuals with disabilities, which
appears to be higher in countries that restrict abortion (38). The
challenge of implementing NIPT in rural areas is multifaceted.
Basic prenatal care must be prioritized, addressing the lack of
support and resources for women in remote regions, particularly
those living in poverty with limited access to vaccinations and
prenatal supplementation (38). Furthermore, in economically
disadvantaged areas, NIPT gives parents the choice to consider
their options in the event of a positive diagnosis. Countries such as
Ethiopia have grappled with higher rates of childhood mortality,
where conditions that are seemingly manageable such as blindness
often prove fatal. It is evident that the proliferation of NIPTs
in low-income areas, amplify the parents’ prerogative to make
decisions regarding termination of pregnancy (9). This trend raises
an ethical dilemma regarding the widespread adoption of NIPTs,
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the likelihood of aborting a fetus with identified abnormalities will
surge globally promoting a eugenic approach to pregnancy (39).

In this regard, obstetricians play a pivotal role to ensure parents
that NIPT is a screening tool and not diagnostic for detecting
abnormalities (39). However, concerns persist that expansion in
countries with restrictive abortion laws may drive individuals,
particularly in marginalized communities such as low income
and minority groups with a positive diagnosis to resort to
unsafe abortion practices in countries such as the USA (40).
Research has also suggested that many parents use NIPTs as
guidance and information for themselves rather than the decisive
factor to terminate pregnancies (40). Despite guidance from their
obstetrician, it is indicative to emphasize that all women require
access to not just support regarding their results, but make
informed decisions that take their experience, their circumstances
and personal choices following their decision with their NIPT
results (41).

Looking forward, advancements in genomic methods, such
as next-generation sequencing, show promise in detecting sub-
chromosomal aneuploidies. The potential for these methods to
become the norm in the next few years underscores the evolving
landscape of prenatal diagnostics and raises questions about
the future direction of genetic screening technologies. However,
literature on the psychological effects of waiting for results remains
insufficient. It is also important for future guidelines to exist for
obstetricians on how to tailor their discussions with their patients.
While we are investigating the advancements of NIPT, it is also
important to investigate how patients’ perceptions have evolved

with time.

References

1. Wald N, Cuckle H, Densem ], Nanchahal K, Royston P, Chard T, et al.
Maternal serum screening for down’s syndrome in early pregnancy. BMJ. (1988)
297(6653):883-7.

2. Oztiirk E, Ocal E Erol S, Yakut K, Oztiirk M, Oguz Y, et al. Fetal genetic diagnosis
by chorionic villus sampling: evaluation of the five-year experience from a single
center. Fetal Pediatr Pathol. (2021) 40(4):281-9. doi: 10.1080/15513815.2019.1707919

3. Dupras C, Birko S, Affdal A, Haidar H, Lemoine M, Ravitsky V. Governing the
futures of non-invasive prenatal testing: an exploration of social acceptability using the
Delphi method. Soc Sci Med. (2022) 304:112930. doi: 10.1016/j.socscimed.2020.112930

4. Harraway J. Non-invasive prenatal testing. Aust Fam Physician. (2017)
46(10):735-9.

5. Bianchi D. Pregnancy: prepare for unexpected prenatal test results. Nature. (2015)
522(7554):29-30.

6. Sagi-Dain L, Singer A, Petersen O, Lou S, Vogel 1. Trends in non-invasive prenatal
screening and invasive testing in Denmark (2000-2019) and Israel (2011-2019). Front
Med. (2021) 8:768997. doi: 10.3389/fmed.2021.768997

7. Liehr T, Lauten A, Schneider U, Schleussner E, Weise A. Noninvasive prenatal
testing - when is it advantageous to apply. Biomed Hub. (2017) 2(1):1-11.

8. van der Meij K, Njio A, Martin L, Gitsels-van der Wal JT, Bekker MN, van
Vliet-Lachotzki EH, et al. Routinization of prenatal screening with the non-invasive
prenatal test: pregnant women’s perspectives. Eur | Hum Genet. (2022) 30(6):661-8.
doi: 10.1038/s41431-021-00940-8

9. Brooks D, Asta K, Sturza ], Kebede B, Bekele D, Nigatu B, et al. Patient preferences
for prenatal testing and termination of pregnancy for congenital anomalies and
genetic diseases in Ethiopia. Prenat Diagn. (2019) 39(8):595-602. doi: 10.1002/pd.
5472

Frontiers in Medicine

10.3389/fmed.2024.1388481

Author contributions

NE: Writing - original draft, Writing - review and editing. YM:
Writing - original draft, Writing - review and editing. RJ: Writing -
original draft, Writing — review and editing.

Funding

The authors declare that this study received funding from
the Royal College of Surgeons in Ireland - Medical University
of Bahrain. The funder was not involved in the study design,
collection, analysis, interpretation of data, the writing of this article,
or the decision to submit it for publication.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

10. Montgomery S, Thayer Z. The influence of experiential knowledge and societal
perceptions on decision-making regarding non-invasive prenatal testing (NIPT). BMC
Pregnancy Childbirth. (2020) 20(1):630. doi: 10.1186/s12884-020-03203-4

11. Hoskovec ], Stevens B. Genetic counseling overview for the obstetrician-
gynecologist. Obstet Gynecol Clin North Am. (2018) 45(1):1-12.

12. Kilpatrick S, Papile L, Macones GA. AAP Comm. on Fetus and Newborn; ACOG
Comm. on Obstetric Practice: Guidelines for Perinatal Care. 8th ed. Itasca, IL: American
Academy of Pediatrics (2017).

13. Norton ME, Jackson M. Practice bulletin No. 162: prenatal diagnostic testing for
genetic disorders. Obstet Gynecol. (2016) 127(5):e108-22.

14. Carbone L, Cariati E, Sarno L, Conforti A, Bagnulo E, Strina I, et al. Non-Invasive
prenatal testing: current perspectives and future challenges. Genes. (2020) 12(1).

15. Petch S, Clinton S, Roche D, Dunn E. Non-invasive prenatal testing (NIPT) - we
need a national programme. Ir Med J. (2022) 115(7):636.

16. Mohammed Y, Shawky R, Soliman A, Ahmed M. Chromosomal study in
newborn infants with congenital anomalies in Assiut university hospital: cross-
sectional study. Egyptian ] Med Hum Genet. (2011) 12:79-90.

17. Stanley K, Giordano J, Thorsten V, Buchovecky C, Thomas A, Ganapathi M, et al.
Causal Genetic Variants in Stillbirth. N Engl ] Med. (2020) 383(12):1107-16.

18. Gil M, Quezada M, Revello R, Akolekar R, Nicolaides K. Analysis of cell-free
DNA in maternal blood in screening for fetal aneuploidies: updated meta-analysis.
Ultrasound Obstet Gynecol. (2015) 45(3):249-66.

19. La Verde M, De Falco L, Torella A, Savarese G, Savarese P, Ruggiero R,
et al. Performance of cell-free DNA sequencing-based non-invasive prenatal testing:
experience on 36,456 singleton and multiple pregnancies. BMC Med Genomics. (2021)
14(1):93. doi: 10.1186/512920-021-00941-y

frontiersin.org


https://doi.org/10.3389/fmed.2024.1388481
https://doi.org/10.1080/15513815.2019.1707919
https://doi.org/10.1016/j.socscimed.2020.112930
https://doi.org/10.3389/fmed.2021.768997
https://doi.org/10.1038/s41431-021-00940-8
https://doi.org/10.1002/pd.5472
https://doi.org/10.1002/pd.5472
https://doi.org/10.1186/s12884-020-03203-4
https://doi.org/10.1186/s12920-021-00941-y
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Eltabbakh et al.

20. Guibert J, Benachi A, Grebille A, Ernault P, Zorn J, Costa J. Kinetics of SRY
gene appearance in maternal serum: detection by real time PCR in early pregnancy
after assisted reproductive technique. Hum Reprod. (2003) 18(8):1733-6. doi: 10.1093/
humrep/deg320

21. Lo 'Y, Zhang J, Leung T, Lau T, Chang A, Hjelm N. Rapid clearance of fetal DNA
from maternal plasma. Am ] Hum Genet. (1999) 64(1):218-24.

22. Suzumori N, Sekizawa A, Takeda E, Samura O, Sasaki A, Akaishi R, et al.
Classification of factors involved in nonreportable results of noninvasive prenatal
testing (NIPT) and prediction of success rate of second NIPT. Prenat Diagn. (2019)
39(2):100-6. doi: 10.1002/pd.5408

23. HouY, YangJ, Qi Y, Guo F, Peng H, Wang D, et al. Factors affecting cell-free DNA
fetal fraction: statistical analysis of 13,661 maternal plasmas for non-invasive prenatal
screening. Hum Genomics. (2019) 13(1):62. doi: 10.1186/s40246-019-0244-0

24. Xue Y, Zhao G, Qiao L, Lu ], Yu B, Wang T. Sequencing shorter cfDNA fragments
decreases the false negative rate of non-invasive prenatal testing. Front Genet. (2020)
11:280. doi: 10.3389/fgene.2020.00280

25. Hui L. Noninvasive prenatal testing for aneuploidy using cell-free DNA - new
implications for maternal health. Obstet Med. (2016) 9(4):148-52.

26. Jayashankar S, Nasaruddin M, Hassan M, Dasrilsyah R, Shafiee M, Ismail N, et al.
Non-invasive prenatal testing (NIPT): reliability. challenges, and future directions.
Diagnostics. (2023) 13(15):2570.

27. Liang D, Cram D, Tan H, Linpeng S, Liu Y, Sun H, et al. Clinical utility of
noninvasive prenatal screening for expanded chromosome disease syndromes. Genet
Med. (2019) 21(9):1998-2006.

28. Shi P, Wang Y, Liang H, Hou Y, Chen D, Zhao G, et al. The potential of expanded
noninvasive prenatal screening for detection of microdeletion and microduplication
syndromes. Prenat Diagn. (2021) 41(10):1332-42.

29.Zou Y, Feng C, Qin J, Wang X, Huang T, Yang Y, et al. Performance
of expanded non-invasive prenatal testing for fetal aneuploidies and copy
number variations: a prospective study from a single center in Jiangxi
province, China. Front Genet. (2022) 13:1073851. doi: 10.3389/fgene.2022.10
73851

30. Hui L, Bianchi D. Fetal fraction and noninvasive prenatal testing: what
clinicians need to know. Prenat Diagn. (2020) 40(2):155-63. doi: 10.1002/pd.
5620

31.Wan J, Li R, Li E Yu Q, Wang D, Sun X, et al. Contribution of maternal
mosaicism to false-positive chromosome X loss associated with noninvasive prenatal

Frontiers in Medicine

06

10.3389/fmed.2024.1388481

testing. ] Matern Fetal Neonatal Med. (2022) 35(25):9647-53. doi: 10.1080/14767058.
2022.2050362

32. Wang Y, Chen Y, Tian E Zhang ], Song Z, Wu Y, et al. Maternal mosaicism is
a significant contributor to discordant sex chromosomal aneuploidies associated with
noninvasive prenatal testing. Clin Chem. (2014) 60(1):251-9. doi: 10.1373/clinchem.
2013.215145

33. Rogers ], Spink M, Magrill A, Burgess K, Agius M. Evaluation of a specialised
counselling service for perinatal bereavement. Psychiatr Danub. (2015) 27(Suppl
1):5482-5.

34. Shaw ], Scotchman E, Chandler N, Chitty LS. Preimplantation genetic
testing: Non-invasive prenatal testing for aneuploidy, copy-number variants and
single-gene disorders. Reproduction. (2020) 160(5):A1-11. doi: 10.1530/REP-19-
0591

35. Yotsumoto J, Sekizawa A, Inoue S, Suzumori N, Samura O, Yamada T,
et al. Qualitative investigation of the factors that generate ambivalent feelings in
women who give birth after receiving negative results from non-invasive prenatal
testing. BMC Pregnancy Childbirth. (2020) 20(1):112. doi: 10.1186/s12884-020-
2763-z

36. Stevens C, Llorin H, Gabriel C, Mandigo C, Gochyyev P, Studwell C. Genetic
counseling for fetal sex prediction by NIPT: challenges and opportunities. ] Genet
Couns. (2023) 32(5):945-56. doi: 10.1002/jgc4.1703

37. Perrot A, Horn R. Health professionals and scientists’ views on genome-wide
NIPT in the French public health system: critical analysis of the ethical issues raised
by prenatal genomics. PLoS One. (2022) 17(11):€0277010. doi: 10.1371/journal.pone.
0277010

38. 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(2):271-82. doi:
10.1007/s11019-023-10143-1

39. Gallo P. Ethical dilemmas of non-invasive prenatal genetic diagnosis using cell-
free fetal DNA technology: an appraisal of the first ten years since its introduction in
medical practice. Med Etica. (2022) 33:341-56.

40. Verma N, Grossman D. Self-managed abortion in the United States. Curr Obstet
Gynecol Rep. (2023) 12(2):70-5.

41. Hill M, Barrett A, Choolani M, Lewis C, Fisher ], Chitty L. Has noninvasive
prenatal testing impacted termination of pregnancy and live birth rates of infants
with down syndrome? Prenat Diagn. (2017) 37(13):1281-90. doi: 10.1002/pd.
5182

frontiersin.org


https://doi.org/10.3389/fmed.2024.1388481
https://doi.org/10.1093/humrep/deg320
https://doi.org/10.1093/humrep/deg320
https://doi.org/10.1002/pd.5408
https://doi.org/10.1186/s40246-019-0244-0
https://doi.org/10.3389/fgene.2020.00280
https://doi.org/10.3389/fgene.2022.1073851
https://doi.org/10.3389/fgene.2022.1073851
https://doi.org/10.1002/pd.5620
https://doi.org/10.1002/pd.5620
https://doi.org/10.1080/14767058.2022.2050362
https://doi.org/10.1080/14767058.2022.2050362
https://doi.org/10.1373/clinchem.2013.215145
https://doi.org/10.1373/clinchem.2013.215145
https://doi.org/10.1530/REP-19-0591
https://doi.org/10.1530/REP-19-0591
https://doi.org/10.1186/s12884-020-2763-z
https://doi.org/10.1186/s12884-020-2763-z
https://doi.org/10.1002/jgc4.1703
https://doi.org/10.1371/journal.pone.0277010
https://doi.org/10.1371/journal.pone.0277010
https://doi.org/10.1007/s11019-023-10143-1
https://doi.org/10.1007/s11019-023-10143-1
https://doi.org/10.1002/pd.5182
https://doi.org/10.1002/pd.5182
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

	Advancements of non-invasive prenatal testing: the role of obstetricians
	Introduction
	Pre-natal testing: the patient selection process and pre-test counceling
	What is the NIPT process and how can we avoid failure of the test?
	Interpretation of results and post-test counseling
	Discussion
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


