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PREMISES
In the past century, numerous discoveries in the fields of genetics 

and technology and their applications to prenatal medicine have 

brought about a considerable revolution in prenatal diagnosis. The 

detection and prevention of prenatal disease has unveiled the 

mystery surrounding the fetus and the dimension of inviolability 

that characterized it in the past.

Discoveries with respect to the uterine world have contributed to an 

increase in scientific awareness of the fact that many problems of 

the child and of the adult have developed before birth. 

The introduction of methods of indirect (biochemical) and direct 

(biophysical) evaluation of the fetus have allowed adequate 

investigation, undertaken with the use of an every-growing number 

of techniques based on fetal material sampling (amniocentesis, 

chorionic villus sampling, cordocentesis). It has been possible to 

benefit not only from sophisticated diagnostics but also from intra

uterine medical and/or surgical treatment, in some conditions.



PREMISES
It was only in the mid-1960s that amniocentesis began to be used to 

detect fetal disease by spectrophotometric analysis of bilirubin on 

amniotic fluid, evaluating in this way fetal severity of RhD isoimmunization. 

In the same period, for the first time, chromosomal gender was 

determined on amniocytes through detection of Barr chromatin. However, 

in the 1970s the use of amniocentesis was very limited because it carried 

not only a high risk of abortion and prohibitive costs, but also because only 

women in their late-reproductive years were considered at high risk. Only 

at the end of the 1980s was a new approach (besides amniocentesis) of 

screening without any risk, that considered not only maternal age but also 

concentration of some factors of fetal–placental origin present in maternal 

peripheral blood, brought into use. In the 1990s, screening by a 

combination of maternal age and fetal nuchal translucency (NT) thickness 

at 11–14 weeks of gestation was introduced, and subsequently it has been 

shown that the combination of maternal age, fetal NT, and maternal serum 

biochemistry (free β-hCG and pregnancy associated plasma protein (PAPP-

A)) in the first trimester has allowed the identification of about 85–90% of 

trisomy 21-affected fetuses



PREMISES

However, in the time period of the mid-1980s, the discovery of the 

presence of fetal cells in maternal blood during pregnancy and their 

isolation for genetic analysis produced a great revolution in prospective 

prenatal diagnosis. Various types of fetal cells have been identified in 

maternal blood, and various researchers have been occupied in the study of 

the identification, selection, and genetic analysis of fetal cells amenable for 

prenatal genetic testing.

Another possibility for non-invasive prenatal diagnosis began in 1997, when 

Dennis Lo and coworkers in Oxford showed the presence of cell-free fetal 

DNA (cfDNA) in maternal plasma and serum. From the studies following this 

discovery, it has been proved that fetal DNA is present in the maternal 

circulation from the first weeks of gestation and in major amounts with 

respect to that recovered from fetal cells. Moreover, free fetal DNA has the 

advantage that it degrades within a few hours of delivery, and therefore it 

cannot interfere with prenatal diagnosis of subsequent pregnancies.



Discovery of fetal derived cell-free DNA (cfDNA) in maternal blood



PREMISES

Since then, non-invasive prenatal testing (NIPT) for fetal aneuploidy using 

cfDNA has been widely integrated into routine obstetrical care. Initially, 

cfDNA tests focused on chromosomal aberrations addressed by conventional 

prenatal screening methods, namely trisomy 21, trisomy 18, and trisomy 13. 

The scope soon expanded to include sex chromosome aneuploidy and 

microdeletion panels. Recently, genome-wide analysis has become available, 

expanding the scope of NIPT to address rare autosomal trisomies and large 

chromosomal imbalances. Because the technical ability to test for a condition 

does not necessarily correspond with a clinical benefit to a population or to 

individual pregnant women, the benefits and harms of screening programs 

must be carefully weighed before implementation. At the current time, 

scientific evidence regarding clinical performance of expanded cell-free DNA 

panels is lacking. Expanded cell-free DNA menus therefore create a dilemma 

for diagnosis, treatment, and counseling of patients which is a matter of big 

debate nowadays and calls for an ethical and effective expansion of the test.



Introduced for the first time in 2011, in a span of a decade the 

nowadays called NIPT (which refers practically only to the prenatal tests 

based on cfDNA) has expanded widely although irregularly in all the 

world rising many problems related to it applicability (particularly in 

low-middle income countries), costs, reliability (this pertaining mainly to 

the several in house tests flourished like mushrooms in many parts of 

the world), pre- and post-test counseling, ethical dilemmas, equity in 

access, and finally the “patentability” of the tests. 

All these aspects required a clarification

Gian Carlo Di Renzo, preface to the Springer textbook, 2023 



I am glad to see that in addition to science and clinical applications, this 

volume has also covered the ethics, societal, and cultural aspects of 

NIPT. With the rapid developments of science and technology, it is 

especially important to put such developments in the context of the 

human society and their ethical, legal, and societal impacts.

Dennis Lo, 2023



NIPT-Noninvasive Prenatal Testing

Benefits

Method; NIPT is a simple blood test

Risk: There is zero risk to the mother and baby

NIPT test helps determine an expecting mother’s risk of having a baby with a common chromosomal conditions

Including: 

Down syndrome (T21)

Edward syndrome (T18)

Patau Syndrome (T13).

Accuracy: Over 99% accurate



12

What is the topic about?

The introduction of a new molecular testing technique for early detection of 

fetal chromosome aneuploidy and sub-chromosomal conditions with high 

accuracy and no risk of miscarriage enabling early decision making

• Continuation of pregnancy

• Informed decision making

• Safer termination procedures

• Prepare for potential complications

• Schedule specialty services
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Further
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Screening 
tests

No 
further
action

Treatment

Advise
and support

False 
negative

False 
positive

Concept of a screening test

cfDNA based tests are screening tests
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1. Wilson JMG, Jungner G. Principles and practice of screening for disease. Public Health Paper Number 34 WHO, 1968.   2. Andermann et al. Bull World Health Organ. 2008 

- The condition should be an important health problem1

- The natural history of the condition should be adequately understood1

- Facilities for diagnosis and treatment should be available1

- The screening program should respond to a recognized need2

- The objectives of screening should be defined at the outset2

- There should be scientific evidence regarding screening program 

effectiveness2

- The overall benefits of screening should outweigh the harm2

Evaluating screening programs

Potential benefits must be weighed against potential harms
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Sex chromosome aneuploidies (SCAs) Prevalence

– Monosomy X (45,X) 1/2,5001 females

– Triple X Syndrome (47,XXX) 1/1,0001 females

– Klinefelter Syndrome (47,XXY)                                     1/500 – 1/1,0001 males

– Jacobs Syndrome (47,XYY)                                          1/1,0001 males

Selected microdeletions and copy number variants (CNVs)

– 22q11.2 deletion syndrome 1/1,0002 - 1/2,5003

– 1p36 deletion syndrome 1/10,0004

– Prader Willi syndrome (15q11.2 – paternal) 1/10,0005

– Angelman syndrome (15q11.2 – maternal) 1/12,0006

– Cri-du-chat syndrome (5p15.3) 1/50,0007

– Jacobsen syndrome (11q23) 1/100,0008

– Langer Giedion syndrome (8q24.1) unknown (rare)

Rare autosomal trisomies (RATs) 

– RAT for any chromosome confirmed in fetus 1/15,0009

Screening programs should address important health problems

Most individual CNVs and RATs are exceedingly rare
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Natural history of screened conditions should be well understood

Outcomes often cannot be predicted if RAT or CNV is detected prenatally

Benn P, Grati FR. Ultrasound Obstet Gynecol. 2018 

CVS specimens with 

RAT or CNV identified

1%

0.08%   – Fetal abnormality predicted

0.1% – Early fetal loss

0.62% – Outcome cannot be predicted

0.8%

(highly variable prognosis including normal phenotype, 

pregnancy complications, possible fetal abnormalities)



Clinical issues

• Incidence rate of aneuploidies differs

• Lack of systematic and widespread prenatal screening programs

• Infrastructures creates boundaries

• Invasive prenatal testing not accepted for religious and socio-cultural reasons

• Genetic literacy very limited 

• Equity in access

• Need to prevent birth of disabled children

• Suspension of clinical sequencing test in China: related consequences

• Fetal sex information in some areas
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False 
positive 
rate

Chromosome 21 + 18 + 13 + XX + XY + XO + XXY + 

XYY + XXX + 22q…

Clinical consequences of expanding cfDNA menus

False positive rates are cumulative
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50,000 
women

1
5p15.3

deletion

49,999 
normal

1??

125

1 of 126 

are “true positives”

PPV < 1% 

Positive
cfDNA 
result

Example: 5p15.3 deletion 

Prevalence: 1 in 50,0001

Perfomance: 0.24% false positive 
rate2

Clinical consequences of expanding cfDNA menus

PPV is extremely low for rare conditions
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Ultrasound anomaly “Genome-wide” 

cfDNA testing

“Positive” 

NIPT

“Negative” 

NIPT

Invasive test

• Confirmatory testing 
recommended 

• Extremely low PPV 
for rare conditions

Invasive test

• Significant residual 
risk

• Detection rates low 
or unknown

• Unknown 
performance for 
mosaicism

• Small CNVs
not addressed by NIPT

Potential for delayed diagnosis, 

additional cost, and anxiety for patients

Examining clinical utility in a high risk population

“Genome-wide” analysis is not expected to alter management
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Examining clinical impact in a general population

Dutch TRIDENT 2 study provides data for consideration

72,976 samples with “genome-wide” cfDNA results

212 “other” trisomies/CNVs reported 

(0.30%) 

102 “other” trisomies (0.14%) 97 CNVs (0.15%) 13 “complex/chaotic” (0.02%)

342 “common” trisomies (T21,T18,T13) 

reported (0.47%) 

*SCAs not reported

72,422 “negative” results 

(99.23%) 

12 concordant (12%)

67 discordant (67%)

23 follow-up ongoing (23%)

32 concordant (33%)

48 discordant (50%)

17 follow-up ongoing (17%)

9 maternal malignancy 

2 non-malignant fibroids

1 unexplained
1 follow-up ongoing

Discordant “negatives” (“false 

negative” rate) - unknown

Points to consider:

- Low “screen positive” rate for RATs and CNVs in general population (0.30%)

- Increase in overall “false positive” rate (at least 0.16% for RATs and CNVs)

- Low positive predictive value (PPV) for RATs and CNVs

- Detection rate (sensitivity) is unknown (incomplete follow-up of “negative” results)

- Outcome of affected pregnancies unknown (did RAT or CNV impact phenotype or pregnancy management?)

- Patients should be counseled regarding possibility of findings unrelated to pregnancy (ie. malignancy)



Expanding NIPT menus – issues and concerns 

T21, T18, T13
X, Y 

aneuploidy

microdeletion 

panels

Higher false positive rates

More complex counseling

Clinical relevance

Validation data

Detection rates

Current standard

Di Renzo et al. AmJOG 2018,   Jani, Di Renzo et al UOG 2020



Can lead to “false positive” and “false negative” NIPT results

Placental Mosaicism

1.  Kalousek DK et al., Am J Hum Genet. 1989 Mar;44(3):338-43.  2.  Wirtz et al, Prenat Diag. 1991 Aug;11(8):563-7.  

• cfDNA originates from placenta

• Likely to be from trophoblast

• Similar to “Direct prep” of chorionic 

villi

• Chromosomal makeup of placenta and 

fetus can be different

• Occurs more frequently with 

chromosomes 13 and 18, as 

compared to chromosome 21





Medico-legal implications of prenatal screening

ETHICAL, LEGAL and SOCIAL issues characterized the current prenatal screening

In the last years, new technologies such as non-invasive prenatal testing (NIPT) have 

become increasingly widespread and available

The possibility of not having results or to obtain ambiguous results to be confirmed by 

other methods should be adequately clarified before applying the test, possibly in a 

prenatal genetic counseling setting to enable informed choices.

PRENATAL SCREENING IS NOT A DIAGNOSTIC TOOL

A negative result from screening does not mean a “certificate of health”



Medico-legal implications of prenatal screening

The ethical, legal and social implications (ELSI) in medicine include multiple 

aspects of informed decision-making.

The term ethical-legal-social implications can be associated with the term 

medico-legal complexities.

DUE TO …

INCOMPLETE OR MISINTERPRETED

COUNSELLING AND/OR TESTS RESULTS

(AMBIGUITY OF LABORATORY RESULTS,

ULTRASOUND FEATURES … NOT ALL CAN BE DETECTED!)



Medico-legal implications of prenatal screening



Prenatal screening: the advent of NIPT

NIPT has turned out to be a widespread screening tool for the most 

common fetal aneuploidy:

High sensitivity and specificity

Cost-effectiveness

Absence of risk of pregnancy loss associated with amniocentesis 
or chorionic villus sampling

However, NIPT cannot be considered as a 

“prenatal diagnostic test”



First: COUNSEL ADEQUATELY

If women/couple are not offered clear information to help them 

make up their minds about prenatal screening techniques, about 

the risks and benefits of different approaches and the implications 

of all possible outcomes, they may not be able:

A) to think adequately

B) determine whether they really want the test results

C) how they would react to them



First: COUNSEL ADEQUATELY

Data from experiences with a “standard” blood draw such as serum 

screening seem to point to poor levels of informed consent 

before the screening, with many patients remarking that they did 

not really want to be tested or that, on the contrary, they refused to 

without being fully aware of its function

Informed consent to prenatal examinations has been shown to be 

associated with a decreased level of decisional conflict



First: COUNSEL ADEQUATELY



Second: DOCUMENTATION

POSSIBLE CRITICAL POINTS OF COUNSELLING AND INFORMED CONSENT:

MISSING INFORMATION

RESTRICTED INFORMATION

LIMITATIONS OF SCREENING TESTS NOT DISCUSSED

WRITTEN MATERIALS OFTEN INSUFFICIENT



Second: DOCUMENTATION

POSSIBLE CRITICAL POINTS

OF COUNSELLING AND INFORMED CONSENT:

MISSING INFORMATION

RESTRICTED INFORMATION

LIMITATIONS OF SCREENING TESTS NOT DISCUSSED

WRITTEN MATERIALS OFTEN INSUFFICIENT

Good clinical practice may consist in administer and restore written materials on 

counselling

International and national authoritative society produced inform consent 

schedules/models to refer



Second: DOCUMENTATION

The Italian model – SIEOG

A written form on advantages and INELIMINABLE LIMITS of ultrasound 

screening in each trimester



Medico-legal implications derive from ...

Most medico-legal instances involving prenatal testing arise from negligence 

allegations

Healthcare operators are typically charged with failing to provide services that 

meet the standards of reasonable professional practice governing the 

healthcare provider’s profession or specialty in force when the intervention was 

rendered

Physicians or genetic counselors may be accused of negligence in the provision 

of genetic counseling, e.g. withholding information from patients as to the 

potential reproductive risk based on carrier status or age, denying requests to 

carry out invasive procedures or neglect informing the patient about the need or 

availability of such procedures



Medico-legal implications derive from ...

Patterns may also develop involving laboratory 

negligence charges or genetic counseling based on 

misinterpreted laboratory results which lead the patients 

to make choices that they would not have made, had 

they had correct information, including the choice to bring 

the pregnancy to term. 

These are usually referred to as “wrongful birth” or 

“wrongful life” instances.



“Wrongful abortion, wrongful birth, wrongful life”

Terms as “wrongful abortion, wrongful birth, wrongful life” arise 

from contexts in which the women/couple make choices that they 

would not have made, had they had correct information, including 

the choice to bring the pregnancy to term.



Missed diagnosis at antenatal screening – possible causes

Cases of failed prenatal detection of fetal anomalies at screening 

programmes were reported in literature, also recently with the most 

advanced technologies offered by novel tests, such as NIPT.

Biological causes, including fetoplacental mosaicism, insufficient or 

absent fetal fraction, and the presence of a vanishing twin, were 

described for discordant test results

Not all fetal morfologic anomalies can be detected during 

ultrasound screening



“The burden of psychological outcomes”...

Providing pregnant women with information may be associated 

with better psychological management.

Yet, few studies document the psychological outcomes of 

informed decisions in the area of prenatal screening, and some 

conflicting results have been reported on associations between 

knowledge and anxiety, as well as the importance of knowledge in 

improving the effectiveness of test decisions.



“The burden of psychological outcomes”...

Hall S et al retrospectively analyzed the psychological 

consequences for parents of children with Down's syndrome of 

having received a false negative result on prenatal screening.

Parents of 179 children with Down's syndrome. 

This study was the first systematic attempt to document the 

psychological consequences of false negative results in families 

experienced the birth of a baby with Trisomy 21



“The burden of psychological outcomes”...

a case of FALSE NEGATIVE RESULT

A case of a missed detection of Down Syndrome at antenatal 

screening tests

Presentation of its heavy medical and psychological longlife 

impact in all family nucleus



“The burden of psychological outcomes”...

a case of FALSE NEGATIVE RESULT

The parents filed a medico-legal action for the antenatal 

missed recognition of the Down Syndrome and the 

consequent biological and psychological damage suffered by 

both and the other young daughter.

As often happens in various medical contexts, legal actions 

are brought with the hypothesis of malpractice and/or 

medical negligence



“The burden of psychological outcomes”...

a case of FALSE NEGATIVE RESULT

A description of the reaction and adaptation to the birth of a 

daughter with Trisomy 21.

From psychiatric consultations …

The mother: “As argued and deduced in the previous opinion, it is to be 

considered proven that Mrs ... was infringed in her right to be, during her second 

pregnancy, promptly and correctly informed about the state of health of the fetus, 

in order to be able to freely and correctly self-determine in relation to the 

continuation of the same pregnancy, in this case accepting the birth of a disabled 

daughter with the correlated dramatic change in her modus vivendi, work and 

existential performances or alternatively choosing to terminate the pregnancy 

within the terms provided for by law”.



“The burden of psychological outcomes”...

a case of FALSE NEGATIVE RESULT

A description of the reaction and adaptation to the birth of a daughter with 

Trisomy 21.

From psychiatric consultations …

The mother: “Mrs ...  becomes aware only after the birth of her daughter, despite having 

undergone prenatal tests, numerous ultrasound examinations, moreover 

performed by various professionals. They could not prepare them during the 

pregnancy and if they had known, they would have decided to terminate. The more an 

event is sudden, unpredictable, with persistent effects as in the case in question, the 

greater the perception of poor self-efficacy of the subjects and the greater the risks for 

their health and for their physical and psychological well-being. The diagnosis caused a 

strong trauma in Mrs ..., linked to the discrepancy between the "ideal" child that she 

built as an object of love during pregnancy and the "imperfect" child that reality 

presented to her, with a consequent serious bereavement to be elaborated.



“The burden of psychological outcomes”...

a case of FALSE NEGATIVE RESULT

A description of the reaction and adaptation to the birth of a daughter with Trisomy 21.

From psychiatric consultations …

The mother: “... The lady suffered a huge shock that led her to face a long period of mental 

suffering and depression that crossed with a difficult marital situation, also due to the 

psychiatric problems of her husband who underwent numerous hospitalizations for 

depression in that period. and abuse of alcohol and drugs.

...  Following her husband's hospitalizations and the high conflict between the couple, the 

lady is hospitalized in a mother-child community, to protect her from family conflicts ...The 

specialist psychodiagnostic assessment was able to confirm the existence and persistence of 

a post-traumatic stress disorder, defined sub specie temporis, as "chronic" or long-lasting 

and therefore comparable, for evaluation purposes, to permanent psychic disorder”.



“The burden of psychological outcomes”...

a case of FALSE NEGATIVE RESULT

A description of the reaction and adaptation to the birth of a daughter with 

Trisomy 21.

From psychiatric consultations …

The husband: “Currently, Mr... is undergoing psycho-pharmacological and 

psychotherapeutic treatment due to the persistence of psychopathological 

disorders (anxiety, depression, feelings of despair, insomnia, poor appetite or 

hyperphagia, asthenia, anhedonia, difficulty concentrating, indecision, 

discontrolled impulses, low self-esteem) arose following the very serious 

condition of his little daughter ... A complicated post-traumatic stress disorder, of 

medium to severe degree, to which an anxious reactive graft depressive disorder 

is recognized ...”



“The burden of psychological outcomes”...

a case of FALSE NEGATIVE RESULT

A description of the reaction and adaptation to the birth of a daughter with 

Trisomy 21.

From psychiatric consultations …

The other young daughter: “ The girl suffered a vicarious traumatization

following the traumatic birth of her little sister and the consequent lack of 

availability of the parents towards her. She needs a therapeutic space where she 

can re-elaborate what happened to her and her family”.



A FALSE NEGATIVE RESULT

Nowadays, false results at antenatal screening are really low, but healthcares 

should be aware to provide an accurate and comprehensive counseling about 

this possibility prior to undergoing these investigations.

Suzumori et al retrospectively investigated cases of false results in non-invasive prenatal 

testing for fetal trisomies 21, 13 and 18. Authors underlined the importance of genetic 

counseling with regard to false results for pregnant women/couples prior to undergoing 

NIPT



A FALSE NEGATIVE RESULT

Smith M et al described in 2014 the first case report of a patient whose fetus tested 

"negative" for Trisomy 21 by NIPT but was diagnosed postnatally with trisomy 21



Forecast

Effective and ethical expansion of NIPT

More genetic conditions included

Development of in house testing capabilities

Education of parents

More genetic counselors needed

Capacity building, investment and training 



The test based on cfDNA  is superior and more accurate than any other prenatal screening 

methods and will quickly spread in HIC and LMIC  for the forthcoming years

Although the extremely low false positive rate is an advantage, still remain a screening test 

not a diagnostic one

The widespread introduction of NIPT is changing the scenario and the  consequences of 

prenatal screening and diagnosis

Genetic counseling should accompany the application of the test

Nations should implement regulations and oversight to ensure that NIPT fits into existing 

legal frameworks

All stakeholders should have a voice in crafting policies to ensure the ethical and equitable 

use of NIPT across the world

Key messages



Regarding the FALSE NEGATIVE RESULTS in screening tests

Assessment of the appropriateness of screening programs involves consideration of the 

harms as well as the benefits.

These harms include the risk of false-negative results, the consequences of which have 

remained underinvestigated.

Nowadays, the prenatal available screening texts show a good performance, with very low 

false negative (FN) results.

False negatives are evident even in high-quality screening programs. They may have the 

potential to delay the detection of abnormal conditions.

FN results also may lead to legal action being taken by those affected and may reduce public 

confidence in screening.

Their impact may be reduced by provision of full and well documented information about the 

benefits and limitations of screening programs and by increasing public education on these 

issues.



Learned lessons

A missed diagnosis at screening programmes sometimes generates:

severe long-life psychological, social and economic sequalae in all family 

member

complex medical-legal paths due to PRESUMABLE concept malpractice in 

“wrongful birth”

Considering the well-recognized role of screenings as a good reliable tool for 

early detection a huge number of fetal anomalies, but WITHOUT DIAGNOSTIC 

CAPACITY, medical malpractices should not be advocated if patients were 

previously accurately informed



Current and future essential objectives

Empowering interventions aimed to inform women/couple about prenatal 

screening, covering ALL ASPECTS - educational, medical, psychosocial, 

emotional

Healthcare professional TRAINING, EDUCATION and PRACTICE need to be 

improved and empowered

“It's a rare, BUT STILL  A REAL OCCURENCE!”



Good 

Practices

Access to 

care

Healthcare 

Systems/

Insurance 

Coverage

Prenatal 

testingEducation/

Counselling/

Medico-legal

Implementation in 

prenatal screening/ 

diagnosis context






